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Abstract: Variability in human behavior related to sex is supported by neuroimaging studies showing dif-
ferences in brain activation patterns during cognitive task performance. An emerging field is examining
the human connectome, including networks of brain regions that are not only temporally-correlated during
different task conditions, but also networks that show highly correlated spontaneous activity during a
task-free state. Both task-related and task-free network activity has been associated with individual task
performance and behavior under certain conditions. Therefore, our aim was to determine whether sex dif-
ferences exist during a task-free resting state for two networks associated with cognitive task performance
(executive control network (ECN), salience network (SN)) and the default mode network (DMN). Forty-
nine healthy subjects (26 females, 23 males) underwent a 5-min task-free fMRI scan in a 3T MRI. An inde-
pendent components analysis (ICA) was performed to identify the best-fit IC for each network based on
specific spatial nodes defined in previous studies. To determine the consistency of these networks across
subjects we performed self-organizing group-level ICA analyses. There were no significant differences
between sexes in the functional connectivity of the brain areas within the ECN, SN, or the DMN. These
important findings highlight the robustness of intrinsic connectivity of these resting state networks and
their similarity between sexes. Furthermore, our findings suggest that resting state fMRI studies do not

need to be controlled for sex. Hum Brain Mapp 31:1713-1726, 2010.
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INTRODUCTION

Sex differences exist for many types of social behavior,
cognitive performance, emotional processes, and personal-
ity. For example, Crucian and Bernbaum [1998] found that
men performed better than women in a mental rotation
visuospatial task; whereas, another study found that
women performed better than men in a verbal fluency
task [Hyde and Linn, 1998]. Some studies suggest that
women perform better in emotional tasks compared to
men. For example, women identify facial emotional
expressions more accurately [Rahman et al., 2004; Thayer
and Johnsen, 2000], recall more emotional autobiographical
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events [Davis, 1999], and have better memory for emo-
tional pictures compared to men [Canli et al., 2002]. It
should be emphasized that such studies are based on rela-
tively small group sizes and do not necessarily hold true
for all individuals. However, the findings raise the possi-
bility of sex as a potential confounder in brain imaging
studies of human behavior. Indeed, some studies have
found sex differences in functional cerebral activity during
cognitive processes, even when controlling for perform-
ance differences [Jordan et al., 2002; Weiss et al., 2003]. De-
spite activating the same regions, the levels of activations
varied between the sexes. Contradictory findings have
been reported in some neuroimaging studies [Butler et al.,
2007; Frings et al., 2006; Thomsen et al., 2000], in that no
behavioral differences accompanied differences in brain
activation, suggesting that different strategies may lead to
the same behavioral outcome.

The execution of a cognitive task, and the strategy
behind it, are likely the result of interaction and integra-
tion of connected brain networks that guide cognition,
affect, and possibly interoceptive awareness, depending on
the complexity and salience of the task. A number of
groups have focused on sex-based disparities in decision-
making or working memory tasks, specifically examining
the integration of cognition and emotion in tasks requiring
cognitive control of emotions [Cahill et al., 2001; Canli
et al., 2000, 2002; Hamann and Canli, 2004; Hamann et al.,
1999; Koch et al., 2007; Meriau et al., 2006]. These studies
reported behavioral differences between men and women
in emotional memories that were accompanied by distinct
functional organization. Women showed activation in the
brain areas associated with emotion in the right hemi-
sphere during both the emotional experience and the
memory encoding phases. In contrast, men activated
the right hemisphere during the emotional experience and
the left hemisphere for memory encoding. This may pro-
vide an advantage and contribute to the better memory
capabilities for emotional events in women [Cahill, 2003;
Cahill et al., 2001; Canli et al., 2000, 2002; Hamann and
Canli, 2004].

Several studies have demonstrated sex differences in
underlying mechanisms of cognitive control processes,
specifically when resources are diverted from behavior to
attend to emotional stimuli. For example, Koch et al.
[2007] found that negative emotion induction impaired
working memory performance in both sexes. However,
women showed strong activation in areas associated with
emotion (amygdala and orbitofrontal cortex; OFC),
whereas men showed activation in regions considered im-
portant for attention and memory (superior parietal and
middle temporal lobe). Therefore, there are sex differences
in the interaction between cognition and emotion. The
competing demands between emotion and cognition are
expressed in a reciprocal relationship, balancing emotional
and cognitive processing, between two adjacent brain
regions: the ventral anterior cingulate cortex (VACC; ven-
tral part of BA 32 and 24; equivalent to pregenual anterior

cingulate, pgACC, based on Vogt’s definition, see [Vogt,
2005]) and the dorsal ACC (dACC; dorsal part of BA 24
and 32; equivalent to anterior midcingulate cortex, aMCC,
based on Vogt's definition, see [Bush et al., 2000; Vogt,
2005]). Specifically, when women, but not men, perform a
cognitive task, there is vACC suppression and anti-corre-
lated functional connectivity with the dACC [Butler et al.,
2007].

