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Abstract:

Clinical remission of depression may be associatiti emotional residual symptoms. We
studied the association of emotional blunting, mation with neural networks dynamics in
remitted depressed patients and cognitive perfocednring an N-Back task. Twenty-six
outpatients in remission of depression (Hamiltopi@ssive rating scale score <7) performed
an N-Back task during fMRI assessment. All patidrad been treated by paroxetine for a
minimum of 4 months. Two sub-groups of patientsr{idmotionally blunted NEB=14 and
emotionally Blunted EB=12) were determined. To tifgriunctional network maps across
participants, the Network Detection using Independmmponent Analysis approach was
employed. Within and between Task Positive Netw®RN) and Default Mode Network
(DMN) connectivity were assessed and related t@mbaity of performance on the N-Back
task and rumination. EB and NEB patients were iftgrént for the level of accurate
responses at the N-Back. However over the entimking memory task, the negative
correlation between DMN and TPN was significantiyér in the EB than NEB group and
was differently related to cognitive performance ammination. The stronger the negative
correlation between DMN and TPN was, the less b&ithe reaction time during 3-Back
task in NEB patients. Moreover the greater the tieg@orrelation between DMN and TPN
was, the lower the rumination score in EB patieBtaotional blunting may be associated
with compromised monitoring of rumination and cdiy@ functioning in remitted depressed
patients through altered cooperation between DMNTEPN. The study suggests clinical

remission in depression is associated with biokldieterogeneity.
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1. Introduction

Major depression is a highly prevalent and costiirbdisorder (Kessler et al. 2003).
Although several treatments are available, only 40%epressed patients receiving
antidepressant or psychotherapy achieve remissibninitial treatment (Rush et al. 2006).
Further the likelihood of remission after two or mmoherapeutic trials substantially decreased,
suggesting than major depression may lead to symgito sequela (Gaynes et al. 2009).
Residual symptoms may be found in patients constr be in clinical remission
(Zimmerman et al. 2032defined as a pre-determined cut-off score («7)h@ Hamilton
Rating Scale for Depression (HAMD). Among residsshptoms, emotional and cognitive
impairments have a great clinical significanceheeytmay predict functional impairment and
depressive relapse (Sacchetti et al. 2015). Rairdiépressed patient frequently complain
about emotional changes after recovery of depregsan Rijsbergen et al. 2015). Emotional
blunting mainly characterized by emotional detachmentlackl of emotional reactivityis
frequently observed in remitted patients and iateel to both residual depression and
antidepressant treatment (Price et al. 260ie and Goodwin, 2009Beyond the impact on
emotional life and interpersonal relationships, g#omal blunting may also influence
cognitive performance such as attention and workieghory. Dubal and collaborators
(Dubal and Jouvent, 2009) showed that subjects pathistent blunted response to pleasant
stimuli, displayed greater intra-subject varialibin reaction time during a sustained attention
task and developed a more conservative resporaegfrresulting from a rapid decrease in
executive resources. The neural correlates of saghitive impact of emotional residual
depressed symptoms are not well understood.

According to recent model (Menon, 2011), major dspion may be viewed as a disorder of
the functional connectivity and dynamic of neuratworks involved in allocation of

attentional resources to the internal and extemoald. Among these networks the Task-
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Positive Network (TPN), including lateral prefrontartex, parietal cortex and insula,
supports working memory and attention directedheoexternal world whereas the Default
Mode Network (DMN), supports internal mental adinand attention directed toward the
internal world. The DMN includes the posterior aitege cortex (PCC), medial prefrontal
cortex (mMPFC), and inferior parietal cortex (IPTask positive and task negative networks
act in concert and in opposition, as they have Isbéemwn to be anticorrelated during both
cognitive tasks and during resting statke quality of cooperation between the Default Mode
Network (DMN) and the Task Positive Network (TPNayrexplain intra-subject variability
in working memory performance in healthy subje&islify et al. 2008).

An over-connectivity pattern across the TPN anddMN also contributes to rumination in
acute depressed patienteogne et al. 2008heline et al. 2009). Moreover rumination is
linked to an increased vulnerability for major degsion through abnormal interactions
between key nodes of both networks (Freton ettdl42Nejad et al. 2013)

Yet the temporal dynamics between the TPN and DeNained to be assessed in remitted
depression in relationship with residual symptomd mumination.

