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Objective: The “default mode” has been
defined as a baseline condition of brain
function and is of interest because its com-
ponent brain regions are believed to be
abnormal in schizophrenia. It was hypoth-
esized that the default mode network
would show abnormal activation and con-
nectivity in patients with schizophrenia.

Method: Patients with schizophrenia
(N=21) and healthy comparison subjects
(N=22) performed an auditory oddball
task during functional magnetic reso-
nance imaging (fMRI). Independent com-
ponent analysis was used to identify the
default mode component. Differences in
the spatial and temporal aspects of the
default mode network were examined in
patients versus comparison subjects.

Results: Healthy comparison subjects
and patients had significant spatial differ-

ences in the default mode network, most
notably in the frontal, anterior cingulate,
and parahippocampal gyri. In addition,
activity in patients in the medial frontal,
temporal, and cingulate gyri correlated
with severity of positive symptoms. The
patients also showed significantly higher
frequency fluctuations in the temporal
evolution of the default mode.

Conclusions: Schizophrenia is associ-
ated with altered temporal frequency and
spatial location of the default mode net-
work. The authors hypothesized that this
network may be under- or overmodu-
lated by key regions, including the ante-
rior and posterior cingulate cortex. In ad-
dition, the altered temporal fluctuations
in patients may result from a change in
the connectivity of these regions with
other brain networks.

(Am J Psychiatry 2007; 164:450—-457)

Schizophrenia is a psychotic disorder that alters pa-
tients’ perception, thought processes, and behavior as ev-
idenced by hallucinations, delusions, disorganized speech
or behavior, social withdrawal, and varied cognitive defi-
cits (1). Additionally, episodic memory and attention are
significantly impaired in schizophrenia (2). Disturbed in-
tegration of activity across multiple brain regions or dys-
functional connectivity between frontotemporal brain
regions is a central feature of schizophrenia (3, 4). Symp-
toms of schizophrenia have been attributed to a failure of
functional integration or aberrant connectivity among re-
gions or systems of the brain (4).

The “default mode” network has been identified as a
resting state of brain function; this network has repeatedly
exhibited significant functional connectivity across a wide
variety of tasks and during a conscious inactive state (5—-
11). Brain regions identified as parts of the default mode
network include the posterior cingulate and medial, pre-
frontal, parahippocampal, and inferior parietal cortices,
among others (10). Although the exact roles of the default
mode network are unknown, it has been implicated in at-
tending to external and internal stimuli (5, 6, 12), as well as
self-referential and reflective activity (5, 7, 11) that specifi-
cally includes episodic memory retrieval, inner speech,
mental images, emotions, and planning of future events

(9, 13). McKiernan et al. (10) found that task-induced de-
activation of the default mode network increased as task
difficulty increased in a subsequently administered cogni-
tive probe task. They hypothesized that this was due to a
reallocation of processing resources from the default
mode network to areas used in task performance. This is
consistent with a hypothesis that the default mode net-
work is involved in ongoing information processing; as
task demand increases, fewer attentional resources can be
devoted to this default mode network (8).

Because the mental processes involved in the default
mode are relevant to schizophrenia, it was hypothesized
that the default mode network would be abnormal in
these patients. Inasmuch as the default mode network is
involved in many aspects of brain function, its healthy
functional connectivity is imperative to normal mental
function; impaired connectivity or activation, as seen in
other brain networks in schizophrenia, might influence
positive and negative symptoms of the disorder.

