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Abstract The resting state brain networks, particularly the
Default Mode Network (DMN), have been found to be altered
in several psychopathological conditions such as depression
and anxiety. In this study we hypothesized that cortical areas
of the DMN, particularly the anterior regions - medial
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prefrontal cortex and anterior cingulate cortex - would show
an increased functional connectivity associated with both anx-
iety and depression. Twenty-four healthy participants were
assessed using Hamilton Depression and Anxiety Rating
Scales and completed a resting-state functional magnetic res-
onance imaging scan. Multiple regression was performed in
order to identify which areas of the DMN were associated
with anxiety and depression scores. We found that the func-
tional connectivity of the anterior portions of DMN, involved
in self-referential and emotional processes, was positively cor-
related with anxiety and depression scores, whereas posterior
areas of the DMN, involved in episodic memory and percep-
tual processing were negatively correlated with anxiety and
depression scores. The dissociation between anterior and pos-
terior cortical midline regions, raises the possibility of a func-
tional specialization within the DMN in terms of self-
referential tasks and contributes to the understanding of the
cognitive and affective alterations in depressive and anxiety
states.

Keywords Default mode network - Anterior-posterior
dissociation - Depressive states - Anxiety states

Background

Cognitive neuroscience has contributed to the advancement of
understanding of psychological disorders and their symptoms
by systematically investigating the presence of possible alter-
ations in brain structure and function in clinical populations
when compared to healthy controls.

Functional studies of the neural networks that were identi-
fied during the brain’s resting state and its relationship with
different neuropsychiatry disorders have been growing in the
last decades. Among the existing resting state networks, the
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Default Mode Network (DMN), has been the object of partic-
ular attention due to its involvement in self-referential pro-
cesses often affected in clinical conditions (e.g., depression;
anxiety) such as evaluating the salience of internal and exter-
nal cues, remembering the past, and planning the future. The
significance of the DMN for contemporary models of mental
illness has been empirically supported by findings on alter-
ations of this network associated with different neuropsychia-
try disorders (e.g., Buckner et al. 2008; Calhoun et al. 2009;
Fox and Raichle 2007; Garrity et al. 2007; Greicius et al.
2007; Greicius et al. 2003; Raichle et al. 2001; Sorg et al.
2007; Whitfield-Gabrieli and Ford 2012). There is an increas-
ing number of studies focused on DMN alterations in a wide
range of clinical conditions as well as in normal psychological
states with a diversity of methodological approaches: DMN
connectivity at rest; transition from rest to externally-oriented
tasks; alterations in the level of activity of specific regions of
interest of the DMN either at rest or during specific emotional
tasks (Berman et al. 2011; Kennedy and Courchesne 2008;
Liao et al. 2010; Ongiir et al. 2010; Uddin et al. 2008; Zhao
et al. 2007; Zhou et al. 2007). In what follows we will report
studies looking at DMN functional connectivity in depression
and anxiety (e. g., Zhou etal. 2010; Zhao et al. 2007; Zhu et al.
2012). A relatively large number of studies have found an
increase in DMN resting-state connectivity in depressed sub-
jects (e. g., Zhou et al. 2010; Hamilton et al. 2011).
Importantly, studies looking at the activity of DMN anatomi-
cal areas during different emotional tasks showed that DMN
alterations in depression are associated with higher levels of
maladaptive rumination and negative self-attribution (Grimm
et al. 2009; Kross et al. 2009; Hamilton et al. 2011), suggest-
ing that DMN alterations may modulate the mood alterations.
Depressive symptomatology is characterized by feelings of
sadness and anhedonia, vegetative symptoms and can cause
related changes in appetite, weight, sleep, energy, and sexual
activity (APA 2013). In addition, depressive states include
cognitive symptoms such as rumination, feelings of guilt,
and difficulty in decision making (Beck 1976; Mor and
Winquist 2002).

An important empirical finding is that the anterior portions
of the DMN seem to be those with more significant alterations
in depressed patients (Greicius et al. 2007; Northoff et al.
2006; Zhu et al. 2012), pointing towards the possibility of a
dissociation between the anterior and posterior parts of the
DMN. For example, Zhu et al. (2012) found that depressed
patients showed increased resting functional connectivity in
the medial prefrontal cortex (MPFC), ventral anterior cingu-
late cortex (ACC), and medial orbitofrontal (OBF) cortex, but
decreased functional connectivity in the posterior cingulate
cortex (PCC) and adjacent precuneus and angular gyrus.
Interestingly the anterior medial cortex regions correlated
positively with rumination score, while the decreased
functional connectivity in the posterior medial cortex
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correlated negatively with over general autobiographical
memory score. In the same direction, Greicius et al. (2007)
suggested that persistent, emotionally laden, self-reflective
tendencies like rumination in depressed persons might gener-
ate increased activity in medial prefrontal portions of the
DMN, whereas episodic memory retrieval impairments might
lead to reduced activity in the more posterior regions of the
network.

