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Abstract
Fifty to eighty-five percent of schizophrenic patients are impaired on ocular pursuit paradigms. However, results regarding the relatives are
more discordant. The aim of this study was to investigate whether eye movement disorders could be a vulnerability marker of schizophrenia.
Method. – Twenty-one schizophrenic patients (DSM-IV), 31 first-degree relatives of those patients without schizophrenic spectrum disorders, and two groups of healthy controls matched by age and sex were included. Three oculomotor tasks (smooth pursuit, reflexive saccades
and antisaccades) were used.
Results. – Patients had a lower averaged gain (P = 0.035) during smooth pursuit than controls, made less correct visually guided saccades
(P < 0.001) and more antisaccades errors (P = 0.002) than controls. In contrast, none of the comparison between the relatives and their
controls was significant.
Conclusion. – Schizophrenic patients were impaired on smooth pursuit and antisaccade paradigms. None of these impairments was,
however, observed in their first-degree relatives. Our results suggest that the eye movement parameters tested could not be considered as
vulnerability markers for schizophrenia.
© 2005 Elsevier SAS. All rights reserved.
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1. Introduction
It was demonstrated by Diefendorf and Dodge [13], in
1908, that schizophrenic patients exhibit impaired smooth pursuit eye movements. In the last three decades, numerous studies have observed that 50–85% of probands are impaired on
ocular paradigms such as smooth pursuit or antisaccades tasks
[9,23,26,27,37,40,46]. Studying genetic vulnerability markers, eye-tracking was also tested in the relatives of schizophrenic patients. Some studies showed that nearly 45% of
the relatives of schizophrenic patients had significantly poor
performances on ocular pursuit. It has therefore been pro-
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posed that the eye-tracking impairments could be used as
genetic vulnerability markers for this pathology.
Most of the studies testing differences between relatives
of schizophrenics and healthy subjects observed impairments of the relative’s performances [8,10,11,24,28,36]. They
concluded that those eye movement deficits could be due to a
potential genetic risk factor. But, some of the relatives
included in those studies had present or passed psychiatric
signs, or they were not matched by age to the control subjects. Moreover, psychiatric symptoms [21,35,47] and age
[10,11,37] are known to affect eye movement performances.
On the one hand, relatives with schizophrenia spectrum disorders are known to have more eye movement disorders than
subjects with schizophrenia spectrum disorders but not related
to schizophrenic patients, as it has been observed by Blackwood et al. [4]; Thaker et al. [57]. But, as it is well known
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that schizophrenic spectrum symptoms induce eye movement disorders (as it has been observed by O’Driscoll et al.
[47]; Gooding [21]; Larrison et al. [35]), neither study [4,57]
was able to distinguish which part of the impairments was
due to schizophrenia and which part was due to the schizophrenic spectrum symptoms. It is then not clear if the eye
movement impairments observed in those studies resulted
from the genetic risk or to the psychiatric disorders themselves. On the other hand, if eye movement disorders are
genetically linked, the impairments should be the same in
patients with schizophrenia and their non-schizophrenic biological relatives, as it has been observed by Blackwood et al.
[4]; Kathmann et al. [30]. Some of the previous studies
[10,11,37], however, compared the relatives to controls without matching those subjects for age. Sharpe and Sylvester
[53]; Munoz et al. [45]; Ross et al. [50] showed that smooth
pursuit and saccades are impaired with age. It is then not clear
if the eye movement impairments observed in those studies
resulted from the genetic risk or the age factor.
In the present study, we reappraised the hypothesis that
eye movement impairments may be genetic markers of liability to schizophrenia by testing both healthy relatives of schizophrenic patients and patients themselves. According to Kremen et al. [33], to be defined as risk indicators for
schizophrenia, neuropsychological impairments have, first,
to be relatively stable or trait-like in patients and must not
appear to be simply a consequence of acute exacerbations of
the illness. Second, the deficits have to be found in nonpsychotic relatives and psychiatrically well relatives compared to control subjects. Consequently, to define the eye
movement deficits as neurophysiological impairments,
according to Kremen’s definition, they have to be stable and
not simply a consequence of acute exacerbations of the illness which has been showed previously [5,15], and have to
be present in non-psychotic relatives and psychiatrically well
relatives compared to control subjects, which we decided to
address in this experiment. We studied both smooth pursuit
and saccadic eye movement performances in schizophrenic
patients and their healthy first-degree relatives without any
past or present psychotic disorders, to ascertain that eye movement disorders are linked to a genetic risk of schizophrenia
and not to psychotic symptoms. We also matched each patient
and each relative to a healthy subject of the same age and
gender, to avoid the effect of age.