Furthermore, the execution of a cognitive task may
depend on the degree of saliency and its relevance,
whether emotional or homeostatic, which consequently
influence brain function and behavior. For example, stron-
ger functional connectivity between the dACC and pre-
frontal regions, especially the dorsolateral prefrontal cortex
(DLPFC), has been associated with the ability to cogni-
tively process emotions during perceptual decision-making
[Meriau et al., 2006]. What’s more, emotional experiences
have been correlated with interoceptive awareness [Critch-
ley et al., 2004; Pollatos et al., 2007a] and with the level of
activation in the dACC during an interoceptive awareness
paradigm [Pollatos et al., 2007b]. Therefore, the dACC
may play a role in the cognitive control of emotion,
including the control of bodily responses elicited by emo-
tional events.

Recently, fMRI has identified brain regions with similar
functions to have highly correlated low frequency sponta-
neous fluctuations in neural activity during a task-free
state [Fox and Raichle, 2007]. Using independent compo-
nent analysis (ICA), several studies [Beckmann et al., 2005;
Damoiseaux et al., 2006; De Luca et al., 2006] have identi-
fied a network implicated in a wide range of cognitive
processes and memory function. Seeley et al., [2007] fur-
ther characterized this network and identified the exis-
tence of two functionally-connected networks engaged
during cognitive tasks that operate in the task-free state.
They defined one of these functionally-connected networks
as an executive control network (ECN), containing nodes
in frontoparietal cortical areas: bilateral DLPFC, frontal eye
fields (FEF), ventrolateral PFC, and dorsolateral parietal
cortex. This ECN is thought to contribute to directed atten-
tion and working memory [Corbetta and Shulman, 2002;
Curtis and D’Esposito, 2003; Miller and Cohen, 2001]. The
second task-free network is the salience network (SN) that
operates when salient stimuli are perceived. The SN
includes nodes in limbic and paralimbic structures (aMCC
and orbital-frontoinsula; OFI) as well as frontal, temporal,
and parietal regions. These brain areas have also been
found to be active while performing tasks that require
interactions, depending on the task’s characteristics and
complexity, between cognitive and either emotional, sen-
sory, or interoceptive stimuli [Corbetta and Shulman, 2002;
Critchley, 2005; Critchley et al., 2004; Gray et al., 2002;
Kerns et al., 2004; Miller and Cohen, 2001; Ochsner
and Gross, 2005; Pessoa, 2008]. These two networks are dis-
tinct from the so-called “default-mode network” (DMN)
that contains a different set of functionally-connected
regions, including the posterior cingulate cortex/precuneus
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(PCC/PCu) and the medial prefrontal cortex (mPFC),
believed to be involved in self-referential processing of both
the internal and external environments [Fox et al.,, 2005;
Greicius et al., 2003]. The DMN and the networks that are
engaged during a cognitive task are anticorrelated: the for-
mer is deactivated during a cognitive task; whereas the lat-
ter are activated, suggesting that anticorrelated networks
compete “between externally focused attention and proc-
esses subserving stimulus-independent thought” [Fox et al.,
2005]. Thus, the activity within these three functionally con-
nected networks (DMN, ECN, and SN) during a task-free
condition can provide insight into the fundamental neural
mechanisms of variability in human behavior.

The spontaneous intrinsic brain connectivity observable
during the task-free condition is also present during task
performance and is thought to account for variability in
human motor and cognitive behavior [Fox et al., 2006b;
Hampson et al., 2006, Kelly et al., 2008] Therefore, the
brain activity during a task-free state might provide the
basis for investigating individual differences in brain func-
tion [Buckner and Vincent, 2007]. Given the aforemen-
tioned sex differences in human behavior and brain
activation during cognitive tasks, in addition to the associ-
ation that was found between the spontaneous neural ac-
tivity within networks of regions and human performance,
it is possible that sex differences exist in cognitive net-
works during a task-free state. Therefore, we hypothesized
that in a task-free state, men and women will have dissim-
ilar sets of functionally connected brain areas implicated
in cognitive task performance. These disparities might
originate from the strength of connectivity between dis-
tinct brain areas that have a central role in cognition, such
as the prefrontal and parietal cortices (i.e., ECN) with or
without functional connectivity to other areas that are
active during salience (aMCC and OFI) (i.e., SN). More
specifically, based on cognitive behavioral studies, we
expected that, in women, the ECN would demonstrate
stronger functional connectivity to frontal brain areas and
that the SN would show stronger functional connectivity
to aMCC and OFI. Furthermore, we expected that these
findings would be more apparent on the right side of the
brain. To test this hypothesis, we acquired and analyzed
task-free fMRI data from healthy men and women and
performed an ICA analysis. For each subject, we selected
ICs related to the cognition networks (ECN and SN) and
DMN based on specific spatial nodes that have been
defined in previous studies [Beckmann et al., 2005; Damoi-
seaux et al., 2006; De Luca et al., 2006; Seeley et al., 2007]
and then performed a between-group comparison in an
ANOVA random effects analysis.

