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Abstract
To provide a systematic review of scientific literature 
on functional magnetic resonance imaging (fMRI) stud-
ies on sustained attention in psychosis. We searched 
PubMed to identify fMRI studies pertaining sustained 
attention in both affective and non-affective psycho-
sis. Only studies conducted on adult patients using a 
sustained attention task during fMRI scanning were 
included in the final review. The search was conducted 
on September 10th, 2013. 15 fMRI studies met our in-
clusion criteria: 12 studies were focused on Schizophre-
nia and 3 on Bipolar Disorder Type Ⅰ (BDI). Only half 
of the Schizophrenia studies and two of the BDI stud-
ies reported behavioral abnormalities, but all of them 
evidenced significant functional differences in brain re-
gions related to the sustained attention system. Altered 
functioning of the insula was found in both Schizophre-

nia and BDI, and therefore proposed as a candidate 
trait marker for psychosis in general. On the other 
hand, other brain regions were differently impaired 
in affective and non-affective psychosis: alterations 
of cingulate cortex and thalamus seemed to be more 
common in Schizophrenia and amygdala dysfunctions 
in BDI. Neural correlates of sustained attention seem to 
be of great interest in the study of psychosis, highlight-
ing differences and similarities between Schizophrenia 
and BDI.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: In the present paper, we systematically re-
viewed functional magnetic resonance imaging studies 
investigating sustained attention in affective and non-
affective psychosis. We found that differences between 
cases (patients, unaffected relatives of psychotic pro-
bands) and controls in terms of functional activation of 
sustained attention system structures were detectable 
even when the groups performed comparably. In par-
ticular, the insular cortex seems to be a trait marker for 
psychosis in general, whereas other regions (thalamus, 
cingulate cortex, amygdala) seem to be differently im-
paired in affective and non-affective psychosis.
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INTRODUCTION
Sustained attention can be defined as the ability to main-
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tain a high vigilance level for prolonged periods of  time, 
allowing the subjects to respond in an appropriate way to 
infrequent and unpredictable stimuli[1].

Abnormalities in sustained attention have been re-
ported in both schizophrenic[2-4] and Bipolar Disorder 
(BD) patients[5-8] and several studies suggested a cor-
relation with a worse prognosis and a poorer quality of  
life[9-12]. Sustained attention deficits seem to be indepen-
dent from medications[13,14] and illness states[15]. Studies 
comparing directly schizophrenic and BD patients found 
that the two groups were qualitatively similar in sustained 
attention deficits[16], even though schizophrenic patients 
were usually quantitatively more impaired[17-20]. A reduced 
attentional performance has also been higlighted in non-
affected relatives of  schizophrenic[21,22] and bipolar pa-
tients[23]: it has been therefore proposed as a candidate 
endophenotype for both affective[24-26] and non-affective 
psychosis[27-30]. Candidate endophenotypes must be as-
sociated with illness, state independent, heritable, and 
found in unaffected relatives of  probands at a higher rate 
than in general population[31]. By contrast, some behav-
ioral studies failed to find any significant performance 
deficit in schizophrenic patients[32], in bipolar patients[33] 
or in unaffected relatives of  bipolar probands[34,35], so the 
role of  sustained attention as a trait-market of  psychosis 
is still controversial. The discordant results reported in 
scientific literature may be due to the differences in ex-
perimental paradigms and inclusion/exclusion criteria.

The most commonly used tasks to assess sustained 
attention are the “oddball paradigms”, where subjects are 
required to identify rare and unpredictable target stimuli 
presented among a stream of  frequent non-target stimu-
li[36,37] or among both frequent and rare non-target stimuli, 
usually called “standards” and “novels” respectively[38,39]. 
A particular kind of  oddball paradigm is the Continuous 
Performance Test (CPT), initially developed by Beck et 
al[40] and nowadays considered a well validated instru-
ment to measure sustained attention in both research and 
clinical settings[41]. There are numerous versions of  CPT, 
differing from one another for the sensorial modalities 
(visual or auditory)[42,43] the perceptual complexity of  the 
stimuli (CPT with degraded stimuli: DS-CPT)[44] and the 
response required: only on targets, on both targets and 
non-targets and only on non-targets (Conners’ CPT Ⅱ)[45]. 
Other CPT versions increase the number of  stimuli pre-
sented per minute to intensify the attentional load (e.g., 
the Rapid Visual Information Processing task, RVIP)[46]. 
Some CPTs are designed to assess both sustained atten-
tion and working memory resources, e.g., the CPT-AX 
(a character or number preceded by another character or 
number as a target)[47] or the CPI-IP (identical pairs of  
stimuli as a target)[48].Several scores are used to measure 
the behavioral performance in oddball paradigms: the 
rate of  correct targets (“hits”, “H”) and incorrect targets 
(“omission errors”); the rate of  correct non-target (“cor-
rect rejections”) and incorrect non-target (“false alarms”, 
“FA”) “commission”) and the mean reaction times (RT) 
to the stimuli. Subjects who respond accurately and rap-

idly to both target and non-target are considered good 
performers, whereas a high number of  omissions indicate 
a reduced attention and a high number of  commissions 
indicate augmented impulsivity. Using the signal detection 
theory[49] other measures of  accuracy may be calculated, 
such as the sensitivity index (d’, d-prime), its nonparamet-
ric analog (A’, A-prime) and the response criterion (B’’, 
beta, ln b). d’ is the standardized difference between hit 
rate and false alarm rate [d’ = z(Hits) - z (False alarms)] 
and it is considered a good measure of  discriminability. B’’ 
instead represents an index of  response bias, the subject’s 
tendency to under respond or over respond [B’’ = (1-H) - 
FA (1-FA)/H(1-H)+FA (1-FA)].

