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Abstract

Substantial evidence from studies in humans suggests the amygdala is pivotal for anxiety. Findings
from animal models and translational studies suggests the bed nucleus of the stria terminalis
(BNST) is also critical for anxiety and the anticipation of unpredictable threat in adults. However,
it remains unknown whether the BNST is involved in unpredictable threat anticipation in children.
Forty-two 8-10-year-olds completed resting state fMRI scans and an unpredictable threat fMRI
task in which they were trained to associate cues with images. Intrinsic connectivity analyses were
performed to establish functional BNST and amygdala networks. BNST and amygdala activation
to cues and images was tested. Significant findings were followed by task-based functional
connectivity analyses. Children showed evidence for BNST and amygdala intrinsic connectivity
that was similar to previous patterns observed in adults. In response to unpredictable cues relative
to neutral face cues, children had a significant amygdala response but no response in the BNST.
The amygdala, but not the BNST, also showed a significantly greater response to fear face images
relative to neutral images. Thus, unpredictable threat activated the amygdala, but not BNST, in
children. This finding is contrary to studies showing robust BNST activation to unpredictable
threat in adults and may suggest that the BNST’s role in threat processing emerges later in
development.
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Introduction

Anxiety disorders are the most prevalent disorders in childhood and adolescence with a
staggering total of 15%-30% of children and adolescents being diagnosed with an anxiety
disorder before reaching adulthood (Abbafati et al., 2020; Bittner et al., 2007; Woodward

& Fergusson, 2001). Anxiety disorders arise early in development with symptoms emerging
between 12 and 14 years of age (Merikangas et al., 2010). For some, the nature of anxiety
disorders is persistent and chronic. Childhood anxiety disorders are also associated with

an increased risk of anxiety, depression, substance abuse, educational deficiencies, and
suicidality in adulthood (Kim-Cohen et al., 2003; Pine, Cohen, Gurley, Brook, & Ma, 1998;
Soto-Sanz et al., 2019; Woodward & Fergusson, 2001). A better understanding of the neural
basis of normative fear and anxiety in children has the potential to inform the development
of novel treatments and early detection of anxiety disorders.

Fear is a normative response to threat that appears early in development. Many key

phases of development are marked by noticeable changes in what stimuli generate a fear
response including changes in behavior, cognition, arousal, and subjective feelings (Scarr &
Salapatek, 2016). For example, a fear of strangers arises toward the end of the first year of
life (Waters, Matas, & Sroufe, 1975) and a fear of the dark emerges around preschool-age
(Gullone, 2000). Converging rodent and human research has identified the amygdala as a
pivotal region underlying the detection of imminent threat in the environment and generates
the cascade of fear responses (Davis, 1992; Feinstein, 2013; Inman et al., 2020; Tovote,
Fadok, & Luthi, 2015). Overall, the amygdala matures early in development, consistent with
the early behavioral expression of fear (Blackford & Pine, 2016; Leppénen & Nelson, 2012),
although research suggests that amygdala subnuclei networks may develop at different rates
(Gabard-Durnam et al., 2014). Seminal studies of fear in adults, including fear conditioning
and responses to threatening stimuli, have confirmed the amygdala’s role in normative

fear processing and shown amygdala hyperactivity in anxiety disorders (Janiri et al., 2020;
Shackman & Fox, 2021; Shin & Liberzon, 2010). Consistent with findings in adults, anxious
children show hyperactive amygdala responses to threat-related stimuli (Blackford & Pine,
2016; Strawn et al., 2014).

Recent studies of anxiety have focused on the anticipation of potential or unpredictable
threat. Heightened arousal experienced during threat anticipation, especially when the
threat is uncertain or ambiguous, is a core mechanism underlying anxiety (Barlow, 2000;
Grupe & Nitschke, 2013). Findings from animal models suggest that although responses

