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Abstract

Saccadic eye movements are well-described markers of cerebral function and have been widely studied in schizophrenia
spectrum populations. However, less is known about saccades in individuals clinically at risk for schizophrenia. Therefore, we
studied individuals in an at-risk mental state (ARMS) (N = 160), patients in their first episode of schizophrenia (N=32) and
healthy controls (N="75). N=88 ARMS participants showed an early at-risk mental state (E-ARMS), defined by cognitive-
perceptive basic symptoms (COPER) or a combination of risk and loss of function, whereas N=72 were in a late at-risk
mental state (L-ARMS), defined by attenuated psychotic symptoms or brief limited intermittent psychotic symptoms. We
examined prosaccades, reflecting overt attentional shifts, and antisaccades, measuring inhibitory control, as well as their
relationship as an indicator of the interplay of bottom—up and top—down influences. L-ARMS but not E-ARMS participants
had increased antisaccade latencies compared to controls. First-episode patients had higher antisaccade error rates compared
to E-ARMS participants and controls, and increased latencies compared to all other groups. Prosaccade latencies did not
differ between groups. We observed the expected negative correlation between prosaccade latency and antisaccade error rate,
indicating that individuals with shorter prosaccade latencies made more antisaccade errors. The magnitude of the association
did not differ between groups. No saccadic measure predicted conversion to psychosis within 2 years. These findings con-
firm the existence of antisaccade impairments in patients with schizophrenia and provide evidence that volitional response
generation in the antisaccade task may be affected even before onset of clinically overt psychosis.
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Introduction

The pathogenesis of schizophrenia is still poorly understood.
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at-risk mental state of psychosis (ARMS) [1]. Longitudinal
studies of individuals in an ARMS have yielded transition
rates of 9.6% after 6 months and 29.1% after 3 years, if ultra-
high-risk (UHR) criteria are considered for study entry or
13.9% and 50.0%, if basic symptom criteria are used [2].
Whilst bolstering the importance of early recognition, these
figures also indicate that a large number of individuals in
an ARMS as defined by currently available methods do not
develop the disorder, at least in the investigated study peri-
ods. Therefore, reliable and valid prognostic markers are
desperately needed to improve prediction of transition to
psychosis. Cognitive, neuroimaging, and psychophysiologi-
cal biomarkers and endophenotypes have begun to play a
prominent role in this context. Specifically, promising find-
ings have been obtained for verbal cognition, processing
speed, structural and functional magnetic resonance imag-
ing (MRI) parameters, and auditory electrophysiology [3-5].

Antisaccade performance is a well-validated endopheno-
type of schizophrenia. An antisaccade is a rapid eye move-
ment away from a sudden-onset, peripheral visual stimulus.
The rate of direction errors (glances towards the target) rep-
resents a highly reliable, translational measure of inhibitory
control [6, 7]. Patients with schizophrenia show increased
rates of direction errors and longer latencies of correct anti-
saccades [6, 8]. Antisaccade impairments are also observed
in clinically unaffected relatives of schizophrenia patients
[9] and individuals with high levels of schizotypy [10-12].
In contrast, performance on prosaccades, a sensorimotor
control condition indexing overt attentional shifts, is by and
large unimpaired in schizophrenia spectrum populations [8].

Despite this substantial body of evidence in support of
antisaccade performance as a schizophrenia spectrum endo-
phenotype, only two previous studies have applied the task
to ARMS individuals [13, 14]. Nieman et al. [13] observed
that ARMS individuals had higher error rates than healthy
controls, but lower error rates than recent-onset schizophre-
nia patients. In contrast, Caldani et al. [14] found increased
error rates in schizophrenia patients, but not in UHR indi-
viduals. A follow-up was reported only by Nieman et al. [13]
in a small sample of ARMS individuals, showing a trend
towards increased error rate in those who transitioned to psy-
chosis compared to those who did not (p =0.09). Generally,
whilst several endophenotypes of schizophrenia have been
found to be altered in ARMS and to have predictive value
[3-5], the evidence for antisaccade measures is still scant
and inconclusive. Therefore, we studied antisaccade perfor-
mance in a large sample of clinical high-risk individuals
as well as first-episode schizophrenia patients and healthy
controls. This is the largest study to date of antisaccade per-
formance in clinical high-risk individuals (N =160).

