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Objective: Disturbance of smooth pursuit
eye movements has been discussed as
marking a putative endophenotype closely
associated with the genetic basis of schizo-
phrenia. Previous studies are not conclu-
sive in regard to the specificity of this
marker. Therefore, oculomotor pursuit was
evaluated in unaffected family members of
index probands diagnosed as having either
schizophrenia or affective disorders.

Method: A series of eye tracking tasks
were performed by 54 patients with schizo-
phrenia or schizoaffective disorder, 46
patients with an affective disorder, 43 un-
affected first-degree relatives of the schizo-
phrenia patients, 36 unaffected first-de-
gree relatives of the affective disorder
patients, and 84 healthy comparison sub-
jects. The gain, which relates the velocity
of the eye movement to the velocity of the

target, was determined to index the intact-
ness of the oculomotor pursuit system.

Results: Mean pursuit gain was signifi-
cantly lower in the schizophrenia and affec-
tive disorder patients than in the healthy
comparison subjects. Moreover, the rela-
tives of both the schizophrenia and affec-
tive disorder patients showed significant
gain deficits of about one-half the size of
those observed in the patients.

Conclusions: Gain deficits are present in
psychotic patients and in their unaffected
biological relatives. This finding supports a
genetic origin of eye tracking disturbances
in major psychotic disorders. There is no
evidence for diagnostic or familial specific-
ity. The weak sensitivity of the marker sug-
gests that it refers to a nonnecessary ge-
netic factor in schizophrenic and affective
disorders.

(Am J Psychiatry 2003; 160:696–702)

Abnormalities of smooth pursuit eye movements in
schizophrenia patients and their first-degree relatives
have been frequently documented. This gave rise to the
supposition that this deficit might serve as a phenotypic
marker for the genetic liability for schizophrenia (1, 2).
Such a marker could be highly important for molecular ge-
netic studies because the clinical phenotype of schizo-
phrenia has questionable validity for the genotype of the
disorder. Case identification in genetic studies, which is
based solely on psychopathology, may be incorrect as a
consequence of either pleiotropic effects, i.e., expressions
of the schizophrenic genotype not covered by the current
clinical classification systems, or phenocopies, i.e., cases
clinically diagnosed as schizophrenia that do not possess
the schizophrenia genotype. A valid marker would over-
come this problem in part by being more closely associ-
ated with the biological core of the disorder than with the
actual clinical diagnosis (3, 4).

Dysfunction of smooth pursuit eye movements fulfills
several of the criteria for a phenotypic marker of genetic li-
ability to schizophrenia (5). Most important, it has been
proven in twin studies to be highly heritable (6, 7). In addi-
tion, deficits in smooth pursuit eye movements have been
shown to aggregate in families with members diagnosed
as having schizophrenia. First-degree relatives of affected

probands showed higher prevalences than members of
unaffected families (8–15). Another criterion for a trait to
qualify as a genetic liability marker is its specificity for a
disorder. In this regard, however, previous findings have
been less clear. Several studies (16–18) demonstrated defi-
cits in smooth pursuit eye movements in bipolar disorder
patients similar to those in schizophrenia patients. Pa-
tients with unipolar depression also showed pursuit defi-
cits (12, 19). Normal performance in affective disorder pa-
tients was found in a minority of studies (8, 20, 21), and
only one study (22) used the gain as a performance mea-
sure. Using step-ramp stimuli, Sweeney et al. (23) found
lower than normal gain both in patients with acute schizo-
phrenia and in patients with mood disorders. Treatment
with lithium has been discussed as a possible explanation
for the deficits in smooth pursuit eye movements repeat-
edly found in affective disorder patients, thereby masking
the specificity (17, 20, 24). A careful study by Gooding et al.
(25), however, did not show effects of lithium in first-epi-
sode patients with any of several measures used; there was
no significant difference either between treatment groups
or within the lithium group over time. In the light of these
findings, the specificity for schizophrenia of deficits in
smooth pursuit eye movements remains controversial.
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A general problem for the interpretation of differences
between patient groups is the fact that psychopatho-
logical status and medication may interfere with perfor-
mance. Therefore, a powerful strategy to support the spec-
ificity of a marker is the investigation of unaffected first-
degree relatives of patients. The marker should be present
in some of the relatives of the schizophrenia patients but
not in the relatives of patients with other diagnoses. Stud-
ies using this approach have yielded mixed results (8, 9, 12,
26). Thus, convincing evidence of familial specificity has
not been produced so far. Few family studies have used
specific measures for the oculomotor systems according
to neuro-ophthalmic standards. Such measures are capa-
ble of distinguishing between pursuit deficits and sac-
cadic intrusions, and therefore they allow conclusions to
be made about whether or not a particular system is dys-
functional (1, 27, 28). In the majority of studies (10, 13, 15)
that determined the mean pursuit gain, but not in all (14),
it was found to be less than normal in relatives of patients
with schizophrenia, indicating a distinct abnormality of
the pursuit system. We do not know of any reports on gain
measures in relatives of probands with affective disorder.

