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Objective: Childhood maltreatment acts
as a severe stressor that produces a cascade
of physiological andneurobiological changes
that lead to enduring alterations in brain
structure. However, structural neuroimag-
ing findings have been inconsistent. The
authors conducted a meta-analysis of pub-
lished whole-brain voxel-based morphom-
etry studies in childhood maltreatment to
elucidate the most robust volumetric gray
matter abnormalities relative to compari-
son subjects to date.

Method: Twelve data sets were included,
comprising 331 individuals (56 children/
adolescents and 275 adults) with a history
of childhood maltreatment and 362 com-
parison subjects (56 children/adolescents
and 306 adults). Anisotropic effect size-
signed differential mapping, a voxel-based
meta-analytic method, was used to exam-
ine regions of smaller and larger gray
matter volumes in maltreated individuals
relative to comparison subjects.

Results: Relative to comparison sub-
jects, individuals exposed to childhood

maltreatment exhibited significantly
smaller gray matter volumes in the right
orbitofrontal/superior temporal gyrus ex-
tending to the amygdala, insula, and para-
hippocampal and middle temporal gyri
and in the left inferior frontal and post-
central gyri. They had larger gray matter
volumes in the right superior frontal and
left middle occipital gyri. Deficits in the
right orbitofrontal-temporal-limbic and
left inferior frontal regions remained in
a subgroup analysis of unmedicated par-
ticipants. Abnormalities in the left post-
central and middle occipital gyri were
found only in older maltreated individuals
relative to age-matched comparison subjects.

Conclusions: The findings demonstrate
that the most consistent gray matter
abnormalities in individuals exposed to
childhood maltreatment are in relatively
late-developing ventrolateral prefrontal-
limbic-temporal regions that are known
to mediate late-developing functions of
affect and cognitive control, which are
typically compromised in this population.

(Am J Psychiatry 2014; 171:854–863)

Individual differences in social, behavioral, and cogni-
tive functioning result from a combination of genetic and
environmental influences on brain development. De-
velopment of the brain, a highly plastic organ, is regulated
by genes but sculpted by environmental experiences (1).
Animal studies have shown that environmental factors have
an important impact on different aspects of brain develop-
ment, including the number of neurons, glial cells, dendrites,
and synapses;myelination; andneurotransmitter and growth
factor activity, all of which underlie behavior (2).

There is an increasing interest in understanding the
effects of early environmental adversity on the develop-
ing brain. Childhood maltreatment, which may include
physical, sexual, and emotional abuse as well as neglect,
is common in the United Kingdom, with prevalence rates
of 6.9% for severe physical abuse, 4.8% for sexual abuse,
and 9.8% for severe emotional and physical neglect (3).
Childhood maltreatment has been associated with a host
of neurocognitive consequences, such as low academic
performance and IQ and deficits in emotion and reward

processing, attention, and inhibitory control (4). Large-
scale epidemiological studies have reported that child-
hood adversities, including childhood maltreatment, are
significantly associated with first onsets of a wide range of
psychiatric disorders over the life course, notably mood,
anxiety, and substance use disorders (5, 6).
The human brain continues its development during

childhood through processes of synaptic remodeling,
activity-dependent myelination, and programmed cell
death, which affect the organization of both gray and
white matter (7). Neural plasticity due to experience is
substantial, with graymatter being less heritable andmore
affected by early environment than white matter (8). For
instance, children from low-income households have
smaller and slower growth trajectories in parietal and
frontal gray matter volumes than children from middle-
and high-income households despite there being no
difference at birth, and these trajectories are related to
greater behavior problems (9). Also, early stress and ex-
posure to traumatic events has been shown to adversely
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affect the nature and trajectory of normal brain devel-
opment (4), particularly in late-developing frontal, tem-
poral, and basal ganglia structures (10, 11).
A better understanding of the neurobiological conse-

quences of childhood maltreatment will indirectly inform
our understanding of how early-ife adversities can lead to
the emergence of psychiatric conditions. It may also lead to
heightened awareness of maltreatment’s biological conse-
quences to brain development and lead to better prevention
strategies and targeted treatment to reverse the experience-
induced neurobiological abnormalities in those affected.
Modern neuroimaging methods such as MRI have revealed

