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Aim: Attention deficit has been reported in both
schizophrenia patients and patients with major
depressive disorder (MDD). The aim of this study was
to elucidate the deficits in sustained attention and
associated neural network dysfunctions in schizo-
phrenia patients and MDD patients, and to investi-
gate the difference between the two patient groups.

Methods: Twelve schizophrenia patients, 12 patients
with non-psychotic MDD, and 12 healthy control
subjects participated in this study. A sustained atten-
tion to response task (SART) was used to measure
attention capacity. Cerebral blood flow (CBF) during
attention tasks was measured using H2

15O positron
emission tomography. Statistical parametric map-
ping and analysis of covariance were performed to
compare the behavioral performance and CBF
changes during SART among three groups.

Results: Behavioral performances were not signifi-
cantly different among the three groups except for an
increased commission error rate in the schizophrenia

group. Regional CBF during SART was significantly
reduced in the left inferior frontal gyrus, the left
cuneus, and the right superior parietal lobule and
increased in the right superior frontal gyrus and the
right cuneus in the schizophrenia group compared to
the healthy control group. In the MDD group, neither
significant regional CBF difference nor behavioral
deficit was found compared to the healthy control
group.

Conclusion: Behavioral performance deficit and per-
fusion changes in the prefrontal and parietal cortices
during SART were observed only in the schizophrenia
group. Prefrontal and parietal network dysfunction
for sustained attention may be involved in the patho-
physiology of schizophrenia.
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attention.

COGNITIVE DEFICIT IN sustained attention has
been widely investigated and frequently found in

patients with psychiatric disorder but the extent

and profile of the deficit may be different.1,2 Among
schizophrenia patients, sustained attention may be
one of the most interesting domains of neurocogni-
tive function because research has consistently found
a deficit in sustained attention across subtypes,3 and
this deficit may be a marker of genetic susceptibility
for schizophrenia.4 In addition, sustained attention
accounts for considerable variance in social outcomes
in schizophrenia patients.5
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Similarly, research suggests that patients with affec-
tive disorders have various deficit profiles in sus-
tained attention depending on their diagnoses and
accompanying psychotic features. Patients with
bipolar disorder have been reported to have deficits
in sustained attention irrespective of accompanying
psychotic features, and deficits in attention are seen
even among euthymic patients.6 Unlike the relatively
consistent evidence of deficits in sustained attention
in patients with bipolar disorder, there have been
inconsistent findings in patients with major depres-
sive disorder (MDD). Previous studies have reported
that a deficit in sustained attention is a vulnerability
marker for MDD even when observed during euthy-
mic or remission states,7,8 and a meta-analysis of neu-
rocognitive function in MDD patients found an
intermediate effect on tests requiring sustained atten-
tion.9 Other studies, however, have provided con-
trasting evidence, reporting no deficits in sustained
attention in MDD patients.1,2 This inconsistency in
findings among MDD patients may be due to subtle
cognitive deficits or to various clinical states of
depression that include psychotic features.10 Among
patients with affective illnesses, patients with non-
psychotic depression may have the smallest deficit in
sustained attention capacity.

On neuroimaging, schizophrenia patients have
been found to have dysfunctional cortical–
subcortical–cerebellar circuits,11,12 and this cortical–
subcortical circuit dysfunction may be associated
with deficits in sustained attention.13–15 Neuroimag-
ing of attention and executive function in MDD
patients has also produced equivocal results.
Although some neuroimaging studies of depressed
patients have reported hypoactivity in the frontal
cortex,16,17 recent studies have reported prefron-
tal hyperactivity during working memory18 and
expected emotional judgment.19 Prefrontal hyperac-
tivity found in the MDD patients may be a sign of
cortical inefficiency.20

Sustained attention has traditionally been mea-
sured using continuous performance tests (CPT) or
signal detection paradigms. During a traditional CPT
trial, the subject is asked to discriminate and respond
to rapidly paced, infrequent targets among frequently
presented non-targets. There are several variations
in CPT paradigms, which have resulted in variable
findings reflecting different aspects of attention
and/or executive functions. The sustained attention
to response task (SART) is one such variation. The
SART is a computerized CPT that is sensitive to slips

of action and deficits in sustained attention.21 In this
task, the subject is asked to respond to frequently
presented, non-target stimuli, as opposed to respond-
ing to infrequent target stimuli. The SART can be a
useful tool for clarifying subtle differences in sus-
tained attention capacity between schizophrenia
patients and MDD patients.