to predictable or phasic threat are mediated by the amygdala, sustained responses to
unpredictable or potential threat are also driven by the bed nucleus of the stria terminalis
(BNST; see reviews by Avery, Clauss, & Blackford, 2016; Davis, Walker, Miles, & Grillon,
2010; Fox, Oler, Tromp, Fudge, & Kalin, 2015; Goode & Maren, 2017; Lebow & Chen,
2016). Some studies in humans also show distinct BNST and amygdala responses (Alvarez,
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Chen, Bodurka, Kaplan, & Grillon, 2011; Clauss, Avery, Benningfield, & Blackford, 2019;
Herrmann et al., 2016; Klumpers et al., 2015; McMenamin, Langeslag, Sirbu, Padmala, &
Pessoa, 2014; Somerville, Whalen, & Kelley, 2010). However, it is important to note that the
amygdala and BNST are highly connected and other studies show overlapping roles for the
amygdala and BNST during threat anticipation (Fox & Shackman, 2019; Hur et al., 2020;
Shackman & Fox, 2016). Together these findings highlight that our understanding of the
amygdala and BNST’s function during threat anticipation is continuing to evolve.

Studies in adults show that anxiety is associated with BNST responses and connectivity.

In adults, trait anxiety correlates with BNST activation (Somerville et al., 2013, 2010)

and connectivity (Brinkmann et al., 2018) and anxiety symptoms correlate with BNST
connectivity (Andreescu et al., 2015; Clauss et al., 2019). In addition, people with an anxiety
diagnosis demonstrate heightened BNST activation to unpredictable threat (Brinkmann

et al., 2018; Figel et al., 2019; Straube, Mentzel, & Miltner, 2007) and altered BNST
connectivity (Torrisi et al., 2019). To our knowledge, there has only been one study

of unpredictable threat anticipation in children; anxious children showed a heightened
amygdala response during unpredictable threat anticipation compared to non-anxious
children (Williams et al., 2014). BNST activation to unpredictable threat was not observed
in that study in the exploratory whole analysis; however, the BNST is a small subcortical
region that may not be detected when whole brain cluster corrections are used. Therefore, it
remains unclear if the BNST plays a role in threat anticipation or uncertainty in children.

The current study aimed to examine BNST and amygdala responses during threat
anticipation in children. We chose the 8-10-year-old range to study children who can

easily complete fMRI tasks and with the goal to reduce heterogeneity due to age and
pubertal changes. We hypothesized that children would show similar patterns to adults, with
amygdala activation to predictable threat and BNST activation to unpredictable threat. In
addition, because the BNST has yet to be investigated in children, to our knowledge, we also
aimed to establish the BNST intrinsic connectivity network in children.

Methods

Participants

Fifty children were recruited from the Vanderbilt University Medical Center and surrounding
community through the use of flyers, e-mails, and research recruitment databases. Children
were eligible for the study if they were 8-10 years old, had no cognitive deficits, had no
contraindications to MRI scanning, and had no current or past psychiatric diagnoses. The
presence of current or past psychiatric diagnoses was determined using the Schedule for
Affective Disorders and Schizophrenia-Present and Lifetime Version (Kaufman et al., 1997).
The Kaufman Brief Intelligence Test (Kaufman & Kaufman, 1990) was used to measure
intelligence quotient. Of the initial sample, eight children were excluded due to failure to
accurately perform the task (n = 4), missing data due to technology or scanner failures (n =
3), or a structural anomaly (n = 1).

There were 42 children (16 female, 31%) in the final analytic sample, who were primarily
White (90.5%) with a mean age of 9.87 years (SD = .92). The sample reported here
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partially overlaps with a previously reported study (Clauss, Benningfield, Rao, & Blackford,
2016). The Vanderbilt University Institutional Review Board approved this study, and all
participants and parents provided written informed consent. Financial compensation was
provided.

Threat Anticipation Task

Anticipation of threat and response to threat were assessed using fMRI during a slow
event-related design-cued anticipation task (Figure 1), similar to a task previously used in
adults (Clauss et al., 2019). Children were trained to associate three cues (colored shapes)
with three different images (fear face, neutral face, neutral object). Fear faces were used as
the threat stimuli based on previous studies that have shown robust amygdala responses to
fear faces (Gee et al., 2013; Guyer et al., 2008) as well as higher ratings of fear and faster
reaction times relative to neutral faces (Guyer et al., 2008). The fear and neutral faces were
used from the National Institute of Mental Health Child Emotional Faces Dataset (Egger et
al., 2011). The neutral objects provided a neutral non-face control and were round, nonsocial
objects with similar sizing, shape, and luminescence to the faces acquired from several
sources, including the International Affective Picture System image set (Lang, Bradley,

