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Abstract

Facial cues contain important information for guiding social interactions, but not all humans are
equally expert at face processing. A number of factors, both genetic and environmental, contribute
to differences in face processing ability. For example, both heritable individual differences in
temperament and exposure to childhood maltreatment are associated with alterations in face
processing ability and social function. Understanding the neural correlates of alterations in face
processing can provide insights into how genetic and environmental risk factors impair social
functioning. We examined the association between childhood maltreatment and blood-
oxygenation-level-dependent (BOLD) signal in a group of young adults with an inhibited
temperament. We hypothesized that childhood maltreatment exposure would correlate positively
with BOLD signal in regions subserving face processing and novelty detection during viewing of
novel compared to familiar faces. Degree of exposure to childhood maltreatment was positively
correlated with BOLD signal in the bilateral fusiform gyri and the left hippocampus. These
findings suggest that young adults with an inhibited temperament and a history of maltreatment
may be particularly vulnerable to neural alterations. These differences could be related to a
heightened sensitivity to potential threat—for example, from new people, and may contribute to
both the altered social functioning and increased incidence of anxiety disorders in these
individuals.
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1. Introduction

The ability to interact with others and interpret social information is critical for humans.
Facial cues are an important source of information used in social interactions. Consistent
with the importance of understanding facial cues, facial processing skills emerge early in
infancy (for review, see Gauthier and Nelson 2001) and are refined throughout development.
However, not all humans are equally expert at facial processing; variation in face processing
ability may be due to a variety of factors, including genetic and environmental factors. For
example, inhibited (or shy) temperament is a heritable (Robinson et al., 1992) and
biologically based trait (Kagan et al., 1987; Goldsmith et al., 2000; Fox et al., 2005) that
influences face processing ability. Shy children make more errors in identifying faces
(Brunet et al., 2010), and both eye-tracking (Brunet et al., 2009) and ERP studies (Jetha et
al., 2012) suggest altered sensitivity to emotional faces. Environmental insults, such as
childhood maltreatment, also impact face processing. For example, adults who were
maltreated as children show behavioral alterations in face processing, such as enhanced
sensitivity to emotional faces, and attentional biases to threatening faces (Pollak et al., 2000;
Pollak and Kistler, 2002; Gibb, Schofield, and Coles, 2009). Given that faces provide
critical social cues, genetic or environmental factors that impact face processing may cause
impairments in social functioning.

Identifying neural correlates of altered face processing can provide critical insights into
pathophysiological risk factors related to impaired social functioning. Face processing is
supported by a neural network composed of sensory regions—such as the fusiform face area
(FFA)—and limbic regions—such as the amygdala and hippocampus. The FFA is a
secondary visual cortical region that shows increased activation in response to viewing face
stimuli (Grill-Spector et al., 2004). In humans, the FFA response to faces may represent its
broader role in visual expertise (Gauthier and Tarr, 2002). In the medial temporal lobe, the
amygdala and hippocampus are limbic regions critically involved in face processing. The
amygdala is involved in processing of emotional faces (Fusar-Poli et al., 2009), modulation
of face recognition (Gobbini and Haxby, 2007), and evaluation of potential threat, such as
the trustworthiness of a face (Adolphs et al., 1998; Winston et al., 2002). The hippocampus
modulates visual processing (Vuilleumier et al., 2004) by facilitating contextual
interpretation of social stimuli such as faces, particularly face recognition and familiarity
(Bengner and Malina, 2008).

