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Children with behavioral inhibition (BI), a temperament characterized by biologically-based hyper-
vigilance to novelty, display threat-related attention biases (AB) that shape developmental trajectories
of risk for anxiety. Here we explore the relations between BI, neural function, and anxiety. Fifty-six 9-12-
year-olds (23 behaviorally inhibited) performed the dot-probe task while undergoing fMRI. AB scores
were not associated with Bl group or parent-rated anxiety symptoms. Trials requiring attention ori-
Keywords: enting away f.rorp threat engaged an ex.ecutive. an.d.threatjattention network (leFQ, vll_’FC,.mPFC, fmd
Attention.bias amygdala). Within that network, behaviorally inhibited children showed greater activation in the right
fMRI dIPFC. Heightened dIPFC activation related to increased anxiety, and BI levels accounted for the direct
relation between dIPFC activation and anxiety. Behaviorally inhibited children may engage the executive
attention system during threat-related processing as a compensatory mechanism. We provide prelimi-
nary evidence that the link between PFC functioning and anxiety might be attributed to early-emerging
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temperamental vulnerabilities present before the emergence of clinical anxiety.
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1. Introduction

Behavioral inhibition (BI) is a biologically-based, early-
appearing temperament characterized by heightened vigilance and
reactivity to novel sensory stimuli in infancy (Kagan, Reznick,
Clarke, Snidman, & Garcia-Coll, 1984), social reticence from tod-
dlerhood to school age (Fox, Henderson, Rubin, Calkins, & Schmidt,
2001; Fox, Henderson, Marshall, Nichols, & Ghera, 2005), and sen-
sitivity to novel situations, particularly if social in nature. Stable BI
across childhood is a risk factor for subsequent anxiety disorders
(Chronis-Tuscano et al., 2009; Clauss & Blackford, 2012; Pérez-
Edgar & Fox, 2005). However, there are individual differences in
the developmental trajectories of risk, such that not all children
with BI develop or have concurrent anxiety problems (Degnan &
Fox, 2007). Thus, examining variations in socioemotional informa-
tion processing and its underlying neural correlates is important for
identifying temperament-linked biological processes that potenti-
ate vulnerability for anxiety among behaviorally inhibited children
(Henderson, Pine, & Fox, 2015).

A growing number of functional neuroimaging studies (see
Caouette & Guyer, 2014; Henderson et al., 2015, for reviews) have

* Corresponding author at: Child Study Center, 270 Moore Building, The Pennsyl-
vania State University, University Park, PA 16802, United States.
E-mail addresses: xuf104@psu.edu (X. Fu), bct3@psu.edu (B.C. Taber-Thomas),
kxp24@psu.edu (K. Pérez-Edgar).

http://dx.doi.org/10.1016/j.biopsycho.2015.08.010
0301-0511/© 2015 Elsevier B.V. All rights reserved.

shown that adolescents and adults with a history of early BI, com-
pared to non-inhibited individuals, display aberrant responding in
neurocircuitries that overlap with networks associated with anxi-
ety disorders (Blackford & Pine, 2012; Guyer, Masten, & Pine, 2013),
even in the absence of the psychopathology. For example, young
adults characterized with BI show atypical amygdala responses
to novel faces (greater magnitude: Schwartz, Wright, Shin, Kagan,
& Rauch, 2003, faster latency: Blackford, Avery, Shelton, & Zald,
2009; and failure to habituate: Blackford, Allen, Cowan, & Avery,
2012; Schwartz etal., 2012). Among adolescents, a history of Bl was
associated with exaggerated amygdala activation when attending
to their fear of emotional faces (Pérez-Edgar et al., 2007). Con-
sidering the appetitive-motivational circuitry, adolescents with a
childhood history of BI also displayed enhanced striatal reactiv-
ity during reward anticipation and receipt (Bar-Haim et al., 2009;
Guyer et al., 2006, 2014, Helfinstein et al., 2011; Pérez-Edgar et al.,
2014a). Assessing neural functioning underlying cognitive control,
young adults with early BI exhibited heightened activation of pre-
frontal and striatal regions when greater attention control was
engaged in the presence of fearful faces (Jarcho et al., 2013, 2014).

Thus, early BI has been linked to distinct patterns of neu-
ral responses to emotionally- and motivationally-significant
stimuli, relative to non-inhibited individuals. Bl-related neural
perturbations parallel perturbations evident in clinically anx-
ious individuals, and are apparent even in the absence of
current psychopathology. These studies have important implica-
tions for translational research in suggesting that there may be
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enduring neural mechanisms that serve as the foundation for
the link between early Bl and subsequent anxiety (Pérez-Edgar &
Guyer, 2014; Pine & Fox, 2015).

One information-processing mechanism that shapes the rela-
tion between BI and anxiety problems during development is
threat-related attention bias (AB; Fox & Pine, 2012; Pérez-Edgar,
Taber-Thomas, Auday, & Morales, 2014b). Experimental evidence
in adults suggests that clinical and subclinical anxiety is associ-
ated with biased attention orienting to threat (Bar-Haim, Lamy,
Pergamin, Bakermans-Kranenburg, & Van Ijzendoorn, 2007; Cisler
& Koster, 2010). Meta-analyses of studies administering attention
bias modification training (ABMT), an anxiety intervention proce-
dure that attempts to train attention away from threat (Bar-Haim,
2010), have reported that active ABMT with adults reduces AB and
anxiety symptoms compared to control training (Beard, Sawyer,
& Hofmann, 2012; Hakamata et al., 2010; Hallion & Ruscio, 2011;
Mogoase, David, & Koster, 2014).

However, there is more heterogeneity in the link between AB
and anxiety in youth (Puliafico & Kendall, 2006). While there is
evidence supporting both the AB-anxiety link (Roy et al., 2008)
and the effectiveness of ABMT on AB in anxious adolescents (Eldar
et al., 2012), other studies have failed to find AB to threat in
clinically anxious children (e.g. Kindt, Bogels, & Morren, 2003;
Waters, Wharton, Zimmer-Gembeck, & Craske, 2008) or find atten-
tion avoidance (Salum et al., 2013). In line with the neural parallels
between anxiety and BI, adolescents with stable childhood BI also
display heightened AB (Pérez-Edgaretal.,2010). However, younger
children characterized for Bl did not display AB in other studies
(Broeren, Muris, Bouwmeester, Field, & Voerman, 2011; Pérez-
Edgar et al., 2011; White et al., in press). In summary, although
there is relatively consistent evidence in adults suggesting that AB
to threat appears to be causally implicated in the onset and main-
tenance of anxiety symptoms (Pine, Helfinstein, Bar-Haim, Nelson,
& Fox, 2009), inconsistencies in the youth literature require further
research. Examining AB in temperamentally at-risk youth is par-
ticularly important for determining whether AB is a precursor or a
symptom of anxiety disorders.