Therefore, the purposes of our study were 1) to replicate
earlier findings of lower gain in patients diagnosed as hav-
ing schizophrenia than in healthy subjects, 2) to test the
hypothesis that lower gain can also be found in affective
disorder patients, 3) to find further evidence for the hy-
pothesis that first-degree relatives of schizophrenia pa-
tients also show lower gain than healthy subjects, and 4) to
test familial specificity by comparing these relatives with
first-degree relatives of affective disorder patients and
with healthy comparison subjects.

Method

Participants

One hundred psychiatric patients, 79 unaffected first-degree
relatives of these patients, and 84 healthy subjects participated in
this study. Their ages ranged from 18 to 70 years. After complete
description of the study, each participant gave written informed
consent. Demographic characteristics of the subgroups are pre-
sented in Table 1.

Psychiatric patients. As index probands, inpatients from three
psychiatric hospitals (University of Munich, Psychiatric Hospital
of Salzburg, and Psychiatric State Hospital of Kaufbeuren) were
recruited and screened for the study by the psychiatrists respon-
sible for their treatment. The inclusion criteria were then reevalu-
ated by research psychiatrists using standardized assessment
methods. Patients were included if they had a confirmed diagno-
sis of schizophrenia, schizoaffective disorder, or affective disorder
(major depression or bipolar disorder), if they had a positive fam-
ily history for this disorder (at least one first- or second-degree
relative with a probable diagnosis), and if they were willing to par-
ticipate. Diagnoses were made according to DSM-III-R criteria. In
addition to the index probands, family members who fulfilled the
criteria for a lifetime diagnosis of the respective category, schizo-
phrenia (including schizoaffective disorder) or affective disorder,
were included in the patient groups if they agreed to participate.
Clinical assessment of inpatients was undertaken in the hospital
where they were being treated. Outpatients and relatives were as-
sessed in their homes or in the hospital, if they were willing to
travel. Patients were excluded if they fulfilled the criteria for a co-
morbid diagnosis of substance dependence, neurological disor-
der, organic brain disorder, eye disorder, or any physical problem
interfering with the execution of the eye tracking task.

By using this procedure, we recruited 54 patients with schizo-
phrenia or schizoaffective disorder (Table 1). Among them, 33
(61%) were inpatients in the acute state of illness; the remaining
individuals were outpatients. The mean age at illness onset was
25.1 years (SD=10.8), and they had suffered an average of 4.1 ill-
ness episodes (SD=3.7). The final group of 46 patients with affec-

TABLE 1. Demographic Characteristics of Patients With Schizophrenia or Affective Disorder, Unaffected First-Degree Rela-
tives of Patients, and Healthy Comparison Subjects in a Study on Gain of Smooth Pursuit Eye Movements

Patients Unaffected Relatives Healthy
Comparison

Subjects
(N=84)Characteristic

Schizophrenia or 
Schizoaffective Disorder

(N=54)
Affective Disorder 

(N=46)

Of Patients With Schizophrenia 
or Schizoaffective Disorder

(N=43)

Of Patients With
Affective Disorder

(N=36)
Mean SD Mean SD Mean SD Mean SD Mean SD

Age (years)a 36 15 43 12 48 16 39 17 34 15
Education levelb 2.6 0.9 3.1 0.9 2.6 0.8 3.1 0.8 3.2 1.0