& Cuthbert, 2008), purchased images, and publicly available images. The task included
four predictable runs where the trained cues were always followed by trained images. A
fifth, unpredictable run was untrained and always presented last; participants saw a novel,
untrained cue that was randomly followed by a fear face, neutral face, or neutral object.
Each run had 24 trials (8 fear face, 8 neutral face, 8 neutral object) consisting of a cue
presentation (1 second) and an image presentation (1 sec). Both the cue and image were
followed by a blank screen (3-8 seconds, jittered). To optimize the task, the presentation
order of the cues was randomly determined. The jittered interval was based on a gaussian
distribution from 3-8 seconds, with each interval randomly assigned following each cue and
image event. To measure attention to the task, children were asked to press a button each
time they saw a cue or image. Children were removed from the analysis if they missed more
than 50% of the button pushes (n = 4). Individual functional runs were excluded if the button
push accuracy was less than 50% (n = 5 had 1 run removed, n = 2 had 2 runs removed), and
individual events were excluded if the button was not pressed during the cue or image event.

MRI Data Collection

Each child completed a mock MRI scan prior to the visit to familiarize the child with

the scanner. The MRI scans were collected at Vanderbilt University Institute of Imaging
Science (VUIIS) on a Phillips 3T Intera Achieva MRI scanner. T1-weighted anatomical
images were acquired using the following sequence parameters: 256 mm FOV, 189 slices,
0.8 x 0.8 x 0.9 mm slice thickness, 9.1 ms TR, 4.9 ms TE. Seven minutes of resting state
fMRI data (rsfMRI) were obtained approximately 20 minutes after entering the scanner,
following structural MRI data collection, but prior to any functional MRI task. Participants
were instructed to “close their eyes and relax but try not to fall asleep”. Resting State images
were acquired using the following parameters: 2 second TR; 35 millisecond TE, 1.8 SENSE;
240 mm FQOV; 3 x 3 mm in plane resolution using an 80 x 80 matrix (reconstructed to

128 x 128). Each volume contained 28 4 mm slices (acquisition voxels =3 mm x 3 mm

x 4 mm). For the task, functional (echo-planar imaging [EPI]) data were acquired using a
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sequence optimized for the amygdala and orbitofrontal cortex with the following parameters:
38 slices, 240 mm FOV, 2 s TR; 28 ms TE, 3 x 3 x 3.20 mm voxels, and an axial oblique
acquisition, tilted -15°, anterior higher than posterior, relative to the intercommisural plane.

MRI Data Processing and Analysis

Resting State MRI.—Resting state fMRI data were analyzed with the CONN toolbox
(Whitfield-Gabrieli & Nieto-Castanon, 2012; version 19.c) with standard pipeline (motion
correct, slice timing, scrubbing, normalization, 6 mm smoothing, band-pass filter .008-.09
Hz). At least 50% of data frames had to be low motion to be included in the resting state
analysis. All children had at least 74% low motion frames in this sample (range 74%-100%,
mean = 95%, median = 98%). For each participant, the blood oxygenated level dependent
(BOLD) time series was estimated as the average time series for all voxels in the left and
right BNST and amygdala. The BNST was defined using our published mask (Avery et al.,
2014, Supplemental Figure 1) and the amygdala was defined using the Harvard-Oxford atlas
thresholded at a 50% probability (Desikan et al., 2006, Supplemental Figure 1). Given
concerns about introducing spurious negative correlations (Murphy, Birn, Handwerker,
Jones, & Bandettini, 2009; Saad et al., 2012), global signal was not removed. Second-level
analyses across participants were performed. A whole brain SPM cluster-correction (voxel p
<.00001, FWE a =.01) was used.

In order to provide a visual comparison between resting state connectivity of the BNST
and amygdala in children with adults, we used a previously published dataset (Avery et al.,
2014). The resting state connectivity analyses had already been performed for that study.
The findings are displayed in Figure 1 for illustrative purposes.