smaller volumes in several brain regions in individuals exposed
to childhood maltreatment relative to unexposed compari-
son subjects, including the prefrontal cortex, hippocampus,
amygdala, anterior cingulate cortex, corpus callosum, and
cerebellum (12), suggesting that fronto-limbic areasmay be
the most compromised. However, the majority of studies
have used a region-of-interest analysis approach, testing
predominantly for frontal and limbic abnormalities (13–17).
Examining previously defined regions of interest limits

the search to regions hypothesized a priori, thereby pro-
viding a biased and inappropriately constrained character-
izationof anatomy (18).Hence, studies are increasingly using
whole-brain analysis and have reported gray matter volume
deficits in areas similar to those identified by region-of-
interest studies in maltreated individuals, such as the
prefrontal cortex (including the dorsolateral prefrontal,
orbitofrontal, andmedial prefrontal cortices) and the tem-
poral and anterior cingulate cortices, as well as other areas
not commonly examined in region-of-interest studies, such
as the thalamus, the insula, and the parietal and occipital
cortices (19–25). Only one region-of-interest study (26), on
intimate partner violence, reported an association between
smaller occipital gray matter volume and childhood mal-
treatment. Whole-brain-analysis studies have also reported
larger gray matter volumes for some areas identified by
region-of-interest studies inmaltreated individuals, such as
the cerebellum and the prefrontal, posterior cingulate, and
superior temporal cortices, as well as areas not commonly
examined in region-of-interest studies, such as the occipital
and parahippocampal gyri (13, 21). In addition, similar to
region-of-interest studies that, with the exception of one
study (14), found no basal ganglia deficits (16, 27), only two
whole-brain-analysis studies reported basal ganglia deficits
in healthy individuals exposed to childhood maltreatment
(22, 23). Abnormalities in limbic areashavealsobeenobserved,
butmostly in region-of-interest studies. Thus, abnormalities
of the amygdala and the glucocorticoid receptor-rich hip-
pocampus have commonly been found in region-of-interest
studies of childhood maltreatment (15, 16, 28–32), but only
two whole-brain-analysis studies have reported deficits in
the hippocampus (31, 33) and none have reported deficits in
the amygdala.
Given this variability in the literature, our aim in this

preliminary meta-analysis of whole-brain voxel-based

morphometry studies of structural abnormalities in child-
hoodmaltreatment was to determine which areas are most
consistently affected in these maltreated individuals across
studies that used whole-brain imaging analyses.

Method

Study Selection

Using PubMed, ScienceDirect, Web of Knowledge, and Scopus,
we conducted a comprehensive literature search of studies pub-
lished up to January 2014 that usedwhole-brainmorphometric com-
parisons between individuals exposed to childhood maltreatment
and unexposed comparison subjects. The search terms were “child-
hoodmaltreatment,” “child abuse,” and “early stress” or “childhood
adversities” plus “structural gray matter,” “voxel-based morphom-
etry,” or “whole-brain.” Studies that used fewer than 10 patients
were excluded. In some cases, we obtained from the study authors
additional details essential for the meta-analysis (i.e., peak coor-
dinates) that were not included in the original publications. In our
analyses, we followed the guidelines from the Meta-Analysis of
Observational Studies in Epidemiology group (34).

Comparison of Regional Gray Matter Volume

Regional differences in gray matter volume between individ-
uals exposed to childhood maltreatment and unexposed com-
parison subjects were analyzed using the Anisotropic Effect
Size version of the Signed Differential Mapping (Anisotropic
ES-SDM) software package (www.sdmproject.com), which employs a
voxel-based meta-analytic approach that is based on, and improves
on, other existing methods (35, 36). Anisotropic ES-SDM uses the
reported peak coordinates and effect sizes to recreate, based on
the spatial correlation between neighboring voxels, brain maps of
the effect size of the volume differences between individuals exposed
to childhood maltreatment and comparison subjects, rather than just
assessing the probability or likelihood of a peak, and accounts for
sample size and variance as well as between-study heterogeneity.
These unique features make SDM an optimal method for comparing
two groups without biasing the results toward those brain regions that
show more interstudy heterogeneity.