METHODS
Subjects

A total of forty-nine right-handed healthy subjects (26
women, 23 men) participated in the study and provided

informed written consent to procedures approved by the
University Health Network Research Ethics Board. There
was no statistically significant difference in the mean age
+ SD between the female (30 + 8 years, range: 21-49) and
male (30 + 9 years, range 21-50) groups (P = 0.74).

MRI Data Acquisition and Preprocessing

Each subject underwent a T1-weighted anatomical scan
followed by a T2*-weighted functional scan obtained on a
3T GE MRI system using an eight channel phased array
head coil. A whole brain (124 sagittal slices, 24 x 24 cm?
FOV) high resolution (256 x 256 matrix, 1.5 mm x 0.94
mm x 094 mm voxels) anatomical scan was obtained
using a 3D fast spoiled gradient-echo (FSPGR) sequence
(flip angle = 45°, TE = 5 ms, TR = 25 ms). T2* weighted
fMRI scans were acquired with an echo-planar pulse
imaging (EPI) sequence (28 axial slices, 20 x 20 cm* FOV,
64 x 64 matrix, 3.125 mm x 3.125 mm x 4 mm voxels, TE
= 40 ms, TR = 2,000 ms). The 5 min and 8 s fMRI scan
was acquired under a task-free condition (i.e., resting
state) during which subjects were instructed to relax, keep
their eyes closed and to “not think about anything in par-
ticular” [Damoiseaux et al., 2006].

fMRI datasets were interpolated to 3 x 3 x 3 mm? vox-
els and underwent preprocessing that included: head
motion correction, slice timing correction, linear trend re-
moval, and spatial smoothing with a 6 mm FWHM Gaus-
sian kernel. fMRI data was aligned to the high-resolution
anatomical image, and normalized to standard Talairach
space [Talairach and Tournoux, 1988] (voxels are reported
as 1 mm x 1 mm x 1 mm). All data analysis was per-
formed with BrainVoyager QX v1.8- v1.10 (Brain Innova-
tion, Maastricht, Netherlands).

Functional Connectivity Network Analyses

We performed both individual spatial ICA (sICA) and
self-organizing group ICA (sog-ICA). The ICA is a data-
driven method that models observed signals as a sum of
statistically independent signals. By decomposing the time
series into spatial components, ICA maximizes the spatial
statistical independence of components each having a
unique time course. Therefore, we used ICA to determine
and exclude from further analysis components that reflect
noise and to identify spatial maps that are related anatom-
ically to the cognitive system (ECN, SN and DMN) in the
task-free state. In addition, we used the sog-ICA to exam-
ine the consistency of these networks across subjects
within each group.

Individual-level ICA was applied to the preprocessed
functional time series using a “plugin” extension of Brain-
Voager QX v1.10 [Goebel et al., 2006]. The best-fit compo-
nents for the DMN, ECN, and SN were selected by visual
inspection of 30 components from each individual ICA
with each component thresholded for a z-score of 2
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Figure I.

Three-step spatial and temporal-matching process used for
selection of individual best-fit independent components. To
select the executive control network (ECN) and salience net-
work (SN) components for each individual, the time course of
30 independent components (ICs) was correlated with the aver-
age time course from right dorsolateral prefrontal cortex (right
DLPFC) [region of interest (ROI) in our seed region analysis].
A: Two components from one representative subject are shown.
The most highly correlated ICs based on the Pearson correla-
tion coefficient was transferred to the second step in which the
spatial maps of these ICs were inspected for spatial matching
with specific nodes from previous studies and with the individual
right DLPFC-seed region analysis map (Bl, B2). B: The left col-
umn in Bl shows the seed-region analysis map from a represen-
tative subject. In the right column two IC-spatial maps (green

assigned to every voxel in the brain. Identification of the
individual best-fit ICs for the DMN, ECN, and SN was
based on a three-step spatial and temporal pattern-match-
ing process in each individual using specific spatial nodes
from previous studies as well as spatial maps and time-
course activity extracted from seed region analyses that
we ran for each individual (see Fig. 1).

