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Objective: The authors tested the hypothesis that eye tracking disorder in schizophrenia
is associated with neurological signs. Method: The subjects were 93 normal comparison
subjects and 59 schizophrenic patients. They were evaluated with the Neurological Evalu-
ation Scale, a standardized rating instrument that assesses sensory integration, motor co-
ordination, sequencing of complex motor acts, and other neurological signs. Also, the
schizophrenic patients’ smooth-pursuit eye movements were tested in response to a 0.3-
Hz sinusoidal target by means of infrared oculography. They were divided into those with
(N=18) and without (N=41) eye tracking disorder by using a previously described method,
which was based on mixture analysis of the distribution of position root mean square error.
Results: The patients with eye tracking disorder had significantly worse performance than
the patients without eye tracking disorder with respect to sensory integration, and the effect
size was moderate to large. In comparison with the normal subjects, both patient sub-
groups had significantly worse performance on all of the Neurological Evaluation Scale
subscales. Conclusions: Although neurological signs are present generally in schizophre-
nia, poor sensory integration is particularly pronounced in patients with eye tracking disor-
der. A review of the literature shows that the two abnormalities have strikingly similar pat-
terns of validators, including 1) familial aggregation, 2) premorbid presence, 3) syndromal
specificity, 4) trait status, and 5) association with the deficit syndrome. Poor sensory inte-
gration and eye tracking disorder in schizophrenia may be various manifestations of a com-
mon, underlying pathophysiological process.

(Am J Psychiatry 1998; 155:1352-1357)

Two well-established and mostly independent lines
of research have shown that patients with schizophre-
nia have abnormal smooth-pursuit eye movements (for
review, see reference 1) and neurological signs (for re-
view, see reference 2). It has been reported that poor
smooth-pursuit eye movements are associated with
neurological signs in nonpsychiatric subjects (3), but it
is not known whether the two abnormalities are asso-
ciated in patients with schizophrenia. This possibility
is suggested collectively by many studies showing that
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eye tracking disorder and neurological signs in schizo-
phrenic patients share certain validators (see Discus-
sion section).

The goal of this study was to test the hypothesis that
eye tracking disorder in schizophrenia is associated
with neurological signs.

METHOD

Subjects

The participants in the study were 93 normal comparison subjects
and 59 schizophrenic patients. The Structured Clinical Interview for
DSM-I1I-R was administered to all subjects. Potential subjects were
screened to exclude those with medical illnesses or taking medica-
tions known to adversely affect eye movements (including lithium
and benzodiazepines). The socioeconomic status of each subject and
the head of the household was obtained by using a previously devel-
oped scale (4). Demographic and clinical characteristics of the sub-
jects are shown in table 1.

The normal comparison subjects were recruited from the general
population through newspaper notices and flyers. They did not have
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TABLE 1. Demographic and Clinical Characteristics of Normal Comparison Subjects and Schizophrenic Patients With and With-

out Eye Tracking Disorder

Normal Schizophrenic Schizophrenic
Comparison Patients Without Patients With
Subjects Eye Tracking Eye Tracking
Characteristic (N=93) Disorder (N=41) Disorder (N=18)
N N N
Sex
Female 43 16 9
Male 50 25 9
Race
White 65 28 9
Black 27 10 8
Other 1 3 1
Tardive dyskinesia
Yes 30 14
No 11 4
Mean SD Mean SD Mean SD
Age (years) 32.4 7.1 35.3 6.6 34.6 9.9
Socioeconomic status?®
Subject 2.9 0.7 4.2 0.8 4.0 0.9
Head of household® 2.7 1.2 3.1 1.2 3.3 1.0
Duration of iliness (years)°® 15.0 5.4 16.1 9.3
Duration of treatment with antipsychotic medication (years)d 11.9 1.0 9.6 15
BPRS total score 33.0 9.6 31.5 7.5
Neuroleptic dose in chlorpromazine equivalents (mg/day)® 948.1 655.8 1088.2 655.3
Global parkinsonism score (O=none, 7=severe) 0.4 0.2 0.4 0.1

a Assessed with the Hollingshead-Redlich scale (4).

b Defined as the major income earner in the household when the subject was 16 years old.