N % N % N % N % N %
Genderc

Male 28 52 20 43 24 56 18 50 42 50
Female 26 48 26 57 19 44 18 50 42 50

Handednessd

Dextral 45 83 39 85 34 79 34 94 74 88
Nondextral 9 17 7 15 9 21 2 6 10 12

a ANOVA indicated a significant overall difference among groups (F=7.1, df=4, 258, p<0.001). Post hoc Scheffé tests indicated significant dif-
ferences (p<0.05, two-tailed) between the schizophrenia/schizoaffective disorder patients and their relatives, between the healthy compari-
son subjects and the affective disorder patients, and between the healthy comparison subjects and the relatives of the schizophrenia/
schizoaffective disorder patients.

b Education was rated on a 4-point scale according to the highest school degree achieved. ANOVA indicated a significant overall difference
among groups (F=4.7, df=4, 258, p<0.001). Post hoc Scheffé tests indicated significant differences (p<0.05, two-tailed) between the schizo-
phrenia/schizoaffective disorder patients and the healthy comparison subjects and between the relatives of the schizophrenia/schizoaffec-
tive disorder patients and the healthy comparison subjects.

c Nonsignificant differences among groups (Pearson χ2=1.43, df=4, p=0.84).
d Nonsignificant differences among groups (Pearson χ2=4.51, df=4, p=0.34).
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tive disorders included 17 with major depression and 29 with bi-
polar disorder. Fourteen affective disorder patients (30%) were
hospitalized for treatment at the time of testing, and 32 (70%)
were currently in a remitted state but had a lifetime diagnosis of
affective disorder. Their mean age at illness onset was 30.4 years
(SD=10.1); before being tested they had gone through an average
of 5.1 illness phases (SD=5.3).

Most patients were receiving psychotropic medication at the
time of assessment. Of the patients with schizophrenia or
schizoaffective disorder, 34 (63%) were receiving typical neurolep-
tics, 15 (28%) atypical neuroleptics, seven (13%) antidepressant
medication, five (9%) lithium, six (11%) antiparkinsonian agents,
and four (7%) benzodiazepines. Eight schizophrenia patients
(15%) were free of any medication at the time of assessment. Of
the affective disorder patients, 28 (61%) were receiving lithium, 15
(33%) antidepressants, 15 (33%) typical neuroleptics, one (2%)
atypical neuroleptics, one (2%) antiparkinsonian agents, and one
(2%) benzodiazepines. Nine (20%) were free of any medication.
Three patients had a history of ECT but not during the 4 weeks be-
fore assessment.

Unaffected relatives of patients. After an initial family history
evaluation of the patient, his or her family structure was estab-
lished and provisional diagnoses were made for each relative.
With the patient’s permission, relatives were then contacted. Rel-
atives who lived within a radius of 200 km were personally con-
tacted. If they were cooperative, they were visited by a study psy-
chiatrist to make the clinical assessments. A subject was included
in one of the groups of unaffected relatives if he or she was a first-
degree biological relative of a patient included in the respective
patient group, had no DSM-III-R axis I diagnosis and no schizo-
typal personality disorder at the time of assessment, and had no
lifetime diagnosis of schizophrenia, schizoaffective disorder, or
affective disorder. Additional exclusion criteria were the same as
those for the patients. None of the unaffected relatives who were
included took medication in the week before assessment. They
were also strictly advised in advance not to drink any alcohol on
the day of assessment and to drink only moderate amounts on
the days before. By this recruitment strategy, a group of 43 unaf-
fected first-degree relatives of patients with schizophrenia or
schizoaffective disorder and a group of 36 unaffected first-degree
relatives of affective disorder patients were obtained.

Healthy comparison subjects. The nonpsychiatric compari-
son group was recruited by word of mouth from the university
hospital staff and from friends of the staff members. All family
members of these candidates were carefully screened for a history
of psychiatric diseases. In addition, the self-reported personal his-
tory of neurological disease, head trauma, and medication intake
was assessed. Standardized interviews were conducted by a
trained clinical psychologist (R.U.), either face-to-face or by tele-
phone. In case a personal contact was not possible, family history
information was obtained from a family member. The inclusion
and exclusion criteria were the same as those for the unaffected
relatives. The only difference was that the comparison group had
no family history of schizophrenia or affective disorder. They were
warned not to take medication, other drugs, or alcohol for 48
hours before the oculomotor tests. In the end, the comparison
group comprised 84 healthy subjects.