Previous studies have shown that individuals with an inhibited temperament show
alterations during face processing in the amygdala (Schwartz et al., 2003; Perez-Edgar et al.,
2007, Blackford et al., 2011) and hippocampus (Blackford et al., 2012). Given the
behavioral effects of childhood maltreatment on face processing ability, one might also
expect for childhood maltreatment to be associated with neural differences during face
processing; however, only a few studies have directly investigated this topic. Functional
neuroimaging studies examining the neural correlates of trauma—either traumatic event
histories or post-traumatic stress disorder—report altered amygdala activation to emotional
stimuli in general (for review, see Lanius et al., 2006). When viewing threatening faces,
adults with a history of childhood maltreatment show increased amygdala activation (Maheu
et al., 2010; Dannlowski et al., 2012) and hippocampal activation (Maheu et al., 2010).
When viewing sad faces, depressed adults with a history of childhood maltreatment
demonstrate increased amygdala activation (Grant et al., 2011). These studies provide
preliminary evidence for an association between childhood maltreatment and neural
responses during emotional face processing; however, the ability to discriminate novel from
familiar faces is also a critical component of face processing ability.
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Quickly determining whether a face is new or familiar serves multiple functions, including
allocating attentional resources to determine whether a new person is safe or potentially
threatening, and facilitating positive social interactions with familiar people. Novel faces
may be particularly salient because novel faces represent an unknown—ambiguous and
potentially threatening—social stimulus (Masten et al., 2008; Jovanovic et al., 2009). The
key brain regions involved in face processing are also involved in novel face detection. For
example, both the amygdala and hippocampus are involved in the detection of novel stimuli
(Yamaguchi et al., 2004; Rutishauser et al., 2006; Blackford et al., 2010), including novel
faces (Rossion et al., 2003; Wright et al., 2003; Pedreira et al., 2010). The FFA is also
sensitive to slight differences in faces (Halgren et al., 2000), suggesting that a sensory-
limbic network facilitates novel face processing. The effects of childhood maltreatment on
the neural substrates of novel face processing remain unknown.

Both inhibited temperament and childhood maltreatment are associated with behavioral
deficits in face and emotion recognition, as well as alterations in the neural network
processing of faces. Furthermore, a trait related to inhibited temperament—early difficult
temperament—has been associated with an increased incidence of childhood maltreatment
(Cohen and Brooks, 1987). Therefore, in a population that is already genetically predisposed
to altered face processing, exposure to childhood maltreatment may compound existing
neural alterations. To test this hypothesis, we examined the effects of childhood
maltreatment on neural responses to novel faces in a sensory-limbic network in a group of
inhibited young adults.

2. Methods

2.1 Participants

Eighteen young adults with an inhibited temperament were included in this study.
Participants, recruited from the Nashville community, were ages 19 to 30 at the time of the
study and had a mean age of 23 years (£2.91 years); 67 percent were female. Only one
participant was left-handed. Thirteen participants were Caucasian, three were African
American, one participant was Hispanic, and one was Asian. Written informed consent was
obtained from participants prior to enrollment in the study.

Data from these participants were previously reported (Blackford et al, 2011). The present
study is a novel analysis to test the effect of childhood maltreatment on novel face
processing in the inhibited temperament group. While our primary question of interest was
focused on the effects of maltreatment in the genetically more vulnerable inhibited group,
we performed a post-hoc analysis with the uninhibited group (n = 15) to determine
specificity of the observed effects. However, the uninhibited group has relatively low rates
of maltreatment (mean = 6.40, SD =7.87) which limits the ability to detect significant
relationships between maltreatment and brain function.

2.2 Temperament Measures

Temperament was assessed using two self-report instruments (Reznick et al., 1992): the
Retrospective Self-Report of Inhibition (RSRI; child) and the Adult Self-Report of
Inhibition (ASRI; adult). The RSRI is a 30-item assessment of behaviors during childhood
and is scored on a likert scale ranging from 1 to 5 (1 = uninhibited, 5 = inhibited). Example
questions include: “Did you enjoy meeting new children your age?” and “Were you scared
of the dark?” The ASRI is a 31-item assessment of current behaviors and is also scored on a
1to 5 likert scale. Example questions include: “Do you feel comfortable speaking in front of
a large group of people?” and “Do open-air high places bother you?” Both measures have
demonstrated reliability and validity in a non-selected sample (Reznick et al., 1992) and
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excellent reliability in this sample (Cronbach’s alpha = .84 and .82, respectively).
Participants were determined to have inhibited temperament if they scored in the top 15% on
both the RSRI and the ASRI scores based on normative population data (Reznick et al.,
1992). The mean and standard deviations for RSRI and ASRI scores were 3.17 (SD =0.50)
and 3.14 (SD = 0.38).