In this study, we examined cognitive performance
and regional cerebral blood flow (rCBF) during the
SART in schizophrenia patients, patients with non-
psychotic major depression, and healthy control sub-
jects. We sought to further elucidate the cognitive
deficits and related neural network dysfunctions seen
in schizophrenia and MDD. H2

15O positron emission
tomography (PET) was used to investigate in vivo
changes in rCBF during the SART. We hypothesized
that the schizophrenia patients and the MDD
patients would show differential cognitive perfor-
mance and associated functional abnormalities in
the brain during the SART compared with healthy
controls.

METHODS

Subjects

Twelve schizophrenia patients (seven male; five
female), 12 MDD patients, and 12 healthy control
subjects participated in this study. The MDD patients
and the control subjects were age- and sex-matched
to the schizophrenia patients (Table 1). Patients were
recruited and diagnosed with the Structured Clinical
Interview for DSM-IV Axis I Disorders (SCID-I)22 by
two staff psychiatrists (JHS and JJK). Psychotic symp-
toms of the schizophrenia patients were assessed
with the Positive and Negative Syndrome Scale
(PANSS)23 by the same authors. The total PANSS
score of the schizophrenia patients ranged from
30 to 73 (48.3 � 14.1); mean subtotal scores for
positive, negative and general were 11.1 � 3.1,
12.6 � 4.4 and 24.7 � 7.2, respectively. The average
chlorpromazine-equivalent dose of antipsychotic
medication in the schizophrenia patients was
656 � 819.5 mg. The MDD patients did not have
psychotic symptoms. Depressive symptoms of all
subjects were measured with the Beck Depression
Inventory (BDI).24 The average depressive symptom
score in the MDD group (34.1 � 9.6, range 22–47)
was significantly higher than those in the other
two groups (schizophrenia group, 13.3 � 6.0, range
3–22; control group, 7.7 � 4.3, range 0–14; F =
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47.626, d.f. = 2, 33, P < 0.001). The MDD patients
were taking one or two antidepressant medications,
but no antipsychotic drugs. The healthy control sub-
jects were recruited via local advertisements and
screened for previous psychiatric disorders using
SCID and for significant neurological deficits and
current medical illnesses by a trained psychologist
(HSK).

All subjects were right-handed, as assessed by
Annett’s handedness inventory.25 Although educa-
tion level was not significantly different among the
three groups, the average intelligence quotient (IQ)
of the schizophrenia group was slightly lower than
that of the control group (schizophrenia, 98.8 � 9.0;
MDD, 105.2 � 8.4; control, 111.7 � 7.5; F = 7.275,
d.f. = 2, 33, P = 0.002). IQ was assessed with the
short-form of the Korean Wechsler Adult Intelligence
Scale (K-WAIS).26 Informed consent was obtained
from all subjects before study participation, and the
protocol for this study was approved by the Institu-
tional Review Board at the Severance Mental Health
Hospital, Yonsei University College of Medicine.

Behavioral task

To contrast the changes of brain activity during the
SART, a simple continuous performance test (SCPT)
was used as a baseline during the first PET scan. In the
SCPT, the subject was asked to respond to all facial
stimuli by indicating the position of the facial stimu-
lus with the right or left mouse button. During the
second PET scan, a modified SART task was per-
formed. In light of research indicating that emotional
stimuli can modulate attention27 and that this
emotion–cognition interaction may increase differ-
ences in sustained attention between psychiatric

patients and healthy controls, we adopted emotional
facial stimuli in place of the neutral digit stimuli used
in the original SART.

