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Background: Child maltreatment is common and has long-term consequences for affective function. Investigations
of neural consequences of maltreatment have focused on the amygdala. However, developmental neuroscience
indicates that other brain regions are also likely to be affected by child maltreatment, particularly in the social
information processing network (SIPN). We conducted a quantitative meta-analysis to: confirm that maltreatment is
related to greater bilateral amygdala activation in a large sample that was pooled across studies; investigate other
SIPN structures that are likely candidates for altered function; and conduct a data-driven examination to identify
additional regions that show altered activation in maltreated children, teens, and adults. Methods: We conducted an
activation likelihood estimation analysis with 1,733 participants across 20 studies of emotion processing in
maltreated individuals. Results: Maltreatment is associated with increased bilateral amygdala activation to
emotional faces. One SIPN structure is altered: superior temporal gyrus, of the detection node, is hyperactive in
maltreated individuals. The results of the whole-brain corrected analysis also show hyperactivation of the
parahippocampal gyrus and insula in maltreated individuals. Conclusions: The meta-analysis confirms that
maltreatment is related to increased bilateral amygdala reactivity and also shows that maltreatment affects multiple
additional structures in the brain that have received little attention in the literature. Thus, although the majority of
studies examining maltreatment and brain function have focused on the amygdala, these findings indicate that the
neural consequences of child maltreatment involve a broader network of structures. Keywords: Maltreatment;
meta-analysis; fMRI.

Introduction
Incidence estimates for child maltreatment are as
high as 1 in 4 (CDC, 2015). Maltreatment encom-
passes both abuse and neglect, and refers to injury,
death, emotional harm, or serious risk of harm to a
child due to a caregiver’s actions or failure to act
(Childhelp, n.d.). Child maltreatment is linked to
significant risk of injury as well as to many negative
health and behavior outcomes in adolescence and
adulthood (Dubowitz & Poole, 2012; Hussey, Chang,
& Kotch, 2006). These consequences, which include
mental health, contribute to the high human and
societal cost (Buckingham & Daniolos, 2013; Wang
& Holton, 2007). One study estimates that the total
lifetime cost of maltreatment is $124 billion annually
(Fang, Brown, Florence, & Mercy, 2012). Thus, it is
crucial to gain a better understanding of the effects
of maltreatment. A likely mediator is the brain; child
maltreatment may alter brain development in a way
that changes socioemotional function and increases
the likelihood that an individual will develop a
mental disorder. By aggregating the findings of
neuroimaging investigations of child maltreatment,
we sought to characterize how this early experience
impacts neural function.

Child maltreatment typically occurs in a social
context. Young children depend on caregivers for

love and safety. When caregivers deviate from this
expected social relationship, brain development
within neural structures that are involved in social
processing may be impacted. Therefore, brain
regions associated with emotional facial expression
processing are likely to be involved in the connection
between child maltreatment and later psychopathol-
ogy. The social information processing network
(SIPN) (Nelson, Leibenluft, McClure, & Pine, 2005)
describes specific brain regions that may be affected
by maltreatment. The SIPN is divided into three
nodes: a detection node, an affective node, and a
cognitive-regulatory node. The detection node is
responsible for identifying whether a stimulus is
social in nature, and includes inferior occipital
cortex, inferior temporal cortex, intraparietal sulcus,
fusiform face area, superior temporal sulcus, and
anterior temporal cortex. The affective node further
processes the social and emotional components of a
stimulus, and includes the amygdala, ventral stria-
tum, septum, bed nucleus of the stria terminalis,
hypothalamus, and orbitofrontal cortex. Finally, the
cognitive-regulatory node engages in complex pro-
cesses such as response inhibition or goal-directed
behavior, and includes the dorsomedial prefrontal
cortex, as well as the dorsal and ventral prefrontal
cortices. Many of these brain regions, particularly
neocortical structures and the amygdala, experi-
ence significant postnatal development, making
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maltreatment (Teicher et al., 2003). Given that brain
development during childhood is extensive, it is
reasonable to expect that the long-term functional
consequences of early-life stress extend across many
areas of the brain. Additionally, the brain undergoes
significant structural and functional changes
between childhood and adulthood; it is possible that
youth and adults who experienced child maltreat-
ment may differ in their neural reactivity.