A seed-region analysis was performed using two
regions of interest (ROIs) identified as major nodes of

and blue) from the same representative subject are superim-
posed. The two most matched ICs from each subject were iden-
tified as ECN (green) and SN (blue) based on specific spatial
nodes (B2). C: A fingerprint analysis was used to characterize
the chosen ICs for each network in space and time domain and
to verify the signal as arising from a neural BOLD response. The
Il fingerprint parameters are: (1) Degree of clustering; (2)
Skewness; (3) Kurtosis; (4) Spatial entropy; (5) One lag autocor-
relation; (6) Temporal entropy; (7) Power in the band: 0-0.008
Hz; (8) Power in the band: 0.008-0.02 Hz; (9) Power in the
band: 0.02-0.05 Hz; (10) Power in the band: 0.05-0.1 Hz; (II)
Power in the band: 0.1-0.25 Hz. The identical process was done
for the default mode network except that the ROI for temporal
correction and spatial matching was the posterior cingulate cor-
tex/precuneus and its functional connectivity map.

functional maps of previously reported cognitive tasks,
task-free networks, and anatomical landmarks: The DMN
seed was centered on the bilateral posterior cingulate/
precuneus (PCC/PCu) (BA23/31 for PCC and BA7 for
PCu: x = £7, y = =55, z = 26; size: 12 x 12 x 27 mms,
bilaterally) [De Luca et al., 2006; Fox et al., 2005; Fransson,
2005; Greicius et al., 2003; Harrison et al., 2008; Semino-
wicz and Davis, 2007]. The seed for the ECN and SN was
the right DLPFC (BA9 in the middle frontal gyrus; x = 42,

* 1716



¢ Do Male and Female Brains “Rest” Differently? ¢

y =234,z =27 size: 5 x5 x5 mm?) [Bush et al., 2003;
Kumari et al., 2004; Seminowicz and Davis, 2007]. The ROI
in the DLPFC was chosen for three reasons: (1) it is com-
monly viewed as a cognitive area where cognition, emo-
tion, and interoceptive awareness integrate [Gray et al.,
2002; Indovina and Macaluso, 2007; Miller and Cohen,
2001; Perlstein et al., 2002; Pessoa, 2008], (2) it is part of
the functionally connected ECN and SN under task-free
condition, and (3) it has been proposed to mediate the
functional interaction between ECN and SN [Fox et al.,
2006a; Seeley et al.,, 2007]. For each subject, the averaged
BOLD signal time-course from each ROI was used as a
regressor to identify brain regions whose BOLD signal
fluctuations were highly correlated with the ROI. The indi-
vidual correlation maps were thresholded at a corrected
value of P < 0.05 (derived from an uncorrected P < 0.0001
and cluster threshold of 150 mm?® contiguous voxels, based
on a Monte Carlo simulation implemented in the AFNI
software with the AlphaSim application) and used as a
template for selecting the individual ICs corresponding to
the ECN, SN, and DMN. In addition, the individual corre-
lation maps from each group were entered into a second-
level, group random-effect analysis thresholded at a cor-
rected value of P < 0.05 (corrected for multiple compari-
sons using Bonferroni correction).

In the first step, the components were sorted by their
degree of temporal correlation with the average time
course from all voxels in the PCC/PCu and Rt. DLPFC
ROIs (Fig. 1a). In the second step, a spatial matching pro-
cess was implemented to identify ICs that had the same
spatial pattern as the individual corrected seed region
analysis correlation map. This seed region analysis was
done for the PCC/PCu (for the DMN) and right DLPFC
(for the ECN/SN). We also examined the spatial similarity
of each ICs with spatial nodes related to the ECN/SN and
DMN reported in previous studies [Beckmann et al., 2005;
Damoiseaux et al., 2006; De Luca et al., 2006; Seeley et al.,
2007]. The chosen ICs from the second step were classified
as ECN and SN based on previous literature examining
resting-state networks using ICA. For the ECN, the specific
spatial nodes included the dorsal frontoparietal regions
(bilateral DLPFC, BA9/46 and lateral parietal cortex,
BA40). For the SN network, the specific spatial nodes
included the right anterior insula (AI) or right OFI (BA13
and BA47) and/or the aMCC (dorsal part of BA24 and
32). In view of the fact that we looked for the functional
connectivity of these brain areas with “cognitive” areas,
the DLPFC (BA 9/46) was also included as part of the
SN’s spatial nodes (Fig. 1b). In the third step, we verified
the best-fit component for each network using its IC-fin-
gerprint. An IC-fingerprint is a polar plot describing
power in various frequency bands, skewedness, kurtosis,
clustering, spatial entropy, temporal entropy, and one lag
autocorrelation [De Martino et al.,, 2007] (Fig. 1c). ICs
reflecting similar process types have similar fingerprints,
and so this tool is useful to distinguish a BOLD response
from various types of artifact (motion, EPI susceptibility)

