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Background: Despite the great number of resting state functional connectivity studies on Eating Disorders
(ED), no biomarkers could be detected yet. Therefore, we here focus on a different measure of resting
state activity that is neuronal variability. The objective of this study was to investigate neuronal
variability in the resting state of women with ED and to correlate possible differences with clinical and
psychopathological indices.

Methods: 58 women respectively 25 with Anorexia Nervosa (AN), 16 with Bulimia Nervosa (BN) and 17
matched healthy controls (CN) were enrolled for the study. All participants were tested with a battery of
psychometric tests and underwent a functional Magnetic Resonance Imaging (fMRI) resting state
scanning. We investigated topographical patterns of variability measured by the Standard Deviation (SD)
of the Blood-Oxygen-Level-Dependent (BOLD) signal (as a measure of neuronal variability) in the resting-
state and their relationship to clinical and psychopathological indices.

Results: Neuronal variability was increased in both anorectic and bulimic subjects specifically in the
Ventral Attention Network (VAN) compared to healthy controls. No significant differences were found in
the other networks. Significant correlations were found between neuronal variability of VAN and various
clinical and psychopathological indices.

Conclusions: We here show increased neuronal variability of VAN in ED patients. As the VAN is relevant for
switching between endogenous and exogenous stimuli, our results showing increased neuronal
variability suggest unstable balance between body attention and attention to external world. These
results offer new perspective on the neurobiological basis of ED. Clinical and therapeutic implication will
be discussed.

Keywords:

Eating Disorders
Inhibitory control
Interoceptive awareness
Neuronal variability
Ventral Attention Network

Crown Copyright © 2018 Published by Elsevier Masson SAS. All rights reserved.

1. Introduction clarify neuro-functional alterations in eating disorders [5]. Based
on these studies, a neurobiological model of ED suggests that there
could be an imbalance in information processing between ventral

limbic and dorsal executive circuits [6]. These circuits are primarily

Eating Disorders (ED) represent the psychiatric disorder with
the highest rate of mortality in adolescent and young women [1].

To date, the physiopathology of these disorders is only partially
understood. Clinicians suggest a multifactorial approach, in which
neurobiological factors can contribute to the vulnerability, onset
and outcome of ED [2-4]. Recently a growing number of functional
magnetic resonance imaging (fMRI) studies have contributed to
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implicated in inhibitory cognitive processes and reward-related
behavior, which are altered in ED [7-9].

Several groups have used resting-state fMRI [10] that is thought
to reflect internally oriented thinking and consciousness [11,12].
This method measures brain activity in absence of any stimulus
and allows to calculate temporal correlations between different
brain areas, i.e., functional connectivity [13,14].

Despite the different interpretations of the Resting State studies
on ED, the results are generally overlapping in that they show
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functional alterations in various networks and/or areas. Specifi-
cally, alterations in the fronto-parietal network (a brain network
involved in cognitive control functions) were found in both
patients with Anorexia Nervosa (AN) and participants recovering
from AN [15]. These resting-state findings may underlie the
impaired cognitive control of appetitive processes as well as
ruminations concerning the self and body image [16,17].

Functional connectivity describes the relationship, i.e., syn-
chronization, between different regions and their activities in the
resting state. This leaves out the neuronal features of the region
itself independent of its relationship to others. For that, one could
investigate the variability of neural activity in the resting state as it
has been introduced recently [18-21]. This approach, called
“standard deviation (SD) of blood oxygenation level-dependent
(BOLD) signal” describes the fMRI fluctuations of the BOLD signal
in a specific cerebral region, resulting in a more direct measure of a
brain region activity [19-21]. To date, studies conducted with this
approach are still very limited. Studies on psychiatric subjects
show that in depression and bipolar disorders [22-27], the analysis
of neuronal variability allows us to emphasize more precisely the
neuro-functional alterations in terms of specific regions or
networks including their relation to behavior and clinical
symptoms [28,29].