The modified SART included fearful faces as a
target and other emotional (e.g. happy, sad) or
neutral faces as non-targets (Fig. 1). Visual stimuli
were prepared using 8 ¥ 12-cm2 facial pictures
adopted from Ekman and Friesen,28 with either a
right- or left-sided position on a 24 ¥ 17-cm2 gray
background. Each visual stimulus was presented on a
14-in. monitor for 300 ms, and the inter-stimulus
interval was 1200 ms. Thirty-two target stimuli and
121 non-target stimuli were presented in a pre-fixed,
quasi-random fashion. Just as in the original SART,
subjects were asked to respond with a left or right
mouse button click to indicate the position of the
face in the visual stimuli, except for fearful faces, for

Table 1. Demographic subject characteristics and psychiatric symptoms (mean � SD)

Schizophrenia (S) MDD (D)
Healthy
control (C) F/c2 (d.f.) P

Significant
post hoc†

Age (years) 24.6 � 3.0 23.9 � 3.2 24.8 � 2.3 0.330 (2,33) 0.721
Sex (M/F) 7/5 7/5 7/5 0 (2) 1.000
Education (years) 13.7 � 1.7 14.5 � 1.7 15.5 � 1.9 3.118 (2,33) 0.054
IQ 98.8 � 9.0 105.2 � 8.4 111.7 � 7.5 7.275 (2,33) 0.002 S < C = D
BDI 13.3 � 6.0 34.1 � 9.6 7.7 � 4.3 47.626 (2,33) <0.001 S = C < D

Statistical analysis was performed using analysis of variance (ANOVA) and c2 tests. †P < 0.05, Scheffe post-hoc analysis.
BDI, Beck Depression Inventory; IQ, intelligence quotient (measured using short-form Korean Wechsler Adult Intelligence
Scale); MDD, major depressive disorder.
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Figure 1. Sustained attention to response task during
positron emission tomography.
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which subjects were told to withhold a response. Sub-
jects were instructed to respond as quickly and as
accurately as possible. The main task was preceded by
a practice task consisting of the same number of
presentations of visual stimuli with the same task
paradigm but with different stimuli sequences. To
minimize the medication’s effect on brain activity,
the present schizophrenia subjects were told not to
take any medication 12 h before the attention task
and PET. CPT performance was assessed using three
response measures: response time variability, omis-
sion errors, and commission errors, as suggested in a
recent study with a theoretical background.29

Image acquisition and analysis

PET was performed with a Gemini PET/CT scanner
(Phillips Medical System, Andover, MA, USA) using
the list mode acquisition, which had an intrinsic
resolution of 4.96 mm full width at half maximum
(FWHM) and simultaneously imaged 90 contiguous
transverse planes with a thickness of 2.5 mm for a
longitudinal field of view of 18 cm. Prior to each
scan, subjects received an i.v. bolus of 370 MBq of
[15O] H2O. PET data acquisition began coincidentally
with injection and continued over a 120-s time
period. Two scans at 15-min interval were acquired
while performing the SCPT and the SART. Low-dose
computed tomography (CT) was used for attenuation
correction. Based on a time-activity curve for a
20–120-s interval, the acquired images were recon-
structed using the 3-D row-action maximum likeli-
hood algorithm. Preprocessing was performed using
Statistical Parametric Mapping, version 8 (SPM8;
http://www.fil.ion.ucl.ac.uk/spm/). The data were
realigned and spatially normalized to the standard
stereotactic space30 for inter-subject averaging and
comparisons. In the normalization procedure, global
normalization using proportional scaling was
included to control a global CBF effect. To increase
the signal-to-noise ratio, the normalized images were
smoothed with an isotropic Gaussian kernel of
12 mm FWHM.

Statistical analysis

Statistical analysis of the imaging data was performed
using SPM8 with full factorial design. The first factor
was defined as group with three levels (schizophre-
nia, depression, and healthy control) and the second
factor was a within-group factor as a task condition

with two levels (SCPT and SART). Using appropriate
linear contrasts, the main effect of the groups, the
main effect of the task condition, and interaction
effect in rCBF changes were examined. To minimize
type I errors, the level of significance of volume
change was set to a peak amplitude threshold of false
discovery rate (FDR) corrected P < 0.05 and voxel
number >10.

