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Recent research suggests that the cerebral correlates of cognitive deficits in schizophrenia

are nested in the activity of widespread, inter-regional networks rather than being restricted

to any specific brain location. One of the networks that have received focus lately is the

default mode network. Parts of this network have been reported as hyper-activated in

schizophrenia patients (SZ) during rest and during task performance compared to healthy

controls (HC), although other parts have been found to be hypo-activated. In contrast to

this network, task-positive networks have been reported as hypo-activated compared in

SZ during task performance. However, the results are mixed, with, e.g., the dorsolateral

prefrontal cortex showing both hyper- and hypo-activation in SZ. In this study we were

interested in signal increase and decrease differences between a group of SZ and HC

in cortical networks, assuming that the regulatory dynamics of alternating task-positive

and task-negative neuronal processes are aberrant in SZ. We compared 31 SZ to age- and

gender-matched HC, and used fMRI and independent component analysis (ICA) in order to

identify relevant networks.We selected the independent components (ICs) with the largest

signal intensity increases (STG, insula, supplementary motor cortex, anterior cingulate cor-

tex, and MTG) and decreases (fusiform gyri, occipital lobe, PFC, cingulate, precuneus,

and angular gyrus) in response to a dichotic auditory cognitive task. These ICs were then

tested for group differences. Our findings showed deficient up-regulation of the executive

network and a corresponding deficit in the down-regulation of the anterior default mode,

or effort network during task performance in SZ when compared with HC. These findings

may indicate a deficit in the dynamics of alternating task-dependent and task-independent

neuronal processes in SZ. The results may cast new light on the mechanisms underly-

ing cognitive deficits in schizophrenia, and may be of relevance for diagnostics and new

treatments.

Keywords: schizophrenia, fMRI, ICA, cognitive processing, default mode network, executive network, brain

activation, dichotic listening

INTRODUCTION

There is a considerably body of evidence showing that patients

with schizophrenia reveal global cognitive deficits (see, e.g., Gold

and Harvey, 1993; Egeland et al., 2003; Rund et al., 2006) in a

range from low-level perceptual processes to high-level attention

and executive processes (see Green et al., 2000; Green et al., 2004).

A comparable body of both ERP and functional neuroimaging

studies has likewise revealed corresponding changes in activations

in specific brain areas related to specific cognitive processes (Calli-

cott et al., 1998; Hugdahl et al., 2004; Pearlson and Calhoun, 2009

for data and selective reviews; Agarwal et al., 2010; Brown and

Thompson, 2010; Gur and Gur, 2010; Dias et al., 2011). The cur-

rent literature is however ambiguous regarding the exact nature of

activation localization and the magnitude and direction of activa-

tion differences between patients and healthy controls (HC), with

both hypo- and hyper-activations being reported in the patients

(Callicott et al., 2003; Egan et al., 2004; Hugdahl et al., 2004;

Rasser et al., 2005; Weiss et al., 2007). An explanation for this

diversity regarding the imaging studies may be that the neuronal

correlates of global cognitive deficits most likely involve large-

scale networks that would be common for a variety of cognitive

processes, and go beyond solitary activations (c.f. Smith et al.,
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2009). Complicating factors are however, the diversity of the tasks

being performed while the subject is in the MRI scanner, and

the small number of participants often used in imaging stud-

ies (see for example review Adams and David, 2007). Another

factor may be the general disorganization of cortical networks in

schizophrenia (Bassett et al., 2008) and the existence of differ-

ent connectivity patterns among brain regions in schizophrenia

compared to HCs (Jafri et al., 2008). Thus, both hyper- and hypo-

activation may be present simultaneously if up-regulating (higher

signal intensity) of one network will require the down-regulation

(lower signal intensity) of another network (c.f. Hugdahl et al.,

2009a) in order for efficient cognitive processing to occur. This

was also recently suggested by Guerrero-Pedraza et al. (2011),

who found that the co-existence of frontal hypo- and hyper-

activation could be mediated by aberrant network dynamics with

regard to up- and down-regulation of cortical networks. It is

therefore appropriate at the systems level of explanation (Fris-

ton et al., 1999; Wright et al., 1999) to approach a global cognitive

failure in schizophrenia with a large-scale multivariate analysis

approach.

