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Abstract
Background—Schizophrenia is hypothesized to involve disordered connectivity between brain
regions. Currently, there are no direct measures of brain connectivity; functional and structural
connectivity used separately provide only limited insight. Simultaneous measure of anatomical
and functional connectivity and its interactions allow for better understanding of schizophrenia-
related alternations in brain connectivity.

Methods—27 schizophrenia patients and 27 healthy controls undergone MRI imaging using
resting state fMRI and Diffusion Tensor Imaging. Separate functional and anatomical connectivity
maps were calculated and combined for each subject. Global, regional and voxel measures and K-
means network analysis were employed to identify group differences and correlation with clinical
symptoms.

Results—A global connectivity analysis indicated that patients had lower anatomical
connectivity and lower coherence between the two imaging modalities. In schizophrenia these
group differences correlated with clinical symptom severity. While anatomical connectivity nearly
uniformly decreased, functional connectivity in schizophrenia was lower for some connections
(e.g. middle temporal gyrus) and higher for others (e.g. cingulate and thalamus). Within the
Default Mode Network (DMN) two separate subsystems can be identified. Schizophrenia patients
showed decoupling between structural and functional connectivity that can be localized to
networks originating in Posterior Cingulate Cortex as well as in the Task Positive Network and
one of DMN components.

Conclusions—Combining two measures of brain connectivity provides more comprehensive
descriptions of altered brain connectivity underlying schizophrenia. Patients show deficits in white
matter anatomy but functional connectivity alterations are more complex. Fusion of both methods
allows identification of subsystems showing both increased and decreased functional connectivity.
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INTRODUCTION
The hypothesis that schizophrenia is more associated with disordered connectivity between
various brain regions than with deficits within any particular structure dates back over 100
years to Bleuler (1). It has been revisited with the advent of modern neuroimaging methods
by Volkow et al. (2), and Friston (3). This conjecture has garnered interest and led
subsequently to multiple imaging studies using various techniques that offer some
confirmatory evidence (4). Two major approaches to measuring brain connectivity in
schizophrenia include diffusion tensor imaging (DTI), a measure of structural connectivity,
and resting state temporal correlations (RSTC), a measure of neural activity functional
connectivity. The current study combined both techniques, as recently used in a study of
healthy controls (5) to investigate differences in brain connectivity between schizophrenia
patients and healthy controls.

Anatomical Connectivity in white matter in schizophrenia
DTI provides an in vivo measure of anatomical connectivity through white matter (WM)
tracts. It uses the spatial measure of local water diffusion (diffusion tensor), mainly
anisotropy, to detect the presence and structural coherence of WM tracts through
measurement of altered water diffusion. Local measures of anisotropy quantify WM
integrity, while directionality of the diffusion tensor allows for detection of WM fibers. The
commonest reported finding in schizophrenia is decreased FA (6, 7). Reviews show a large
diversity of affected regions that mostly converge upon frontal and temporal areas (8, 9).
Several studies additionally report correlations between regional FA and behavioral
measures in schizophrenia (10) (11). WM tractography-based studies go beyond identifying
disturbances within tracts to detect compromised connections between specific regions.
Such approaches may be limited to segmentation, e.g. Kubicki (12), or used to investigate
fiber deficits directly, e.g. reporting connectivity reductions in the uncinate fasciculus and
anterior thalamic radiation (13). A comprehensive review can be found in (14).

Resting State Temporal Correlations in schizophrenia
Resting state temporal correlations between fMRI time courses of distant brain regions were
first observed by Biswal (15). Their underlying physiological mechanism is still not
comletely understood, but it is widely believed that RSTC represents coordinated
spontaneous oscillations in the rate of local neuronal activity (i.e., ‘functional connectivity’)
in interconnected distant brain regions (16, 17). Resting state connectivity has been used to
investigate connectivity deficits in schizophrenia with varied results. There are reports of
both increased and decreased connectivity strength between various region pairs (18–25). A
frequently examined circuit is the “default mode network” (DMN), which several papers
(25–29) have shown is abnormal in schizophrenia. Another important network frequently
detected by resting state correlation is Task Positive Network (TPN) system characterized
by presence of activations in multiple cognitive tasks and by its negative correlation to
DMN in resting state spontaneous fluctuations(21, 30), regions of TPN has also been
implicated as affected by schizophrenia(21, 31).