2.3 Childhood Maltreatment Measures

To assess severity of childhood maltreatment, participants were also administered the
Childhood Trauma Questionnaire (CTQ; Bernstein et al., 2003). This questionnaire assesses
five types of maltreatment including emotional abuse, emotional neglect, physical abuse,
physical neglect and sexual abuse. Participants rate items on the CTQ using a 5-point scale
ranging from “never true” to “very often true.” The CTQ has demonstrated reliability and
validity (Scher et al., 2001; Paivio and Cramer, 2004) and reliability in this sample was high
(Cronbach’s alpha = .92). The five childhood maltreatment subtypes scores are summed for
a Total CTQ score, which ranges from 25 to 125. To better reflect the frequency of
maltreatment in our sample, we subtracted 25 from all CTQ total scores to create a range
from 0-100, with a score of 0 reflecting no reported maltreatment. To determine reporting of
significant maltreatment, we used thresholds suggested by Walker et al. (1999).

2.4 Psychiatric Assessment

Participants were administered the Structured Clinical Interview for DSM-1V (SCID; Spitzer
etal. 1992) by a trained interviewer. As expected, six participants met criteria for at least
one type of anxiety disorder (several participants met criteria for more than one disorder):
Social Anxiety Disorder (n = 5), Generalized Anxiety Disorder (n = 3), Specific Phobia (n =
1) and Anxiety Not Otherwise Specified (NOS; n = 2). Two participants also met criteria for
comorbid Dysthymia and one participant met criteria for only Dysthymia.

2.5 fMRI Task

Participants completed a previously validated fMRI task involving passive viewing of both
novel and recently familiarized faces with neutral expressions (Blackford et al, 2011;
Schwartz et al., 2003). Stimuli were black and white images of human faces selected from
two standard sets of emotional expressions (Lundqvist et al., 1998; Gur et al., 2001). All
images were edited to ensure uniform face size, as well as eye and nose position. All
extraneous features (e.g. shirt collars, hair) were removed. Stimuli were randomly selected
for the novel or familiar group and the two groups were balanced across gender and stimulus
set. Participants were told while in the scanner, “In this study a face will appear in the
middle of the screen. Your job is to stay focused on the screen and look at each face. The
faces will flash quickly.”

During a pre-test phase, participants were familiarized to a set of six faces presented during
four blocks for a total of eight presentations of each face. During the test phase, participants
were randomly presented familiar faces and novel faces during four separate runs. Within
each run participants viewed 12 distinct novel and 12 familiar faces (each of the 6 familiar
faces presented twice) for a total of 48 novel and 48 familiar face presentations. Each novel
face was only presented once across all runs.

Each face stimulus was presented for 0.5 seconds. The inter-stimulus interval consisted of a
gray circle to maintain visual orientation, followed by a brief white circle as a cue for the
upcoming face. Inter-stimulus intervals were jittered, with a 12 second average duration.
Each run was approximately 300 seconds. To ensure that participants did attend to the
stimuli and to assess encoding of the familiar faces, participants were given a brief
recognition memory test after the scan. Participants were not told that there would be a

Psychiatry Res. Author manuscript; available in PMC 2014 April 30.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Edmiston and Blackford Page 5

recognition task after the scan. Two previous studies have shown that recognition memory is
similar for inhibited and uninhibited participants (Blackford et al., 2009, Blackford et al.,
2011). In this sample, recognition memory was good (familiar: M = 95%, SD = 7%; novel:
M = 69%, SD = 17%) and was not significantly correlated with childhood maltreatment
(both ps > .20).

