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Abstract

While maltreatment is known to impact social and emotional functioning, threat processing, and neural structure, the potentially dimorphic influence of sex on
these outcomes remains relatively understudied. We investigated sex differences across these domains in a large community sample of children aged
10 to 14 years (n¼ 122) comprising 62 children with verified maltreatment experience and 60 well-matched nonmaltreated peers. The maltreated group relative
to the nonmaltreated comparison group exhibited poorer social and emotional functioning (more peer problems and heightened emotional reactivity).
Cognitively, they displayed a pattern of attentional avoidance of threat in a visual dot-probe task. Similar patterns were observed in males and females in these
domains. Reduced gray matter volume was found to characterize the maltreated group in the medial orbitofrontal cortex, bilateral middle temporal lobes, and
bilateral supramarginal gyrus; sex differences were observed only in the supramarginal gyrus. In addition, a disordinal interaction between maltreatment
exposure and sex was found in the postcentral gyrus. Finally, attentional avoidance to threat mediated the relationship between maltreatment and emotional
reactivity, and medial orbitofrontal cortex gray matter volume mediated the relationship between maltreatment and peer functioning. Similar mediation
patterns were observed across sexes. This study highlights the utility of combining multiple levels of analysis when studying the “latent vulnerability”
engendered by childhood maltreatment and yields tentative findings regarding a neural basis of sex differences in long-term outcomes for maltreated children.

Childhood maltreatment is a robust and substantiated risk
factor for a wide range of psychiatric disorders (Gilbert
et al., 2009) including depression, anxiety, and posttraumatic
stress disorder (Anda et al., 2006; De Bellis, 2001; Scott,
Smith, & Ellis, 2010). It is notable that if psychiatric disorders
do emerge following childhood maltreatment, they are likely
to be particularly severe, develop earlier (Hovens et al.,
2010), and show an attenuated response to standard treatment
(Hovens et al., 2012; Nanni, Uher, & Danese, 2012) com-
pared to psychiatric disorder as it presents in those with no
history of abuse. Sex appears to impact both the nature and
the severity of psychiatric outcome following maltreatment.
It has been shown that maltreatment-related psychiatric disor-
ders are associated with a greater preponderance of internal-
izing symptomatology in females but greater preponderance
of externalizing symptomatology in males (Bos et al., 2011;
Keyes et al., 2012). There is also some evidence from pro-
spective studies that maltreatment has a more detrimental
impact on males (De Bellis & Keshavan, 2003; McGloin &

Widom, 2001) although at least one study has reported that fe-
males are more affected (Thompson, Kingree, & Desai, 2004).
In light of these findings, the relative dearth of studies system-
atically investigating maltreatment-related sex differences in
social, cognitive, and neurobiological is surprising, because
investigation here may help shed light on the sex-dependent
differences observed in relation to psychiatric outcome.

Latent Vulnerability and Multilevel Approaches

The theory of latent vulnerability has recently been proposed
to provide a framework for understanding the link between
maltreatment and psychiatric disorder (McCrory & Viding,
2015). According to this theory, childhood maltreatment
results in alterations at multiple levels of biological and
neurocognitive functioning, reflecting calibration in response
to early risk environments. While such changes may have
short-term benefits, they can serve to embed heightened vul-
nerability to psychiatric disorder that may manifest following
exposure to future stressors. It is suggested that the identifica-
tion of makers of latent vulnerability that are predictive of
future disorder, particularly in neurocognitive systems
implicated in socioemotional and cognitive functioning, can
inform a preventative psychiatry strategy that aims to offset
risk trajectories before disorders emerge. However, under-
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standing the mechanisms that underpin latent vulnerability re-
quires a multilevel approach that links biological, cognitive,
and behavioral outcomes in ways that transcend diagnostic
categories (Cicchetti & Blender, 2006; Cicchetti & Curtis,
2007; Cicchetti & Dawson, 2002).

The Impact of Maltreatment on Social and Emotional
Functioning

Maltreatment experience has been associated with aspects of
social and emotional functioning that may increase vulner-
ability or resilience to later psychiatric disorder. For example,
social and peer functioning impairments that characterize
many maltreated individuals (Bolger & Patterson, 2001; Bol-
ger, Patterson, & Kupersmidt, 1998; Kim & Cicchetti, 2010;
Rogosch, Cicchetti, & Aber, 1995) may compromise the de-
gree to which successful peer relationships can buffer the
impact of early life stress (Evans, Steel, & DiLillo, 2013;
McLewin & Muller, 2006; Pepin & Banyard, 2006). At the
psychological level, personal attributes such as a child’s emo-
tional reactivity, sense of mastery, and sense of relatedness
have been linked to an increased risk of negative behavioral
outcomes and trauma symptomatology in maltreated indi-
viduals (Kim & Cicchetti, 2003; McLaughlin et al., 2010;
Toth & Cicchetti, 1996). In line with the finding that
maltreated female adolescents are more resilient than their
maltreated male peers (DuMont, Widom, & Czaja, 2007),
we expected that the maltreated females, compared to the
maltreated males, may show higher levels of mastery and so-
cial relatedness, and lower emotional reactivity. It is impor-
tant to establish whether the social and emotional functioning
following maltreatment is similar for boys and girls, or
whether maltreatment exerts sex-specific effects across these
domains in ways that could account for the observed pattern
of sex-dependent differences in psychiatric outcome.

The Impact of Maltreatment on Cognitive Processes:
Threat Processing

At the cognitive level, there is now a substantive body of re-
search pointing to altered processing of threat cues in mal-
treated children, in particular a pattern of threat vigilance at
the psychological and neural levels (Pine et al., 2005; Pollak,
Cicchetti, Klorman, & Brumaghim, 1997; Pollak, Klorman,
Thatcher, & Cicchetti, 2001; Pollak & Sinha, 2002; Pollak
& Tolley-Schell, 2003; Shackman, Shackman, & Pollak,
2007). For example, maltreated children assimilate and re-
member pictures of angry facial expressions and cues related
to aggression better than their nonmaltreated peers, even when
those cues are task irrelevant (Rieder & Cicchetti, 1989), dis-
play faster reaction times when labeling fearful facial expres-
sions (Pollak & Sinha, 2002), and show heightened amygdala
reactivity to threat cues, even when these are presented outside
of conscious awareness (McCrory et al., 2011, 2013). Differ-
ences in processing threat-related cues appear present by 15

months of age in infants exposed to a maltreating home envi-
ronment (Curtis & Cicchetti, 2013).

However, there is also preliminary evidence that children
who have experienced maltreatment can also show attentional
avoidance of threat cues (Pine et al., 2005; but see also Ro-
mens & Pollak, 2012, for a different pattern of findings). In
a study of attention allocation to threat in maltreated children
using a dot-probe paradigm, Pine et al. (2005) reported an at-
tentional bias away from threat. While the finding of atten-
tional avoidance in Pine et al.’s (2005) study may at first ap-
pear at odds with the general literature on threat vigilance in
maltreatment research, it is consistent with an increasing rec-
ognition in the adult clinical literature that both threat avoid-
ance and threat vigilance may be associated with psychiatric
risk (Bar-Haim et al., 2010). One possibility is that such
avoidance may represent a strategy to attenuate the impact
of threat cues (Wald et al., 2013) in those individuals who
have difficulty in regulating their emotional responses. It is
not that such a pattern is inherently problematic, but rather
it becomes maladaptive when attentional allocation to threat
fails to align with environmental demands (Bar-Haim et al.,
2010). In several longitudinal studies of civilians and sol-
diers, it has now been demonstrated that a pattern of threat
avoidance during stress or imminent-stress exposure predicts
future posttraumatic stress disorder (PTSD) symptomatology
(Wald et al., 2011, 2013). Over time, a pattern of sustained
avoidance may serve to inhibit successful emotional process-
ing of environmental threat, and as a result, threat-related cues
may maintain their anxiety-provoking properties (Rachman,
2004). In other words, greater emotional reactivity may
prompt an avoidant response, which over time may serve to
further compromise processing and regulation of subsequent
threat cues. If this is the case for maltreated children, one
would expect that a pattern of threat avoidance may be asso-
ciated with underlying difficulties in emotional reactivity and
regulation, at least for some of these children.

Sex Differences in Attentional Biases

Although children exposed to maltreatment presenting with
PTSD show an attentional bias away from threat (Pine
et al., 2005), it is not known if such a bias is present in the
absence of concurrent psychiatric disorder, nor if boys and
girls show comparable patterns. Studies of attentional bias
to negative stimuli in healthy individuals (Pfabigan, Lampl-
mayr-Kragl, Pintzinger, Sailer, & Tran, 2014) and in those
with depression (Peckham, McHugh, & Otto, 2010) appear
to find no effect of sex, but it remains to be established
whether the strength of any attentional bias would be similar
in girls and boys who have been exposed to maltreatment.

The Impact of Maltreatment on Cortical Structure:
Gray Matter Volume (GMV)

On a neural level, maltreatment has been shown to be signif-
icantly associated with differences in GMV in a number of
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brain regions. A recent meta-analysis that combined 12 studies
of adults and children reported an extensive pattern of reduced
GMV in maltreated individuals in several areas, including
the orbitofrontal cortex, superior temporal gyrus extending
to the amygdala, insula, and parahippocampal and middle
temporal gyri (Lim, Radua, & Rubia, 2014). However, it is
necessary to be cautious in assuming specificity of all these
GMV differences to maltreatment experience in children,
given that this meta-analysis combined studies of children
and adults, the majority of which comprised participants pre-
senting with comorbid psychiatric disorders. Two studies of
community samples of children referred to social services
(rather than clinic referred) have reported reduced GMV
in a subset of these regions, specifically the orbitofrontal cor-
tex (OFC) and left middle temporal gyrus (De Brito et al.,
2013; Hanson et al., 2010), with no volumetric differences
observed in the hippocampus or amygdala in either study.
This highlights the importance of taking the developmental
stage of the sample into account and carefully controlling
those factors that may contribute to individual differences
in GMV over and above maltreatment experience.