Our goal was to test the hypothesis that the default
mode might show abnormal spatial and/or temporal pat-
terns of activity in schizophrenia. Independent compo-
nent analysis, a technique that maximizes the indepen-
dence between the output components, was used to
analyze the data (14, 15). The independent component
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analysis algorithm attempts to determine a set of nonsys-
tematically overlapping (spatially independent) brain net-
works, each with associated time courses. The default net-
work is readily (and unambiguously) identified by using
independent component analysis (8). In its application to
functional magnetic resonance imaging (fMRI) data, inde-
pendent component analysis separates the fMRI data into
a set of spatially distinct networks and their temporal sig-
natures and is useful for revealing functionally related, al-
though not necessarily task-related, cortical areas (16). We
used independent component analysis to calculate spa-
tially independent, temporally synchronous regions; the
default mode component for each subject was selected
with a spatial template to identify the component of inter-
est. We extracted the default brain modes from fMRI data
collected during the performance of an auditory oddball
task. We employed the auditory oddball task as a type of
control (as opposed to an uncontrolled resting state scan)
and also to stimulate the brain with a relatively simple task
that elicits robust brain function differences between
comparison subjects and patients (17). Patients with
schizophrenia perform as accurately as healthy compari-
son subjects, although they have slightly longer response
times (14, 17). The oddball task is also well suited to show
whether the fMRI signal in these networks is modulated by
behavioral performance, something that is not possible
when analyzing resting-state scans.

Study hypotheses were tested by comparing the spatial
and temporal characteristics within and between groups. It
was hypothesized that patients with schizophrenia would
demonstrate altered activation or deactivation of regions
of the default mode, specifically in the hippocampus and
parahippocampal gyrus, frontal cortex, and anterior and
posterior cingulate. These regions have been shown to
have altered activation and functional connectivity in pre-
vious studies of schizophrenia (3, 18-20). It was also hy-
pothesized that this altered activation would correlate with
positive symptoms of schizophrenia because these regions
have been implicated in hallucinations, delusions, and al-
tered thought processes in the disorder (20-22).

Methods and Materials

Participants

Twenty-one patients with schizophrenia (six women and 15
men) and 22 age-matched healthy comparison subjects (six
women and 16 men) participated in the experiment at Hartford
Hospital. Schizophrenia was diagnosed with the Structured Clini-
cal Interview for DSM-IV (SCID) (23), and the Positive and Nega-
tive Syndrome Scale (PANSS) was used to assess symptom sever-
ity (24), both administered on the day of scanning. The healthy
participants were part of an ongoing research study of healthy ag-
ing, and neither they nor any of their first-degree relatives met cri-
teria for any DSM-IV axis I disorder, as determined by using the
SCID and a family history questionnaire (25). All participants
provided written informed consent and received payment for the
time they spent participating.
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All subjects were right-handed or ambidextrous (patients: 20
right-handed, one ambidextrous; comparison subjects: 19 right-
handed, three ambidextrous) (26). The healthy participants
ranged in age from 20 to 57 years (mean=40.8, SD=11). The pa-
tients ranged in age from 20 to 60 years (mean=41.0, SD=10) (two-
sample t test, t=0.062, p>0.95). The subjects were administered
the Hopkins Adult Reading Test (27) to assess premorbid intelli-
gence (patients—test 1: mean=97, SD=12; test 2: mean=100, SD=
10; comparison subjects—test 1: mean=111, SD=8; test 2: mean=
112, SD=7) (two sample t test, t=0.89, df=41, p>0.30). Although in-
formation on eight patients was not available, the remainder of
the patients were known to be taking one or two stable antipsy-
chotic medications (olanzapine, N=3; quetiapine, N=2; haloperi-
dol, N=3; perphenazine, N=2; risperidone, N=3; ziprasidone, N=2;
aripiprazole, N=4).