¢ Measured from onset of psychosis.

d Determined by adding all the periods during which the patient received antipsychotic medication.

€ Determined according to the method of Gelenberg et al. (5).

any past or current DSM-III-R axis | or Il disorder. They were reim-
bursed for their participation in the study.

Patients were recruited from outpatient and inpatient programs at
the Maryland Psychiatric Research Center. All patients satisfied the
DSM-I1I-R criteria for schizophrenia. All patients were clinically sta-
bilized on antipsychotic medication regimens; some were taking an-
tiparkinsonian medication. “Clinically stabilized”” was defined as
having taken the same antipsychotic medication for at least 4 weeks
(usually longer) without a change in dose or significant change in
clinical state as assessed by at least two treating clinicians, including
the primary psychiatrist. The Brief Psychiatric Rating Scale (BPRS)
(6) was administered to each patient within 1 week of eye movement
testing. Patients were assessed with the Maryland Psychiatric Re-
search Center’s involuntary movement scale (7) and diagnosed ac-
cording to the research diagnostic criteria for tardive dyskinesia (8)
(table 1). Tardive dyskinesia was diagnosed for 44 patients, and 15
were categorized as not having tardive dyskinesia.

The schizophrenic patients were classified into those with (N=18)
and without (N=41) eye tracking disorder according to a previously
described method (9). In that study, mixture analysis showed that
the distribution of position root mean square (RMS) error was best
fit by a mixture of two normal distributions. That finding provided
a rationale for determining a cutoff point that could be used to di-
vide the patients into those with and without eye tracking disorder.

The patient subgroups and normal comparison subjects were
compared to assess the presence of potential confounds. Chi-square
tests were used for categorical variables, and independent t tests
were used for continuous variables.

The three subject groups (normal comparison subjects, patients
with eye tracking disorder, and patients without eye tracking disor-
der) did not differ significantly with respect to age, sex, race, or so-
cioeconomic status of head of household (p>0.05 in all cases). The
patients with and without eye tracking disorder did not differ signif-
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icantly with respect to the subject’s socioeconomic status, duration
of psychotic illness, duration of treatment with neuroleptic medica-
tion, neuroleptic dose in chlorpromazine equivalents, global parkin-
sonism score (from the involuntary movement scale) or total BPRS
score within 1 week of eye movement testing (p>0.05 in all cases).

The patients with and without tardive dyskinesia did not differ
significantly with respect to age, sex, or subject’s socioeconomic sta-
tus (p>0.05 in all cases). They also did not differ significantly with
respect to the presence or absence of eye tracking disorder (Fisher’s
exact test, p=1.00; odds ratio=1.28). (The subjects were classified
into the four cells as follows: both eye tracking disorder and tardive
dyskinesia, 14 of 59 subjects [24%]; tardive dyskinesia without eye
tracking disorder, 30 of 59 subjects [51%]; eye tracking disorder
without tardive dyskinesia, four of 59 subjects [7%]; neither disor-
der, 11 of 59 subjects [19%].) The patients with and without tardive
dyskinesia did not differ significantly with respect to scores on any
of the subscales from the Neurological Evaluation Scale (to be dis-
cussed); for all cases, p>0.15 and d<0.4 (effect size [10]).

After complete description of the study to the subjects, written in-
formed consent was obtained.

Oculographic Methods

Data collection. Eye movements were tested and analyzed by us-
ing our previously described methods (9) , which will be repeated
here only briefly. Eye movements were measured with infrared ocu-
lography. The head was stabilized with a chin rest, forehead rest, and
headband. The smooth-pursuit target consisted of eight cycles of a
0.3-Hz sine wave traversing +10 degrees of visual angle. The data
were converted from analog to digital format and stored for later in-
teractive analysis.

Data analysis. From the eight cycles of the sinusoidal target,
three contiguous cycles (10 sec) were chosen for analysis according
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to our previously described method (9, 11, 12). Position RMS error
was calculated by using the following definition:

. 12
2
RMS = _Z(ri_si)
i=
n-1

where rj is the position of the eye (response) at each ith point in time,
sj is the position of the stimulus at the same time, and n is the number
of data points measured. Position RMS error was measured after ex-
clusion of nontracking epochs and anticipatory saccades, which
were thought to reflect general inattention (1). Position RMS error
was used to classify each patient as having or not having eye tracking
disorder, by using our previouly described method, which was based
on mixture analysis of position RMS error (9).