We know little about the functional significance of mal-
treatment-related GMV differences, and whether they repre-
sent true markers of latent vulnerability predictive of future
psychiatric disorder (McCrory & Viding, 2015). One impor-
tant contribution has been a study by Hanson et al. (2010) of
31 community-referred children using tensor-based morphom-
etry. It was found that reduced OFC volume was associated
with poorer social functioning across a number of domains,
suggesting that reduced OFC GMV following maltreatment
may impair the ability to respond to and regulate emotional
and social processes (Hanson et al., 2010). However, this
study was unfortunately limited by a focus on children who
had experienced physical abuse, making it difficult to gener-
alize about the significance of reduced OFC GMV in children
who have experienced different forms of abuse. In addition,
the analysis did not formally test for a mediation effect of
OFC GMV on the relation between childhood trauma and
social functioning.

Sex Differences and the Impact of Maltreatment
on GMV

As in the cognitive domain, there remains a relative paucity of
studies investigating the potential interaction between mal-
treatment and sex in relation to brain structure. This is a per-
tinent issue given that males have been reported to possess
greater GMV than females in the amygdala, thalamus, and
putamen and in cortical surface structures known to show re-
duced volume following maltreatment experience, including
the middle temporal gyrus and right occipital gyrus (Chen,
Sachdev, Wen, & Anstey, 2007; Koolschijn & Crone,
2013; Peper et al., 2009). To date there have been few studies
that have investigated sex differences in GMV in maltreated
children (De Bellis & Keshavan, 2003; De Bellis et al.,
1999; De Bellis & Kuchibhatla, 2006; Edmiston et al.,

2011). In one set of important early studies De Bellis and
colleagues have shown that maltreated boys with PTSD
show smaller cerebral volumes and larger lateral ventricular
volumes compared to maltreated girls with PTSD (De Bellis
& Keshavan, 2003; De Bellis et al., 1999), suggesting that
maltreatment experience has a more pronounced impact on
brain structure in boys than in girls. However, it is not clear
in these studies which GMV differences are driven by mal-
treatment experience and which by the influence of the
PTSD. To our knowledge, there has been one correlational
study exploring sex differences and the impact of maltreat-
ment on regional GMV in a single group of children exposed
to adversity (Edmiston et al., 2011). Unfortunately, socioeco-
nomic status (SES) and IQ, factors known to covary with mal-
treatment experience, were not accounted for in the analysis,
making it difficult to be confident that any of the observed sex
differences were attributable to maltreatment exposure.

The Present Study

The present study sought to investigate how sex influences the
impact of documented childhood maltreatment across multiple
levels of analysis. In one of the largest brain imaging studies of
maltreated children published to date, we set out to investigate
sex differences across cognitive and neural levels as well as pos-
sible mechanisms that may influence putative latent vulnerabil-
ity. Specifically, we aimed to understand the significance of any
maltreatment-related differences in GMV or attentional bias in
terms of behavioral outcomes that could serve to increase riskof
future symptomatology. By recruiting a community-referred
(rather than clinic-referred) sample, we reduced the likelihood
that any observed differences were driven by psychiatric disor-
der rather than maltreatment experience.

The first of our three aims was to investigate the impact of
maltreatment on aspects of social and emotional functioning
relevant to psychiatric vulnerability and explore possible sex
differences. It was predicted that both boys and girls exposed
to maltreatment, relative to their nonmaltreated peers, would
show similar impairments in social functioning, as measured
by the peer problems scale of the Strengths and Difficulties
Questionnaire (SDQ). We also predicted poorer performance
in maltreated versus nonmaltreated children in emotional re-
activity, mastery, and social relatedness (as measured by the
Resiliency Scales for Children and Adolescents [RSCA]).
The RSCA measures aspects of emotional and social func-
tioning thought to be associated with resilience. We predicted
that the maltreated females, compared to the maltreated
males, may show higher levels of mastery and social related-
ness, and lower emotional reactivity, in line with one previous
study (DuMont et al., 2007).

Our second aim was to investigate the impact of maltreat-
ment on attentional threat bias using a dot-probe task. On the
basis of previous findings using a dot-probe paradigm with
an identical emotional stimulus duration of 500 ms, we pre-
dicted a pattern of threat avoidance in children who had experi-
enced maltreatment (Pine et al., 2005) and also explored sex
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differences in task performance. We also hypothesized that
greater attentional threat avoidance would be observed in those
individuals reporting greater emotional reactivity, and finally
examined whether attentional avoidance mediates the relation-
ship between maltreatment experience and emotional reactivity.

Our third aim was to investigate the impact of maltreatment
on GMV and explore possible sex differences. We wished to
delineate those regions associated with maltreatment at both
the whole-brain level and in five regions of interest consistent
with the existing literature, including the amygdala, hippo-
campus, prefrontal cortex, temporal lobe, and cerebellum
(De Brito et al., 2013; Lim et al., 2014). Based on this prior
literature, we expected to observe reduced GMV in both the
OFC and bilateral middle temporal gyrus (De Brito et al.,
2013; Hanson et al., 2010; Lim et al., 2014). We did not pre-
dict atypical GMV in either the amygdala or the hippocampus
in line with previous studies of maltreated children (McCrory,
De Brito, & Viding, 2010) but nevertheless wished to test the
possibility that these prior null findings may have been due to
a lack of power. Following Hanson et al. (2010), we predicted
that reductions in GMV in the OFC would negatively correlate
with peer problems (as measured by the SDQ in our study) and
that GMV in the OFC would partially mediate the relationship
between maltreatment and peer problems across the sexes.
Given the robustness of findings of atypical mOFC GMV in
mixed samples of maltreated males and females (Lim et al.,
2014), and the similarities between sexes in the pathways
from maltreatment to peer rejection (Bolger & Patterson,
2001), we predicted that the mOFC GMV would be associated
with peer problems and that the mOFC GMV would at least
partially mediate the relationship between maltreatment and
peer problems.

Method

Participants

A total of 122 children aged 10–14 years were recruited from
London and the Southeast as part of two related studies
investigating the neural correlates of childhood maltreatment.
Children with documented experiences of maltreatment
(physical, sexual, emotional abuse, or neglect; total n ¼
62) were recruited from Social Services (SS) departments
in London (n ¼ 52) and affiliated adoption agencies (n ¼
10). An additional n ¼ 60 comparison children who had no
documented history of maltreatment were recruited from pri-
mary and secondary schools, as well as after-school youth
clubs in the London area, and via newspaper and Internet ad-
vertisement. Exclusion criteria for the comparison group in-
cluded any previous contact with SS with regard to the quality
of care or maltreatment of the child. Participants in the mal-
treated and comparison groups were matched on age, pubertal
status, sex, handedness, cognitive ability, socioeconomic sta-
tus, and ethnicity (see Table 1).

Assent to participate in the study was obtained for all chil-
dren. For children living with their biological or adoptive par-

ents, consent was obtained from at least one parent. Where
there was shared parental responsibility with SS, consent
was obtained from the biological parent of the child (if contact-
able), and SS. Exclusion criteria for all participants included a
diagnosis of learning disability, pervasive developmental dis-
order, neurological abnormalities, standard magnetic reso-
nance imaging (MRI) contraindications (e.g., ferromagnetic
implants or braces) and cognitive ability (Wechsler Abbrevi-
ated Scale of Intelligence score , 70). All procedures in the
study were approved by University College London Research
Ethics Committee (0895/002). A subset of participants in-
cluded in the present study (n¼ 38; maltreated¼ 18, nonmal-
treated¼ 20) had been included in a previous study examining
the impact of maltreatment on GMV (De Brito et al., 2013).
However, the same MRI scanner was used and an identical
magnetization prepared rapid gradient echo sequence em-
ployed for all participants.

Measures

Sociodemographic and psychiatric symptomatology
variables.

Maltreatment history. The SS case files for the maltreated
group were independently rated on the child-maltreatment rat-
ing by Kaufman, Jones, Stieglitz, Vitulano, and Mannarino
(1994). The 5-point scale was rated from 0 ¼ no abuse pres-
ent to 4 ¼ evidence of severe abuse by the child’s social
worker or the adoptive parent based on information provided
by social services. The maltreated group children were char-
acterized primarily by neglect (n¼ 51, M¼ 3.24, SD¼ 1.12)
and emotional abuse (n¼ 58, M¼ 2.93, SD¼ 0.92) and to a
lesser extent by physical (n ¼ 12, M ¼ 1.92, SD ¼ 1.16) and
sexual (n ¼ 8, M ¼ 2.29, SD ¼ 1.38) abuse. Only 6 partici-
pants experienced just one form of maltreatment (9.7%),
while 25 participants experienced two forms of maltreatment
(40.3%), with the remaining 31 participants experiencing
three or more forms of maltreatment (50%). Twenty-seven
cases were double-rated by a senior social work professional;
there was 70.37% agreement in relation to the presence of ne-
glect, 88.88% agreement in relation to physical abuse,
92.59% agreement in relation to sexual abuse, and 96.30%
agreement in relation to emotional abuse.

Cognitive ability. Participants were administered the vo-
cabulary and matrix reasoning subtests of the Wechsler Ab-
breviated Scale of Intelligence (Wechsler, 1999) in order to
provide an estimated full scale intelligence quotient.

SES. Current SES was assessed using information col-
lected from the parent or caregiver, including highest level
of education, household income, and current occupation.
Highest level education was rated on a 6-point scale from
0 ¼ no formal qualifications to 5 ¼ postgraduate qualifica-
tion. Household income was rated on an 8-point scale from
1¼ £0–£10,000 to 8¼ £60,000–£70,000þ. Current occupa-
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tion of the primary care giver was classified by a single re-
searcher using the National Statistics Socio-economic Classi-
fication’s Standard Occupation Classification 2000 manual
(Office for National Statistics, 2005) on a four-class scale
from 1 ¼ managerial and professional occupation to 3 ¼
routine and manual occupation, with 4 coding for partici-
pants who had never worked or were long-term unemployed.
The measure of occupation was reverse coded, and a com-
posite score was derived from the mean of these three scales,
so that a greater score indicated a greater level of SES.