In addition, we included a prosaccade control task to
confirm whether impairments, should they be observed,
are specific to this top—down oculomotor task or whether
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impairments occur more generally even in a simple task
requiring highly automatic saccadic eye movements [8].
Inclusion of the prosaccade task also allowed us to investi-
gate relationships between prosaccade latency and antisac-
cade direction errors, which is indicative of the competition
between the speed of an automatic response to the target and
the top—down generated response away from it [15]. There
is evidence that this negative correlation typically observed
in healthy samples is lost in schizophrenia, suggestive of
executive disturbances rather than deficits due to altered
attentional shifting capacity [16].

Given the known heterogeneity of high-risk groups [17],
we also examined oculomotor performance in two at-risk
subgroups differing in clinical symptoms which, based on
prior work [18], were considered to be in an early or late pro-
dromal stage, respectively. Previous research has suggested
that subjects in an early at-risk state (E-ARMS) have milder
cognitive [19] and electrophysiological deviations than sub-
jects in a late at-risk state (L-ARMS) [20, 21], although not
all studies have observed this pattern [22].

We hypothesised that increased risk for psychosis would
be accompanied by increased impairment in antisaccade
but not prosaccade performance. Finally, a large proportion
of at-risk subjects of this study was followed up clinically,
allowing an evaluation of whether antisaccade performance
may be able to predict transition to psychosis, with a view
to validating the task as a prognostic biomarker.

Method
Participants

A total of 160 individuals in an ARMS, 32 patients with a
first episode of schizophrenia and 75 healthy controls took
part in this study.

ARMS participants were recruited at the Early Recogni-
tion and Intervention Centres of the Departments of Psy-
chiatry at the University of Bonn, Cologne and Diisseldorf
as part of the German Research Network on Schizophrenia
(GRNS). Details of recruitment, evaluation and treatment
have been described elsewhere [18, 19]. Briefly, a two-step
approach was employed. A screening instrument was used
for help-seeking people who approached general practition-
ers or mental health professionals, followed by a detailed
assessment at our local centres using the Structured Clinical
Interview for DSM-IV (SCID-I) [23] and the Early Rec-
ognition Inventory for the Retrospective Assessment of the
Onset of Schizophrenia (ERIraos) [24]. ARMS participants
were included according to the two-stage risk concept of
the GRNS: (1) E-ARMS, defined by cognitive-perceptive
basic symptoms (COPER), and/or a combination of a first-
degree relative with a lifetime diagnosis of schizophrenia
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or a schizophrenia spectrum disorder or pre- or perinatal
complications with a Global Assessment of Function (GAF)
reduction [25] of at least 30 points within the last year; (2)
L-ARMS, defined by attenuated positive symptoms (APS) or
brief limited intermittent psychotic symptoms (BLIPS) and
not fulfilling exclusion criteria [18]. Seventy-two subjects
met L-ARMS criteria, 88 E-ARMS criteria.

The group of schizophrenia patients included 32 inpa-
tients with a first episode of schizophrenia according to
DSM-1V criteria. Patients were recruited from the in-patient
departments of the study centres where they had received
their diagnosis of first-episode schizophrenia. Shortly there-
after, patients were included in a clinical trial comparing
the effect of risperidone and haloperidol whose results are
reported elsewhere [26]. In the present sample, 17 patients
received risperidone, 15 patients were treated with haloperi-
dol at the time of testing.

Healthy controls (N =75) were recruited from the same
geographical region by local advertisements. None had past
or present psychiatric or neurological disorders, or a fam-
ily history of psychiatric disorders and were not using psy-
chotropic medication or illicit drugs. Moreover, none of the
controls fulfilled inclusion criteria for E-ARMS or L-ARMS.

Written informed consent was obtained from all partici-
pants. The study was approved by the Institutional Review
Boards of all participating universities.