The aim of this study is to explore for the first time fMRI resting
state neuronal variability in ED patients including both anorectic
(AN) and bulimia (BN) subjects and to correlate any differences
with psychopathological and clinical symptoms. As no previous
studies investigated SD in ED, our study must be considered
exploratory. Based on previous findings [7,9,12] we tentatively
hypothesized changes in SD in specifically the attention networks
like ventral attention network (VAN) in ED including their
relationship to psychopathological measures.

2. Methods and material
2.1. Participants

Forty-one women who were consecutively assessed after their
first contact at the Center for Eating Disorders of the University of
Turin diagnosed respectively with Anorexia Nervosa (25) and
Bulimia Nervosa (16) were recruited for this study between
January 2012 and December 2014. A diagnosis of AN and BN was
established by a psychiatrist following DSM-IV-TR criteria [30] and
confirmed using DSM 5 criteria before the data elaboration.
Inclusion criteria were: female sex; age of illness < 1.5 years; right-
handed; BMI < 18 and > 14. Exclusion criteria were major medical
illness, neurological disorders, use of psychotropic medications or
psychotherapeutic treatments in the last 6 months, presence of
other relevant psychiatric diagnosis, contraindication for MRI.
Seventeen matched healthy women were enrolled for the study as
control group.

2.2. Ethics

The study was approved by the Ethical Committee of the San
Giovanni Battista Hospital, Turin. (CEI/17 0028836) according to
the Helsinki Declaration as revised in Edinbourgh in 2000. All
patients and controls gave their written informed consent to the
study.

2.3. Measures

During a screening interview, an expert psychiatrist assessed
every patient and control with the support of the SCID [31] and
conducted a clinical evaluation to determine possible inclusion in
the study. Clinical data such as length of disease, BMI, binge/

purging episodes, physical hyperactivity and use of laxative per
week were also collected. According to Clinical Global Index (CGI),
the psychiatrist assigned a severity index for the disease for each
patient. All the participants completed a battery of self-adminis-
tered psychometric tests including Temperament and Character
Inventory (TCI [32]), Eating Disorder Inventory-2 (EDI-2 [33]),
Toronto Alexithymia Scale (TAS-20 [34]), Symptom Checklist-90
(SCL-90 [35]), Beck Depression Inventory (BDI-II [36]) and
Attachment Style Questionnaire (ASQ [37]) to evaluate psycho-
pathological symptoms and personality features.

2.4. fMRI data acquisition

Functional data were collected at the Neuroscience Department
AOU San Giovanni Battista, Turin, Italy on a Philips Achieva 1.5T
scanner (Erlangen, Holland) equipped with dual gradient system
(Quasar, Philips) of 40mT/m and a Sense high-field, high
resolution eight-channel head coil optimized for functional
imaging. The resting-state scan comprised 200 continuous
functional volumes (repetition time = 1966 ms, echo time =50 ms,
flip angle =90°, 24 axial slices, matrix = 128 x 128, slice thickness =
5mm, acquisition voxel size=1.8 mm x 1.8 mm x 6 mm, field of
view =25 cm). The total acquisition time was 6 min and 33s; the
patients were scanned with their eyes closed. Foam pads were
used to reduce head motion and scanner noise. All participants
reported keeping their eyes closed and being awake during the
scanning.

2.5. fMRI data processing

Preprocessing steps were implemented in Analysis of Func-
tional Neurolmages (AFNI) software [38]. We discarded the first
five volumes in each scanning using the AFNI command “3dTcat”.
The functional images from each scan were then slice-timing
corrected (via AFNI's 3dTshift), aligned to the second volume using
AFNTI’s “3dvolreg”, transformed into Talaraich space (Talairach J and
P Tournoux 1988) using and resampled to 3 x 3x3mm3 using
AFNI's “adwarp”, and then spatially smoothed with a 6-mm full
width at half maximum Gaussian blur (AFNI’s “3dmerge”). Subjects
with head motion larger than +3 mm translation or 41° rotation
were removed. Within our sample two subjects exceeded this
threshold (they have been eliminated from the following analysis);
data of all the other participants were used for the following
analysis. Time series for six estimated parameters of head motion
and mean time series from the white matter (WM) and
cerebrospinal fluid (CSF) were regressed out from grey matter.
According to previous literature, the data was then filtered with a
band-pass filter preserving signals between 0.01 and 0.08 Hz,
which was thought to reflect fluctuations of spontaneous brain
activity [39-41].