Task Based Functional MRI.—Task fMRI data preprocessing was performed in SPM.
Preprocessing steps included the following: slice time correction; motion correction; co-
registration to the functional image; normalization of functional scans to the SPM EPI
template; and smoothing (6 mm). For each participant, scans were checked for data quality:
functional and structural data were visually inspected for artifacts, coverage of brain regions,
and signal dropout.

Individual participant GLMs were estimated with four cue types (unpredictable, predictable
fear face, predictable neutral face, predictable neutral object) and six image types
(unpredictable fear face, unpredictable neutral face, unpredictable neutral object, predictable
fear face, predictable neutral face, predictable neutral object) conditions. To control for
motion, we used the Robust Weighted Least Squares (rWLS) toolbox (Diedrichsen &
Shadmehr, 2005) which uses standard robust methods to weight the contribution of each
volume using the inverse of the variance, thereby reducing the statistical influence of
motion outliers without removing data or disrupting the temporal sequence of the data.

The performance of rWLS was reviewed by visually comparing the inverse variance maps
across time for each participant. Activation in the left and right BNST and amygdala were
computed for each cue and image condition as average percent signal change using MarsBar
(Brett, Anton, Valabregue, & Poline, 2002).

Dev Psychobiol. Author manuscript; available in PMC 2022 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Feola et al.

Page 6

Exploratory whole brain functional connectivity analyses were performed for any significant
activation findings. Functional connectivity was calculated using beta series correlations
(Rissman, Gazzaley, & D’Esposito, 2004) with BNST or amygdala as the seed regions. A
Fisher r-to-z transformation was applied to the correlations to provide a normal distribution.
A slightly liberal voxel-wise a = .005 and a whole brain SPM cluster-correction a. = .05
were used for these exploratory analyses. The anatomical locations were determined using
parcellations based on the automated anatomical labeling atlas (Tzourio-Mazoyer et al.,
2002) and verified with visual inspection by JUB and BF.

Statistical Analysis

Results

Tests of BNST and amygdala activation were performed for both anticipation (cues)

and viewing (images), based on previous findings that unpredictability can impact image
processing (Clauss et al., 2019; Williams et al., 2014). For cues, linear mixed models
were performed with cue type (unpredictable, predictable fear face, predictable neutral
face, predictable neutral object) as the fixed factor and child as the random factor. For
images, linear mixed models were performed with image type (predictable, unpredictable)
and image valence (fear face, neutral face, neutral object) as the fixed factors and child

as the random factor. Hemisphere was included as a covariate in all analyses. Post-hoc
tests were performed following significant main effects and interactions. Analyses were
performed in SAS (SAS Studio, release 3.8, SAS Institute Inc., Cary, NC).

Intrinsic Connectivity

Given the lack of prior studies of the BNST in young children, we first investigated
whether there is evidence for BNST intrinsic connectivity. Children showed strong BNST
connectivity with the anterior insula, thalamus, and the rostral anterior cingulate cortex
(Figure 2; Supplemental Table 1). To provide a comparison with adults, we have included
resting state connectivity from our previously published study (Avery et al., 2014),
illustrated in Figure 2. A visual comparison shows similar patterns between children and
adults, which provides preliminary validation for investigations of the BNST in children.

To provide a comprehensive assessment of both the BNST and amygdala, we also conducted
intrinsic connectivity of the amygdala (Figure 2; Supplemental Table 2). The amygdala was
connected with the insula, dorsal anterior cingulate cortex, hippocampus, thalamus, middle
temporal cortex, and superior temporal cortex. To provide a comparison with adults, we
performed resting state connectivity analyses with the same adult sample (Avery et al.,
2014). The visual comparison suggests that the pattern of amygdala connectivity is also
similar between children and adults.

Threat Anticipation

To determine whether children show BNST or amygdala responses during threat
anticipation, we performed linear mixed models to test for effects of cue type. Children

did not engage the BNST in response to the cues (Figure 3; no main effect of cue type).
For the amygdala, there was a significant main effect of cue type (F(3,41) = 4.71, p=.007,;
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Figure 3). The post-hoc analyses revealed significantly stronger amygdala activation for the
unpredictable cues relative to the neutral face cues (#(41) = 2.40, p < .001; Figure 3).