Combination Resting State and DTI connectivity measures
Since the above methods both measure connectivity indirectly, the similarities in the
connectivity matrices obtained from each approach have been used to validate the other (5,
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32). DTI measures anatomical integrity of WM tracts, the material backbone for
communication between brain regions, while resting connectivity represents the strength of
the functional connectivity between regions. Weakened neuronal connections may, (but do
not necessarily) interfere with information flow in the brain. On the other hand the
breakdown in communication (and thus functional connectivity) between brain regions may
result in compensatory changes other than physical disruption of neuronal fibers, e.g.
reorganization of brain networks occurring after anatomical connections have been
established, thus representing their over- or under-utilization.

Both structural and functional connectivity measures exhibit large variance in mean global
connectivity. This lowers the power to detect localized connectivity differences. Combining
both techniques allows one to use structural connectivity patterns to allow for more sensitive
detection of altered functional connectivity from its anatomical backbone.

We hypothesized that spatial correlations between structural and functional connectivity
measures would prove a useful measure to detect abnormal brain connectivity patterns. It
should be noted that pathology is not necessarily always represented as lowered coherence
between spatial and functional connectivity. For example, in normal aging, deterioration of
white matter may cause natural reorganization of functional connectivity and thus cause the
disconnection between functional connectivity from decaying structural while the lack of the
functional reorganization manifesting itself as closer similarity between functional and
structural connectivity may be a marker of dementia(33).

Therefore, the premise of this study is that spatial coherence between structural and
functional connectivity can be an important tool for investigating brain connectivity.
Therefore, our goal to further demonstrate the validity of this premise was realized by
testing the primary hypothesis that schizophrenia patients would exhibit decoupling between
these two aspects of brain connectivity. The specific neural networks involved were
predicted based on relevant earlier work showing abnormality in schizophrenia. Earlier
results (25, 31) suggest that DMN connectivity patterns is be affected in schizophrenia,
while (34) suggest disruptions in limbic system networks especially in cingulate gyrus.

MATERIALS AND METHODS
All the imaging and data processing approaches follow methods we used previously in
healthy individuals (5).

Participants
We analyzed data from 27 schizophrenia patients and 27 age and gender matched healthy
control subjects. Patient ages (mean±SD) were 38±10, ranging between 25–56 years, 17
males. Schizophrenia subjects underwent behavioral testing that included evaluation with
the PANSS (35) and Thought Disorder Index (TDI) (36). PANSS scores averaged: Positive
17.5±6.3, Negative 17.5±16.8 General 28.0±7.7, the average TDI score was 15 ±14.
Medication information is provided in the Supplementary Material. Control subjects ages
were 39±11, range 22–61 years, 17 males. They were free of psychiatric disorders, as
assessed by the Structured Clinical Interview for DSM-IV (35), were neurologically normal,
non substance abusers. All participants had negative urine screens for abused drugs. All
participants underwent MRI scanning including structural anatomical scans, resting state
fMRI and DTI imaging that were utilized for the current study. All were participating in
protocols approved by the Hartford Hospital IRB and had signed informed consent.
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MR imaging
MR imaging was performed using a 3T Siemens Allegra dedicated head scanner (Erlangen,
Germany) equipped with 40 mT/m gradients and a standard quadrature head coil. Resting
state data were collected during one run of 210 images at TR/TE 1500/28 msec, flip angle
65°, FOV 24×24 cm, 64×64 matrix, 3.75×3.75 mm2 in-plane resolution, 5 mm slice
thickness, 30 slices, with slice timing correction. DTI was performed using a twice-
refocused standard EPI sequence with TR/TE=5800/87 msec, FOV=20 cm, acquisition and
reconstruction matrices = 128×96 and 128×128, diffusion sensitizing orientations in 12
directions with one b0 and 8 averages for each direction, b=1000 s/mm2, 45 contiguous axial
slices with 3 mm section thickness.

Data analysis
Data analysis followed precisely methods presented in (5) and is only briefly presented here
with full details in the Supplementary Material. Data processing was performed using
SPM2, DtiStudio (Johns Hopkins University, Baltimore, MD; http://cmrm.med.jhmi.edu)
(37) and in-house software written using MATLAB (http://www.mathworks.com/). To
quantify the strength of anatomical connectivity between voxels we counted all possible
tract paths connecting them that can be built from individual fibers identified during the
tractography step with weighting that favored more directs paths.