Further statistical analysis

We defined the regions of interest (ROI) as those
showing a significant main effect of rCBF change on
SPM analysis. Signal intensities of ROI for each
subject for statistical analysis were extracted using
MarsBaR version 0.42 (http://marsbar.sourceforge.
net/).31 Analysis of covariance was performed to
compare behavioral performance during the atten-
tion tasks and rCBF changes among the three groups.
IQ was set as the covariate. Post-hoc multiple com-
parisons with Scheffe’s method were conducted to
clarify the significant differences among the three
groups. Spearman correlation coefficients were com-
puted to examine the relationships between rCBF
changes in the ROI, behavioral performance, psychi-
atric symptoms, and dosage of antipsychotics in all
subjects. Statistical analysis was performed using
PASW version 18 (IBM® SPSS® software, http://www-
01.ibm.com/software/analytics/spss/?pgel=ibmhzn&
cm_re=masthead-__products-__sw-spss). Results were
considered significant for two-sided P < 0.05.

RESULTS

Behavioral performance

As indicated in Table 2, even though the group dif-
ference in behavioral performance during the SART
was not statistically significant (percentage of com-
mission error: schizophrenia group, 50.0 � 24.7;
MDD group, 33.5 � 21.1; healthy control group,
24.4 � 18.4; F = 2.579, d.f. = 2,31, P = 0.092), post-
hoc multiple comparison analysis indicated a signifi-
cant difference in commission error rate between the
schizophrenia group and the healthy control group
during the SART. There was no significant difference
in response variability and omission error rate during
SCPT and SART among the three groups.

Duration of education was significantly correlated
with IQ (r = 0.547, n = 36, P = 0.001), but neither
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duration of education nor IQ were correlated with
behavioral performance during the SART. Other
demographic characteristics, such as age, and psychi-
atric symptom severity including BDI and PANSS
scores, were not correlated with behavioral perfor-
mance during the SART. There was no significant
correlation between the chlorpromazine-equivalent
antipsychotic dose and behavioral performance vari-
ables during SCPT and the SART.

Comparison of rCBF changes during SCPT
and SART

In full factorial SPM analysis there was a significant
main effect of group in rCBF during SART but there

was no significant main effect of group during SCPT.
There was neither significant task condition effect
within groups nor interaction effects between group
and task condition factors. Remarkable changes in
rCBF during SART were found in the schizophrenia
group compared to the MDD group and the healthy
control group (Table 3; Fig. 2). Regional CBF of the
schizophrenia group was significantly reduced in the
left inferior frontal gyrus (F = 14.42, d.f. = 2,33,
P < 0.001) and the left cuneus (F = 8.48, d.f. = 2,33,
P = 0.001) compared to the healthy control group,
and increased in the right superior frontal gyrus
(F = 17.92, d.f. = 2,33, P < 0.001), the right cuneus
(F = 19.65, d.f. = 2,33, P < 0.001) and the right supe-
rior parietal lobule (F = 13.74, d.f. = 2,33, P < 0.001)

Table 2. Behavioral performance (mean � SD)

Task
Schizophrenia(S)
(n = 11)

MDD (D)
(n = 12)

Healthy control (C)
(n = 12)

F
(d.f. = 2,31) P

Significant
post hoc†

SART RT-CV 0.214 � 0.04 0.197 � 0.06 0.246 � 0.26 0.229 0.796
OER (%) 7.7 � 5.2 2.2 � 3.3 7.0 � 14.2 1.483 0.243
CER (%) 50.0 � 24.7 33.5 � 21.1 24.4 � 18.4 2.579 0.092 S > C

SCPT RT CV 0.185 � 0.03 0.161 � 0.05 0.228 � 0.18 0.594 0.558
OER (%) 1.9 � 1.6 2.3 � 3.8 4.4 � 12.1 0.559 0.578

Behavioral performance was analyzed using analysis of covariance (ANCOVA) with IQ as the covariate. †P < 0.05, post-hoc test
by Scheffe’s method. CER, commission error rate; MDD, major depressive disorder; OER, omission error rate; RT-CV, coefficient
of reaction time variability; SART, sustained attention to response task; SCPT, simple continuous performance test.