Recent imaging studies have shown differences between schiz-

ophrenia and control subjects in intrinsic connectivity networks,

mostly during resting state periods with no explicit cognitive task

to be performed (Calhoun et al., 2008, 2009; Rotarska-Jagiela et al.,

2010), in particular indicating differences in the default mode net-

work (Raichle et al., 2001; Garrity et al., 2007; Raichle, 2010). In

another study where the auditory oddball task was performed,

Kim et al. (2009b) discussed the possibility that patients suffer-

ing of schizophrenia might have difficulties shifting from baseline

network activity to networks involved in task performance.

We therefore compared signal decreasing and signal increas-

ing during alternating task-present and task-absent epochs while

the participants were in the scanner. A possible disturbance in

the patient group, would potentially interfere with the ability

to adequately monitor, process, and evaluate stimuli in the sur-

rounding environment, in short, would interfere with cognitive

processing. In order to drive task-positive and task-negative net-

works that would correspond to a global cognitive deficit, one will

need a corresponding “global” cognitive task that encompasses

cognitive processes at different levels of processing demands.

We have previously used a modified dichotic listening (DL)

task with simple speech sounds and with instructions to focus

attention on either the left or right ear stimulus (Hugdahl and

Andersson, 1986; Løberg et al., 1999; Hugdahl et al., 2009a).

This task has shown to encompass three different cognitive

components in the same experimental design, with maximum

experimental control of extraneous confounding factors. The

three processes are a basic auditory perception component, an

attention focus component, and an executive control compo-

nent (c.f. Hugdahl et al., 2009b for further details; Bouma and

Gootjes, 2011), going from low-level to high-level processing

demands. A unique feature of the instruction-modulated DL task

is that the stimuli and general procedure stay the same across

all three instructions, with minimalistic experimental manipu-

lations between conditions. When also analyzing data by com-

bining data from all three conditions into a common mea-

sure we obtain an estimate of the overall cognitive processing.

This would include both basic sensory and complex cognitive

processes embedded within the same experimental frame. Such an

approach will also be less sensitive to shifts of processing modes

between tasks as is typical of standard neuropsychological tests,

which also differ in overall task difficulty and task design and

outline.

In order to investigate the different networks involved in

the alternating task-dependent and task-independent neuronal

processes during alternating epochs of task presence and absence,

we used an independent component analysis (ICA) approach

when analyzing the fMRI data. ICA is a model-free way of analyz-

ing fMRI data by extracting the different time-courses attached to

voxel-wise spatial locations (Calhoun et al., 2001, 2009). By iden-

tifying voxels showing signal increasing during time-courses that

correspond to task-positive (task presence, or positive difference

measure ON-OFF blocks) versus voxels showing signal increasing

during time-courses corresponding to task-negative (task absence,

or negative difference measure ON-OFF blocks) time-series, and

comparing these signal intensities between groups, it would be

possible to simultaneously identify corresponding anti-correlated

signal increasing and signal decreasing differences between the

groups. We further assumed that mean average difference between

task ON and OFF conditions is an informative feature of the

dynamics of alternating task-positive and task-negative neuronal

processes. Regarding task-positive and task-negative networks,

we would like to point out that different studies have reported

mixed results regarding task-positive and task-negative networks

in patients and HCs (see for example Garrity et al., 2007; Kim

et al., 2009a; Mannell et al., 2010). However we specifically pre-

dicted that patients should be deficient compared to controls in

up-regulation of the executive network (labelled effort network

by Hugdahl et al., 2009a), showing reduced signal intensity in

the included ICA components, and also be deficient in down-

regulation of selected components included in the default mode

network (see Sridharan et al., 2008). Further, we predicted that the

anterior cingulate cortex (ACC) would be particularly activated in

the patient group when switching between network operational

modus, based on the findings on healthy individuals reported by

Sridharan et al. (2008), where this area together with the right

fronto-insular cortex seems to act to switch between the two

networks.

MATERIALS AND METHODS

PARTICIPANTS

The present study included 31 patients diagnosed with schiz-

ophrenia (SZ, 22 male/eight female, all-right-handed, Age;

mean = 35, range 18–57, SD = 10.24, median = 37, Years of edu-

cation: mean = 13, range 9–19, SD = 2.72, median = 13) and

31 HC (22 male/eight female, four ambidextrous hand prefer-

ence/27 right-handed, Age; mean = 35, range 19–59, SD = 10.30,

median = 39, Years of education: mean = 15, range 10–24,

SD = 2.96, median = 15). All participants gave written informed

consent and the study was approved by the Regional Ethic Com-

mittee for Medical Research. The SZ and HC groups were matched

for age, gender, and years of education on a one-to-one basis (see

Table 1). The SZ had previously been diagnosed according to both

the Diagnostic and Statistical Manual of Mental Disorders Revised

Frontiers in Human Neuroscience www.frontiersin.org May 2012 | Volume 6 | Article 149 | 2

http://www.frontiersin.org/Human_Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Human_Neuroscience/archive


Nygård et al. Cortical network interactions in schizophrenia

Table 1 | Demographics regarding the participants in the study: due to missing data the ∗ indicates that the average was used.