Biased attention allocation in childhood may elicit a cascade of
effects on downstream information processing, including threat-
related interpretation bias. These processes may influence each
other through a feedback loop, contributing to the formation of a
maladaptive response repertoire that perpetuates and strengthens
anxious behaviors over time (Crick & Dodge, 1994). Indeed, longi-
tudinal studies indicate that early BI predicted subsequent social
withdrawal only in adolescents and children showing AB (Pérez-
Edgar et al., 2010, 2011), underscoring that deeply-entrenched AB
might bind at-risk children to a developmental trajectory marked
by elevated anxiety symptoms (Pérez-Edgar & Guyer, 2014; Pérez-
Edgar et al., 2014b). These data also support the presumption that
Bl may act as an endophenotypic marker of risk, aiding attempts
to link variations in neural functioning with observed patterns of
behavior (Pérez-Edgar & Guyer, 2014).

Neurocognitive models delineate a frontolimbic neural net-
work that mediates threat-related attention orienting (Bishop,
2008; Heeren, De Raedt, Koster, & Philippot, 2013; Shechner et al.,
2012). This network encompasses: (i) a bottom-up amygdala-
based system that subserves salience detection, and engages other
regions implicated in processing and responding to motivationally-
relevant stimuli (Davis & Whalen, 2001; Phan, Wager, Taylor, &
Liberzon, 2002) and (ii) a top—-down system that is comprised of
regions in the prefrontal cortex (PFC). The medial PFC (mPFC), with
direct reciprocal connections to the amygdala, plays a general role
in processing emotion and self-relevant information (Phan et al.,
2002; Schmitz & Johnson, 2007). Of the sub-regions, the dosorme-
dial PFC (dmPFC) is involved in monitoring and evaluating affective
information, while ventromedial PFC (vmPFC) modulates and

integrates limbic processing in support of context-appropriate
emotion regulation (Etkin, 2010; Etkin, Egner, & Kalisch, 2011). The
ventrolateral PFC (VIPFC) modulates amygdala responses to threat
in order to maintain goal-directed behavior (Corbetta & Shulman,
2002; Fox & Pine, 2012). Additionally, the dorsolateral PFC (dIPFC)
is implicated in ongoing maintenance of executive control, such
as trial-by-trial voluntary attention allocation to support task-
required performance in the presence of threat-related distractors
(Bishop, 2008, 2009; Luks, Simpson, Dale, & Hough, 2007). Emerg-
ing research using transcranial direct current stimulation (tDCS)
to increase excitability of the dIPFC suggests that dIPFC activity
casually influences threat-related AB, likely by modulating atten-
tion to salient stimuli (Clarke, Browning, Hammond, Notebaert, &
MacLeod, 2014; Ironside, O’shea, Cowen, & Harmer, 2015).

Studies examining the neural correlates of AB in relation to anx-
iety commonly employ the dot-probe task (Bar-Haim et al., 2007),
in which each trial presents a pair of faces (either both neutral, or a
neutral-threat pair) followed by a probe replacing one of the faces
(youths: Britton et al., 2012; Monk et al., 2006, 2008; Price et al.,
2014; Telzer et al., 2008; adults: Fani et al., 2012; Hardee et al,,
2013). Biased attention toward threat is quantified behaviorally
in the neutral-threat trials by slower reaction times (RTs) to the
probes that replace the neutral face (incongruent trials) compared
to the probes that replace the threat face (congruent trials).

Monk et al. (2006) found that youth with generalized anxiety
disorder (GAD) displayed greater VIPFC response to angry faces
(500 ms presentation) compared to healthy adolescents. How-
ever, amygdala activation did not differ between groups. Symptom
severity was negatively correlated with vIPFC activation, suggest-
ing that vIPFC recruitment may be a compensatory mechanism to
regulate anxiety (Guyer et al., 2013; Shechner et al., 2012). With
pre-conscious face presentation (17 ms), adolescents with GAD
showed greater amygdala response to angry faces, as well as a
reduced negative amygdala-vIPFC coupling (Monk et al., 2008).

Additional studies have measured neural functioning associated
with AB by comparing incongruent versus congruent neutral-threat
trials. Here, youth with higher trait anxiety engaged greater dIPFC
function when required to shift attention to the opposite location of
threat compared to the same location (Telzer et al., 2008). Whereas
healthy controls showed robust limbic deactivation when atten-
tion was shifted away from threat, deactivation was attenuated
in clinically-anxious youth (Price et al., 2014). Using magnetoen-
cephalography to allow for greater temporal resolution, Britton
et al. (2011) found that youth with GAD showed greater neg-
ative activation in vIPFC than controls, driven by greater vIPFC
activation during the congruent trials. Taken together, current anx-
iety symptoms and vulnerability to anxiety are both associated
with perturbed activation in the frontolimbic circuitries underlying
threat-related attention processes.

In the only published study linking Bl and frontolimbic connec-
tivity during the dot-probe paradigm, Hardee et al. (2013) found
that young adults with a history of stable BI showed stronger
negative amygdala-dIPFC connectivity than individuals without
childhood BI for the angry-versus-neutral face contrast. How-
ever, as with the other neuroimaging studies, neural activity and
internalizing symptoms were assessed concurrently. As such, one
cannot infer whether the altered connectivity was associated with
early Bl or was aresult of socioemotional problems developed later
in life. In the light of extant research, it is difficult to distinguish
whether BI serves as a mediator that fuels the relations between
neural perturbation and anxiety or a moderator, such that aberrant
neural functioning triggers anxiety only in behaviorally inhibited
individuals.

The present study aimed to provide additional insights into
the link between BI, neural correlates of threat-related AB and
anxiety by examining, for the first time, neural responses to the
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incongruent-versus-congruent contrast on the dot-probe task in
young children (9-12-year-olds) characterized for level of Bl. We
also examined whether variation in neural response relates to
anxiety symptoms, and whether Bl mediates or moderates the
relation between neural activation and anxiety. Investigating neu-
ral mechanisms associated with AB in children who are entering
the developmental period of increased onset of anxiety disorders
(Beesdo, Knappe, & Pine, 2009) is in line with the goals of the
Research Domain Criteria (RDoC) to identify youth with at-risk neu-
ral profiles for early anxiety intervention (Pine & Fox, 2015). Our
findings will also set the stage for identifying neural processes that
mediate and/or moderate the effects of ABMT using the dot-probe
paradigm (Bar-Haim, 2010).