Clinical and cognitive assessment at baseline

The Global Assessment of Function (GAF) score was
employed to provide an index of overall psychological,
social, and occupational functioning [25]. The Positive and
Negative Syndrome Scale (PANSS) was applied to evaluate
severity of positive, negative, and general psychopathology
of schizophrenia [27]. The Montgomery-Asberg Depression
Rating Scale (MADRS) was used to assess affective, cogni-
tive, and vegetative dimensions of depression [28] in ARMS
patients and the Calgary Depression Scale for Schizophrenia
(CDSS) was used to assess depressive symptoms in first-
episode patients [29]. Verbal intelligence was assessed with
the Mehrfachwahl-Wortschatz-Intelligenztest (MWT-B), a
German word recognition test [30].

Interventions and clinical assessment at follow-up

Out of 160 ARMS participants, 130 participants (81%) were
available for follow-up assessment with an average follow-up
period of 14.47 (SD =9.59) months. Conversion to psycho-
sis was diagnosed at follow-up according to SCID-I. We
dated the onset of psychosis using the anchor point method
[31], which makes use of memorable biographical events to
determine the onset of psychosis. The date of onset was set

for the month in which the first positive symptom persisted
for more than 1 week according to participant report.
Subsequent to baseline assessment including the oculo-
motor task, E-ARMS and L-ARMS participants received dif-
ferent treatments [18]. E-ARMS received cognitive behav-
ioural therapy or clinical management within a randomised
controlled trial [31]; L-ARMS patients were treated with
amisulpride plus a needs-focused intervention (NFI) or NFI
alone. In this sample, 39 of 68 (57.4%) E-ARMS and 36 of
62 (58.1%) L-ARMS patients obtained an active treatment,
the remaining 55 patients received no specific intervention.

Eye movement tasks

Stimuli were generated using ERTS® (Berisoft Coopera-
tion) and presented using a 15-inch monitor with a distance
of 41 cm from participants’ nasion. Head movements were
reduced using a chinrest. Testing took place in a quiet, dimly
lit room. There were two blocks each of prosaccades and
antisaccades in a fixed order (prosaccades, antisaccades,
prosaccades, antisaccades), with each block comprising 5
practice and 25 experimental trials (see Fig. 1).

The prosaccade task used overlap (200 ms) trials. A trial
began with a white fixation cross (1° high, 1° wide) in the
centre of the black screen, with a pseudo-randomised dura-
tion of 1500 ms, 2000 ms, 2500 ms or 3000 ms. The target
(identical to the fixation cross, but rotated by 45°) appeared
at + 16° from the central position, where it remained for
1000 ms. Participants were instructed to focus on the cross

+

1500 -
3000 ms

800 ms

Fig.1 Schematic presentation of the eye movement task. In the
prosaccade task, participants were instructed to focus on the cross
in the centre and quickly direct their gaze to the target as soon as it
appeared and then to look back to the centre of the screen. In the anti-
saccade task, they were instructed to look at the fixation cross at the
central location and to redirect their gaze to the exact mirror image
location of the target as soon as it appeared in the periphery and then
to look back to the centre of the screen. Stimuli are larger than shown
on screen
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in the centre and quickly direct their gaze to the target as
soon as it appeared and then to look back to the centre of
the screen.

The antisaccade task was identical to the prosaccade task
except for instructions. Here, participants were instructed
to look at the fixation cross at the central location and to
redirect their gaze to the exact mirror image location of the
target as soon as it appeared in the periphery and then to
look back to the centre of the screen.

Eye movement recording and analysis

Saccades were recorded by direct horizontal electro-ocu-
lography derived from the outer canthi (F9, F10). Verti-
cal electro-oculography was recorded from two electrodes
positioned above and below the right eye. Recordings were
carried out using Neuroscan Labs™ with a Synamps® 5083
amplifier controlled by Acquire® software package (Neu-
rosoft Inc.). It was registered with a bandwidth from 0.1 to
50 Hz using non-polarisable Ag-AgCl electrodes with the
electrolyte Abralyte® 2000 as conducting agent. The imped-
ance was kept below 5 kQ at all electrode locations and
checked at the beginning of each recording procedure. Data
were digitized at a rate of 250 Hz with a 450Mhz micropro-
cessor PC (CPU Intel Pentium® III) and stored on hard disk
for later analysis.