Age_SZ Age_HC Sex Education_SZ Education_HC Duration of illness_SZ Age at onset_SZ Equivalent dosage_SZ

30 29 1 12 17 6 24 2.5

24 23 1 9 16 7 17 0.0

29 28 1 12 17 9 20 1.5

37 36 1 15 16 5.5 32.5 2.0

43 39 2 16 13 4.5 38.5 1.0

34 32 1 14 24 5 29 0.6

35 33 2 16 12 8 27 0.7

34 33 1 13 14 8 26 2*

34 36 1 18 12 6 28 0.0

37 37 1 19 15 5 32 0.5

33 31 1 17 17 6.5 26.5 2.2

55 57 1 10 10 32 23 2*

26 24 1 12 11 8 18 1.0

26 27 1 9 14 6.5 19.5 0.8

25 26 2 12 18 6 19 2*

18 22 1 12 14 13* 22* 5.0

37 39 1 15 15 13* 22* 0.5

42 40 1 13 13 21 21 0.8

44 42 1 10 15 25 19 0.8

41 40 1 9 19 34 7 5.0

38 39 2 17 15 16 22 2.5

57 59 1 12 14 33 24 1.8

43 40 1 12 17 8 34 2.5

27 27 2 12 19 19 8 4.5

20 19 2 14 12 13 7 4.2

49 51 1 15 16 22 27 0.8

19 19 2 11 11 2 17 0.8

40 39 1 13* 18 13* 22* 2*

46 45 1 12 16 27 19 6.6

19 19 2 11 13 4 15 0.0

43 42 1 13* 12 13* 22* 2*

The mean age for the patients was as for the healthy controls 35 years. The patients had on average 13 years of education while the healthy controls had 15 years.

Females are given the number 2 while males are numbered 1 under the sex label.

Fourth Edition (DSM-IV) and the International Statistical Clas-

sification of Diseases and Related Health Problems 10th Revision

(ICD-10). Equivalent drug dosage for all drugs used was calcu-

lated among the SZ by conversion to defined daily doses (DDDs) as

developed by the World Health Organization Collaborating Center

for Drug Statistics Methodology1. The basic definition of the DDD

unit is the assumed average maintenance dose per day for a drug

used for its main indication in adults. Three SZ were not using any

medication at the time of scanning, and information from four SZ

was not available. These four SZ were included with imputations

of the average dose based upon the group average (see Table 1 for

further information). The SZ group underwent the Positive and

Negative Syndrome Scale (PANSS) interview (Kay et al., 1987)

about 30 min before MR-scanning.

Handedness was established by the handedness-questionnaire

first suggested by Raczkowski et al. (1974). The participants were

1http://www.whocc.no

considered right-handers if they used the right hand (one foot

item) in least 13 of the 15-items in the questionnaire.

Exclusion criteria were left-handedness, a hearing deficit of

more than 20 dB on any of the frequencies 500, 1000, 2000, and

4000 Hz or an interaural difference larger than 15 dB. Hearing was

tested with the Oscilla® AudioConsole software program2, or man-

ually by use of Micromate 304 Audiogram3. Among the HC there

was no history of drug abuse or psychiatric illness. All participants

were paid compensation (500 NOK, ∼90 USD) for their expenses

and use of time.

THE COGNITIVE TASK

We used a DL paradigm with six consonant-vowel (CV) sylla-

bles, ba/ta/ga/pa/ka/da, that were presented dichotically, i.e., two

different syllables simultaneously, one in each ear. The subjects

2http://www.inmedico.com
3http://www.otometrics.com
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were in addition instructed to focus attention to and report from