Participants wore earplugs and headphones to reduce the MRI scanner sounds. Participants
who required correction for 20/20 vision either wore contact lenses or MR compatible
glasses while in the scanner.

2.6 fMRI Data Collection and Analysis

Functional and structural images were collected on a 3 Tesla magnet (Philips Healthcare,
Inc., Best, The Netherlands). Functional echo planar images (EPI) were acquired using a
sequence optimized for the amygdala and hippocampus: 2s TR, 22ms TE; 90° flip angle; 1.8
SENSE, 240 mm FOV; 3x3 mm in plane resolution using an 80x80 matrix (reconstructed to
128x128), and higher order shimming to limit susceptibility artifacts. Each volume
contained 36 2.5mm (0.25 gap) axial oblique slices (titled 15° anterior higher than posterior
relative to the intercommissural plane), which provided complete anterior—posterior
coverage and inferior—superior coverage from the bottom of the temporal lobe to the top of
the cingulate gyrus. High-resolution T1-weighted anatomical images were collected using
the following parameters: 256mm FOV, 170 slices, 1-mm slice thickness, and 0-mm gap.

MRI data were pre-processed using SPM5 (http://www.fil.ion.ucl.ac.uk/spm/) and Matlab
(Version 7.1, The MathWorks, Inc, Natick, MA, USA). Data were slice time corrected,
realigned to the first slice, resampled to 3x3x3mm voxels, spatially normalized into standard
stereotactic space (MNI EPI template), and high pass filtered (128s). Data were smoothed
with a 6-mm FWHM Gaussian kernel to account for individual differences in brain
anatomy.

Data were modeled using the first-level general linear model function in SPM5. The two
stimulus types (novel and familiar faces) were used as regressors and a novel — familiar
contrast was created. To test for the effects of childhood maltreatment on signal change
differences between novel and familiar faces, a correlation analysis was performed between
CTQ total scores and the novel-familiar face contrast in SPM5. Given our gpriori interest in
cortico-limbic regions subserving visual processing, the analyses were restricted to three
bilateral regions of interest (ROIs): the amygdala, the hippocampus and the fusiform gyrus.
Each of these ROIs was defined using the AAL templates from the WFU pickatlas (\Version
2.4; Maldjian et al., 2003). Cluster-based thresholding was used to control for Type | error.
Based on simulations performed with AlphaSim (http://afni.nimh.nih.gov/pub/dist/doc/
manual/AlphaSim.pdf), a family-wise error rate of a=<0.05 is achieved with the following
cluster sizes: 11 voxels for the amygdala, 18 voxels for the hippocampus, and 29 voxels for
the fusiform gyrus. To examine the specificity of the effect, correlations between the CTQ
total score and the familiar-novel face contrast were also performed. Finally, an exploratory
whole brain analysis was used to determine whether additional correlations between fMRI
blood-oxygenation-level-dependent (BOLD) signal and CTQ total scores were present in
other brain areas. A more conservative p-value was used because there were no apriori
hypotheses (p < 0.005 cluster size =25).For significant clusters identified in the main
analysis, percent signal change values were extracted using MarsBar (Brett ez al., 2002). To
confirm the SPM results, post hoc correlation analyses were performed using SAS (Version
9.1, SAS Institute Inc., Cary, NC, USA).

To test for possible effects of gender and anxiety diagnosis, two post-hoc regression
analyses were performed for all significant effects. The first regression analysis included
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3. Results

gender, CTQ scores, and their interaction as predictor variables and percent signal change
from the significant clusters as the outcome variable. The second regression analysis was
similar but included anxiety diagnosis, CTQ scores, and the anxiety X CTQ score interaction
as predictors.

In our sample of adults with an inhibited temperament, 56% (n = 10) of participants reported
significant maltreatment exposure on at least one subscale; the mean CTQ total score was
13.56 (SD = 14.32). Within the maltreatment subscales, the most often reported form of
childhood maltreatment was physical abuse, with 33% of participants reporting physical
abuse. Seventeen percent of participants reported significant emotional neglect, 11%
reported emotional abuse, 22% reported physical neglect, and 11% reported sexual abuse.
Only two participants reported no maltreatment of any kind. The remaining six participants
reported subthreshold levels of maltreatment (see Table 1).