We adopted an event-related fMRI dot-probe task involving
angry and neutral faces as used in prior studies (e.g., Hardee et al.,
2013; Monk et al., 2006) to assist comparison and interpretation of
findings. The incongruent-versus-congruent contrast isolates neu-
ral responses to probes that appeared in the opposite location of
the threat. We hypothesized that: (1) at the behavioral level, BI,
AB to threat, and anxiety will all be positively correlated. (2) At
the neural level, there will be greater amygdala and PFC response
to incongruent relative to congruent trials across all participants.
(3) Children in the BI group, compared to non-inhibited children,
will display heightened PFC function to support voluntary attention
allocation in the presence of a supraliminal (500 ms) threat stim-
ulus. (4) We tentatively hypothesized greater amygdala activation
in the BI versus non-BI group. While the threat distractor might be
more salient for behaviorally inhibited children, prior studies (Brit-
ton et al., 2011; Price et al., 2014; Telzer et al., 2008) did not find
greater amygdala activation on the incongruent-versus-congruent
contrast. (5) Given the lack of clear evidence on the impact Bl may
exert on neural perturbations and anxiety, we hypothesized that
BI will influence (mediate or moderate) the association between
activation in the frontolimbic network and trait anxiety in an
exploratory analysis.

2. Method
2.1. Participants

Participants were eighty 9-12-year-olds, drawn from an ongo-
ing study of AB and temperamental risk for anxiety. Families were
recruited through a university database of families interested in
participating in research studies, community outreach, and word-
of-mouth. Participants were screened based on parent-report using
the Behavioral Inhibition Questionnaire (BIQ; Bishop, Spence, &
McDonald, 2003) and designated as behaviorally inhibited if they
scored high on either the social novelty subscale (>60), the grand
total score (>119), or both (Table 1). Cut-off scores were based on
previous studies of extreme temperament in children ages 4-15
years (Broeren & Muris, 2010). Of the 365 children characterized
with the BIQ, 92 (25.2%) met criterion. Forty-six agreed to partic-
ipate in the larger, multi-visit study (reasons for not participating
include opting out, out of contact, and recruitment in progress). Of
those, 36 participated in the fMRI session (reasons for not partic-
ipating include orthodontics and opting out). Data presented here
are from the baseline visit. Forty-four children who scored below
the BI cut-offs participated as sex- and age-matched control par-
ticipants (Table 1).

Data were carefully inspected for quality assurance, with 21
participants (26.3%) excluded from fMRI analyses for meeting one
of the exclusion criteria: exceeding movement thresholds (>3 mm,
N=5), poor task performance (more than 25% of trials with miss-
ing responses, inaccurate responses or outlier RTs, N=10), and
failure to detect visual cortex activation when task stimuli were

present versus absent (N =6). Finally, in order to avoid genetic and
shared environmental factors contributing to group-level variance
(Gregory & Eley, 2007) that might confound the results, three par-
ticipants were excluded due to being a member of a sibling pair
participating in the study. The final sample consists of 56 children
(Mage =10.3 years; SD=.95; 11 males; 23 BI group; 7 left-handed).
Included and excluded participants did not differ in age, gender, IQ,
BIQ scores, AB scores, levels of anxiety and depression symptoms, or
number of children on psychotropic medications (p’s>.13, Table 1).
Within the final sample, three children were on stimulants, and one
was also prescribed an anti-panic medication. The anxiety measure
was missing for 9 participants. They did not differ from the rest in
total BIQ scores or AB (p’s >.36).

The study was approved by the institutional review board at
the Pennsylvania State University. Parents and children provided
written consent/assent.

2.2. Measures

Behavioral inhibition was assessed using the BIQ (Bishop et al.,
2003), a 30-item instrument that measures the frequency of BI-
linked behavior in the domains of social and situational novelty
(plus a summed total score) on a seven-point scale ranging from 1
(“hardly ever”) to 7 (“almost always”). Four questions were edited
to be more appropriate for the target age range in the current
study (e.g., reference to preschool, kindergarten, and childcare was
removed for the question: “Happily separates from parent(s) when
leftin new situations for the first time (e.g., kindergarten, preschool,
childcare)”). The questionnaire has adequate internal consistency,
construct validity, and validity in differentiating behaviorally inhib-
ited from non-inhibited children (Bishop et al., 2003), parent
reports on the BIQ correlate with laboratory observations of Bl in
social contexts (Dyson, Klein, Olino, Dougherty, & Durbin, 2011),
and the BIQ had good internal consistency in the present study
(Cronbach’s ¢ =.91).

Anxiety symptoms were measured using the parent-report ver-
sion the Screen for Child Anxiety Related Emotional Disorders
(SCARED, Birmaher et al., 1999), a 41-item instrument assessing
symptoms of panic disorder, generalized anxiety, separation anx-
iety, social phobia, and school phobia defined in the Diagnostic
and Statistical Manual of Mental Disorders (DSM-IV; American
Psychiatric Association, 1994). Parents rated the frequency with
which their children experience each symptom on three-point
scales (0="“almost never”, 1="“sometimes”, and 2 =“often”). Sub-
scale scores were summed to create the total score. The SCARED
has satisfactory psychometric properties in both clinical (Birmaher
et al., 1999) and community samples (Hale, Raaijmakers, Muris, &
Meeus, 2005), and it offers a valuable tool to predict specific anxi-
ety disorders in clinically-referred youths (Muris, Dreessen, Bogels,
Weckx, & Melick, 2004). It had good internal consistency in the
present study (Cronbach’s «=.90).