2.6. Resting state analysis

Resting-state data analysis was performed using AFNI (https://
afni.nimh.nih.gov/ afni) (38). First, the global signal variance was
calculated to account for possible global changes in all subsequent
analyses. Specifically, according to literature, we calculated the SD
of BOLD signal changes, a measure of neuronal variability in the
resting state.

Following Yang et al. [42,43] we choose to calculate the global
signal using two measures, the mean of the global signal (GM) and
the global signal standard deviation (GSD). This yielded no
significant differences between groups and between GM and
GSD. Because these measures did not reveal significant differences
in each subgroups subject-level voxel-wise, SD maps (p <.305)
were standardized and normalized onto subject-level z-score
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maps per brain volume by subtracting the mean voxel-wise SD
obtained for the entire brain (global mean of SD), then dividing by
the SD across voxels [44]. That’s the reason why our SD showed
negative values within our sample (as reported in Fig. 1 and 2) and
in all the analysis that we have done. Next, according to the
literature, spherical regions of interest (ROIs) with a radius of 6 mm
were placed in the Talairach coordinates of all cortical nodes of
each network. We adopted a well-established node template from
a previous study [45-47], containing 264 putative functional areas
(10 mm diameter spheres, 32 voxels per sphere) across the whole
brain. We extract 11 different networks: the Default Mode Network
(DMN), the Somato Motor Network (SMN), the Salience Network
(SN), the Auditory Network (AUD), the Visual Network (VS), the
Dorsal Attention Network (DAN), the Ventral Attention Network
(VAN), the Cerebellum Network (CB), the Frontal Parietal Temporal
Network (FPTC), the Medial Regional Network (MR), the Cingular
Operculum Task Control Network (COTC) and the Subcortical
Network (SUB). We extracted the SD from all of the nodes and we
then calculated the mean SD of all nodes within each resting-state
network. Data were then filtered with two separate bands within
the standard range of 0.01-0.10 Hz: Slow5 (0.01-0.027 Hz) and
Slow4 (0.027-0.073 Hz) [22,23,26].

2.7. Statistical analysis

Firstly, Analysis of variance (ANOVA) and age/BDI-controlled
Analysis of covariance (ANCOVA) were performed to compare all
variables between AN, BN and controls and between the two
groups of subjects distinguished in patients (AN + BN) and controls
using one sample t-test. A Bonferroni correction for multiple
comparisons was applied accepting only results with p <0.001.

Only the variables that significantly differed between groups at
this step were considered in the further analysis.

Secondly the SD values of the mean in each network and the SD
values in each frequency band (Slow5 and Slow4) were entered
into a one way ANOVA to compare group-level differences in the
variability between each subgroup: AN, BN and CN. The networks’
SD that were significantly different between subgroups were
entered into a post hoc test to detect differences in neuronal
variability between the various subgroups (i.e., AN, BN and CN). A
one sample t-test was then performed to study differences
between the two groups of subjects distinguished in patients
(AN +BN) and controls. Third, a Pearson correlation analysis was
performed between SD and the clinical variables (BMI and
hyperactivity) and TCI, EDI-2, TAS-20, ASQ, SCL-90 subscales
which differed between probands and controls.

Unless otherwise stated, all resulting t-maps were thresholded
at a corrected p-value of < 0.05. That is, the multiple-comparison
error was corrected using Monte Carlo simulation as implemented
in AFNI program AlphaSim, yielding a family-wise error rate
(FWER) at p<0.05 with a minimal cluster size of 97 voxels. The
smoothness used in the AlphaSim was the average smoothness
across subjects. The statistical analyses were performed using
Statistical Package for Social Sciences (SPSS) software (SPSS Inc.,
Chicago, IL, USA).