Diagnostic Methods and Instruments

Each participant was interviewed face-to-face by a research
psychiatrist using the German version of the Schedule for Affec-
tive Disorders and Schizophrenia—Lifetime Version Modified for
the Study of Anxiety Disorders (29). In addition, the psychosis
section of the Composite International Diagnostic Interview (30)
was administered. In order to assess axis II disorders, the German
version of the Structured Clinical Interview for DSM-III-R Person-

ality Disorders (31) was used in the diagnostic procedure. Finally,
symptoms were assessed by using the Operational Criteria
Checklist (32). Best-estimate diagnoses (33) according to DSM-
III-R criteria were made by the consensus of at least two experi-
enced psychiatrists, one of whom was not directly involved in the
present study, on the basis of all available information from clini-
cal and standardized patient interviews, information obtained
from relatives and/or friends, and review of medical charts.

Procedure for Eye Movement Testing 

Eye movements were recorded by using portable equipment.
This allowed testing of the subjects either in their homes or in the
laboratory. In every case, a quiet room was used and illumination
was kept dim. Visual stimuli were presented on the 10-inch
screen of a laptop computer. The subject sat 42 cm in front of the
screen with his or her head stabilized by a chin and forehead rest.
The visual target was a bright circle subtending a visual angle of
0.6 degree on a dark background. The target moved horizontally
across the screen transcribing a range of 22 degrees of visual arc.
At the extremes, it paused for 0.5 second. During movement, the
target velocity was constant (17.13 degrees/second). A trial con-
sisted of 15 cycles (15 traverses in each direction), with a total du-
ration of 54 seconds. Five trials were run with each subject. In the
first and second trials, we used the standard task, which required
the subject to follow the white circle with his or her eyes as closely
as possible. In two additional runs, the eye tracking task was com-
bined with auditory or visual distraction tasks (34). The subject
was required to count target tones or target letters outside the
white circle while doing the eye tracking task. In another trial, a
visual monitoring task was used with letters superimposed on the
target to be tracked. Before the test data were recorded, each sub-
ject received a training session. Horizontal eye movements were
recorded by electro-oculography (EOG) using silver-silver chlo-
ride electrodes that were attached at the outer canthi of the eyes.
The vertical EOG from electrodes above and below the right eye
was used to identify eye blinks. A ground electrode was attached
at the forehead. Electrode impedance was always kept below 5 kΩ.
The low-pass filters were set at 100 Hz, and the time constant was
15 seconds. Analog signals were digitized online at a rate of 512
samples per second in each channel by using a 12-bit analog-to-
digital converter board.

Analysis of Eye Movement Data 

The horizontal EOG data were analyzed with semi-interactive
software routinely used in our laboratory and described previ-
ously (34, 35). Briefly, the eye position signal was calibrated to ±11
degrees and corrected for phase error by means of cross-correla-
tion. Then, 30 segments were cut from the whole horizontal EOG
curve, 15 from the rightward and 15 from the leftward traverses. A
segment began 400 msec after the onset of the target movement
and ended 200 msec before the target stopped. This was done to
exclude from analysis the acceleration and deceleration phases of
the eye movement at the beginning and end of a target movement
(36). After the first two segments were discarded from analysis, ar-
tifacts and saccades were removed from the remaining tracings.
Rejection of artifacts (blinks, gross deviations of eye position by
head and body movements, muscular artifacts, and nontracking
phases) was done interactively by a person blind to the diagnosis
of the subject (A.H.). Subsequently, the tracings were digitally
low-pass filtered by using an upper frequency limit of 30 Hz (12).
The velocity signal was computed as the first derivative of the fil-
tered horizontal EOG position signal. Saccades were automati-
cally identified by marking the intervals in the velocity signal that
exceeded 40 degrees/second. Values adjacent to these high-ve-
locity segments were also made invalid until the velocity signal
was below 20 degrees/second. By using this procedure, saccades
with amplitudes of 1 degree or larger could be reliably detected
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and removed. The remaining valid parts of the segments were re-
garded as true pursuit. The gain was then computed separately
for each of the 28 segments as the mean velocity of valid intervals
divided by the target velocity. Pursuit performance was deter-
mined as the mean gain in smooth pursuit eye movements across
the 28 segments in each of the five tasks. A gain equal to 1.0 re-
flects perfect pursuit performance. Different types of saccades,
such as catch-up saccades, anticipatory saccades, or square wave
jerks, were not analyzed separately in this study because the focus
was on the gain as the most pure measure of smooth pursuit.

