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Abstract
Neuroimaging studies typically focus on eitheriregstate or task-based fMRI data. Prior
research has shown that similarity in functionalreectivity between rest and cognitive tasks,
interpreted as reconfiguration efficiency, is rethto task performance and 1Q. Here, we extend
this approach from adults to children, and fromrstige tasks to a threat-based attention task.
The goal of the current study was to examine whedimailarity in functional connectivity during
rest and an attention bias task relates to thiaat I, anxiety symptoms, and social reticence.
fMRI was measured during resting state and dutiegdot-probe task in 41 childreM & 13.44,
D = 0.70). Functional connectivity during rest ard-gdrobe was positively correlated,
suggesting that functional hierarchies in the beastable. Similarity in functional connectivity
between rest and the dot-probe task only relatélaréat biasguncor < .03). This effect did not
survive correction for multiple testing. Overalhildren who allocate more attention towards
threat also may possess greater reconfiguratiaciexfty in switching from intrinsic to threat-
related attention states. Finally, functional canivty correlated negatively across the two
conditions of the dot-probe task. Opposing pattefrraodulation of functional connectivity by
threat-congruent and threat-incongruent trials neflgct task-specific network changes during

two different attentional processes.
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1. Introduction

Neuroimaging studies typically focus on eitheriresstate or task-based fMRiata.
Recent studies have combined resting state andetatled fMRI data to gain insights on the
relation between brain function and behavior (Bdthmi, Rubinov, & Uddin, 2017; J. R. Cohen
& D'Esposito, 2016; Hearne, Cocchi, Zalesky, & Magley, 2017; Ito et al., 2017; Mennes et
al., 2010; Schultz & Cole, 2016). One approachashlsining these two types of data is to
investigate the similarity in functional connectvbetween resting state and task data (Schultz
& Cole, 2016). The current study extends this apgindrom adults to children, and from
cognitive tasks to a threat-based attention talls i§ important to test whether this novel
analytic approach can be used in the field of dguakental psychopathology.

Resting-state functional connectivity refers tmperal correlations that index brain
network intrinsic activity (Fox & Raichle, 2007)ufctional connectivity during rest and
cognitive tasks appear to be strongly related, ssigug the presence of stable functional
hierarchies (Smith et al., 2009) that reflect hathinsic, task-general, and also task-specific
brain networks (Cole, Bassett, Power, Braver, &Pen, 2014). Changes in patterns of
functional connectivity from intrinsic to task-réta states may reflececonfiguration efficiency
and can be measured as the similarity in (or caticel between) functional connectivity during
rest and task (Schultz & Cole, 2016). When assedsedg cognitive tasks, such reconfiguration
efficiency relates to better task performance amate generally, higher IQ (Schultz & Cole,
2016). We aimed to examine reconfiguration effickefrom rest to task in children, using a

paradigm that has successfully uncovered corretdtasxiety, particularly among youth. The

! Abbreviations: fMRI = functional magnetic resonanmaging; IQ = intelligence quotient; SCARED = & for
Child Anxiety Related Disorders; RT = reaction tird@8V = attention bias variability; ICA = indepenate
component analysis; PPI = psychophysiological adton



study of the reconfiguration efficiency of the ematl attention network around the mean age
of onset of several anxiety disorders (e.g., speptiobia, social anxiety disorder) (de Lijster et
al., 2017) might yield several new insights inte gathophysiological mechanisms of anxiety
disorders.

The dot-probe task examines the effects of thr@attention orienting (Bar-Haim,
Lamy, Pergamin, Bakermans-Kranenburg, & van 1Jzendd@007). In this task, participants
initially view two adjacent faces (angry-neutraapipy-neutral, or neutral-neutral) and then
identify the location of a probe replacing eithee ingry (threat congruent) or neutral (threat
incongruent) face (Macleod, Mathews, & Tata, 198®&ta-analysis relates performance on this
task, as expressed in an attention bias towardatd)rto anxiety (Bar-Haim et al., 2007).
Specifically, higher levels of anxiety predict stewreaction-times during threat-congruent
relative to threat-incongruent trials (threat bigdyend et al., 2018; Bar-Haim et al., 2007)).

Several studies have used the dot-probe task iNBlescanner to investigate
mechanisms underlying threat-related attentionatgsses in youth, focusing on amygdala-
related functional connectivity using a seed-baggatoach. Functional connectivity between the
amygdala and several regions during threat-incargruersus threat-congruent trials has
demonstrated stability in youth when measured agpmately nine weeks apart (White et al.,
2016). Negative functional connectivity between dngygdala and the insula during threat
versus neutral trials placed individuals with eartyidhood behavioral inhibition at risk for
developing internalizing symptoms in adulthood (dts et al., 2013). Longitudinal studies
found that amygdala-PFC connectivity during threatgruent moderated relations between
early-childhood behavioral inhibition and anxiejyrptoms in adolescence (Abend et al., 2019).

Moreover, patterns of threat-related amygdala-eméuhctional connectivity during threat-



congruent trials were found to differentiate petadnxiety patients from healthy controls
(White et al., 2017).

Of note, prior studies have all used a seed-bageeach to study amygdala connectivity
during the dot-probe task. Several limitationshas literature are noted. These studies focus on
different conditions within the dot-probe task (dlgeat-incongruent versus threat-congruent).
Furthermore, because the amygdala is only one of/megions implicated in anxiety and threat
processing (Bruhl, Delsignore, Komossa, & Weidtl £0Etkin & Wager, 2007; Xu et al., 2019),
whole-network based analyses complement prior esudicused on isolated brain regions. Seed-
based connectivity analyses in specific contrastdcbe insensitive to network-level
perturbations in connectivity, both quantified dhgyiresting state and during task-based fMRI.
Therefore, it is important to examine functionahaectivity on a whole-brain level both at rest
and during threat-processing tasks to quantifyndwgral correlates of anxiety and threat
processing. To do so, we extend prior seed-basaakectivity findings by examining functional
connectivity at the whole brain level, by focusmgreconfiguration efficiency from resting state
to the dot-probe task.