3. Results
3.1. Psychopathological assessment

We observed significant differences between anorectic sub-
jects, bulimic subjects and healthy controls in education [F=6.296;

-1,2

Networks Distribution

—

—
e = COTC |
S ——

= = FPTC |

—— V] O
——EESS——

=
- |  DMN |
_—

-0,8

-0,6

—
—
|

-0,4 -0,2 0

CN(17) mBN(16) AN (25)

Fig. 1. Networks distribution across groups and differences between AN, BN and CN.

Legend: CN = control subjects; BN =bulimic patients; AN =anorectic patients. CB = Cerebellum Network; COTC = Cingular Operculum Task Control Network; FPTC = Frontal
Parietal Temporal Network; SUB=Subcortical Network; DA=Dorsal Attention Network; MR=Medial Regional Network; (MR), VAN=Ventral Attention Network;

AUD = Auditory Network; DMN =Default Mode Network; SAL=Salience Network; SS=Somato Sensitive Network.
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Fig. 2. SLOW 5 SLOW 4 differentiation between Patients (AN + BN) and Control (2a) and between AN, BN and CN (2b).
Legend: Fig. 2a. Comparison of Slow 5 and Slow 4 SD values between Patients (PAT = Anorectic patients and Bulimic Patients) and Controls (CN).

e

CN = healthy controls.
* p< .05

p < 0.004], in BMI [F=68.856; p < 0.000] and physical hyperactivity
[F=10.829; p < 0.000]. (Table 1). Some subscales of the EDI-2 (drive
to thinness [F=34.382; p < 0.000], social insecurity [F=12.073;

p < .05. Fig. 2b Comparison of Slow 5 and Slow 4 SD values between Anorectic patients, Bulimic Patients and Controls. AN = Anorectic patients; BN = Bulimic patients;

interoceptive awareness [F=16.220; p < 0.000]) showed significant
differences between the three groups with both anorectic and
bulimic subjects scoring higher values than healthy subjects

p<0.000], interpersonal distrust [F=10.652; p<0.000] and (Table 1). Moreover, both anorectic and bulimic subjects also
Table 1
Demographical, clinical and psychopathological characteristicsof the sample.
AN (25) BN (16) CN (17) F p Post hoc
Age 20.33+4.42 21.56+2.35 23.27+2.19 2.382 102 -
Education 13.57 +2.29 14.50 +2.09 16.13+1.85 6.296 .004 CN> AN
BMI 15.99 +£0.92 21.84+2.35 2142 +1.85 68.856 .000 BN, CN>AN
Physical hyperactivity 5.00+3.31 4.86 +3.46 0.92 +1.16 10.829 .000 AN, BN>CN
EDI-2
Drive of thinness 13.19+6.72 16.50 +6.00 1.07+1.33 34.382 .000 AN, BN>CN
Bulimia 3.19+4.02 10.69 +£5.49 1.20+2.14 23.380 .000 BN >CN, AN
Body dissatisfaction 12.52+£6.71 20.62 +£5.33 5.33+5.34 23.618 .000 BN > AN
BN, AN>CN
Impulsivity 723+6.71 731+£5.39 0.67 +£0.82 8.469 .001 AN, BN>CN
Social Insecurity 6.79 +4.95 7.87 +4.16 1.27+1.83 12.073 .000 AN, BN>CN
Interpersonal distrust 6.47 £4.85 7.93+4.52 147 +£1.84 10.652 .000 AN, BN>CN
Interoceptive Awareness 9.47 £6.60 1218 £7.02 0.87 +1.46 16.220 .000 AN, BN<CN
TAS-20
Difficulty in identifying feelings 23.95+6.13 23.31+6.01 10.93 +£4.11 27916 .000 CN<AN, BN
Difficulty in describing feeling 17.82 +4.86 16.93 +5.64 11.07 +5.68 7.818 001 CN <AN, BN
Externally Oriented Thinking 17.82 +4.86 16.93 +£5.64 11.07 +5.68 7.818 .001 CN<AN, BN
Total 59.41 +£9.57 60.38 +£16.43 36.73 £10.41 19.150 .000 CN <AN, BN