Experimental Design

The auditory oddball task requires the subject to detect an in-
frequent target sound within a series of standard and novel
sounds. The task consisted of two runs of 244 auditory stimuli
presented to participants with a computer stimulus presentation
system by means of insert earphones embedded within 30 dB of
sound-attenuating magnetic-resonance-compatible head-
phones. The standard stimulus was a 500-Hz tone, the target
stimulus was a 1000-Hz tone, and the novel stimuli consisted of
nonrepeating random digital noises (e.g., tone sweeps, whistles).
Target and novel stimuli each occurred with a probability of 0.10;
the nontarget stimuli occurred with a probability of 0.80. Stimu-
lus duration was 200 msec with an 800-, 1300-, or 1800-msec in-
terstimulus interval. All stimuli were presented at approximately
80 dB above the standard threshold of hearing. All participants re-
ported that they could hear the stimuli and discriminate them
from the background scanner noise. The intervals between stim-
uli of interest (i.e., target and novel stimuli) were allocated in a
pseudorandom manner to ensure that these stimuli had equal
probability of occurring at the beginning, one-third, and two-
thirds through the image-acquisition period. The hemodynamic
response to each type of stimulus of interest was sampled uni-
formly at 500-msec intervals. Before scanning, each participant
performed a practice block of 10 trials to ensure understanding of
the instructions. The participants were instructed to respond as
quickly and accurately as possible by pressing a button with their
right index finger every time they heard the target stimulus and
not to respond to the nontarget stimuli or the novel stimuli. A fi-
ber-optic response device (Lightwave Medical, Vancouver, B.C.,,
Canada) compatible with magnetic resonance imaging (MRI) was
used to record behavioral responses for the task. The stimulus
paradigm, data acquisition techniques, and previously found
stimulus-related activation have been previously described (17).

Image Acquisition

Scans were acquired at the Olin Neuropsychiatry Research
Center at the Institute of Living on a Siemens Allegra 3T dedicated
head scanner (Erlangen, Germany) equipped with 40 mT/m gra-
dients and a standard quadrature head coil. The functional scans
were acquired with gradient-echo echo-planar imaging with the
following parameters: TR=1.50 seconds, TE=27 msec, field of
view=24 cm, acquisition matrix=64x64, flip angle=70°, voxel size=
3.75x3.75x4 mm, slice thickness=4 mm, gap=1 mm, 29 slices, as-
cending axial acquisition. Six “dummy” scans were performed at
the beginning of each scan to allow for longitudinal equilibrium,
after which the paradigm was automatically triggered to start by
the scanner.

Preprocessing

fMRI data were preprocessed with statistical parametric map-
ping (SPM2) software (28). Images were realigned using INRI-

ajp.psychiatryonline.org 451



ABERRANT FUNCTIONAL CONNECTIVITY

FIGURE 1. Default Mode Activation Map for Patients with
Schizophrenia and Healthy Comparison Subjects?®

Schizophrenia
Patients (N=21)

Comparison
Subjects (N=22)

2 From individual independent component analysis.

align, a motion-correction algorithm unbiased by local signal
changes (29, 30). Data were spatially normalized into standard
Montreal Neurological Institute space (31), spatially smoothed
with a 10x10x10 mm? full width at half-maximum Gaussian ker-
nel. The data (originally acquired at 3.75x3.75x4 mm?) were
slightly subsampled to 3x3x3 mm3, resulting in 53x63x46 voxels.

Component Ildentification

Spatial independent component analysis was conducted for
each of the 21 patients and 22 healthy comparison subjects to de-
compose the data for each individual into 20 components with
the infomax algorithm (32). For each individual, the two runs
were analyzed with spatial independent component analysis (15)
to decompose all of the data into 20 components using the GIFT
software (http://icatb.sourceforge.net/) as follows. Dimension
estimation, to determine the number of components, was per-
formed by using the minimum description length criteria modi-
fied to account for spatial correlation (33). Data were first re-
duced to 20 dimensions using principal component analysis,
followed by an independent component estimation with the info-
max algorithm (34).

The default mode component was identified by spatially corre-
lating all components with a default mode mask generated by
WFU Pickatlas developed at Wake Forest Pharmaceuticals Univer-
sity (http://www.fmri.wfubmc.edu/) (35). This mask contained
the posterior parietal cortex (Brodmann’s area 7), the frontal pole
(Brodmann’s area 10), and the occipitoparietal junction (Brod-
mann’s area 39), as well as the posterior cingulate and precuneus
(6). This template was smoothed with a 3-mm? Gaussian kernel.
The component that (spatially) correlated most significantly with
the template was selected as the default mode component. For
each subject, default mode components from each run of the task
were then converted to z values and averaged to produce one de-
fault mode component.