Neurological Evaluation

All subjects were neurologically examined with the Neurological
Evaluation Scale (13) , and this examination will be described only
briefly here. The Neurological Evaluation Scale is designed to stan-
dardize the assessment of neurological impairment in schizophrenia.
It consists of 26 items, which are divided into the following four sub-
scales: 1) sensory integration, 2) motor coordination, 3) sequencing
of complex motor acts, and 4) other neurological signs.

The sensory integration subscale measures the ability to integrate
major sensory modalities, such as vision, hearing, and touch. It in-
cludes the following items: audiovisual integration (the ability to
match a pattern of sounds to a visual diagram); stereognosis (the
ability to identify common objects by touch); graphesthesia (the abil-
ity to identify numbers written on the skin); extinction (in response
to bilateral and simultaneous somatosensory stimulation); and right/
left confusion.

The motor coordination subscale measures the ability to coordi-
nate movements. It includes the following items: tandem walk
(walking toe to heel); diadochokinesis (rapidly alternating move-
ments of the hands); finger-thumb opposition; and finger-nose test
(touching one’s nose after closing one’s eyes).

The complex motor sequencing subscale measures the ability to
rhythmically and regularly alternate hand positions. It includes the
following items: fist-ring test; fist-edge-palm test; Ozeretski test; and
rhythm tapping test, version B (generate a series of tapping sounds).

The “other neurological signs” subscale includes items that have
been traditionally used or are of theoretical interest and that could
not be clearly classified in any of the preceding categories. It includes
the following items: adventitious overflow test; Romberg test; rest-
ing tremor; memory (remembering four words at 5 and 10 minutes);
rhythm tapping test, version A (reproduce a series of tapping
sounds); mirror movements; synkinesis (the ability to follow slowly
moving object with the eyes only, not the head); convergence (ocular
motor); gaze impersistence (in response to fixation of a peripheral,
stationary target); and frontal release signs (glabellar, snout, suck,
and grasp).

The neurological evaluations were completed by master’s- and
doctoral-level clinicians who were trained in the use of the instru-
ments and were blind to the results of the ocular motor analyses.
Each sign was judged to be present or absent. The data were reduced
by taking the subtotal of the number of signs present for each sub-
scale. The interrater reliabilities for the subscales have been found to
be at least moderately strong, with intraclass correlation coefficients
ranging from 0.71 to 0.99 (13).

Statistical Analyses

The distributions of the data were examined for normality and
homogeneity of variance. The variance of each of the four subscales
of the Neurological Evaluation Scale differed significantly between
groups (Brown-Forsythe test, df=2, 149, p<0.05 in all cases); the
variances of the normal comparison group were larger than those of
the patient subgroups. Therefore, a square-root transformation was
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TABLE 2. Scores on Subscales of the Neurological Evaluation
Scale for Normal Comparison Subjects and Schizophrenic Pa-
tients With and Without Eye Tracking Disorder

Square Root of Score?
Schizophrenic Schizophrenic

Normal Patients With- Patients With
Comparison out Eye Track- Eye Tracking
Subjects ing Disorder Disorder
(N=93) (N=41) (N=18)
Subscale Mean  SD Mean SD Mean SD
Sensory inte-
gration 1.3 0.7 1.8 0.9 2.3 0.6
Motor coordi-
nation 0.6 0.6 1.1 0.8 1.4 0.9
Sequencing of
complex
motor acts 0.6 0.7 14 1.0 1.8 11
Other neuro-
logical signs 2.0 0.8 2.9 0.8 3.0 0.9

@ Subtotals of the number of signs present were used for each sub-
scale. The data then were transformed by taking the square root,
in order to allow for use of parametric statistical techniques.

applied to the data and was successful in removing the significant
differences between groups (Brown-Forsythe test, df=2, 149, p>0.05
in all cases). Consequently, the transformed data were used in subse-
quent analyses, including between-groups comparisons and calcula-
tions of effect sizes.