Finally, beyond extending previous approaches totemal-task data in children, the
current study also implements two novel procedtoestend previous approaches. First, the
study utilizes ICA with both resting-state and thsised data. Second, prior functional
connectivity analyses with the dot-probe task useded-based approach to contrast
connectivity in threat-congruent and threat-incaregrt conditions. Beyond comparing
connectivity across rest and task, the currentysélsb employs a PPI approach within the
emotional task to study modulation of functionahgectivity by the two threat-related task

conditions.



The current study assessed similarity in pattefrfigractional connectivity during rest
and the dot-probe task in 13-year-old childrertjnigdive specific hypotheses. First, we
hypothesized that functional connectivity duringtreorrelates strongly with functional
connectivity during the dot-probe task (Cole et2014; Schultz & Cole, 2016). Second, we
hypothesized that the degree of similarity in fumal connectivity between rest and the dot-
probe task (i.e., reconfiguration efficiency) relato task performance (i.e., threat bias) (Schultz
& Cole, 2016). Third, we hypothesized that recomfggion efficiency also relates to 1Q. This is
because prior work finds 1Q to relate to many imndiiral-difference factors among children and
adolescents, including performance in many cogaitasks and many aspects of psychological
function. Thus, 1Q may also relate to efficiencyswitching from resting state to task states in
general, both for emotional tasks examined in tiveent study as well as cognitive tasks more
closely linked to 1Q in prior work (Schultz & Col2016). Fourth, we hypothesized that
reconfiguration efficiency relates to individuaffdrences in anxiety-related measures, such as
self-reported and parent-reported anxiety symptanassocially reticent behavior. Finally, we
explored whether task-evoked activity modulatesfiomal connectivity and hypothesized that
patterns of connectivity differ between the threagruent and threat-incongruent trials of the

dot-probe task.

2. Materialsand M ethods
2.1 Participants
Participants were recruited from a longitudinaddston behaviorally inhibited temperament and
early childhood reticence. Data in the current rep@re collected when the children were

approximately 13 years old. 42 children had fMRiad@r both resting state and the dot-probe



task. However, for one child, data were excludathbee of excessive motion, yielding a final
sample of 41 children (19 girls) with a mean agé#4 years3D = 0.70, range = 12.42-
15.33). Resting state and task-based data wersctadl on the same day for 25 children, and on
different days for 16 children (resting state se@s 1-307 days after the dot-probe scan, median
=101 days). Children entered the longitudinal gtilmlough two paths: one group £ 291) was
selected based on temperamental reactivity atrfaunths (Hane, Fox, Henderson, & Marshall,
2008) and the other group € 384) was randomly recruited from the communitgge two
years (Jarcho et al., 2016; Michalska et al., 20A8)ong the 41 children in the current report,
18 were recruited as infants and 23 were recraitédio years. All children provided written
assent, and all parents provided written informaasent. The study was approved by the
University of Maryland-College Park and Nationadtitute of Mental Health institutional review
boards.

Descriptive statistics appear in Table 1. Girfsomted slightly more anxiety symptoms
than boysF(1,39) = 3.85p = 0.057, but there were no differences betweers bog girls on
any of the other variableBs < 2.91ps > 0.096. Children selected as infafts< 13.04,SD =
0.63) were slightly younger than children recruié¢dwo yearsNl = 13.75,SD = 0.61),F(1,39)
=13.55,p = 0.001. Children who did both scans on the saayed = 13.64,SD = 0.65) were
slightly older than children who did the scans dfecent days i = 13.14,SD = 0.69),F(1,39)
=5.49,p = 0.024. No other variables differed between ¢kitdrecruited as infants or at two
years or between children who did both scans oresamdifferent dayss < 3.20ps > 0.082.
The main analyses were corrected for age, sexcipant recruitment source (i.e., during

infancy or at age two years), and time betweensscan



Table 1.

Means, standard deviations and range for the beted\and motion measures across the sample.

Mean SD Min Max

Age 13.44 0.7 12.42 15.33
Accuracy dot-probe 92.76 4.81 79.8 100
Threat bias 0.81 30.74 -55.89 69.72
Threat ABV 0.05 0.02 0.02 0.1
Happy bias 1.67 25 -66.72 45.32
Happy ABV 0.05 0.03 0.02 0.14
IQ 115.95 13.54 84 140
SCARED-C Total 11.54 7.71 0 32
SCARED-P Total 6.69 6.75 0 31
Social Reticence -0.02 0.5 -0.99 1.33
std DVARS (task) 1.14 0.05 1.02 1.24
std DVARS (rest) 1.11 0.08 0.95 1.32
DVARS (task) 22.45 3.87 15.71 31.04
DVARS (rest) 21.80 6.72 13.95 40.46
FD (task) 0.12 0.08 0.04 0.38
FD (rest) 0.18 0.14 0.05 0.65

Note: social reticence scores for two participavese missing.