Statistical Comparison of Images

SPM2 was used to compute group averages and to compare de-
fault mode images between healthy comparison subjects and pa-
tients with schizophrenia. Statistical maps of the default mode for
patients and comparison subjects were created by entering the
single-subject default mode component into a voxelwise one-
sample t test, which was then thresholded at q<0.05 with false-
discovery-rate correction (36). To examine differences between
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FIGURE 2. Default Mode Amplitude on Target, Novel, and
Standard Stimuli for Comparison Subjects and Schizo-
phrenia Patients?
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3 The amplitude (SD) of the default mode decreased for all stimuli
during the task, but the amplitude decreased the most for target
stimuli and the least for standard targets. This tendency was not
significant.

patients and comparison subjects, a mask was created that com-
bined regions of the default mode network activated by both pa-
tients and comparison subjects. When we used this mask, differ-
ences in the default modes between groups were computed with
voxelwise two-sample t tests at a q<0.05 false-discovery-rate cor-
rection threshold.

Statistical Comparison of Time Courses

Multiple regression analysis within the GIFT software assessed
the degree to which the default mode independent component
analysis time course correlated with the stimuli presentation. Re-
gressors were entered for the target, novel, and standard stimuli,
in addition to nuisance regressors for linear and low-frequency
drift by using one- and two-cycle COS and SIN functions. The re-
gression parameters were calculated separately for each run of
the task. Frequency distribution of the time courses was evalu-
ated by computing the power spectral density of each subject’s
time course for both runs. The spectral power of each time course
was combined into six equally spaced frequency bins. Patient and
comparison differences for each bin were compared by using
one-sample t tests.

Correlation of Regions of the Default Mode with
Positive and Negative Symptoms. For 20 of the 21 pa-
tients, mean scores for the positive and negative symptom sub-
tests of the Positive and Negative Syndrome Scale (PANSS) were
computed to determine the severity of symptoms on the same
day the fMRI scan was completed. One male patient was omitted
from this analysis because of missing data. A voxelwise multiple
regression analysis with a constant was computed to examine the
relationship between the default mode component and both pos-
itive and negative symptoms (37, 38).

Correlation of Time Courses with Positive and Nega-
tive Symptoms. The frequency distribution of the time
courses for patients with schizophrenia was correlated with their
positive and negative symptom scores to determine the relation-
ship between spectral power and symptom severity.
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Results

Behavioral Data

Neither patients nor comparison subjects had problems
completing the task and performed equally well in terms of
percentage of correct hits (patients: mean=93.0, SD=0.1;
comparison subjects: mean=99.0, SD=0.02; p<0.06), errors
of omission (patients: mean=3.3, SD=6.5; comparison sub-
jects: mean=0.5, SD=0.7; p=0.62), and errors of commis-
sion (patients: mean=2.8, SD=3.2; comparison subjects:
mean=1.7, SD=2.0; p=0.10). The comparison subjects re-
sponded to target stimuli faster than the patients (compar-
ison subjects: mean=434 msec, SD=90; patients: mean=526
msec, SD=155; two-sample t test, t=2.37, df=41, p<0.05).

Component Identification

There was no ambiguity in the selection of the default
mode component because this component was the only
one that correlated with the a priori mask with spatial cor-
relations. The healthy subjects’ networks correlated more
significantly with the template than did the patients’ (pa-
tients: two-sample t test: mean=0.424, SD=0.042; compar-
ison subjects: mean=0.483, SD=0.030; t=5.32, df=41,
p<0.0001). In this work, we refer to default mode fMRI sig-
nal as “activity,” although it is actually negatively associ-
ated with a task. Default mode activity was observed in pa-
tients with schizophrenia and healthy subjects in regions
of the brain previously associated with the default mode
network (Figure 1). These include the posterior cingulate
extending dorsally into the precuneus, the anterior cingu-
late, the dorsomedial frontal cortex in the middle and
superior frontal gyri, the angular gyrus extending
anteriorly into the supramarginal gyrus, and the parahip-
pocampal gyrus and hippocampus (10). Data supplement
Table 1 (available at http://ajp.psychiatryonline.org)
shows stereotaxic coordinates for all regions of the default
mode in patients and comparison subjects.