Eye movement recordings were edited using Brain Vision
Analyzer® (Brain Products GmbH, Munich, Germany) in
an interactive procedure. Data were filtered off-line with a
band-pass of 0.1-30 Hz and with a 50 Hz notch filter and
then segmented in intervals of 1200 ms with a prestimulus
interval of 200 ms. These epochs were baseline-corrected
by subtracting the average amplitude of the prestimulus
interval.

Saccades were automatically detected on the basis of a
minimum amplitude criterion. A horizontal saccade was
marked if the signal exceeded the mean amplitude of the
baseline period +3SD. The onset of the saccade was deter-
mined where a sign change in the first derivate (second
derivative peak) occurred. This point is the true foot point
of the HEOG peak. All segments were inspected and rated
blinded to group. Trials with blinks and/or head movements
were excluded based on a rating of amplitude, velocity, and
duration of eye movement, i.e. the characteristic shape of
the wave.

Saccade latency was defined as the time (ms) from tar-
get presentation to saccade initiation. Prosaccade latency
was computed from prosaccade trials where a primary sac-
cade was performed in the direction of the target within
80-500 ms of target onset. Antisaccade latency was com-
puted from antisaccade trials when a primary saccade was
performed in the direction opposite to the peripheral target
after 80 ms of target onset. An antisaccade error was counted
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when a saccade towards the peripheral target occurred in
an antisaccade trial. A correction was counted when an
antisaccade error was followed by a saccade in the opposite
direction. The percentage of direction errors in the antisac-
cade task was calculated by dividing the number of errors
by the number of valid antisaccade trials (excluding, e.g.
blink trials).

Statistical analysis

Statistical analyses were conducted in SPSS 22 (IBM, USA).
Two-sided p-values <0.05 were regarded as significant. Chi
square tests were used for categorical variables. We per-
formed ANOVAs to assess the effect of ‘Group’ (control,
E-ARMS, L-ARMS, first-episode) on dependent variables.
In case of violations of homoscedasticity (as indicated by
Levene test), we used Welch variance-weighted ANOVA.
Normality of dependent variables was checked using Q—-Q-
plots. If necessary, we applied square-root transformation to
reduce skewness. We performed Dunnet-T3 post-hoc tests
that are robust against violations of homoscedasticity [32].
We also performed a 2 X 4 repeated measurement ANOVA of
pro- and antisaccade latencies to analyse potential task-spe-
cific differences between groups. To exclude possible con-
founding of differences in oculomotor parameters by signifi-
cant differences in demographic variables (see Table 1), we
additionally conducted ANCOVA adjusting for age and ver-
bal intelligence score. Furthermore, we sought to exclude the
confounding influence of psychoactive medication. To this
end, we repeated the analyses excluding patients taking one
of the drug class noted in Table 1 each time. When excluding
patients with antipsychotic medication, first-episode patients
were not excluded because all of them were treated with
this substance. Accordingly, we additionally excluded all
ARMS patients taking any psychoactive drug. In an explora-
tory analysis using all ARMS and first-episode patients, we
correlated transformed antisaccade performance measures
and clinical variables (i.e. GAF and PANSS scores).

Next, we performed Pearson correlations between prosac-
cade latency and antisaccade error rate, first across all par-
ticipants and then separately for each group. Correlation
coefficients were compared between groups using Fisher
r-to-z transformation.

Finally, Cox proportional hazard models adjusting for
age, gender, use of psychoactive medication at testing and
intervention (i.e. non-specific intervention vs. cognitive
behavioural therapy or amisulpride) were conducted to
evaluate the predictive utility of oculomotor parameter con-
cerning conversion to psychosis. Because our cross-sectional
results suggested that oculomotor deficits were specific to
the antisaccade task (see results), we also computed the
difference in latencies between the pro- and antisaccade to
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obtain a measure indexing the cognitive demands specific
to the antisaccade task.