SD = standard deviation; ABV = attention bias Maitity; SCARED = Screen for Child Anxiety Related
Disorders; C = child-reported; P = parent-reportgd;DVARS = standardized spatial standard deviatio
the data after temporal differencing; DVARS = anigi spatial standard deviation of the data aftewptaral

differencing; FD = framewise displacements. Seenrteit for definitions of bias and bias variability

2.2 Dot-probetask

The dot-probe task has been used extensively tsuneattention bias to threat (Abend et al.,
2019; Bar-Haim et al., 2007; Macleod et al., 1986ach trial of this task, a pair of faces was
shown (either angry-neutral, happy-neutral, or reduteutral; see Figure 1). After 500 ms, an

arrow (i.e., probe) appeared at the location ofafrtbese faces. The locations of the faces and



arrows were counterbalanced across the task. iparits had to press a button as quickly as
possible to indicate the direction of the arrowcémgruent trials the probe was presented at the
location of the emotional face, in incongruentlsrithe probe was presented at the location of the
neutral face. The task consisted of 48 threat-agergr 48 threat-incongruent, 48 happy-
congruent, 48 happy-incongruent, and 96 neutralraktiials across four blocks of 4:15

minutes. The task was programmed and administeithcBaPrime (Psychology Software Tools,

Pittsburgh, PA) and faces from the NimStim set wesed (Tottenham et al., 2009).

1100 ms

Figure 1. Overview of the dot-probe task.
2.3 Other behavioral measures

2.3.11Q. IQ was estimated when children were approximatélyears old using the
vocabulary and matrix reasoning subscales of thehdler Abbreviated Scale of Intelligence
(Wechsler, 1999). 1Q has been shown to have high-term stability (Canivez & Watkins,

1998; Watkins & Smith, 2013).
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2.3.2 Anxiety symptoms. Trait anxiety symptoms were measured using th&FR¥D, a
reliable child- and parent-report questionnairenwii items (Birmaher et al., 1997; Muris,
Dreessen, Bogels, Weckx, & van Melick, 2004). Weduthe SCARED total score for self-
report and parent-report separately, replacinguwt missing responses in the total score with
the subject’s mean value for the other items. @ailcand parents filled out the questionnaire
separately within a year of the dot-probe sddr99.92 daysSD=108.29, range = -1 to 348
days), with 31 (75.6%) children and parents conmudethe SCARED within 6 months. Test-
retest reliability of the child- and parent-repdr@CARED total score is moderate to good over
a period of three to six months (Behrens, Swethtne, & Pagliaccio, 2019; Birmaher et al.,
1997; Boyd, Ginsburg, Lambert, Cooley, & Camphi2ll03; Haley, Puskar, & Terhorst, 2011).
Over a period of five years, most anxiety sympteifightly decrease, whereas social anxiety
symptoms remain relatively stable and generalizegesly symptoms slightly increase in
adolescent girls (Hale, Raaijmakers, Muris, van tH&dvieeus, 2008).

2.3.3 Social reticence. Social reticence reflects shy and anxiously avdid@havior
during early childhood (Degnan et al., 2014), aretijets later anxiety symptoms and related
neural measures (Jarcho et al., 2016; Michalskh,2019). It was measured using a composite
score of maternal-report questionnaires and behal\abservations collected at 2, 3, 4, 5, and 7
years of age (Jarcho et al., 2016; Michalska eR@ll9). The Social Fear subscale from the
Toddler Behavioral Assessment Questionnaire (Galtisii996) was used at 2 and 3 years, and
the Shyness subscale from the Children’s Behavimsfonnaire (Rothbart, Ahadi, Hershey, &
Fisher, 2001) was used at 4, 5 and 7 years. Spcaltent behavior was observed during free

play, cleanup and social problem-solving interaiwith an unfamiliar, age-matched peer at 2,
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3, 4,5 and 7 years (Degnan et al., 2014; Degnah,&t011). All subscales and behavior scores

were standardized within timepoint and averagedttuay.

2.4fMRI data collection

fMRI data were collected during resting state dreldot-probe task on a 3T MR750 General
Electric scanner (Waukesha, Wisconsin, USA) wiB2ahannel head coil. For resting state, 180
functional image volumes with 47 contiguous intavied axial slices were collected with a T2*-
weighted echo-planar sequence (TR = 2000ms, TErs30ip angle = 90, field of view (FOV)
=192mm, matrix = 64x64, in plane resolution 3x3xdynFor each of the four blocks of the dot-
probe task, 111 functional image volumes with 4iftiguous interleaved axial slices were
collected with a T2*-weighted echo-planar sequdi¢e= 2300ms, TE = 25ms, flip angle = 50,
FOV = 240mm, matrix = 96 in plane resolution 2&.5x3mm). In addition, a high-resolution
T1-weighted whole-brain volumetric scan was acgludaring each scan session, with a high-
resolution magnetization prepared gradient echoesezp (MPRAGE; TE = min full; Tl =

425ms; flip angle = 7; FOV = 256mm; matrix = 2&66; in plane resolution = 1x1x1mm).

2.5 Behavioral analysis

Selection of dot-probe trials to be included inlgses followed the same criteria used by Abend
et al. (2019). Trials were included only if thepesse to the probe was correct and if RT was
between 150 and 2000 ms and less than 2.5 staddeaia@tions away from the participant’s
mean RT. In line with prior studies (Abend et 2019; White et al., 2017), task data were
considered valid if accuracy wa30%; all 41 participants surpassed this threshiddk

performance was measured by calculating threatdoia®es (mean RT in threat-incongruent

12



trials minus mean RT in threat-congruent trialdghvinigher scores reflecting an attention bias
towards threat (that is, slower responding in thileeongruent trials). Happy bias scores were
also calculated (mean RT in happy-incongruent mmaan RT in happy-congruent trials).