Functional neuroimaging studies increase the pos-
sibility to detect subtle differences in brain functioning 
even in behaviorally intact subjects. In healthy individuals, 
sustained attention tasks usually elicit a widespread corti-
cal and subcortical network, including dorsal and medial 
prefrontal cortex, parietal, temporal and occipital areas, 
cingulate gyrus, insula, cerebellum, and basal ganglia[50-53]. 
Different components of  sustained attention have their 
anatomical and functional correlates in different brain 
regions: subcortical structures have been associated with 
arousal control, dorsal frontal and temporoparietal cortex 
with attention maintenance over time, and anterior ven-
tromedial regions, such as anterior cingulate cortex (ACC) 
and anterior insula, with conflict monitoring, target de-
tection and error signaling[54]. Moreover, ACC and insula 
are reported to play a crucial role in emotional regulation, 
linking emotion to cognition[55,56].

The aim of  the present paper is to review fMRI cor-
relates of  sustained attention in affective and non-affec-
tive psychosis, discussing the literature findings and the 
role of  sustained attention as a candidate endophenotype 
for psychotic disorders.

SEARCH
We searched PubMed to identify functional magnetic 
resonance (fMRI) studies investigating sustained atten-
tion in affective and non-affective psychosis. The follow-
ing search words were used, both alone and in combina-
tion: sustained attention, fMRI, affective psychosis, non-
affective psychosis, Schizophrenia, Bipolar Disorder. 
The search was conducted on September 10th, 2013 and 
yielded 42 records. Moreover, we manually checked the 
reference lists of  the identified articles and we found 
9 further potential studies, for a total number of  51 
records. Inclusion criteria were the following: articles 
written in English, patients’ age ≥ 18 years, psychotic 
patients and/or subjects at augmented risk for psychosis, 
studies providing both behavioral and fMRI results dur-
ing a sustained attention task. Structural MRI studies and 
fMRI studies reporting data acquired during paradigms 
other than sustained attention tasks or during resting 
state were excluded.

By reading titles and abstracts, we excluded 18 re-
cords. By reading the full texts of  the 33 remaining arti-
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cles, we identified15 papers meeting our inclusion criteria 
and therefore included in the qualitative synthesis (Figure 
1).

RESEARCH
A total number of  578 subjects was tested by the 15 
studies included in the qualitative synthesis: 272 normal 
comparisons (NC), 173 schizophrenic patients (SCZ), 
17 unaffected relatives of  schizophrenics (REL-SCZ), 
10 subjects at ultra high risk for Schizophrenia (UHR-
SCZ), 84 Bipolar Disorder type Ⅰ patients (BDI) and 22 
unaffected relatives of  BDI patients (REL-BDI). The 
majority of  SCZ were male (68.8%), conversely to what 
observed in BDI, where males represented only 30.9% 
of  the total.

Sustained attention in schizophrenia
A total number of  12 studies was selected[57-68]. The char-
acteristic of  the groups and the results of  the studies are 
depicted in Table 1. 

Right handedness was an inclusion criteria in 6 stud-
ies[57,59,60,63,66,68]. Nine studies enrolled only SCZ, one had 
both a SCZ group and an additional group of  UHR-
SCZ[61] and two had only REL-SCZ[66,68]. In the study by 
Morey et al[61], patients were divided into early SCZ (mean 
illness duration 1.7 years) and chronic SCZ (mean ill-
ness duration 15.3 years). In the study by Honey et al[60], 
patients were divided into SCZ with both negative and 
positive symptoms (n = 11) and SCZ with predominantly 
positive symptoms (n = 11). The SCZ (n = 173) enrolled 
in the studies were clinically stable and in the majority of  
cases were medicated (range: 87.5%-100%). Only 2 of  
the 10 UHR-SCZ received medications at the moment of  
the scanning, whereas all the REL-SCZ (n = 17) and the 
NC (n = 204) were drug naïve. In seven of  the 10 studies 
including a SCZ group, the mean illness duration was also 
reported[58-63,65] and it ranged from 1.7 to 33 years. The 

UHR-SCZ group in the study by Morey et al[61] met at 
least one of  the following criteria: (1) reporting brief  in-
termittent psychotic states; (2) reporting attenuated posi-
tive symptom states; and (3) being first-degree relatives 
of  schizophrenic/schizotypal probands plus reporting a 
significant recent loss of  social/work functioning. The 11 
REL-SCZ enrolled by Sepede et al[68] were all unaffected 
siblings of  schizophrenic patients, whereas the 6 REL-
SCZ enrolled by Filbey et al[66] were presumed obligate 
carriers of  schizophrenia (POCs): unaffected subjects 
having a first-degree relative (sibling or parent) plus a 
child affected by schizophrenia. Ten of  the 12 studies 
used visual stimuli, whereas the other two[62,65] used audi-
tory stimuli. The tasks administered were: oddball tasks (n 
= 4), CPT-X (n = 1), DS-CPT-X (n = 2), CPT-IP (n = 2), 
RVIP (n = 1), and other attention tasks (n = 2), with a to-
tal duration of  the experiment ranging from 6 to 49 min. 

FMRI images were acquired using a 1.5 T scanner in 
seven studies, a 3 T scanner in 2 studies and a 4 T scan-
ner in three studies. A block design was used to present 
the tasks in six studies, whereas an event-related design 
was used in other five studies. Only one study[67] used 
a block/event-related mixed design. A whole brain ap-
proach was used in eight studies to analyze the BOLD 
FMRI signal whereas three studies[60,61,67] used a region of  
interest (ROI) approach and/or a masked brain analysis, 
limiting the analysis to areas known to be involved in sus-
tained attention processing and/or to areas showing sig-
nificant between-group or within-condition differences. 
Only one study[64] used the ROI analysis after the whole 
brain analysis. In the study by Honey et al[60], connectivity 
analyses were also performed.

