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ABSTRACT

Objective: Children with behavioral inhibition (BI), a tempenant characterized by biologically-
based hypervigilance to novelty and social withddaware at high risk for developing anxiety. We
examined the effect of a novel attention trainimgtpcol, attention bias modification (ABM), on
symptomatic-behavioral-neural risk markers in atgidwith BlI.

Method: Nine- to twelve-year-old typically-developing chigh identified as Bl (n=84) were
assigned to a four-session active ABM training @)=dr placebo protocol (n=41) using a double-
blind, randomized control trial approach. Anxietymgptoms (Diagnostic Interview Schedule for
Children—Fourth Edition), attention bias (measureg a dot-probe task, attention bias
[AB]=incongruent reaction time [RT]-congrueRil) and AB-related neural activation (measured by
functional magnetic resonance imaging activatiantiie incongruent>congruent contrast in the dot-
probe task) were assessed both before and aftaathang sessions.

Results: Our results showed that (1) active ABM (n=40) digantly alleviated participants’
symptoms of separation anxiety, but not social etiyxicompared with the placebo task (n=40); (2)
ABM did not modify behavioral AB scores in the dobbe task; and (3) at the neural level, active
ABM (n=15) significantly reduced amygdala and imswdctivation and enhanced activation in
ventrolateral prefrontal cortex relative to placébsal19).

Conclusion: Our findings provide important evidence for ABM apotentially effective protective
tool for temperamentally at-risk children, in a deBpmental window prior to the emergence of
clinical disorder and open to prevention and irgation.

Clinical trial registration information—Attention and Social Behavior in Children (BRAINS)
http://clinicaltrials.gov/NCT02401282.

Key words: Behavioral Inhibition, Dot probe, Anxiety, AttentidBias Modification, Fronto-limbic

activation
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INTRODUCTION

Behavioral inhibition (Bl) is a biologitgbased, early-appearing, and relatively stable
temperament trait. Bl is characterized by hypetaigie to novelty in infandyand social withdrawal
in childhood®® Bl is a risk factor for subsequent anxiety, withup to seven-fold increase in risk for
social anxiety:® The parallels between Bl and social anxiety arseoked in behaviordl®
psychophysiologica,® and neuroimaging measure€©ne factor shown to strengthen Bl-anxiety
links is attention bias to thre@B).'>* Individuals with a history of Bl and heightened A@ther
manifested in behaviti**or reflected in neuroimaging measufe€ and psychophysiology,are at
greater risk for anxiety or internalizing probleregative to children with equal Bl but no AB.

The larger clinical literature has sudgdsthat AB may play a causal role in developing
anxiety®?° Building on the presumption of causality, a numbgstudies have examined attention
bias modification (ABM) as a potential interventidkB has been typically assessed by the dot-probe
paradigm, which presents salient cues and exarthieagsponse to subsequent targets based on their
relative spatial position to the cues (incongruentcongruent). ABM is a modified dot-probe task
designed to shift attention away from threat, asdh aesult, alleviate anxiety symptoms by always
presenting the target in the spatial location ojtpdke salient cu€-?* The comparison placebo task
counterbalances the cue and target locations. Diséiye effect of ABM has been reported in
clinically- and subclinically-anxious aduit&®>and youtt®*° However, there has been limited work
on the neural mechanisms underlying observed ABCtef>"2 Further, recent work has called into
question the premise and effectiveness of ABM aintrvention**> Emerging data suggest that
neural measures may show greater sensitivity aaallisy in capturing patterns of AB and ABM
response than reaction time (RT)-based scBres.

A recent Bl study found that 9-12-year-old chaldrshow significant activation in fronto-
limbic regions, including amygdala, ventrolatera¢fpontal cortex (VIPFC), dorsolateral PFC, and
medial PFC, when they orient attention away fromedh (incongruent>congruent contra$t).
Importantly, hyperactivation in right dorsolateR#C (dIPFC) was observed in children with higher

Bl, which in turn predicted anxiety levels. Thes®lings suggest that children with Bl may have to
2
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engage more effortful control resources to shirdgton away from threat. However, we currently
have no published data regarding the impact of AlBMhe context of childhood BI. This study
represents the first attempt to examine the deggraghich ABM impacts neural, behavioral, and
symptom markers of risk among behaviorally inhidbisehool-age children.