or physiological “noise” (e.g., vascular modulation). Spe-
cifically, the BOLD response is characterized by a distinc-
tive fingerprint with a high degree of clustering, high one
lag autocorrelation, and high power in the 0.01-0.1 Hz
band [see De Martino et al., 2007]. Group analyses were
performed on the subjects’” best-fit IC for each network,
generating random-effects group t-maps corrected for mul-
tiple comparisons using false discovery rate (FDR). Com-
parison between groups was based on a random-effects
ANOVA (corrected P < 0.05).

Self-organizing group ICA (sog-ICA) was performed
using the BrainVoyager QX v1.10 sog-ICA plugin (Brain
Innovation, Maastricht, Netherlands) [Esposito et al., 2005;
Goebel et al., 2006]. In general, the sog-ICA plugin identi-
fies spatial patterns that are common across subjects, while
addressing as much as possible the intersubject variability
and “clustering” the components in a subject space. We
analyzed 20 subjects randomly selected from each group,
while controlling for age [mean age for females: 27 + 6
years old (range: 21-42) and for males: 29 + 7 years old
(range: 21-43, P = 0.45] and set the number of components
to 30 ICs per subject. We did not use all subjects in the
sog-ICA analysis due to a software limitation; however,
other sog-ICA studies could detect significant group differ-
ences with an n of 20 subjects/group [Esposito et al.,
2008].

We performed sog-ICA, separately for the females and
males groups, and this revealed 30 within-group spatial
patterns. (“group clusters”). We fed the within-group spa-
tial patterns into another sog-ICA (“mega” sog-ICA) to
objectively select the homologous group clusters between
the two groups (“super clusters”) (see Fig. 2). Next, we
visually inspected the 30 super clusters and selected the
networks based on previous studies; the DMN was
defined based on activity in the PCC/PCu, medial pre-
frontal and lateral parietal and we also identified the net-
work that includes the prefrontal and parietal regions that
are functionally integrated during a wide range of cogni-
tive processes [Beckmann et al., 2005; Damoiseaux et al.,
2006; De Luca et al., 2006; Fox et al., 2005; Seeley et al.,
2007]. Finally, we generated two random-effects group t-
maps from the individual ICs that composed the selected
super clusters and used a random effects ANOVA for
between-group comparison. Correction for multiple com-
parisons was done with FDR (P < 0.05).

RESULTS

The ICA process formed an independent spatial compo-
nent for the DMN that was easily identified in all subjects,
and was composed of the PCC/PCu, medial prefrontal,
and lateral parietal cortices (see Fig. 3). The ECN and SN
were identified by ICA as two different spatial compo-
nents, each having a unique time-course. The ECN and
the SN could be identified in the majority of subjects
(21 females and 19 males for the ECN, 18 females and
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Cognitive

Figure 2.
Self organizing independent component analysis (sog-ICA). A: Thirty ICs from each individual
(one from each subject, four components shown) were entered into the sog-ICA that clustered
them together to generate 30 common group clusters (in the spatial domain) across subjects for
each group. B: The 30 group clusters from each group were entered into a mega-sog-ICA to
identify 30 homologous clusters (“super clusters”) between the females and males groups (C).

16 males for the SN). Random-effects group spatial maps,
for females and males for the ECN (see Fig. 4 and Table I
(Supporting Information)), and for the SN (see Fig. 5 and
Table II (Supporting Information)), illustrate that these two
networks are composed of the middle and inferior frontal
gyri (BA9/46, and BA10) and the inferior parietal gyrus
(BA40). However, the SN included additional areas that
were not part of the ECN, such as AI/FI, aMCC (BA24, 32),
and pgACC, bilaterally. Additionally, areas in the superior
and middle frontal gyrus (BA6 and BA9Y), showed stronger
functional connectivity to nodes of the SN compared to
nodes of the ECN (see Fig. 6). In contrast, the inferior lateral
parietal gyrus (BA39,40) was more functionally connected
to other nodes in the ECN (see Fig. 6). No sex differences
were found in the group-level random effects maps for the
DMN, ECN, and SN. However, thresholding these random

effects ANOVA maps at an uncorrected P < 0.001 revealed
a difference between sexes in only one region of the ECN;
women showed higher functional connectivity in the medial
prefrontal cortex (-3, 56, 29; BA 9, 2012 voxels) to other
brain areas within the network.