Neuroimaging research highlights brain regions
involved in the relationship between child maltreat-
ment and socioemotional deficits. The amygdala is
frequently implicated. Furthermore, altered amyg-
dala function is linked to disorders that have
increased prevalence in child maltreatment sur-
vivors, such as depression and posttraumatic stress
disorder (PTSD) (Buckingham & Daniolos, 2013).
Neuroimaging consistently documents amygdala
hyperactivity in response to emotional stimuli in
those who experienced child maltreatment (Bogdan,
Williamson, & Hariri, 2012; De Bellis & Hooper,
2012; Maheu et al., 2010; McCrory et al., 2011;
Suzuki et al., 2014; Tottenham et al., 2011).

Other regions involved in socioemotional process-
ing are also affected by early-life stress. Previously
institutionalized children show increased activation
in dorsal prefrontal cortex, subgenual anterior cin-
gulate, temporal cortex, parietal cortex, and cerebel-
lum (Tottenham et al., 2011). Adolescents exposed
to early-life stress evidence abnormal activity in the
anterior cingulate cortex, prefrontal cortex, stria-
tum, and insula (Mueller et al., 2010). In summary,
child maltreatment contributes to alterations in
limbic and frontal areas; two regions that are
involved in socioemotional processing and undergo
protracted development.

Despite the premise that maltreatment broadly
impacts the brain, most studies examine selective
regions of interest (ROIs). While this reduces type 1
error, it limits what can be learned about the conse-
quences of child maltreatment. The most common
ROI in child maltreatment research is the amygdala
(Bogdan et al., 2012; Dannlowski et al., 2013; Fonzo
et al., 2013; Herringa, Phillips, Fournier, Kronhaus,
& Germain, 2013; Maheu et al., 2010; McCrory et al.,
2011; Nicol, Pope, Romaniuk, & Hall, 2015; Redlich
et al., 2015; Tottenham et al., 2011; van Harmelen
et al., 2013; White et al., 2012). Other frontal or
limbic brain regions are rarely selected as ROIs. When
a whole-brain approach is used, findings outside of
the amygdala are seldom discussed in detail. In order
to elucidate the mechanisms involved in the relation-
ship between child maltreatment and psychopathol-
ogy, it is important to gain understanding of how this
early-life stressor affects the entire brain.

We conducted a quantitative meta-analysis of
neuroimaging studies comparing neural response
to emotional stimuli in maltreated and control indi-
viduals to determine which brain regions are
impacted by child maltreatment. By conducting a

meta-analysis, which requires synthesis of multiple
datasets into a single brain map, we avoid inconsis-
tencies in brain region labeling across studies, which
can interfere with narrative-based reviews (Kühn &
Gallinat, 2013), and can determine statistically
significant patterns of activation. Furthermore, the
large sample size from combining datasets resulted
in increased statistical power. We conducted this
meta-analysis to facilitate understanding of overall
trends across neuroimaging studies of child mal-
treatment. Activation likelihood estimation (ALE) is a
well-established method for conducting a quantita-
tive meta-analysis. ALE is a coordinate-based tech-
nique that uses peak activation coordinates and
participant number to model voxelwise convergence
in activation foci (Laird et al., 2005; Turkeltaub,
Eden, Jones, & Zeffiro, 2002). Benefits of ALE
include utilization of coordinates instead of regions,
as well as usage of a null distribution to enable
statistical testing (Chase, Eickhoff, Laird, & Hogarth,
2011). The results of ALE analyses indicate regions
that have increased activation over all included
studies, corrected for the entire brain. Our primary
analyses aggregated all studies to attain maximum
sample size and power.