2. Methods
2.1. Subjects
Twenty-one patients (16 men, five women) meeting
DSM-IV criteria for schizophrenia [1] were recruited. They
were 31.6 ±7.5 years (mean ± standard deviation (S.D.),
between 21 and 50 years). Patients were required to be clinically stable for a minimum of two months, with no change in
the neuroleptic dose at the time of their participation in the

study. None of the patients had an ancestral history of schizophrenia. All patients were receiving neuroleptic treatment.
Doses of antipsychotics were expressed in chlorpromazine
(CPE) equivalent calculated according to Ban [3] and Foster’s [16] estimated equivalent dose. For recent antipsychotics such as risperidone and olanzapine, we calculated the chlorpromazine equivalent using the estimated equivalent doses
provided by their pharmaceutical laboratory. None was treated
with drugs, such as lithium, benzodiazepines, antidepressants, barbiturates or chloral hydrate, which are all known to
affect eye movements [17,22,25,34,41,54]. Schizophrenic
patients were evaluated with the Positive And Negative Syndrome Scale (PANSS [31]) and with the Extrapyramidal
Symptoms Rating Scale [7].
Thirty-one healthy first-degree relatives of these patients
(16 mothers, nine fathers, three sisters, two brothers and one
daughter) were also recruited. They were 53.4 ± 11.6 years
(mean ± S.D., between 25 and 69 years). They were evaluated by the “Schedule for the Affective Disorder and Schizophrenia Life Time” (SADS-LA) [14] and the “International
Personality Disorder Examination” (IPDE) [43]. None had
present or past schizophrenia spectrum disorders (schizophrenia, schizoaffective disorders, personality disorders as paranoia, schizoid personality disorder or schizotypy).
Two groups of normal controls were recruited from the
general population through newspaper announcements. They
were matched by gender and age to the patients (N = 21:
16 men, five women) and the relatives (N = 31: 11 men,
20 women). The mean age was of 31.1 ± 7.0 (mean ± S.D.,
between 20 and 48 years) and 53.1 ± 11.5 (between 25 and
69 years) respectively. Healthy subjects were screened by
Diagnostic Interview Schedule (DIS). They had no personal
history of neurological or psychiatric disease and no family
history of psychiatric illness.
Subjects with strabismus, nystagmus, neurological disease, mental retardation, and alcohol or substance abuse were
excluded from the study. Visual acuity was normal, or corrected if necessary. They were asked to abstain from cigarette smoking for 1 h before beginning the study. All subjects
gave written informed consent before participating in this
study.
2.2. Oculomotor measures
Horizontal eye movements were recorded by an infrared
photoelectric limbus eye-tracking device (Iris, Skalar, Delft,
The Netherlands) in a quiet darkened room. A chin rest was
used to minimize head movements. For calibration and saccadic paradigms, the target system consisted of an array of
light emitting diodes (LED) placed horizontally on a flat
screen placed 110 cm in front of the subject. For the pursuit
paradigm, the target was a projected light from a mirror
mounted on a galvanometer.
Eye and target movements were sampled on-line at 200 Hz
using a 12 bit analog-to-digital converter. Eye velocity was
calculated digitally using the two-point central difference
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derivative algorithm with a step of 50 ms, which is the optimal size for smooth pursuit eye movements [2]: velocity at
time t is equal to the difference between eye position at time
(t + 50 ms) and eye position at time (t – 50 ms) divided by
0.1. Saccades were detected by an algorithm using velocity,
acceleration and duration criteria, then systematically checked
and corrected as required [12].
Each subject acquisition started and finished with a calibration accomplished by sequentially illuminating the LEDs
(0°, ± 5°, ± 10°, ± 15°, ± 20° and ± 25°), each lasting 1 min.
Subjects were tested in three tasks (smooth pursuit, reflexive
saccades, and antisaccades) assigned in a pseudorandom
order: half of each group of subjects had pursuit first and then
saccadic tasks (always in the order saccades, antisaccades),
the second half had saccadic tasks first and then smooth pursuit.
2.3. Smooth pursuit paradigm
Subjects were asked to track for one minute a projected
laser spot, which moved in horizontal sinusoidal waveform
at 0.4 Hz with an amplitude of ± 15° (30° peak to peak). After
removing blinks and saccades, slow velocity was recalculated using the two-point central algorithm with a 50 ms step