Pubertal status. Pubertal development was assessed with
both the self-report and parent-rated eight-item Puberty De-
velopment Scale (Petersen, Crockett, Richards, & Boxer,
1988). An average pubertal development scale and a three-

level indicator of pubertal development based upon Tanner
stage were derived from these scores. There was a 72.3%
agreement between parent- and child-reported three-level in-
dicators of pubertal development.

Psychiatric symptomatology. The Trauma Symptom
Checklist for Children (TSCC; Briere, 1996) was used to as-
sess acute and chronic posttraumatic symptomatology and
other symptom clusters. This 44-item self-report measure
has five clinical scales (anger, depression, anxiety, posttrau-
matic stress, and dissociation) and two validity scales (under-
and hyperresponse). Each item is rated on a 4-point scale from
never to almost all the time. Cronbach a for the scales varied
from 0.84 to 0.88. In addition, the emotional symptoms, con-
duct problems, and hyperactivity subscales of the SDQ

Table 1. Demographic characteristics and questionnaire data for the maltreated and nonmaltreated
groups

Sociodemographic Measures Control (n ¼ 60) MT (n ¼ 62) p

Tanner stage .61
Pre/early pubertal (%) 15 (25) 22 (35)
Midpubertal (%) 23 (38) 24 (39)
Late/postpubertal (%) 22 (37) 16 (26)

Sex, males (%) 25 (42) 33 (53) .20
Ethnicity, Caucasian (%) 31 (52) 39 (63) .21
Handedness, right handed (%) 53 (88) 46 (74) .37

Mean SD Mean SD

Age (years) 12.68 1.14 12.24 1.52 .07
WASI, two-scale subseta 108.88 10.49 104.81 13.23 .06
Puberty development scale 2.22 0.66 2.04 0.71 .15
SES composite score 3.15 0.87 2.89 1.08 .22

Psychiatric Symptomatology

TSCC
Anxiety 45.26 11.17 45.72 15.95 .87
Depression 44.19 9.94 44.08 14.55 .97
Anger 41.84 9.07 43.80 13.35 .42
Posttraumatic stress 43.02 8.30 45.60 14.48 .31
Dissociation 43.28 11.46 45.88 13.92 .33
Dissociation, overt 45.28 9.52 45.78 13.68 .84
Dissociation, fantasy 44.33 11.28 46.90 14.63 .35

SDQ
Emotional symptoms 2.38 2.05 3.22 2.65 .06
Conduct problems 1.32 1.42 2.70 2.05 .00b

Hyperactivity/inattention 2.68 1.99 4.23 2.65 .00b

Peer problems 1.22 1.27 2.03 1.90 .01b

Total difficulties 7.46 5.05 11.48 7.42 .01
Social and emotional functioning

Peer problems, SDQ 1.22 1.27 2.03 1.90 .01b

Mastery, RSCA 51.86 11.06 46.93 9.65 .02b

Relatedness, RSCA 51.29 13.64 49.67 10.59 .50
Reactivity, RSCA 44.06 13.07 53.00 11.45 .00b

Note: All p values were derived from t tests with the exception of sex, ethnicity, handedness, and Tanner stage comparisons, which
used chi-square tests. WASI, Wechsler Abbreviated Scale of Intelligence; SES, socioeconomic status; TSCC, Trauma Symptom
Checklist for Children; SDQ, Strengths and Difficulties Questionnaire; RSCA, Resiliency Scale for Children and Adolescents.
aNo participant scored below 70 or above 130 on the WASI.
bSurvived false discovery rate correction (q , 0.05).
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(Goodman, 1997), as well as the SDQ total difficulties score
were compared across the groups. The SDQ items are rated
from not true to certainly true on a 3-point scale. Cronbach
a for the scales varied from 0.77 to 0.81.

Measures of social and emotional functioning. The SDQ
(Goodman, 1997) was used to index current social function-
ing. Cronbach a for this scale was 0.65.

The RSCA (Prince-Embury, 2008), a 64-item self-report
measure, was used to assess the personal attributes of the child
that have been postulated to relate to resilient functioning. The
scale is composed of three global scales capturing emotional
reactivity, a sense of mastery, and a sense of relatedness. Each
item is rated on a 4-point scale from never to almost always.
Greater scores on the sense of mastery and relatedness scales
indicate greater ability to cope with adverse circumstances
and capacity to use relationships as a buffer against stress.
Greater scores on the emotional reactivity subscale indicate
greater arousability that may put an individual at risk in situa-
tions of adversity. Cronbach a for the scales varied from 0.77
to 0.89.

Dot-probe experimental task. Sixty-four photographs
were selected from the well-validated NimStim set of facial
expressions (Tottenham et al., 2009). Photographs included
face pairs from 32 different actors (16 of whom were men),
each pair presenting two facial expressions: one calm and
the other either angry/threatening or happy. Given evidence
suggesting that neutral faces may sometime be perceived as
threatening (Donegan et al., 2003) especially among mal-
treated children (Pollak, Cicchetti, Hornung, & Reed,
2000), we used face pairs from a set of 30 calm faces from
the NimStim set (Tottenham et al., 2009) as a baseline com-
parison. The ethnicity of the actors’ was 57.14% Caucasian,
reflecting a similar ethnic demographic to our study sample
(57.40% Caucasian). Image size was standardized and all
faces were presented in grayscale.

The experimental trials consisted of face pairs (size 7.5�5.5
cm) from the same actor presented side by side, one picture dis-
playing an emotional expression, either happiness or threat,
and the other displaying a calm expression. Each child was
presented with one of two possible variations of the task de-
pending on the study in which they were enrolled. They re-
ceived either a total of 80 trials, 64 of which contained face
pairs with an emotional expression, or a total of 72 trials, of
which 48 trials contained face pairs with an emotional expres-
sion (the latter variation was embedded within a longer exper-
imental protocol). Remaining trials were of calm face pairs.
Half of the emotional expression face-pair trials were threaten-
ing trials and half were happy trials, and the side on which the
emotional expression was displayed was counterbalanced. Or-
der of trial presentation was randomized across participants.
All trials began with a 500 ms centrally presented fixation cross
and was followed by a face pair presented for 500 ms. Imme-
diately following the presentation of the face pair, a single-
asterisk dot probe was presented for 1100 ms on the left or

right side of the screen. Subjects were instructed to press either
the left or the right arrow button on a keyboard as quickly
and as accurately as possible to indicate the location of the
probe (right vs. left). The intertrial interval varied randomly be-
tween 750 and 1250 ms. Reaction time and accuracy data were
recorded.

Analyses of social and emotional functioning

Two sample t tests were used within SPSS v.20 (IBM, Armonk,
NY), to investigate the main effect of group on the SDQ peer
problems scale, as well as the RSCA scales. Group � Sex
interactions were investigated using 2�2 analysis of variance
(ANOVA) in SPSS. Due to the number of t tests and ANOVAS,
a false discovery rate correction was performed per behavioral
measure to control for multiple comparisons (Benjamini &
Hochberg, 1995).

Analysis of dot-probe experimental task

For the dot-probe task, incorrect trials were discarded and
trials with latencies of ,200 ms or greater than 2 SD above
each participant’s mean latency were also removed, in line
with previous studies (Bradley, Mogg, White, Groom, &
De Bono, 1999; Mogg & Bradley, 1999; Pine et al., 2005).
Participants made incorrect responses, on average, in 3% of
trials, and on average 4% of trials involved latencies outside
of the latency parameter. In line with previous published data
on similar dot-probe paradigms, participants were excluded
from analysis if more than 25% of their trials had been discar-
ded due to incorrect responses or excessive latency parame-
ters as described above (Monk et al., 2006; Telzer et al.,
2008). This resulted in the exclusion of 11 participants (n ¼ 5
maltreated participants).

Attention bias scores were calculated using a standard for-
mula (Dalgleish, Spinks, Yiend, & Kuyken, 2001; Mogg &
Bradley, 1999; Pine et al., 2005) involving the subtraction
of the participant’s mean reaction time on trials where the
emotion face (threatening or happy) and probe appeared on
the same side of the screen (congruent trials) from the mean
reaction time on trials where the emotion face and probe
appeared on the opposite side of the screen (incongruent
trials).

Positive bias scores reflect the tendency to monitor the
emotional stimulus, while negative bias scores reflect the ten-
dency to avoid the emotional stimulus. Independent t tests
were used to examine group differences in the attentional
bias scores. Significance was set at p , .05 (two tailed).

MRI acquisition

Participants were scanned with a 1.5 Tesla Siemens (Siemens
Medical Systems, Munich, Germany) Avanto MRI scanner
with a 32-channel head coil. A high-resolution, three-dimen-
sional T1-weighted structural scan was acquired with a magne-
tization prepared rapid gradient echo sequence. The imaging
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parameters were the following: 176 slices; slice thickness ¼
1 mm; gap between slices ¼ 0.5 mm; echo time ¼ 2730 ms;
repetition time ¼ 3.57 ms; field of view ¼ 256 mm� 256
mm; matrix size ¼ 256� 256; voxel size ¼ 1� 1� 1 mm
resolution. The scanning time was 5.5 min. Foam padding
was used against the sides and the back of the head of the
participant to minimize head motion. Ear buds attenuated
scanner noise.

MRI processing and analysis

All T1-weighted images were visually inspected for abnor-
malities and defects, and the quality of each image was rated
for quality in contrast and movement artifacts. If the image
was thought to represent poor quality, the participant was ex-
cluded from the study. From an initial recruitment of 137 par-
ticipants, a total of 15 participants (MT ¼ 8, Con ¼ 7) were
excluded from the analysis due to concerns over image qual-
ity, resulting in a final sample of 122 (Table 1).