In addition, secondary analyses examined ABV naex of temporal variability in
attention allocation previously found to relateatiety symptoms and brain function (Abend et
al., 2019; lacoviello et al., 2014). In a movingadow analysis, threat bias scores (as described
above) were calculated for all 10 successive anguytral trials. The standard deviation of all
these threat bias scores within one participanteaésilated, and then divided by the overall
mean RT of the participant. The procedure was tepdar happy-neutral trials to calculate

happy ABV scores (Abend et al., 2019).

2.6 fMRI preprocessing

Quality of fMRI data was assessed using the MRIIi@u@ontrol tool (MRIQC) (Esteban et al.,
2017). Data of one participant were excluded, beedlhis subject was an outlier based on
AFNI's outlier ratio and because visual inspectitiowed excessive movement. The first 4 TRs
from each scan were removed to account for nordgistate data. fMRI data from resting state
and the dot-probe task were preprocessed usingPkéRI(Esteban et al., 2019) including the
following steps: skull stripping, correction fordgemotion parameters, slice time correction, co-
registration to corresponding structural image (tatary-based registration with 9 degrees of
freedom), spatial normalization to MNI space (noeér registration), and ICA-AROMA (Pruim
et al., 2015). All spatial transformations in fMR&P are done in one step, to allow for a single-

interpolation resampling of volumes.
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The following nuisance variables were regressadrom both resting state and dot-
probe time series: motion parameters (translation y and z directions, plus rotations around
these axes), cerebral spinal fluid signal, whitétenaignal, original and standardized spatial
standard deviation of the data after temporal tbfieing (DVARS and std DVARS), framewise
displacement (Power, Barnes, Snyder, Schlaggaet&ren, 2012), 6 temporal and anatomical
noise components calculated with CompCor (BehRetom, Liau, & Liu, 2007), cosine
variables, and ICA-AROMA components that were ¢fastas related to head motion. The data
for both rest and task were high-pass filtered4®4@). Correlations between motion variables

and the behavioral variables are shown in Table 2.

Table 2.

Pearson’s correlations between motion, behaviaordlreeural variables.

std DVARS std DVARS DVARS DVARS FD (task) FD (rest)

(task) (rest) (task) (rest)
Age -0.03 -0.02 0.01 0.09 0.05 0.17
Accuracy dot-probe  0.04 0.04 -0.05 0.05 -0.06 0.12
Threat bias 0.10 0.01 -0.07 -0.14 -0.15 -0.22
Threat ABV 0.10 -0.24 0.08 0.10 0.02 0.10
Happy bias 0.02 -0.17 0.06 0.24 0.16 0.30
Happy ABV 0.22 -0.27 0.24 0.19 0.16 0.12
1Q 0.15 -0.20 0.02 -0.09 0.00 -0.06
SCARED-C Total -0.33* -0.03 -0.29 -0.11 -0.14 -0.06
SCARED-P Total 0.14 0.10 0.00 -0.12 -0.10 -0.18
Social Reticence 0.10 0.15 -0.12 -0.09 -0.14 -0.09
Similarity 0.11 0.09 -0.23 -0.29 -0.27 -0.25
Distance 0.12 0.02 -0.11 -0.34* -0.12 -0.30
Similarity PPI -0.03 0.09 0.18 0.30 0.10 0.19
Distance PPI 0.06 0.31* -0.10 0.07 -0.23 -0.09

Note: * p < 0.05, uncorrected.
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ABV = attention bias variability; SCARED = Screa Child Anxiety Related Disorders; C = child-refzat;
P = parent-reported; std DVARS = standardized apsiandard deviation of the data after temporal
differencing; DVARS = original spatial standard @d\n of the data after temporal differencing; €D

framewise displacements.

2.71CA and dual regression

ICA was run on the resting state data using Muliata Exploratory Linear Optimized
Decomposition into Independent Components (MELODT®)e model order was selected using
Bayesian methods described in Beckmann and Snitv§220 components were automatically
identified. After visual inspection, three were @rad as they were comprised of regions
occupied by cerebrospinal fluid or other non-bitgsaue. The remaining 17 components were
selected for further analyses (Figure 2). Naminthege components was based on putative
functions related to their topography; we also yseious literature on resting-state imaging as
reference (Beckmann, DelLuca, Devlin, & Smith, 20D&moiseaux et al., 2006; Smith et al.,
2009). Time series for these 17 components weractgd from resting state and from dot-probe
data (in native resolution) using dual regressioRS$L (Filippini et al., 2009). Thus, for each
independent component, a time course for rest aathar for the dot-probe task were obtained.
In addition, for the dot-probe task, task everttse@t-congruent, threat-incongruent, happy-
congruent, happy-incongruent, and neutral triatstaials with errors) were convolved using a
canonical hemodynamic response function (HRF) aggravith Glover's HRF (Glover, 1999)

and were regressed out from the fMRI time course.
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Figure 2. Spatial maps for each of the 17 indepeinciemponents. Their putative functional
interpretation based on previous studies is asvi@i a = right dorsal visual stream, b = lateral
visual cortical areas, ¢ = left dorsal visual stned = sensory-motor system, e = medial visual

cortical areas, f = auditory system, g = visuo4gppalystem, h = executive control.