The main goal of that study was to evaluate to veti&gnt the relationship between emotional
blunting as residual symptoms, rumination and wagkhemory performance in remitted
depressed patients relates to the cooperationaheural networks involved in allocation of
attentional resources.

Here we assessed attention to the external wonhd) @sworking memory task, the N-back
task that has been classically used in behaviohfRI studies of acute and remitted
depressed patientslérvey et al. 2005)Valsh et al. 2007)Videly used in several recent
studies of psychiatric and neurological disordess,used thantra-individual RT variability

to provide useful information about cognitive funaing (Mac Donald et al. 2006).
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Using independent component analyses (ICA), wesasslewithin and between connectivity
of the TPN and DMN in remitted depressed patientis and without emotional blunting
while performing the N-back task. In order to cohfor treatment effect, all remitted patients
were treated with the SSRI Paroxetidée hypothesized that emotional blunting in renditte
depressed patients would be associated with abheouoperation between the DMN and
TPN hence producing greater intra-subject varighaf performance on the N-back task and

different regulation of rumination.

2. Materials and methods

2.1 Participants

Twenty-eight right-handed outpatients, in full resion according to DSM |V criteria of
Major Depressive Disorder (MDD), not fulfilling DSW-TR (Diagnostic and Statistical
Manual of Mental Disorders, 4th edition, Text Réwy criteria for current MDD and for a
minimum of 2 months without significant symptomsdefpression, were recruited by
psychiatrists (1 centre located in Rio de Janaia,aBrazil). The remitted MDD patients
were all treated by paroxetine for a minimum of dntins at an appropriate dose for
depression (at least 20mg/day), in clinical remoissiccording to a score cut-off of 7 in the
Hamilton Depression Rating Scale (HAM-D) 17 itero&t score (Hamilton, 1960), with a
Hospital Anxiety Depression scale (HAD; Zigmond &hith, 1983) depression score <7
and HAD anxiety score <7. The remitted MDD patiemése not selected if they had other
concomitant psychiatric disorders (documented kyMimi International Neuropsychiatric
Interview) or current neurological disorders, iéyhhad other concomitant psychotropic
medication than paroxetine, if they presented eamdications for MRI (mainly

claustrophobia or metallic prosthesis), a curr@émeoent history of alcohol abuse, substance
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abuse disorder or dependence, within 12 months taristudy entry or if they had
uncontrolled organic diseases likely to interferthwhe conduct of the study.

Two patients were excluded from the statisticalysia (one because of excessive head
movements and one because of absence of recortaditneral responses in the MRI
scanner) leading to a final sample of 26 patients.

Two sub-groups were determined by a standard quresti emotional blunting "To what
extent are you experiencing emotional effects afryantidepressant? Emotional effects are
variable, but might include, for example — feelemgotionally ‘numbed’ or ‘blunted’ in some
way / lacking positive emotions or negative emdidfeeling detached from the world
around you / ‘just not caring’ about things thatiyssed to care about".

Fourteen patients with a score of 1 (not at al @insignificantly) were assigned to the non-
emotionally blunted (NEB) group and twelve patienith a score of 4 (moderately) or 5
(severely) were assigned to the emotionally blugEt) group. Patients answering “mildly”
(i.e. 3) on the standard question on emotionaltbigrwere not included in the study.

This study was conducted in accordance with thecoles of the Declaration of Helsinki.
Approval was obtained from the Brazilian ethics caittee for Biomedical Research of the
Souza Marques medical school (Rio de Janeiro). Baditipant gave his/her informed
written consent before entering the study.

2.2 Clinical assessments

Depression and anxiety residual symptoms were sasgesing the Portuguese version of the
HAD scale (Zigmond and Snaith, 1983). Apathy waeased using the Brazilian care-giver
version of the Apathy Scale (AS, Starkstein el802) validated by Guimaraes and
collaborators (Guimaraes et al. 2009) and adaptedself-questionnaire. Participants also
fulfilled the Portuguese version of the PsychotteRelated Sexual Dysfunction

Questionnaire (PRSex-DQ, Montejo et al. 2000) Bhazilian short-version of the
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Ruminative Response Style of Treynor and collaloosafTreynor et al. 2003) (10-item
guestionnaire, Figueiredo-Queirés et al. 2005)s8®eas rumination and the Portuguese
version of Oxford Depression Questionnaire (ODQgdPet al. 2012) to measure emotional
blunting intensity.