Results

Descriptive statistics of demographic and clinical variables
are given in Table 1. Skewness of age, verbal intelligence
test score and PANSS scores were reduced by square-root
transformation. Groups differed regarding age and ver-
bal intelligence levels. Post-hoc showed that first-episode
patients were significantly older than E-ARMS (p =0.02)
and L-ARMS (p=0.003) participants but not controls
(p=0.11). E-ARMS and L-ARMS participants did not dif-
fer from each other or from controls (all p>0.18). There
were no significant results in post-hoc tests of verbal intelli-
gence scores (all p>0.08). L-ARMS participants had higher
PANSS scores than E-ARMS participants.

Group differences in eye movements

Descriptive statistics of eye movement variables are in
Table 2. On average, 48.37 prosaccade trials (SD=3.14,
range: 26-50; 96.7%, range: 52-100%) and 48.82 anti-
saccade trials (SD =2.39, range =31-50; 97.6%, range:
62—-100%) per participant were usable. Antisaccade error
rate and latency showed significant deviations from normal-
ity and were, therefore, adjusted by square-root transforma-
tion. ANOVA revealed effects of ‘Group’ on antisaccade but
not prosaccade performance. Regarding antisaccade error
rate, post-hoc tests showed significant differences between
first-episode patients and controls (p =0.02, d=0.70) and
E-ARMS subjects (p =0.04, d=0.64). Antisaccade error
correction rates did not differ between groups. In antisac-
cade latency, first-episode patients differed from all other
groups in (controls: p <0.001, d=1.11; E-ARMS partici-
pants: p=0.01, d=0.71; L-ARMS participants: p=0.049,
d=0.62) and L-ARMS participants differed from controls
(p=0.01, d=0.52).

Table2 Eye movement data by group

A 2 x4 repeated measures ANOVA showed a sig-
nificant effect of ‘Task’ (antisaccade, prosaccade)
(F(1,263)=788.35, p <0.001, eta®=0.750) and ‘Group’
(F(3,263)=5.93, p=0.001, eta’=0.063) as well as a signifi-
cant ‘Task x Group’ interaction (£(3,263)=7.37, p <0.001,
eta®=0.078), confirming that the increase in latency across
groups was observed for antisaccades but not for prosac-
cades (see Table 2 for descriptive statistics).

Group differences in antisaccade error rate
(F(3,211)=4.60, p=0.004, eta’= 0.061) and latency
(F(3,211)=5.26, p=0.002, eta?=0.070) remained signifi-
cant in an ANCOVA controlling for age and verbal intelli-
gence score. Exclusion of all participants using antidepres-
sants or sedative drugs as well as the exclusion of ARMS
patients using antipsychotic drugs or any other psychoactive
medication did not substantially alter the results (see sup-
plementary material 1).

There were no significant correlations of transformed
antisaccade error rate and latency with clinical measures
(i.e. GAF, PANSS) in the pooled sample of ARMS and first-
episode patients. Only in E-ARMS participants, there was
a significant association between antisaccade latency and
PANSS global score (r=—0.26, p=0.016) which did not
withstand Bonferroni-Holm correction for multiple testing.

Correlations between prosaccade latency
and antisaccade error rate

There were significant correlations between prosaccade
latency and antisaccade error rate across all participants
(r=-0.24, p<0.001) and in controls (r=—0.42, p <0.001),
E-ARMS (r=-0.24, p=0.02) and first-episode patients
(r=-0.46, p=0.008). The correlation in L-ARMS par-
ticipants was not significant (r=—0.08, p=0.49); however,
inspection of the scatterplot indicated an outlying score
(Fig. 2). The correlation became significant following exclu-
sion of this subject (r=—0.24, p=0.047). All reported cor-
relations remained significant after Bonferroni-Holm cor-
rection. There were no significant pairwise differences in
correlation coefficients between any groups (all p > 0.20).