Recent neuroimaging studies have docuedemhanges in AB-related neural correlates
following ABM in anxious/subanxiods***"and healthy? adults. Although results have been mixed
due to methodological variations, ABM appears ftueance the fronto-limbic network incorporating
VIPFC® and amygdald-*® reflecting top-down, control procesdesand bottom-up, reactive
processed’*° respectively, during threat-related processingdi\hally, baseline activation within
the same fronto-limbic network predicted the magiét of ABM-induced symptom reduction. A
recent stud¥’ on youth with anxiety found that combining cogrétibehavioral therapy (CBT) and
active ABM leads to greater anxiety reduction tiEBiT combined with placebo ABM. Further, in
the CBT+placebo group, youth with weaker amygdatatia connectivity at baseline showed less
response to treatmefft.Other data has suggested that adults with anxiétty higher baseline
amygdala activation benefit more from active ABM.

Building on this work, the present studgdomly assigned children with Bl to an active ABM
condition, where they were consistently directedals non-threat/neutral stimuli and away from
threat, or a placebo task, where they were direttecheutral and threat stimuli with equal
probability. We assessed anxiety symptoms, behavidB (by dot-probe task) and AB-related
neural underpinnings (by functional magnetic reseseaimaging [fMRI]) both pre- and post-
manipulation. Based on the existing literature,hypothesized that ABM would effectively reduce
anxiety symptoms in children with Bl and potengathodulate AB-related fronto-limbic neural
functions. In particular, we expected that the dednaf shifting attention away from threat in the
incongruent (versus congruent) condition may paéntthe salience of the incongruent trials.
Previous work has associated attention shiftindp \migperactivation in the limbic areas (amygdala,
insula), especially for anxious and/or anxiety-gronndividuals’3*3%3% Accordingly, we

hypothesized that active ABM will decrease Bl ctelds limbic activation and/or increase their
3
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frontal (VIPFC) activation. We also expected thia¢ tmagnitude of any ABM-induced anxiety
reduction would be associated with individual difieces in fronto-limbic activity. While findings of
an ABM effect on behavioral AB have been mix&& our results speak to the suggestion that neural
measures are more sensitive to ABM effects thanni®€asures. Finally, secondary analyses were
conducted to test the robustness of our primarglirigs, including intent-to-treat imputation and
sensitivity analysis (reported in Supplement 1,ilatée online). By studying the neurocognitive
mechanisms of ABM-induced effects in children wh we aimed to provide an important avenue
for the understanding of anxiety pathways, aheatieflevelopmental window within which clinical
anxiety typically emerges.
METHOD
Participants and Procedure

Participants were 9-12-year-old childrecruited in Central Pennsylvania for a larger gtof
the relation between BI, attention, and anxietye®ehundred-and-six children were screened by
parent report using the Behavioral Inhibition Qigestaire (BIQ}:; 178 children met criteria for BI.
Of these, 89 children were enrolled. An additioh@P children without Bl were enrolled for the
baseline assessments only (see Supplement 1, ldeadaline). The study was approved by the
institutional review board at The Pennsylvania &thiniversity. Parents and children provided
written consent/assent at the first visit.

Insert Figure 1

Figure 1 illustrates a detailed studywfloFirst, potential participants were invited tceth
laboratory for a baseline (BLN/pretraining) beha&lovisit. Eighty-nine families agreed to enroll in
the larger study. The children’s anxiety symptorssc{al and separation anxiety) were assessed
using the Diagnostic Interview Schedule for ChitereFourth Edition (C-DISC-IV/¥ administered
to parents and children, and their AB to threat masisured by a behavioral version of the dot-probe
task.