We performed exploratory task-based functional connectivity analysis to characterize the
amygdala network involved in unpredictable threat anticipation. The results are shown

in Table 1 and Figure 4. During the unpredictable cue (vs. neutral face cue), the left
amygdala had weaker connectivity with a large cluster comprising the sublenticular
extended amygdala (SLEA), anterior and posterior insula, putamen, and caudate head, as
well as clusters in the dorsal anterior cingulate cortex (dACC), dorsal posterior cingulate
cortex, precentral gyrus, fusiform gyrus, and visual cortex. For the right amygdala,

there was weaker connectivity during unpredictable threat relative to predictable neutral
face cues with clusters in the BNST/caudate, dorsal anterior cingulate cortex/precentral
gyrus, hippocampus, and fusiform gyrus. Right amygdala connectivity was stronger during
unpredictable relative to predictable neutral face cues in a region comprising the cerebellum
and midbrain. There were no regions with stronger left amygdala connectivity during
unpredictable cue relative to the neutral face cue.

Threat Image Viewing

To determine whether children show BNST or amygdala responses when viewing the images
following cues, we performed linear mixed models to test for effects of image type and
image valence. Similar to the cue findings, children did not show a BNST response to the
images and there were no significant main effects or interactions with image type or valence
(Figure 5).

For the amygdala, activation differed by image valence (F(2,41) = 10.21, p< .001). As
shown in Figure 5, the amygdala showed stronger activation to fear faces compared to both
neutral faces (¢(41) = 2.04, p= 0.05) and neutral objects (#(41) = 4.50, p< 0.001). There
were no significant main effects of image type or type x valence interactions.

Exploratory functional connectivity analyses of the amygdala were performed for the fear
face vs. neutral face image contrast and the fear face vs. neutral object contrast. The results
are provided in Table 2 and Supplemental Figure 2. For the fear vs. neutral face images,
there was significantly stronger connectivity between the left amygdala and the dorsal
anterior cingulate when viewing fear faces. During fear face viewing, the left amygdala had
weaker connectivity with clusters in the fusiform gyrus and putamen relative to the neutral
face image. The right amygdala had weaker connectivity with the fusiform gyrus during fear
face image viewing relative to the neutral face image. None of the connectivity differences
reached the statistical threshold for the fear face versus neutral object image contrasts.

Discussion

The current study examined BNST and amygdala responses to predictable and unpredictable
threat in children. To our knowledge, this is the first neuroimaging study of BNST

function in children. The major study finding was that the BNST was not engaged during
unpredictable threat anticipation, which is in stark contrast to numerous studies in healthy
adults. In fact, there was little BNST activation during any of the task conditions in children,
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despite evidence for a BNST intrinsic network. Instead, in children, unpredictable threat
elicited a robust amygdala response. These findings show that children, like adults (Clauss
et al., 2019), are sensitive to unpredictable threat cues, but that the underlying neural
mechanism may differ. The findings from the present study provide an important first step to
understanding the role of the amygdala and BNST in the normative threat processes that are
thought to go awry in anxiety disorders.

First, we investigated BNST intrinsic connectivity in children. To our knowledge, BNST
connectivity has yet to be established in children, therefore, this finding provided an
important foundation for investigating BNST responses to threat. Children had a robust
BNST intrinsic network that showed a similar pattern to our previously published adult
sample (Avery et al., 2014), suggesting that the intrinsic BNST network may be relatively
mature by ages 8-10 years. We also examined the amygdala intrinsic network and found
evidence for a similar pattern in children and adults. Previous studies have found weaker
amygdala connectivity in young children (ages 7-9) relative to young adults (Qin, Young,
Supekar, Uddin, & Menon, 2012) but that most of the amygdala intrinsic connections

are developed by age 12 (Gabard-Durnam et al., 2014). It will be important to directly
test for age-related similarities in BNST connectivity in a future systematic investigation.
Investigations of the similarities and differences in BNST and amygdala age-related changes
in connectivity may also be of value to informing our understanding of developmental
changes in threat processing.