To investigate the role of childhood maltreatment in novel face processing in inhibited
individuals, we examined the correlation between maltreatment frequency and BOLD signal
in novel relative to familiar faces. Childhood maltreatment frequency was positively
correlated with BOLD signal to novel faces in both the fusiform gyrus and the hippocampus.
In the fusiform gyrus, CTQ total scores were positively correlated with BOLD signal in
clusters of both the left and right gyri (Figure 1). In the hippocampus, CTQ total scores were
correlated with BOLD signal in the left hippocampus, with significant clusters in both the
anterior hippocampus and posterior hippocampus (Figure 2). CTQ scores were not
correlated with activation in either the right hippocampus or the bilateral amygdala
(correlations for the anatomical amygdala ROI both r = .10). CTQ scores were not correlated
with the familiar > novel contrast in the regions of interest and the exploratory whole brain
analyses revealed no significant positive or negative correlations in other brain regions.

To provide greater clarity regarding the study findings we performed several post-hoc
analyses. First, to determine the relative contributions of response to novel faces and
familiar faces, we performed post-hoc correlations between CTQ scores, BOLD signal to
novel faces (vs. fixation) and BOLD signal to familiar faces (vs. fixation). For all of the
significant clusters, the significant relationship between CTQ scores and BOLD signal was
based on the difference between response to novel and familiar faces, such that CTQ scores
were not significantly correlated with either response to novel faces alone or familiar faces
alone (Supplemental Figure 1).

Next, we performed post-hoc analyses to examine potential effects of gender. CTQ scores
were similar between males and females (p = .72). For the post-hoc regression analyses of
gender effects, CTQ score was the only significant predictor for the bilateral fusiform gyri
and the anterior hippocampus. However, for the posterior hippocampus, none of the
predictors were significant, suggesting that gender, CTQ and the gender X CTQ interaction
shared substantial variance.

Post-hoc analyses were also performed to examine potential effects of anxiety diagnosis.
Participants with an anxiety diagnosis had higher CTQ scores than participants without a
diagnosis (p = .06, trend). For the post-hoc regression analyses of anxiety effects, CTQ score
was the only significant predictor for the bilateral fusiform gyri and the anterior
hippocampus. However, for the posterior hippocampus, anxiety group, CTQ score, and the
anxiety X CTQ score interaction were all significant predictors. The interaction was
accounted for by a stronger correlation between CTQ score and posterior hippocampus
activation in the anxiety group (r = .84) than in the non-anxiety group (r = .23).
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To examine the potential effects of outliers, we reanalyzed the data after removing the
subject with the highest CTQ score. All significant and null findings remained unchanged
except for the right fusiform gyrus. In the right fusiform gyrus, the previously significant
cluster (35 voxels) was reduced to 20 voxels and no longer met the cluster-based threshold
for a corrected p < .05.

Finally, to determine whether the observed effects of maltreatment were specific to
individuals with an inhibited temperament, we performed correlations between CTQ score
and percent signal change in the left hippocampus, left FFA, and right FFA in the
uninhibited group. CTQ scores were not significantly correlated with percent signal change
(all ps > .25).

4. Discussion

In adults with an inhibited temperament, childhood maltreatment exposure was significantly
correlated with greater activation to novel relative to familiar faces in the fusiform gyrus and
hippocampus. Both the fusiform gyrus and hippocampus are associated with novelty
detection and face processing, thus correlations between childhood maltreatment severity
and BOLD signal in these areas may indicate a heightened sensitivity to novelty in inhibited
individuals with reported childhood maltreatment. Our findings suggest that even modest
exposure to childhood maltreatment in adults with inhibited temperament is associated with
differences in a sensory feed-forward mechanism, suggesting a possible gene x environment
interaction on a neural network involved in social-emotional stimulus processing. These
neural alterations may manifest behaviorally as hypervigilance to novelty or potential threat
that is associated with childhood maltreatment in inhibited adults.