The dot-probe task toolkit, including th&8M training protocol, is part of the Tel Aviv

University/National Institute of Mental Health (NH) Attention Bias Measurement Toolbox
4
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Initiative.** As shown in Figure 2, a pair of faces (500mskjsaced in each trial by an arrow probe
(1100ms) in either face’s position. Participanticated whether the probe pointed to left or rigynt
pressing one of two buttons as accurately and tuaskpossible. Four trial types were presented: (1
congruent angry—neutral trials where the probeasgs the angry face; (2) incongruent angry—
neutral faces where the probe replaces the nefattal (3) neutral-neutral trials where the probe
appears at either location; (4) blank trials derl. There were 80 trials per type, 320 trialsoial,
divided into 2 blocks with 160 each (500ms ITI).eT$timuli consisted of 20 NimStim faces from 10
adults (half male, 1 angry and 1 neutral per aéfofngry face location, probe location, probe
direction, and face identity were counter-balaneedoss participants. AB towards threat was
quantified as a difference score between incongraed congruent conditions, which captures the
individuals’ relative speed in 1) disengaging frdlnmeat in incongruentrials and/or 2) orienting
towards threat in congruent trials. As such, weenrdd the participants’ preferential attention
allocation to threat over non-threat stimuli thrbube RT difference score.

Insert Figure 2

Next, eligible participants were invitéol a second baseline visit for the fMRI assessment.
Reasons for exclusion included orthodontics, higion correction, and prior surgery; reasons for
not participating included child refusal and drop(ee details in Figure 1). The fMRI participants
completed an fMRI dot-probe task identical to tlehdvioral version except that (1) the probe was
displayed for 1000ms, and (2) the inter-trial imtdr was jittered between 250-750ms
(average=500ms).

A scanner upgrade occurred during datkeatmn, such that data were collected on a 3T
Siemens Trio (pre-upgrade) and 3T Siemens Pfis(past-upgrade; Siemens Medical Solutions,
Erlangen, Germany) using the identical scanningogm (T2-weighted EPI, 3x3x3mm voxel,
TR=2500ms; T1l-weighted MP-RAGE, 1x1x1mm voxel, TR&AmMs). Scanner upgrade (old vs
new) was included as a covariate in analyses. Ctaistics of the fMRI and no-fMRI subgroups,
and the old and new scanner subsets, are preseni@ble S1 (available online). The visit order

information is reported in the online supplement.
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Children with Bl continued on to the ABivhining and subsequent outcome assessments.
Upon completion of baseline visits, they were rantjoassigned to an active ABM or a placdbsk
(50% in each). Training started the week after lr@seand continued for four consecutive weeks,
during which a research assistant administeredsbgned task in the child’s home once a week in a
double-blind manner (Table S2, available online)tHe ABM task, the probe always replaced the
neutral face of the angry-neutral face pair. Inplecebo task, the probe replaced angry and neutral
faces with equal probability. Two sets of facesevesed to lessen stimuli-induced repetition effects
and demonstrate generalization of the task. Eaditipant was randomly assigned to set A or B for
baseline and outcome assessments, while the @h@ sr A) was used for training.

Outcome (OCM/posttraining) assessmentse veeiministered within two weeks of the last
training session using identical procedures aslinase
Data Analyses

Raw data from the C-DISC-IV, behaviorat-grobe, and fMRI dot-probe task were processed
to measure participants’ symptoms, behavioral ARl aeural AB profiles at two time points, BLN
and OCM. For each measure, only participants thatributed usable data for both time points were
included in the pre-post analysis examining the A8ff¢ct. Accordingly, data processing resulted in
varying numbers of available data points (ranginy88), creating overlapping subgroups of
participants for each measure.

Anxiety and Behavioral AB Score. Composite anxiety scores were calculated by
standardizing and averaging the raw scores aceresn{s and children (within the Bl group) for the
social and separation anxiety submodules of C-DINA@Behavioral AB scores (AB=M to probes
of incongruent trials-Mr to probes of congruent trials) were calculated participants with
accuracy75%.