Region of interest (ROI) definition
We defined ROIs for local connectivity maps and to quantify the strength of connectivity
between regions. We chose a priori 28 ROIs to cover most gray matter using the Wake
Forest atlas querying tool (38) (http://www.ansir.wfubmc.edu). The sizes and stereotactic
(39) coordinates of ROIs are presented in the Supplementary Table.

Network analysis
Network identification was performed using a K-means clustering algorithm using 10
repetitions. The initial analysis was performed for individual 6000×6000 voxel resting state
correlation maps with the number of clusters fixed at 2. The resulting delineation was
combined between subjects to identify standardized subsystems . The two resulting
components were identified with those identified previously as DMN and TPN (30). Both
components were again analyzed and further subdivided using the K-means clustering
algorithm this time using two average anatomical connectivity matrices (one each for
controls and patients). For DMN this led to subdivision into two subcomponents that varied
significantly in between-group comparisons and in correlation to clinical symptoms. The
TPN subdivisions produced components that did not differ significantly between groups and
were not further utilized. The internal connectivity within components was calculated by
averaging connectivity for all voxels originating and ending in this component, but separated
by a distance of more than 24 mm, as in (5).

Group differences and correlations to clinical symptoms
Throughout the paper anatomical and functional connectivity measures are used to detect
differences related to schizophrenia. We predicted that group difference measures would
significantly differ between controls. Furthermore, we anticipated that supplemental
analyses would show a linear relationship between these measures and patients’ clinical
symptoms.

Age and motion
Previous studies (40–42) report that brain alterations in schizophrenia are related to age/
illness duration. Here, we decided not to explore such age related effects and their possible

Skudlarski et al. Page 4

Biol Psychiatry. Author manuscript; available in PMC 2010 July 09.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://cmrm.med.jhmi.edu/
http://www.mathworks.com/
http://www.ansir.wfubmc.edu/


influence on between-group differences, but instead to use carefully age-matched groups.
All between-subject correlations were calculated accounting for age dependence. None of
the 6 motion parameters differed significantly between groups.

RESULTS
a) Global effects

We first analyzed global connectivity measures using group t test and Pearson correlation
with clinical measures for the patient group. For mean fractional anisotropy (FA) values, the
between-group difference was significant at p<0.0001, the number of fibers detected by
fiber tracking algorithm differed at p<0.03, but the total length of detected fibers was not
different between groups. The mean value of DTI connectivity (averaged over whole
6000×6000 matrix) was lower in patients than controls (p<0.005). For patients this measure
also significantly correlated with the positive symptom score of the Positive and Negative
Symptom Scale (PANSS) (p<0.002), and with Thought Disorder Index (TDI) (36) scores
(p<0.02), but not with general or negative PANSS scores. More specific analysis of positive
PANSS subscores showed that global DTI measures correlated negatively with indices of
social avoidance (r= −0.57, p<0.001) and hallucinations (r = −0.45, p<0.01).

The global average of resting connectivity showed no significant difference between groups,
but was positively correlated with positive PANSS (p<0.01) and TDI (p<0.005) scores and
negatively correlated with the negative PANSS score (p<0.01).

In agreement with prior results (5), the spatial correlation between global arrays of resting
and DTI connection was significant in the control group, mean r = 0.16±0.02 (p<0.0001),
and weaker but still significant in patients r = 0.13±0.04 (p<0.002).

In a between-group comparison, the correlation between anatomical and functional
connectivity matrices was significantly lower in patients than controls (p<0.02). The
correlation of this measure with symptom scores in patients revealed a negative correlation
with positive (p<0.05) and general (p<0.02) PANSS scores, but a positive correlation (in
contrast to trend suggested by the group difference) with positive PANSS (p<0.05) and TDI
scores at (p<0.05).

b) Regional Correlation maps
To further analyze and localize the spatial coherence between resting and DTI connectivity
we calculated, for each of 28 predefined ROIs, resting and DTI connectivity map showing
for every voxel the strength of its connectivity to this given ROI. Thus for each ROI we
were able to quantify the spatial coherence between spatial and functional connectivity of
network originating in it. All regions showed significant coherence between both
connectivity measures in control subjects, and albeit less significantly for patients. These
regional values were then compared between groups using t tests. For one region, posterior
cingulate, the between-group difference in this between-modality coherence value was
significant (p<0.02), with patients showing less coherence. Thus, in the patient group the
functional connectivity pattern originating from posterior cingulate was less similar to this
region’s pattern of anatomical connections in controls, suggesting that this network may be
the most affected by functional reorganization related to schizophrenia.

c) Interregional correlations
For every subject and each of 28×27/2 region pairs, we analyzed the mean resting and DTI
connectivity averaged for all voxel pairs connecting chosen regions and compared values
between groups. For each connection between to ROIs and for each connectivity measure

Skudlarski et al. Page 5

Biol Psychiatry. Author manuscript; available in PMC 2010 July 09.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



(anatomical and functional) we calculated two statistical maps, one of the significance of the
between group difference , and the other of the correlation between connectivity measure
and positive PANSS score in the patient group.