The structural images were processed using an optimized
VBM approach following the Diffeomorphic Anatomical
Registration Through Exponentiated Lie Algebra (DARTEL)
within Statistical Parametric Mapping Software version 8
(SPM; Wellcome Department of Imaging Neuroscience,
London) and the VBM8 toolbox (Christian Gaser, Depart-
ment of Psychiatry, University of Jena) implemented in
MATLAB R2012a (Mathworks, Sherborn, MA). Custom-
ized tissue probability maps were created in Montreal Neu-
rological Institute (MNI) space for use with the VBM8 Tool-
box. These customized tissue probability maps were
produced using the matched template approach of the Tem-
plate-O-Matic Toolbox based on the NIH study of normal
brain development (NIH, Washington DC) for SPM with
each participant’s age and sex used as defining variables.

The origin of all T1-weighted images were manually set to
the anterior commissure. The images were corrected for bias-
field inhomogeneities and segmented into gray matter, white
matter, and cerebrospinal fluid using the unified segmentation
approach within the same generative model (Ashburner &
Friston, 2005). A study specific template was generated itera-
tively using the diffeomorphic registration algorithm imple-
mented in the DARTEL toolbox (Ashburner, 2007). Following
this, nonlinear warping of the segmented gray matter images
to the DARTEL template in MNI space within the VBM8
Toolbox allowed for high dimensional normalization. The
voxel values in the gray matter segments were only multiplied
to the nonlinear component of the registration to account for
individual differences in brain size and to allow for the mea-
surement of GMV instead of gray matter density. The modu-
lated gray matter images were exported with an isotropic
voxel resolution of 1.5 mm3. Images were then smoothed
with an 8-mm full width at half maximum Gaussian kernel.
All gray matter images were checked for homogeneity using
the covariance structure of each image with all other images
to check for cerebral abnormalities or movement artifacts;
however, no additional participants were excluded.

The main effect of maltreatment on GMV

Group differences in GMV between the maltreated and compar-
ison groups were assessed using a two-sample t test, in SPM8.
The model was implemented with age, sex, and IQ entered
into the design matrix as covariates given their known association
with brain anatomy (Giedd & Rapoport, 2010) and the trend-
level group differences on age and IQ in the present sample.

We took a two-step approach to investigate the main effect
of maltreatment exposure on GMV. We first applied a mask to
constrain the analysis to a number of anatomical regions spe-
cified in our previous VBM analysis, including the amygdala,
hippocampus, prefrontal cortex, temporal lobe, and cerebel-
lum (De Brito et al., 2013). These regions of interest (ROI)
were defined using the automated anatomical labeling as
implemented in WFU Pick-Atlas toolbox (Maldjian, Laur-
ienti, Kraft, & Burdette, 2003). Second, for completeness,
we undertook a whole-brain approach to investigate the im-
pact of maltreatment exposure on GMV.

Multiple comparison correction was performed using Monte
Carlo simulation with the AFNI program 3dClustSim (http://
afni.nimh.nih.gov/afni/), which defines a cluster-based extent
threshold to limit the presence of Type 1 errors. At an initial
statistical threshold of t (118)¼ 2.62 and an uncorrected p value
of �.005, the cluster threshold was defined as 338 contiguous
voxels resulting in a � .05. Nonuniformity inherent in VBM
data was addressed by implementing Gaussian random field
theory within SPM8. Clusters that were found to be above this
threshold were considered significant. An 8-mm ROI sphere
around the local maxima of each significant cluster was created,
and mean GMV for the region within the sphere was extracted
from each subject using the MARSBAR region of interest tool-
box (Matthew Brett, MRC Cognition and Brain Unit, Cam-
bridge). These values were then correlated with the behavioral
measures of interest, detailed in the Multilevel Data Analysis
Strategy section.

Investigating sex differences in the impact of maltreatment
on GMV

To investigate sex differences in the impact of maltreatment
on cortical structure, two statistical approaches were imple-
mented. First, to investigate whether the significant regions
from the main effect of group analysis were driven by an ef-
fect in males and females, a 2�2 ANOVA was implemented
within SPSS on the extracted GMV values displaying signif-
icant group differences. Second, to investigate Sex�Group
interactions at the level of the whole brain, which may have
been occluded in the main effect of group analysis, a flexible
factorial model was implemented in SPM.

Within the flexible factorial model, three factors were cre-
ated for all participants; the first being a “replication” factor
defined as “subjects” and group and sex defined as the re-
maining factors. Age and IQ were included in the model as
covariates because of their known association with brain anat-
omy (Giedd & Rapoport, 2010) and trend-level group differ-
ences on age and IQ. The model was rerun excluding the
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covariates to understand their potential influence on the re-
sults. The main effects of each factor as well as the interaction
between group and sex were modeled in the design matrix.
We performed t tests to test the main effect of group, sex,
and an ANOVA for Group�Sex interaction on a whole-brain
scale. A similar approach to correct for multiple comparisons
was implemented, as described previously. Again, mean
GMV for regions of significant interaction were extracted
by creating an 8-mm ROI around the local maxima.

Multilevel data analysis strategy

Two mediation analyses were conducted; the first investigating
the relationship between maltreatment experience and peer
problems (with GMV as the potential mediator); and the sec-
ond investigating the relationship between maltreatment expe-
rience and emotional reactivity (with threat bias as the potential
mediator). As we recruited a community sample of maltreated
and comparison individuals, we focused on a measure of gen-
eral emotional reactivity, capturing emotional sensitivity, re-
covery, as well as impairment (Prince-Embury, 2008)

The structural equation modeling package lavaan 0.5-16
was used for these mediation analyses (Rosseel, 2012) and
implemented within R software (R Development Core
Team, 2013) version 3.02. A maximum likelihood estimate
of the indirect effect was estimated as well as a 95% confi-
dence interval using the adjusted bootstrap percentile method
(10,000 draws). To examine possible sex differences, we es-
timated different indirect effects in boys and girls (Model 1)
and then constrained the indirect effects to be the same in
boys and girls (Model 2). The two models were then com-
pared with a Wald test to test for a significant difference in
the indirect effect between boys and girls.

For transparency, we also conducted a set of exploratory
correlations within the maltreated sample, on those behav-
ioral outcome measures showing significant differences be-
tween the maltreated and comparison groups and (a) atten-
tional threat bias scores and (b) GMV values extracted from
regions differing significantly across groups. In addition,
we estimated correlations to explore whether individual dif-
ferences in GMV in five regions associated with maltreatment
were associated with threat bias scores.

Results

Sociodemographic variables and psychiatric
symptomatology

The maltreated group did not differ from the nonmaltreated
group in relation to sex, age, Tanner stage, handedness, IQ,
SES, and ethnicity (Table 1). The maltreated relative to the
nonmaltreated group did not differ on any of the subscales
of the TSCC (Table 1), but did show heightened scores on
the conduct problems, t (122) ¼ 24.25, p , .001, hyperac-
tivity, t (122) ¼ 23.62, p , .001, subscales of the SDQ
(Table 1; survived false discovery rate q , .05).

Social and emotional functioning

The maltreated relative to the nonmaltreated group presented
with heightened scores on the peer problems, t (122) ¼
22.72, p ¼ .01, subscale of the SDQ (Table 1; survived false
discovery rate q , .05). They also significantly differed from
their peers on two subscales of the RSCA, displaying signifi-
cantly increased emotional reactivity, t (122) ¼ 23.59, p ,

.001, and significantly decreased mastery, t (122) ¼ 2.37,
p ¼ .02 (Table 1; survived false discovery rate q , .05). No
differences were observed with regard to relatedness, t (122)
¼ 1.44, p ¼ .15. Group and sex did not interact in relation
to the total or subscale scores of the SDQ, the TSCC, or
the RSCA.

Dot-probe experimental task

Group comparisons showed a significant difference in the
bias scores to angry facial expressions between maltreated
(mean¼26.79 ms, SD¼ 47.28) and nonmaltreated children
(mean ¼ 18.57 ms, SD ¼ 41.83), t (97) ¼ 2.80, p ¼ .01;
Cohen d¼ 0.57 (Figure 1b), indicating a pattern of attentional
bias away from threat in the maltreated group and attentional
bias toward threat in the nonmaltreated group. The two groups
were not statistically different in their bias scores to happy
facial expressions (maltreated children: mean ¼ 2.86 ms,
SD ¼ 39.29 ms; nonmaltreated children: mean ¼ 4.14 ms,
SD ¼ 44.44 ms); t (97) ¼ 0.15, p ¼ 0.88; Cohen d ¼ 0.03
(Figure 1a). Reaction times on the calm trials were not signif-
icantly different for the maltreated and nonmaltreated groups
(maltreated children: mean z score ¼ 0.09, SD ¼ 1.02; non-
maltreated children: mean z score ¼ 20.08, SD ¼ 0.98);
t (97) ¼ 20.89, p ¼ .54. However, the accuracy on the dot
probe was different between the groups (maltreated children:
mean¼ 90.78%, SD¼ 8.75; nonmaltreated children: mean¼
94.79%, SD ¼ 4.17); t (97) ¼ 2.98, p , .01. Group and sex
did not interact in relation to either happy, F (1, 93) ¼ 1.06,
p ¼ .31, or threat, F (1, 93) ¼ 0.71, p ¼ .40, attentional bias
scores, indicating no sex differences in task performance.

The impact of maltreatment on GMV

The maltreated and nonmaltreated groups did not differ on
global measures of gray matter, white matter, cerebrospinal
fluid, and total intracranial volume. Overall gray matter, white
matter, cerebrospinal fluid, and total volume were greater in
males than in females (Table 2). Sex � Group interactions
were not significant for overall gray matter, F (1, 118) ¼
0.36, p¼ .56, white matter, F (1, 118) ¼ 2.40, p¼ .12, cere-
brospinal fluid, F (1, 118)¼ 0.50, p¼ .48, and total volume,
F (1, 118) ¼ 1.48, p ¼ .23.