2.3 N-back task design

Subjects performed a letter variant version ofrtheack task (Harvey et al. 2004). Load and
mental manipulation within working memory (WM) aredified by using three levels of
complexity. Briefly, subjects have to indicate wimta letter presented on a screen (the
“target” stimulus) matched a letter previously mmed (the “cue” stimulus). In order to
reduce visual and phonological strategies, we pbedologically closed letters with upper
and lower case. Thus, only the following letterseveresented: b, B, d, D, g, G, p, P, t, T, v,
V. Subjects had to ignore the case of the letemsh presentation triggered a choice response
to the following questions: is this letter “difiemt from” or “identical” to a previously
presented letter? Subjects responded either bgipgethe right or left button whether the
target was identical or different from the cueg$pective of the case. Depending on which n-
back condition (1-, 2- or 3-back) is performed, tbgponses were to match the current letter
with the one seen 1, 2 or 3 presentation backv&ubjects also performed a control task (0-
back) in which they had to identify a single pregfied letter (i.e., an “X” or “x”) [Figure 1].
Participants underwent fMRI scanning while perfargithe N-back task.

2.4 fMRI protocol

The task encompassed four runs of seven pseudosmaneld N-back blocks. Each block
contained a pseudo-random sequence of 12 lettesemied for 0.5 sec and followed by a
fixation cross for 2 sec. Participants could respduring either the letter presentation or the
fixation cross. A response was required for evettet presentation. Subjects indicated their

response on a two-button pad with the index andllaifingers of their right hand (index
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finger indicating a match). Each block lasted 3@ m®ceded by a 4-sec cue presentation
indicating the n-back condition. A 4-sec blank gedaparated the instruction from the
appearance of the first letter. Blocks were sepdritbm one another by a 16-sec interval (i.e.
resting inter-block). The different condition bl@cwere also presented pseudo-randomly.
Subjects performed a practice run of 7 blocks leeftarting the task.

2.5 fMRI data acquisition

Visual stimuli were generated by E-prime 2.0 sofemand projected on a screen viewed
through mirror glasses above the eyes.

Data images were acquired on 3-T TRIO TIM scan8eniens Medical Solutions, Erlangen,
Germany) with a 12-channel head coil. A set of fnggolution three-dimensional T1-
weighted images were acquired (repetition time/timecho: 2530/3.39 milliseconds; field of
view: 256x256 mrf] matrix: 256x256; flip angle: 7°; voxel size 1x1mih’) for anatomical
localization.fMRI series consist in 173 volumes acquired, adtabilization of the
magnetization to a steady state, with T2* grademfio-planar sequence (repetition time/ time
to echo: 2200/40 milliseconds; field of view: 214X2mn¥; an axial matrix of 72x72 leading
to a voxel size of 3x3x3 mheovering the whole brain). Axial slices were acgdiparallel to
the anteroposterior commisure plane.

2.6 Statistical analyses

2.6.1 Clinical and behavioral data analyses

The analysis of clinical scales and task perforreamas conducted using the Statsoft
Statistica version 10 (www.statsoft.fr) statistipackage.

Difference in gender between both groups (EB an8Nkas analyzed with a two-way Chi
square test. Differences in clinical and demographaracteristics between the two groups of
remitted MDD patients were compared using the patamtwo-sample Student t-test or,

when the population was not normally distributeefifted by the Kolmogorov-Smirnov test),
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the non-parametric test Mann-Whitney U-test for, agieication level, duration of the last
depressive episode, duration since the remissiothi®last episode, number of previous
depressive episodes, HAD depression and anxietyhgpPRSex-DQ, RRS and ODQ scores.
Difference in N-back task performance (accuracyesemd reaction time) were compared
using an analysis of variance with a between-gfaafor (EB and NEB), and 1 within-group
conditions factor (0-, 1-, 2-, 3-back).

The threshold for statistical significance was > p<0.05 (2-tailed).