AN = anorectic patients; BN =bulimic patients; CN=control subjects. BMI=Body Mass Index; EDI-2= Eating Disorder Inventory 2; TAS =Toronto Alexithymia Scale-20.
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showed higher alexithymia scores compared with healthy subjects
[F=19.150; p<0.000] (Table 1). Anorectic and bulimic patients
showed higher scores in many other psychopathological scales and
personality dimensions (Table 2). TCI scales (persistence, cooper-
ativeness and self-transcendence) and ASQ subscales (second
nature of relationships and discomfort about intimacy) were non-
significantly different.

3.2. Head motion analysis

In order to exclude the possible bias of head motion, we firstly
calculated the mean of motion shift and motion rotation of the
whole sample (shift: 0.06 + 0.03; rotation: 0.06 +0.02) and then
we conducted an ANOVA to detect if there are any differences
between groups. No significant differences were detected between
AN, BN and healthy subjects in terms of motion shift (AN =0.06
+0.02; BN=0.074+0.02; CN=0.06+0.03 p<. 319) and motion
rotation (AN=064+0.02; BN=0.064+0.01; CN 0.06+0.02;
p <.320).

3.3. Global signal - global neuronal variability

In a first step, following Yang et al. [42,43] we calculated the
global signal using two measures, the mean of the global signal
(GM) and the global signal standard deviation (GSD). This yielded
no significant differences between groups (for GM: F=.696;
p<.503; for GSD: F=.871; p<.425) and between GM and GSD
(t=-1.307; p<.305).

3.4. Neural networks - neuronal variability

We then investigated neuronal variability operationalized as
standard deviation of BOLD signal changes (SD) in the resting state
within the 11 networks of interest. ANOVA revealed that the SD
differed significantly between anorectic subjects, bulimic subjects
and healthy controls in specifically the Ventral Attention Network
(VAN) [F=7.311 p<0.002] (Fig. 1). No other significant differences
were found within the other networks (Table S1).

Following the literature, we also focused on Slow-5 and Slow-4
[22,23,48-51]. We first performed a two-sample test between
patients (anorectic and bulimic subjects together) and healthy
subjects for slow 5 and slow 4 (Fig. 2 a) followed by one way
ANOVA between the three group separately for slow 5 and slow 4
(Fig. 2 b). This yielded significant SD differences in VAN specifically
in slow 4 between patients (AN +BN) and CN: [t=-2.754; p <.008]
and within the three subgroups (AN, BN and CN separately):
[F=4.12; p < 0.02]. No significant differences were found in slow 5.
For details see also Table S2.

3.5. Neuronal variability in networks - relationship to
psychopathology

In a final step, we correlated the neuronal data on VAN SD with
psychopathological scores. Significant results showed that altered
SD in VAN directly correlated with BMI [p <0.01] and inversely
correlated with TAS total [p<0.01], physical hyperactivity
[p <0.04], drive of thinness [p<0.03] and impulsivity [p <0.03]
(Table 3). Other correlation between SD and significantly different
psychopathological scores (including some EDI-2 subscales
interpersonal distrust, interoceptive awareness and interpersonal
distrust, TAS-20 subscale difficulty in describing feelings, some TCI
subscales novelty seeking, harm avoidance and self-directedness
and ASQ subscales worry about relationship and need for approval)
were non-significant.