Heightened response to novel faces in the fusiform gyrus, which includes the fusiform face
area (FFA), was correlated with reported childhood maltreatment exposure. While
behavioral studies have shown alterations in emotional face perception in those with
maltreatment history (Pollak et al., 2000; Masten et al., 2008; Gibb, Schofield, and Coles,
2009; Leist and Dadds, 2009), there has been little investigation of alterations in FFA
function in populations with childhood maltreatment history. Smaller FFA gray matter
volume has been reported in adolescents (Edmiston et al., 2011) and young adults (Tomoda
et al., 2009) with reported childhood maltreatment, suggesting that the fusiform face area
may also be altered structurally in childhood maltreatment. The findings of increased
fusiform gyrus activation to novel faces in this study may reflect increased detection
sensitivity or hypervigilance to novel faces in inhibited individuals with a history of
childhood maltreatment. This hypothesis is consistent with behavioral findings reporting that
maltreated children detect fearful faces more quickly than non-maltreated controls (Masten
et al., 2008). Hypervigilance to potential threat in individuals exposed to maltreatment,
coupled with an inherited temperamental predisposition to avoid novelty and to interpret
novelty as potentially threatening, may explain the increased signal change finding in the
novel-familiar face contrast observed in this study.

Positive correlations between CTQ scores and response to novel relative to familiar faces in
the hippocampus were also prominent findings in this study. Alterations in hippocampal
structure have long been associated with exposure to stress, trauma, and childhood
maltreatment (Bremner et al., 1997; Woon and Hedges, 2008). Increasingly, fMRI studies
have suggested increased hippocampal activation in individuals with post-traumatic stress
disorder (PTSD)—both during recall (Piefke et al., 2007; Hayes et al., 2011; St Jacques et
al., 2011) and exposure to negatively valenced stimuli (Thomaes et al., 2009; Felmingham et
al., 2010). A core feature of PTSD is attentional bias to threatening or potentially threatening
stimuli, and inhibited temperament has been associated with both increased risk for the
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development of PTSD as well as PTSD symptom severity (Myers et al., 2012a; Myers et al.,
2012b). Previous findings suggest that adults with maltreatment exposure show increased
attentional bias—another marker of heightened sensitivity—to mildly threatening stimuli
such as angry faces (Bradley et al., 1999; Mogg and Bradley, 2002; Pollak and Sinha, 2002).
Taken together, these findings suggest that hippocampal alterations may be associated with
maltreatment or traumatic event exposure, particularly in individuals with heritable risk
factors, such as inhibited temperament.

Although several prior studies have shown differences in amygdala activation during
emotional face processing following childhood maltreatment (Maheu et al., 2010; Grant et
al., 2011; Tottenham et al., 2011; Dannlowski et al., 2012; van Harmelen et al., 2012), we
were unable to detect significant effects in this study. One possible explanation is that we
used neutral faces in our study and the previously reported amygdala effects may be limited
to emotional faces. Studies of amygdala volume in maltreated children also report mixed
findings, with both reported increases (Tottenham et al., 2010) and decreases (Driessen et
al., 2000; Edmiston et al., 2011) in amygdala volume. The heterogeneity in functional and
structural findings may be due to differences in timing and duration of exposure to the
stressor, both factors that may alter the developmental trajectory of the amygdala
(Tottenham and Sheridan, 2009) as well as the age of assessment. Future studies should
assess the onset and duration of maltreatment exposure in addition to maltreatment type and
severity to determine the effect of these timing factors on amygdala function.