Behavioral results
In four of  the ten studies involving SCZ (n = 57), no 
significant behavioral differences were found with respect 
to NC[57,58,63,64]. In the other six studies, SCZ (n = 116) 
performed worse than NC: a reduced accuracy was evi-
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Abstracts identified through
PubMed searching (n  = 42)

Reference lists searching (n  = 9)

Abstracts excluded
(n  = 18)

Full-text articles assessed for 
eligibility (n  = 33)

Full-text articles excluded, with reasons (n  = 18):
   Reviews (n  = 2)
   Not focused on sustained attention (n  = 5)
   Participants’ age < 18 yr (n  = 4)
   Not involving bipolar, schizophrenic or psychotic patients (n  = 4)
   Resting state fMRI (n  = 2)
   Unavailable / incomplete data (n  = 1)

Full-text articles included in 
qualitative synthesis (n  = 15)

Figure 1  Flow chart of the systematic review. fMRI: Functional magnetic resonance imaging.
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Table 1  Functional magnetic resonance imaging studies of sustained attention in Schizophrenia
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Ref. Participants Task and behavioral results fMRI methods and results

Volz et al[57], 
1999 

SCZ (n = 14), age 34.1 ± 12.3, males 
78.6%, medicated 100%

CPT-IP. Type of stimuli: letters
TNS = 720, Target = 25%, SET = 600 ms, ISI = 

1200 ms, TET = 30 min

1.5 T, block design (4 blocks). baseline: finger 
tapping  

Whole brain analysis. Imaging package: SPM96
NC (n = 20), age 28.2 ± 5.7, males 

60%
Required response: on targets.

Behavioral measures: hit rate, mean RT, d’, ln b 
Results: no between group differences

Results: NC > SCZ in the R mesial PFC, ACC and L 
TH 

Eyler et al[58], 
2004 

SCZ (n = 8)/SCA (n = 1) age 58.9 ± 
9.9, males 55.6%, illness duration: 

33 yr, medicated 100%

CPT-X. Type of stimuli: letters. TNS = 72
Target = 33.3% ISI = 500 ms, TET = 6 min 3 s

1.5 T, block design. baseline: digit fixation 
8 task blocks and 9 baseline blocks 

Whole brain analysis. Imaging package: AFNI
NC (n = 10), age 59.8 ± 5.7, 

12 males 60%
Required response: on targets 

Behavioral measures: mean RT, d’ 
Results: no between group differences

Results: 
NC > SCZ in R IFG/insula (BA 47/45)

SCZ > NC in R postcentral gyrus (BA 3) and L 
cerebellum

Salgado-
Pineda et 
al[59], 2004 

SCZ (n = 14), age 25.5 ± 4.1, males 
50%, medicated 100%, illness 

duration: 1.9 yr

CPT-IP. Type of stimuli: numbers. TNS = 900
Target = 15% ISI = 1100 ms, TET = 14min 

1.5 T, block design. baseline: digit response
2 task blocks and 2 baseline blocks. 

Whole brain analysis. Imaging package: SPM2
NC (n = 14), age 25.1 ± 3.3, males 

50%
Required response: on targets 

Behavioral measures: omission errors, 
commission errors, mean RT, d’, ln b
Results: Between group differences

-omissions, commission and d’: NC > SCZ
-mean RT: SCZ > NC

Results:
NC > SCZ in R IFG (BA 44), R angular gyrus (BA 

39), R STG (BA 37), R MTG (BA 21), R TH

Honey et 
al[60], 2005 

N-SCZ: SCZ with both negative 
and positive symptoms: (n = 11), 
age 42.6 ± 9.2, males 90.9%, age of 

onset: 22.2 yr, medicated 100%

CPT-X with 2 levels of difficulty: undegraded 
and degraded stimuli (0% and 40% pixel 

inverted). Type of stimuli: digits 
TNS = 280 Target = 25% 

SET = 42 ms, ISI = 958 ms TET = 6 min

3T, block design, baseline: screen fixation 
10 task blocks and 10 baseline blocks. Imaging 

package: SPM2 
Masked brain analysis (ROIs involved in attention 
processing, differentiating the groups and showing 

a task related activity associated to attentional 
load). 

Connectivity analysis (seed ROIs: ACC and 
cerebellar vermis)

 P-SCZ: SCZ with predominant 
positive symptoms: (n = 11) age 
41.1 ± 9.2, males 81.8%, age of 
onset: 24.7 yr, medicated 100%

Required response: on targets 
Behavioral measures: mean RT, d’

Results: N-SCZ were less accurate than NC in 
target discrimination (d’)

Results 
Task vs baseline:

NC > (P-SCZ = N-SCZ) in R and L angular gyrus, 
MFG, L putamen

(P-SCZ = N-SCZ) > NC in R and L SFG, R and 
L IPL, R SPL, R post central gyrus, L precentral 
gyrus, R and L TH, ACC, PCC, R MiFG, R IFG, 

cerebellum; P-SCZ > N-SCZ in R STG, R MiFG and 
L SPL

NC (n = 12), age 33.3 ± 11.8, 12 
males 83.3%

Connectivity with ACC:
NC > (P-SCZ = N-SCZ) in R and L MSFG, R and L 
IFG; (P-SCZ = N-SCZ) > NC in R and L precentral 
gyrus, R postcentral gyrus, cerebellum; P-SCZ > 

N-SCZ in ACC; N-SCZ > P-SCZ in SMA
Connectivity with cerebellum:

NC > (P-SCZ = N-SCZ) in R and L MSFG, L MFG; 
(P-SCZ = N-SCZ) > NC in L MiFG; P-SCZ>N-SCZ 
in R and L IFG, ACC, L SPL, R precentral gyrus, L 

postcentral gyrus
Morey et 
al[61], 2005 

UHR (n = 10), age 22.6 ± 4.4, male 
50%, medicated 20%, 

Visual oddball task
Type of stimuli: circles (“targets”), squares 

(frequent non targets-“standards”), objects (rare 
non targets-“novels”)

1.5T, 7 runs. Event-related design. Imaging 
package: SPM99

ROI analysis: ACC, MiFG, IFG, BG, and TH. 
Conditions: 

-Targets
-Novels

-Standards (baseline)
Early SCZ (n = 15) age 24.1 ± 6.5, 
male 67%, age of onset 22.3 yr, 

illness duration 1.7 yr, medicated 
86.7%

TNS = 1400 Target = 3% SET = 500 ms, ISI = 
1500 ms, TET = 36 min 24 s 

Required response: on both targets and non-
targets 

Results
Targets vs novels activations

-in ACC, MiFG and IFC: NC > UHR, Early SCZ and 
Chronic SCZ

-in IFG: (1) NC> Early SCZ and Chronic SCZ; 
(2) only NC and UHR showed R > L activations, 
whereas Early SCZ and Chronic SCZ showed a 

reduced laterality
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Chronic SCZ (n = 11) age 38.1 ± 
7.7, male 82%, age of onset 22.9 yr, 
illness duration 15.3 yr, medicated 

100%

Behavioral measures: hit rate, d’, B’’ Target vs baseline activations: 
-in ACC, MiFG and IFC: NC > Early SCZ and 

Chronic SCZ 
-in BG and TH: NC > Early SCZ and Chronic SCZ 
(results confirmed comparing Chronic SCZ with 

Older NC)
NC (n = 16) age 28.0 ± 11.6, male 

59% 
Older NC (n = 10) age 34.0 ± 12.1, 

male 67%

Results: 
Between group differences: 

-Hit rate: NC > Early SCZ and chronic SCZ 
-d’: NC > UHR, Early SCZ and Chronic SCZ

Liddle et 
al[62], 2006 

SCZ (n = 24)/SCA (n = 4) age 31.6 ± 
10.1, males 67.9%, illness duration 

7 yr, medicated 96.4%

Auditory oddball task 
Type of stimuli: 1500 Hz tones (“targets”), 1000 

Hz tones (frequent non targets-“standards”), 
noises (rare non targets-“novels”)

1.5 T, event related design, whole brain analysis 
Imaging package: SPM99. 

Conditions: 
-correct targets
-correct novels

-correct standards (baseline)
-missed targets

-standard false alarms
NC (n = 28), age 28.2 ± 8.9, males 

75 %
TNS = 488 Target = 10% SET = 200 ms, ISI = 

2000 ms, TET = 16 min 
Required response: on targets 

Behavioral measures: RT, omissions, 
commissions

Results
Targets vs baseline activations: 

NC > SCZ: in L and R amygdala, R hippocampus, 
R and L STS, L and R insula, R and L orbitofrontal 
cortex (BA 47), ACC, PCC, L and R SPL, R and L 

IPL, L and R middle IFG, L and R superior MFG, L 
and R TH, L and R striatum, L and R cerebellum

Results: 
SCZ were significantly slower and less accurate 

than NC Results
Targets vs novels activations: 

NC > SCZ in: L amygdala, L orbitofrontal cortex (BA 
47), L anterior insula, rostral ACC and L striatum

Gur et al[63], 
2007

SCZ (n = 22), age 30.5 ± 9.1, males 
59.1%, age of onset 22.5 yr, illness 
duration 12.4 yr, medicated 95.5%

Visual oddball task. Stimuli: colored shapes 
Type of stimuli: red circles (“targets”), green 

circles (frequent non targets-“standards”), 
fractal images (rare non targets-“novels”)

4T, event related design, whole brain analysis. 
Imaging package: FEAT/FMRIB. Conditions: 

-targets
-novels

-standards (baseline)
NC (n = 28), age 31.6 ± 8.5, males 

57.1 %
TNS = 200 Target = 15% SET = 1000 ms, ISI = 

2000 ms, TET = 7 min
Required response: on targets

Behavioral measures: hit rate, RT

Results
Targets vs baseline activations: 

NC > SCZ in R and L STG, L insula, R and L 
putamen, ACC, PCC, L SFG, L TH

SCZ > NC in R insula, R MiFG, L IPL
Results: no between group differences Novels vs baseline activations: 

NC > SCZ in L IOG and L IPL 
SCZ > NC in L MOG, L fusiform, L precuneus, L 

IFG, R angular gyrus, SOG, SPL, MiFG
Harrison et 
al[64], 2007 

SCZ (n = 12), age 32.2 ± 8.0, males 
100%, medicated 100%

Multi-Source Interference Task (MSIT). 
Type of stimuli: digits 

SET = 2000 ms, ISI = 500 ms 
TNS = 160, TET = 11 min 

Required response: on all stimuli 
Behavioral measures: correct responses, RT

3T, block design. Imaging package: SPM5 
Conditions: 

-low difficulty Task (“baseline”)
-high difficulty Task (“Task”)

-fixation (“Rest”)
Whole brain analysis and ROI analysis of 

deactivation (“Rest”-“Task”) in medial PCC/rostral 
ACC and PCC/Precuneus 

NC (n = 14), age 31.7 ± 8.0, males 
100%

Results: no between group differences Results
SCZ > NC in deactivation of medial PCC/rostral 