2.6.2 Functional data analysis

The fMRI data were pre-processed using SPM8 (Welle®epartment of Cognitive
Neurology, London, UK). For each subject, functiansages were slice-time corrected,
realigned and spatially smoothed using a Gaussamek(8mm at full-width at half-
maximum). Next, functional connectivity analyseseveonducted using the NetBrainWork
software (https://sites.google.com/site/netbrairkidraboratoire d'Imagerie Biomédicale,
Paris, France). To identify functional network mapsoss participants, the NEDICA
(Network Detection using Independent Component ¥81g8] Perlbarg et al. 2008) approach
was employed. It consists in a two-step approacigroup-level functional networks
identification. First, spatial independent compdreamalysis was achieved leading to a set of
40 spatial independent components (ICs) registatedhe MNI standard stereotaxic space
computed for each individual. Secondly, similartsgd@omponents across individuals of both
groups of participant were gathered by using aanefical clustering algorithm (Marrelec et
al. 2008). Each cluster is characterized by itgekegf representativity (DR, ratio of subjects
represented in the cluster) and its degree of tyn(biU, ratio of subjects represented by only
one component in the cluster). For each resultingter, a t-map was calculated with a fixed-

effect approach and stastically thresholded (p<s@-08R corrected) to generate a set of group
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maps representing group-level spatially structuceg@sses. Finally, on the basis of previous
reports (Buckner et al. 2008; Perlbarg and Marret608), the DMN network was selected
by visual inspection.

The task-positive network (TPN) corresponds to \@xegatively correlated with the DMN
timeseries. DMN and TPN t-maps were selected #@ifiuhctional connectivity analyses
(Figure 2A). Regions of interest (ROIs) were sadddtased on the peak voxels identified in
the two t-maps. Each region selected was compuafs€d voxels, delimited by a region-
growing algorithm (Bellec et al. 2006) from the gjivpeak and was located at least30
apart from another ROI. Similarly to previous saglithe DMN network comprised five
nodes: the precuneus / posterior cingulate coR€(), the ventromedial prefrontal cortex
(VMPFC), the dorsomedial prefrontal cortex (DMPF&)d the bilateral posterior part of
inferior parietal lobule (ie. Angular gyrus) [Peatig and Marrelec, 2008]. The TPN was
partitioned into two sub-networkthat show coactivation across a variety of workimgmory
tasks (Seeley et al. 2007): the Central Executiegvirk (CEN) comprising important nodes
in the bilateral dorsolateral prefrontal cortex @HC) and the bilateral anterior part of the
inferior parietal lobule (supramarginal gyrus), dhd Salience Network (SN) comprising the
bilateral anterior insula and the dorsal anteringalate cortex. The remaining regions of
TPN belong to the motor network (MN) (Perlbarg amarrelec, 2008) and were used as a
control network for the analyses of correlationhitite behavioural performance variability.
The coordinates of regions of the DMN and the TBNded for the analyses are shown in
Table 1.

fMRI time-series were corrected from physiologicalse with CORSICA approach (Perlbarg
et al. 2007) and mean time-courses within each R@fe extracted for further analysis.
Functional connectivity was measured by calculaBegrson correlations between the mean

time-course of each couple of ROIs (Biswal et 8B3). Within network interactions were
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defined as the mean of all correlations betweensR@thin the same network (for DMN,
CEN and SN). Between network interactions (DMN-CEWJN-SN and DMN-MN) were
defined as the mean of all correlation between &lBRnging to one network and a ROI
belonging to the another. Group differences of fimmal correlation indexes were inferred
from the data using a fixed-effects group appraautha Bayesian group analysis with
numerical sampling scheme (Marrelec et al. 200682Probability of differences between
groups superior to 0.95 was considered significkmtiacilitate the understanding, the
probability will be reported in a classically p-ualform, i.e. 1- probability.

Additionally, in order to determine the relationstetween the functional connectivity and
the experimental paradigm, the samples of the fRé-series were divided into 4 WM load
level task corresponding to each n-back conditidhge. mean timeseries of each network
(DMN, CEN, SN and MN) were extracted for each ctindiand each subjed@etween
network connectivity (DMN-CEN and DMN-SN) were callated for each WM load level
and each subject and compare with a measure afimdividual behavioural variability, the
coefficient of variation (CV: SD divided by mearf)tbe reaction time (RT) during the n-back
task (Kelly et al. 2008). Specifically, we calc@dtthe Pearson correlation coefficient
between the default mode and task-positive netwooksectivity (correlation indexes) and
the behavioral measure (CV) of each WM load-leweldition for each subject.

A post-hoc linear regression analysis was alsmpeid between the functional connectivity
and the ruminative response style of the patiemnsputing Pearson’s correlation coefficients
between the default mode and task-positive netwookslation indexes and the Rumination

Response Style (RRS) scale scores.