A multivariate analysis of variance (MANOVA) was used to test
the hypothesis that the three groups (normal comparison subjects,
patients with eye tracking disorder, and patients without eye track-
ing disorder) differed significantly with respect to the four Neurolog-
ical Evaluation Scale subscales. Significant omnibus tests were fol-
lowed up by post hoc Tukey’s honestly significant difference tests, in
order to make the following comparisons: 1) patients with eye track-
ing disorder versus patients without eye tracking disorder, 2) pa-
tients with eye tracking disorder versus normal comparison subjects,
and 3) patients without eye tracking disorder versus normal compar-
ison subjects.

RESULTS

Scores on the subscales of the Neurological Evalua-
tion Scale are shown in table 2. A MANOVA, using
group as a between-subjects factor and the four sub-
scale scores as the dependent variables, revealed a sig-
nificant effect of group (Wilks’s lambda=0.63, F=
42.90, df=2, 149, p<0.0001).

The results of the post hoc comparisons of the indi-
vidual groups, by means of Tukey-Kramer honestly
significant difference tests (table 3), revealed the fol-
lowing: 1) sensory integration was significantly worse
in the patients with eye tracking disorder than in the
patients without eye tracking disorder (p<0.05); 2) the
patients with and without eye tracking disorder did
not differ significantly on any of the other Neurologi-
cal Evaluation Scale subscales (p>0.05 in all cases);
and 3) the scores of the patients with and without eye
tracking disorder were significantly worse than those
of the normal comparison subjects on all subscales (p<
0.05 in all cases).
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TABLE 3. Effect Sizes for Between-Group Comparisons of
Scores on Subscales of the Neurological Evaluation Scale for
Normal Comparison Subjects (N=93) and Schizophrenic Pa-
tients With (N=18) and Without (N=41) Eye Tracking Disorder

Effect Size (d)?

Patients
Patients Patients Without
With With Eye Eye
Versus Tracking Tracking
Without Disorder Disorder
Eye Versus Versus
Tracking Normal Normal
Subscale Disorder Subjects Subjects
Sensory integration 0.7° 1.5P 0.6°
Motor coordination 0.3 1.2b 0.8°
Sequencing of com-
plex motor acts 0.4 1.5P 0.9°
Other neurological
signs 0.1 1.4b 1.2b

a0.2=small, 0.5=medium, 0.8=large (10).
b statistically significant (post hoc Tukey-Kramer honestly signifi-
cant difference test, p<0.05).

DISCUSSION
Main Findings

The schizophrenic patients with eye tracking disor-
der had significantly worse performance on tests of
sensory integration than did schizophrenic patients
without eye tracking disorder, and the effect size was
moderate to large. This finding is consistent with a pre-
vious finding of an association between poor smooth
pursuit and neurological signs (including sensory inte-
gration) in a nonpatient college group (3). More gener-
ally, the finding that patients with eye tracking disor-
der have worse performance than patients without eye
tracking disorder on tests of sensory integration sup-
ports the validity of classifying patients into subgroups
on the basis of eye tracking performance.

Both patient subgroups differed significantly from
the normal comparison subjects on all of the Neuro-
logical Evaluation Scale subscales (sensory integration,
motor coordination, sequencing of complex motor
acts, and other neurological signs). The patients with
and without eye tracking disorder did not differ signif-
icantly on any subscale other than sensory integration.
Therefore, although neurological signs are present gen-
erally in schizophrenia, poor sensory integration is
particularly pronounced in patients with eye tracking
disorder.

Eye Tracking Disorder and Poor Sensory Integration:
Similar Patterns of Validators

The association between eye tracking disorder and
neurological signs brings together two important areas
of research that previously have been conducted al-
most completely in parallel. Both areas of research
have been active for several decades. In more recent
years, a significant amount of effort has been made to-
ward refining the measures of eye tracking and neuro-
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logical signs (13, 14). Despite limitations in measure-
ment techniques, the abnormalities have proven to be
robust, and various tests of their validity have been
replicated many times.