Figure 2 shows that the amplitude of the default mode
activity negatively correlated with the oddball task, de-
creasing during the task and increasing during rest. As ex-
pected, the default mode component in patients and com-
parison subjects was more negatively correlated with the
task than any other component. Notably, decreases in the
default mode network are greatest during target sounds
and smaller during the standard tones. In addition, multi-
ple regression analysis of the SPM design matrix regres-
sors for target, novel, and standard stimuli onto the inde-
pendent component analysis time courses demonstrates
that the default mode network was the component most
significantly correlated with the task and accounted for
the most task-related variance compared to the other
components.

Statistical Comparison of Images

The default mode maps of patients and comparison
subjects are largely similar, although there were significant
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FIGURE 3. Differences Between Patients With Schizophre-
nia and Healthy Comparison Subjects in the Default Mode?

a Areas with increased default mode activation in healthy compari-
son subjects versus patients are shown in red, and areas with in-
creased default mode activation in patients versus comparison
subjects are shown in blue. Comparison subjects show greater acti-
vation in the precuneus, posterior cingulate, and cingulate gyrus.
Patients show greater activation in the posterior and anterior cin-
gulate and the superior and medial frontal gyrus. See Table 1 for
coordinates of the activated areas.

differences in specific subregions (Figure 3). The compar-
ison subjects demonstrated greater default mode activity
in the right posterior cingulate and the left and right pre-
cuneus (shown in red). The patients had greater default
mode activity in the left and right anterior cingulate, para-
hippocampal gyrus, and posterior cingulate and in the su-
perior and medial frontal gyri and the left middle frontal
and temporal gyri (shown in blue) (q<0.05, false-discov-
ery-rate correction). Coordinates for regions in which acti-
vation differed between groups are listed in Table 1.

Statistical Comparison of Time Courses

Figure 4 illustrates the results from a t test comparing
frequency content in six frequency bins across groups for
comparison subjects minus schizophrenia patients. This
analysis revealed increased fluctuation in patients with
schizophrenia in relation to healthy comparison subjects.
Specifically, the comparison subjects had significantly
more power in default mode time course frequency in the
0.067-Hz range compared to patients (p<0.005, with Bon-
ferroni correction), who had significantly more power in
higher frequency bins, most significantly in the 0.13-Hz
bin (p<0.001, with Bonferroni correction).
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TABLE 1. Default Mode Activation Differences Between Healthy Comparison Subjects and Patients With Schizophrenia?

Volume (cc)

Region Brodmann’s Areas of Left/Right Peak Location

Red areas (greater in comparison subjects)
Precuneus 7,31,19 4.9/9.0 6.8 (-6, -68, 39)/6.7 (15, —68, 42)
Cuneus 7 0.1/0.1 5.3 (-9, —65, 34)/3.8 (0, =65, 34)
Cingulate gyrus 31,23 0.5/3.3 4.2 (-3,-25, 26)/5.3 (12, -42, 30)
Posterior cingulate 23, 30, 29, 31 0.6/1.6 4.4 (-3,-28, 24)/4.8 (9, =37, 27)
Superior parietal lobule 7 0.1/0.1 3.9 (-9, -67, 53)/4.2 (9, -67, 53)
Postcentral gyrus 5 0.0/0.1 n.s./3.3 (3, —40, 68)
Middle frontal gyrus 10 0.0/0.0 3.2 (-24, 64, 8)/n.s.