Threat-related AB was assessed in an event-related fMRI dot-
probe task. The behavioral paradigm is well-validated in both adults
(Mogg & Bradley, 1999) and youths (Monk et al., 2006). Stim-
uli were displayed on a projector with resolution of 1024(H) by
768(V) at 75Hz. At the viewing distance of 143 cm, the display
area was 20°(H) x 16°(V). The visual angle for the face image was
1.80°(H) x 1.36°(V). Each trial (2500 ms) began with a 500 ms fixa-
tion cross, followed by a face pair displayed on the top and bottom
of the fixation point for 500 ms (Fig. 1). The faces and fixation
point were replaced by an arrow-probe presented for 1000 ms in
the location of one of the preceding faces. Participants indicated
whether the arrow pointed to left or right by pressing a button
(response recorded for 2500 ms). The inter-trial interval varied
between 250 ms and 750 ms (average 500 ms).
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Included participants

Excluded participants

BI Non-BI BI Non-BI
Demographics
N 23 33 13 11
Gender (M/F) 11/12 14/19 4/9 4/7
Age 10.26 (0.92) 10.30 (0.98) 10.15 (0.99) 10.18 (1.17)
1Q 110.23 (14.12) 113.21(14.11) 106.42 (14.99) 107.36 (8.52)
BI characterization
Total BIQ 126.46 (16.98) 76.80 (20.48) 128.31 (21.51) 65.09 (20.01)
Number of children BIQ cut-off (>119) only 2 NA 1 NA
Number of children novelty cut-off (>60) only 8 NA 3 NA
Number of children on psychotropic medication 1 2 2 0
Symptom characterization
Total SCARED 15.62(8.25) 7.38 (7.37) 21.62 (13.64) 4.56 (4.03)
Number of MDD symptoms 4.09 (3.07) 3.52(4.03) 4.25(4.52) 2.18(3.06)
Dot-probe task performance
Valid dot-probe trials (%) 90.08 (4.72) 71.65 (24.60)
Congruent 90.33 (5.74) 90.00 (5.45) 78.65(17.91) 64.50 (30.77)
Incongruent 89.02 (4.18) 90.27 (5.95) 78.23 (18.55) 62.63(29.72)
Neutral-neutral 89.35(5.25) 91.06 (5.66) 77.81(16.95) 64.13 (30.05)
RTs valid dot-probe trials (ms) 616.84 (78.20) 616.99 (122.32)
Congruent 624.52 (84.15) 613.55(73.36) 622.24 (67.14) 599.59 (200.47)
Incongruent 623.90 (85.91) 611.79 (76.64) 622.40 (69.63) 600.69 (190.13)
Neutral-neutral 620.27 (82.41) 612.43 (78.36) 615.37 (61.59) 628.71 (155.88)
AB score —0.63(15.64) -1.76 (17.22) 0.16 (21.87) 1.10(19.97)

Note: Raw values are presented to assist interpretation. IQ was measured using the vocabulary and block design substests of the Wechsler Intelligence Scale for Children
(WISC-1V, Wechsler, 2003) with scores computed from the sum of the scaled scores (Strauss, Sherman, Spreen, 2006). Total SCARED scores for included participants were
log-transformed to correct for positive skewness. MDD was examined using the computerized Diagnostic Interview Schedule for Children—Fourth Edition (DISC-1V; Shaffer,
Fisher, Lucas, Dulcan, & Schwab-Stone, 2000), administered to parents. BIQ= Behavioral Inhibition Questionnaire; SCARED =screen for child anxiety related emotional
disorders; MDD = major depressive disorder; RTs =reaction times; AB = attention bias.

" p=.001, for comparisons of Bl group to Non-BI group.

" p<.001, for comparisons of BI group to Non-BI group.

Incongruent Trials Congruent Trials

Fixation
500ms

Face Stimulus
500ms

Probe
1,000ms

Fig. 1. Schematic of the dot-probe task illustrating congruent and incongruent trials. In incongruent trials, the probe appeared on the opposite location of the angry face. In
congruent trials, the probe appeared on the same location as the angry face. The same actor appeared for both expressions within a trial. Each probe direction (<left or >right)
appeared for half of the trials.



102 X. Fu et al. / Biological Psychology 122 (2017) 98-109

(a) (b)

Fig. 2. Whole sample Incongruent > Congruent. The whole-brain analysis comparing the incongruent to congruent trials revealed activation significantly greater than zero
across all participants in the three prefrontal regions: (a) right dIPFC, (b) left vIPFC, and (c) bilateral mPFC. Figures presented at p =.005 with a cluster extent threshold of 85

voxels.

Table 2
Bivariate correlations for study variables.

Variable BIQ AB score Anxiety symptoms
BIQ

AB score 0.06

Anxiety symptoms 0.54" 0.24

dIPFC-cluster activation 031 0.15 0.36

Note: dIPFC=dorsolateral prefrontal cortex; BIQ= Behavioral Inhibition Question-
naire, AB = attention bias. We selected the dIPFC-cluster where there was a BI-group
difference in activation for the incongruent-versus-congruent contrast. Peak MNI
coordinates for the dIPFC cluster: x, y, z=24, 62, 13; 9 voxels.

* p<.05.

" p<.001.

The task displayed face pairs of 20 actors (NimStim, Tottenham
etal., 2009) across 320 trials divided into two task runs. There were
80 trials for each of 3 trial types in each run: (1) congruent trials
in which the angry-neutral face pair was followed by an arrow in
the same position as the angry face; (2) incongruent trials in which
the angry-neutral face pair was replaced by the probe appeared on
the opposite location of the angry face; and (3) neutral-neutral tri-
als with the probe presented on either location. Eighty blank trials
were added to each run to create jitter and serve as an additional
baseline. Angry-face location, arrow-probe location, arrow-probe
direction, and actors were counterbalanced for each participant.

Prior to fMRI acquisition, participants practiced the dot-probe
task in a mock scanner. Participants repeated the 10 practice trials
until achieving at least 80% accuracy. The mock scanner procedures
were added to familiarize children with the fMRI environment,
sounds, and task procedures, and train them to be as still as possible
during scans. During mock and actual data acquisition, task stimuli
were viewed with mirrors on the head coil. Padding was used to
limit head and body movement.

2.3. fMRI data acquisition

Imaging data were acquired in two 170 volume runs (180
task trials/run) on a 3-Telsa MRI scanner (MAGNETOM Trio with
Tim system, Siemens Medical Solutions, Erlangen, Germany), with
descending acquisition of 43 continuous 3 mm axial slices angled
approximately 15 degrees above the AC-PC line. T2*-weighted
echo-planar sequence was applied with a repetition time (TR) of
2500 ms, echo time (TE) of 25ms, flip angle of 80°, and field of

view (FoV) of 192 mm. The voxel size was 3 x 3 x 3mm, and the
image matrix was 64 x 64. High-resolution T1-weighted structural
scans were also acquired using a magnetization prepared gradient
echo sequence (MP-RAGE) (176 1 mm slices, TR=1700, TE=2.01,
flip angle=9°, FoV =256 mm, voxel size=1 x 1 x 1 mm; 256 x 256
matrix, T1 =850 ms).