The same type of DMN alterations seem to apply to anxi-
ety, which very often is comorbid to depression (Norman et al.
1996). In fact, 85 % of patients with depression also experi-
ence significant symptoms of anxiety. In the same way, co-
morbid depression occurs in up to 90 % of the patients with
anxiety disorders (Gorman 1996). Like depression, anxiety
disorders are associated with an attentional bias and self-
focused attention (Clark and Wells 1995). Worry and rumina-
tion lead to the perpetuation of negative affect and thought
with negative effects on interpersonal functioning and physi-
cal health (Watkins 2008). Similarly to depression, studies
looking at DMN alterations in anxiety have looked at both,
DMN patterns of connectivity at rest and DMN activation
during functional tasks. For example Zhao et al. (2007) in a
study that looked at the functional activation of the DMN with
anxiety patients found evidence for a an anterior-posterior
DMN dissociation (i.e., reduced deactivation of the medial
prefrontal cortex - MPFC; increased deactivation of the pos-
terior cingulate cortex - PCC) while listening to threat-related
words as compared to a resting condition. Interestingly, this
anterior-posterior DMN dissociation is consistent with studies
reporting higher levels of activation at rest of the MPFC and
adjacent ACC in disorders such as social anxiety (Liao et al.
2010) simple phobias (Clark and Wells 1995), as well as anx-
iety states in healthy controls (Chua et al. 1999; Wang et al.
2008; Kimbrell et al. 1999; Cameron et al. 2000). In an oppo-
site direction, the posterior DMN areas seem to be inversely
correlated with anxiety. Osuch et al. (2000) found a negative
association between anxiety symptoms in healthy individuals
and posterior areas like the left fusiform, left superior
temporal, and left angular gyrus. In the same direction, a
recent study by Sampaio et al. (2013) found that the person-
ality trait of neuroticism (a predisposing factor to anxiety and
depression states) was negatively correlated with the function-
al connectivity of DMN’s parietal regions.

Taken together, the results of the abovementioned studies
suggest that certain regions of the DMN, rather than the DMN
as a whole, may be particularly involved in the maladaptive
self-referential thought that characterizes both depression and
anxiety. Therefore, the main goal of this study was to analyze
the relationship between the functional connectivity of the
DMN and depressive and anxiety states. The sample used in
this study is composed by healthy individuals with no clini-
cally significant symptoms of depression and anxiety. This
option was based on evidence for the continuity between
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depression or anxiety in healthy and clinical populations and
is in line with the RDoC framework included in the new stra-
tegic plan of the NIMH (Insel et al., 2010). According to the
official statement of the RDoC framework: “To clarify the
underlying causes of mental disorders, it will be necessary to
define, measure, and link basic biological and behavioral com-
ponents of normal and abnormal functioning”. Consistent
with this assumption, there is increasing empirical evidence
that various forms of mental disorders result from alterations
in normal functioning (Buckholtz & Meyer-Lindenberg,
2012). Moreover there is evidence that regions such as the
MPFC involved in depression, are equally activated during
self-referential processing by both patients and healthy sub-
jects. Additionally, there is evidence for an increased activa-
tion of the same regions when healthy subjects, with vulnera-
bility to depression, are confronted with negative stimuli
(Lemogne et al. 2009). This may suggest that the alterations
in DMN frontal midline regions may be associated with cur-
rent mood states prodromic of major depression episodes.

In this study, we hypothesize that individuals with higher
scores in depression and anxiety will present an increased
functional connectivity of the DMN, particularly in the ante-
rior portions of this network such as the MPFC and ACC. On
the contrary, we expect posterior areas of the DMN such as the
PCC, precuneus and parietal areas to be negatively associated
with depression and anxiety. In sum, anxiety and depression
symptoms may be associated with a DMN frontal posterior
dissociation.