The main effect of maltreatment exposure on cortical
structure

We investigated the main effect of maltreatment exposure on
GMV using a set of ROIs. The maltreated group was observed
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to have significantly reduced GMV within the right middle tem-
poral lobe (x¼ 41, y¼260, z¼ 12; Z¼ 4.71; p¼ .01; k [clus-
ter size]¼ 1615), the left middle temporal lobe (x¼263, y¼
219, z¼29; Z¼ 4.67; p¼ .03; k¼ 1220), and the left medial
orbitofrontal cortex (x¼212, y¼ 26, z¼221; Z¼ 4.13; p¼
.04; k¼ 875). No significant differences were observed in rela-
tion to cerebellar, hippocampal, or amygdala GMV.

For completeness, we undertook a whole-brain approach to
investigate the impact of maltreatment exposure on GMV. The
maltreated group was found to have significantly reduced GMV
within five regions: the bilateral medial temporal lobe, bilateral
supramarginal gyrus, and left medial orbitofrontal cortex.
Table 3 details the cluster extents of these five regions. In addi-

tion, the maltreated sample displayed significantly increased
GMV compared to the nonmaltreated group within the left pre-
central gyrus (x¼256, y¼ 5, z¼ 27; Z¼ 4.28; p¼ .02; k¼
1225; Table 3; Figure 2). Figure 2 illustrates the cluster extent of
the significantly reduced and increased regions of GMV in the
maltreated group compared to the nonmaltreated group on a
study specific mean structural image.

The influence of sex on the impact of maltreatment
on GMV

Our first step in investigating sex differences in the impact of
maltreatment on GMV was to identify whether the observed

Table 2. The global measurements of gray matter, white matter, cerebrospinal fluid (CSF),
and total intracranial volume between the maltreated and nonmaltreated groups

By Group

Control (n ¼ 60) MT (n ¼ 62)

Mean SD Mean SD p

Gray matter 771.18 64.85 759.85 64.44 0.34
White matter 479.33 53.16 467.68 45.54 0.20
CSF 171.57 25.61 172.96 26.82 0.77
Total 1422.07 118.42 1400.49 111.63 0.30

By Sex

Males (n ¼ 58) Females (n ¼ 64)

Mean SD Mean SD p

Gray matter 795.32 57.59 738.33 58.75 0.00
White matter 490.36 47.55 458.05 46.58 0.00
CSF 179.10 25.14 166.01 25.65 0.01
Total 1464.78 104.50 1362.46 102.41 0.00

Note: All values are measures of volume (mm3). All p values were derived from t tests.

Figure 1. Attentional bias scores for the behavioral dot-probe task in the maltreated and nonmaltreated groups. (a) The maltreated and nonmal-
treated group did not differ on attentional bias scores to happy emotional faces on the dot-probe task, t (97) ¼ 0.15, p ¼ .88. (b) The maltreated
group showed a significant attentional bias away from threat compared to the nonmaltreated control group, t (97) ¼ 2.80, p ¼ .01. Sex did not
interact with group on neither happy nor threat attentional bias scores.
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group differences reported above were driven equally by
females and males. Specifically, Sex � Group interactions
were investigated on the extracted GMV values of the significant
regions of increase and decrease in the maltreated group com-
pared to the nonmaltreated group: the bilateral middle temporal
lobe, bilateral supramarginal gyrus, and left medial orbitofrontal
cortex. Sex and group did not significantly interact within the re-
gions of the left middle temporal gyrus, F (1, 118)¼ 1.63, p¼
.20, the right middle temporal gyrus, F (1, 118)¼ 2.97, p¼ .09,
or the left medial orbitofrontal cortex, F (1, 118)¼0.61, p¼ .44,
suggesting no evidence of different effects of exposure to mal-
treatment on GMV male and female children in these regions.

However, significant Sex�Group interactions were found
within the left supramarginal gyrus, F (1, 118) ¼ 12.57,
p , .001 (Figure 3a), and the right supramarginal gyrus,
F (1, 118)¼ 6.17, p¼ .01 (Figure 3b). Inspection of the means
and post hoc t tests indicated that a group difference was only
present within the females for the left supramarginal gyrus
( p , .001; males, p¼ .788) and the right supramarginal gyrus
( p ¼ .01; males, p ¼ .99). In other words, it appears that the
females within the maltreated group are driving the main ef-
fects of group on the GMV decrease in the bilateral supramar-
ginal gyrus. Including pubertal scale as a covariate in the model
did not change the pattern of results, and a significant interac-
tion between sex and group within the left supramarginal
gyrus, F (1, 117) ¼ 13.23, p , .001, and the right supramar-
ginal gyrus, F (1, 117) ¼ 6.31, p ¼ .01, remained.

Table 3. Whole brain group comparison within the combined sample

Peak Within
Cluster MNI Coordinates

Anatomical Region Cluster Label k p T Z x y z

Controls . Maltreated

Left medial orbitofrontal gyrus A 1021 0.031 4.13 3.98 212 26 221
Left orbitofrontal gyrus 3.05 2.98 211 45 224
Left inferior frontal gyrus 2.59 2.54 221 12 221

Left supramarginal gyrus B 1319 0.021 4.7 4.49 260 230 39
Left inferior parietal 3.59 3.49 253 242 48
NA 3.1 3.03 256 249 55

Left middle temporal gyrus C 1397 0.021 4.67 4.46 263 219 29
Right supramarginal gyrus D 1599 0.013 3.64 3.53 50 234 43

NA 3.53 2.23 47 252 62
NA 3.3 3.22 53 231 62

Right middle temporal gyrus E 2326 0.001 4.95 4.71 41 260 12
Right middle temporal gyrus 4.53 4.34 50 253 15
Right inferior temporal gyrus 4.23 4.07 50 255 26

Controls , Maltreated

Left precentral gyrus F 1225 0.021 4.47 4.28 256 5 27
Left precentral gyrus 3.59 3.49 265 2 30
Left precentral gyrus 3.35 3.25 259 8 39

Note: Cluster maxima are in bold. Cluster labels refer to the SPM clusters visualized in Figure 2. Anatomical locations for cluster maxima were derived from the
AAL atlas. K, Cluster size in voxels.

Figure 2. (Color online) Clusters of significantly reduced and increased gray
matter volume within the maltreated group compared to the nonmaltreated
group. Statistical parametric maps are shown in the clusters of significantly
reduced gray matter volume among the maltreated children (n ¼ 6) relative
to the nonmaltreated children (n ¼ 60) in the (a) medial orbitofrontal cortex,
(b) left supramarginal gyrus, (c) left middle temporal lobe, (d) right supra-
marginal gyrus, and (e) right middle temporal lobe. The maltreated group dis-
played a cluster of significantly increased gray matter volume in the (f) left
precentral gyrus. Statistical parametric mappings are overlaid on a mean
structural from the 122 participants, visualized in three dimensions using
mRIcroGL software. Cluster statistics are shown in Table 3.
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Our second step to investigate sex differences was to use a
flexible factorial within SPM to model the interaction be-
tween the factors, maltreatment experience and sex, on a
whole-brain scale to identify regions that may have been oc-
cluded in the exploration of main effect of group (i.e., a pat-
tern of increased and decreased GMV in maltreated males and
females may have cancelled each other out). This whole-brain
analysis revealed a significant cluster within the left postcen-
tral region (x ¼ 263, y ¼213, z ¼ 34; Z ¼ 3.76; k ¼ 1671;
p¼ .004; a¼ 0.05; Figure 4) indicating a reduction in GMV
in maltreated females compared with nonmaltreated females
and an increase in GMV in maltreated males compared
with nonmaltreated males. Figure 4 highlights the extent of
this cluster on a study-specific mean structural image (n ¼
122). The GMV values within this cluster were extracted

for secondary analyses. The GMV values for males and fe-
males within each group were plotted (Figure 4). The model
was rerun excluding age and IQ as covariates, and the same
significant cluster was observed within the left post central re-
gion (x ¼ 263, y ¼ 213, z ¼ 33; Z ¼ 4.45; k ¼ 1911; p ,

.001; a ¼ 0.05) for the interaction between sex and group;
however, the local maxima had shifted one degree in the
z-axis and the cluster extent was slightly larger.

The relationship between attentional bias and emotional
reactivity

As predicted, attentional threat bias was found to be signifi-
cantly correlated with the emotional reactivity scale of the
RSCA (b ¼ 20.33, p ¼ .001). We then implemented a me-

Figure 3. Sex differences in the impact of maltreatment on gray matter volume. Significant reduction in gray matter volume within the left su-
pramarginal gyrus (a) and the right supramarginal gyrus (b) was exhibited only within the maltreated females compared to the nonmaltreated
females. Line graphs are for visualization of the interaction between sex and group, therefore the y-axis is a different scale between the left
(a) and right (b) supramarginal gyrus line graphs.

Figure 4. (Color online) Group�Sex interaction in gray matter volume (GMV). (a) A flexible factorial model identified a cluster of significant
Group�Sex interaction in GMV within the left postcentral gyrus. The statistical parametric mapping indicates the focus of the significant inter-
action between group and sex in the left postcentral gyrus (x¼263, y¼213, z¼ 34; Z¼ 3.76; a¼ 0.05). The statistical parametric mapping is
displayed on a mean structural from the 122 participants, visualized in three dimensions using mRIcroGL software. (b) A line chart displays the
relationship between group and sex of the mean GMV value extracted from an 8-mm sphere located at the maxima of the postcentral cluster.
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diation model in order to investigate whether threat bias medi-
ated the relationship between maltreatment exposure and
emotional reactivity. The total effect of maltreatment on the
emotional reactivity scale was 0.65 (95% confidence interval
[CI]: 0.31–1.00), corresponding to more than 0.5 SD increase
in peer problems in the maltreated group compared to the
control group. The indirect effect through the attentional
bias to threat was 0.14 (95% CI ¼ 0.03–0.30), and the confi-
dence interval did not pass through 0, indicating a significant
effect (Figure 5a). Approximately 21% of the effect of mal-
treatment on emotional reactivity was therefore mediated by
attentional bias to threat. Similar to the previous model, indi-
rect effects were very comparable in boys and girls, and no
significant difference was observed (Wald test ¼ 1.68, df ¼
2, p ¼ .43).