Statistical Analysis

Overall pursuit performance was determined as the average
gain from the five trials. We decided to collapse the data from the
different conditions because performance was highly intercorre-
lated between conditions (Cronbach’s alpha=0.87 for the entire
study group). The distributions of the resulting overall gains were
nonnormal in three out of the five subject groups, as well as in the
total group (Kolmogorov-Smirnov goodness of fit test, p<0.10).
Skewness was greater than 1.0 in all raw data distributions. There-
fore, the data were transformed before being subjected to further
statistical analysis. As suggested by Box and Cox (37), the mono-
tonic function f(x)=1/λ(xλ–1) was used. A lambda value was searched
for that minimized skewness of the distributions. The criterion
was a skewness less than 0.2 in each subgroup, as well as in the to-
tal group, and nonsignificant Kolmogorov-Smirnov z values (two-
tailed asymptotic significance: p>0.20) in the subgroups and the
total group. A lambda value of 9 fulfilled this criterion. After trans-
formation of the raw data, an analysis of covariance (ANCOVA)
was performed, with age as a covariate, to test group differences.
The regression slopes of the five groups were similar and had over-
lapping confidence intervals. Planned contrasts were calculated to
test specific hypotheses. Diagnostic specificity was considered to
be supported if the gain in the smooth pursuit eye movements of
the schizophrenia patients was lower than both that of the healthy
comparison subjects and that of the affective disorder patients; fa-
milial specificity of gain deficits was considered to be supported if
the unaffected first-degree relatives of the schizophrenia patients
showed lower gains than both the healthy comparison subjects
and the unaffected first-degree relatives of the affective disorder
patients. An alpha level for significance of p<0.05 (two-tailed) was
used.

Results

The groups differed in age and educational level but not
in gender distribution and handedness (Table 1). The af-
fective disorder patients and unaffected relatives of
schizophrenia patients were older than the healthy com-
parison subjects. Since age showed a weak but significant
correlation with eye tracking performance in the compar-
ison group (r=–0.22, N=84, p=0.05), it was used as a covari-
ate in tests of group differences in smooth pursuit eye
movement gain. The patients with schizophrenia and
their relatives were less educated than the healthy sub-
jects. Education did not correlate with gain in the healthy
subjects (r=0.006, N=84, p=0.95) and was not considered
in further analyses. Figure 1 presents the distribution of
the gains in each group. Table 2 shows the transformed
values that were additionally normalized to the mean and
the standard deviation of the healthy comparison group.

A one-way ANCOVA comparing the pursuit gains in the
five diagnostic groups with age as a covariate showed
highly significant group differences (F=6.0, df=4, 257,
p<0.001). To test diagnostic specificity, the two patient
groups and the healthy group were compared pairwise:
the patients with schizophrenia or schizoaffective disor-
der had lower pursuit gain than the healthy subjects (F=
14.5, df=1, 135, p<0.001) but did not differ from the affec-
tive disorder patients (F=0.1, df=1, 97, p=0.81). The affec-
tive disorder patients, however, had lower gain than the
healthy group (F=19.5, df=1, 127, p<0.001). Familial speci-
ficity of pursuit gain deficits was tested in pairwise com-
parisons of the two groups of relatives and the healthy
group: the unaffected relatives of the patients with schizo-
phrenia or schizoaffective disorder had a lower gain than
the healthy group (F=6.2, df=1, 124, p=0.02). No difference
was found between the unaffected relatives of the patients
with schizophrenia or schizoaffective disorder and the un-
affected relatives of the affective disorder patients (F=0.3,
df=1, 76, p=0.61). The relatives of the affective disorder pa-

FIGURE 1. Distributions of Raw Values for Gain of Smooth Pursuit Eye Movements in Patients With Schizophrenia or Affec-
tive Disorder, Unaffected First-Degree Relatives of Patients, and Healthy Comparison Subjectsa

a Gain values ranged between 0.40 and 1.00. The vertical blue lines denote group mean values.
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tients, however, showed significantly worse pursuit per-
formance than the comparison group (F=6.1, df=1, 117, p=
0.02). Because data from biological relatives are not fully
independent observations, a second ANCOVA was done
with degrees of freedom computed on the basis of the
number of families, instead of the number of individuals.
Despite this very conservative approach, the pattern of re-
sults remained unchanged.