3. Results

3.1 Demographic and clinical data

11
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Table 2 summarizes demographic and clinical charatics of remitted patients. No relevant
difference was found between the two groups for(§@4)=0.3, p=0.78), education level
(t(24)=1.02, p=0.3), gendey?E€2.5, p=0.12), duration of the last depressiveme

(t(24)=0.8, p=0.4), duration since the remissiantlfios last episode (t(24)=1.7, p=0.1) and

number of previous depressive episodes (t(24)33:0.5).

In accordance with the standard question, the emalttblunting intensity were significantly
higher in the EB patients compared to NEB patiemtasured by ODQ (EB:39.3+8.4;
NEB:9.619; t(24)=,8.6, p<0.001). In addition, thepdession residual symptoms and the
sexual dysfunction were significantly higher in BB patients compared to NEB patients
measured by the HAD (EB: 2.5+0.9; NEB: 1.4+1.2; 973=0.02) and PRSex-DQ (EB:
4.4+3.5; NEB: 1.9£1.9; t(24)=2.3, p=0.03) respesiyv

No relevant difference was found between both ptigroups for anxiety residual
symptoms, apathy or rumination symptoms (Table 2).

3.2 N-back task performance

Regarding the responses and reaction times durendliback task, there was a main effect of
condition [responses: F(3,72)=37; p=0.02, RT: RIB;62.6; p<0.001] explained by an
decreased number of good responses and a longlanked to an increase of the working
memory load (0-back toward 3-back) (Figure 3). Nmmeffect of group or condition x

group interaction was found (all p > 0.7).

3.3 Functional connectivity results

3.3.1 Task-related functional networks

The t-map identified as the DMN (DR=0.91, DU=0.9Bpwed increased synchronous
activity during the resting inter-blocks and deseshactivity during the n-back task blocks in

all subjects. Inversely, the t-map identified as tidisk-positive network (TPN) showed
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increased activity during the n-back task blocks decreased activity during the inter-blocks
of rest (Figure 2B).

Over the entire working memory task, the functioc@inectivity found in the EB group
within DMN (cc=0.47), CEN (cc=0.42) or SN (cc=0.48as significantly different than the
NEB group (DMN, cc=0.54; CEN, cc=0.50; SN, cc=0.84p<0.01). In addition, the
negative correlation between DMN and Task-posiiienetworks were significantly lower

in the EB (DMN-CEN, cc=-0.27; DMN-SN, cc= -0.2%anh the NEB group (DMN-CEN,
cc=-0.32; DMN-SN, cc=-0.34, all p<0.01) meaninigwer functional connectivity
(anticorrelation) between DMN and the subnetworkhe TPN when the EB subjects
performed the N-back task.

3.3.2 Relationship between functional connectigitg behavioural variability during N-back

task

A significant positive correlation was found betwebe functional connectivity between
DMN-TPN and the CV of the NEB patients group durihg 3-back condition (r=0.54,
t(12)=2.24, p=0.04). Conversely, a significant riegacorrelation was found between the
functional connectivity between DMN-TPN and the 6Mhe EB patients group during the
3-back condition (r=-0.59, t(10)=-2.32, p=0.04)heEe correlations are significantly different
between patients groups (Z=3.12, p=0.0018).

In other words, the stronger the negative corm@atbietween DMN and TPN was, the less
variable the behavioural performance was duringa8kBask in NEB patients. This
correlation was driven by the DMN-SN connectivity@.62, t(12)=2.76, p=0.017) but not by
the DMN-CEN (r=0.32, t(12)=1.17, p>0.05) or DMN-Mdénnectivity (r=-0.36, t(12)=-1.36,
p>0.05) [Figure 4A].

The stronger the anticorrelation between DMN andll Ti/s, the more variable the

behavioural performance was during 3-Back taskBrpktients. Again this correlation was
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driven by the DMN-SN connectivity (r=-0.74, t(103-53, p=0.005) but not by the DMN-
CEN (r=-0.43, t(10)=-1.51, p>0.05) or DMN-MN contigtties (r=-0.56, t(10)=-2.1, p>0.05)
[Figure 4B].

No other significant correlation was found betwé®an functional connectivity and another N-
back condition except between DMN-TPN or DMN-CEMi @ine CV during the 1-back
condition in the NEB group (data not shown).

3.3.3 Relationship between functional connectigit@ rumination

A significant negative correlation was found betwé®e functional connectivity between
DMN-SN and RRS scores in the NEB group (r=-0.5B1}-2.45, p=0.032) indicating that
an increased ruminative response style is assdamth a increased DMN-SN anticorrelation
(Figure 4C).