size. Amplitude of eye velocity modulation was calculated
by least-square fitting a sinusoid on slow-phase velocity. The
pursuit gain was computed as the ratio of the amplitude of
eye velocity to the amplitude of target velocity. Corrective
catch-up saccades (CUS) and compensatory back-up saccades (BUS) were defined as saccades occurring during pursuit, respectively, in the direction of target motion and in the
opposite direction of target motion that took the eyes from a
position behind the target (for CUS) or ahead of the target
(for BUS) to one on or near the target, thereby reducing the
position error. Anticipatory saccades (AS) were defined as
saccades that took the eye ahead of the target, were larger
than 5° in amplitude, and were followed by a post-saccadic
velocity close to zero. Square-wave jerks (SWJ) were defined
as pairs of small intrusive saccades in opposite directions,
separated by more than 200 ms and less than 400 ms. For the
five to ten better cycles of pursuit, we quantified the rate of
total saccades, CUS, BUS, anticipatory saccades, and SWJ
after subtracting blinks and artifacts.
2.4. Reflexive saccade paradigm
Subjects were instructed to fixate on a central LED and,
after two to four seconds the fixation LED’s was extinguished. Simultaneously to the fixation LED extinction, a
peripheral target LED appeared 15° to the left or right. The
subjects were asked to look as quickly and as accurately as
possible to the peripheral target. The peripheral target was
extinguished after 0.5 s. There was an inter-trial interval of
two seconds before the next trial commenced. Sixty trials of
reflexive saccade paradigm were administered. The peripheral target appeared randomly in either the right or the left
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side, but a 50:50 ratio of right and left trials was used. The
percentage of reflexive saccades (correct saccades) was calculated by the number of reflexive saccades well executed
(good direction and amplitude) divided by the number of target (60). The latency of the reflexive saccades was measured.
2.5. Antisaccade paradigm
The antisaccade paradigm was identical to the reflexive
saccade paradigm, except that the subjects were instructed to
make a saccade to the opposite location from the peripheral
LED as soon as the central LED was extinguished. Sixty trials were administered, but the first ten trials were considered
practice trials and were not taken into account. Saccades in
the wrong direction, i.e. toward the peripheral target, were
considered as errors and their percentage was calculated. The
number of antisaccades and errors were measured for each
subject. Then, the percentage of antisaccade errors was calculated for each subject as the number of errors divided by
the sum of the number of antisaccades and errors. Both latencies of antisaccades and errors were also measured.
2.6. Statistical analyses
All data are expressed as mean ± S.D. All p values were
two-tailed and considered significant when probabilities were
less than 0.05.
The ages of the two youngest groups and of the two oldest
groups were compared using t-tests.
We compared the performances of the patients and their
matched controls on the one hand and of the relatives and
their controls on the other hand using univariate analyses of
covariance with the gender and age as cofactors.
3. Results
The t-tests showed no difference of age between the
patients and their healthy subjects (P = 0.815) or between the
relatives and their matched controls (P = 0.922).
3.1. Patients clinical data
The clinical characteristics of the probands are shown in
Table 1.
All patients were receiving antipsychotics, of which eight
under typical neuroleptics (two pipotiazine, two haloperidol,
one flupentixol, one pimozide, one clopentixol and one under
haloperidol, fluphenazine and cyamemazine), thirteen under
atypical neuroleptics (six amisulpride, three olanzapine, two
clozapine and two under risperidone). The mean ± S.D. doses
of antipsychotics were 990.4 ± 1739.5 mg per day of chlorpromazine equivalent for the typical antipsychotics and
337.7 ± 238.3 mg per day for the atypical antipsychotics. Six
patients received antiparkinsonian drugs (two trihexyphenidyle, one tropatepine, one biperidine, one trihexiphenidyle and one under biperidene and alpha-tocopherol).
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Table 1
Clinical characteristics of the patients
Age (years)
Chouinard
Parkinson
Dystonia
Dyskinesia
PANSS
Positive
Negative
General