ACC and PCC/Precuneus. 
In SCZ the magnitude of deactivation correlates 

with response speed and level of emotional 
awareness

Wolf et al[65], 
2008 

SCZ (n = 16)/SCA (n = 1) age 31.9 ± 
7.1, males 53 %, illness duration 9.9 

yr, medicated 94.1%

Auditory oddball task
Type of stimuli: 2000 Hz tones (“targets”), 1000 

Hz tones (frequent non targets-“standards”), 
sounds (rare non targets-“novels”)

4T, event-related whole brain analysis. Imaging 
package: FEAT/FSL. Conditions:

-targets 
-novels 

-standards (baseline)
NC (n = 21), age 28.6 ± 7.1, males 

52%
TNS = 200 Target = 15% SET = 150 ms, ISI = 

1850 ms, TET = 6 min and 40 s 
Required response: on targets 

Behavioral measures: hit rate, RT
Results: 

SCZ were significantly slower than NC

Results
Targets vs baseline activations: 

SCZ > NC in: L precentral gyrus, ACC/SMA, L and 
R insula, L hippocampus, L and R STG/MTG, L 

superior MOG
Novels vs baseline activations: 

SCZ > NC in: L IFG
Filbey et 
al[66], 2008 

POC-SCZ (n = 6) age 53, males 
33.3% 

medicated 0% (drug naïve)

Sustained attention task
Type of stimuli: colored circles
Required response: on targets 

Behavioral measures: RT 

1.5T. Block design. Imaging package: FSL 
Whole brain analysis 

baseline condition: circles fixation
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denced by Honey et al[60] and Morey et al[61], whereas Wolf  
et al[65] reported an increased mean reaction time and 
Salgado et al[59], Liddle et al[62] and Carter et al[67] reported 
both reduced accuracy and increased mean reaction times 
with respect to NC. In their 10 UHR subjects, Morey et 
al[61] reported a reduced accuracy. On the contrary, the 
17 REL-SCZ enrolled by Filbey et al[66] and Sepede et al[68] 
performed similarly to controls.

FMRI results
Significant between-group differences in several brain 
regions were found in all the selected studies, even when 
the groups performed comparably. The most reported 

differences were observed in cingulate gyrus, thalamus 
(TH), inferior parietal lobule (IPL), inferior frontal gyrus 
(IFG) and insula. The anterior part of  the cingulate cor-
tex (ACC) significantly differentiated the groups in seven 
studies: SCZ showed a reduced activation with respect to 
NC in 4 SCZ groups[57,61-63], and the same pattern was ob-
served in the UHR subjects enrolled by Morey et al[61] and 
in the REL-SCZ enrolled by Sepede et al[68] By contrast, 
two studies[60,65] reported an augmented activation in SCZ 
with respect to NC. Also the posterior part of  the cingu-
late cortex (PCC) significantly differentiated the groups 
in six studies. Honey et al[60] reported an increased activa-
tion in the SCZ with respect to NC, whereas a decreased 
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NC (n = 8) age 41, males 62.5% Results: no between group differences Results
NC > POC-SCZ in: R IPL (BA 7), R SPL (BA 7), R 
MTG (BA 21), R MOG (BA 18), R PCC (BA 31), 
R SFG (BA 10), R lingual gyrus (BA 18/19), R 

precentral gyrus (BA 9/43), R parahippocampal 
gyrus (BA 28), L cuneus (BA 18), L striatum; POC-
SCZ > NC in: L STG (BA 21), L SFG (BA9) and R 

MTG (BA 19)
Carter et 
al[67], 2010 

SCZ (n = 9), age 29.8 ± 12.0, males 
100% 

Visual selective attention task 
Type of stimuli: colored circles

4T. Block/event-related mixed design. 10 runs. 
Imaging package: SPM. Conditions: 

-target events (3 s before-13.5 s after the event) 
-transient activation (3 s before-7.5 s after the onset 

of task block) 
-sustained activation (15 s before-70.5 s after the 

onset of task block)
NC (n = 12), age 25.5 ± 4.6, males 

100%
TNS = 1960 Target = 5 %

SET = 500 ms, ISI = 1000 ms TET = 49 min
Required response: on both targets and non-

targets 
Behavioral measures: correct targets, RT

Masked brain analysis and ROI analysis in ACC, 
IFG, MiFG, IPS, BG, caudate and TH

Results
-correct target percentage: NC > SCZ

-RT: SCZ > NC 

Results 
-During transient activation NC > SCZ in: MiFG, 

IPS, caudate and TH
-During target events NC > SCZ in TH

In NC: positive correlation between accuracy 
and TH activation during sustained activation 

condition; In SCZ: negative correlation between RT 
and BG activation during target events

Sepede et 
al[68], 2010 

REL-SCZ (n = 11), age 34.4 ± 8.8, 
males 45.5% 

medicated 0% (drug naïve), 
smokers 36.4%

CPT-X with 3 levels of difficulty: undegraded 
and degraded stimuli (0%, 25% and 40% pixel 

inverted). Type of stimuli: digits 

1.5T, event-related design, 3 runs (0%, 25% and 40% 
degraded) 

Whole brain analysis. Imaging package: 
BrainVoyager QX 1.9

NC (n = 11), age 32.0 ± 5.2, males 
45.5%, smokers 36.4%

TNT = 210, Target = 16% 
SET = 200 ms, ISI = 2000 ms, TET = 42 min

Task conditions: 
-correct responses on target 

-incorrect responses on target 
-correct responses on non-targets (baseline)

Required response: on targets and non-targets 
Behavioral measures: correct targets, correct 

non-targets, RT 
Results: no between group differences

Results 
Correct targets vs baseline: 