Methods
Participants

Twenty-four healthy adults (9 men and 15 women) with a
mean age of 24.13 (S.D=1.33) ranging from 20 to 27 years
participated in this study. Participants were all Caucasian and
university students. Participants were recruited by informal
advertising of the study and had no past or current depression
or anxiety disorders. The study was approved by the
Institutional Review Board of the University of Minho and
by the Human Ethics Committee of S. Marcos Hospital, in
which data was collected. The procedures complied with the
principles expressed in the Declaration of Helsinki. Exclusion
criteria for the current sample were as follows: (1) the pres-
ence of any major medical or neurological disorder; (2) de-
pendency or abuse in the past year of alcohol and/or drugs; (3)
general MR contraindications. The study goals and tests were
explained to all participants and all gave informed written
consent. After signing the written informed consent, all the
participants responded to a laterality test: the Edinburgh
Handedness Inventory (Oldfield 1971). The participants
underwent a session of clinical assessment to evaluate the

presence and severity of depression and anxiety symptoms
followed by an fMRI scanning session.

Psychological assessment

- Hamilton Depression Rating Scale (HDRS, M. Hamilton 1967)
— This instrument is a clinician rated scale that assesses the se-
verity of the depression by probing mood, feelings of guilt, sui-
cide ideation, insomnia, weight loss, and somatic symptoms. The
scale consists of 17 items defined by a series of symptoms which
are scored on a scale of 0 (not present) to 4 (severe), with a total
score range of 0-68. < 7 indicates normal range; 8—15 indicates
minor depression and>16 major depression. The mean score of
the participants in our sample was 4.59 (SD=3.2), which is
below the cutoff of 16 that indicates the presence of clinical
depression. The HDRS was administered by a trained clinician
(one of the co-authors) in the format of structured interview.

- Hamilton Anxiety Rating Scale (HARS, M. Hamilton
1959)- The HARS is also a clinician-rated scale that measures
the severity of both psychological (mental agitation and psy-
chological distress) and somatic (physical complaints related
to anxiety) anxiety symptoms. The scale consists of 14 items,
defined by a series of symptoms which are scored on a scale of
0 (not present) to 4 (severe), with a total score range of 056,
where <17 indicates mild severity, 18-24 mild to moderate
severity and >24 moderate to severe. In this scale the mean
score of the participants was 5.75 (SD=5.95), which also in-
dicates the absence of clinical anxiety in this sample. The
HARS was administered by a trained clinician (one of the
co-authors) in the format of structured interview.

Functional MRI acquisition

A 5 min resting-state fMRI scan was acquired using a clinically
approved Siemens Magnetom Avanto 1.5 T (Siemens Medical
Solutions, Erlangen, Germany) scanner. Functional images were
obtained axially using a gradient- echo echo-planar imaging
(EPI) BOLD fMRI acquisition sequence with the following im-
aging parameters: repetition time =3000 msec; echo time
=50 msec; flip angle =90°; field of view =220 mm; matrix
=64x64; in plane spatial resolution =3.4x3.4 mm? 100 vol-
umes, 30 interleaved slices and slice thickness =5 mm.
Participants were instructed to keep their eyes closed and to
remain awake doing nothing in particular during the acquisition.

Image processing

Prior to further processing and analysis, all the images were
inspected to confirm that they were not affected by critical head
motion and that participants had no brain lesions. All imaging
preprocessing steps were conducted using DPARSF-Advanced
(Chao-Gan and Yu-Feng 2010). To achieve signal stabilization
and allow subjects to adjust to the scanner noise, the first 5
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volumes (15 s) were discarded. Functional MRI data were
corrected for errors in slice timing, using first slice as reference.
Images were realigned to the mean image to correct head mo-
tion with a six-parameter rigid-body spatial transformation. All
subjects displayed head motion less than 2 mm in translation or
2° in rotation. Images were spatially normalized to the MNI
(Montreal Neurological Institute) standard coordinate system
using SPM8 EPI template. Spatial smoothing using a full-
width Gaussian Kernel at half maximum, 6 mm was performed
to reduce noise without reducing valid activation. The linear
trend of time courses were removed and the images were band-
pass filtered (0.01-0.08 Hz). Band-pass filtering was used due
to its main advantages when using ICA for resting state analy-
sis: it minimizes the influence of both high and low frequency
noise such as MRI drift, breathing and pulsation artifact, with-
out leading to independence loss (Pignat et al. 2013). Moreover
this filter was used because resting state networks are typically
observed in the range of frequencies between 0.01 and 0.08.