Our goals for the meta-analysis were: (a) Evaluate
whether maltreatment is related to greater bilateral
amygdala activation; (b) Examine links of maltreat-
ment with other social information processing
network structures; (c) Conduct a data-driven exam-
ination of regions that experience altered activation
in maltreated individuals; (d) Compare neural con-
sequences of child maltreatment in youth and
adults. We hypothesized the following: (a) maltreat-
ment would relate to increased bilateral amygdala
activation; (b) maltreatment would be associated
with altered activation of other SIPN regions; (c) the
data-driven examination would identify additional
structures that are also linked to maltreatment; (d)
maltreated youth and adults would both demon-
strate increased bilateral amygdala activation.

Methods
Study selection

A literature search of neuroimaging studies comparing pat-
terns of activation in individuals with early-life stress to
controls was conducted in March 2016. Our search terms
were as follows: [(maltreat* OR abuse* OR advers* OR stress*
OR famil* OR poverty*) AND (amygdala* OR cortic* OR brain*
OR fMRI* OR imaging OR activ*)]. The initial search yielded
approximately 10,900 results in Google Scholar. The literature
search was repeated using PsycINFO and Pubmed. After a
review of potential candidates for the analysis, we realized that
there was a wide range of tasks used in these neuroimaging
studies of individuals exposed to early maltreatment. The
majority of tasks, however, involved processing of emotional
faces stimuli, which is essential to successful socioemotional
function. In order to isolate brain activation associated with
socioemotional function, we decided to only include tasks that
used emotional faces as stimuli. As maltreatment likely
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involves exposure to fear, anger, and sadness, we decided to
limit the analysis to papers that focused on contrasting all
faces, fear, anger, neutral, or sad faces with a neutral,
scrambled, or baseline condition. These decisions narrowed
our potential candidates down to 136 articles.

Abstracts of all identified articles were screened for the
following criteria: were studies of individuals exposed to child
maltreatment; utilized tasks that probed emotional facial
expression processing; used fMRI; used image subtraction to
produce activation foci; reported activation foci as 3-D coordi-
nates; provided Talairach or MNI coordinates. About 78
articles were eliminated after this stage of screening (Figure 1).
The 58 remaining articles were read in full in order to screen

for the criteria. Another 38 articles were eliminated, leaving 20
studies for the analysis (Table 1). All studies utilize tasks that
involve processing of emotional faces and include participants
that have been exposed to abuse or neglect.

These studies yielded a total of 149 foci, or XYZ coordinates of
activation, for individuals with a history of maltreatment and 26
foci for control participants. For analytic purposes, any foci, or
activation clusters, not reported according to the atlas of the
MontrealNeurological Institute (MNIcoordinates)were converted
to MNI coordinates using the icbm2tal transformation (Laird et
al., 2010; Lancaster et al., 2007). For papers that only presented
ROI results, the corresponding authorwas asked forwhole-brain
results.

136 abstracts screened

58 full-text articles accessed for
eligibility

20 articles included in the meta-analysis

78 articles excluded
44, no fMRI 

14, task 
8, connectivity 
5, resting state 

4, animal model 
2, analytic technique
1, no maltreatment

38 articles excluded
16, not exclusively maltreatment

10, task 
4, overlapping sample 

4, unable to retrieve coordinates 
2, analytic technique

2, no significant findings

Figure 1 Flowchart of literature search

Table 1 Studies included in the meta-analysis

Paper Age N Risk Emotional faces task

Bogdan et al. (2012) Youth (11–15 years) 279 Emotional Neglect (CTQ) Hariri (EFAT)
Crozier, Wang, Huettel, & De
Bellis (2014)

Youth (11–13 years) 74 Abuse, Neglect (CPS confirmed) Oddball

Dannlowski et al. (2013) Adults 150 Child Maltreatment (CTQ) Subliminal Affective
Priming