 NC > REL-SCZ in R precentral gyrus (BA 6/9), R 
and L insula (BA 13), MFG/dorsal ACC (BA 9/32)
REL-SCZ > NC in deactivating PCC/retrosplenial 

cortex (BA 23/31) 
Incorrect target vs baseline: 

REL-SCZ > NC in L insula/IFG (BA 13/47) and R 
TH

SCZ: Schizophrenic patients; NC: Normal comparisons; SCA: Schizoaffective patients; REL-SCZ: Unaffected first degree relatives of schizophrenic patients; 
POC-SCZ: Presumed Obligate carriers of schizophrenic patients; UHR: Ultra high risk subjects; SET: Stimulus exposure time; ISI: Interstimulus interval; 
TNS: Total number of stimuli; TNT: Total number of targets; TET: Total experiment time; RT: Response time; R: Right; L: Left; PFC: Prefrontal cortex; ACC: 
Anterior cingulate cortex; PCC: Posterior cingulate cortex; MFG: Medial frontal gyrus; MSFG: Medial superior frontal gyrus; IFG: Inferior frontal gyrus; 
SFG: Superior frontal gyrus; SMA: Supplementary motor area; IPL: Inferior parietal lobule; SPL: Superior parietal lobule; IPS: Intraparietal sulcus; MTG: 
Middle temporal gyrus; STG: Superior temporal gyrus; STS: Superior temporal sulcus; MOG: Middle occipital gyrus; IOG: Inferior occipital gyrus; TH: 
Thalamus; BG: Basal ganglia. 
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activation was found by Gur et al[63] and Liddle et al[62] 
Interestingly, in three studies, the PCC was reported to 
be deactivated during attention task, with respect to the 
baseline/control task, and the amount of  the deactivation 
was larger in SCZ[64] and REL-SCZ[66,68] with respect to 
NC. A significant hypoactivation of  the IFG was found 
in five studies[58-62]. The medial regions of  the prefrontal 
cortex, located dorso-rostrally with respect to the cingu-
late cortex, appeared to be hyperactivated in SCZ[57,60] or 
REL-SCZ[68].

The insular cortex significantly differentiated the 
groups in five studies. A reduced activation in SCZ was 
reported bilaterally by Liddle et al[62] and limited to the 
right emisphere by Eyler et al[58] By contrast, Gur et al[63] 
found a reduced activation in the R insula, counterbal-
anced by an augmented activation in the L insula, and 
Wolf  et al[65] reported a bilateral augmented activation. 
In the event-related study by Sepede et al[68], REL-SCZ 
hyperactivated the bilateral insula during correct target 
responses and hyperactivated the L insula during wrong 
target responses. An altered functioning of  the inferior 
parietal lobule (IPL) was detected in 4 studies, three 
showing a reduced activation in SCZ with respect to 
NC[60,62,66], one an increased activation[63]. Other parietal 
regions were also reported to differentiate the groups. 
In the angular gyrus Salgado et al[59] and Honey et al[60] 
reported a reduced activation, Gur et al[63] an increased 
activation; in the superior parietal lobule (SPL) Liddle et 
al[62] and Filbey et al[66] found a reduced activation, Honey 
et al[60] an increased activation in SCZ with respect to NC.

When considering the subcortical regions, SCZ sig-
nificantly hyperactivated the TH in six studies[57,59,61,62,63,67], 
whereas Sepede et al[68] found an increased activation 
during wrong target responses in REL-SCZ. Other sub-
cortical structures, such as the basal ganglia, appeared to 
be less activated in SCZ with respect to NC in 4 stud-
ies[60,61,63].

SUSTAINED ATTENTION IN BIPOLAR 
DISORDER
Three studies enrolled BDI patients[69-71] and one of  these 
studies had also a group of  unaffected, drug-naïve, BDI-
REL[71]. The characteristic of  the groups and the results 
of  the studies are depicted in Table 2. Right handedness 
was an inclusion criteria in two studies[69,71]. The BDI (n = 
84) enrolled in the three studies were euthymic (n = 34) 
or affected by a manic/mixed episode (n = 50). About 
80% of  the 74 patients in the studies by Fleck et al[70] and 
Sepede et al[71] were under medication at the moment of  
the fMRI scanning, whereas the 10 BDI in the study by 
Strakowsky et al[69] were drug free. All the NC (n = 68) 
and the BDI-REL (n = 22) were drug naïve. In two of  the 
studies[69,71], the mean illness duration was also reported 
and it was 2.2 and 4.7 years respectively. The presence of  
psychotic features during the acute phases of  the illness 
(95.8%) was reported only by Sepede et al[71] All the three 
selected studies used a visual CPT to assess sustained at-

tention (CPT-IP: n = 2; DS-CPT-X: n = 1), with a total 
duration of  the experiment ranging from 6 to 15 min. 

FMRI images were acquired using a 1.5 T (n = 1), a 
3 T (n = 1) or a 4 T (n = 1) scanner, presenting the tasks 
with an event-related design (n = 2) or a block design (n 
= 1). A whole brain approach was used in two studies 
to analyze the BOLD FMRI, whereas Fleck et al[70] per-
formed a whole brain analysis followed by a ROI analysis.

Behavioral results
In their group of  10 euthymic and unmedicated BDI, 
Strakowski et al[69] did not find any behavioral deficit with 
respect to NC. On the contrary, both Fleck et al[70] and 
Sepede et al[71] reported a reduced target accuracy in their 
manic/mixed (n = 50) or euthymic (n = 24) BDI patients. 
An impaired performance was also found in the group 
of  22 unaffected and unmedicated BDI-REL enrolled by 
Sepede et al[71].