For both anxiety and behavioral AB measuone-way analyses of covariance (ANCOVAS)
examined the OCM score with training (ABM vs. plagg as the independent variable (IV) and
BLN score and age as the covariates (all statistere two-tailed). For randomized control designs,

this approach is more powerful than the full faetbfimexTraining analysis of variance (ANOVA)
6
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models when examining group difference in chafigen BLN to OCM, as it (1) controls for
potential between-group differences at baselineéchvizan occur in randomized control designs
despite randomization, and (2) estimates the ptpuolaegression slope predicting the outcome from
the baseliné®

fMRI Data Processing. fMRI preprocessing (SPM8, Wellcome Trust Center for
Neuroimaging, London, UK; MATLAB 7.14.0, Mathworké$nc., Natick, MA) included motion
correction, coregistration, normalization, and 6mspatial smoothing. A first-level-fixed-effects
analysis was run on each participant with threeditmm-related regressors (congruent angry—
neutral, incongruent angry—neutral, neutral-neytale invalid-trial regressor (responses that were
missing, incorrect, and/or with outlier RTs), onaséline regressor (including filler trials), and 24
motion regressors. Regressors were convolved bydhenical hemodynamic response function,
time-locked to the onset of face-pair. Followingstilevel analysis, participants meeting all three
criteria (accuracy75%, motion<3mm, detected visual activation to $daeere retained for second-
level analysis. Consistent with the behavioral ddiaation of AB, neural activity underlying AB
was quantified by the incongruent>congruent cohfrasn angry—neutral trials, which was the focus
of second-level analysis.

In second-level modeling, a two-way ANC®With time (BLN vs. OCM) and training
(ABM vs. placebo) as IVs and scanr(etd vs. new) and siblingair (with vs. without a sibling
included, n=3) as covariates was conducted to expdBM-induced changes, with a focus on the
TimexTraining interaction. We conducted small volume correctioithiw a priori anatomical
regions of interest (ROIs) of the limbic-vIPFC dciitty, including left and right amygdala, insula,
and VIPFC (Automated Anatomical Labelffig Results were first thresholded at whole-braireto
level atp<.005 uncorrected. Small volume correction was tead within each of the a priori ROIs,
and clusters withp<.05 family-wise-error corrected were identified significant activation. The
literature has identified the amygdala and vIPFGesponsive to threatening stimuli during dot-
probe task in youth with anxiety, with symptom s#yecorrelated negatively with vIPFC activation

and positively with amygdala activatiéh®® Adults with anxiety show increased vIPECand
7
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decreased amygdala—insula activatiorfollowing ABM, accompanied by attenuated anxiety
reactivity to laboratory stressdfs

Next, to probe the specific patterns of the Timexdinginteraction and control for potential
between-group differences at BLN, percent-signalrgie values (%SC) were extracted from clusters
revealing significant TimexTraininghteraction for each participant and submitted écosidary
ANCOVA analyses (Training as IV, BLN %SC and ageasariates, and OCM %SC as dependent
variable) in SPSS (24.0.0.1, IBM, Armonk, NY).

Correlation Analysis. Bivariate Pearson’s correlations were conductetherBLN measures
between core variables to examine their interreteti Difference scores were calculated for each
variable A=OCM-BLN) as directindicators of ABM-induced change. Correlations lesw
difference scores were tested to see if ABM-induckdnges were related to each other across
anxiety, behavioral, and neural measures.

Secondary Analyses. A group of secondary analyses are reported in Supght 1 (available
online), including (1) behavioral AB results of tiRI dot-probe task (Table S3, available online),
neural activation in incongruent and congruemnditions, respectively (Figure S1, available )|
fMRI results without siblings (Table S4, Figure $2ailable online), regression models examining if
BLN fMRI moderatesAanxiety (Table S5, Figure S3, available online)d anAfMRI mediates
ABM effect onAanxiety(Table S6, Figure S4, available online), whole#bfMRI analyses (Table
S7, available online), and exploratory comparidogsveen children with and without Bl at baseline
(Table S8, Figure S5, available online), and exatmn of the potential influence of visit order on
the results (Table S9, available online); and (&gnt-to-treat imputation of missing data and
sensitivity analysis on the imputed datasets (TaBIE)-S15, Figures S6-S7, available online).
RESULTS
ABM-Related Effects on Behavioral, Anxiety, and Neural Measures