For both sexes the right DLPFC connectivity involved
dorsal frontoparietal areas (BA9/46, 40, FEF), SMA, infe-
rior frontal cortex (BA10, 47), the temporoparietal junction,
as well as cingulate and paracingulate cortices (aMCC;
BA24, 32), bilateral insula, and subcortical regions (basal
ganglia, thalamus). Thus, the right DLPFC showed connec-
tivity to regions that we specified as part of the ECN and
SN based on previous studies, and is therefore a common
node of the two networks. No sex differences were found
in the temporal correlation (i.e., strength of the whole com-
ponent functional connectivity) of the ECN and SN with
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q(FOR) < 0.0

Figure 3.
Default mode network. Group-level random-effects maps for the default mode network identi-
fied by spatial ICA for males, females and all subjects. Maps are projected onto a single subject
anatomical scan. Statistical threshold was set at a corrected P = 0.05 (false discovery rate).

the right DLPFC time course. The correlation coefficient
for the ECN network was r = 0.6 for females and r =
0.58 for males (P = 0.8) and the correlation coefficient for
SN was r = 0.54 for females and » = 0.48 for males (P =
0.48).

The IC-fingerprint associated with the ICs of the DMN,
ECN, and SN showed a high degree of similarity to each
other, with a high value of degree of clustering, temporal
autocorrelation, and peak in frequency power between
0.02 and 0.1 Hz (see Fig. 7). The fingerprint is depicted by
a polar plot with 11 axes, each corresponding to the me-
dian value of the parameter normalized to 0-1. The IC-fin-
gerprints for the ECN and SN show remarkable similarity
to previously reported IC-fingerprints associated with task
and nontask BOLD networks [De Martino et al., 2007] that
were shown to be distinct from fingerprints related to arti-
facts (e.g., motion, scanner noise, etc.). There were no sex

differences in any of the 11 parameters’ values for three
networks (P > 0.22; Bonferroni corrected for multiple
comparisons).

The mega sog-ICA procedure successfully clustered the
DMN from females and males group clusters to a super
cluster, with high spatial similarity distances (r = 0.83).
The DMN group spatial map for each sex formed by sog-
ICA (see Fig. 1 and Table III both in the Supporting Infor-
mation) was similar to the group spatial map produced by
sICA (see Fig. 3). There were no sex differences in the
DMN cluster based on random effects ANOVA between
groups. Another cluster that was extracted from the mega
sog-ICA with high spatial similarity distances (r = 0.85)
included mainly the dorsal frontoparietal areas (BA9/46,
40, FEF), inferior frontal cortex (BA10, 47), PCC, paracin-
gulate (on the border between BA32 and 9), right Al, thal-
amus and basal ganglia (Fig. 2 and Table IV both in the
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ECN (sICA)

. |

Females

= 0,050/

Figure 4.
Executive control network. Group-level random-effects maps for the executive control network
identified by spatial ICA for males, females and all subjects. Maps are projected onto a single
subject anatomical scan. Statistical threshold was set at a corrected P = 0.05 (false discovery

rate).

Supporting Information), that are functionally connected
in a wide range of cognitive processes. Chi-square analysis
revealed that 55% of the females but only 25% of the
males showed activation in right aMCC and/or right Al
(P = 0.053). Specifically, 45% of the females demonstrated
activation in the aMCC versus 10% of the males
(P = 0.013) whereas for the Al, 40% of the females versus
15% of the males showed activation (P = 0.077). Similar to
the finding for the DMN, no sex differences were found in
the group-level cluster after randome-effects
ANOVA comparing between groups. However, the num-
ber of subjects within each group that demonstrated acti-
vation in the right aMCC and/or right Al, areas that
distinguish the ECN and the SN, showed a trend toward
differences between females and males.

running

DISCUSSION

In this study, we sought to determine whether inherent
differences in intrinsic task-free brain networks have the
potential to contribute to sex-differences in human behav-
ior. Therefore, we specifically tested whether there were
sex differences in the intrinsic brain connectivity of the
DMN and two cognitive networks (ECN and SN) during a
task-free resting state. The DMN, ECN, and SN were
clearly identified using sICA in both men and women
with no significant sex differences. The data highlight that,
in both men and women, the ECN and SN contain a dis-
tinct constellation of nodes anchored by a common node
in the right DLPFC. This common right DLPFC node may
act to direct processing streams to one network or the
other depending on the task/stimulus or salience. The
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Figure 5.
Salience network. Group-level random-effects maps for the salience network identified by spatial
ICA for males, females and all subjects. Maps are projected onto a single subject anatomical
scan. Statistical threshold was set at a corrected P = 0.05 (false discovery rate).