Next, we investigated the role of BNST in children during unpredictable threat anticipation.
The major study finding was that anticipation of unpredictable threat engaged the amygdala,
but not the BNST. Multiple studies have demonstrated BNST responses to the anticipation
of unpredictable threat in adults (e.g., Alvarez et al., 2011; Choi et al., 2012; Clauss et al.,
2019; Grupe et al., 2013; Herrmann et al., 2016; Klumpers et al., 2015, 2017; McMenamin
et al., 2014). Although children demonstrated BNST intrinsic connectivity patterns that
appeared similar to adults, our findings suggest that the BNST’s role in processing
unpredictable threat is not present in children. However, the findings of an amygdala
response is consistent with a previous study in a similar age group that found increased
amygdala activation during unpredictable threat in children with anxiety disorders (Williams
et al., 2014). In the present study, the heightened amygdala activation to unpredictable
threat cues was accompanied with lower amygdala connectivity during unpredictable

threat relative predictable neutral face cues in multiple brain regions including the dorsal
anterior cingulate cortex (dACC), insula, sublenticular extended amygdala/BNST/caudate,
hippocampus, fusiform gyrus, and visual cortex. Many of these regions are components

of the amygdala intrinsic network and were more activated in response to the predictable
neutral face cue. Thus, the finding of less connectivity during unpredictable threat relative to
neutral face anticipation, may indicate that the anticipation of unpredictable threat disrupted
connectivity with brain regions that typically regulate amygdala responses.

There are several possible explanations for the lack of BNST activation to unpredictable
threat in this study. One possibility is that there are developmental changes in BNST
function, such that the BNST’s response to unpredictable threat emerges later in
development. Studies of BNST volume in humans and studies of BNST function in
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other species suggest that BNST volume and function change across development and

are impacted by puberty and sex hormones (Amano et al., 2017; Chung, De Vries, &
Swaab, 2002; del Abril, Segovia, & Guillamon, 1987). Another possible explanation is
developmental differences in the amount of threat experienced by children, relative to
adults, from the fear face stimuli. Although one previous study found that youth and
adults had similar ratings and behavioral responses to fear faces (Guyer et al., 2008), it
will be important for future studies to further explore children’s experiences of threat to
different types of stimuli. Finally, it is possible that children interpreted the unpredictable
cue condition differently than adults. Children are active, dynamic learners that are
continually refining their understanding of the world through experiences and interactions
with their environment. Therefore, the cognitive interpretation of and subjective experience
of unpredictable threat may differ in children. Future studies should aim to create tasks
that provide a systematic investigation of developmental differences in predictable and
unpredictable threat processing.

The current study had some limitations. First, the study age range was narrowly defined to
reduce heterogeneity. The limited age range, however, prevented explicit tests of age-related
changes in BNST function. Longitudinal studies will be important for determining when
BNST responses to unpredictable threat emerge. Second, the unpredictable threat run was
always presented last and children were not trained on the unpredictable cues. The goal

of the task design was to maximize unpredictability and we previously used a similar task
in adults; however, the limitations are that the inferences are confounded by time effects
and also precision of estimate, with fewer events in the unpredictable condition. Third, the
current study lacks independent measures of threat-elicited distress or arousal throughout the
task which limits the ability to infer that the stimuli were threatening. Finally, the statistical
threshold used for the exploratory whole-brain connectivity analyses was somewhat liberal;
future studies will need to replicate these findings, ideally in larger samples with more
conservative statistical thresholds.

In summary, the current findings show that in children, the amygdala, but not the BNST, is
engaged by unpredictable threat anticipation. This pattern is opposite to the pattern observed
in adults, which raises questions about the normative development of the neural basis of
fear and anxiety. A greater understanding of the contributions of the BNST and amygdala

to threat processing throughout development is critical for identifying the mechanism of
childhood anxiety disorders.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Cued anticipation task. Participants were trained to associated three cues (colored shapes)
with three different events: 1) predictable fear face (pink triangle); 2) predictable neutral
face (blue square), 3) predictable neutral object (yellow circle). Within the unpredictable
block, a novel, untrained, unpredictable cue was presented that may be followed by one of
the three images (fear face, neutral face, neutral object).
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Children