2.8 Functional connectivity and clustering

Full and partial correlations between each pathefl7 components were calculated as
measurements of functional connectivity, convetted z-score using Fisher’s r-to-z
transformation, and assembled into connectivityrites. For each subject, this generated one

functional connectivity matrix for resting statedsamother for the dot-probe task. Since these
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matrices are symmetric, for convenience we chosetéin only the upper triangular part (above
the main diagonal) for partial correlations, leavthe lower triangular part (below the main
diagonal) to hold the full (not partial) correlais thus avoiding redundancies when generating
figures. These steps were conducted using custdri@&Nets scripts
(http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/FSLNets) (Sith et al., 2013). To assess the similarity
between these two matrices, the partial correlataiyove the main diagonal of each matrix were
unwrapped into a vector, and the Pearson’s coioeléetween the vector for resting state and
the vector for the dot-probe task was calculatetiamverted to a z-score using Fisher’s r-to-z
transformation (Schultz & Cole, 20%6hese steps were performed for each participant,
thereby generating one similarity value for eacttigigant.

For visualization purposes, functional connedfivitatrices were averaged across
participants. To visualize the temporal proximigtlween the 17 ICA components, these
components were clustered using hierarchical neaegghbor with Ward'’s linkage as
implemented in FSLNets.

To investigate whether task-evoked activity womlddulate functional connectivity, two
additional functional connectivity matrices, one floe threat-congruent and another for the
threat-incongruent trials, were computed using bsBBtegy (Friston et al., 1997; O'Reilly,
Woolrich, Behrens, Smith, & Johansen-Berg, 20Itdad of computing the correlation in the
time series between all 17 components (FC), weopadd a regression analysis with the time
series of one component modulated by the time séethreat-congruent trials (i.e., an
interaction term) predicting the time series oftaeo component, while including the modeled

time series for threat-congruent trials as nuisaimbes analysis assessed whether functional

2 Note that at this stage, investigations that wh kesting state and task-based fMRI do not reqhiese two
modalities have the same spatial or temporal résolu
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connectivity between these two components woulchbdulated by threat-congruent trials. This
was done for all 17 components predicting all ot@mponents, resulting in a matrix similar to

the FC matrix. As with the analyses for rest asll tdata, Pearson’s correlation between these
two matrices for each participant were calculaset] then subjected to the Fisher’s r-to-z-

transformation.

2.9 Between-subject statistical analysis

Group analyses assessed whether similarity in ikmeait connectivity during rest and dot-probe
was related to task performance (threat bias) #dsawdQ, anxiety symptoms, and social
reticence. These analyses used nonparametric promuinference using Permutation Analysis
of Linear Models (PALM) (Winkler, Ridgway, Webst&mith, & Nichols, 2014). Five designs
were tested, each including similarity as the ddpanvariable, an intercept, nuisance variables,
and an independent variable of interest (Tablerdly @e independent variable of interest
differed per design, such that each design testedthe similarity in functional connectivity
during rest and dot-probe relates to threat b@schild-reported anxiety symptoms, parent-
reported anxiety symptoms, and social reticencetésted both positive and negative effects
(i.e., contrasts) for each of these five indepehsgariables of interest, e.g. a positive effect of
threat bias on similarity and a negative effedhoéat bias on similarity in design 1. For thetfirs
design (testing threat bias), we also tested tteedapt, that is, whether the correlation between
resting state and dot-probe functional connectinigtrices was significantly different than zero.
Family-wise error rate (FWER) was used in PALM ¢orect non-parametrically for multiple

testing across the five designs (Winkler et al16)0

18



Table 3.

Overview of the five designs that were tested usimigparametric permutation tests.

Design 1 Design 2 Design 3 Design 4 Design 5

Dependent Similarity Similarity Similarity Similarity Similaity
variable

Independent Threat bias 1Q SCARED-C SCARED-P Social
variable of Total Total Reticence
interest

Age Age Age Age Age

Sex Sex Sex Sex Sex

Participant ~ Participant  Participant ~ Participant  Participant
recruitment recruitment recruitment recruitment recruitment

Nw_sance source source source source source
variables
Time Time Time Time Time
between between between between between
scans scans scans scans scans
Intercept Intercept Intercept Intercept Intercept

Note: SCARED = Screen for Child Anxiety Related®@iers; C = child-reported; P = parent-reported

A final set of exploratory nonparametric permwattests in PALM was performed on
six different dependent variables: similarity, diste measures (correlations between two vectors
transformed to Euclidean distances), functionaheativity matrix during rest (full and partial
correlations), and functional connectivity matrixrithg task (full and partial correlations).
Consistent with the previous five designs, thesdyaes included each an intercept and the
following nuisance variables: age, sex, participactuitment source (i.e., during infancy or at
age two years), and time between scans. We testddet different designs, each with the
nuisance variables and one extra independent Vamdlinterest: threat bias, 1Q, child-reported
anxiety symptoms, parent-reported anxiety sympt@osial reticence, interaction between sex

and child-reported anxiety symptoms, interactiotwieen sex and parent-reported anxiety



symptoms, absolute threat bias, threat ABV, hapay, @bsolute happy bias, and happy ABV
(Supplementary Table 1). The p-values were cordecta-parametrically for multiple testing
across the six independent variables and twelvigries PALM using FWER (Winkler et al.,
2016). The main analysis with five designs andetk@oratory analyses with twelve designs

were repeated for the functional connectivity ntasibased on PPI analysis.

3. Results
3.1 Functional connectivity matrices
Three clusters of correlated networks emerged frardata in both resting state and dot-probe
functional connectivity matrices: one cluster enpassing default-mode, executive control,
visual, and auditory networks; a second encompgsssual networks; and a third
encompassing sensory-motor and auditory netwodes Eggure 3 and 4 for the FC matrices with
z-statistics, and see Supplementary Figures 1 dodtBe FC matrices withs). The cluster
encompassing sensory-motor and auditory networlksti&same during resting state and the
dot-probe task. The only difference in clusteriegveen the resting state and the dot-probe task
was that two networks (left dorsal visual streaonjponent 3] and left/right dorsal visual stream
[component 15]) were part of the visual clusteriniyiresting state and part of the default-mode,
executive control, visual and auditory cluster dgrihe dot-probe ta3kTreated separately,
patterns of correlations during either restingestatthe dot-probe task were unrelated to threat
bias, 1Q, anxiety symptoms, social reticence or@hyer measures from secondary regression

analyses.