similarity between sexes in these task-free networks sup-
port previous studies that propose that sex differences in
patterns of brain activation evoked during cognitive-task
performance arise from individual strategies rather then
differences in the composition of task-free networks.
Previous fMRI studies have identified some sex differen-
ces in the strength of activation in brain areas that show
some task responsivity in both sexes. For example, during
visuospatial cognitive tasks, men tend to have stronger pa-
rietal activation; whereas women tend to have stronger in-
ferior frontal and temporal activation [Jordan et al., 2002;

Kucian et al.,, 2005; Thomsen et al., 2000; Weiss et al.,
2003]. This disparity might be related to different strat-
egies employed by each sex while solving a cognitive task.
However, everyday activities are assembled from complex
cognitive-emotional behaviors and there is evidence that
the emotional content of a stimulus and the emotional
state of the subject can influence cognitive function [Dolan,
2002]. What’s more, fMRI studies evaluating sex differen-
ces in neural responses to emotional stimuli have found
that some of the same regions are activated. However,
there are some notable incongruities, primarily located
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within the limbic system that can be characterized as dif-
ferences in levels or laterality of activations [for review ar-
ticle see Hamann and Canli, 2004]. Interestingly, a meta-

SN vs ECN

-
=
—_—
=
=
=
=
e

analysis by Wager and Ochsner [2005] that examined sex
differences in responses to emotional stimuli identified dif-
ferences in lateralization of activation, but not levels of
activation.

Complex cognitive-emotional behaviors require a coali-
tion of activity in affective and cognitive networks to regu-
late and integrate information between regions [Pessoa,
2008]. It has been suggested that this integration occurs in
the DLPFC (BA 9/46) [Fales et al., 2008; Gray et al., 2002;
Miller and Cohen, 2001; Pessoa, 2008], an area implicated
in top-down regulation of emotional processes, and in the
aMCC, an area implicated in conflict monitoring that
could interrupt performance and engage the DLPFC to al-
ter attention resources [Botvinick et al., 2001; Davis et al.,
2005; Meriau et al., 2006]. It is noteworthy that these two
brain regions were also found to integrate interoceptive in-
formation [Critchley et al, 2004]. We found that the
DLPEC is functionally connected to the dorsal frontoparie-
tal cortex, SMA, TP], inferior frontal cortex, ACC, Al, and
subcortical areas. This pattern of brain activation involves
regions that were found to be active during different cog-
nitive tasks. The dorsal frontoparietal cortex is engaged in
goal-directed attention and memory tasks, and can be
modulated by brain areas activated by salient stimuli,
such as the TPJ, inferior frontal gyrus, Al, and ACC/SMA
[Corbetta and Shulman, 2002]. Seeley et al. [2007] found
that the ECN and SN share a common node in the right
DLPEC. Our study supports this finding because we found
that these two networks are strongly temporally correlated
with the right DLPFC, compared to other resting state-net-
works identified by ICA. Our finding that both networks
were temporally correlated with a mutual node in the
right DLPFC supports the role of the DLPFC as a potential
brain area where interaction could occur between the two
networks in both sexes. However, the medium strength
temporal correlation (r = 0.5) between ECN and SN to the
right DLPFC suggests that there may be more common
nodes where there is either integration or interaction
between these separate neural networks.

It is not yet understood whether salient processes,
including emotional processes, interact with cognition dif-
ferently in men and women. To examine sex differences in
interactions between salient stimuli with a cognitive task,
Koch et al. [2007] gave a negative olfactory stimulation to
subjects in the MRI while they were performing a memory
task. They found that men demonstrated an extensive
fronto-parietal-cingulate network; whereas in women,
there was no difference in the interaction paradigm,

Figure 6.
Salience network versus executive control network random-
effects contrast map for all subjects, between the ICs for the
salience network and the ICs for the executive control network
(SN minus ECN). LPi, Inferior lateral parietal; FGm, Middle fron-
tal gyrus (BA 9); aMCC, anterior middle cingulated cortex;
pgACC, pregenual anterior cingulate cortex; IA, anterior insula.
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Figure 7.

IC-fingerprints of the executive control, salience, and default
mode networks. Each fingerprint is a polar plot chart of the IC
representation in multidimensional space, characterized by 11
measures of the normalized spatial, temporal and spectral pa-
rameters. The median value from all subjects (females and

compared to the control paradigm (neutral olfactory stim-
ulus). Furthermore, women showed greater activation in
emotional brain areas, namely the orbitofrontal cortex and
the amygdala, and men showed more parietal and occipi-
tal activations compared to females. Thus, men may inte-
grate cognition and emotion information within the
cognitive control network, whereas women may engage
parallel processing of cognition and emotion information
with relative hyperactivity in emotional areas.