One-way ANCOVAs examining the trainingffect on OCMscore (controlling for BLN)
yielded no training effect for behavioral AB (ABM33placebo=32)p=.21. ANCOVASs on anxiety

scores (ABM=40, placebo=40) revealed a significaining effect on OCM separation anxiety
8
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(Figure 3),F(1,76)=5.67 p=.02,7’=.07, with less anxiety in the ABM group, M(SD)&.05(0.58),
than the placebo, M(SD)=0.04(0.65). No trainingeeffwas found for social anxietl(1,76)=.15,
p=.70,1?=.00. No age effects were observpt:¥.40). See descriptions in Table S3, available enlin
Insert Figure3
Second-level analysis of fMRI data (ABMss1placebo=19)within a priori ROIs for the
incongruent>congruent contrast identified threestdts showing a significant TimexTraining
interaction in right amygdala, right anterior irsuhnd left vVIPFC, respectively. Table 1 and Figure
present results of second-level modeling and secgrINCOVAS on the extracted %SC from each
cluster. ANCOVAs revealed that with BLN %SC conlied| the training effect was significant on
OCM %SC for clusters within right insulaf(1,30)=5.83, p=.02, n°=.16, and left VIPFC,
F(1,30)=19.52p=.00,11°=.40, and approaching significance in right amyggd@a({1,30)=3.94p=.06,
n°=.12. The ABM group showed lower %SC at OCM tham placebo in right amygdala and right
insula, and higher OCM %SC in left vVIPFC. Thesaultsssuggest that after controlling for group
differences at baseline, active ABdhd placebo lead to distinct patterns of neurahghaver time
within the fronto-limbic system. No age effects webservedds >.16).
Insert Tablel and Figure4

Relations Between Behavioral, Anxiety, and Neural M easures

Table 2 presents correlation coefficiergsateen variables across the two traingngups, with
bootstrapped 95% Cls reported. For behavioral Adther baseline non scores were correlated
with any other variablep(s>.12). As expected, BIQ scores were positively dateel with baseline
anxiety. Separation and social anxiety were caowmedlavith each other, for both BLN and Baseline
separation anxiety was positively correlated witksddine activation in insula, but with the CI
containing zero. Importantly, among the differersmmores, positive correlations were observed
betweenAseparation anxiety anlamygdalaAinsula, with all Cls above zero. Amygdala and iasul
were strongly correlated with one another for bBttN and A. AVIPFC was negatively correlated
with Ainsula (greater vIPFC increases were accompaniagtdater insula decreases), but again with

the Clcontaining zero.
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Insert Table2

Correlation analyses conducted withirhe@aininggroup did not yield any significant results,
potentially due to the modest sample size of eaclhigg However, we did observe a trend for a
positive Aseparation anxietyxamygdala correlation in the ABM groug(13)=.51,p=.05, Cl=-.11-
.81.

DISCUSSION

This study investigated potential ABM-ireetd reductions in anxiety in 9-12-year-old chiidre
with BI, a temperamental risk factor for anxietyd@dpting a double-blind randomized control trial
approach, children with Bl were assessed beforeafted ABM (or placebo) training for symptom
levels and biobehavioral markers of risk. Our datficate that active ABM attenuated separation
anxiety, but not social anxiety, compared with plam. The ABM group showed decreased
activation in right amygdala and insula, but enleahactivation in vVIPFC, following training.

ABM-related reductions in anxiety sympw®nboth clinical and subclinical, have been
reported in adultd??and childrerf®*° Our study is the first to show a similar effectdhildren at
risk for anxiety. Interestingly, in our data, this effagas evident for separation anxiety, but not
social anxiety, which is often the focus of ther#ture. A number of factors may have contributed t
this finding.