4. Discussion

Minimum
21

Maximum
50

Mean
31.62

S.D.
7.47

0
0
0

30
7
4

9.71
0.88
0.59

8.77
2.18
1.23

7
8
18

25
31
48

12.95
15.85
30.7

5.2
6.87
8.01

4.1. Smooth pursuit paradigm
Smooth pursuit paradigm impairments were characterized by significantly lower gain [26,28,38,39,40,42,49,51] and
significantly higher saccadic rates in patient groups compared to healthy subjects [28,38,39,42,49]. Consistent with
these studies, our patients’ group had a significantly lower
gain. Unlike most of the previous studies, our patients were
not impaired for the saccadic intrusions.
This difference between our study and previous ones could
be due to the small samples (N = 21 subjects in each group).
Another explanation might be due to the definitions and the
detection of saccades, which were not the same in all the studies. SWJ were defined in our study as pairs of small intrusive
saccades in opposite directions, separated by more than 20 ms
and less than 400 ms while Clementz et al. [8] used an
intersaccadic interval of 150–450 ms. Our results also showed
that the relatives were not impaired in smooth pursuit eye
movements since no difference with the matched healthy subjects was found. These observations were consistent with
those of Keefe et al. [32] who did not find any difference on
quantitative parameters (gain and number of large saccades)
between relatives of schizophrenic patients and healthy subjects. Litman et al. [42], likewise, compared the performances between schizophrenic patients and nonschizophrenic twins and observed that the non-affected twins
had better results than the probands but did not differ from
healthy subjects. Ross et al. [49] did not observe any difference between the less likely carrier relatives and healthy subjects. The criteria of the less likely carrier relatives were similar to those we used in our study to select the relatives, so the
two groups were comparable.

S.D.: standard deviation; PANSS: Positive and Negative Syndrome Scale.

3.2. Smooth pursuit paradigm
Results are given in Table 2.
The t-test comparisons showed that the patients had a gain
significantly lower than controls (P < 0.001). None of the
other comparisons was significant.
3.3. Reflexive saccade paradigm
Results are given in Table 3.
The t-test comparisons showed that the patients had a percentage of correct saccades significantly lower (P < 0.001)
than their controls. None of the other comparisons was significant.
3.4. Antisaccade paradigm
Results are given in Table 3.
The t-test comparisons showed that the patients presented
significantly more antisaccade errors than their matched subjects (P = 0.002). None of the other comparisons was significant.
Table 2
Smooth pursuit paradigm results

Gain
f sac
f CUS
f BUS
f AS
f SWJ

Mean
0.766
2.046
1.688
0.132
0.061
0.164

Patients
S.D.
0.173
0.600
0.584
0.108
0.113
0.122

Mean
0.863
1.985
1.718
0.127
0.014
0.127

Controls
S.D.
0.08
0.533
0.504
0.097
0.036
0.082

Stat 1
P
0.035
0.716
0.890
0.881
0.081
0.267

Mean
0.781
1.982
1.721
0.058
0.085
0.118

Relatives
S.D.
0.166
0.646
0.669
0.065
0.162
0.081

Mean
0.797
1.845
1.571
0.082
0.071
0.121

Controls
S.D.
0.141
0.504
0.495
0.071
0.126
0.094

Stat 2
P
0.705
0.374
0.334
0.175
0.702
0.894

f sac = frequency of all saccades; f CUS = frequency of catch-up saccades; f BUS = frequency of back-up saccades; f AS =frequency of anticipatory saccades;
f SWJ = frequency of square-wave-jerks; Stat 1: comparisons between patients and controls; Stat 2 : comparisons between relatives and controls.
Table 3
Reflexive saccade and antisaccade paradigms results