Table 3. Brain regions with significant rCBF changes during the SART (mean � SD)

Anatomic
region BA

Coordinates of
peak voxel

Peak- level
F score

No.
voxels

ANCOVA†

Post
hoc‡Schizophrenia (S) MDD (D)

Healthy
control (C)x y z

Left IFG 47 -38 18 -14 21.13 16 55.2 � 2.9 60.0 � 3.1 61.1 � 2.2 S < C
S < D

Right SFG 11 6 66 -16 20.91 13 84.5 � 2.9 78.8 � 1.9 76.3 � 4.7 S > C
S > D

Left cuneus 19 -14 -82 32 28.24 187 85.1 � 4.1 89.9 � 2.8 93.1 � 6.5 S < C
Right SPL 7 26 -70 44 22.37 42 85.4 � 3.3 78.8 � 4.2 77.0 � 4.6 S > C

S > D
Right cuneus 19 30 -82 26 20.96 66 79.8 � 2.8 74.2 � 3.9 71.6 � 2.8 S > C

S > D

Threshold for significance in statistical parametric mapping analysis: False discovery rate (FDR) corrected P < 0.05, voxel
size > 10. †Differences in rCBF among the three groups were analyzed by analysis of covariance (ANCOVA) with IQ as the
covariate. ‡P < 0.05, post hoc test by Scheffe’s method. BA, Brodmann area; IFG, inferior frontal gyrus; MDD, major depressive
disorder; rCBF, regional cerebral blood flow; SART, sustained attention to response task; SFG, superior frontal gyrus; SPL,
superior parietal lobule.
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compared to the healthy control group. There was no
significant difference in rCBF during SART between
the MDD and the healthy control groups.

DISCUSSION
In this study, the schizophrenia group had behav-
ioral performance deficit and different rCBF patterns
in the frontal and parietal cortical regions during
the modified SART compared to the healthy control
group. Meanwhile, there was no significant differ-
ence in behavioral performance and rCBF changes
during the SART between the MDD and healthy
control groups.

Even though vigorous behavioral and neuroimag-
ing studies of attention have been conducted, there
is no single brain region that is responsible for atten-
tion. Cortico-thalamic-cerebellar circuits have been
suggested to be involved in attention and executive
function32 and we found significant rCBF differences
during the SART in the frontoparietal regions in the
schizophrenia group. Three interrelated but different
neuronal networks for attention have been proposed
by Fan et al.33 These three networks exert (i) an alert-
ing function subserved by the thalamic, frontal, and
parietal regions; (ii) an orienting function linked by
the superior parietal lobe, the temporoparietal junc-
tion, and the frontal eye field of the brain; and (iii)

an executive control function, which is associated
with the anterior cingulate cortex and the lateral pre-
frontal cortex. The dorsolateral prefrontal cortex
plays an important role in the organization of infor-
mation to facilitate a response,34 serving as an execu-
tive control for sensory information and selection of
output.

Based on the present results, abnormalities in acti-
vation of the frontoparietal circuits during the SART
might be associated with attention dysfunction in
schizophrenia. A deficit in sustained attention is a
well-replicated finding in schizophrenia patients and
it is known to be a valuable diagnostic phenotype of
schizophrenia.4 The prefrontal and parietal cortices
play an important role in response inhibition and
error-monitoring during the SART.35,36 Reduced rCBF
during the SART was found in the left cuneus and the
left inferior frontal gyrus in the schizophrenia group.
Cuneus is known to be involved in attentive visual
and spatial information processing37 and is also
included in activated neural network during sus-
tained attention.38 Reduction of rCBF in the prefron-
tal regions was consistent with the previous studies,
which suggested that prefrontal dysfunction medi-
ated deficit in sustained attention in schizophrenia
patients.12,39 A frontoparietal network including pre-
frontal cortex and cuneus may play an important role
in sustaining and controlling attention.40 Increased
rCBF, however, was also found in the right frontal
and parietal cortices in the present schizophrenia
group. More neural resources for response inhibition
and error monitoring may be needed in the schizo-
phrenia group, as was reported for an adolescent
group in a previous study.41 Although previous
studies reported a correlation with negative symptom
severity and SART performance measures,42 we did
not find significant correlation between PANSS
symptom severity and behavioral performance
during the SART. In the present study, the small
number of subjects who underwent neuroimaging
may be related to this negative finding.