The SDM methods have been described in detail elsewhere
(35, 36) and are briefly summarized here. First, peak coordinates
and effect sizes (derived, for example, from t values) of gray
matter differences between maltreated individuals and compar-
ison subjects were extracted from each data set. Notably, those
peaks that did not appear statistically significant at the whole-
brain level were excluded; that is, while different studies may
employ different thresholds, we ensured that the same statistical
threshold throughout the brain was used in each study. This was
intended to avoid biases toward liberally thresholded brain re-
gions, which is common for regions of interest. Second, a stan-
dard Montreal Neurological Institute map of the differences in
gray matter was separately recreated for each study by means of
an anisotropic Gaussian kernel, which assigns higher effect sizes
to the voxels more correlated with peaks. This anisotropic kernel
has been found to optimize the recreation of the effect size maps,
and at the same time it is robust because it does not depend on
a full width at half maximum (36). Third, a map of the effect size
variance was derived for each study from its effect size map and
its sample size. Fourth, the mean map was obtained by voxel-
wise calculation of the random-effects mean of the study maps,
weighted by the sample size and variance of each study and the
between-study heterogeneity.

In addition, a jackknife sensitivity analysis was conducted to
assess the reproducibility of the results by iteratively repeating
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the same analysis, excluding one data set at a time to establish
whether the results remained significant (37). Similarly, a hetero-
geneity analysis was conducted to determine whether there was
significant unexplained between-study variability within the re-
sults (35). Finally, we conducted a subgroup analysis on studies

that used unmedicated participants only, as well as meta-regression
analyses with age and gender as regressors (37). Statistical sig-
nificance was determined using standard randomization tests,
thus creating null distributions from which p values can be di-
rectly obtained (35).

TABLE 1. Demographic and Clinical Characteristics of the 12 Voxel-Based Morphometry Studies Included in the Meta-
Analysisa

Exposed to Childhood Maltreatment (N=331)

Study N

Mean
Age

(Years)
%

Male Comorbid Disorders
Maltreatment

Typesb

Onset
Age

(Years)
Duration
(Years)

Child/adolescent samples
Carrion

et al. (13)
24 11.0 58 PTSD, 50%; sub-PTSD, 50%;

depression, 17%; social
phobia, 13%; ADHD, 13%;
separation anxiety disorder,
8%; generalized anxiety
disorder, 8%; simple
phobia, 8%

WV, PA, SA, EA, PN NR NR

De Brito
et al. (24)

18 12.0 61 0c PA, N, SA, EA 1.9–5 2.7–7.3

Liao et al. (25) 14 17.0 50 Generalized anxiety
disorder, 100%

PA, SA, EA, EN, PN NR NR

Adult samples
Tomoda

et al. (40)
23 21.7 65 ADHD, 4% HCP 3.9 8.5

Tomoda
et al. (19)

23 20.2 0 Major depression, 17%; PTSD,
17%; depersonalization
disorder, 4%

SA 2–15 4.1

van Harmelen
et al. (41)

84 38.7 35 Major depression, 77%;
anxiety disorders, 68%

EN, EA NR NR

Landré
et al. (39)

17 24.9 0 PTSD, 100%; major depression,
47%; suicidal risk, 65%;
agoraphobia, 19%;
addiction, 6%

SA NR NR

Thomaes
et al. (31)

31 35.3 0 PTSD, 100%; other
anxiety disorders, 70%;
major depression, 64%;
eating disorders, 8%;
other mood disorders,
9%; borderline personality
disorder, 33%; cluster C
personality disorder, 30%

SA, PA NR NR

Tomoda
et al. (42)

21 21.2 43 mood disorders, 48%;
anxiety disorders, 24%

PVA NR NR

Tomoda
et al. (20)

22 21.8 27 Major depression, 41%;
anxiety disorders, 32%;
PTSD, 18%; eating
disorders, 9%; personality
disorders, 5%

WDV NR 9.8

Chaney
et al. (33)

30 41.7 57 Major depression, 67%;
healthy control, 33%

PA, SA, EA, EN, PN NR NR

Sheffield
et al. (43)

24 41.7 33 Psychotic disorders, 100%;
anxiety disorders, 46%;
PTSD, 29%; OCD, 17%;
panic disorder, 8%; eating
disorder, 8%; generalized
anxiety disorder, 4%