% sac
lat sac
% E AS
lat AS
lat EAS

Mean
89.33
227.20
29.62
319.27
246.06

Patient
S.D.
11.91
39.74
19.63
74.19
58.68

Mean
98.65
216.97
13.62
287.38
224.02

Controls
S.D.
2.33
32.70
12.34
54.65
45.9

Stat 1
P
<0.001
0.392
0.002
0.128
0.213

Mean
93.87
241.34
13.00
344.40
272.37

Relatives
S.D.
7.15
40.67
9.98
57.46
73.83

Mean
95.86
248.02
14.27
347.16
262.2

Controls
S.D.
4.89
27.63
12.96
67.09
38.54

Stat 2
P
0.210
0.367
0.669
0.840
0.435

% sac = percentage of correct saccades; lat sac = saccades latency (ms); % E AS = percentage of antisaccade errors; lat AS = antisaccades latency (ms); lat
EAS = antisaccade errors latency (ms); Stat 1: significance of the comparisons between patients and controls Stat 2 : comparisons between relatives and controls.
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On the other hand, Ross et al. observed significant differences for the frequency of anticipatory saccades between the
less likely carriers and the more likely carriers of the genetic
vulnerability, resulting in favor of a link between genetic vulnerability and ocular pursuit disorders. Our results were discordant with those of Lencer et al. [38,39] who had observed
rates of total saccades, of CUS and of AS significantly higher
in relatives compared to controls. In these studies, some of
the relatives had schizophrenic spectrum disorders (schizoaffective, schizotypy and paranoid personality disorders) and
the differences observed between our study and these studies
could be due to differences in healthy subjects, since such
schizophrenic spectrum disorders are known to be associated
with an impairment of the eye movement [56]. Karoumi et al.
[28] observed both significant reduced gain and increased
CUS rate in relatives compared to healthy volunteers, but no
difference was found between the siblings and the probands.
As in our study, the siblings did not have schizotypal personality disorder and their groups were matched for age. But, the
relatives included by Karoumi et al. were all siblings, whereas
most of the relatives of our study were parents of patients.
When the similarity between the patients and their parents is
only genetic, due to the potential sharing of similar genes,
the similarity between the patients and their siblings is both
genetic and environmental due to the fact that they both share
identical genes and grew in the same environment. The difference between the Karoumi’s study and ours could, therefore, be due to an environmental factor introduced in
Karoumi’s study.
4.2. Reflexive saccade paradigm
For the reflexive saccade paradigm, no statistical difference was observed for the latency of saccades between
patients versus controls and between relatives and their controls, as in previous studies [10,19,20,26–28]. That expressed
that the patients and the relatives had no difficulty in triggering saccades in response to the appearance of a visual target,
showing that they had no impairment in producing reflexive
saccades. There was, however, a statistical difference for the
percentage of saccades between patients and their controls,
which has not been tested in previous studies [10,19,20,26–
28]. The explanation for this difference could be due to the
definition we used to calculate the percentage of correct saccades. We, indeed, calculated the percentage as the number
of reflexive saccades well executed by the subjects divided
by the total number of trials. And it has been showed in previous studies [6,29,44] that the schizophrenic patients trigger
significantly more eye blinks than healthy subjects, it explains
that the patients had lower saccadic rate than their matched
controls.
4.3. Antisaccade paradigm
A significant difference of the percentage of antisaccade
errors between patients and their controls was observed. There
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was no significant difference between both groups either for
the latency of succeed antisaccades or for the latency of antisaccade errors. This test supposes that the subjects inhibit the
reflexive eye movements in response to the appearance of a
visual target and trigger voluntary saccades in the opposite
direction. Our results were in accordance with previous studies, which also observed a higher percentage of antisaccade
errors in patients than in controls [8,10,11,19,20,26–28,
48,52].
On the other hand, except for Fukushima et al. [18]; Clementz et al. [8]; Crawford et al. [10], the other studies observed
a significant increase of the latency of successful antisaccades in patients compared to controls. The discordance
between the results could be due to three main reasons: symptomatology, treatment and methodology. Patients in our study
had similar severity of positive and negative symptoms, as
the PANSS scores displayed. On the other hand, patients of
Fukushima et al. studies had predominant negative symptoms, which could impair the eye movement tests. Thaker et
al. [55], indeed, showed that the subjects with predominant
negative symptoms had more antisaccade disorders than the
subjects with predominant positive symptoms. Nkam et al.
[46] also observed significant longer successful antisaccades
latency in deficit patients compared to non-deficit patients
and healthy subjects.
Second, the discrepancy between the studies could be due
to the treatments. None of the subjects in our study received
drugs such as lithium, barbiturates, chloral hydrate or antidepressants that are known to influence eye movement tests. In
some other studies [11,20], some patients received lithium or
antidepressants.
Third, all the antisaccade paradigms were not similar
between studies. Some used 20 trials and others 60. The number of trials is a significant factor, because more antisaccade
errors are due to an impairment of attention and concentration and to the tiredness of the subjects. Some studies used a
fixed distance between the central fixation point and the
peripheral targets whereas others used mixed of different distances [8,19]. More attention is needed when two different
parameters (direction and amplitude) change simultaneously.
Consequently, the more concentrated the subjects are, the
more difficult it is to inhibit the reflexive response, so the
subjects would take longer to trigger their antisaccades. Moreover, some studies [10,26] used a buzzer signal, which invited
the subjects to trigger antisaccades. Finally, the definition of
the latency parameter was not always the same through all
the studies. In our study, the latency was defined as the time
spent between the target appearance and the initiation of the
saccadic eye movements, whereas others [52] defined the
latency as the time spent between the stimulus appearance
and the end of the saccadic eye movements. Thus, since controls generally trigger only one saccade while patients trigger
several saccades to reach the final position, the latency in the
controls can be shorter than the latency in patients.
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4.4. Limitations of the study

[3]

The first limitation was the small size of the samples, which
might have dismissed true differences between groups due to
a type II error. The present results, due to a probable lack of
power, should be considered as preliminary and need to be
confirmed with larger samples. Nevertheless, the fact that reasonably large effects were observed for patients, demonstrated that the power and methodology of the study was sufficient to find large effects, and their absence in the relatives
is therefore an important negative finding. That suggests that
if there is any effect in relatives, it is likely to be very small
compared to the effect in patients which would severely limit
its potential as a useful endophenotypic marker, at least in
″non-familial″ schizophrenia. The second limitation was to
select schizophrenic probands without an ancestral history of
schizophrenia and to eliminate parents with personality disorders (paranoid, schizotypal, schizoid). Thus, the parents
could be considered as ″low-risk″ to schizophrenia. The presence of negative findings does not exclude the possibility that
inherited neurophysiological dysfunctions related to schizophrenia might be expressed only in ’high-risk’ families for
schizophrenia.