The above mentioned studies highlight the sex differen-
ces in brain areas evoked by cognitive tasks (i.e., task-posi-
tive networks). However, previous studies have not
evaluated sex differences in the DMN deactivation evoked
by a cognitive task. Given that patterns of spontaneous ac-
tivity predict the way in which the brain responds across
a wide variety of task conditions [for review, see Fox and
Raichle, 2007] we expected that differences in patterns of
activation between sexes would be reflected in the func-
tional connectivity during a task-free condition. However,
the findings from the data-driven analyses performed with
the random effects analysis, do not support rejecting the
null hypothesis, and therefore indicate that there are no
significant sex differences in these functionally connected
networks. Our findings indicate that controlling for sex
may not be necessary in fMRI studies of resting state net-

males) was calculated for each parameter and plotted separately
for each network: executive control (black), salience (red) and
default mode (green). Note that the fingerprints of the three
networks are remarkably similar and typical for BOLD signals
associated with neural activity.

works. However, non sex-based individual differences in
task-free activity have been reported. For example, func-
tional connectivity of the dACC with other nodes within
the SN was positively correlated with anxiety [Seeley
et al., 2007], resting state brain metabolism in the prefron-
tal and striatal regions varied with personality traits [Kim
et al., 2008], connectivity between nodes in the DMN posi-
tively correlated with memory performance [Hampson
et al., 2006], and DLPFC connectivity with other brain
areas was positively correlated with intelligence [Song
et al.,, 2008]. These types of studies typically use equal
number of female and male subjects to control for poten-
tial sex differences, which our data suggest is unnecessary.
Based on previous studies showing that both men and
women are capable of activating these networks during
cognitive task, and our findings that those networks con-
tinue to spontaneously fluctuate in both sexes, we provide
support that the networks are primed to be prompted
depending on the salience and complexity of a task. These
networks might be modified based on individual differen-
ces whether they are related to intelligence, personality
traits, state or strategies based on knowledge derived from
previous experience. More recently there has been interest
in the way the task-free networks are modulated during
cognitive task. Calhoun et al. [2008], using ICA of fMRI
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data, found that the task-free networks are temporally and
spatially modulated during cognitive task conditions. This
raises the possibility that these task-free networks may be
modulated differently in both sexes and these modulations
might even correlate with behavior in specific brain areas.

One limitation of our study arises from the issue of the
estimated number of ICs for fMRI data analysis. Typically
there are a large number of ICs in sICA, up to the number
of time samples in the scan, and so there are a variety of
methods to estimate the optimal number of components.
In this study, based on our experience and in accordance
with Brainvoyager recommendations, we used 30 compo-
nents, equivalent to 20% of the 150 time points in our
task-free scan that generate stable results in ICA. Other
studies used principle component analysis prior to ICA
decomposition [Beckmann et al., 2005; Damoiseaux et al.,
2006; De Luca et al., 2006], which determines how much
noise is left in the data but does not take into account the
actual structure of interesting signal in the data. Further-
more, we did not use variance-based automated methods
for choosing the number of components [Beckmann et al.,
2005; Damoiseaux et al., 2006; De Luca et al.,, 2006, Li
et al., 2007], because we were not concerned with the var-
iance of the signals. Rather, we were concerned with opti-
mizing the signals’ spatial patterns relative to our
hypotheses. Moreover, Li et al. [2007] proposed a new
method to obtain a set of effectively independent and
identically distributed data samples for order selection.
Although the networks that we found during task-free
condition are identical to those that were found in previ-
ous studies, they are highly dependent on our choice of
the number of ICs in ICA.

Another potential limitation in our study is that our
study participants spanned a wide age range from 21 to 42
years old. This range was based on the commonly used
range of ages in imaging studies. Although age-related
changes in brain activity under task-free condition have
been reported, they were found for subjects older than ours
[Damoiseaux et al., 2008; Sambataro et al., in press]. Fur-
thermore, we age-matched our subjects between the two
groups. Therefore, although we cannot totally rule out age
effects, their contribution to the findings are likely minimal.

In conclusion, we have found a remarkable similarity
between sexes in spatial topography of activation of the
DMN, ECN, and SN. This finding can be used for future
studies as an a priori hypothesis that brains of both sexes
will potentially respond in the same way during cognitive
tasks. Furthermore, our results advocate that resting state
fMRI studies can be done without controlling for sex.
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