In order to test whether we would be justified in com-
bining patients with bipolar disorder (N=29) and unipolar
depression (N=17) into one group of affective disorder pa-
tients, these two subgroups were compared in additional
analyses. They did not differ in age (t=–0.67, df=44, p=0.51)
or in pursuit gain (t=–1.59, df=44, p=0.12). Further com-
parisons of the patients with schizoaffective disorder (N=
16) and the combined group of those with all other sub-
types of schizophrenia (N=38) were performed. Again, nei-
ther age (t=0.20, df=52, p=0.84) nor pursuit gain (t=0.77,
df=52, p=0.44) showed a significant group difference.

Since dysfunction of smooth pursuit eye movement is
frequently indicated in the literature as a categorical vari-
able (present or absent), we also determined the preva-
lence rates across diagnostic groups. Dysfunction was de-
fined by a z value less than –2 in relation to the normalized
values (12). The prevalence estimates for the five groups
are shown in Table 2.

Discussion

Familial specificity of deficits in gain of smooth pursuit
eye movements, a putative vulnerability marker for
schizophrenia, was tested by assessing unaffected biologi-
cal relatives of patients with either schizophrenia spec-

trum disorders or affective disorders. The two groups of
unaffected relatives showed comparable pursuit deficits.
This lack of specificity of the pursuit dysfunction for
schizophrenia is contradictory to the hypothesis com-
monly held in the literature. Whereas lower gain in rela-
tives of patients with schizophrenia has already been re-
ported (10, 13, 15), we know of no reports on gain
measures in relatives of affective disorder patients. On the
basis of the present results, we conclude that the pursuit
gain indicates a dysfunction that aggregates in families of
both schizophrenia and affective disorder patients.

Further evidence against diagnostic specificity of the
pursuit deficit is the finding that patients with affective
disorders differed from healthy subjects to an extent simi-
lar to that for schizophrenia patients. The prevalence rate
was even slightly higher than in the schizophrenia group.
In addition, the occurrence of dysfunction in smooth pur-
suit eye movement was not confined to either bipolar or
unipolar disorder, as has been suggested in previous re-
search (20, 38). The present data are in agreement with the
results of Sweeney et al. (18, 23), who also used the gain
measure as a specific indicator of the intactness of the
pursuit function. The majority of previous studies that did
not show pursuit deficits in affective disorder patients (12,
16, 17, 20) relied on global measures of the quality of
smooth pursuit eye movements and did not directly assess
pursuit function. Because the hypothesis that the pursuit
deficit in affective disorder patients is more a state than a
trait marker has been favored (19), inpatients were com-
pared with patients either being treated in an outpatient
setting or not being treated because their disorders were
in remission at the time of testing. In fact, the acutely ill in-
patients had lower gains than the outpatients and the un-
treated group (t=2.49, df=44, p=0.02). However, even the
patients with nonacute illness showed a normalized gain
of –0.78, which is almost identical to that of the schizo-
phrenia group in our study. The failure to find diagnostic
specificity, i.e., statistically better pursuit performance in
affective disorder patients or their relatives than in pa-
tients with schizophrenia or schizoaffective disorder or
their relatives, cannot be due to small study groups and
subsequently insufficient power of statistics because the
affective disorder patients and their relatives showed nu-
merically even lower gains than the schizophrenia pa-
tients and their relatives, respectively.