Controls (N=75) E-ARMS (N=288)

L-ARMS (N=72)

First-episode Welch variance-weighted

patients (N=32) ANOVA
Mean SD Mean SD Mean SD Mean SD Test statistic )4
PS latency (ms) 213 29 214 39 41 225 56 F(3,105.0)=0.98 0.404
AS latency (ms) 283 37 300 66 56 351 80 F(3,105.2)=9.25% <0.001
AS error rate (%) 16.49 11.84 17.40 15.92 20.77 17.87 31.06 24.79 F(3,107.0)=3.66% 0.015
AS correction rate (%) 97.17 7.23 95.60 12.38 95.55 10.17 96.01 10.67 F(3,108.2)=0.56 0.644

E-ARMS early at-risk mental state, L-ARMS late at-risk mental state, PS prosaccade, AS antisaccade

Test statistic is based on square-root transformed data
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Fig.2 Scatterplot of Relationship between Antisaccade Errors and
Prosaccade Latency. E-ARMS early at-risk mental state, L-ARMS
late at-risk mental state. Prosaccade latency is given in milliseconds.
Antisaccade direction error rate (%) has been square-root transformed

Prediction of conversion

ARMS participants who were followed up did not differ
from those who were not followed up regarding demographic
variables, proportion of L-ARMS individuals and most clini-
cal, cognitive and oculomotor measures. The only differ-
ences were found in the PANSS global scale [#(152)=2.59,
p=0.011] and antisaccade latency [#(158)=-2.70,
p=0.008] with followed subjects showing longer latency but
lower PANSS scores. At follow-up, 23 participants showed
a conversion to psychosis [17.7%, 7 E-ARMS (10.3%) and
16 L-ARMS patients (25.8%)] within an average of 8.74
month [SD=7.65; E-ARMS participants: 9.71 (9.79);
L-ARMS participants: 8.31 (6.84)]. Mean follow-up time for
non-converters was 16.25 months [SD =9.46; E-ARMS par-
ticipants: 18.65 (8.84); L-ARMS participants: 12.57 (9.31)].
No saccadic variable significantly predicted conversion to

E-ARMS Group

Antisaccade Direction Errors
(Square Root Transformed)
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Prosaccade Latency (in ms)

First-Episode Patient Group

10+ .
w
55
u'ﬁg 8|
5%
"6:
2E 6
O«
03
ke
o X 4t
s
o ©
0 3
= O
g2 2}

150 200 250 300 350

Prosaccade Latency (in ms)

to reduce skew. The data point marked as asterisk was considered as
outlier (see “Results” section) and was excluded when computing the
correlation

psychosis in the Cox proportional hazard model (Table 3).
There were no significant interactions between any oculomo-
tor parameter and intervention (i.e. non-specific intervention
vs. cognitive behavioural therapy or amisulpride), ARMS
groups (i.e. E-ARMS and L-ARMS patients) and use of any
psychoactive medication indicating the absence of signifi-
cant effects in either of these subgroups.

Discussion

In this study, we investigated antisaccade and prosaccade
task performance in patients in their first episode of schizo-
phrenia, individuals in an at-risk mental state, and healthy
controls. We first replicated the observation of antisac-
cade impairments in first-episode patients. The impair-
ment consisted of an increased rate of direction errors and
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Table 3 . Prediction Of, Converters (n=23) Non-converters HR CI- CI+ )4
conversion to psychosis by eye (n=107)
movement parameters
M SD M SD
Prosaccade latency 219 39 222 37 1.001 0.991 1.012 0.803
Antisaccade latency 310 66 307 51 1.002 0.995 1.009 0.639
Difference in pro- and 91 58 85 46 1.001 0.993 1.010 0.739
antisaccade latency
Antisaccade error rate 18.97 17.89 17.94 13.52 1.001 0.975 1.027 0.947

The hazard ratio describes the increase (HR > 1) or decrease (HR < 1) of the probability of an event (i.e.
conversion to psychosis) in the observed time interval associated with a unit increase in the predictor

HR hazard ratio of the Cox-regression model, CI confidence interval, M mean, SD standard deviation

an increased latency of directionally correct antisaccades,
as reported in first-episode psychosis patients before [13,
33-35]. We also detected a selective deficit in antisaccade
latency in L-ARMS participants, suggesting this measure
may be sensitive to disease severity along the continuum
of psychosis [1]. The antisaccade latency deficit showed
selectivity across measures and groups, as there were no
impairments in E-ARMS and no antisaccade error rate or
prosaccade latency impairments in L-ARMS.