[4]

[5]

[6]

[7]
[8]

[9]

[10]

[11]

[12]

6. Conclusion
[13]

We observed impairments in the performance of the smooth
pursuit, the saccades and the antisaccades in the schizophrenic patients. But none of these was present in the group
of their relatives. Our results seem to indicate that the eye
movement disturbances do not appear prominent in relatives
without schizophrenia spectrum disorders and consequently
that eye movement impairments could not be considered as
vulnerability markers for schizophrenia. But since the number of subjects was small and the range of age was very spread
in each group, and only healthy relatives were included, further experiments considering those aspects should be done to
confirm our results.

[14]

[15]

[16]
[17]

[18]

[19]

Acknowledgements
This work was supported by a research grant from the
French National Education, Research and Technology Ministry and by the French Health Ministry (Programme Hospitalier de Recherche Clinique). We also wish to thank Laurent
Petit for his helpful advice.

[20]

[21]
[22]

References

[23]

[1]

[24]

[2]

American Psychiatric Association. Diagnostic and statistical manual
of mental disorders. 4th ed. Washington DC: APA; 1994.
Bahill AT, McDonald JD. Frequency limitations and optimal step size
for the two-point central difference derivative algorithm with applications to human eye movement data. IEEE Trans Biomed Eng 1983;
30(3):191–4.

[25]

Ban TA. Drug in schizophrenia. Can Psychiatr Assoc J 1971;16:473–
85.
Blackwood DHR, St Clair DM, Muir WJ, Duffy JC. Auditory and
eye-tracking dysfunction in schizophrenic pedigrees. Arch Gen Psychiatry 1991;48:899–909.
Calkins ME, Iacono WG, Curtis CE. Smooth pursuit and antisaccade
performance evidence trait stability in schizophrenia patients and
their relatives. Int J Psychophysiol 2003;49(2):139–46.
Calkins ME, Katsanis J, Hammer MA, Iacono WG. The misclassification of blinks as saccades: implications for investigations of eye
movement dysfunction in schizophrenia. Psychophysiology 2001;38:
761–7.
Chouinard G, Ross-Chouinard A, Annable L, Jones BD. Extrapyramidal Symptom Rating Scale. Can J Neurol Sci 1980;7:233.
Clementz BA, McDowell JE, Zisook S. Saccadic system functioning
among schizophrenia patients and their first-degree biological relatives. J Abnorm Psychol 1994;103(2):277–87.
Crawford TJ, Haeger B, Kennard C, Reveley MA, Henderson L.
Saccadic abnormalities in psychotic patients. I. Neuroleptic-free psychotic patients. Psychol Med 1995;25:461–71.
Crawford TJ, Sharma T, Puri BK, Murray RM, Berridge DM,
Lewis SW. Saccadic eye movements in families multiply affected with
schizophrenia: the maudsley family study. Am J Psychiatry 1998;155:
1703–10.
Curtis CE, Calkins ME, Iacono WG. Saccadic disinhibition in schizophrenia patients and their first-degree biological relatives. A parametric study of the effects of increasing inhibitory load. Exp Brain Res
2001;137:228–36.
Denise P, Darlot C, Ignatiew-Charles P, Toupet M. Unilateral peripheral semicircular canal lesion and off-vertical axis rotation. Acta
Otolaryngol (Stockh) 1996;116:361–7.
Diefendorf AR, Dodge R. An experimental study of ocular reactions
of the insare from photographic records. Brain 1908;31:451–89.
Endicott J, Spitzer RL. A diagnostic interview: the schedule for
affective disorders and schizophrenia. Arch Gen Psychiatry 1978;35:
837–44.
Flechtner K-M, Steinacher B, Sauer R, Mackert A. Smooth pursuit
eye movements of patients with schizophrenia and affective disorder
during clinical treatment. Eur Arch Psychiatry Clin Neurosci 2002;
252:49–53.
Foster P. Neuroleptic equivalence. Pharmacol J 1989;243:431–2.
Friedman L, Jesberger JA, Meltzer HY. Effect of typical antipsychotic
medications and clozapine on smooth pursuit performance in patients
with schizophrenia. Psychiatry Res 1991;41:25–36.
Fukushima J, Fukushima K, Chiba T, Tanaka S, Yamashita I, Kato M.
Disturbances of voluntary control of saccadic eye movements in
schizophrenia patients. Biol Psychiatry 1988;23:670–7.
Fukushima J, Fukushima K, Morita N, Yamashita I. Further analysis
of the control of voluntary eye movements in schizophrenic patients.
Biol Psychiatry 1990;28:943–58.
Fukushima J, Morita N, Fukushima K, Chiba T, Tanaka S,
Yamashita I. Voluntary control of saccadic eye movements in patients
with schizophrenic and affective disorders. J Psychiatry Res 1990;24:
9–24.
Gooding DC. Antisaccade task performance in questionnaireidentified schizotypes. Schizophr Res 1999;35:157–66.
Green JF, King DJ, Trimble KM. Antisaccade and smooth pursuit eye
movements in healthy subjects receiving sertraline and lorazepam. J
Psychopharmacol 2000;14(1):30–6.
Holzman PS, Proctor LRK, Hughes DW. Eye-tracking patterns in
schizophrenia. Science 1973;181:179–81.
Holzman PS, Proctor LR, Levy DL, Yasillo NJ, Meltzer HY, Hurt SW.
Eye-tracking dysfunctions in schizophrenic patients and their relatives. Arch Gen Psychiatry 1974;31:143–51.
Holzman PS, Levy DL, Uhlenhuth EH, Proctor LR, Freedman DX.
Smooth-pursuit eye movements, and diazepam, CPZ, and secobartital. Psychopharmacologia (Berl) 1975;44:111–5.