A significant positive correlation was found betwehe functional connectivity between
DMN-SN and RRS scores in the EB group (r=0.71/89)=0.014) indicating that an
increased ruminative response style is associaitbdavdecreased DMN-SN anticorrelation

(Figure 4D).

4. Discussion

This study aimed at assessing how emotional blgntumination and working memory
performance in remitted depressed patients redatieet cooperation of two neural networks
involved in attention regulation.

Consistent with our hypothesis, compared to NERigrohe EB patients showed a significant
decreased anti-correlation between DMN and bothnaitworks of TPN during the N-back
task performance. Similarly to findings of Kellychnollaborators (Kelly et al. 2008), the
strength of the anti-correlation between DMN andNTas significantly positively related to

less variability of behavioural performance in MEB patients while performing the 3-back
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condition. More specifically, the stronger the nagacorrelation between DMN and SN was,
the less variable the reaction time was during 8kBask in the NEB patients. Conversely,
the DMN-SN anti-correlation and the 3-Back reactiome variability were negatively
correlated in the EB patients.

Several behavioral investigations have shown thesisures of dispersion or intraindividual
variability (1IV) can provide information about germance that is not detectable by the mean
(e.g., Hervey et al. 2006). Measures of IIV aradredble to differentiate cognitively impaired
patients and clinical groups (e.g., Attention-Difityperactivity Disorder—ADHD) from
healthy controls than measures of central tendsacly as mean accuracy, error rates, or RT
(Klein et al. 2006). Cognitively, 11V indexes th#ieiency with which attentional resources
are allocated in the face of demands on cognitiverol (Stuss et al. 2003). Consistent with
this interpretation we found no statistical difiece between the EB and NEB patients on N-
back accuracy, RT and RT variability.

Both groups of patients in the present study diddiféer in terms of behavioural performance
and clinical characteristics except for emotioriahbing. Anhedonia, the loss of capacity to
experience pleasure, is a core feature of depresaithedonia is different from emotional
blunting i.e. an emotional detachment for both fposiand negative emotional stimuli. To our
knowledge, no previous neuroimaging studies ardadbla on brain effect of emotional
blunting during depression recovery.

We highlighted a decreased DMN and TPN coordinafiaring an attention-demanding task
in emotionally blunted compared to non-emotionaliynted remitted depressed patients. This
difference of coordination of two neural networlefveeen groups is not concomitant with a
difference of brain activation between groups dyitime N-back task (none significant group
main effect or interaction between groups and damdivere found with an uncorrected

threshold at p<0.001, data not shown).
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This altered dynamic coupling between DMN and ThI@ reflect an abnormal transition
between rest and task performance. Marchetti alelagmes (Marchetti et al. 2012)
explained the abnormal switching between interrahd externally-oriented attention by
DMN persistence and/or a TPN deficiency leadingutaination and impaired attentional
control in acute depression. Consistent with thigrpretation, Bartova and collaborators
(Bartova et al. 2015) recently showed a decreasadtivation of the DMN during the N-back
task in a sub-group of adolescent-onset remittpdesdsed patients. Our study extends this
finding by showing the abnormal cooperation betw@&tN and TPN in remitted depressed
patients and the relationships of this abnormapeaoation with residual emotional symptoms.
Interestingly, our results also showed a speaifioivement of the DMN-SN interplay
associated to the variability of cognitive perfomoa not found for the DMN-CEN interplay.
The Salience Network has been associated withapaaity to segregate the most relevant
among internal and environmental stimuli in oradegtide behavior (Seeley et al. 2007).
According to the triple network model (Menon, 201t2 SN could serve to initiate dynamic
switching between the CEN and DMN. Aberrant funaitngg of DMN, CEN and SN could
mediate pathophysiological mechanisms in acuteedspn (Hamilton et al. 2013; Kaiser et
al. 2015).

A recent fMRI study tested the triple network mottehcute depressed patients using a task
designed to elicit self-focused and externally-kemlithinking (Belleau et al. 2015). In the
external-focus condition, a greater connectivitymi DMN and a lesser connectivity within
SN and CEN were found in depressed patients compareontrols. The authors suggested
that MDD patients fail to adequately recruit the ®Nswitch on the CEN and to down-
regulate self-related DMN activity when they tryaiogage in externally-focused thinking

(Belleau et al. 2015), a finding consistent withli aatual results.
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In EB patients, we observed that the less DMN-Skeveati-correlated, the more the EB
patients tended to have a higher score on rummaditing scale contrary to NEB patients.
These results suggest that the brain dynamics ket@&IN and SN could be more involved
to cope with ruminative thinking and self-referahprocessing rather than maintaining
allocation of attentional resources toward exteemslironment in remitted MDD patients
with emotional blunting (Jacobs et al. 2014).