The relationship between GMV and peer problems

The relationship between GMV extracted from the significant
cluster of the left medial orbitofrontal cortex and the peer
problems scale of the SDQ was investigated. In line with
our hypothesis, the extracted GMV values from the left
mOFC were found to significantly correlate with our measure
of social functioning (the peer problems subscale of the SDQ;
b¼20.21, p¼ .02). We implemented a mediation model in-
vestigating the potential mediating influence of mOFC GMV
on the relationship between maltreatment exposure and peer
problems. The total effect of maltreatment on the peer prob-
lem score was 0.49 (95% CI ¼ 0.15–0.85), corresponding to
a 0.5 SD increase in peer problems in the maltreated group
compared to the control group. The indirect effect through
the GMV in the medial OFC was 0.08 (95% CI ¼ 0.003–
0.21), and the confidence interval did not pass through 0, in-
dicating a significant effect (Figure 5b). Around 17% of the
effect of maltreatment on peer problem was therefore medi-
ated by the GMV in the medial OFC. Indirect effects were
comparable in boys and girls, and no significant difference
was observed (Wald test ¼ 0.92, df ¼ 2, p ¼ .63).

A set of exploratory correlations was conducted in order to
explore the relationship among GMV values, attentional threat
bias, and emotional reactivity. We found that threat bias did not

correlate with any of the extracted main effect GMV values, or
with the region of significant interaction between maltreatment
exposure and sex. GMV within the right supramarginal gyrus
was found to significantly correlate with the emotional reactiv-
ity scale of the RSCA (r ¼ 232, p ¼ .02).

Discussion

The current study investigated the influence of sex on social,
emotional, cognitive, and neural domains in a large commu-
nity sample of children with documented experiences of
abuse. The impact of maltreatment across these domains
was largely similar across sexes and suggests that maltreat-
ment is associated with similar putative markers of latent vul-
nerability in males and females. In addition, our examination
of two possible mechanisms that may mediate the relationship
between maltreatment and two maladaptive behavioral out-
comes were similar across males and females.

Consistent with our predictions, the maltreated group,
compared to their nonmaltreated peers, was found to show
elevated levels of peer difficulties, greater emotional reactiv-
ity, and a reduced sense of mastery. No group differences
emerged in relation to social relatedness (thought to reflect
perceived access to support, comfort from others, and a sense
of trust). Sex differences were not found in relation to these
social and emotional functioning outcomes, indicating that
maltreatment experience had a similar impact on these do-
mains for boys and girls. At the cognitive level, the maltreated
group displayed a significant attentional bias away from threat
compared to their nonmaltreated peers; again, there was no
interaction with sex. These results support the main findings
of Pine et al. (2005), who found a similar pattern in maltreated
children with PTSD and suggest that maltreatment alters at-
tentional allocation to threat in a similar fashion for boys
and girls. Finally, our investigation into the impact of mal-
treatment on GMV identified five regions of significantly re-
duced volume and one region of significantly increased vol-
ume associated with maltreatment exposure. Consistent with
our predictions, we found maltreatment experience was asso-
ciated with GMV reductions in the left mOFC and bilateral
middle temporal gyri. Sex differences were observed in the

Figure 5. (Color online) Mediation models. (a) Threat bias was found to significantly mediate the relationship between childhood maltreatment
and emotional reactivity. (b) Gray matter volume in the left medial orbitofrontal cortex was found to significantly mediate the relationship be-
tween childhood maltreatment and peer problems.
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bilateral supramarginal gyrus, with GMV reductions being
driven primarily by maltreated females. In addition, a region
within the postcentral gyrus was found to show significant in-
teraction between sex and exposure to childhood maltreat-
ment. However, it is of note that while we identified a few
important sex differences in relation to GMV, the overall pat-
tern that emerged was of similarity in social and emotional
functioning, and cognitive and neural profiles for boys and
girls who had been exposed to maltreatment.

In our mediation analysis, we explored potential mecha-
nisms linking maltreatment experience and emotional reactiv-
ity/peer problems, respectively. First, we found that atten-
tional threat avoidance partly mediated the relationship
between maltreatment experience and emotional reactivity.
Second, we found that reduction in GMV in the left mOFC
partly mediated the relationship between maltreatment expe-
rience and peer problems. Similar mediation relationships
were observed in both males and females.

The influence of maltreatment and sex differences in social
and emotional functioning

As predicted, our maltreated sample presented with greater
difficulties with peers, consistent with the impairments in so-
cial and peer functioning seen in children reporting experi-
ences of abuse (Bolger & Patterson, 2001; Bolger et al.,
1998; Kim & Cicchetti, 2010; Rogosch et al., 1995). Good
peer relationships have been shown to act as an important pro-
tective factor in the development of trauma symptomatology
for both men and women with childhood histories of abuse
(Evans et al., 2013; McLewin & Muller, 2006; Pepin & Ban-
yard, 2006), potentially serving to buffer the negative psycho-
logical consequences of early adverse experience. We ob-
served a similar pattern of increased peer problems in males
and females, suggesting that this may constitute a common
risk factor for psychiatric disorder across the sexes. As ex-
pected, compared to their peers, maltreated children overall
showed higher levels of emotional reactivity, in line with
the existing literature indicating a robust association among
maltreatment exposure, atypical emotional regulation, and
heightened neural activity to threat related cues (Kim & Cic-
chetti, 2010; Marusak, Martin, Etkin, & Thomason, 2014;
Maughan & Cicchetti, 2002; Shields & Cicchetti, 1998). A
tendency to experience heightened levels of emotional reac-
tivity accompanied by poor emotional regulation may com-
promise an individual’s ability to effectively negotiate stress
and increase risk of future psychiatric symptomatology (Dahl
& Gunnar, 2009; Spear, 2009; Swartz, Knodt, Radtke, &
Hariri, 2015). In addition, we found that the maltreated group
compared to their nonmaltreated peers displayed a signifi-
cantly reduced sense of mastery, reflecting one’s perceived
sense of adaptability and optimism (Marusak et al., 2014;
Piko, Luszczynska, & Fitzpatrick, 2013; Prince-Embury,
2008). Contrary to predictions, we did not observe a differ-
ence in relation to social relatedness, indicating an indi-
vidual’s perception of peer and familial relationships as trust-

worthy and supportive. One possibility is that the children in
the maltreated group were currently receiving improved so-
cial support, through either their foster placements or profes-
sional networks, in contrast to the historical difficulties likely
to have characterized their earlier social environment. That
boys and girls did not differ across any of these domains sug-
gests that maltreatment experience exerts a similar influence
on these aspects of functioning in both sexes (Infurna, Rivers,
Reich, & Zautra, 2015; Masten et al., 1999; Masten & Telle-
gen, 2012; Prince-Embury, 2008; Southwick, Vythilingam,
& Charney, 2005). It remains possible, however, that sex dif-
ferences may emerge later in development following the on-
set of psychiatric disorder.

The influence of maltreatment and sex differences
in attentional bias to threat

Consistent with Pine et al. (2005), we found that the maltreated
children, compared to their nonmaltreated peers, displayed a
pattern of attentional avoidance to threat, when completing a
visual dot-probe task. This pattern of threat avoidance has
been observed in several child and adult studies of PTSD
and anxiety, and has been postulated to potentially index diffi-
culties in emotional regulation (Amir et al., 1996; Garner,
Mogg, & Bradley, 2006; Helfinstein, White, Bar-Haim, &
Fox, 2008; Mansell, Clark, Ehlers, & Chen, 1999; Mathews
& Sebastian, 1993). The finding of no sex differences in atten-
tional bias suggests that initial allocation of attention to threat
cues is similar for boys and girls, and that any sex differences
in threat processing are evident only in downstream processes
subsequent to attentional allocation (Andreano, Dickerson, &
Barrett, 2014; Thomas et al., 2001).

Emotional reactivity and attentional bias to threat

We formally tested the relationship among maltreatment, at-
tentional allocation to threat, and emotional regulation, with
a mediation model. We found that attentional bias in part
mediated the relationship between maltreatment exposure
and emotional reactivity, in a similar fashion for males and
females. Attentional avoidance of threat following maltreat-
ment may therefore represent one potential marker of latent
vulnerability for boys and girls.

Understanding the contextual significance and functional
implications of attentional bias toward or away from threat
in maltreated children remains an important task for future re-
search (Pine et al., 2005; Shechner et al., 2012). It may be that
extended exposure to risk environments leads to altered auto-
matic attentional allocation to threat. One possibility is that
failure to recalibrate this threat bias in more normative con-
texts may serve to increase vulnerability to psychiatric disor-
der in the longer term (Wald et al., 2011, 2013). It is also not
clear how this pattern of threat avoidance relates to findings of
threat vigilance and recognition in maltreated children (Pol-
lak, 2008). Given that varying the parameters of the dot-probe
paradigm, specifically presentation duration, has been shown
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to influence the directionality of attentional bias in anxious
individuals, it may be the case that different tasks (and task
parameters) are indexing different aspects of atypical threat
processing (Koster, Verschuere, Crombez, & Van Damme,
2005; Onnis, Dadds, & Bryant, 2011). In other words, malad-
aptive threat processing may be associated with a pattern of
both threat avoidance and threat vigilance (Koster et al.,
2005; Wald et al., 2011), possibly depending on which stage
of the processing stream is sampled. This should be system-
atically explored in maltreated individuals.