We also observed negative correlations between prosac-
cade latency and antisaccade error rate [15, 16]. This corre-
lation indicates that faster prosaccades, indexing overt atten-
tional shifts, are associated with greater difficulty inhibiting
unwanted saccades to the target in antisaccade trials. This
pattern is consistent with models explaining antisaccade per-
formance in terms of competition between top—down and
bottom—up signals [6, 15, 36]. Whilst previous evidence
points to a loss of this relationship in schizophrenia patients
[16], here we observe correlations of comparable magnitude
in both first-episode patients and controls. Specific task fea-
tures (see paragraph below) or clinical characteristics may
explain these differences across studies. Whereas both E-
and L-ARMS participants tended to show lower correlations
than controls or first-episode patients, there were no signifi-
cant differences in the magnitude of correlations between
groups, suggesting that the basic interplay of top—down and
bottom—up processes and its inter-individual variation in
strength may be unaltered, at least with the current experi-
mental task design.

Unexpectedly, no saccadic measure predicted conversion
to psychosis. The only previous study on this issue observed
a non-significant trend towards higher antisaccade error rates
in participants who later transitioned (N = 10) compared to
those who did not [13]. With a larger number of transition-
ing individuals in our study (N=23) and conversion rates
that are consistent with the literature [37, 38], we did not
find any evidence of prediction, despite the increased anti-
saccade latency in L-ARMS individuals. Our findings may
clarify the ambiguous finding by Nieman and colleagues
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[13]. However, differences in experimental methods between
our studies may also have contributed to the discrepancy in
results. Specifically, overlap tasks and large target eccen-
tricities, as in our study, are known to produce lower error
rates than step tasks (i.e. fixation cross and target are not
simultaneously displayed) and smaller target eccentricities
(i.e. smaller amplitude from the centre to the peripheral tar-
get position) [39, 40], as in the study by Nieman and col-
leagues [13]. Additionally, the mean interval to transition in
our study (8.74 months) was somewhat shorter than in the
study by Nieman et al. [13] (10.8 months).

It should also be noted that ARMS participants who were
not available for follow-up had lower antisaccade latencies
than those who were followed up. It remains speculative
whether this range restriction may have masked a putative
predictive effect of the antisaccade latency measure. More-
over, the inclusion of ARMS participants in a subsequent
clinical trial might have influenced our ability to detect pre-
dictive factors of transition to psychosis. We did, however,
control for possible effects of interventions (i.e. non-specific
intervention vs. cognitive behavioural therapy or amisul-
pride) and found no modifications of the predictive utility.

The failure of antisaccade performance to predict tran-
sitions would fit with evidence from neuropsychological
investigations of ARMS participants in showing that execu-
tive functions, while clearly impaired in these subjects [19],
are less predictive of disease progression than other cog-
nitive functions, like declarative memory [41] or emotion
recognition [42]. The finding may also be integrated with
previous evidence of the substantial temporal stability of
antisaccade performance in schizophrenia spectrum samples
[43—45] as well as healthy controls [46, 47]. Impairments in
antisaccade performance and executive functions in general
thus might be a sensitive marker for susceptibility to schizo-
phrenia, without indicating an imminent conversion.

A limitation of our study is that ARMS participants were
not followed up with an eye movement assessment. Such an
extension of our study would have been informative in allow-
ing to examine whether those individuals who converted to
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psychosis differed in eye movement variables at follow-up
from those who did not convert. We also acknowledge that
the differences between the E-ARMS and L-ARMS group do
not necessarily arise from differences in temporal proximity
to psychosis onset but might also represent distinct clinical
subgroups.

In conclusion, we confirm previous evidence of anti-
saccade impairments in patients with schizophrenia. The
latency of correct antisaccades, which measure volitional
response generation, is also impaired in L-ARMS, suggest-
ing an association of this measure with symptom severity.
However, oculomotor parameters did not predict transition
to psychosis in at-risk subjects, indicating that these impair-
ments reflect vulnerability rather than imminent psychosis.
The interaction between antisaccade impairments and other
risk factors for psychosis should be further investigated.
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