either the left (forced-left attention, FL) or right ear (forced-

right attention, FR) stimulus, or with no instruction of atten-

tion focus (non-forced focus, NF). Previous studies (Hugdahl

et al., 2009b) have shown that the NF condition taps a lat-

eralized perceptual component, the FR condition taps a non-

executive attention component, and the FL condition taps an

executive cognitive control component. There were a total of 30

syllable-pair representations. The participants were not informed

about the dichotic nature of the task, and were only told that

they would be hearing series of syllable sounds that would

come about every fourth second, and that they should orally

report after each presentation which syllable they heard best or

first. Oral responses were transmitted via an in-house built air-

conducting microphone that was placed on the head-coil and

subsequently recorded on a digital recorder (M-audio Micro-

tracker 24/964) outside the scanner room. Responses were later

scored, by use of GoldWave audio software version 5.555. On

the MR examination day instructions about the DL task and

what was expected of the participant were given orally before

the experiment began and again in written form via LCD goggles

(NordicNeuroLab6) during scanning. The instruction to report

the right or left ear stimulus during the FR and FL attention

conditions, respectively, was indicated by an arrow in the gog-

gles together with written instructions, also presented in the LCD

goggles.

MR IMAGING

The MR-scanning was done with a 3.0 Signa HDx MR scan-

ner. Anatomical images were recorded with a high-resolution

T1-weighted sequence for 3D volume images before the func-

tional scans were acquired with an echo planar imaging (EPI)

sequence. The T1-images were acquired with an EPI sequence.

The T1-images were acquired with a FSPGR pulse sequence with

122 sagittal slices [64 × 64 matrix size, slice thickness = 1.0 mm,

echo time (TE) = 30 ms, repetition time (TR) = 1.5 s, flip angle

(FA) = 90].

The T1-weighted 3D volume images were used for posi-

tioning of the slices for the definition and identification the

functional EPI volumes parallel to the AC-PC line. A sparse-

sampling EPI sequence protocol was used with a silent “gap”

between successive volume acquisitions when the auditory stim-

uli were presented and the verbal responses collected (van den

Noort et al., 2008; van Wageningen et al., 2009). The sparse-

sampling protocol had the following parameters: TA = 1.5 s,

TR = 5.5 s, voxel size = 3.44 mm × 3.44 mm × 5.5 mm, volumes

acquired = 184, slice thickness = 3 mm, FA = 90. Four “dummy”

scans were acquired at the beginning in order to avoid confounding

by initial arousal and other effects.

The CV-syllables presentation started 0.6 s after the TA, leav-

ing approximately 2.9 s for the oral response recording after each

stimulus presentation.

4http://www.m-audio.com or a DAT recorder
5http://www.goldwave.com
6http://www.nordicneurolab.no

fMRI DATA PRE-PROCESSING AND STATISTICAL ANALYSIS

The DICOM images were converted to the ANALYZE file for-

mat using the nICE software version 2.3.67 The images were

preprocessed using the Statistical Parametric Mapping (SPM8)

software package (Wellcome Trust Centre for Neuroimaging8)

implemented in Matlab R2009b (Mathworks Sherborn, MA,

USA9). Images where further realigned and corrected for pos-

sible movement distortion (unwarp) and normalized into the

Montreal Neurologic Institute (MNI) reference brain space (Ash-

burner and Friston, 1999), where the EPI template included in

the SPM8 software was used. The normalized images were then

resliced with a voxel size of 3 mm3 and smoothed using an 8-

mm full-width at half maximum of the Gaussian smoothing

kernel.

Group-level spatial ICA was then performed (Calhoun et al.,

2001) with the GIFT toolbox, version 1.3h10 implemented in

Matlab, with a two-step principal component data reduction,

Infomax ICA (Bell and Sejnowski, 1995) with ICASSO (Him-

berg et al., 2004) and subsequent back-reconstruction. In the

first reduction step, the data were intensity-normalized, scal-

ing voxel time-series to a mean of 100, before the data were

reduced with temporal principal components analysis (PCA)

within subjects. This data reduction step privileges differences

among the subjects (Erhardt et al., 2011). Hence the dimension-

ality of the data was reduced from 180 time points to 90 principal

components.

In a second data reduction step, the individual components

were concatenated across subjects and further reduced to 60 com-

ponents. Infomax ICA was performed in this aggregate dataset,

estimating the 60 components. The ICA was performed 100 times

with random initial conditions, hereafter using ICASSO (Himberg

et al., 2004) to assess the stability of the components and using

the centroids for back-reconstruction of individual components.

For reconstructing subject specific images and enable comparison

of both time-courses and spatial maps for both the groups, the

“GICA3” back-reconstruction method was used (recommended

also by Erhardt et al., 2011).