De Bellis & Hooper (2012) Youth (10–18 years) 16 Abuse, Neglect (CPS confirmed) Oddball
Fonzo et al. (2013) Adults 33 Child Maltreatment (CTQ) Hariri (EFAT)
Ganzel, Kim, Gilmore,
Tottenham, & Temple (2013)

Youth(10–15 years) 14 Severe Life Events (CIDI) Passive Viewing

Garrett et al. (2012) Youth (10–16) 46 Interpersonal Trauma Gender Discrimination
Gee et al. (2013) Youth (6.5–17.6 years) 89 Previous Institutionalization Indicate Neutral Faces
Herringa et al. (2013) Adults 28 Child Maltreatment (CTQ) Dynamic Faces
Jedd et al. (2015) Adults 71 Child Maltreatment (DHS

confirmed)
Hariri (EFAT)

Lee et al. (2015) Adults 31 Verbal Abuse (VAQ) Gender Discrimination
Maheu et al. (2010) Youth (9–18 years) 30 Previous Institutionalization Altering Attention
McCrory et al. (2011) Children 43 Exposure to Violence Gender Discrimination
McLaughlin, Peverill, Gold,
Alves, & Sheridan (2015)

Youth (13–19 years) 42 Child Maltreatment (CTQ) Emotion Regulation

Nicol et al. 2015 Adults 36 Child Trauma (CTQ) Gender Discrimination
Redlich et al. (2015) Adults 377 Child Maltreatment (CTQ) Hariri (EFAT)
Skokauskas, Carballedo,
Fagan, & Frodl (2015)

Adults 80 Sexual Abuse (CTQ) Attention Shifting

Suzuki et al. (2014) Children 115 Early-Life Trauma Gender Discrimination
Tottenham et al. (2011) Children 44 Previous Institutionalization Go/No-Go
van Harmelen et al. (2013) Adults 135 Child Emotional Maltreatment

(NEMESIS)
Gender Discrimination

Total N = 1,733. CIDI = Composite International Diagnostic Interview; CTQ = Childhood Trauma Questionnaire; CPS = Child
Protective Services; DHS = Department of Human Services; EFAT = Emotional Face Assessment Task; VAQ = Verbal Abuse
Questionnaire.
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Meta-analysis

All meta-analyses were performed using ALE (Turkeltaub
et al., 2002). We used GingerALE software (version 2.3.6) to
conduct the meta-analysis (Eickhoff, Bdzok, Laird, Kurth, &
Fox, 2012; Eickhoff et al., 2009; Turkeltaub et al., 2012).
Using the MNI peak coordinates reported by the studies listed
in Table 1, we conducted the analyses. One analysis used foci
reflecting greater activation in the maltreatment group, and the
other used foci reflecting greater activation in the control
group. For each group of foci, activation likelihood estimates
were calculated for each voxel of the brain. Foci are modeled as
the center of three-dimensional Gaussian distributions, which
are summed across experiments to reflect interstudy consis-
tencies in activation. The cluster-wise family-wise error (FWE)
correction was employed to correct for multiple comparisons at
a significance threshold of p < .05 (Eickhoff et al., 2016). ALE
analyses use nonparametric analyses, and are therefore not
susceptible to the inflated false-positive rates in cluster-wise
analyses (Eklund, Nichols, & Knutsson, 2016).

Results
Objective 1: Amygdala

Our meta-analysis indicated significantly increased
activation in bilateral amygdala for individuals with
maltreatment relative to controls (Table 2, Figure 2).

Objective 2: SIPN regions

The right superior temporal gyrus, a region of the
SIPN detection node, was more active in individuals
with maltreatment relative to controls (Table 2).

Objective 3: Data-Driven Examination

Outside of the social information processing net-
work, a whole-brain corrected analysis revealed two
brain regions had increased activation in maltreated
individuals: bilateral parahippocampal gyrus and
the right insula (Table 2).

Control > maltreatment

Results of the meta-analysis for control > maltreat-
ment found no effects.