To account for multiple comparisons we used logical combination of those maps. The
connection was considered to be affected when it showed a significant group difference and
a correlation between connectivity measure and clinical symptoms. The differences in
anatomical connectivity were more robust and we used threshold of p<0.01 for such
comparisons, leading to p<0.04 after correction for multiple comparisons. No changes in
functional connectivity survived at this significance level; thus we defined as affected all
connection pairs that were significant at p<0.02 for the group difference and correlation
comparison, and were also characterized by significantly lower anatomical connectivity at
p<0.01.

Anatomical connectivity strength among 12 region pairs differed significantly between
groups. For all such pairs the anatomical (DTI) connectivity was lower for schizophrenia
patients and correlated negatively with intensity of positive PANSS measures. These
connections (Figure 1 and Table 1) originated in lingual and cingulate gyri and included
connections with left inferior parietal lobule, middle and superior temporal gyri and inferior
frontal gyrus.

Four of the region pairs showed a between-group difference in strength of functional
connectivity (Figure 2 and Table 2). In schizophrenia, all such connections showed
significantly lower anatomical connectivity but three showed higher functional connectivity.
These latter linked ventral anterior cingulate gyrus and ventral medial frontal gyrus with left
inferior frontal gyrus, as well as thalamus with left postcentral cortex. Only one connection,
linking left middle temporal gyrus with postcentral gyrus, showed lesser functional
connectivity in schizophrenia.

d) Network analysis
K-means clustering algorithm led to delineation of the Task Positive Network (TPN) and
default Mode Network (DMN) with DMN later subdivided into two components that
exhibited different group differences. The between-group analysis mean connectivity
averaged over all connections within those components showed both significantly less
anatomical connectivity within each component separately and also between component
connections in schizophrenia. Mean functional connectivity differed significantly only in
TPN and was lower in patients.

An additional K-means analysis was performed on each component defined above using the
anatomical connectivity data averaged separately for control and patient groups. This led to
a subdivision of DMN two subcomponents as shown in Figure 3.

Table 3 shows the group comparison and correlation to clinical scores in schizophrenia
patients for the internal connectivity within each component and between DMN and task
positive network as well as between positive and negative subcomponent of DMN.

Two DMN subcomponents showed striking differences in between-group comparisons.
DMN-1, that included anterior cingulate and portions of posterior cingulate cortex (PCC),
showed higher functional connectivity in patients and commensurate positive correlation of
functional connectivity with clinical symptoms, although no between-group differences in
strength of anatomical connectivity. DMN-2 included parts of bilateral parietal cortices and
bilateral dorsolateral prefrontal cortex (DLPFC) and was characterized by lower anatomical
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connectivity in schizophrenia. The values for subcomponents of DMN in patients and
controls are presented in Figure 4.

The analysis of spatial coherence between functional and structural connectivity presented
earlier for global connectivity matrices was extended to subnetworks DMN-1, DMN-2 and
TPN. Only TPN (p<0.001) and DMN-1 (p<0.01) showed significant between-group
differences, with lower coherence in schizophrenia patients. For those two subnetworks, the
correlation with positive and general PANSS measures were significant at p<0.05, consistent
with between-group differences (i.e. coherence decreased with increasing symptom
severity). The correlation with TDI was significant for both TPN (p<0.02) and DMN-1
(p<0.01), but surprisingly for TPN the direction of difference in TDI was opposite to that of
the PANSS, with the between group comparison for coherence increasing with increased
TDI.

e) Results summary
The global tests of mean connectivity showed that schizophrenia patients had decreased
anatomical connectivity and caused decoupling between anatomical and functional
connectivity. Those findings were confirmed by inter-regional connectivity analysis and
regional maps, localizing the decoupling to networks originating in PCC. Further network
analysis showed that schizophrenia-related alterations affected portions of the DMN.