In reviewing the literature, it was reasonable to con-
sider a variety of smooth-pursuit measures (e.g., quali-
tative ratings, global quantitative ratings, and pursuit
gain) as adequate measures of eye tracking disorder,
because of the high correlations between these mea-
sures and validators shared by them (for reviews, see
references 9 and 15). In reviewing studies of neurolog-
ical signs, batteries of tests that included sensory inte-
gration generally were assumed to be adequate mea-
sures. Thus, this approach to literature review was
based on the robustness of these measures and was in-
tended to serve a heuristic function. Certainly, contin-
ued refinement of these measures will be important for
advancement of these areas of research, and conclu-
sions based on this review will be limited accordingly.

Review of the literature suggests that eye tracking
disorder and neurological signs share many validators,
as follows.

1. Each abnormality aggregates in families. Family
and twin studies have shown that eye tracking disorder
aggregates in families, that family members with
schizophrenia-spectrum disorders are especially likely
to have eye tracking disorder, and that the familial ag-
gregation is at least partly due to genetic factors (for
review, see reference 1; for more recent work, see refer-
ence 16). Similarly, neurological signs (including poor
sensory integration) have been reported to aggregate in
families of patients with schizophrenia (for review, see
reference 2; for more recent work, see reference 17).

2. Each abnormality is present before the onset of
psychosis. Presence of the abnormality before onset
of psychosis has been reported for both smooth-pur-
suit dysfunction (18, 19) and neurological signs, in-
cluding poor sensory integration (for review, see refer-
ence 2; for more recent works, see references 20 and 21).

3. The prevalence of each abnormality is higher in
schizophrenic patients than in normal comparison sub-
jects. This basic finding has been extremely robust for
eye tracking disorder (for review, see reference 1; for
more recent works, see references 9, 12, 22, and 23).
The finding has also been very robust for neurological
signs, including poor sensory integration (for review,
see reference 2; for more recent works, see references
13, 17, 24, and 25).

4. The prevalence of each abnormality is higher in
schizophrenic patients than in other psychiatric pa-
tients. This conclusion is generally true for eye track-
ing disorder, particularly when patients with acute ill-
ness are excluded (for review, see reference 1; for more
recent work, see reference 23). It is also generally true
for neurological signs, including poor sensory integra-
tion (for review, see reference 2).

5. Each abnormality is trait-related, not state-re-
lated. In addition to being present before the onset of
psychosis, both disorders are present at the onset of
psychotic illness and persist during the longitudinal
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course of the illness, despite fluctuations in clinical
state. Generally, the abnormalities do not seem to be
due simply to secondary factors, such as medication.
For eye tracking disorder, the literature relevant to this
point has been reviewed previously (1) (for more re-
cent work, see reference 26). For neurological signs, in-
cluding poor sensory integration, the literature rele-
vant to this point has been reviewed previously (2) (for
more recent works, see references 24, 25, and 27).

6. Each abnormality is associated with primary and
enduring negative features of psychopathology. The
evidence for this conclusion is moderately strong. For
eye tracking disorder, the literature relevant to this
point has been reviewed previously (9). For neurologi-
cal signs, including poor sensory integration, the liter-
ature relevant to this point has been reviewed previ-
ously (2) (for more recent work, see reference 28).

7. Each abnormality may be associated with
dysfunction of the parietal heteromodal cortex. Poor
smooth-pursuit eye movements in schizophrenia have
been found to be associated with low glucose utiliza-
tion in the angular gyri (29). There is no direct evi-
dence implicating the parietal cortex in sensory inte-
gration, but theory suggests that this would be the
case. For example, it is likely that audiovisual integra-
tion is subserved by a circuit that includes the posterior
parietal cortex. Furthermore, indirect evidence comes
from the finding that the deficit syndrome, which is as-
sociated with eye tracking disorder and poor sensory
integration, is characterized by low glucose utilization
in the parietal lobes (30).

Conclusions

Smooth pursuit eye tracking disorder and poor sen-
sory integration in schizophrenia may be various signs
of a common underlying pathophysiology of neural
circuits. In the future, it will be important to continue
refining the measurement of these abnormalities in or-
der to make advances in these areas of research.
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