% We reran the same analysis stream for examiniagithilarity between resting state and the dot-pralsk
without component 3 and 15, to investigate whetherassociation with threat bias would be strorifganly the
stable networks were considered. The results, herveegmained the same.
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Figure 3. Functional connectivity matrix duringtieg state. Full correlations (transformed to z-
statistics) are presented below the diagonal,gdaxirrelations (transformed to z-statistics) are
presented above the diagonal. Three clusters etheayjgisuo-spatial system, executive control
and some visual and auditory networks (in redyisgal networks (in green); and c) sensory-
motor and auditory networks (in blue). Components wiore similar time courses appear closer
together. The threshold for unique colors in thediegram was set at 0.75.

Note: numbers correspond to the 17 components Figure 2.

21



14 15 8 7 6 16 17 5

%H?ﬁ !z*'v’%ﬁ"'ﬁ‘@?%%ﬁeik

665060868880
6H6Jefoesde

172 372 372 268 043 506 280 -348
180 (345 -1.36 544 174 -259 355 J88H 058
070 492 048 318 339 063 231 152 097 0%

221 21 034 -360 462 342 280 293 -057
007 000 131 014 243 132 |-390 JH488) 0.8
221 [554s

146 128 391 100 [580 468 347
337 105 360 454 089 006 136 298 142 111 -1.00

476 477 052
1% [ 684 156001
386 210 213 151 034
434 248 074 213 004
437 505 327 154 066

-0.04
0.57
-1.76
1.91

234 346 546 090 276 485 264 298 413 505

312 271 057 2.08
210 -2 -4.03
-2.39 =363 -2.19
293 -351 235

-143 280 456 -1.74
-1.91

092 -1.72

204 024 .‘

283 483

1,08 253 084 178 405 359 117 300 -181
029 105 440 1646 038 255
415 279 359 405 111 270 23 37 23

103 112 | 479 286 415 186 |44 059 045
A12 331 469 -325 -193 366 196 003 085 004 343 137
959 0 959

Figure 4. Functional connectivity matrix during tthet-probe task. Full correlations
(transformed to z-statistics) are presented bel@adiagonal, partial correlations (transformed to
z-statistics) are presented above the diagonaéeltiusters emerged: a) visuo-spatial system,
executive control and some visual and auditory ndtw/(in red); b) visual networks (in green);
and c) sensory-motor and auditory networks (in blG@mponents with more similar time
courses appear closer together. The thresholdniqua colors in the dendrogram was set at
0.75.

Note: numbers correspond to the 17 componentsdlaseesting state data) from Figure 2.
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3.2 Similarity between resting state and the dot-probe task

The first PALM analysis testing the intercept shdvieat the average similarity between
functional connectivity matrices during restingtstand the dot-probe task was significantly
different than zero across participants, with a@rager-to-z = 0.37, test statistic= 20.67,

Prwer < 0.001, two-tailed. After controlling for all dgss tested, the main PALM analysis with
five designs showed that similarity between ressitage and the dot-probe task was not related
to threat bias, 1Q, anxiety symptoms, or sociategice (Table 4). However, when we did not
correct for multiple testing, similarity betweerstiag state and the dot-probe task was positively
related to threat bias, partiak 0.32,puncorrected= 0.03,prwer = 0.23 (corrected for age, sex,
participant recruitment source, and time betweamsgt>. This demonstrates that enhanced
reconfiguration efficiency relates to greater i@sards threat in children. We calculated the
characteristic path length (Rubinov & Sporns, 2Gb@)oth resting state and the dot-probe task,
to test whether this effect was driven by differehin rest or task functional connectivity. The
relation between threat bias artthracteristic path length during both rest ankl vess not
significant, respectively = 0.27,p = 0.093 and = 0.27,p = 0.087. This suggests that the
relation between threat bias and reconfiguratidiciehcy was not driven by either resting state
or the dot-probe task, but rather a combinatiore @&kploratory PALM analysis with twelve
designs showed no additional significant effecé® (Supplementary Table 2). Finally, to test

whether one of the clusters drove the associattwden similarity and threat bias, we

* There was no difference in similarity between regtitate and the dot-probe task between participano did the
scans on the same day versus different d&ails,39) = 0.52p = 0.48. Furthermore, there was no correlation
between similarity and the number of days betweansr = 0.06,p = 0.69. We repeated the analyses including
only children who performed both scans on the sdayep = 25). The correlation between similarity and #Htrigias
retained the same direction but was no longer fsogmit, potentially due to lower powear= 0.20,t = 1.20,ppwer =
0.76, puncorrected= 0.12.

® When analyses were repeated with the threshol@l&}i IELODIC output with the left and right amygdaidded
to the functional connectivity matrices, the caatigln between similarity and threat bias did notae significant.
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calculated similarity between resting state anddibteprobe task for each cluster separately
(excluding components 3 and 15 because they bealaiogdifferent clusters in rest versus task
data). The relation between similarity and threas livas not significant within each of these
clusters, suggesting that the observed correl&iont driven by any of these three clusters, and

therefore, may reflect global reconfiguration.