Prior to the group-level analysis, we selected task-dependent

components by means of a simple amplitude criterion. The recon-

structed time-series of each participant’s components set were

filtered with a Butterworth 256s hi-pass filter and then segmented

into four ON-OFF blocks repeats and averaged. The distribution

of the component amplitudes was then assessed, i.e., sorted on

the overall amplitude differences and six components (three from

each tail) were selected for further testing, i.e., 5% largest signal

increases (task-positive) and 5% largest signal decreases (task-

negative), respectively to the DL task across the whole sample.

These independent components (ICs) were then tested for signif-

icant group differences. In order to control for covariates of no

interest, we used a multiple linear regression model with sex, age,

and the years of education as predictors and tested for group dif-

ferences in the residual. Due to scanner upgrade during the data

7http://www.nordicneurolab.com
8http://www.fil.ion.ucl.ac.uk
9http://www.mathworks.com
10http://icatb.sourceforget.net
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acquisition period, we had to rectify the intensity signal differ-

ences. Regarding these signal differences, the mean image intensity

changed and the directionality of the effects remained constant.

This has been taken into consideration and is calculated for as a

covariate in these analyses.

The difference in signal intensity between the two groups

was further evaluated for the six components showing the

largest absolute difference between the ON-OFF epochs. We

assumed reduced signal intensity in the SZ, and used a Mann-

Whitney U -test due to non-parametric distribution of the resid-

uals within each group with a one-tailed significance level

at p < = 0.05 (see also Figure 1 for further information and

results).

RESULTS

BEHAVIORAL DATA

There was a significant difference between the groups in overall

performance on the DL task (pairwise two-sided t -test: p = 0.042),

with the HC group showing higher accuracy for reported syllables.

For further details regarding behavioral data, see Table 2.

fMRI DATA

Back-reconstructed individual component maps were subjected to

voxel-wise mass-univariate one-sample t -test implemented in the

SPM8 software. Component activations were considered signifi-

cant at p < 0.01 FWE. The regional activation maxima are reported

below and illustrated in Figure 1 (see also Table 3 for further

details regarding the activation maxima in the ICs). The following

networks were identified.

IC1-AUD1

An auditory network with signal intensity detected bilateral in the

superior temporal gyri, with slight leftward dominance (−42,−25,

10, t = 36.09).

Table 2 | Behavior data score shown as percentage (significant group

difference; t = 0.42).

NFR% NFL% FRR% FRL% FLR% FLL%

Mean percent

score_HC

45.16 30.00 61.11 21.22 42.47 38.39

Mean percent

score_SZ

39.78 31.29 46.02 29.68 38.28 34.30

Max_HC 76.67 76.67 86.67 43.33 83.33 86.67

Max_SZ 70.00 56.67 76.67 50.00 66.67 66.67

Median_HC 40.00 30.00 46.67 30.00 40.00 33.33

Median_SZ 50.00 26.67 65.00 23.33 40.00 33.33

Min_HC 13.33 6.67 26.67 6.67 6.67 6.67

Min_SZ 13.33 10.00 16.67 10.00 13.33 13.33

Stdav_HC 15.51 15.56 15.64 10.26 17.99 19.13

Stdav_SZ 15.10 12.07 13.70 11.33 12.56 11.96

NF stands for “non-forced” task instruction, FR stands for “forced-right” task

instruction, and FL stands for “forced-left” task instruction.The last letter indicates

whether the percentage score is from the right ear (R) or left ear (L) respectively.

IC2-EXE

An executive network with bilateral signal intensity detected in

the Insula, with leftward dominance (−42, 14, −5, t = 30.81)

together with signal intensity detected in supplementary motor

cortex (SMA). The SMA signal intensities also showed a leftward

dominance (−3, 8, 49, t = 17.72). The dorsolateral area of the ACC

also showed signal intensities in the IC2-EXE component (−6, 23,

31, t = 9.01). The IC2-EXE component is typically involved in cog-

nitive control/performance monitoring network component (see

for example Cole et al., 2010).

IC3-AUD2

A second auditory network with bilateral signal intensity in

the inferior and middle temporal gyri with leftward predomi-

nance (−54, −31, −14, t = 25.40 and −63, −25, −14, t = 21.29,

respectively).

IC4-VIS

A visual network with bilateral signal decreasing with predomi-

nance to the right in the fusiform gyri (30, −61, −17, t = 31.88),

the cerebellum (30, −52, −23, t = 24.87), and the occipital lobe

(42, −82, −5, t = 19.24).

IC5-aDMN

An anterior default mode network with bilateral signal decreas-

ing in the ventromedial prefrontal cortex/anterior cingulate with

rightward predominance (12, 38, 1, t = 39.06).