2.4. fMRI data preprocessing

Data were preprocessed and analyzed using SPM8 (Wellcome
Trust Center for Neuroimaging, London, UK) and MATLAB (Ver-
sion 7.14.0; Mathworks, Inc., Natick, MA). Functional images were
realigned to the first image of each run. The T1 was coregistered to
the mean realigned functional image, and then normalized to the
Cincinnati Children’s Hospital Pediatric Brain Template for 9-12
year olds (Wilke, Schmithorst, & Holland, 2002) using SPM’s unified
segmentation. These normalization parameters were then applied
to the functional time series, which were then spatially smoothed
with a 6 mm kernel.

2.5. Data analysis

2.5.1. Behavioral data

RT data were cleaned based on the TAU-NIMH Toolbox (Abend,
Pine, Bar-Haim, 2014). We excluded trials (9.92% total) with miss-
ing responses (2.55%), incorrect responses (2.79%), RTs outside a
150-2000 ms window post-probe presentation (0.03%), and RTs
+/—-2 standard deviations of the individual child’s mean (derived
from included trials; 4.55%). AB scores for each participant were
calculated as mean RT to the probes on the incongruent trials minus
mean RT to the probes on congruent trials.

2.5.2. fMRI data

At the first-level, fixed-effects analysis was conducted for each
participant with four regressors created for the trial types: neutral-
neutral, congruent, incongruent, and invalid (missing responses,
incorrect responses and responses with outlier RTs), along with
motion regressors specified based on the 24-parameter autore-
gressive model (Friston, Williams, Howard, Frackowiak, & Turner,
1996). Task-related regressors were modeled by convolving event
onset times with a canonical hemodynamic response function. The
t-contrast estimated for examining signal change corresponding
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to threat-related AB was incongruent-versus-congruent neutral-
threat trials (Incongruent > Congruent).

The contrast images containing parameter estimates for indi-
vidual participants were entered into two second-level, random-
effects analyses: (1) whole-sample Incongruent>Congruent: to
examine regions activated in the Incongruent>Congruent con-
trast across all participants in a one-sample t-test, and (2)
between-group Incongruent>Congruent: to compare Incongru-
ent > Congruent activation between the Bl-group and non-BI group
in a two-sample t-test. In addition to SPM’s implicit masking
procedure set to include voxels with at least 20% of mean sig-
nal, an explicit brain mask was applied to limit the analyses to
voxels with greater than 20% probability of being gray matter.
For clusters exhibiting significant Bl-group differences, subject-
level percent signal-change values were extracted (MarsBaR; Brett,
Anton, Valabregue, & Poline, 2002) for secondary correlation analy-
ses and model testing. As exploratory analyses, we also conducted
an omnibus one-way repeated-measures ANOVA with trial type
(incongruent, congruent, neutral-neutral) as the within-subjects
factor, as well as a trial type (incongruent, congruent, neutral-
neutral) x group (BI, non-BIl) mixed design ANOVA. Details of the
analyses and results are presented in the Supplemental informa-
tion.

For both one-sample and two-sample t-tests, to correct
for multiple comparisons at the whole-brain cluster-wise
alpha of 0.05 with a voxel-wise p-threshold of 0.005 (based
on the average smoothness of our data: FWHM values of
11.2mm x 11.4mm x 10.2 mm in x, y, and z dimensions), 10,000
Monte Carlo simulations (AFNI program 3dClustSim) found that a
minimum cluster size of 85 contiguous voxels was necessary to
achieve significance. Following prior literature (e.g., Hardee et al.,
2013; Monk et al., 2006, 2008), to assess clusters of activation
within the amygdala, small-volume correction (SVC) was applied
based on a priori anatomical region of interest (ROI) including both
left (79 voxels) and right (87 voxels) amygdala, defined using the
AAL Atlas (Tzourio-Mazoyer et al., 2002) provided in the WFU Pick
Atlas (Maldjian, Laurienti, Kraft, & Burdette, 2003). Monte Carlo
simulations (smoothness of 11.9 x 7.9 x 10.9 mm FWHM) deter-
mined that a minimum 2-voxel cluster size for both left and right
amygdala was needed to achieve a cluster-wise p =.05 at voxel-wise
p=.005.

Amygdala (L) £ © B,

|

Table 3

Activation clusters in response to incongruent relative to congruent trials that sur-
vived the p<.05 cluster-corrected thresholds at voxel-wise threshold of p=.005
identified in the one-sample t-test, for both whole-brain (Fig. 2) and amygdala ROI
(Fig. 3) analyses.

Peak MNI

coordi-

nates
Region name (AAL) X y z Cluster size (voxels) t(55)
Whole-brain analysis
Temporal Mid_L -69 -22 -8 392 4.90
Cerebelum_Crus1.L -18 -79 20 345 423
Occipital_Mid_L -27 -85 16 105 417
Rolandic_Oper-R 36 -22 19 120 4.00
Frontal Mid_Orb_R 45 53 -2 260 3.98
Frontal_Inf_Tri_L -45 23 1 93 3.95
Cerebelum-6_R 18 -79 -20 124 3.87
Parietal_Sup_R 36 —46 58 128 3.85
Temporal Mid R 57 —-49 13 90 3.83
Lingual R 21 -8 -5 359 3.79
Frontal_Sup_Medial_L -6 56 4 151 3.74
ROI analysis
Amygdala_R 18 5 -17 2 3.03
Amygdala_L =27 -1 -29 2 2.80

Note: AAL=automated anatomical labeling (Tzourio-Mazoyer et al., 2002).

Given our a priori hypothesis of greater prefrontal activa-
tion in the Incongruent>Congruent contrast in BI-group versus
non-BI group, we additionally created functionally-defined ROIs
for significant prefrontal cortex clusters from the whole-sample
Incongruent > Congruent analysis. Identifying regions that exhib-
ited significant activation within one group of participants and
using them as inclusive masks for correcting multiple comparisons
in between-group analyses in the same sample is a commonly used
procedure in multiple domains of research (e.g., Labuschagne et al.,
2010; Rizio & Dennis, 2014; Williams et al., 2015), and allows us
to examine BI-group differences in task-related executive control
regions.