4. Discussion
4.1. Main findings

We here investigated resting state activity in patients with
Eating Disorders ED with a novel measure, that is, neuronal
variability. Moreover we investigated for the first time the global
signal as well as neuronal variability in specific networks. This
yielded the following main findings: (i) no differences in global
signal between ED and healthy subjects; (ii) increased neuronal
variability in specifically the Ventral Attention Network (VAN) in

Table 2
Personality and general psychopathological assessment of the sample.
AN (25) BN (16) CN (17) F p Post hoc

TCI
Novelty Seeking 17.05+6.58 22.63+5.19 16.67 +4.65 5.693 .006 BN > CN, AN
Harm Avoidance 21.29+8.13 23.13+£5.66 14.93 +£7.09 5.578 .006 AN >CN, BN
Self-directedness 23.38+743 20.56 +8.14 32.20+11.92 6.875 .002 AN, BN<CN
BDI-II 16.71 +9.69 17.81+£9.29 3.00+2.10 16.348 .000 AN, BN>CN
SCL-90
Total 140.95 £+ 63.43 159.00 +49.33 49.334+27.23 19.583 .000 AN, BN>CN
ASQ
Trust 2733+4.83 25.444+4.70 33.07 £5.09 10.356 .000 CN> AN, BN
Need for approval 35.004+5.59 35.81+8.60 2747 +£5.11 7.810 .001 CN <BN
Worry about relationships 27.62 +5.51 28.38+6.68 19.13+£3.16 14.427 .000 CN <AN, BN

AN = Anorectic Patients; BN =Bulimic Patients; CN= Healthy Controls. TCI =Temperament and Character Inventory; BDI=Beck Depression Inventory II; SCL-90= Symptom

Check List-90; ASQ = Attachment Style Questionnaire.

Table 3
Correlation between VAN and psychopathology in ED patients.
VAN« VAN « VAN o VAN « VAN o
BMI Physical hyperactivity Drive of thinness Impulsivity Global Score
(EDI-2) (EDI-2) (TAS-20)
Pearson 0.389 0.297 0.322 0.344 0.372
p 0.01 0.04 0.03 0.03 0.01

ED =Eating Disorders (Anorectic patients and Bulimic patients); VAN =Ventral Attention Network; TAS-20 = Toronto Alexithymia Scale-20.
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ED; and (iii) correlation of increased neuronal variability in VAN
with various psychopathological measures.

4.2. Global signal

We for the first time investigated the global signal (GS) in
resting state of ED. Following Yang et al. [42,43], we applied two
different measures of GS, that is GS mean and GS SD. Previous
investigations yielded increased GS in schizophrenia on both a
global level and a regional level [42,43]. In contrast, patients with
bipolar disorder did not exhibit any change in the global
component of GS [42]. However, a recent study showed that GS
differed on the regional level in manic and depressed phases of
bipolar disorder [25].

The present data investigate GS for the first time in ED. We here
show no GS changes in ED on the global level. This suggests the GS
to be different in ED when compared to the previous findings in
schizophrenia and bipolar disorder. However, to further strengthen
that claim future studies may want to directly compare ED,
schizophrenia, and bipolar disorder within one and the same
investigation. This perspective probably will confirm the hypothe-
sis that GS could have a precise and clear role in the diagnostic
classification of psychiatric disorders.

4.3. Neuronal variability in ventral attention network

Our main finding consists in increased neuronal variability in
specifically the ventral attention network (VAN). The whole group
of ED as well as both subgroups showed increased neuronal
variability in specifically the VAN whereas no changes were
observed in other networks. Moreover, we observed specific
increase in slow 4, the faster frequency, whereas no such changes
occurred in the slower frequency of slow 5. This means that in ED
patients the faster frequency was affected and not the slower one
concerning VAN. This result differs from what has been
highlighted in bipolar disorder where the slow 5 is more
compromised even if this impairment concerns different net-
works (posterior Default Mode Network and Salience Network)
[25]. This difference in the involved frequencies of the VAN may
represent a further specific marker for psychiatric disorders to be
explored with further studies.

Our findings are partially in contrast with a previous
investigation by Collantoni et al. [52] who observed reduced
functional connectivity in this network in ED. Rather than applying
functional connectivity, we here measured neuronal variability
which was increased in VAN and which correlated with various
psychopathological measures.