Independent component analysis

To analyze the functional networks active in the task-free
BOLD sequence, spatial independent component analysis
ICA analysis was performed using the Group ICA 2.0 of
fMRI Toolbox (GIFT, http://www.icatb.sourceforge.net)
(Calhoun et al. 2009; Correa et al. 2005). The ICA analysis
consists in extracting the individual spatial independent maps
and their related time courses (Beckmann et al. 2005). The
reduction of dimensionality of the functional data and
computational load was performed with Principal Component
Analysis (PCA). The number of Independent Components
estimated was 20 for each subject. ICA calculation were then
carried out using the iterative Infomax algorithm. The ICASSO
tool was used to control the ICA reliability. Twenty
computational runs were made on the dataset, during which
the components were being recomputed and compared across
runs and the robustness of the results was ensured (Himberg
et al. 2004). The independent components were obtained and
each voxel of the spatial map was expressed as a t-statistic map,
which was finally converted to a z-statistic that characterizes
the degree of correlation of the voxel signal with the component
time course, providing indirectly a degree of functional connec-
tivity within the network (Greicius et al. 2007; Bartels and Zeki
2005). The 20 components estimated for each subject represent
the independent sources of variability in the resting state data,
thus overall they represent the functional networks active in the
resting state: one component represents the DMN, others rep-
resent the other resting brain networks such as the salience,
auditory, visual resting networks, etc. Finally, other compo-
nents represent noise/artifact components with no biological
meaning. The components were sorted and spatially correlated
with the Default Mode template provided by GIFT for DMN
identification and were also visually inspected. Finally, the
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best-fit component of each individual (z-maps) was used to
perform group statistical analyses (second level analyses).

Statistical analysis

For the group analysis, second level General Linear Model
(GLM) method of the SPMS8 (Statistical Parametrical
Mapping, http:/www.fil.ion.ucl.ac.uk) was used.

The first step was to study the global pattern of DMN
activation at the group level. All the individual default mode
z maps that were extracted in the ICA analyses described
above, were included in the same group and a one-sample ¢
test (p<0.05 FWE corrected for multiple comparisons, extent
threshold k=30 voxels) was performed. The same DMN tem-
plate mask that has been used to sort the components of the
ICA, was applied to extract the results.

After this all the individual DMN z-maps were entered to
SPMS8 and a multiple regression (with positive and negative
correlations) was performed (p<0.01 uncorrected, extent thresh-
old k=10 voxels), using all subjects in the study and their respec-
tive scores in HARS and HDRS. In order to control for age and
gender, both were added as covariates in the design matrix. The
equations for the GLM used in the statistical analysis were:

For Anxiety : y = 30 + 81* Anxiety Score + 32*Age + 3*Gender + ¢
For Depression : y = 80 + #1*Depression Score + 52*Age

+ f3*Gender + ¢

The resulting statistical maps (t and z statistics) represent
the strength of the association between anxiety/depression
scores and DMN functional connectivity. These results were
masked with the DMN template provided by GIFT. The re-
sults were corrected for multiple comparisons using the
“AlphaSim” implemented in REST (http://restfmri.net/
forum/REST V1.8). This function is based on the Monte
Carlo simulation in AFNI (http://afni.nimh.nih.gov/afhi/doc/
manual/AlphaSim) (Song et al. 2011). A corrected threshold
of p<0.05 was obtained using a combined threshold of p<0.
01 and a minimum cluster size of 23 voxels. Within the
template, the DMN regions were reported and anatomical
labeling was assigned by a combination of visual inspection
and the Anatomical Automatic Labeling atlas (AAL)
(Tzourio-Mazoyer et al. 2002).

Results

DMN network

The DMN was identified in the resting state conditions at the
group level. The main components of the DMN were ob-

served as can be seen in Fig. 1. The statistics of the group
DMN pattern are represented in Tables 1 and 2.
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x=-4,y=-61, 2=24

Fig. 1 Group-level spatial pattern of DMN (p<0.05 FWE corrected)

DMN and depression

The regions that showed an increased functional connectivity
associated with increased depression scores were the right
superior orbitofrontal gyrus (x=24, y=39, z=—12) and the left
middle frontal gyrus (x=—45, y=39, z=18).