2.5.3. Model testing

A moderated mediation model (Hayes, 2015; Preacher, Rucker,
& Hayes, 2007) was tested to simultaneously examine whether
BI levels (total BIQ scores, mean-centered) mediates or moder-

Amygdala (R)

Fig. 3. Whole sample Incongruent>Congruent amygdala small-volume correction (SVC). In response to incongruent versus congruent trials, activation in a priori
anatomically-defined ROIs of left (a) and right amygdala (b) were significantly greater than zero across all children. Figures presented at p=.005 with cluster corrected

to 2 voxels.
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Fig. 4. Bl-group comparison on Incongruent > Congruent in dIPFC. (a) BI children showed greater activation in a right dIPFC-cluster (small volume corrected for task-related
dIPFC region; peak MNI coordinates x, y, and z=24, 62, 13; 9 voxels) than non-BI children in response to threat-incongruent probes relative to threat-congruent probes. (b)
The Bl group’s greater Incongruent > Congruent activation was driven by greater activation for the incongruent trials. Activation is presented at p =.005 with cluster corrected

to 6 voxels. Error bars: +1 standard error. **p<.01

ates the relation between neural activation (percent signal-change
values extracted from ROIs, mean-centered) and levels of anxi-
ety symptoms (total SCARED scores). For assessing whether BI is
a mediator, the model estimates the effect of neural activation on
BI (parameter a), the effect of Bl on anxiety (parameter by), the
effect of neural activation on anxiety controlling for Bl levels (direct
effect, parameter c’), and the effect of neutral activation on anxiety
through BI (indirect effect, parameter ab ). For examining whether
Bl is a moderator, the model estimates the interaction effect of
neural activation and BI on anxiety (parameter b,). Additionally,
index of moderated mediation (ab, ) is estimated for assessing if the
indirect effect varies depending on the level of neural activation.
Significance was determined using 95% bootstrap bias corrected
confidence intervals (Cls) for the indirect effect and index of moder-
ated mediation generated based on 1000 bootstrap samples (Hayes,
2013).

3. Results
3.1. Behavioral results

One-sample t-tests examining AB to angry faces were non-
significant for the whole sample, t(55)=—0.59,p=.56,d=—0.16, as
well as separately for the BI group, t(22)=-0.19, p=.85, d=-0.08,
and the non-BI group, t(32)=—0.59, p=.56,d=—0.21. The Bl group
vs. non-BI group comparison of AB was not significant, t(54)=0.25,
p=.80,d=0.07. As shown in Table 2, AB did not correlate with total
BIQ scores, 1(54)=.06, p=.68, or total SCARED scores, 1(45)=.24,
p=.10. As expected, total BIQ scores positively correlated with total
SCARED scores, r(45)=.54, p<.001, with behaviorally inhibited
children scoring higher on anxiety symptoms than non-inhibited
children, t(45)=3.93, p<.001, d=1.16. However, the BI group did
not significantly differ from the non-BI group in the number of
depression symptoms, p=.57 (Table 1).

3.2. fMRI results

3.2.1. Whole sample Incongruent > Congruent

The whole-brain one-sample t-test identified 11 significant
clusters in a contrast of incongruent versus congruent trials
(Table 3). As hypothesized, dIPFC (peak MNI coordinates x, y,
z=45,53, -2; encompassing inferior frontal gyrus pars triangularis,
extending to the orbitofrontal cortex), vIPFC (peak MNI coordinates
x,y,z=—45,23,1),and mPFC (peak MNI coordinates x, y, z= —6, 56,
4; overlapping with anterior cingulate cortex) showed significant
activation for the incongruent-versus-congruent contrast (Fig. 2).

3.2.2. Whole sample Incongruent > Congruent amygdala SVC

The one-sample t-test indicated significant activation (p <.005)
in both of the left and right amygdala ROIs for the sample as a whole
in response to incongruent versus congruent trials (Fig. 3; Table 3).

3.2.3. Bl-group differences in Incongruent > Congruent

Bl-group comparisons were restricted to the three
task-related prefrontal regions. The mean FWHM values
estimated based on each ROI mask, in the respective x,
y, and z dimensions, were 10.48 mm x 8.44 mm x 9.08 mm

140.75(66.73)* .01(.001)**
a h1
o
dIPFC } ={ Anxiety Symptoms
1.10(.66)

Fig. 5. Path results for the moderated mediation model depicting the relation
between the right dIPFC activation, BIQ scores, and anxiety symptoms. Noted are
the effect coefficients with standard errors in parentheses. *p <.05; **p <.001
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for dIPFC, 10.44mm x8.78 mm x 9.29mm for VIPFC, and
6.05mm x 9.55 x 10.64mm for mPFC. Monte Carlo simula-
tions determined the minimum cluster size needed to identify
significant activation at voxel-wise threshold of p <.005 with clus-
ter threshold « <.05 in dIPFC (6 voxels, 162 mm?), vIPFC (3 voxels,
81 mm?), and mPFC (4 voxels, 108 mm3). The two-sample t-test
revealed two clusters in the right dIPFC (peak MNI coordinates for
cluster one: x, y, z=24, 62, 13; 9 voxels; cluster two: x, y, z=24,
53, 10; 6 voxels). Given the preliminary analysis indicating that
percent signal-change values extracted from the two clusters
did not differ (M=.02, SD=.07, for both clusters), we present
results of analyses that included the percent signal-change values
extracted from the larger cluster. Greater activation in the right
dIPFC cluster was observed for Bl-group versus non-BI group on
the incongruent-versus-congruent contrast (Fig. 4a), which was
driven by BI group showing greater activation than non-BI group
in response to incongruent trials (Fig. 4b). There was no significant
group difference in the dIPFC-cluster activation for the congruent
trials (p=.55).

No between-group differences were evident in either the amyg-
dala anatomical ROIs or the vIPFC and mPFC functional ROIs. The
two-sample t-test showed no regions that surpassed the whole-
brain-corrected threshold for the congruent-versus-incongruent
contrast.

3.3. The relation between dIPFC activation, BI, and anxiety
symptoms

The moderated mediation model revealed that the significant
association between dIPFC activation and anxiety is explained
through BI. Zero-order correlations between the percent signal
change in the right dIPFC extracted for the incongruent-versus-
congruent contrast, total BIQ scores, and total SCARED scores are
presented in Table 2. In the model (Fig. 5), the paths were signif-
icant from dIPFC activation to BI (a), t=2.11, p=.04 (as expected,
since the extracted dIPFC-cluster was based on the BI-group com-
parison), and from BI to anxiety symptoms (by), t=3.60, p<.001.
The direct effect of dIPFC activation on anxiety symptoms (c’) was
not significant, t=1.66, p=.10. The indirect effect of dIPFC activa-
tion on anxiety through BI was significant, ab; =.71, CI1=0.17-1.58.
The interaction between dIPFC activation and BI score (b, ) was not
significant, t=0.22, p=.83.The indirect effect did not vary as a func-
tion of dIPFC activation, based on the moderated mediation index
(aby)=.66, CI=-5.51t0 6.77.