Blue areas (greater in patients)
Posterior cingulate 30, 29, 31, 23 3.1/2.9 7.6 (-9, =55, 6)/9.1 (9, -55, 6)
Lingual gyrus 18,19 0.3/0.2 7.9 (12, -55, 3)/8.7 (12, =52, 3)
Cuneus 30,18 0.8/0.4 6.9 (-12, -61, 6)/8.5 (9, -58, 6)
Parahippocampal gyrus 30 0.5/0.6 6.9 (-12,-47,2)/7.6 (12,49, 5)
Middle frontal gyrus 8 0.2/0.0 5.6 (-27, 37, 40)/3.4 (27, 37, 37)
Superior frontal gyrus 9,8 0.5/0.9 4.5 (=27, 40, 39)/5.2 (9, 51 ,22)
Medial frontal gyrus 9,10 2.1/3.0 5.0 (-3, 45, 20)/5.1 (9, 53, 19)
Middle temporal gyrus 39,19 0.9/0.0 7.6 (-9, =55, 6)/9.1 (9, =55, 6)
Anterior cingulate 32,42, 24 2.0/0.8 7.9 (-12,-55, 3)/8.7 (12, -52, 3)
Precuneus 31,23 0.4/3.0 6.9 (-12,-61, 6)/8.5 (9, —58, 6)
Superior temporal gyrus 39,22 0.1/0.0 6.9 (-12,-47, 2)/7.6 (12,49, 5)

4 Talairach coordinates of peak values and volumes are shown for default mode regions, which were significantly different for patients versus

comparison subjects.

FIGURE 4. Differences in Default Mode Frequency Bins for Pa-
tients With Schizophrenia and Healthy Comparison Subjects?

t Value

0.03 0.08 0.13 0.19 0.24 0.30
Frequency (Hz)

a Default mode frequency bins for comparison subjects minus
schizophrenia patients (t values resulting from a two-sample t test
computed on each bin are shown). Comparison subjects had signif-
icantly more power in low-frequency oscillations (0.03 Hz) in rela-
tion to patients with schizophrenia, who showed significantly more
power in higher frequencies (0.08 Hz to 0.24 Hz).

Correlation of Regions of the Default Mode With
Positive and Negative Symptoms

Subregions of the default mode component were found
to correlate significantly with severity of positive symptoms
in patients, derived from the PANSS (Figure 5). Higher pos-
itive symptoms were correlated with increased deactivation
in the medial frontal gyrus, the precuneus, and the left mid-
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dle temporal gyrus, as shown in Table 2. There were no sig-
nificant correlations with negative symptoms.

Discussion

This study demonstrates that schizophrenia is associ-
ated with both temporal frequency alterations and disrup-
tion of local spatial patterns in the default mode network.
The default mode was identified as the only component
that correlated significantly and most negatively with both
the WFU Pick atlas template and the auditory oddball task
in both patients and comparison subjects (7, 8). Although
the default mode spatial maps looked similar for patients
and comparison subjects, there were several interesting
differences. Spatially, both patients and comparison sub-
jects strongly correlated with the template; however, com-
parison subjects showed higher correlation, perhaps indi-
cating more variability in the patient maps. Target stimuli
produced the largest decrease in default mode activity, fol-
lowed by novel then standard stimuli. This is consistent
with previous research that suggests that increased task
difficulty/attentional load leads to increased default mode
deactivation, possibly as cognitive resources are reallo-
cated to task-related regions (10). Patients tend to exhibit
smaller default mode changes overall than do healthy
comparison subjects; however, this finding was not signif-
icant. This tendency may be related to the attentional def-
icits in schizophrenia and to symptoms such as distracti-
bility and focus on irrelevant internal and external stimuli.
This raises the question as to whether patients would
show less deactivation in relation to healthy comparison
subjects during a more demanding task.