The influence of maltreatment and sex differences on GMV

In this study we assessed differences in GMV in, to our
knowledge, one of the largest nonclinical sample of children
with documented experiences of maltreatment studied to
date. Predicted reduced GMV was observed within the
OFC and bilateral middle temporal gyrus within the mal-
treated group compared to their nonmaltreated peers, suggest-
ing that GMV reductions in these regions are robust markers
of maltreatment experience (De Brito et al., 2013; Hanson
et al., 2010). With connections to limbic regions, the middle
temporal lobes are thought to play a key role in autobiograph-
ical memory (Dolcos, LaBar, & Cabeza, 2004; Holland, Ad-
dis, & Kensinger, 2011; Squire, Stark, & Clark, 2004). Over-
general autobiographical memory has been implicated as a
cognitive risk factor for depression and PSTD (Dalgleish
et al., 2001; Schönfeld, Ehlers, Böllinghaus, & Rief, 2007;
Williams et al., 2007) and has been postulated to represent an-
other candidate system associated with latent vulnerability
linking maltreatment experience and psychiatric vulnerability
(McCrory & Viding, 2015). Maltreated children are known to
present with a pattern of overgeneral recall (Valentino, Toth,
& Cicchetti, 2009), but the functional basis of autobiograph-
ical memory processing in maltreated individuals remains to
be investigated. The mOFC plays a central role in emotion
regulation, reinforcement based decision making and social
functioning (Beer, John, Scabini, & Knight, 2006; Ochsner
& Gross, 2005; Rempel-Clower, 2007; Rushworth, Behrens,
Rudebeck, & Walton, 2007; Schoenbaum, Saddoris, & Stal-
naker, 2007); the potential significance of GMV reductions in
this region are discussed at length below. Finally, we ob-
served reductions in GMV within bilateral supramarginal
gyrus and an increase in GMV within the precentral gyrus
in the maltreated group. No differences in GMV were ob-
served in the hippocampus or amygdala, although there is
some preliminary evidence for subtle changes in neural struc-
ture in these regions in children exposed to early and severe
institutionalization (Mehta et al., 2009; Tottenham et al.,
2010), and slowed growth of the amygdala in maltreated
adolescents (Whittle et al., 2013).

We then explored the possibility of sex differences associ-
ated with maltreatment at the group level. It was found that
GMV differences in both the mOFC and the middle temporal
gyrus were present in both males and females. By contrast,
the lower GMV within the bilateral supramarginal gyrus

was found to be driven more by maltreated females than by
males. Maltreated males did not show a significant GMV de-
crease in this region compared to their nonmaltreated male
peers. The supramarginal gyrus has been associated with
emotion recognition (Adolphs, Damasio, Tranel, Cooper, &
Damasio, 2000; Adolphs, Tranel, & Damasio, 2001) and cer-
tain empathy-related functions including egocentricity and
the ability to distinguish oneself from representations of oth-
ers (Silani, Lamm, Ruff, & Singer, 2013; Singer & Lamm,
2009). In addition, we observed a disordinal interaction be-
tween maltreatment exposure and sex within a region of the
postcentral gyrus, such that comparison females had greater
GMV in this region compared to comparison males with
the inverse pattern observed in the maltreated group. This
finding is of interest given that reduced GMV in this region
appears to correlate with age, such that effects have typically
only been reported for adults with childhood histories of
abuse and not in children (Lim et al., 2014). It may be that
GMV differences in previous studies of children have simply
been “cancelled out” by the opposing patterns observed in
maltreated males and females. In typical populations, the
postcentral gyrus has been found to exhibit a sexually distinct
neural role in the processing of emotional content, particu-
larly in memory recall and emotional regulation during cog-
nitive reappraisal (Canli, Desmond, Zhao, & Gabrieli, 2002;
Domes et al., 2010), raising the possibility that these GMV
differences may have a functional significance in relation to
emotional regulation and psychiatric risk (Cicchetti & Lynch,
1995; Kim & Cicchetti, 2010; Leist & Dadds, 2009; Masten
et al., 2008; Pollak, 2008; Pollak et al., 2000; Shields, Cic-
chetti, & Ryan, 1994).

The observed differences in males and females in both the
bilateral supramarginal gyrus and the postcentral gyrus may
represent possible neural substrates implicated in the differen-
tial psychiatric risk trajectories seen in maltreated males and
females (Bos et al., 2011; Keyes et al., 2012). However, one
must necessarily be cautious in making such inferences given
that sex differences in cortical structure or function do not al-
ways result in isomorphic behavioral differences (De Vries,
2004; De Vries & Södersten, 2009; Piefke, Weiss, Marko-
witsch, & Fink, 2005). Because there was an absence of
sex differences at cognitive and behavioral levels in the cur-
rent study, the functional significance of these GMV differ-
ences, if any, remains unclear. In view of the role of the supra-
marginal gyrus and the postcentral gyrus in empathy and
empathy-related processes in normative populations (Hooker,
Verosky, Germine, Knight, & D’Esposito, 2008; Silani et al.,
2013), future studies might usefully explore GMV differ-
ences and their association with behavioral and neural aspects
of functioning in these domains in maltreated individuals.

Peer functioning and GMV in the mOFC

In a study by Hanson et al. (2010), also recruiting a commu-
nity sample of maltreated children, reductions in GMV within
the orbitofrontal cortex were found to be associated with
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social difficulties. In line with these findings, we found that
reduced GMV within the mOFC mediated the relationship
between maltreatment experience and social difficulties, as
measured by the peer problems scale of the SDQ. This find-
ing adds weight to the view that cortical alterations in the
mOFC, a region which is crucially implicated in social pro-
cessing, is implicated in the difficulties maltreated indi-
viduals can show in social functioning (Alink, Cicchetti,
Kim, & Rogosch, 2012; Kim & Cicchetti, 2003; Rogosch
et al., 1995). That we observed the same pattern of mediation
for males and females points to a common neural substrate for
these difficulties. It would be of particular interest in future
research to explore the relationship between mOFC GMV
and cortisol regulation given the evidence that cortisol func-
tioning is implicated in the impairments in social functioning
seen in maltreated children (Alink et al., 2012; Hart, Gunnar,
& Cicchetti, 1995).

Summary and implications of sex differences

Because males and females who experience maltreatment are
at heightened risk for a broad range of psychiatric disorders,
it is not surprising that largely similar patterns of behavioral
functioning, attentional bias, and GMV were found across
the sexes. In addition, similar patterns across the sexes were ob-
served in our mediation analyses. This suggests that putative
markers of latent vulnerability, specifically in relation to atten-
tional avoidance of threat and reduced mOFC GMV, may
represent common factors in predisposing to future psychiatric
risk. However, it is likely that sex differences in latent vulner-
ability do exist, but were not detected in the current study,
given the differential vulnerability females and males show
in relation to internalizing and externalizing disorders follow-
ing maltreatment (Bos et al., 2011; Keyes et al., 2012). Differ-
ent patterns of GMV alteration in maltreated males and females
in the supramarginal gyrus and postcentral gyrus may represent
possible sex-dependent associations with maltreatment experi-
ence. It is possible that greater differences in brain structure are
evident in maltreated individuals following the emergence of
psychiatric disorder (Teicher & Samson, 2013).

From a clinical perspective, the question arises which if
any of the parameters associated with maltreatment in the cur-
rent study are predictive of future disorder. To constitute true
markers of latent vulnerability, differences in emotional reac-
tivity, threat avoidance, and GMV would need, within a lon-
gitudinal design, to be shown to be predictive of future symp-
tomatology (McCrory & Viding, 2015). We have argued that
the identification of reliable markers of latent vulnerability
has the potential to directly inform a preventative psychiatry
approach, by facilitating the delivery of interventions to the
most high-risk children with the aim of offsetting the likeli-
hood of future disorder. The current findings suggest that pre-
ventative interventions that either aim to enhance social func-
tioning in line with attachment principles (e.g., Bernard et al.,
2012; Cicchetti, Rogosch, & Toth, 2006; Dozier, Peloso,
Lewis, Laurenceau, & Levine, 2008; Stronach, Toth, Rogosch,

& Cicchetti, 2013) or take a more targeted approach, such as
attentional bias modification (Bar-Haim, 2010; Britton et al.,
2013; Hakamata et al., 2010), may be promising avenues in
targeting pre-clinical vulnerabilities. However, a clearer un-
derstanding regarding which neurocognitive correlates of
maltreatment experience represent true markers of latent vul-
nerability, alongside an understanding of their neurocognitive
mechanisms, will be important to directly inform us about ef-
fective targets for intervention.

Limitations

The current study should be interpreted in light of some lim-
itations. First, data across the multiple levels of analysis was ob-
tained from a cross-sectional design, which precludes the pos-
sibility of determining the directionality of effects. The use of
longitudinal designs will help determine which of the observed
neurocognitive and behavioral differences represent true mark-
ers of latent vulnerability, and elucidate possible sex differences
in the emergence of psychiatric disorder. Such longitudinal
approaches are already bearing fruit in neurodevelopmental
studies of attention-deficit/hyperactivity disorder (Shaw et al.,
2013). Second, while the current study used official substanti-
ated reports of maltreatment to determine inclusion in the mal-
treatment group and reporting of maltreatment severity, it would
have been of interest to explore how a subjective measure of
maltreatment experience relates to the observed structural and
cognitive findings.

This study was also characterized by a number of strengths.
First, our sample was a community, rather than clinic-referred,
group of children, matched with a range of sociodemographic
variables with the nonmaltreated group. This provides more
confidence in inferring that any observed group differences
on behavioral, cognitive, and neural levels are not primarily
driven by variations in sociodemographic or psychiatric mea-
sures. Second, we were able to take a multilevel approach to
explore sex differences in maltreatment impact. We were
also able to explore how different maltreatment outcomes re-
lated to each other. Such multilevel approaches are vital in pro-
gressing the understanding of the pathways from maltreatment
to behavioral difficulties and identifying the potential mecha-
nisms that underpin latent vulnerability in the wake of mal-
treatment (Cicchetti & Dawson, 2002).

Conclusion

This study sought to investigate potential sex differences in
how childhood maltreatment impacts social and emotional
functioning, as well as cognitive and neurobiological do-
mains. Although a number of sex differences were observed
in relation to GMV, the general pattern of findings suggested
that the influence of maltreatment experience was remarkably
similar for boys and girls.