To examine whether AB affects the relations between dIPFC acti-
vation, Bl, and anxiety, the model was repeated with AB included as
a covariate. Path a, t=2.12, p=.04, and b, t=3.69, p<.001, as well
as the indirect effect, ab; =.81, CI=0.17-1.79, were still significant.
Moreover, AB neither mediated the link between dIPFC activation
and anxiety, CI=-0.25 to 1.03, nor moderated paths from dIPFC
activation to BI, t= — 0.47, p = .64, from Bl to anxiety, t=0.17, p=.86,
or from dIPFC activation to anxiety, t=—0.09, p=.93.

4. Discussion

The present study presents the first investigation of neural
responses to congruent and incongruent threat cues among young
children varying in levels of BI. BIQ scores positively correlated
with concurrent anxiety levels; however, neither Bl nor anxi-
ety scores correlated with behavioral AB to threat. Across all
children, there was greater activation in the frontolimbic net-
work that supports threat-related attention processing when the
task demanded attending to the location opposite to threat (the
incongruent-versus-congruent contrast), namely, bilateral amyg-
dala, right dIPFC, left vIPFC, and bilateral mPFC. Within this

network, behaviorally inhibited children deployed greater dIPFC
activation relative to their non-inhibited peers in response to
threat-incongruent trials. Lastly, dIPFC activation related to trait
anxiety, and Bl mediated the relation between dIPFC activation and
anxiety. Behavioral AB levels did not impact our findings.

Together, our results add to growing evidence indicating that BI
is associated with distinct neural responses linked to threat-related
information processing, and neural processes, in turn, are associ-
ated with elevated anxiety even before reaching established clinical
cut-offs. Extending from findings examining the link between
neural correlates of AB and anxiety, this study suggests that
the association between elevated dIPFC function and heightened
anxiety can be attributed to early-emerging biologically-based
temperamental vulnerability, which shapes the development of
threat-related attention processes and anxiety over time (Fox &
Pine, 2012).

The absence of significant relations between BI and behavioral
AB to threat is not uncommon in behavioral (Broeren et al., 2011;
Pérez-Edgar et al.,, 2011; White et al., 2015) and neuroimaging
(Hardee et al., 2013) studies adopting the dot-probe paradigm. Sev-
eral neuroimaging studies with clinically affected youth also found
no associations between behavioral AB and anxiety (Britton et al.,
2011; Monk et al., 2008; Price et al., 2014). Aside from variations in
task designs, these inconsistencies in the literature might be due to
limitations of dot-probe paradigms in measuring threat-related AB.
Using difference scores of RTs on incongruent versus congruent tri-
als may not be a reliable or stable measure of AB as they show poor
internal consistency and temporal stability, particularly in children
(Brown et al., 2014).

In our data, for example, there was no significant correlation
between AB scores in the first and second run (r=.09, p=.53). How-
ever, Britton et al. (2013) found that while AB scores in healthy
youths were not stable across two assessment points, participants
reliably recruited greater vIPFC function in the incongruent rel-
ative to congruent trials across testing sessions. Hence, the lack
of Bl-group differences in behavioral AB in this study does not
suggest that attention processes measured in the dot-probe task
are irrelevant to the BI phenotype per se. Rather, neural mea-
sures might prove more reliable and sensitive in tapping into
the threat-related attentional mechanisms that distinguish behav-
iorally inhibited children from non-inhibited peers (Henderson
et al,, 2015; Shechner et al., 2012).

Relative to congruent trials, responding to incongruent trials
activated the frontolimbic network across all participants. The
demand of attending to the opposite location of threat (as oppose to
attending to the threat location) may have potentiated the salience
of the probe in incongruent trials, which has been associated with
greater amygdala engagement (Britton et al., 2014). The concomi-
tant mPFC, vIPFC, and dIPFC activations may reflect the deployment
of top—-down executive control processes to monitor and regulate
threat reactivity and allocate attention to support performance
(Bishop, 2009; Etkin, 2010; Heeren et al., 2013; Shechner et al.,
2012) in incongruent trials.

Frontolimbic functioning supports threat-related attention pro-
cessing and may also underpin the effects of ABMT, an intervention
that aims to reduce anxiety symptoms by targeting threat-related
AB. Active ABMT reduces AB to threat and anxiety symptoms
relative to control training in both adults (Beard et al., 2012;
Hakamata et al., 2010; Hallion & Ruscio, 2011; Mogoase et al.,
2014) and children (Eldar et al., 2012), although the effect sizes for
anxiety symptom reduction in adults are small-to-medium (e.g.,
Beard et al., 2012; Mogoase et al., 2014). Moreover, active ABMT
delivered in clinic settings ameliorates AB and clinician-reported
anxiety but not self-reported symptoms in adult anxiety patients
(Linetzky, Pergamin-Hight, Pine, & Bar-Haim, 2015). Neuroimaging
studies indicate that active training enhanced activation in vIPFC
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and dIPFC during emotional face processing (Browning, Holmes,
Murphy, Goodwin, & Harmer, 2010; Taylor et al., 2014). Adults who
displayed training-induced increases in vmPFC function showed
reduced AB to threat and anxiety reactivity to stressors (Taylor
et al., 2014). Britton et al. (2014) found increased bilateral amyg-
dala activation to the incongruent-versus-congruent contrast in
the dot-probe task administered after active training compared to
baseline. The greatest anxiety reduction was found in adults who
displayed greater left amygdala activation to the same contrast
at baseline. Studying the neural basis of ABMT-induced effects on
anxiety symptoms provides an important avenue for novel inter-
ventions for anxiety.

The present study is the first to show greater dIPFC activation
in behaviorally inhibited versus non-inhibited children in response
to threat-incongruent trials. In the absence of differences in behav-
ioral AB, the Bl-group differences in dIPFC responses cannot be
attributed to a performance confound. Rather, this pattern of acti-
vation may reflect compensatory processes behaviorally inhibited
children deploy in order to reach comparable levels of behavioral
performance. Tellingly, increased dIPFC activation was related to
greater anxiety. Our findings are in line with Telzer et al. (2008),
which indicated that trait anxiety in youths was associated with
greater dIPFC engagement on the same contrast presented here
using a comparable dot-probe task. Moreover, using an emotional
conflict task, Jarcho et al. (2014) found that adults with stable
early Bl displayed greater dIPFC activation to fearful faces in incon-
gruent (the face and the superimposed word suggested different
genders) versus congruent trials (the face and word suggested the
same gender). Hence, trials containing task-irrelevant threat dis-
tractors might increase attention-control demands and associated
dIPFC function especially for behaviorally inhibited children who
are thought to have a biologically-rooted hypervigilance to threat.