Three major differences in the spatial pattern of default
mode activity were observed between patients and com-
parison subjects. First, patients showed greater deactiva-
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tion in areas of the frontal gyrus involved in the default
mode. Second, patients showed decreased activation in
the anterior cingulate relative to comparison subjects.
Third, a larger region of the parahippocampal gyrus was
included in the default mode of patients versus compari-
son subjects. The wide variety of regions exhibiting bilat-
eral differences in the default mode network of patients
suggests that the strong connectivity of this network (7) is
altered in schizophrenia patients. Additionally, healthy
comparison subjects exhibited low-frequency oscillations
(0.03 Hz), whereas patients exhibited significantly higher-
frequency oscillations in the 0.08-0.24 Hz range. This re-
sult may indicate less temporal synchronicity between the
brain regions involved in the default mode network of pa-
tients or may even indicate impaired communication be-
tween the default mode network and other brain regions
in schizophrenia.

The patients with schizophrenia showed greater deacti-
vation in the middle, medial, and superior frontal gyrus bi-
laterally in the default mode component. Previous studies
have demonstrated similar “hypofrontality” in patients
(39). Cognitive disorganization has been suggested as one
cause of decreased activation in the prefrontal cortex (20),
and dorsolateral prefrontal cortex dysfunction has been
related to formal thought disorder and attentional deficits
of schizophrenia (40). Abnormal integration of frontal-
temporal function, underpinned by a failure of normal
cingulate cortical modulation, has also been demon-
strated in patients (3).

In patients with schizophrenia, the anterior cingulate
showed a reduced volume of activation, more on the left,
in relation to comparison subjects. In addition, patients
had greater deactivation bilaterally during the task. Ab-
normal fMRI activation of the anterior cingulate is widely
reported in schizophrenia and has been correlated with
working memory deficits (3). The anterior cingulate is be-
lieved to play a role in modulating basic subconscious and
higher cortical processing in the default mode during rest
(7) and monitoring task progress and implementing task
strategy (41). A failure to monitor internally generated ac-
tions has been implicated in hallucinations and delusions
in schizophrenia; the activation of the anterior cingulate
in both a resting state and during a task implicates it as a
modulator of default mode functioning. Its inability to
function correctly to modulate internal thoughts and
those related to the task may play a role in the positive
symptoms of schizophrenia.

Significant differences in hippocampal morphology,
volume, neuron size, and connectivity are reported in
schizophrenia (18). In this study, the parahippocampal gy-
rus was found to have decreased deactivation bilaterally.
Parahippocampal neuropathology may play a significant
role in the episodic memory problems and related cogni-
tive deficits in schizophrenia and may also be associated
with negative symptoms (18, 19, 22, 42). The hippocam-
pus is functionally connected to brain regions involved in
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FIGURE 5. Areas of Default Mode Significantly Correlated
with Positive Symptoms?

2 For patients with schizophrenia, the areas associated with positive
symptoms include the middle temporal gyrus, precuneus, medial
frontal gyrus, and left posterior cingulate. See Table 2 for a com-
plete description of all regions associated with positive symptoms.

working memory (42), such as the dorsolateral prefrontal
cortex (19). The decreased deactivation of the frontal cor-
tex and parahippocampal gyrus found in this study may
be caused by an altered functional connectivity between
these two regions, as demonstrated in previous studies
(18, 19). Positive symptoms have previously been associ-
ated with increased hippocampal activation at rest, as was
found in this study (22).

The medial frontal gyrus, left middle and inferior tem-
poral gyri, precuneus, cingulate gyrus, and left posterior
cingulate all correlated with positive symptom severity
(Table 2). Positive symptoms have previously been associ-
ated with abnormal activation of the prefrontal cortex
(20), superior temporal gyrus, and anterior and posterior
cingulate (21, 40).