Our sample of maltreated boys and girls exhibited a sim-
ilar pattern of elevated peer difficulties and emotional reactiv-
ity relative to their nonmaltreated peers. Boys and girls also
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displayed a similar pattern of attentional avoidance to threat in
a visual dot-probe task. That attentional avoidance to threat
partly mediated the relationship between maltreatment and
emotional reactivity suggests that altered attentional bias to
threat may represent one marker of latent vulnerability to fu-
ture psychiatric disorder (Wald et al., 2011, 2013). It will be
important for future studies to systematically explore the lon-
gitudinal association between attentional bias and psychopa-
thology in maltreated children.

At the neural level, maltreatment experience was found to
be associated with GMV reductions in the mOFC and the
middle temporal lobes, suggesting that these represent reli-
able correlates of maltreatment experience in nonclinical
samples of children, even after IQ, SES, and pubertal status
have been controlled (De Brito et al., 2013; Hanson et al.,
2010; Lim et al., 2014). Sex differences at a neural level
were found only within the bilateral supramarginal gyrus
(with GMV reductions being primarily driven by maltreated
females), and within the postcentral gyrus, which exhibited
a disordinal interaction between maltreatment exposure and

sex. Functionally, these regions are implicated in empathy
and emotional regulation respectively (Domes et al., 2010;
Silani et al., 2013; Singer & Lamm, 2009). It is possible
that these sex differences in GMV may underpin the differen-
tial psychiatric risk trajectories known to characterize males
and females following maltreatment experience (Keyes
et al., 2012; Mesman, Bongers, & Koot, 2001). The finding
that GMV within the mOFC mediated the relationship be-
tween maltreatment exposure and peer functioning adds
weight to the view that alterations in neural structure in this
region are associated with deficits in social functioning fol-
lowing maltreatment (Alink et al., 2012; Hanson et al.,
2010; Kim & Cicchetti, 2003; Rogosch et al., 1995), Again,
sex was not found to influence this association.

Longitudinal investigations will be crucial in determining
which of these behavioral, cognitive, and neural candidates
are true markers of latent vulnerability capable of predicting fu-
ture psychiatric symptomatology. Such work is important if we
are to advance our ability to refine and target effective preven-
tative interventions prior to the onset of psychopathology.

References

Adolphs, R., Damasio, H., Tranel, D., Cooper, G., & Damasio, A. R. (2000).
A role for somatosensory cortices in the visual recognition of emotion as
revealed by three-dimensional lesion mapping. Journal of Neuroscience,
20, 2683–2690.

Adolphs, R., Tranel, D., & Damasio, H. (2001). Emotion recognition from
faces and prosody following temporal lobectomy. Neuropsychology,
15, 396.

Alink, L. R., Cicchetti, D., Kim, J., & Rogosch, F. A. (2012). Longitudinal
associations among child maltreatment, social functioning, and cortisol
regulation. Developmental Psychology, 48, 224–236.

Amir, N., McNally, R. J., Riemann, B. C., Burns, J., Lorenz, M., & Mullen, J.
T. (1996). Suppression of the emotional Stroop effect by increased anx-
iety in patients with social phobia. Behaviour Research and Therapy, 34,
945–948.

Anda, R. F., Felitti, V. J., Bremner, J. D., Walker, J. D., Whitfield, C., Perry,
B. D., et al. (2006). The enduring effects of abuse and related adverse ex-
periences in childhood: A convergence of evidence from neurobiology
and epidemiology. European Archives of Psychiatry and Clinical Neu-
roscience, 256, 174–186.

Andreano, J. M., Dickerson, B. C., & Barrett, L. F. (2014). Sex differences in
the persistence of the amygdala response to negative material. Social
Cognitive and Affective Neuroscience, 9, 1388–1394.

Ashburner, J. (2007). A fast diffeomorphic image registration algorithm.
NeuroImage, 38, 95–113.

Ashburner, J., & Friston, K. J. (2005). Unified segmentation. NeuroImage,
26, 839–851.

Bar-Haim, Y. (2010). Attention Bias Modification (ABM): A novel treatment for
anxiety disorders. Journal of Child Psychologyand Psychiatry, 51, 859–870.

Bar-Haim, Y., Holoshitz, Y., Eldar, S., Frenkel, T. I., Muller, D., Charney,
D. S., et al. (2010). Life-threatening danger and suppression of attention
bias to threat. Life, 167, 694–698.

Beer, J. S., John, O. P., Scabini, D., & Knight, R. T. (2006). Orbitofrontal cor-
tex and social behavior: Integrating self-monitoring and emotion-cogni-
tion interactions. Journal of Cognitive Neuroscience, 18, 871–879.

Benjamini, Y., & Hochberg, Y. (1995). Controlling the false discovery rate:
A practical and powerful approach to multiple testing. Journal of the
Royal Statistical Society: Series B (Methodological), 57, 289–300.

Bernard, K., Dozier, M., Bick, J., Lewis-Morrarty, E., Lindhiem, O., & Carl-
son, E. (2012). Enhancing attachment organization among maltreated
children: Results of a randomized clinical trial. Child Development, 83,
623–636.

Bolger, K. E., & Patterson, C. J. (2001). Developmental pathways from child
maltreatment to peer rejection. Child Development, 72, 549–568.

Bolger, K. E., Patterson, C. J., & Kupersmidt, J. B. (1998). Peer relationships
and self-esteem among children who have been maltreated. Child Devel-
opment, 69, 1171–1197.

Bos, K., Zeanah, C. H., Fox, N. A., Drury, S. S., McLaughlin, K. A., & Nel-
son, C. A. (2011). Psychiatric outcomes in young children with a history
of institutionalization. Harvard Review of Psychiatry, 19, 15–24.

Bradley, B. P., Mogg, K., White, J., Groom, C., & De Bono, J. (1999). Atten-
tional bias for emotional faces in generalized anxiety disorder. British
Journal of Clinical Psychology, 38, 267–278.

Briere, J. (1996). Trauma Symptom Checklist for Children (TSCC). Odessa,
FL: Psychological Assessment Resources.

Britton, J. C., Bar-Haim, Y., Clementi, M. A., Sankin, L. S., Chen, G., Shech-
ner, T., et al. (2013). Training-associated changes and stability of attention
bias in youth: Implications for attention bias modification treatment for
pediatric anxiety. Developmental Cognitive Neuroscience, 4, 52–64.

Canli, T., Desmond, J. E., Zhao, Z., & Gabrieli, J. D. (2002). Sex differences
in the neural basis of emotional memories. Proceedings of the National
Academy of Sciences, 99, 10789–10794.

Chen, X., Sachdev, P. S., Wen, W., & Anstey, K. J. (2007). Sex differences in
regional gray matter in healthy individuals aged 44–48 years: A voxel-
based morphometric study. NeuroImage, 36, 691–699.

Cicchetti, D., & Blender, J. A. (2006). A multiple-levels-of-analysis perspec-
tive on resilience: Implications for the developing brain, neural plasticity,
and preventive interventions. Annals of the New York Academy of Sciences,
1094, 248–258.

Cicchetti, D., & Curtis, W. J. (2007). Multilevel perspectives on pathways
to resilient functioning. Development and Psychopathology, 19, 627–
629.

Cicchetti, D., & Dawson, G. (2002). Multiple levels of analysis. Develop-
ment and Psychopathology, 14, 417–420.

Cicchetti, D., & Lynch, M. (1995). Failures in the expectable environment
and their impact on individual development: The case of child maltreat-
ment. In D. Cicchetti & D. J. Cohen (Eds.), Developmental psychopathol-
ogy: Vol. 2. Risk, disorder and adaptation (pp. 32–71). New York: Wiley.

Cicchetti, D., Rogosch, F. A., & Toth, S. L. (2006). Fostering secure attach-
ment in infants in maltreating families through preventive interventions.
Development and Psychopathology, 18, 623–649.

Curtis, W. J., & Cicchetti, D. (2013). Affective facial expression processing
in 15-month-old infants who have experienced maltreatment: An event-
related potential study. Child Maltreatment, 18, 140–154.

Dahl, R. E., & Gunnar, M. R. (2009). Heightened stress responsiveness and
emotional reactivity during pubertal maturation: Implications for psycho-
pathology. Development and Psychopathology, 21, 1–6.

P. A. Kelly et al.1606



Dalgleish, T., Spinks, H., Yiend, J., & Kuyken, W. (2001). Autobiographical
memory style in seasonal affective disorder and its relationship to future
symptom remission. Journal of Abnormal Psychology, 110, 335.

De Bellis, M. D. (2001). Developmental traumatology: The psychobiological
development of maltreated children and its implications for research,
treatment, and policy. Development and Psychopathology, 13, 539–564.

De Bellis, M. D., & Keshavan, M. S. (2003). Sex differences in brain matura-
tion in maltreatment-related pediatric posttraumatic stress disorder.
Neuroscience & Biobehavioral Reviews, 27, 103–117.

De Bellis, M. D., Keshavan, M. S., Clark, D. B., Casey, B., Giedd, J. N.,
Boring, A. M., et al. (1999). Developmental traumatology: Part II. Brain
development. Biological Psychiatry, 45, 1271–1284.

De Bellis, M. D., & Kuchibhatla, M. (2006). Cerebellar columes in pediatric
maltreatment-related posttraumatic stress disorder. Biological Psychiatry,
60, 697–703.

De Brito, S. A., Viding, E., Sebastian, C. L., Kelly, P. A., Mechelli, A., Maris,
H., et al. (2013). Reduced orbitofrontal and temporal grey matter in a
community sample of maltreated children. Journal of Child Psychology
and Psychiatry, 54, 105–112.

De Vries, G. J. (2004). Minireview: Sex differences in adult and developing
brains: Compensation, compensation, compensation. Endocrinology,
145, 1063–1068.
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