In this sense, a study investigating in acute dega@ patients the association between DMN-
TPN interplay and rumination showed that DMN domiceaon TPN was positively
correlated with the maladaptive, brooding subsoaRRS and negatively correlated with the
reflective pondering subscale of RRS, a more adapdrm of rumination (Hamilton et al.
2011). However, we were not able to differentiatpréssion and reflective pondering sub-
scores with the ruminative scale used in the ptesteny.

In a recent meta-analysis, Kaiser and collabordgt¢asser et al. 2015) proposes a
neurocognitive model in which network abnormal cer@ion contributes to core cognitive
and affective symptoms in acute depressed pati€his.model was informed from resting
state studies. Here we showed that network dysfumpeersists when the subject is engaged
in a cognitive task and during partial remissiomepression. Future studies using the n-back
task are needed in subjects with full depressiveptgms to disentangle the relationships
between resting state, cognitive performance amamyc coupling of neural networks in
depression.

This study has some limitations. First, although rdmitted MDD patients were clinically
well-characterized, our samples of both groups welagively small. Second, the patients
were not drug-free for ethical considerations,dlltvere treated with the same medication
(paroxetine) to avoid different pharmacologicaketé of antidepressant on brain activity.

Third this study did not include a control groughvaiut depressive history to interpret the
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results in the context of a normative sample. Fotlvere were only findings in the 3-back
condition. This is consistent with recruitment dfefent components of CEN and
cooperation increase between networks accorditigetdifficulty of the task (from 1 to 3
back ; see Harvey et al. 2005).

In summary, variability in the performance durihg N-Back task was differently related to
functional connectivity between DMN, CEN and SNemotionally blunted patients
compared to non-emotionally blunted patients. @suits suggest that the salience network
was involved in coping with ruminative thinking partially remitted patients with emotional
blunting rather than maintaining allocation of attenal resources toward environmental
stimuli as found in non-emotionally blunted fulhnéted depressed patients. In agreement
with the suggestion of Zimmerman and collaboraf@mymerman et al. 2012) remission of
depression is a heterogeneous clinical conditi@haam findings emphasize its biological

heterogeneity in relationship with residual sympsashdepression.
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Figure 1: fMRI experimental design and the tempoaalrse of an N-Back block.
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Figure 2: A. Group t-maps of the DMN (warm coloussg TPN (cold colours) B. Mean

activity time courses (arbitrary units) of the DMied) and TPN (blue) during the N-back

task.

Abbreviations: DMN=default mode network, TPN=taskspiive network, R=resting inter-

block; TR= repetition time
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Figure 3 : N-back task performance: Mean of peaga{+ standard deviation) of the correct
responses given during the fMRI task accordindneoN-back condition by non-emotional
blunted [light bars] and emotional blunted grougiark bars] (RT, 0-back: NEB=804 +132
ms, EB=782+132 ms; 1-back: NEB=929+203 ms, EB=87&ths; 2-back: NEB=1113+197
ms, EB=1071+199 ms; 3-back: NEB=1200+230 ms, EBA*267 ms; no difference in the
coefficient of variation of RT between groups).

Abbreviations: RT= Reaction Time, NEB= non-emotidolanted patients, EB= emotional

blunted patients, ms= milliseconds.
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Figure 4:

Correlations between the functional @mtrity and the measure of intra-

individual behavioural variability (CV) during tH&back condition in the NEB patients (A)

and EB patients (B) (upper part). Correlation kesw the functional connectivity during the

3-back condition and RRS scores in the NEB pati@tsaand EB patients (D) (lower part).

Abbreviations: CV = coefficient of variation of tleaction time, NEB= non-emotional
blunted patients, EB= emotional blunted patientdNDTPN= functional connectivity
between default mode network and task-positive asWDMN-SN= functional connectivity

between default mode network and salience network.