DISCUSSION
The combination of simultaneously measured anatomical and functional connectivity
presented here reveals that patients display not only lowered anatomical connectivity but
also complex differences in functional connectivity. This results in the relative decoupling of
functional connectivity from its anatomical background that manifests in a lower correlation
between these brain connectivity measures. Combining both measures allows for a more
detailed examination of this process, identifies posterior cingulate cortex as the strongest
focus of this decoupling and demonstrates internal differences within the DMN.

Estimates of brain connectivity
The global comparison results confirm earlier results of lower anatomical connectivity in
schizophrenia shown using DTI (6, 8, 43–45), voxel-based morphometry (46, 47) as well as
neuropathological studies (48, 49). The global average of functional values showed no group
differences, consistent both with previous results (6, 18–25) and our more detailed local
functional connectivity analysis that revealed both increases and decreases for different
connections. It should be noted that our estimation method of functional connectivity based
on resting state correlations may not allow detection of global connectivity changes (50) due
to difficulties in accounting for global noise, but those problems do not affect the validity of
estimated coherence between resting and DTI connectivity. The fact that this coherence
(positive for both groups) was significantly lower for patients, reinforces the idea that the
measure can be used to assess connectivity strength. Using this approach, one can treat
anatomical connectivity as an individually defined pattern that can then be used to gauge
functional connectivity strength.

Spatial coherence between functional and anatomical estimates
The analysis of spatial coherence between functional and anatomical connectivity is a useful
measure of global connectivity patterns, but has limited power to detect the spatial
localization of regions showing such coherence. Smaller networks can be addressed by
analyzing the similarity of connectivity maps obtained from a full connectivity matrix by
using individual voxels or regions as seeds. Only for one region – the posterior cingulate

Skudlarski et al. Page 7

Biol Psychiatry. Author manuscript; available in PMC 2010 July 09.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



cortex (PCC) – did the spatial coherence between connectivity maps differ significantly
between patients and controls, with patients showing lower coherence. This indicates that
the integrity of connections originating in these regions is disrupted in schizophrenia, as
suggested previously (25, 31). Furthermore, since coherence between anatomical and
functional connectivity maps of PCC was lower in schizophrenia, it may suggest that in
PCC-related networks patients could develop new patterns of functional connectivity that
are not directly related to the underlying anatomical connection network. This interpretation
agrees with the previous reports of abnormalities in cingulate cortex (51) as well as findings
showing that PCC is situated between regions that show abnormal connectivity in
schizophrenia (26) in ICA-based analyses of task-induced activations and resting
connectivity. It complements previous findings that PCC plays important role in functional
integration(52).

The global approach can be also applied to subnetworks. Instead of calculating spatial
coherence between whole connectivity matrices, it can be limited to connectivity within
smaller subnetworks. This can localize the effect of decoupling of functional and structural
connectivity in schizophrenia to the Task Positive Network and to one of the two
components of Default Mode Network (i.e. DMN-1 the one containing anterior and part of
posterior cingulate).

The finding of directions of correlation of this global measure to the positive PANSS score
and Thought Disorder Index that was opposite to correlations to the negative and general
PANSS scores and to between-group differences was surprising. It may support a view that
the spatial coherence between structural and functional connectivity may represent not just a
decline in brain connectivity but also its reorganization in response to declining structural
connections. The increase of coherence with increasing TDI and positive PANSS scores
could suggest that it is a lack of functional reorganization, that represents further decline of
functional connectivity that in turn leads to increased TDI and positive PANSS scores.
Prospective studies of first-break schizophrenia patients might be able to confirm this
possibility using similar analyses.