While the study findings indicate a positive relationship between childhood maltreatment
and brain activation to novel, relative to familiar faces, it is important to note that there was
substantial variance in brain activation. In the regions studied, activation ranged from
negative (familiar > novel) to flat to positive. Thus, the key finding is that childhood
maltreatment predicted individual differences in brain response to novel faces. Because this
is an initial report of this effect, it is important to conduct further studies to clarify the nature
of the effect and provide additional clues about underlying mechanisms.

Reporting of childhood maltreatment in this sample was relatively mild and within
normative ranges. Therefore the study findings suggest that even mild childhood
maltreatment may contribute to changes in perception of social cues via alterations in a
sensory-limbic network in individuals with an inhibited temperament. However, given the
rates of anxiety disorders in our sample and the higher reports of childhood maltreatment in
those with an anxiety disorder, it is possible that the increased response to novel faces is
caused by the anxiety disorder. Response to novel faces in the posterior hippocampus was
influenced by both anxiety and childhood maltreatment; however, the other significant
clusters were uniquely predicted by childhood maltreatment even after controlling for
anxiety.

There were several study limitations. Trauma incidence and severity were based on
retrospective self-report, which may be biased; however, a recent study has shown that
biases are minimal with retrospective self-report of childhood maltreatment (Fergusson et
al., 2011). Also since the CTQ only assesses the presence of past childhood maltreatment, an
assessment of duration or timing of maltreatment experiences was not possible. Another
limitation is that we did not explicitly measure cognitive ability in this study; however, there
were no obvious cognitive deficits in any participants based on performance during clinical
interview. Finally, a non-inhibited control group was not explicitly included in this study,
although our post-hoc analyses suggest that the observed effects were specific to the
inhibited group. Future studies with larger sample sizes should directly test for gene X
environment effects.
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In summary, we propose that early exposure to maltreatment may prime sensory-limbic
regions to be highly attuned to novelty especially in individuals with inherited risk, such as
those with an inhibited temperament. The observed neural differences are consistent with
behavioral findings in face processing and increased vigilance for threat, suggesting that
heightened activation in the fusiform gyrus and hippocampus may underlie these behavioral
differences. Furthermore, these neural differences may represent one mechanism by which
incidence of anxiety disorders is increased in an already at risk population (Schwartz et al.,
1999; Hirshfeld-Becker et al., 2007; Simon et al., 2009; Essex et al., 2010). Future work is
needed to clarify the biological mechanisms of risk and resilience in both inhibited
individuals and those exposed to childhood maltreatment to better provide prevention,
assessment, and treatment of this vulnerable population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Fusiform face area (FFA) BOLD signal is correlated with maltreatment exposure
The figure shows regions in the bilateral fusiform gyri where BOLD signal is positively
correlated with CTQ total scores, p <0.05. Left cluster size = 49 voxels, peak voxel at —42,
-51, -15. Right cluster size = 35 voxels, peak voxel at 39, -48, —15. Images are displayed
on a standard single subject MNI brain. The color bar shows t-values.
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Figure 2. Hippocampal BOL D signal to novel facesiscorrelated with maltreatment exposure
The figure shows regions in the a) left anterior hippocampus and b) left posterior
hippocampus where BOLD signal is positively correlated with CTQ total scores, p <0.05.
Anterior hippocampus: cluster size = 39 voxels, peak voxel at -27, —-15, —15. Posterior
hippocampus: cluster size = 22 voxels, peak voxel at —24, -39, 6. . Images are displayed on
a standard single subject MNI brain. The color bar shows t-values.
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Table 1

Childhood Maltreatment Frequency

Maltreatment Frequency

None Minimal  Present
Childhood Maltreatment n (%) n (%) n (%)

Emotional Abuse 4(22%) 12 (67%) 2 (11%)
Emotional Neglect 5(28%) 10(56%) 3 (17%)
Physical Abuse 7 (39%) 5 (28%) 6 (33%)
Physical Neglect 11 (61%) 3 (17%) 4 (22%)
Sexual Abuse 16 (89%)  0(0%) 2 (11%)
Maltreatment Total 2 (11%) 6(33%) 10 (56%)
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