First, anxiety was assessed by parental and afyildrt using C-DISC-IV. The manifestation
of anxiety symptoms may be driven by the daily Ktdemands” facing children. For 9-12-year-old
children, a majority of their social encountersurcat school, and parents rarely witness children’s
feelings and behaviors in this context directlyti®a, a child’s (social) anxiety might manifest as
distressed feelings and behaviors that parenteper¢and children experience) when they have to
part with caregivers and face social encountershbynselved’ As such, anxiety was reported by
parents (and by children themselves) specificaly separation anxiety. Further, the literature
suggests that children tend to report fewer sympt@ompared to parents in structured clinical
interviews? This may be due to children’s inability to idemtifor articulate pathological

experiences, or their unwillingness to disclosentbelves to an adult strangérAs a result,
10
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children’s social anxiety symptoms, of which pasentay have less knowledge, were not captured
by child- and parent-report assessments.

Second, from a developmental perspective,typical onset of separation anxiety is earlier
than that of social anxiety. For example, 75% oildcbn with separation anxiety develop the
syndrome by age 10 and 90% do so by ag& 8th its prevalence declining with age throughout
adolescence. In contrast, the onset of social gnkypically occurs during adolescence, within the
12-16 years rang®.Separation anxiety also predicts the later ememei™® and is often comorbid
with,*® social anxiety. Finally, stranger anxiety duringfancy, as an indicator of Bl, predicts
separation anxiety at a mean age of 8.8 y¥afsiture studies using a multi-method approach to
assess anxiety (e.g., evaluation from cliniciaachers, or peers, observation from laboratory or
classroom), would help discriminate subcategoriearxiety, better identify target symptoms for
ABM, and examine the proposed BI-to-separation etgxio-social anxiety trajectory.

We found no ABMelated effect for behavioral AB nor correlatiornstieeen AB and other
variables. This is not surprising. In the liter@uEldar et a’ found that an ABM task training
children to attend to threat successfully elevakeir AB, but a second task training them to attend
away from threat did not change AB. Roy et’akported heightened AB in clinically-anxious youth,
whereas other studies failed to find similar paein anxious childrer:>> Similarly, while Pérez-
Edgar et al. found heightened AB in adolescenth whildhood BI}? other studies did not observe a
direct BI-to-AB relation in younger childrei>®

Quantifying behavioral AB as a differenseore has been criticized for poor reliability in
capturing individual differences during the dotidpeotask, which may be a dynamic process
differentially expressed trial-to-trial over tim&.Novel computational procedures have been
proposed to account for dynamic features througltoeittask, such as the trial-level bias scbre.
However, the validity of the new approach has &ksen questionetf.Indeed, computing trial-level
bias scores in a dot-probe dataset aggregatedsagirostudies encompassing 364 participants ages 5
to 22 years did not find significant behavioral ABr significant relations between AB and Bl.

Behavioral dot-probe measures may not reliably wapindividual differences in behavioral AB.
11
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Therefore, examining more sensitive bio-neural messs such as fMRI, is important for AB-related
research.

While an ABM-related effect was not fouimdbehavioral AB, the fMRI measurements were
modulated by ABM. From BLN to OCM, the two grougsowed differentiated patterns of neural
changes for the incongruent>congrueantrast. It is likely that it was the active ABMsk, rather
than the placebo, that induced decreased activatiaimght amygdala and insula, and increased
activation in left vIPFC. However, our current rigsucannot not rule out the possibility that the
placebo task might have also affected the partitgdaneural activities, contributing to the obsetve
effect. Future studies with larger sample sizegaratditional control groups without any task may
be helpful in further disentangling the effects aftive ABM versus placebo. Regardless, our
findings converge with the adult literature repagtiABM-related modulation of fronto-limbic
functions, including amygdala and insdta&> and/or ventral PF&*

The limbic system, including amygdala arderior insula, is critical to immediate threat
processing. Limbic hyperactivity is directly linkedth, and potentially underlies, elevated anxiety
symptoms>3° This pattern aligns with our observation that lasactivation was positively
correlated with separation anxiety at baseline. Th&gnitude of ABM-induced reduction in
separation anxiety was also positively correlatath vdecreases in both amygdala and insula
activation, consistent with ABM data from anxioutulis® In the clinical literature, attenuation of
limbic activation has also been reported in otmedialytic treatments, including psychotherpand
medication®*