SA NR NR

a ADHD=attention deficit hyperactivity disorder; NR=not reported; OCD=obsessive-compulsive disorder; PTSD=posttraumatic stress disorder;
SSRIs=selective serotonin reuptake inhibitors.

b Types of maltreatment: EA=emotional abuse; EN=emotional neglect; HCP=harsh corporal punishment; N=neglect; PA=physical abuse;
PN=physical neglect; PVA=parental verbal abuse; SA=sexual abuse; WDV=witnessed domestic violence; WV=witnessed violence.

c Participants in the De Brito et al. study (24) all reported no psychiatric diagnoses and are matched on anxiety, depression, and PTSD
symptoms.
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Results

Included Studies and Sample Characteristics

The search yielded 17 studies,five ofwhichwere excluded:
two of these computed correlations within a maltreated
sample only, without a comparison group (22, 23); one study
was part of a larger study on family risk for depression that
included only four individuals who experienced emotional
abuse (29); one genetic study on childhood adversity

consisted of 11% of childhood maltreatment cases while
most participants had experienced other stressors, such as

moving house and death of a parent (38); and one study

used a tensor-based morphometry analysis (21). Thus, 12
studies were included in the final meta-analysis, compris-
ing 331 individuals exposed to childhood maltreatment
and 362 comparison subjects. Of the 12 studies, nine con-
sisted of adult and three of child/adolescent samples.
Overall, the studies included 581 adults (306 comparison

Exposed to Childhood Maltreatment (N=331) Unexposed Comparison Subjects (N=362)

Mean IQ Medications N

Mean
Age

(Years) % Male
Comorbid
Disorders

Mean
IQ

90.0 Stimulants and/or
SSRIs, 21%

24 11.0 58 0 105

103.7 0 20 12.6 50 0 109.2

NR 0 12 16.7 50 Generalized anxiety
disorder, 100%

NR

119.5 0 22 21.7 27 0 118.7

NR 0 14 19.0 0 0 NR

NR 0 97 36.6 33 Major depression,
43%; anxiety
disorders, 41%

NR

NR 0 17 24.7 0 0 NR

NR Fluoxetine, 64%;
benzodiazepines, 48%

28 35.2 0 0 NR

119 0 19 21.1 37 0 122.8

120.2 0 30 21.6 27 0 123.6

NR SSRIs, 32%, venlafaxine
or mirtazapine, 12%

53 36.3 32 Major depression,
32%; healthy
control, 68%

NR

94.7 Chlorpromazine, 93% 26 38.2 50 0 103.7
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subjects) and 112 children/adolescents (56 comparison
subjects). Nine of the studies included males and females,
and three (19, 31, 39) included only females. All studies
excluded participants with substance abuse or medical
conditions that could adversely affect growth and de-
velopment. All except one study (24) included maltreated
individuals with psychiatric comorbidities, and eight stud-
ies recruited only unmedicated participants. The studies
examined various forms of childhood maltreatment, in-
cluding sexual, physical, and emotional abuse; neglect;
witnessed domestic violence; parental verbal abuse; and
harsh corporal punishment. No significant differences in
age were found between participants exposed to childhood
maltreatment and comparison subjects, reflecting the group
matching in the original studies. Table 1 summarizes the
participants’ demographic and clinical characteristics. All
studies had received ethical approval from their respective
ethics boards.

Regional Differences in Gray Matter Volume

Data were obtained from all 12 studies included in the
meta-analysis. As shown in Table 2 and Figure 1, individuals
exposed to childhood maltreatment, relative to unexposed
comparison subjects, had significantly smaller gray matter
volumes in the right orbitofrontal/superior temporal gyrus
extending to the amygdala, insula, and parahippocampal
andmiddle temporal gyri and in the left inferior frontal, left
postcentral, and rightmiddle temporal gyri. They had larger
gray matter volumes in the right superior frontal and left
middle occipital gyri. However, the larger volumes in these
regions should be interpreted with caution, as they were
driven by one study (33).