Analyses with whole-brain studies only

The ideal input for an ALE meta-analysis is whole-
brain data, but given the frequency with which ROI

approaches are used, it can be impractical to omit all
non-whole-brain data (Laird, 2008). Instead, it is
helpful to include ROI data, but then run a second
analysis with only whole-brain data to ensure that
the findings still hold. Of the 20 studies in our meta-
analysis, 18 included whole-brain findings in the
original article (N = 1,660). The remaining two stud-
ies did not include whole-brain analyses; these
studies focused on the amygdala (Maheu et al.,
2010; McCrory et al., 2011), hippocampus (Maheu
et al., 2010), and anterior insula (McCrory et al.,
2011). The corresponding author for each of these
studies was asked to provide the whole-brain output
corresponding to the article. For a variety of reasons,
it was not possible for any of the authors to fulfill the
requests. To examine the influence of whole-brain
reporting, the meta-analyses were rerun with whole-
brain studies only.

The results of this were overall similar to the
results of the analyses including all studies. One
important difference was that increased activation in
the left parahippocampal gyrus and amygdala
became nonsignificant when the analyses were run
with only whole-brain studies. Increased activation
in the left lentiform nucleus and globus pallidus
region in maltreated individuals became significant.
Activation in the right parahippocampal gyrus and
right amygdala remained. Other differences in find-
ings between the two sets of analyses related to the
size of implicated areas. In the analyses of whole-
brain studies only, the size of right parahippocampal
gyrus and right amygdala region was decreased.
Furthermore, the size of the right insula and supe-
rior temporal gyrus region that was more likely to be
activated in maltreated individuals was increased in
the analyses using whole-brain studies only.

Adult versus youth studies

Our meta-analysis includes studies of both youth
and adults who experienced childhood maltreat-
ment. There were not enough articles to perform a
direct statistical comparison using GingerALE, but
we ran our analyses with youth (N = 11) and adult
(N = 9) studies separately in order to qualitatively
compare their results preliminarily.

Results of both the youth and adult analyses
showed increased right parahippocampal and
amygdala activation in maltreated individuals.

Table 2 Results of the ALE analysis comparing maltreated and control individuals

Contrast Cluster Number Volume (mm3) Brain region X Y Z Extrema value

Maltx > C 1 2856 L Parahippocampal Gyrus/Amygdala �22 �6 �14 0.019769501
L Parahippocampal Gyrus/Amygdala �24 0 �20 0.019481266

2 2312 R Parahippocampal Gyrus/Amygdala 26 0 �22 0.034059726
3 680 R Insula/Brodmann Area 13 48 �34 22 0.016861271

R Superior Temporal Gyrus 52 �32 16 0.015429311

Maltx = maltreated; C = control; L = left; R = right; X, Y, Z coordinates refer to MNI space; cluster-wise FWE correction
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Additionally, maltreated youth, but not adults,
demonstrated hyperactivation in the left lentiform
nucleus and globus pallidus, as well as in the left
parahippocampal gyrus.

Discussion
Thiswas the first quantitativemeta-analysis to exam-
ine theeffectsof childmaltreatmentonbrain function.
Relative to controls, the maltreated group exhibits
increased bilateral amygdala activation. Additionally,
maltreated individuals evidence increased activation
in the superior temporal gyrus, a region in the SIPN
detection node. Finally, two other regions outside of
the SIPN, the parahippocampal gyrus and insula,
show increased activation in the maltreated group.

As hypothesized, bilateral amygdala is hyperactive
in individuals that have been maltreated. This is
consistent with a review of child maltreatment neu-
roimaging literature that concluded the neural path-
ways most altered by child maltreatment are in
fronto-limbic networks, including the amygdala
(Hart & Rubia, 2012). As this region is highly
involved in emotional processes, including emotion
regulation (Phelps & LeDoux, 2005), altered amyg-
dala activation may underlie the socioemotional
difficulties associated with child maltreatment.
Increased amygdala activation is linked to several
forms of psychopathology, including depression
(Siegle, Thompson, Carter, Steinhauer, & Thase,
2007), anxiety (Phan, Fitzgerald, Nathan, & Tancer,
2006), and PSTD (Shin, Rauch, & Pitman, 2006).
Increased amygdala activation may be adaptive
during the experience of maltreatment, but increase
risk of later psychopathology.