IC6-pDMN

A posterior default mode network with bilateral signal decreas-

ing in the precuneus with leftward predominance (−3, −55, 31,

t = 44.57) and rightward preponderance for the angular gyrus (51,

−64, 31, t = 18.30).

Three out of the six selected components showed significant

ON-OFF difference between the groups. IC2-EXE showed signif-

icantly less signal intensity in the SZ group (p = 0.04). Significant

lesser signal decreasing in the SZ group was seen in IC4-VIS

(p = 0.001) and IC5-aDMN (p = 0.003; see Table 4 for further

information for group differences across components). Regard-

ing spatial differences among the component maps, no differences

were detected with a two sample t -test, indicating that the over-

all topography of the networks did not change while alternating

between ON (task presence) and OFF (task absence) periods, while

the signal intensity did.

POSITIVE AND NEGATIVE SYNDROME SCALE

There were two significant correlations between IC components

and PANSS symptoms. These correlations were however driven

by anomalies in the distributions, and we therefore conclude that

the ICs and PANSS symptoms in essence were non-correlated (see

Table 5; Figure 2 for details).

DISCUSSION

Focusing on the 10% of ICA components with the highest BOLD-

fMRI signal amplitudes revealed significant differences between

the two groups in three of the component networks. One com-

ponent related to task-positive networks: the IC2-EXE showed
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reduced signal intensity in the SZ group in the Insula, SMA, and

dorsolateral section of the ACC. The IC4-VIS showed increased

signal intensity in the SZ group in the fusiform gyri, in the anterior

lobe, and in the occipital lobe. The IC5-aDMN showed increased

signal intensity in the SZ group in the ACC. Taken together, these

findings indicate impaired signal decreasing in the SZ group com-

pared to the HC group of components belonging to task-negative,

or absence, networks during OFF epochs, and a corresponding

failure of up-regulating components belonging to task-positive,

or presence, networks during ON epochs.

FIGURE 1 |The figure displays each components spatial extension

(FWE correction, p < 0.01, cluster extension of 10 voxels). Below each

component are corresponding time-courses, the ON-OFF block difference

expressed as positive signal change, co-registration effects shown as

standard error of the mean in both groups and last the ON-OFF block

activation difference visualized between the two groups. The schizophrenia

patients (SZ) are visualized with the thicker black line, whereas the healthy

controls (HC) have the thinner black line in the figure. The red color

represents the activation situation (ON), whereas the blue color visualizes

the de-activation (OFF).
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Table 3 |The ICs MNI coordinates and respective degree of activation in clusters defined.