Differences in interregional connectivity
The possibility of decoupling of functional and anatomical connectivity is further informed
by the analysis of interregional connections. These analyses showed that combining the two
methods significantly increases the power to detect differences, even in a global analysis
performed on a relatively small, non-homogeneous sample such as that studied here. More
interesting is that this approach allows one to detect and to differentiate between regions
characterized by different inter-relations between anatomical and resting connectivity. As
reported previously, most affected regions showed lower anatomical connectivity values in
schizophrenia; we found no regions pairs showing higher anatomical connectivity in
patients. Also, we determined that although functional connectivity is also lower in
schizophrenia for some connections, it can also be decoupled from anatomical connectivity,
such that several connections originating in left IFG, ventral anterior cingulate and thalamus
had lower anatomical but higher functional connectivity in schizophrenia. Interestingly, all
three such regions are frequently implicated as functionally abnormal in schizophrenia (53).
An alternative interpretation is to view anatomical and functional connectivity deficits as
having separate etiologies – one affecting WM structure and another affecting neuronal
firing rates via disrupted afferent/efferent signaling mechanisms. However, when anatomical
and functional abnormalities occur in the same brain regions, it is plausible to first consider
that they may be linked in a systematic and biologically plausible manner. Such overlap was
seen particularly in left temporal lobe inter-regional connectivity analyses, consistent with
numerous previous studies that strongly implicate abnormalities of this region in the
pathophysiology of schizophrenia (23, 54, 55).
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Default mode network
Our observations for DMN agree with earlier reports that schizophrenia patients (31) and
their healthy relatives (25) display higher resting connectivity within the DMN. We now
clarify that such increases are limited to one part of DMN (DMN-1). The DMN-2 (though
still showing a strong functional connection to the remainder of the network) showed no
between-group differences in functional connectivity, but a trend to lower connectivity in
patients. Those subcomponents also differed significantly in their anatomical connectivity.
DMN-1 showed no difference in anatomical connectivity between groups, while DMN-2
had significantly lower anatomical connectivity in patients. Hypothetically, anatomical
connectivity deficits in schizophrenia may lead to functional reorganization, resulting in a
hyperconnectivity between anatomically intact regions. The finding that DMN
subcomponents exhibit differential behavior in schizophrenia further validates earlier
conclusions (56), that the DMN should be seen not as a single unit, but as composed of
substructures that all contribute to resting state activation but vary substantially in
connectivity patterns. Here such a distinction is shown to be clinically relevant.

Limitations and future directions
The whole brain approach that was required to perform the first omnibus analysis of effect
of schizophrenia on the relations between functional and anatomical connectivity required
propagation of DTI based anatomical connectivity from white matter to its neighboring gray
matter and thus resulted in the loss of spatial resolution that is usually derived from DTI
analysis of individual white matter tracts. This also made it statistically difficult to detect
more subtle changes that were not sufficiently marked to stand out from noise present in the
global analysis. The propagation of DTI connectivity values from white to gray matter
necessary for direct comparisons between both measures and the use of regions of interest
based on averaged templates, further lowered spatial precision. Future studies focused on
specific connections may be more successful in delineating more precisely anatomical tracts
involved and functional components affected. Both anatomical and functional estimates of
brain connectivity should be further optimized. The use of 12 gradient directions for DTI
may be a limitation, but our method of including paths composed of several consecutive
fibers allows one to minimize problems with crossing fibers. It should be noted that the two
methods of estimating strength of connectivity may substantially differ in sensitivity, but
this alone cannot explain the differences in effects observed here in comparison between
control and clinical population. Networks detected via the above connectivity analysis
should be combined with those identified in activation studies of cognitive deficits in
schizophrenia. Other network analysis tools such as Independent Component Analysis
should be applied in future to better delineate subsystems that capture most of the changes in
the coherence between spatial and functional correlation and thus possibly better localize
areas where the decoupling occurs.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Connections between brain regions that differ between schizophrenia patients and controls
in measure of anatomical (measured with DTI) connectivity (Table 2). Only connections for
which anatomical connectivity was lower in patients than control were significant at p<0.01
for both the group difference and for correlation to clinical symptoms in clinical group.
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Figure 2.
Connections between brain regions that differ between schizophrenia patients and controls
in measure of functional connectivity (Table 2). Red lines represent connections for which
the functional connectivity was higher in patients, while for green line connectivity was
higher in controls. All shown connections showed significance of p<0.02 for both the group
difference and for correlation to clinical symptoms in clinical group.
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Figure 3.
Components detected by k-means cluster analysis of connectivity. The functional resting
connectivity led to identification of the default mode network (DMN), depicted in red and
orange and its counter part – the task-positive network shown in yellow. The anatomical
connectivity analysis further subdivided the DMN into two components : DMN-1 includes
anterior cingulate and portions of posterior cingulate, shown in orange, is characterized by
higher functional connectivity in schizophrenia and no change in anatomical connectivity
between groups. DMN-2 includes parts of bilateral parietal cortices and bilateral dorsolateral
prefrontal cortex (DLPFC) is characterized anatomical connectivity lower in schizophrenia.
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Figure 4.
Mean functional (left column) and anatomical (right column) connectivity averaged over all
voxel pairs within the DMN-1 (top row) and DMN-2 (bottom row) subcomponent of Default
Mode Network. Green crosses represent values for healthy controls. Only voxel pairs
separated by distance of more than 24 mm are included in component averaging.
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