Table 4.
Results of the main PALM analysis with five desigesting the effect of threat bias, 1Q, anxiety

symptoms and social reticence on similarity betwesting state and the dot-probe task.

Independent variable of

interest Contrast partiat t PrWER
Threat bias Positive 0.32 2.02 0.23
Negative -0.32 -2.02 1.00
IQ Positive 0.00 -0.02 1.00
Negative 0.00 0.02 1.00
SCARED-C Total Positive -0.19 -1.16 1.00
Negative 0.19 1.16 0.78
SCARED-P Total Positive 0.01 0.06 1.00
Negative -0.01 -0.06 1.00
Social Reticence Positive 0.13 0.75 0.96
Negative -0.13 -0.75 1.00

Note:rs are corrected for the nuisance variables in &s&yd (age, sex, participant recruitment

source, and time between scans).
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Figure 5. Effect of similarity between resting stahd dot-probe task on threat bias.

3.3 PPI analyses

The functional connectivity matrices based on RRlyses are shown in Figure 6 and 7
(displaying z-statistics, and see Supplementaryreég3 and 4 for the PPl matrices wigh. No
significant clusters emerged from the data in eithe threat-congruent or threat-incongruent
conditions. The first PALM analysis testing theeirttept showed that the average similarity
between functional connectivity matrices as moauldty threat-congruent and threat-
incongruent conditions was significantly differénén zero across participants, with an average
r-to-z=-0.11, test statistic= —5.28,prwer < 0.001, two-tailed. The degree to which functiona
connectivity among brain regions was modulatechigytask effects was not related to threat
bias, 1Q, anxiety symptoms, social reticence, gr @her measures from exploratory analyses.
The main PALM analysis with five designs showed tha similarity of task-related

connectivity modulation between the threat-congraenl threat-incongruent conditions was
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unrelated to threat bias, 1Q, anxiety symptoms, souilal reticence (Table 5). The exploratory
PALM analysis with twelve designs showed no addgicsignificant effects (see Supplementary

table 3).

Table 5.
Results of the main PALM analysis with five desigesting the effect of threat bias, 1Q, anxiety
symptoms and social reticence on similarity of mation by task-related connectivity in threat-

congruent and threat-incongruent trials.

Independent variable of

interest Contrast partiaf t PEWER
Threat bias Positive -0.15 -0.90 1.00
Negative 0.15 0.90 0.91
1Q Positive -0.03 -0.15 1.00
Negative 0.03 0.15 1.00
SCARED-C Total Positive 0.07 0.43 1.00
Negative -0.07 -0.43 1.00
SCARED-P Total Positive 0.01 0.05 1.00
Negative -0.01 -0.05 1.00
Social Reticence Positive -0.24 -1.46 1.00
Negative 0.24 1.46 0.56

Note:rs are corrected for the nuisance variables in &s&yd (age, sex, participant recruitment

source, and time between scans).
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Figure 6. Functional connectivity matrix (transfaunto z-statistics) with results from PPI
analyses focusing on threat-congruent trials. Carapts with more similar time courses appear
closer together. The threshold for unique colohedendrogram was set at 0.75.

Note: numbers correspond to the 17 componentsdlaseesting state data) from Figure 2.
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Figure 7. Functional connectivity matrix (transfa@unto z-statistics) with results from PPI
analyses focusing on threat-incongruent trials. @aments with more similar time courses
appear closer together. The threshold for uniql@san the dendrogram was set at 0.75.

Note: numbers correspond to the 17 componentsdlaseesting state data) from Figure 2.
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4. Discussion

The goal of the current study was to examine whedimailarity in functional
connectivity during rest and the dot-probe tas&tes to threat bias, 1Q, anxiety symptoms and
social reticence in children. The study generateeet main findings. First, functional
connectivity during rest and dot-probe was posifiverrelated. Second, levels of similarity
between rest and the dot-probe task related tatthias, but not to 1Q, anxiety symptoms or
socially reticent behavior. However, this findirtgpsild be interpreted with caution since the
association did not remain significant when coirggfor all tested designs. Finally, functional
connectivity based on PPI analyses was negatiwhglated between threat-congruent and
threat-incongruent conditions, though such taskteel modulation in connectivity did not relate
to measures of threat bias nor anxiety.

Functional connectivity during rest and the dothadask was positively correlated,
suggesting that functional hierarchies in the beastable (Cole et al., 2014; Smith et al.,
2009). Our finding extends similar findings fronepious studies focusing on cognitive tasks in
adults (Cole et al., 2014; Schultz & Cole, 2016;t8rat al., 2009) to an emotional task in
children. In addition, we have shown that thesefional hierarchies in the brain can also be
found using a resting-state ICA approach whichriseen used in previous studies.

Similarity in functional connectivity during reshad the dot-probe task was positively
related to threat bias, although this did not stendorrection for multiple testing. This pattern of
findings suggests that children with a greater toasrds threat possess greater efficiency in
switching from resting state to the dot-probe tdsks might further imply that, in children with
threat bias, the brain during rest could alreadpreeonfigured to a threat-bias state. This could

be related to anxiety symptoms, as threat-relatedtzonal biases are related to anxiety (Bar-
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Haim et al., 2007). Approximately half of the panpiants were drawn from infants selected for
heightened risk for psychopathology, but this greafficiency in switching from resting state to
a threat-bias state was not related to anxiety. évew the participants were relatively young and
had few anxiety symptoms, which typically increasenid-adolescence. Future studies
examining children with anxiety disorders are nekteclarify if children with anxiety disorders
are more preconfigured to a threat-bias state lamdlinical implications of these findings.