IC Set-level Cluster-level Voxel-level x y z

p c pcorrected kE puncorrected pFWE-corr pFDR-corr T (z) puncorrected mm mm mm

1 0.000 2 0.000 1708 0.000 0.000 0.000 36.09 Inf 0.000 −42 −25 10

0.000 0.000 27.09 Inf 0.000 −60 −25 10

0.000 1712 0.000 0.000 0.000 32.96 Inf 0.000 42 −25 10

0.000 0.000 31.48 Inf 0.000 48 −19 1

0.000 0.000 28.88 Inf 0.000 54 −25 10

2 0.000 6 0.000 2295 0.000 0.000 0.000 30.81 Inf 0.000 −42 14 −5

0.000 0.000 28.25 Inf 0.000 −54 8 7

0.000 0.000 26.77 Inf 0.000 −42 2 7

0.000 923 0.000 0.000 0.000 17.72 Inf 0.000 −3 8 49

0.000 535 0.000 0.000 0.000 15.93 Inf 0.000 36 17 4

0.000 0.000 15.12 Inf 0.000 42 20 −2

0.000 0.000 10.01 7.66 0.000 45 2 7

3 0.000 6 0.000 1218 0.000 0.000 0.000 25.40 Inf 0.000 −54 −31 −14

0.000 0.000 21.29 Inf 0.000 −63 −25 −14

0.000 933 0.000 0.000 0.000 19.40 Inf 0.000 51 −22 −14

0.000 0.000 14.11 Inf 0.000 48 −7 −14

0.000 70 0.000 0.000 0.000 7.82 6.49 0.000 12 −28 22

4 0.000 4 0.000 2932 0.000 0.000 0.000 31.88 Inf 0.000 30 −61 −17

0.000 0.000 24.87 Inf 0.000 30 −52 −23

0.000 0.000 19.24 Inf 0.000 42 −82 −5

0.000 898 0.000 0.000 0.000 18.13 Inf 0.000 −27 −58 −17

0.000 0.000 8.64 6.960 0.000 −36 −85 4

0.000 0.000 6.89 5.900 0.000 −27 −82 22

5 0.000 2937 0.000 0.000 0.000 39.06 Inf 0.000 12 38 1

0.000 0.000 36.18 Inf 0.000 21 35 −11

0.000 0.000 35.68 Inf 0.000 −12 38 4

6 0 6 0.000 3000 0.000 0.000 0.000 44.57 Inf 0.000 −3 −55 31

0.000 0.000 36.54 Inf 0.000 9 −58 31

0.000 0.000 19.68 Inf 0.000 −39 −70 37

0.000 303 0.000 0.000 0.000 18.30 Inf 0.000 51 −64 31

0.000 84 0.000 0.000 0.000 9.76 7.54 0.000 21 −94 7

0.000 79 0.000 0.000 0.000 9.29 7.3 0.000 −21 29 46

0.000 119 0.000 0.000 0.000 9.28 7.3 0.000 0 56 7

0.000 0.000 7.59 6.34 0.000 −3 56 −8

0.000 76 0.000 0.000 0.000 9.21 7.26 0.000 24 32 49

A first interpretation of the findings is of dynamic realloca-

tion of cognitive resources during resting state and task per-

formance, such that certain processes are present both during

resting and task periods. In particular this is the case for sus-

tained signal intensity in the ACC (as previously described by

McKiernan et al., 2003; Sridharan et al., 2008 in healthy indi-

viduals). We now suggest that the SZ patients may have failed

to reallocate cognitive resources from a resting state situation to

an active processing situation due to sustained hyper-activation

of the default mode network (c.f. Pomarol-Clotet et al., 2008;

Kim et al., 2009a; Whitfield-Gabrieli et al., 2009). This could also

explain the often reported finding that patients with schizophre-

nia are impaired compared to HCs on most cognitive functions,

including perception, attention, and executive functions (c.f. Sac-

cuzzo et al., 1982; Berndl et al., 1986; Green et al., 2000; Rund

et al., 2006; Harvey, 2010) seen in standard neuropsychological

tests.

An interesting finding is the observation of sustained signal

intensity in the ACC in the IC5-aDMN component. ACC is typi-

cally activated during periods of active processing or task presence

(Bush et al., 2000 for review; Diwadkar et al., 2011). However the

role of the ACC during periods of resting, or task absence, is not

clear. Raichle et al. (2001) did not include the ACC in the default

mode network in the 2001 publication, but it is today consensus

that the default mode network exists of several networks where

ACC is one of the nodes. Current data suggest that the default

mode network consists of primary and secondary sub-networks,

where the ACC is believed to belong to the primary default mode

network (see for example Mannell et al., 2010). Camchong et al.

(2011) suggested that the ACC is a region comprising of the default
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Table 4 |The table visualizes the components degree of activation

among the two groups.

IC ON-OFF ON-OFF SEM SEM Rank sum Rank sum

HC SZ HC SZ z p

1 −0.001 0.001 0.003 0.003 −0.35 0.362

2 0.003 −0.003 0.002 0.003 1.816 0.035

3 0.002 −0.002 0.003 0.003 1.323 0.093

4 −0.007 0.007 0.003 0.003 −3.055 0.001

5 −0.007 0.007 0.004 0.003 −2.745 0.003

6 0.001 −0.001 0.003 0.003 0.451 0.326

FIGURE 2 | Shows the anomalies in the distributions of the two

significant correlations, IC3 auditive component (AUD2) with the sum

total of positive symptoms and the IC4 visual component (VIS) with

the hallucination symptom, fromTable 5.

mode network, which will also show signal intensity during cog-

nitive processing. Thus, increased ACC signal intensity in the SZ

group in the task-negative networks, and decreased signal intensity

in the positive networks may reflect hyper- versus hypo-activation

of the ACC in schizophrenia during periods of task absence or

resting versus periods of active task processing, respectively. Seen

as such, the ACC may have a dual role as a cognitive hub during

both absence of a stimulus and periods of active processing in the

presence of a stimulus or task instruction, and that schizophre-

nia patients show impairments of ACC activation for both passive

and active processing (c.f. Sridharan et al., 2008; Guerrero-Pedraza

et al., 2011).