Beyond the amygdala, the superior temporal gyrus
is hyperactive in maltreated individuals relative to
controls. This brain region is linked to social per-
ception and cognition (Pelphrey, Adolphs, & Morris,
2004). Increased activation of the superior temporal
gyrus may aid in early detection of emotion, which
may enable a child to identify threatening emotion in
their environment quickly, an adaptive ability in the
context of child maltreatment. Social information
flows from the detection node to the affective node to
the cognitive-regulation node (Nelson et al., 2005).
Our results indicate that maltreatment may lead to
altered function at the detection and affective nodes.
Abnormalities in emotion detection and affective
response are likely to result in aberrant socioemo-
tional function and an increased risk of psy-
chopathology for some individuals.

Outside of the SIPN structures, the present meta-
analysis also showed that hippocampal formation
structures, bilateral parahippocampal gyri, are
hyperactive in maltreated individuals in comparison
to control individuals. Child maltreatment is associ-
ated with PTSD (Ackerman, Newton, McPherson,
Jones, & Dykman, 1998); altered hippocampal for-
mation activation may be a risk factor that interacts
with child maltreatment to produce PTSD, or a
consequence of child maltreatment that predisposes
an individual to later PTSD. The literature on func-
tional alterations of the hippocampal formation in
PTSD is mixed; parahippocampal activation tends to
be increased and hippocampal activation has been
found to be both decreased and increased (Francati,
Vermetten, & Bremner, 2007).

A second region outside the SIPN that our analysis
identified is the insula, which is hyperactive in
maltreated individuals. The insula has been linked
to processing of subjective feelings and uncertainty,
as well as empathy (Singer, Critchley, & Preuschoff,
2009). Additionally, the anterior insula, which has
been linked to integration of interoceptive and
visceral information, is implicated in emotional
experience by recent theoretical accounts (Eisen-
berger, 2015; Smith, Steinberg, & Chein, 2014). This
region is asserted to be involved in cognitive–
emotional network interactions (Smith et al., 2014)
and may be important for effective modulation of
attention in the presence of emotional stimuli.
Increased insula activation to emotional faces is
linked to higher trait anxiety (Stein, Simmons, Fein-
stein, & Paulus, 2007). Insula hyperactivation is also
found in social anxiety disorder and specific phobia
in a meta-analysis (Etkin & Wager, 2007).

A third region that was identified only in the whole-
brain and youth analyses consists of the lentiform
nucleus and globus pallidus, which is hyperactive in
maltreated individuals. These structures are located
within the basal ganglia, which is implicated in the
recognition of disgust (Adolphs, 2002) and motiva-
tion in a recent review (Ikemoto, Yang, & Tan, 2015).
Altered basal ganglia activity is linked to psychiatric

Figure 2 Bilateral amygdala and parahippocampal gyrus results
from the activation likelihood estimation (ALE) analyses. Notes:
Maltreated > Control. Cluster-wise FWE p < .05. [Colour figure
can be viewed at wileyonlinelibrary.com]
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disorders such as obsessive–compulsive disorder
(OCD), anxiety, and depression (Gunaydin & Kre-
itzer, 2016). The basal ganglia is connected to the
prefrontal cortex (Alexander, Crutcher, & DeLong,
1990); prefrontal cortical development during ado-
lescence may result in levels of basal ganglia activa-
tion that are more similar to those of nonmaltreated
individuals.