FMRI results
Significant between-group differences in several brain 
regions were found in all the three selected studies, even 
when the groups performed comparably. The regions 
more reported to differentiate the groups were: IFG, in-
sula, amygdala and IPL.

The IFG/insula showed an altered pattern of  ac-
tivation in all the three selected studies: an augmented 
activation in BDI with respect to NC was found by Stra-
kowski et al[69], whereas Fleck et al[70] reported a reduced 
activation. In the study by Sepede et al[71], BDI showed a 
reduced activation during correct target responses and 
an augmented activation during wrong target responses, 
with REL-BDI showing an intermediate pattern of  func-
tioning between BDI and NC. The amygdala was found 
to be more activated with respect to NC in two studies, 
involving euthymic[69] or manic[70] BDI. The IPL seemed 
to be hyperactivated in the euthymic BDI enrolled by 
Strakowski et al[69] and in the REL-BDI by Sepede et al[71].

DISCUSSION
In this paper we systematically reviewed fMRI studies on 
sustained attention in affective and non-affective psycho-
sis. 

We found several studies on Schizophrenia that met 
our inclusion criteria, whereas the publications on BDI 
were very few. This result is quite surprising, consider-
ing the large amount of  behavioral data that reported 
sustained attention deficits in both acute and euthymic 
phases of  BDI. 

Summarizing the literature findings on affective and 
non-affective psychosis, we highlighted that patients and 
at-risk subjects significantly differed from healthy com-
parisons in the functioning of  several brain regions be-
longing to the sustained attention system, even when they 
were behaviorally intact. There were regions that seemed 
more impaired in Schizophrenia, other more impaired in 
Bipolar Disorder and other that appeared altered in both 
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Table 2  Functional magnetic resonance imaging studies of sustained attention in bipolar disorder

conditions.
In the studies on schizophrenic patients and subjects 

at augmented risk for schizophrenia, the most frequent 
dysfunctions were located in the cingulate gyrus and in 
the thalamus. The anterior part of  the cingulate gyrus is 
a key region in sustained attention, cognitive control and 

error processing[72-74]. An altered function of  ACC has 
been consistently reported in both schizophrenic patients 
and unaffected relatives[75,76] during attentional control[77] 
conflict/error monitoring[78-81], working memory[82-84] and 
semantic[85] tasks. 

The posterior part of  the cingulate gyrus is usu-
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Ref. Participants Task and behavioral results FMRI methods and results

Strakowski et 
al[69], 2004 

BDI (n = 10), age 25.5 ± 8.1, males 40%, 
euthymic, age of onset 23 yr, illness duration 

2.2 yr, medicated 0% (drug free)

CPT-IP. Type of stimuli: digits 
TNS = 400 SET = 700 ms, ISI = 750, 

TET = 6 min 
Required response: on targets. 

Behavioral measures: d’, percent 
correct, percent false positive

3T, block design, 5 task blocks and 5 baseline blocks 
Baseline: digits fixation 

Whole brain analysis. Imaging package: CHIPS

NC (n = 10), age25.3 ± 7.3, males 40% Results: no between-group 
differences

Results:
BDI > NC in: R IFG/insula (BA 13/47), R and 
L ventral PFC (BA 10/47), parahippocampus/

amygdala (BA 34), MOG/MTG (BA 18/19/39), R 
IPL (BA 40), R SPL (BA 7/40), L postcentral gyrus 
(BA 43), hypothalamus; NC > BDI in: L fusyform 

gyrus (BA 20) and L MFG (BA 11)
Fleck et al[70], 
2012 

BDI (n = 50), age 30 ± 10, males 30%, manic, 
medicated 80%

CPT-IP. Type of stimuli: digits 
TNS = 900, Target = 15%, SET = 750 

ms, ISI = 1000 ms, TET = 15 min

4T, Event-related design, 3 runs (periods) 
Whole brain analysis. Imaging package: AFNI 

ROi based analysis: anterior-limbic network (IFG, 
BG, TH, amygdala, cerebellar vermis) + SFG

Baseline: visual count down condition 
Task conditions: 

-hits, misses and false alarms 
-correct rejections on non-targets

NC (n = 34), age 31 ± 9, males 41% Required response: on targets 
Behavioral measures: A’, B’’, RT, 

correct rejection
Results: patients performed worse 
in terms of correct rejections and 
showed a trend vs a reduced A’

Results: 
In period 1: NC > BD in cerebellum; BD > NC 

in TH; NC > BD in deactivation of L PCC and R 
angular gyrus

In period 2: NC > BD in bilateral IFG and L TH
In period 3: NC > BD in activation of R IFG

Over time: BD activated and NC deactivated L 
striatum and bilateral amygdala 

Unmedicated BD > medicated BD in activation of R 
IFG and cerebellum

Sepede et al[71], 
2012 

BDI (n = 24), age 34.8 ± 8.0, males 41.7%, 
euthymic, age of onset 29.9, illness duration 

4.7 yr, psychotic features during acute phases 
95.8%, medicated 83.3%

CPT-X with 2 levels of difficulty: 
undegraded and degraded stimuli 

(0% and 40% pixel inverted)
Type of stimuli: digits 

TNT = 80, Target = 20%, TNS = 408 ± 
30 

SET = 200 ms, ISI = 2000 ms, TET = 
14 min

1.5T, event-related design, 2 runs (0%, and 40% 
degraded). Whole brain analysis. Imaging package: 

BrainVoyager QX 1.9.Task conditions: 
-correct responses on target 

-incorrect responses on target 
-correct responses on non-targets (baseline)

REL-BDI (n = 22), age 31.5 ± 7.3, males 31.8% 
medicated 0% (drug naïve)