As the core dot-probe task captures multiple attention processes
during stimuli processing (Shechner et al., 2012), the threat-related
attention mechanism associated with enhanced dIPFC activation
in behaviorally inhibited children is not entirely clear. The trial
type x group mixed design ANOVA (Supplemental information)
was designed to investigate whether dIPFC activation was associ-
ated with facilitated threat engagement or difficulty in disengage-
ment (Koster, Crombez, Verschuere, & De Houwer, 2004). However,
no dIPFC cluster showed a significant interaction. Hence, one can-
not draw definitive conclusions of whether the greater dIPFC
function in the BI group for the incongruent-versus-congruent con-
trast modulates threat vigilance or disengagement. Additionally,
while tDCS stimulation applied to the bilateral dIPFC reduced AB to
fear faces in healthy adults (Ironside et al., 2015), the causal relation
between dIPFC activation and specific component of AB remains
unclear.

Although speculative, the engagement of compensatory atten-
tion control processes might have masked any underlying group
differences in amygdala activation. Anxious adolescents display a
hyperactive amygdala response to brief (17 ms) face presentation
times, marking an initial pre-conscious response to threat pre-
sentation, that may be dampened when regulatory mechanisms
can be invoked at longer (500 ms) stimulus presentation times
(Monk et al., 2006, 2008). Adults with a history of BI show more
negative amygdala-dIPFC connectivity both during responses to
threat-versus-angry faces (Hardee et al., 2013) and in resting state
(Roy et al., 2014), suggesting that atypical dynamics in this cir-
cuitry might be a marker of temperamental risk for anxiety. Future
research is needed to compare the magnitude and directionality
of amygdala-dIPFC functional connectivity between behaviorally
inhibited and non-inhibited children.

The exploratory moderated mediation analysis underscores the
argument that the previously found association between dIPFC per-
turbations and anxiety (Blackford & Pine, 2012; Fani et al., 2012;

Guyer et al., 2013; Telzer et al., 2008) may be attributed to an early-
emerging temperamental vulnerability. It is important to note that
due to the cross-sectional design, we cannot infer the directional-
ity of the effects or how these relations unfold over the course of
development (Maxwell & Cole, 2007). By the same token, the find-
ing cannot rule out the alternative causal relation, in which BI acts
as a moderator, shaping the link between early neural risk-marker
and later anxiety (Pérez-Edgar & Guyer, 2014). Notwithstanding
this limitation, our data extend longitudinal studies examining the
relation between threat-related attention processes and internal-
izing problems in adolescents (Pérez-Edgar et al., 2010) and adults
(Hardee et al., 2013) to childhood BI by indicating that the link
between threat-attention neural patterns, Bl levels, and anxiety
are evident in childhood, preceding the emergence of socioemo-
tional maladjustment and full-fledged anxiety disorders later in life
(Beesdo et al., 2007).

Within the framework of a risk potentiation model of control
(Henderson et al., 2015), the temperamental proclivity towards
hyperresponsivity to novelty and potential threat might trigger
compensatory attention control processes in order to support goal-
directed behavior in the context of threat. These reactive and
regulatory activities could form a positive feedback loop: height-
ened deployment of attention control potentiates vigilance to
threat, which in turn amplifies attention control. Children who
cannot marshal compensatory responses to both automatic (e.g.,
Hardee et al., 2013) and controlled (e.g., Lamm et al., 2014) pro-
cesses may be bound to early temperament risk and the later
development of anxiety problems (Caouette & Guyer, 2014; Pérez-
Edgar et al., 2014b).

The current findings should be interpreted in the light of sev-
eral limitations. First, our cross-sectional study involving children
with a narrow age range does not address whether enhanced dIPFC
recruitment is causal versus consequential of early BI, or whether
the interrelations of neural activities, BI, and trait anxiety change
with age. Future longitudinal studies employing multiple waves of
repeated assessments are required to provide strong evidence on
how early BI accounts for the causal effects of exaggerated neural
responses underlying attention control on anxiety problems and
whether there is age specificity for the associations.

Second, our BI categorization based on parents’ reports might
be less optimal compared to early identification based on labora-
tory observations (Kagan, 2003). Nevertheless, the BIQ is a reliable
and valid instrument that has been used to identify BI in chil-
dren (e.g., Coplan, DeBow, Schneider, & Graham, 2009; Coplan,
Schneider, Matheson, & Graham, 2010). It should also be noted
that four questions from the BIQ were edited to make the ques-
tions more appropriate for the age range of our target population.
While the BIQ has satisfactory internal consistency in the present
study, one cannot assume that the current BIQ maintained similar
psychometric properties versus the original version.

Third, the present paradigm did not include other emotional face
stimuli (e.g., happy faces). While our design allows for increased
power with comparable number of trials, we cannot determine
whether the enhanced neural activation to incongruent relative to
congruent trials were specific to threat (angry) faces or would also
be observed for other affective stimuli. However, Telzer et al. (2008)
indicated that increased dIPFC activation on the incongruent-
versus-congruent contrast positively related to trait anxiety only
for angry faces.

The current study indicates greater recruitment of the fron-
tolimbic system, including the amygdala, dIPFC, vIPFC, and mPFC in
response to targets in the opposite versus same location of threat.
Behaviorally inhibited children, in particular, show exaggerated
neural responses relative to non-inhibited children in the dIPFC,
which may be associated with enhanced engagement of attention
control. These data set the foundation for examining how the inter-
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play between automatic and controlled processes influences the
development of sustained BI and anxiety problems over time and
understanding whether and how early preventive interventions,
such as ABMT, can influence the trajectory from temperamental
vulnerability to anxiety (Fox & Pine, 2012; Henderson et al., 2015;
Pérez-Edgar et al., 2014b). Here, we provide initial evidence that Bl
accounts, in part, for the relation between increased dIPFC activa-
tion and anxiety found in the literature, and that these associations
are present relatively early in development prior to the develop-
mental window for the emergence of clinical anxiety.
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