Reliability and Subgroup Analyses

Jackknife sensitivity analyses revealed that the deficits in
the right orbitofrontal/superior temporal gyrus were highly
robust, as they were replicable in all 12 studies; abnormal-
ities in the left postcentral, left middle occipital, and right
superior frontal gyriwerehighly replicable, as they remained
significant in 11 combinations of studies, and smaller vol-
ume of the left inferior frontal gyrus remained significant in
10 combinations of studies. (Details of the analysis are pro-
vided in Table S1 in the online data supplement.)

Analysis of heterogeneity showed that there was sig-
nificant unexplained between-study variability in the right
orbitofrontal/superior temporal, left inferior frontal, and
postcentral gyri.

In the subgroup analysis of unmedicated participants,
the deficits in the right orbitofrontal/superior temporal,
left inferior frontal, and right middle temporal gyri re-
mained, and no regions were enhanced in volume.

Meta-Regression Analyses: Effects of Age and Gender

Information on both age and gender was available for all
12 data sets. Using a stringent threshold of p,0.0005 to
minimize spurious findings, age was negatively correlated
with left postcentral occipital gray matter volume (x=256,

y=210, z=26; SDM value=22.15, p=0.00005; 255 voxels) and
positively correlated with left middle occipital gray matter
volume (x=214, y=294, z=14; SDM value=1.79, p=0.00007;
368 voxels). Smaller postcentral and larger middle occipital
gray matter volumes were found in older but not younger
maltreated individuals relative to age-matched comparison
subjects. There were no significant gender differences.

Discussion

To our knowledge, this is the first preliminary meta-
analysis of whole-brain voxel-based morphometry studies
in childhood maltreatment. Maltreated individuals, rela-
tive to comparison subjects, exhibited significantly smaller
gray matter volumes in the right orbitofrontal/superior
temporal gyrus extending to the amygdala, insula, and
parahippocampal andmiddle temporal gyri and in the left
inferior frontal, postcentral, and right middle temporal
gyri. They also had larger gray matter volumes in the right
superior frontal and left middle occipital gyri. Deficits in
the right orbitofrontal-temporo-limbic and left inferior
frontal regions remained in the subgroup analysis of un-
medicated participants. Age was negatively correlated with
left postcentral and positively correlated with left middle
occipital gray matter volumes.
These whole-brain meta-analysis findings highlight the

detrimental effects of childhood maltreatment on several
brain regions, including the ventral prefrontal, temporal,
and limbic regions, consistent with previous region-of-interest
and whole-brain-analysis structural imaging studies. Al-
though many of the previous whole-brain-analysis studies
did not directly report abnormalities in the amygdala and
hippocampus, four of the included studies (24, 31, 33, 43)
reported clusters that included the right amygdala/
parahippocampal gyrus, although their peaks, as in this
study, were located in nearby regions.
The findings thus demonstrate that childhoodmaltreatment

is associated with abnormalities in the right orbitofrontal-
temporo-limbic regions that form the paralimbic system,
which is known to be implicated in affect andmotivational
processing and the self-regulation of social-emotional be-
haviors (44–46). Maltreated individuals also exhibited defi-
cits in the left inferior frontal gyrus, which is part of the
ventral attention system and a key area of cognitive control
(47), mediating saliency detection, action selection, switch-
ing, inhibition, and sustained attention (48–50).
The abnormalities in the paralimbic network of affect

control in the maltreated individuals could possibly be
related to the typical development of common psychiatric
comorbidities, particularly depression and posttraumatic
stress disorder (PTSD), which have also been associated
with gray matter abnormalities in these orbitofrontal and
limbic regions (51, 52).
The meta-analytic association between childhood mal-

treatment and structural abnormalities in these regions
is further underpinned by findings of direct correlations
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between severity or duration of maltreatment and brain
volumetric abnormalities in these regions in individual
studies. For instance, left inferior prefrontal volume was
negatively correlated with sexual abuse severity (43). Amygdala
volumes were inversely associated with time spent in
institutions (15) and positively associated with age at
adoption (16) in severely deprived children/adolescents.
Hippocampal volumes were negatively correlated with
duration (53) and severity (30) of childhoodmaltreatment.
Left and right occipital volumes were negatively correlated
with the duration of the childhood sexual abuse that
occurred before age 12 (19). Furthermore, large-sample
studies using whole-brain regression analysis in healthy
adolescents and adults also reported a correlation between
childhood maltreatment exposure and smaller corticostriatal-
limbic gray matter volumes (22, 23).
Therefore, it is likely that the abnormalities we observed

here in the orbitofrontal-temporo-limbic regions, which

mediate affect control, and in the left inferior frontal gyrus,
which mediates cognitive control, underlie the consistently
observed neuropsychological deficits associated with child-
hood maltreatment, such as emotion and reward process-
ing (54, 55), attention, and inhibitory control (56, 57).
This relationship is further supported by functional MRI