The regions showing increased functional connectivity as-
sociated with a decrease in depression scores were the left
middle occipital gyrus (x=—27, y==78, z=12), left fusiform
gyrus (x=—-21, y=—84, z=—6), left precuneus (x=—9, y=—45,
z=60), left middle cingulum (x=—15, y=—-39, z=42), left pos-
terior cingulate cortex (x=0, y=—36, z=30), left inferior
parietal cortex (x=—48, y=—48, z=60) and left angular gyrus
(x=—45, y=—63, z=48) (Fig. 2).

DMN and anxiety

The regions that showed increased functional connectivity
associated with increased anxiety scores were the right supe-
rior medial frontal gyrus (x=18, y=45, z=0), right medial
orbitofrontal gyrus (x=12, y=39, z=-9), left anterior

Table 1 DMN global functional connectivity (FWE<0.05 corrected)
Regions V4 k (cluster size) MNI coordinates (X,y,z)
Left precuneus >8 734 -3,-57,27

Left medial prefrontal ~ 7.68 1417 0, 48, —15

Right angular 7.06 54 51, -60, 30

Right middle frontal 6.63 56 18,42, 48

Right middle cingulum 6 30 3,-21,36

Right medial temporal 5.97 41 24,-18, 24

Left medial temporal 5.76 62 —24,-24,-21

cingulum (x=15, y=39, z=12), left middle frontal gyrus (x=
—42, y=42, z=24), left inferior triangular gyrus (x=—36, y=
30, z=24), right superior orbitofrontal gyrus (x=18, y=27, z=
—15) (Table 3).

The regions showing increased functional connectivity
when anxiety scores decreased were the left post-central gyrus
(x=—18, y=-36, z=81), left middle temporal gyrus (x=—54,
y=-45, z=0) left inferior temporal gyrus (x=—51, y=—54, z=
—6) (Fig. 3).

Discussion

In the present study, we aimed at analyzing the relationship
between depressive and anxiety states and DMN functional
connectivity (FC) in a sample of healthy subjects. Overall, our
findings confirmed the hypothesis of a dissociation between
anterior and posterior areas of the DMN. Specifically, we
found that frontal portions of the DMN had increased FC in
more anxious and depressed individuals, whereas posterior
areas showed a reduced FC. These results are consistent with
previous studies of DMN alterations in depression and anxiety
(e.g., Greicius et al. 2007; Zhao et al. 2007; Zhu et al. 2012).

Before discussing our results, it is important to note that the
current study looks at alterations of the DMN associated with
the variability in anxiety and depressive states in a non-clinical
sample. However, we believe that FC alterations in healthy
individuals, with different levels of depression and anxiety,
may be helpful in understanding subtle alterations that may
increase vulnerability to anxiety and mood disorders. As
Lemogne et al. (2012) argued in their meta-analysis on the
role of elevated MPFC activation in depression, studies in
never-depressed healthy subjects presenting with increased
vulnerability for depression are warranted because some of
the findings with clinical populations may result from endur-
ing effects of acute depression or anxiety rather than from pre-
morbid vulnerability. Therefore, resting state neuroimaging
assessment in healthy individuals presenting with a natural
variation in depression or anxiety symptoms, may have an
important role in predicting the course of affective disorders.
Specifically, it can help us to predict when normal mood al-
terations may lead to the emergence of clinical depression or
anxiety. For example the heightened FC at rest in anterior
portions of the DMN in normal depressive and anxiety states
found by us, may constitute a predisposing factor for over-
responsiveness of these regions to negative stimuli, contribut-
ing to the onset of a depressive or anxiety disorder.

In fact, the anterior- posterior DMN dissociation observed
in our sample has also been demonstrated in clinically de-
pressed and anxious subjects who present higher connectivity
in structures such as the orbitofrontal and middle frontal cor-
tex, and lower connectivity in the PCC, precuneus, inferior
parietal, angular and occipital gyrus (Zhu et al. 2012).
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Table 2 Correlations between
depression scores and DMN

functional connectivity *

Brain region T value Z value k (cluster size) MNI coordinates (x,y,z)

Positive correlations
Right superior orbitofrontal gyrus 4.34 3.60 76 24,39, -12
Left middle frontal gyrus 3.25 2.87 39 —45, 39, 18

Negative correlations

Left middle occipital gyrus 4.30 3.57 87 -27,-78, 12
Left fusiform gyrus 3.70 3.19 —21, -84, 6
Left precuneus 4.01 3.40 31 -9, —45,60
Left middle cingulum 3.94 3.35 56 —15, -39, 42
Left posterior cingulate cortex 2.78 2.53 0, —36, 30
Left inferior parietal gyrus 323 2.86 43 —48, —48, 60
Left angular gyrus 3.04 2.72 -39, —48, 48