C. Boudet et al. / European Psychiatry 20 (2005) 339–345
[26] Hutton SB, Crawford TJ, Puri BK, Duncan LJ, Chapman M, Kennard C, et al. Smooth pursuit and saccadic abnormalities in firstepisode schizophrenia. Psychol Med 1998;28:685–92.
[27] Karoumi B, Ventre-Dominey J, Dalery J. Intérêt de l’étude des antisaccades chez les schizophrènes. Ann Psychiatry 1996;11(4):238–43.
[28] Karoumi B, Saoud M, d’Amato T, Rosenfeld F, Denise P, Gutknecht C, et al. Poor performance in smooth pursuit and antisaccadic
eye-movement tasks in healthy siblings of patients with schizophrenia. Psychiatry Res 2001;101:209–19.
[29] Karson CN, Goldberg TE, Leleszi JP. Increased blink rate in adolescent patients with psychosis. Psychiatr Res 1986;17:195–8.
[30] Kathmann N, Hochrein A, Uwer R, Bondy B. Deficits in gain of
smooth pursuit eye movements in schizophrenia and affective disorder patients and their unaffected relatives. Am J Psychiatry 2003;160:
696–702.
[31] Kay SR, Fiszbein A, Opler LA. The Positive And Negative Syndrome
Scale (PANSS) for schizophrenia. Schizophr Bull 1987;13(2):261–
76.
[32] Keefe RSE, Silverman JM, Mohs RC, Siever LJ, Harvey PD, Friedman L, et al. Eye-tracking, attention, and schizotypal symptoms in
nonpsychotic relatives of patients with schizophrenia. Arch Gen Psychiatry 1997;54:169–76.
[33] Kremen WS, Tsuang MT, Faraone SV, Lyons MJ. Using vulnerability
indicators to compare conceptual models of genetic heterogeneity in
schizophrenia. J Nerv Ment Dis 1992;180(3):141–52.
[34] Küfferle B, Friedmann A, Topitz A, Földes P, Anderer P, Kutzer M,
et al. Smooth pursuit eye movements in schizophrenia: influences of
neuroleptic treatment and the question of specificity. Psychopathology 1990;23:106–14.
[35] Larrison AL, Ferrante CF, Briand KA, Sereno AB. Schizotypal traits,
attention and eye movements. Prog Neuropsychopharmacol Biol Psychiatry 2000;24:357–72.
[36] Lee KH, Williams LM. Eye movement dysfunction as a biological
marker of risk for schizophrenia. Aust New Zealand J Psychiatry
2000;34(Suppl):S91–S100.
[37] Lee KH, Williams LM, Loughland CM, Davidson DJ, Gordon E.
Syndromes of schizophrenia and smooth-pursuit eye movement dysfunction. Psychiatry Res 2001;101:11–21.
[38] Lencer R, Malchow CP, Krecker K, Nolte A, Pinnow M, Zimmerman S, et al. Smooth pursuit performance in families with multiple
occurrence of schizophrenia and nonpsychotic families. Biol Psychiatry 1999;45:694–703.
[39] Lencer R, Malchow CP, Trillenberg-Krecker K, Schwinger E, Arolt V.
Eye-tracking dysfunction (ETD) in families with sporadic and familial schizophrenia. Biol Psychiatry 2000;47:391–401.
[40] Levy DL, Holzman PS, Matthysse S, Mendell NR. Eye-tracking
dysfunction and schizophrenia: a critical perspective. Schizophr Bull
1993;19(3):461–535.
[41] Litman RE, Hommer DW, Radant A, Clem T, Pickar D. Quantitative
effects of typical and atypical neuroleptics on smooth pursuit eyetracking in schizophrenia. Schizophr Res 1994;12:107–20.