Required response: on targets and 
non-targets 

Behavioral measures: correct target, 
correct non-targets, incorrect target, 

incorrect non-target, mean RT

Results
Correct target vs baseline: 

(NC = REL-BDI) > BDI in R insula (BA13) 
REL-BDI > (NC = BDI) in deactivating PCC/

retrosplenial cortex (BA 23/29) 
During the 40% degraded run, correct target 

condition: 
REL-BDI > (NC = BDI) in R and L IPL (BA 40), L 

insula/IFG (BA 13/45)
NC (n = 24), age 32.5 ± 6.2, males 33.3% Results: both BDI and REL-BDI 

were less accurate than NC in target 
recognition (percent correct target )

Incorrect target vs baseline:
(BDI = REL-BDI) > NC in middle PCC (BA 31) and 

R insula/IFG (BA 13/45)
BDI > REL-BDI > NC in L insula (BA 13)

BDI: Bipolar disorder type Ⅰ patients; REL-BDI: Unaffected relatives of bipolar disorder type Ⅰ patients; NC: Normal comparisons; PFC: Prefrontal cortex; 
ACC: Anterior cingulate cortex; PCC: Posterior cingulate cortex; MFG: Medial frontal gyrus; SFG: Superior frontal gyrus; IFG: Inferior frontal gyrus; IPL: 
Inferior parietal lobule; SPL: Superior parietal lobule; MTG: Middle temporal gyrus; MOG: Middle occipital gyrus; TH: Thalamus; BG: Basal ganglia; R: 
Right; L: Left. 
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ally deactivated during active tasks with respect to rest 
conditions, and it is therefore considered a part of  the 
Default Mode Network (DMN) of  the brain[86]. It has a 
crucial role not only in internally focused tasks, but also 
in active regulation of  the arousal state and in balancing 
between internally and externally oriented attention[87]. A 
lower volume of  PCC/retrosplenial cortex has been as-
sociated to a poorer outcome in Schizophrenia[88], and an 
altered function of  this region has been evidenced during 
semantic[89], self-evaluation[90,91] and fear-conditioning[92] 
tasks. 

The thalamus is a subcortical structure whose integ-
rity is needed to the correct functioning of  cognitive pro-
cesses. It is not a simple passive relay station, but a nodal 
link actively connecting top-down to bottom-up compo-
nents of  the attention/arousal system[1,93] and different 
cortical regions via cortico-thalamo-cortical pathways[94]. 
Both structural and functional MRI studies on Schizo-
phrenia frequently reported significant abnormalities in 
schizophrenic patients, so a disruption of  thalamocortical 
connections was suggested as one of  the possible neural 
basis of  cognitive and sensorial symptoms of  Schizo-
phrenia[95-98].

With regard to Bipolar Disorder, amygdala was found 
to be altered in two of  the three reviewed. In humans, the 
amygdala plays a key role in detecting dangers and other 
emotionally salient stimuli in the environment, in order to 
make the subject ready to react in an appropriate way[99]. 
During emotional tasks, an altered functioning of  the 
amygdala in BD has been extensively reported, especially 
in manic patients[100-103], but also during depressive[104] and 
euthymic states[105,106] of  the illness. An important finding 
highlighted by the current review is that an augmented 
activation of  the amygdala was observed also during at-
tention tasks without any emotional components, this re-
sults suggesting that emotional limbic areas may interfere 
with cognition in BD[107].

In our systematic review we reported that an altered 
functioning of  the insula during sustained attention task 
was frequently found in both Schizophrenia and Bipolar 
Disorder. 

The insular cortex, due to its location at the interface 
of  frontal, parietal and temporal lobes, is involved in 
cognitive, emotional and somato-sensorial processes[56,108], 
providing a hub that integrates salient stimuli with auto-
nomic and sensorial data[109]. Many studies reported an 
insular dysfunction in Schizophrenia, Bipolar Disorder, 
and “at-risk subjects”, during both tasks[110-115] and resting 
state[116-119], thus suggesting a key role of  this region in 
vulnerability for psychosis, regardless of  the affective or 
non-affective diagnostic distinction. 

CONCLUSION 
In the present paper, we systematically reviewed fMRI 
studies pertaining sustained attention in affective and 
non-affective psychosis. 

We found that differences between cases (patients, 

unaffected relatives of  psychotic probands) and controls 
in terms of  functional activation in brain regions belong-
ing to the sustained attention system were detectable even 
when the groups performed comparably. In particular, 
the insular cortex seems to be a trait marker for psychosis 
in general, whereas other regions seem to be differently 
impaired in affective and non-affective psychosis: altera-
tions of  the cingulate cortex and thalamus appear to 
be more common in Schizophrenia whereas amygdalar 
dysfunctions may be more frequently observed in Bipolar 
Disorder. Therefore, investigating neural correlates of  
sustained attention seem to be of  great interest in the 
study of  affective and non-affective psychosis as it may 
clarify differences and similarities between these two dis-
abling psychiatric conditions. 

Limits of the study
An important limitation of  the present paper is that we 
included in the qualitative synthesis only those studies 
conducted on selected versions of  CPTs that were fo-
cused on sustained attention, excluding papers with CPT 
versions designed to measure other cognitive functions, 
such as working memory or emotional processing. More-
over, it’s possible that our search strategy did not succeed 
in finding all the available literature on the topic and that 
adding other search words (i.e., Continuous performance 
Test, oddball task) or other data bases would have im-
proved the results. Due to the small number of  published 
studies on Bipolar Disorder, our results should be inter-
preted with caution and further research are needed to 
clarify the role of  sustained attention in affective psycho-
sis. 
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