# Each cluster’s coordinates in Montreal Neurological Institute (MNI) space (X, y, z), maximum T and Z-value and
size are given. All correlations were significant at a corrected for multiple comparisons p<0.05 threshold (based
on the combination of a threshold of p<0.01 and a minimum cluster size of 23 voxels), determined by Monte

Carlo simulation program (AlphaSim)

Connectivity analysis allows us to explore whether the altered
DMN pattern observed in depression and anxiety is dispropor-
tionately driven by the activity of specific nodes (e.g., anterior
versus posterior nodes). On the other hand, FC studies may
contribute to integrate findings from studies reporting specific
regions of hyper metabolism in certain disorders, into the
broader context of an altered neural network such as the
DMN.

In fact, several task positive or activation studies at rest
have found that depressed individuals present an increased
metabolism in several midline anterior regions including me-
dial prefrontal, anterior cingulate and orbitofrontal cortex (e. g

Fig. 2 DMN regions positively (warm colors) and negatively (cool
colors) correlated with depression scores. The image on the left shows
the right superior orbitofrontal gyrus and left middle frontal gyrus. The
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Beauregard et al. 2006). This is not surprising considering the
role of frontal midline areas for self-referential processing
(Northoff et al. 2006) and rumination typically experienced
by individuals who report depressive symptoms (Berman
et al. 2011; Grimm et al. 2011). These findings are also con-
sistent with previous evidence for an increased MPFC activa-
tion for negative stimuli in individuals with high scores of
neuroticism or dispositional self-focus (Haas et al., 2008;
Cremers et al. 2010; Eisenberger et al., 2005), which are a
proxy of vulnerability for depression.

The same is true for anxiety in which the same frontal
DMN areas that we found that were positively correlated

< .
image on the right shows the left posterior cingulate cortex, left precuneus
and left angular gyrus
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Table 3 Correlations between

anxiety scores and DMN Brain regions T VA k (cluster size) MNI Coordinates (X,y,z)
functional connectivity *
Positive correlations
Right medial prefrontal gyrus 4.59 3.75 60 18,45,0
Right medial orbitofrontal gyrus 3.54 3.08 12,39, -9
Right anterior cingulate gyrus 3.06 2.74 15, 39, 12
Left middle frontal gyrus 3.70 3.19 51 —42,42, 24
Left inferior triangular gyrus 2.95 2.66 =36, 30, 24
Right superior orbitofrontal gyrus 3.20 2.84 36 18,27, -15
Negative correlations
Left post central gyrus 445 3.67 43 —18, 36, 81
Left middle temporal gyrus 3.57 3.10 33 —54,-45,0
Left inferior temporal gyrus 3.40 2.98 =51, -54,-6

# Each cluster’s coordinates in Montreal Neurological Institute (MNI) space (X, y, z), maximum T and Z-value and
size are given. All correlations were significant at a corrected for multiple comparisons p<0.05 threshold (based
on the combination of a threshold of p<0.01 and a minimum cluster size of 23 voxels), determined by Monte

Carlo simulation program (AlphaSim)

with anxiety (MPFC, ACC, middle frontal gyrus and
OBF), were previously reported to be overactive during
anxious cognition (Gusnard et al. 2001; Milad and Rauch
2007). This is in line with the well documented role of the
MPFC and OBF in the regulation of emotional arousal in
general (e.g., Etkin et al. 2006), and specifically in anxi-
ety related processing (Qin and Northoff 2011; Ray et al.
2005) and with the increased activity of the MPFC and
OBF in several anxiety disorders (Fredrikson et al., 1995;
Shin et al. 2013).