Among the MDD patients, neither significant
behavioral deficit nor rCBF difference during the
SART was found compared with the healthy control
subjects. Previous studies have reported that there is
no deficit in sustained attention among MDD
patients.1,2 Other studies, however, have reported
deficits in sustained attention among depressed
patients.7,43,44 In spite of these contrary findings,
researchers suggest that psychotic features in patients
with affective disorders are a compelling marker for
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Figure 2. Statistical parametric mapping (SPM) of significant
main effect of group in regional cerebral blood flow changes
during the sustained attention to response task (SART). Region
of interest (ROI) maps were visualized using SPM8 software.
Threshold for significance in SPM analysis: false discovery rate
(FDR) corrected P < 0.05, voxel size > 10.
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deficits in sustained attention. Both patients with
bipolar disorder and MDD patients with psychotic
features have shown deficits in sustained atten-
tion.1,45,46 In the present study, the MDD group did
not have any psychotic features, and the severity of
illness ranged from mild to severe. These clinical
characteristics of the MDD group may have contrib-
uted to behavioral performances and brain activation
comparable to those of the healthy control group. We
replaced the digit stimuli with facial stimuli in the
modified SART to investigate interactions between
emotional conditions and sustained attention. We
did not, however, find those interactions, but the
facial stimuli might provide more perceptual loading
than digit stimuli and induce cognitive activation for
selective attention to emotional face during the
modified SART.47 Globally increased cognitive activa-
tion may contribute to a decrease in the differences
between the patient and healthy control groups
during the SART in the present study. In the present
study, attention-related brain structures including
prefrontal cortex and cuneus40 showed significant dif-
ference in rCBF, but there was no significant group
difference in rCBF of the facial information process-
ing area including facial fusiform area. A previous
study, however, also reported that prefrontal cortex
and cuneus might be involved in emotional face
perception.48 We think that the present finding may
be associated with dysfunctional network for sus-
tained attention and emotional face perception in
schizophrenia.

Several limitations of this study should be noted.
First, all of the schizophrenia patients were medi-
cated with one or two antipsychotic drugs, which
may have confounded the results. After minimizing
the medication effect, the dose of antipsychotic medi-
cation was not significantly correlated with rCBF or
task performance. All of the MDD patients were
medicated with newer antidepressant drugs and no
tricyclic antidepressants. We were not concerned with
the confounding effects of medication for the MDD
group because antidepressant medications are known
to have no detrimental impact on cognitive function
except tricyclic antidepressants.49 Also, we assessed
depressive symptom severity using only the BDI,
which does not reflect objective depressive symptom
severity. Another limitation of the present study was
that all the patients were outpatients and clinically
stable with mild-to-moderate severity. Thus, the
present results cannot be generalized to hospitalized
patients with severe symptoms.

Conclusion

We combined study of neurocognitive function with
functional brain imaging to find evidence of differ-
ential changes in brain activity during a sustained
attention task among schizophrenia patients and
MDD patients. During the SART, we observed a
behavioral deficit in attention and perfusion
abnormalities in the frontoparietal regions in the
schizophrenia patients. Differences in behavioral
performance and brain activity during a sustained
attention task may be valuable indicators for differ-
entiating schizophrenia from non-psychotic MDD.
The prefrontal and parietal network dysfunction
associated with sustained attention may be involved
in the pathophysiology of schizophrenia.
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