We also found an ABM-induced enhancemientvIPFC. In addition, our exploratory
mediation analysis (see Supplement 1, availablen@nfound that increases in VIPFC activation
accounted for the relation between ABM and decreasenxiety symptoms. The ventral area of
PFC, among other prefontal subregions, may be lglaséated with limbic reactivity, playing a
down-regulatory role in threat-evoked limbic hypetaty.**** Specifically, vIPFC resources may be
recruited during longer exposure to threats, follmgyvand inhibiting the initial limbic reactivity to

maintain goal-directed behaviots® Indeed, when comparing children with and witholittBe Bl
12
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group showed relatively lower baseline vIPFC attithan the non-BIl group (see Supplement 1,
available online), suggesting a link between hypofion of ventral PFC and fearful temperament.

In sum, our study demonstrated for thet fiime the effectiveness of ABM attenuating
anxiety symptoms and its potential neural correlaie children with Bl, a population at
temperamental risk for anxiety. However, given tharent limitations, further exploration is
warranted. While we found that ABM altered both gyomatic and fronto-limbic profiles, the
underlying mechanism linking the two is unclear. @egter understand the exact mechanism, future
studies need to (1) recruit larger samples suffityepowered to enable connectivity and mediation
analyses, which would help demonstrate the direatity and related causal mechanism underlying
ABM; (2) use multi-method assessments of Bl anxietydentify the risk and symptom targets for
ABM; and (3) conduct longitudinal research with tiple posttraining follow-ups across different
tasks, examining the generalizability and long-teffect of ABM. Overall, our findings suggest the
potential of ABM to be used as an effective prei@ntool for temperamentally vulnerable children,
before the developmental window within which cledianxiety typically emerges.

Lay Summary

Children with behavioral inhibition (i.e., temperamal shyness) are at greater risk for developmgety
disorders. This study introduces a computerizeentiin modification task, which trains children ghift
attention away from threatening information, aseéfactive tool to mitigate shy children’s anxietyngptoms
and eventually prevent them from developing subsetjanxiety disorders.

Clinical Guidance

« Developing targeted, effective, and economicalgdolprevent at-risk children from developing aadly
significant disorders is of great significance.

» This study provides important empirical evidenceusmg attention modification as a potential preiesn
tool for children at risk for anxiety disorders.

* Further empirical research examining the long-teffact of attention modification in preventing aeixi
disorders is warranted to better inform clinicatid®ns and practices.
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Table 1. Results of the Significant Clusters Yieldey TimexTraining Second-Level Modeling in
SPM and the Mean Percent Signal Change (Standandtid® in Parentheses) Extracted From Each
Cluster

_ Small volume correction Mean % signal change
A priori ROIs Peak MNI coordinates # of voxels F Z pwe Time ABM Placebo
Right amygdala 1 , BLN .71(1.11 -.49(1.37
(87 voxels) 18,-1,-17 8 1156 2.9105" oM 00(89)  .64(1.44)
Right insula . BLN 1.27(1.95 -.68(1.88
(597 voxels) 36,11, -14 14 17.84  3.5604"  G5cM a0(1.24) 1.06(1.22)
Left vIPFC BLN -.28(.60 .02(.40

(809 voxels) -39,56, -8 13 2225 3.9202* oM 43(48)  -.18(.42)
Note: ABM = attention bias modification; BLN = bdise; MNI = Montreal Neurological Institute;
OCM = outcome; ROI = region of interest; vVIPFC =mtrelateral prefrontal cortex.