The FC of the anterior cingulate cortex was positively cor-
related with anxiety scores. This area has been positively

Fig. 3 DMN regions positively (warm colors) and negatively (cool
colors) correlated with anxiety scores. The image on the /efi shows the
right medial orbitofrontal gyrus and adjacent anterior cingulate cortex,

associated with anxiety states both in healthy individuals
(Chua et al. 1999; Kimbrell et al. 1999; Osuch et al. 2000)
and in patients with disorders such as social anxiety (Liao
et al. 2010) and panic disorder (Shin et al. 2013). Given that
the ACC is involved in affective processing of negative infor-
mation (Amir et al. 2005), being especially sensitive to inter-
nal signs of autonomic arousal (Shin et al. 2013), it is not
surprising that more hyper vigilant and alert participants pre-
sented higher FC in this area. This was the only frontal DMN
area differentiating anxiety from depression. In fact, we did
not replicate the findings reporting increased activity in the
subgenual ACC in depression (e.g., Mayberg 1997; Drevets

and the left middle frontal gyrus. The image on the right shows the left
post central and left temporal areas
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et al. 2008; Kennedy et al. 2001). It has been shown that the
over activation in the ACC in depression tends to decline
towards the normal range in depressed patients who respond
to treatment (e.g., Kimbrell et al. 1999). Thus, the increased
activation of the ACC may be a defining characteristic of
severe/clinically significant symptoms of depression and not
of normative depressive states.

On the contrary, posterior DMN areas, such as the
PCC, precuneus, angular gyrus, and inferior parietal cor-
tex presented decreased FC in more depressed and anx-
ious individuals. Our findings of a negative correlation
between the FC of posterior DMN areas and anxiety can
work as a cross-modal validation for task positive studies
linking these areas to functions that are compromised in
depressive states. In fact, these posterior DMN areas have
been associated with autobiographical memory (Olson
et al. 2007; Spreng and Grady 2010), social cognition
(Vogeley and Fink 2003), and visual and sensory process-
ing (Ganis et al. 2004), and may thus be related with the
episodic memory impairments typically reported in de-
pressed patients (Lemogne et al. 2006, 2009; Kuyken
and Howell 2006), namely the over-general autobiograph-
ical memory phenomena (Greicius et al. 2007; Zhu et al.
2012).

Regarding anxiety, we also found a negative correlation
with posterior DMN areas. Interestingly, the areas whose FC
were negatively associated with higher scores were the post
central gyrus and in the middle and inferior temporal gyrus.
These results may suggest that there are different mechanisms
associated with anxiety states versus depressive states.
Support for a specific involvement of these two areas in
anxiety comes from findings by Kimbrell et al. (1999) of a
decreased activity in posterior temporo-parietal cortex with
anxiety induction. The ITG is involved in visual perception
(Ishai et al. 1999) and is part of the ventral visual pathway
(Baddeley et al. 1997), suggesting that the decreased activity
in sensory processing areas may represent a neural correlate of
perceptual impairments in anxious patients (Liao et al. 2010).

In conclusion, we found that more depressed and anxious
individuals presented an over connectivity of frontal DMN
areas during the brain’s resting state. This altered baseline
connectivity of the frontal DMN may be related to the contin-
uous rumination and anxiety-related thoughts focused on the
perception of loss, threat, and injustice (Takano and Tanno
2009), allocating excessive cognitive resources to self-
referential processes at the cost of externally oriented process-
ing such as problem-solving (Harvey et al. 2005). Thus, our
results bring additional support for the role for self-focus in
depression and the anterior DMN nodes in its
pathophysiology.

On the contrary, the posterior nodes of the DMN such as
the PCC and temporal areas seem to be more involved in tasks
such as autobiographic episodic memory and performing
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episodic judgments about the future (Behrmann et al. 2004;
DeYoung et al. 2010). Thus, our study provided additional
evidence for a dissociation between anterior and posterior
midline regions that compose the DMN, raising the possibility
of a functional specialization within the DMN in terms of self-
referential tasks. The idea that midline areas concerned with
self-referential processing may be domain or content specific
was suggested in the meta-analysis by Northoff et al. (20006).
The anterior regions strongly connected with limbic areas are
involved in the emotional self-referential processing (Ochsner
and Gross 2005) and representing interoceptive stimuli as self-
referential (d’Argembeau et al. 2005). On the contrary, the
posterior regions densely connected with the hippocampus
are more implicated in coding and retrieving autobiographical
memory, being responsible to putting self-referential stimuli
within a temporal context linking them to past self-referential
events.

A potential limitation of our study is the fact that only the
pattern of the DMN at rest was analyzed. Several authors
(Sridharan et al. 2008; Hamilton et al. 2011; Whitfield-
Gabrieli and Ford 2012) pointed out the importance of exam-
ining the dynamics of activation— deactivation of the DMN,
during the transition from rest to task performance. Futures
studies should overcome this limitation by analyzing the pat-
terns of DMN activation and deactivation in depressive and
anxiety states.
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