Figure 2.
Intrinsic connectivity networks for the BNST (top panel) and amygdala (bottom panel) for

children and adults (cluster corrected p < .01). Adult data was reproduced and modified with
journal permissions from Avery et al., 2014.
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BNST and amygdala activation during threat anticipation. Bar graphs with dot plot overlays
represent the extracted percent signal change for the BNST (blue) and amygdala (red) during
cues. The significant results from the post-hoc analysis of amygdala cue type is highlighted
with an asterisk (p < 0.05). Error bars represent +1 standard deviation from the mean.
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Figure 4.
Amygdala connectivity during the anticipation of threat when comparing unpredictable

to neutral face cues cluster corrected p < 0.05. a) Left amygdala connectivity b)
Right amygdala connectivity. dJACC: dorsal anterior cingulate cortex; SLEA: sublenticular
extended amygdala.
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Figure5.

BNST and amygdala activation during image viewing. Bar graphs with dot plot overlays
represent the extracted percent signal change for the BNST (blue) and amygdala (red) during
image viewing. Image valence (fear face, neutral face, neutral object) is averaged across
image type (predictable, unpredictable). Significant results from the post-hoc analyses of
amygdala image valence are highlighted with asterisks (p < 0.05). Error bars represent +1
standard deviation from the mean.
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Table 1.
Amygdala Connectivity During Anticipation
MNI Unpredictable Neutral Face
Coordinates Cue Cue
Hemi-
Brain Region sphere  k t X y z Mean SD Mean SD

Predictable Neutral Face > Unpredictable Threat Cues

Left amygadala
Dorsal anterior cingulate cortex L 335 467 -10 22 40 1.91 111 286 124
) A(\jnterior insula/ Posterior insula/ SLEA/ Putamen/ Caudate R 676 466 40 -10 -12 214 093 309 121
ea
Fusiform gyrus R 335 455 40 -58 -6 0.90 120 183 0.93
Visual cortex L 147 425 -24 -64 -2 0.96 1.24 1.88 1.06
Visual cortex R 422 422 24 -52 -4 1.04 117 199 1.07
Dorsal posterior cingulate cortex L 138 377 -6 -12 52 1.36 139 223 126
Precentral gyrus L 71 360 -42 -4 32 1.27 1.07 213 116
Right Amygdala
BNST/caudate R 138 545 10 6 4 5.00 1.29 5.95 1.31
Dorsal anterior cingulate/ Precentral gyrus L 217 434 -20 0 44 0.90 1.06 177 119
Fusiform gyrus L 79 428 -36 -66 -6 0.47 1.08 139 137
Posterior Hippocampus R 128 418 34 -20 -12 1.30 127 220 111
Middle temporal gyrus L 73 408 -58 -12 -14 0.63 1.22 142 110
Hippocampus/ Parahippo-campal gyrus R 189 384 18 -34 0 1.43 1.18 234  1.06
Occipital cortex R 142 376 38 -60 -8 .66 1.04 150 1.01
Anterior hippocampus L 80 359 -20 -10 -12 1.33 1.24 220 1.20

Unpredictable Threat > Predictable Neutral Face Cue
Right amygadala
Cerebellum L/R 195 426 -2 -36 -28 035 112 -54 115

Note. SLEA = sublenticular extended amygdala.
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Table 2.
Amygdala Connectivity during Image Viewing
MNI Fear Face Neutral Face
Coordinates Image Image
Hemi-
Brain Region sphere  k t X y z Mean SE Mean SE
Fear Face Image > Neutral Face | mage
Left amygadala
Dorsal anterior cingulate cortex R 133 404 24 18 38 196 137 116 132
Dorsal anterior cingulate cortex L 105 382 -18 18 38 194 113 107 159
Neutral Face lmage > Fear Facelmage
Left amygaala
Fusiform gyrus / middle temporal gyrus R 258 464 40 -66 -2 117 140 346 155
Putamen R 82 338 28 -8 4 259 162 346 155
Right amygadala
Fusiform gyrus / middle temporal gyrus R 102 403 38 -66 -6 075 131 154 145
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