There were a number of limitations with this ALE
meta-analysis. First, a relatively small number of
studies were used in the analyses. Although ALE
meta-analyses of this size are capable of producing
results, increasing the number of studies could have
produced a larger number of significant group
differences (Fox, 2015). As more neuroimaging stud-
ies of individuals that were maltreated as children
are published, it will be important to conduct addi-
tional meta-analyses. Nevertheless, 1,733 partici-
pants were included in this analysis, which provides
a basis for more reliable findings and lays the
groundwork for future studies to examine specific
brain structures in relation to child maltreatment.

A second concern is the inability of several
research groups to provide whole-brain coordinates
for this meta-analysis, reducing our subsequent
comparison analyses to 18 studies. Currently, there
are many technical, financial, and social challenges
to sharing fMRI data (Poldrack & Gorgolewski,
2014). Without a consistent structure for storing
fMRI data for future use, organization of these data
falls to an individual or group of individuals, making
identifying the location of these data years later
difficult. In order to maximize the contribution of
research participants and funding, it will be impor-
tant to utilize effective ways of structuring data for
sharing that investigators can implement at the time
of data collection.

A third limitation is that we were not able to
explore the effect of task in this meta-analysis.
Although we tightly constrained our literature search
to include tasks that used emotional faces, our final
sample included studies with a range of emotion-
related tasks that are likely to use slightly different
cognitive and neural resources. As neuroimaging
studies of individuals who experienced childhood
maltreatment increase in number, it will be impor-
tant to evaluate the influence of this early experience
on behavioral performance and neural response to
specific emotion-related tasks.

A fourth limitation is that we were not able to parse
apart variables, such as gender, age of exposure, and
duration of maltreatment. It will be important to
understand how these variables affect neural func-
tion at every step in development. It would be ideal to
tightly constrain these variables in these neuroimag-
ing studies. Nevertheless, given the difficulties of

recruiting such individuals, it would be a significant
challenge. Other variables that are important to
consider are age of exposure and type of maltreat-
ment. Responses to child maltreatment are likely to
vary by age of exposure, as well as type of maltreat-
ment; the neural response that physical abuse elicits
in an infant is likely to differ from the neural
response that emotional neglect elicits in an older
child. As a result, the neural consequences of child
maltreatment may vary by these factors. However,
due to the realities of child maltreatment, specifically
that is often chronic and involves multiple types of
abuse or neglect, parsing apart the influence of these
variables will be difficult. However, in a recent
review, McLaughlin, Sheridan, and Lambert propose
a differentiation between deprivation and threat that
may be more feasible to implement in future analy-
ses (McLaughlin, Sheridan, & Lambert, 2014).
Despite these limitations, the current meta-analysis
provides the field with knowledge of the neural
impacts of child maltreatment across multiple
studies.

Conclusions

In a meta-analysis of 1,733 individuals, hyperacti-
vation of the bilateral amygdala and parahippocam-
pal gyri, right insula, and right superior temporal
gyrus is related to child maltreatment. Going for-
ward, we need longitudinal studies to better under-
stand how maltreatment alters brain development.
Specifically, such studies would allow investigators
to identify the influence of important variables
including age of exposure, type of maltreatment,
duration of maltreatment, age at study participation,
gender, and study task design. Meanwhile, this
meta-analysis provides a more complete under-
standing of how early maltreatment impacts brain
development. Findings from this work may be used
in developing future hypotheses that involve struc-
tures beyond the amygdala and consider networks of
brain structures.
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Key points

• Maltreatment affects as many 25% of children and has long-term consequences for affective function.

• Most neuroimaging research of individuals with a history of child maltreatment has focused on the amygdala.
However, it is unclear how maltreatment impacts other areas of the brain.

• We found that child maltreatment is related to bilateral amygdala reactivity and is also related to altered
reactivity across several brain regions, including parahippocampal gyrus, insula, and superior temporal gyrus.

• These findings indicate that the neural consequences of child maltreatment extend beyond threat circuitry.

• Clinical research should consider the entire brain when investigating the neural consequences of child
maltreatment.
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