The default mode consistently shows low-frequency
blood-oxygen-level-dependent (BOLD) signal fluctua-
tions (0.012 Hz to 0.1 Hz) that contribute to functional
connectivity in healthy comparison subjects (8, 11). These
low-frequency fluctuations represent temporal synchro-
nicity among functionally related regions of the brain. In
this study, patients and comparison subjects exhibited
low-frequency oscillations in BOLD signals at similar fre-
quencies. However, comparison subjects had significantly
more power in this low-frequency range and patients ex-
hibited significantly higher power at higher frequencies
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TABLE 2. Areas of Default Mode Significantly More Associated With Positive Symptoms in Patients With Schizophrenia

Volume (cc)
Region Brodmann’s Areas of Left/Right Peak Location?®
Middle temporal gyrus 19, 39, 21, 22 2.9/0.2 5.9 (-39, -60, 17)/3.5 (59, -58, 11)
Inferior temporal gyrus 21,20 0.8/0.0 5.5 (-59,-10, -17)/n.s.
Precuneus 31, 7,39, 19 1.3/0.7 5.2 (-3, -54, 30)/4.9 (0, -57, 30)
Superior frontal gyrus 10 0.2/0.1 4.9 (-3, 64, 0)/4.1 (3, 64, 0)
Medial frontal gyrus 10, 11 1.1/0.8 4.9 (-3, 64, 2)/4.7 (0, 64, 2)
Angular gyrus 39 0.4/0.0 4.8 (-45,-74, 31)/n.s.
Cingulate gyrus 31 0.6/0.5 4.8 (-6, -57, 30)/4.0 (0, =57, 28)
Superior temporal gyrus 22,39 0.1/0.3 4.3 (-42,-57,17)/3.5 (59, -58, 14)
Posterior cingulate 31, 23, 30 0.5/0.0 4.2 (-9, -51, 27)/3.4 (6, =51, 27)
Superior occipital gyrus 19 0.2/0.0 3.9 (-45,-77, 31)/n.s.

@ Talairach coordinates of peak values and volumes are shown for default mode regions, which were significantly correlated with positive

symptoms.

(Figure 4). The high-frequency oscillation observed in this
study is comparable to that found in a temporal lobe net-
work (14) and in a small study of five patients with schizo-
phrenia and matched healthy comparison subjects. An
unpublished study by Calhoun et al. found that the time
courses for the temporal lobe network in patients showed
a tendency toward more power at higher frequencies than
those of normal comparison subjects. The greater fluctua-
tions BOLD signals observed in the default mode time
course components for patients in this study may reflect a
lower degree of interconnection between the regions in
the default mode and other brain regions (e.g., cognitive
dysmetria) (43).

Altered functional connectivity in schizophrenia has
been demonstrated in many areas that evidenced altered
activation in this study, including the parahippocampal
and prefrontal cortices (18, 19). Furthermore, abnormal
modulation of brain regions has also been implicated in
the symptoms of the disorder (44). The anterior cingulate
has been shown to play a role as a modulator of internal
speech and attending to the outside environment and also
demonstrated altered activation in this study (41). The de-
fault mode, or regions of it, may be involved in overactivity
of brain regions that interfere with normal thought and
functioning, thus disrupting the “internal monologue” and
playing a role in the genesis of delusional thoughts and hal-
lucinations. Previous research suggests that auditory hallu-
cinations, experienced by patients in this study, may be
due to a failure to properly interpret inner speech (45).

An advantage of our use of individual independent
component analysis in this study is that it allowed for ex-
amination of functional connectivity without specifying
regions of interest beforehand. In this study, independent
component analysis is consistent with other methods of
data analysis for the identification of the default mode
network. Independent component analysis also revealed
aspects of brain activity in schizophrenia that may not be
apparent through other forms of analysis. These include
the differences in temporal characteristics of default mode
activity and the individual differences among subjects,
which will inform future research and may lead to further
understanding of the mechanisms underlying schizophre-
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nia. Another advantage of this study is the large group size.
The degree to which the auditory oddball task affected the
default mode is unknown because there is no previous re-
search using the auditory oddball task to examine the de-
fault mode, to our knowledge.

This research provides strong evidence for a signifi-
cantly different default mode network in patients with
schizophrenia. Regions previously identified to be abnor-
mal in schizophrenia evidence abnormalities in the de-
fault mode. In addition, abnormal cingulate modulation
of the default mode may play a role in the auditory hallu-
cinations, delusional thoughts, and attentional deficits
that are hallmarks of schizophrenia.
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