The present study exclusively focused on gain as an in-
dicator of the oculomotor pursuit system because this
measure is clearly favored in the neuro-ophthalmic litera-
ture (27, 28). Among researchers in the psychiatric field, a
debate has emerged about the sensitivity of different per-
formance measures for the eye tracking task (39). In a di-
rect comparison (22), gain was shown to be superior to
other measures in discriminating schizophrenia patients
and healthy subjects; however, another study (14) demon-
strated that qualitative ratings were more sensitive than
specific quantitative measures to the deficits of relatives of

TABLE 2. Transformed and Standardized Values for Gain of
Smooth Pursuit Eye Movements and Prevalence of Dys-
function in Patients With Schizophrenia or Affective Disor-
der, Unaffected First-Degree Relatives of Patients, and
Healthy Comparison Subjects

Transformeda and 
Standardizedb Pursuit 
Gain (velocity of eye 
movement divided 

by velocity of target)

Prevalence of 
Dysfunction 

(standardized 
gain less
than –2)

Group Mean SD N %
Patients with schizophrenia

or schizoaffective 
disorder (N=54) –0.73 1.22 11 20

Patients with affective 
disorder (N=46) –0.99 1.06 13 28

Relatives of patients 
with schizophrenia or 
schizoaffective disorder 
(N=43) –0.50 1.17 4 9

Relatives of patients with 
affective disorder (N=36) –0.51 1.13 5 14

Healthy comparison 
subjects (N=84) 0.00 1.00 4 5

a f(x)=1/9(x9–1).
b f(x)=(x – mean of healthy comparison subjects)/standard deviation

of healthy comparison subjects.
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schizophrenia patients. It seems possible that global qual-
itative ratings contain more information than any one of
the specific measures, but they have the serious disadvan-
tage that they are unable to differentiate between inputs
from different oculomotor or nonoculomotor sources.
There is also some evidence that saccadic measures, such
as the frequencies of catch-up and anticipatory saccades,
might reflect deficits that are more specific to schizophre-
nia (18, 21, 38). A limitation of this study is that it did not
evaluate a full set of specific oculomotor measures and,
therefore, cannot contribute to these methodological is-
sues. The present results strongly suggest that low pursuit
gain is not specific to schizophrenia, whereas conclusions
about primary abnormalities in saccadic mechanisms
during pursuit cannot be drawn.

Schizophrenia is probably a heterogeneous disorder
with uncertain phenotypic expressions. Genetic transmis-
sion is assumed to be complex, and this makes it difficult
to identify the genes contributing to the disease. A poly-
genic model with several genes predisposing to schizo-
phrenia is currently seen as most compatible with the data
(40, 41). The search for endophenotypes (4) may help to
identify these genes. Pursuit dysfunction is at present one
of the best established endophenotypes, and a linkage
study (42) has already identified a region on chromosome
6p for the underlying gene. It is interesting that there was
no linkage between the genetic marker and the clinical di-
agnosis of schizophrenia. The modest sensitivity of the
gain difference (reflecting the pursuit dysfunction) found
in the present study and in earlier studies for the clinical
diagnosis of schizophrenia allows us to conclude that the
underlying gene(s) make(s) a nonnecessary contribution
to the polygenic etiology. The diagnostic and familial non-
specificity, on the other hand, can be interpreted as an in-
dication of shared genetic factors in schizophrenia and af-
fective disorders. It seems possible that either the smooth
pursuit eye movement dysfunction adds nonspecific dis-
turbance to the more specific genetic and nongenetic
causes of the psychotic disorders, thereby increasing the
disease risk in the sense of a threshold model, or there are
specific interactions of the putative gene for smooth pur-
suit eye movement disturbance with other causal genes
resulting in the emergence of subtypes of schizophrenia
and affective disorders. Evidence for an association of eye
tracking disorder and deficit syndromes in schizophrenia
patients has been reported (43). The view of a partly
shared etiology of schizophrenias and affective disorder is
also in accordance with the results of several epidemio-
logic family studies (44–46) that have shown that the rela-
tive risks for affective disorders are higher in family mem-
bers of index probands with schizophrenia. The present
finding of significant gain deficits in both schizophrenia
and affective disorder patients, as well as in their unaf-
fected biological relatives, provides further evidence for
that view and constitutes a major challenge for the Krae-
pelinian dichotomy (47).

We believe this to be the first study of gain measures in
biological relatives of affective disorder patients, and there
is a need for replication of the present findings. Limita-
tions of the study include the relatively low precision of
the EOG measurements, the use of only one target velocity
and one performance measure, and the possibility of un-
controlled effects of medications. Future family studies
should record eye movements with high-resolution equip-
ment, evaluate a comprehensive set of eye movement
variables, and adhere to standardized procedures to in-
crease comparability of results.
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