The VAN is involved in sudden shifts and redirection between
different stimuli [53]. In this context, VAN works as a mediator
between externally- and internally-directed stimuli with their
respective activities. Especially the TPJ as core region of the VAN
takes on a central role in encoding body-related stimuli and their
discrimination form non-bodily-related stimuli [54-56]. The
impairment of neuronal variability in VAN in ED thus suggests
that these patients are less able to redirect and shift their focus
from body-related stimuli to non-bodily-related environmental
stimuli: their attention is thus fixed and “stuck” on the own body
without being able to shift their attention away from the own body.
This is certainly well in line with the clinical symptom of an
“increased bodily-focus” (see [57,58] for such bodily-focus in the
context of depression).

Moreover, the assumption of such deficit in internal-external
shifting and re-direction is further supported by our findings of
correlation. Increased neuronal variability in VAN was significantly
correlated with various psychopathological measures like BMI,
TAS, and typical eating disorder symptoms like physical hyper

intensity, drive of thinness, and impulsivity. This suggests that an
impaired neuronal variability in VAN could be the basis of some
clinical symptoms of patients with EDs, even if the underlying
neurobiological mechanisms should be confirmed in future
research.

The psychopathological symptoms in ED may thus be traced to
an abnormal temporal feature in VAN neural activity, i.e.,
increased neuronal variability: if the neuronal activity is less
variable, the likelihood of shifting and re-directing attention
between internal bodily-related and external, i.e., environmental
non-bodily-related stimuli is decreased so that the patients’
focus remain on the internal bodily-related stimuli. That, in turn,
induces the various symptoms one can observe in these patients
[16,59]. Accordingly, psychopathological symptoms in ED may
have temporal and spatial basis in abnormal spatiotemporal
patterns of the resting state’s neural activity - this amounts to
what has recently been introduced as “Spatiotemporal psycho-
pathology” [12,60].

4.4, Conclusions

We here investigate for the first time global signal and neuronal
variability in resting state in ED. While we did not find any changes
in global signal in ED, our results demonstrated increased neuronal
variability in a faster frequency, i.e., slow 4 in the ventral attention
network in ED. Moreover, changes in resting state neuronal
variability in VAN correlated with various psychopathological
measures in ED. This further underlines the central relevance of
VAN in ED and its altered capacity of shifting between internal
body-related and external environmental non-bodily-related
stimuli in ED as it can be observed in psychopathological
symptoms. More generally, our findings support the recently
suggested novel form of psychopathology, that is spatiotemporal
psychopathology [12,54] to bridge the gap between neuronal and
psychopathological levels.

Two mainstreams of clinical implications may derive from our
findings. The first is the possibility to support a sequential
treatment of these disorders considering the impairment of the
cognitive dimension of EDs as one of the possible motives of the ED
psychopathology. In fact neurocognitive impairment may repre-
sent a consequence of specific neurofunctional impairment on
which both relational and emotional deficits are articulated. In
light of this specific therapeutic protocols such as Cognitive
Remediaton Therapy may become primary-line interventions in
the early stages of the ED treatment, which can be then followed by
more dynamic psychotherapeutic approaches.

The second regards the possibility to act on these specific
neurofunctional alterations with primarily biological instru-
ments such as TMS, tDCS or DBS in association with psychologi-
cal and nutritional therapies. In both cases the study of
neurofunctional markers of EDs offers the possibility to
integrate in a multidisciplinary approach both biological and
psychological treatments that have been considered separately
from each other from a long time.

4.5. Limitations

The first limitation concerns the relatively short resting state
which, based onarepetitiontime of2 s,did notyield a high number of
data points. Future studies may thus want to apply longer resting
state with for instance 15 min and a lower TR (like 1s).

The second limitation concerns the relative small sample of
subjects. Future studies with the same approach need to be done to
confirm our preliminary results in order to generalize our
hypothesis and considerations on different neurobiological aspects
of ED patients.



16 A.V. Spalatro et al./European Psychiatry 55 (2019) 10-17

The third limitation concerns the use of a 1.5T scanner. Future
confirmatory studies should be conducted on scanners of at least
3T power.
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