Other components that showed significantly more signal inten-

sity by the SZ group in the task-negative networks were the visual

component, IC4-VIS. One of the main nodes in this network, the

fusiform gyrus, has been found to be reduced in schizophrenia

patients compared to HCs (Takahashi et al., 2006). Furthermore,

increased signal intensity has also been reported in this area by

Lagioia et al. (2010), though in persons with schizotypal personal-

ity trait expression. However we do believe that their explanation

also can be a possible explaining for our findings, particularly in

patients with frequent positive symptoms that could be thought

of as engaging a mental imagery component.

Turning to the component showing a significant group dif-

ference in the executive component, IC2-EXE, the hypo-frontal

signal intensity in the SZ group is similar to what has been fre-

quently reported in the literature of impaired prefrontal function

in schizophrenia to cognitive task processing (see for example Fu

et al., 2005). The IC2-EXE component extended into the Insula,

SMA, and ACC. As mentioned by Craig (2009), joint signal inten-

sity of the Insula and the ACC are commonly reported in most

studies. The Insula has shown signal intensity with fMRI dur-

ing affective-, cognitive-, and aversive interceptive processing and

therefore claimed for linking emotions to cognitive processes and

behavior responses (Paulus and Stein, 2006), but the Insula has also

been suggested to be part of representation of awareness (Craig,

2009). Further Bush et al. (2000, review) summarized the ACC

to serve as a monitor for crosstalk between brain areas related to

conflict and competition. We would like to extend this by sug-

gesting that failure in the ACC signal intensity in the SZ group

when required for active processing may be related to the general

deficit in cognitive processing seen in schizophrenia. Kim et al.

(2009b) also mentioned in their paper that the ACC, but also the

DLPFC, did seem to overlap in their components of relevance. The

signal they detected in a component consisting of ACC, DLPFC,

thalamus, and Insula, was reported in their paper with higher sig-

nal intensity in their controls than their patients (schizophrenia

and schizoaffective persons), which also were quite similar to our

findings in the IC2-EXE component.

As also discussed by Sridharan et al. (2008) we believe that

the ACC may be of particular interest concerning the dynamic

shift between default mode and executive networks, acting like a

gate-keeper or switch (c.f.r. Kim et al., 2009b). The existence of

alterations in dynamic networks connectivity has previously been

suggested to be one of the reasons for developing more severe

symptoms in the schizophrenia patients (Arnsten et al., 2010).

We suggest that an alteration in the ACC alone may contribute

to different symptoms depending on which brain structures such

alteration further influences (see also van Veen and Carter, 2002).

There seems to be consensus in the literature that the default mode

network is up-regulated in the schizophrenia patients compared to

HCs, whereas the executive network is down-regulated (however

see Fu et al., 2005 for other interpretations).

A limitation of the present results is that when using a brain

template, individual changes in brain anatomy among participants

may influence location and degree of the brains signal intensity.

This would be most prominent for the patient group since brain

anatomy changes have commonly been reported in this group (see

review by McCarley et al., 1999; Takahashi et al., 2006). More-

over it is unclear what effect antipsychotic medication may have

on brain structure and function (see, e.g., recent longitudinal

studies by Ho et al., 2011; van Haren et al., 2011). Lastly, the
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Table 5 |The table visualizes the correlation coefficients between PANSS parameters and BOLD activation for the different ICs and the

corresponding p-values.

Symptoms IC1-AUD1 IC2-EXE IC3-AUD2 IC4-VIS IC5-aDMN IC6-pDMN

r -Value p-Value r -Value p-Value r -Value p-Value r -Value p-Value r -Value p-Value r -Value i -Value

Hallucination −0.088 0.639 −0.353 0.051 −0.349 0.054 0.440 0.013 0.031 0.868 0.167 0.370

Duration −0.081 0.663 −0.064 0.731 −0.261 0.157 0.145 0.436 0.090 0.630 −0.168 0.365

Neg_T −0.064 0.731 −0.100 0.592 −0.163 0.382 −0.058 0.756 0.070 0.710 −0.267 0.146

Pos_T −0.076 0.684 −0.281 0.126 −0.412 0.021 0.351 0.053 0.020 0.915 0.090 0.629

Gen_T 0.115 0.537 −0.085 0.650 −0.088 0.639 0.039 0.835 −0.128 0.494 0.049 0.792

PANSS_T −0.006 0.973 −0.207 0.263 −0.294 0.109 0.141 0.449 −0.017 0.927 −0.061 0.743

Capital T stands for total. The coefficients in bold font are significant, p < 0.05, but these correlations were driven by anomalies in the distribution (see Figure 2 for

details).

heterogeneity of symptoms in the SZ group could have influence

on the results.
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