A. : B. .
NEB patients EB patients
r=0.54 r=-0.59
0.40 0.70
0.35 —— 0.60 .
g o ,-_‘__;__,__.v/ 050
@ 025 .. S 040 ~—
& o2 @ 0a0 e
0.15 o % o ON'\'
L>) 0.10 5 g0 =
il 0.10
0.00 0.00
-0.3 -0.2 -0.1 0 0.1 0.2 0.4 -0.3 -0.2 -0.1 0 0.1
DMN-TPN 3-Back DMN-TPN 3-Back
l r=0.62 l r=-0.74
040 0.70
0.35 P 0.60 =
< 0.30 /,’ ¢ 050
3 oz * S mup P
o 020 oM \
> o015 o 80 :\'
< e L>) 020 *° ~
0.05 0.10
0.00
05 04 -03 0.2 -01 0 0.1 0.2 0'0?0_5 04 03 02 01 G 01
DMN-SN 3-Back DMN-SN 3-Back
C. NEB patients D. EB patients
r=-0.59 r=0.71
30 30
25 L2 L.J . .
$ " 25 ~ x
s = S = < :
3 3
on w15 s LA
o 1 4
(8 ST (ST
5 5
0 0
05 04 03 02 01 0 01 02 05 04 -03 <02 01 0 0.1

DMN-SN 3-Back

DMN-SN 3-Back

28



Delaveau et al.

Table 1 : Regions of Default Mode and Task-Posietworks selected for the analyses

Regions MNI coordinates
X y z
Default M ode Networ k
Medial frontal gyrus (BA9, DMPFC) 4 51 20
Medial frontal gyrus (BA10, VMPFC) -2 50 -6
Posterior cingulate gyrus (BA 31) -2 -51 26
Angular gyrus ( BA 39, posterior IPL) Lefft -46 -64 33
Angular gyrus ( BA 39, posterior IPL) Right 49 -61 30
Central Executive Network
Middle frontal gyrus (BA9, DLPFC) Left -42 29 25
Middle frontal gyrus (BA9, DLPFC) Right 40 38 22
Supramarginal gyrus (BA40, anterior IPL) Left -41 -38 40
Supramarginal gyrus (BA40, anterior IPL) Right 40 -39 41
Salience Networ k
Anterior Insula (BA13) Leff -32 18 8
Anterior Insula (BA13) Right 33 22 3
Anterior cingulate gyrus (BA32, dorsal ACC) 12 12 43
Motor Network
Superior Frontal gyrus (BA6, SMA) -5 6 51
Precentral gyrus (BA6) Left -28 -3 49
Precentral gyrus (BA6) Right 30 3 51
Inferior frontal gyrus (BA45) Leff -48 4 28
Inferior frontal gyrus (BA44) Righf 50 9 21

BA= Brodmann Area, DMPFC=Dorsomedial prefrontaltery VMPFC=Ventromedial
prefrontal cortex, DLPFC=Dorsolateral prefrontattes, IPL=Inferior parietal lobule,

ACC=Anterior cingulate cortex, SMA=Supplementarytorcarea

29



Delaveau et al.

Table 2 : Demographic and clinical characterisbicthe two groups of remitted patients

Characteristics Non-emotionally Emotionally
blunted (n=14) blunted (n=12)
Age (years, mean +SD) 36.1 +82 | 371 83
Gender (n males/ n females) 9/5 4/8
Education (years, mean +SD) 18.4 + 3.1 16.8 +4.4
Duration of last episode (months, mean+SD) 71 141 6 +93
Duration since remission for last episode
(months, mean+SD) 3.9 +15 | 52 +2.4
Number of previous depressive episodes
(including the current one) (meanxSD) 14 +06 16 +05
HAD depression score (mean £SD) 1.4 +1.2 2.5 20
HAD anxiety score (mean +SD) 2.5 1.2 1.7 +14
Apathy score (mean £SD) 10.8 +7.8 12.3 +5.4
RRS score (mean +SD) 17.2 +5 20.2 + 4.4
PRSex-DQ score (mean +SD) 1.9 +1.9* 4.4 +3.5F
ODQ total score (mean £SD) 9.6 + 9 *7 39.3 +8.4*

HAD= Hospital Anxiety Depression scale; RRS= Rurtive@Response Style; PRSex-DQ=
Psychotropic-Related Sexual Dysfunction QuestiaenaDDQ= Oxford Depression

Questionnaire; SD=Standard deviation; n=

numbeubfexts

* p for difference between non-emotionally and éomally blunted patients <0.05
** p for difference between non-emotionally andationally blunted patients <0.001
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