345

[42] Litman RE, Fuller Torrey E, Hommer DW, Radant AR, Pickar D,
Weinberger DR. A quantitative analysis of smooth pursuit eyetracking in monozygotic twins discordant for schizophrenia. Arch
Gen Psychiatry 1997;54:417–26.
[43] Loranger AW, Sartorius N, Andreoli A, Berger P, Buchheim P, Channabasavanna SM, et al. The World Health Organization. The International Personality Disorder Examination. Alcohol, drug abuse, and
Mental Health Administration, international pilot study of personality
disorder. Arch Gen Psychiatry 1994;51(3):215–24.
[44] Mackert A, Woyth C, Flechtner K-M, Volz H-P. Increased blink rate in
drug-naïve acute schizophrenic patients. Biol Psychiatry 1990;27:
1197–202.
[45] Munoz DP, Broughton JR, Goldring JE, Armstrong IT. Age-related
performance of human subjects on saccadic eye movement tasks. Exp
Brain Res 1998;121:391–400.
[46] Nkam I, Thibaut F, Denise P, van der Elst A, Ségard L, Brazo P, et al.
Saccadic and smooth-pursuit eye movements in deficit and non-deficit
schizophrenia. Schizophr Res 2001;48:145–53.
[47] O’Driscoll GA, Lenzenweger MF, Holzman PS. Antisaccades and
smooth pursuit eye-tracking and schizotypy. Arch Gen Psychiatry
1998;55:837–43.
[48] Ross DE, Thaker GK, Buchanan RW, Lahti AC, Medoff D, Bartko JJ,
et al. Association of abnormal pursuit eye movements with the deficit
syndrome in schizophrenic patients. Am J Psychiatry 1996;153:1158–
65.
[49] Ross RG, Harris JG, Olincy A, Radant A, Adler LE, Freedman R.
Familial transmission of two independent saccadic abnormalities in
schizophrenia. Schizophr Res 1998;30:59–70.
[50] Ross RG, Olincy A, Radant A, Adler LE, Compagnon N, Friedman R.
The effects of age on a smooth pursuit tracking task in adults with
schizophrenia and normal subjects. Biol Psychiatry 1999;46:383–91.
[51] Schwartz BD, O’Brien BA, Evans WJ, Sautter FJ, Winstead DK.
Smooth pursuit eye movement differences between familial and nonfamilial schizophrenia. Schizophr Res 1995;17:211–9.
[52] Sereno AB, Holzman PS. Antisaccades and smooth pursuit eye movements in schizophrenia. Biol Psychiatry 1995;37(6):394–401.
[53] Sharpe JA, Sylvester TO. Effect of aging on horizontal smooth pursuit. Invest Ophthal Visual Sci 1978;17(5):465–8.
[54] Sweeney JA, Haas GL, Li S, Weiden PJ. Selective effects of antipsychotic medications on eye-tracking performance in schizophrenia.
Psychiatry Res 1994;54(2):185–98.
[55] Thaker GK, Kirkpatrick B, Buchanan RW, Ellsberry R, Lahti A,
Tamminga C. Oculomotor abnormalities and their clinical correlates
in schizophrenia. Psychopharmacolo bull 1989;25:491–7.
[56] Thaker GK, Cassady S, Adami H, Moran M, Ross DE. Eye movements in spectrum personality disorders: comparison of community
subjects and relatives of schizophrenic patients. Am J Psychiatry
1996;153(3):362–8.
[57] Thaker GK, Ross DE, Cassady SL, Adami HM, Medoff DR, Sherr J.
Saccadic eye movement abnormalities in relatives of patients with
schizophrenia. Schizophr Res 2000;45:235–44.