Table 2. Pearson’s Bivariate Correlation AcrossTive Training Groups

BIQ (BLN) BLN BIQ (BLN) A
1. 2. 3. 4. 1. 2. 3. 4,

1.Separation .33" (81) 1 -.27'(79)

Anxiety  [.12, 55] " [-.44, -.09]

2.Social 33781  .27'(81) -17(78) .27'(78)

Anxiety  [.09,.53] [.06, .47] " [-.40, .08] [.02, .49]

gLy 3Right .18(32) .28(32) -.17(32) A g -18(32) .567(32) -.03(32)

Amygdala [-.15, .44] [-.17, .63][-.53, .25] " [-51, .15] [.11, .66] [-.29, .29]
4Right |nsu|a"01(32) 38°(32) -.22(32) .757(32) .03(32) 517(32) -.15(32) .657(32)

' [-.31, .27] [-.08, .69] [-.51, .07] [.58, .88] " [-.36, .37] [.05,.67] [-.43,.20] [.26,.89]
5 Left VIPEC -03(32)  -13(32) -20(32) .17(32) -.13(32) .09(32) -.08(32) .08(32) -.17(32) -.40'(32)
' [-.30, .23] [-.49, .13][-.45, .09] [-.11, .44] [-.43, .26] " [-.17, .36] [-.45, .19] [-.24, .40] [-.48, .17] [-.64, .01]

Note:df is shown in parentheses, 95% bias-corrected-aateteconfidence interval (generated by
1000 bootstrapping in SPSS) in brackets, and sogmif correlations in bold. BIQ = Behavioral

Inhibition Questionnaire; BLN = baseline; vIPFC enirolateral prefrontal cortex.
" p<.005, p<.05
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Figure 1. Study flow. Note: ABM = attention bias difccation; Bl = behavioral inhibition; BIQ =
Behavioral Inhibition Questionnaire; BLN = baseliffdRI = functional magnetic resonance
imaging; OCM = outcome.

Figure 2. The dot-probe paradigm. Note: The aditention bias modificatiofABM) task includes
incongruent angry-neutral condition only (and naltreutral condition); the placebo task includes
incongruent and congruent conditions of equal nurobgials (and neutral-neutral condition). fMRI
= functional magnetic resonance imaging.

Figure 3. Separation anxiety scores for the attarttias modificatiofABM; n=40) and placebo
(n=40) groups at baseline (BLN) and outcome (OCM).

Figure 4. Three brain clusters showing signifidamextraininginteraction, and the extracted
percent signal change (%SC) values for attentiaa biodification (ABM; n=15) and placebo (n=19)

at baseline (BLN) and outcome (OCM). Note: vIPF@entrolateral prefrontal cortex.
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89 enrolled

85 completed BLN

4 dropped out

706 screened by BIQ

528 non-BI

162 enrolled

136 completed BLN

v

26 dropped out

19 no fMRI 51 fMRI BLN usable 15 fMRI BLN unusable 49 no fMRI 68 fMRI BLN usable 19 fMRI BLN unusable
* 2 dropped out * Saccuracy<75% « 10 dropped out e 12 accuracy<75%
« 7refusal * 5 motion>3mm « 21 refusal * 5 motion>3mm
* S orthodontics * 2 no visual activation « 17 orthodontics * 2 no visual activation
1 high vision correction « [ prior surgery
+ 1 prior surgery
84 randomized
(incl. 50 fMRI BLN usable)
\
43ABM 41 Placebo
41 completed training * 40 completed training
2 dropped out before training 1 dropped out before training
1 dropped out after training
40 completed OCM 40 completed OCM
(incl. 25 fMRI BLN usable) (incl. 25 fMRI BLN usable)
10 no fMRI 17 fMRI OCM usable 13 fMRI OCM unusable 10 no fMRI 23 fMRI OCM usable 7 fMRI OCM unusable
.1 d"‘fﬁl’f‘f out e 7accuracy<75% * 1 dropped out * 2 accuracy<75%
* Srefusal . * 6 motion>3mm * 3refusal * 5 motion>3mm
: 3 orthodontics v * 0 no visual activation * 5 orthodontics v

1 high vision correction

15 fMRI usable
for both BLN and OCM

1 prior surgery

19 fMRI usable
for both BLN and OCM
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Congruent Incongruent

neutral-angry neutral-angry Neutral-neutral

Fixation: 500 ms

Face-pair: 500 ms

Probe: 1100 ms
(1000 ms for fMRI) < <

ABM task

T
Placebo task
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