The current study demonstrates comparable effiactsrms of correlations between
similarity and task performance, for an emotioaaktto the effects for cognitive tasks used in
prior research. Importantly, in the current stuthg, correlation between reconfiguration
efficiency and attention bias would be classifischasmall-to-medium effect size, using criteria
from J. Cohen (1988), and was only significant befmrrection for multiple testing. Similarly,
Schultz and Cole (2016) detected associations leetwexonfiguration efficiency and measures
of task performance across three cognitive taskisalso would be classified as small-to-
medium. The current focus on an emotional instdambgnitive tasks may explain other
differences in the observed findings between theeati study and Schultz and Cole (2016). For
example, Schultz and Cole (2016) related recordigom efficiency for cognitive tasks to both
performance on cognitive tasks and IQ, the two loicty were correlated (Schultz & Cole,
2016). In the current study, threat bias duringdbeprobe task was not related to 1G=(0.13,

p = 0.43), possibly explaining why there was no elation between reconfiguration efficiency
and 1Q in the current study.

Variations in brain parcellations, such as anatafrtemplates or ICA-based functional
networks, can influence the number of statistieatd performed in a study (Eickhoff, Yeo, &

Genon, 2018). We did not use the same approacbhagt&and Cole (2016) because they used a
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template derived from data in adults (Power et2f111). In addition, a paucity of time points in
our data precluded partial correlation computation®64 regions. For these reasons we
performed an ICA on the resting state data to redlie data to 17 networks. Beyond reducing
the number of parameters, ICA has other key adgastat reliably identifies resting state
networks that are interpretable (Damoiseaux e2@Dg), that resemble discrete functional units
(Beckmann et al., 2005), that have spatial cornedpoce with task-related activity (Smith et al.,
2009), and that are heritable (Glahn et al., 20G6@up ICA, as was used here, captures spatial
patterns that are consistent across participaaisglbess prone to subject-specific variability or
artefacts than other methods. Of note, our refultéreat bias associations were non-significant
when applying another parcellation (Yeo et al., DGdomplemented with additional, subcortical
regions derived from FreeSurfer.

A final set of unique observations arose from thé¢ &alyses. These analyses showed
that levels of event-related modulation of funcéiboonnectivity were negatively correlated for
the threat-congruent and threat-incongruent trigthese two trial types represent events where
the spatial location of threats and probes lieegpectively similar and opposite hemi-fields.
Such negative correlations could arise from theumipsychological demands placed on
children from distinct event types, i.e. maintagirersus redirecting attention. Both previous
studies and our current findings reveal positiveadations between functional connectivity
during rest and tasks, suggesting that task-ret@adectivity consists of both intrinsic, task-
general, and task-specific network activity (Cdlale 2014). The negative correlation between
threat-congruent and threat-incongruent could texpneted as reflecting the deployment of
task-specific changes in network connectivity, tedato the distinct attentional demands of the

threat-congruent and threat-incongruent trialseBgmining these task-specific changes, the
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current study adds to the repertoire of availatest for understanding the potential clinical
significance of individual differences in functidrennectivity.

This study showed that similarity in functional oeativity during rest and the dot-probe
task was related to threat bias in children (algig@as noted, this correlation did not survive
correction for multiple testing), extending prevéa@search on cognitive tasks in adults to an
emotional task in children. Several limitations slddbe noted, however. First, the sample size
was relatively small. Second, the sample consistedostly typically developing children, only
half of whom were selected for risk for anxietyystthere may have been insufficient variability
to precisely estimate associations with anxietygypms. In addition, some participants
completed the SCARED up to a year apart from the d¢ans. Although the SCARED has
shown acceptable test-retest reliability (Behrdred.e2019; Birmaher et al., 1997; Boyd et al.,
2003; Haley et al., 2011), these estimates ofrtgstst reliability mainly arise in studies using
time windows that do not extend beyond six morfsure research in larger samples of
anxious patients with concurrent assessment of &ymgis needed to test if similarity in
functional connectivity during rest and the dotiprdask is related to anxiety symptoms. Third,
fMRI during resting state and the dot-probe task wat measured on the same day in all
children. Even though resting state functional reks have high reproducibility over 3.5 years,
some changes can be seen over time (Choe et 8b; RPOIdrack et al., 2015). Therefore, future
research should attempt to collect resting statit@sk data on the same day. We did find a
positive correlation between functional connecyidtring rest and task, so future studies should
indicate if this similarity could be seen as attraeéasure or how it develops over time. Fourth,
we used a canonical HRF approach to regress duatdivations instead of a finite impulse

response (FIR) task regression. A recent papee(€dl., 2019) has shown that task FC
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estimates may be consistently and spuriously infted by task activations, and that the FIR
approach is the best way to correct for this. Weawmt able to apply this FIR approach because
we would not have had enough degrees of freedothéoanalysis. Future studies should
consider the possibility of FIR modelling for themmoval of task effects.

To conclude, functional connectivity during restddahe dot-probe task was positively
correlated, confirming previous findings of staflactional hierarchies in the brain.
Reconfiguration efficiency was related to threaisbf we did not correct for multiple testing.
Children with a bias towards threat might be mawmnp to process threat, as they can more
efficiently switch from rest to threat processiMpdulation of functional connectivity by task-
evoked activity during threat-congruent and thieabngruent trials was negatively correlated,
possibly reflecting task-specific network changesry two different attentional processes. We
applied a novel analytic method for combining megt$tate and task-related fMRI data to an
emotional paradigm in children. The next step iplgipg this method in the field of
developmental psychopathology would be to test eebhagroup differences in a larger sample of

children with and without anxiety disorders.
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