(fMRI) studies of childhood maltreatment finding abnor-
mal activations in orbitofrontal-limbic regions during
affect processing and in inferior frontal regions during
response inhibition and attention tasks. For instance,
predominantly right amygdala and insula hyperrespon-
siveness to negative facial expressions has consistently
been observed in maltreated children/adolescents (58–60)
and adults (61) relative to healthy subjects, together with
lower orbitofrontal activation in severely deprived chil-
dren (62) and healthy adults exposed to childhood physical
abuse (63), suggesting a deficit in their emotion-regulation
abilities. Also, in a recent large correlational fMRI study

TABLE 2. Gray Matter Volume Differences in Participants Exposed to Childhood Maltreatment Relative to Unexposed
Comparison Subjectsa

Local Maxima

Cluster Peak (Size)
Cluster Breakdown

(Brodmann’s Area; Size) Region (Brodmann’s Area) MNI Coordinates SDM Value pb

Participants with childhood maltreatment , comparison subjects
Right orbitofrontal/ superior
temporal gyrus (506 voxels)

Right superior temporal gyrus
(BA 38; 283 voxels)

Right superior temporal
gyrus (BA 38)

32, 12, –26 –1.556 0.0005

Right inferior orbitofrontal
gyrus (BA 47; 67)

Right parahippocampal
gyrus (BA 36)

30, –6, –30 –1.219 0.004

Right insula (37 voxels)
Right middle temporal gyrus
(BA 21; 31 voxels)

Right amygdala (18 voxels)
Right parahippocampal gyrus
(BA 36; 11 voxels)

Left inferior frontal gyrus
(131 voxels)

Left inferior frontal gyrus
(BA 44/45; 80 voxels)

Left inferior frontal gyrus
(BA 45)

–44, 18, 12 –1.384 0.002

Left inferior frontal gyrus
(BA 45; 49 voxels)

Left inferior frontal gyrus
(BA 44)

52, 12, 6 –1.27 0.003

Left postcentral gyrus
(625 voxels)

Left postcentral gyrus
(BA 43/4/3/2; 482 voxels)

Left postcentral gyrus
(BA 43)

–60, –10, 20 –1.555 0.0005

Left precentral gyrus
(BA 4/3/5; 139 voxels)

Left postcentral gyrus
(BA 43)

–60, –12, 30 –1.555 0.0005

Left postcentral gyrus
(BA 43)

–58, –14, 26 –1.555 0.0005

Right middle temporal
gyrus (61 voxels)

Right middle temporal gyrus
(BA 21/22; 60 voxels)

(BA 21) 60, –34, 0 –1.285 0.003

Participants with childhood maltreatment . comparison subjects
Right superior frontal
gyrus (106 voxels)

Right superior frontal gyrus
(BA 9; 44 voxels)

Right superior frontal
gyrus (BA 9)

16, 68, 18 1.128 0.0003

Right medial superior frontal
gyrus (BA 10; 62 voxels)

Left middle occipital
gyrus (162 voxels)

Left middle occipital gyrus
(BA 18; 108 voxels)

Left middle occipital
gyrus (BA 18)

–28, –66, 32 1.139 0.0002

Left inferior parietal gyrus
(BA 40; 20 voxels)

Left middle occipital
gyrus (BA 18)

–30, –60, 34 1.139 0.0002

Left angular gyrus (BA
39; 14 voxels)

Left superior occipital gyrus
(BA 19; 7 voxels)

a BA=Brodmann’s area; MNI=Montreal Neurological Institute; SDM=Signed Differential Mapping.
b Uncorrected p.
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of healthy adults, childhood maltreatment scores were
strongly correlated with right amygdala and insula re-
sponsiveness to fearful/angry (23) and sad (64) faces.
Women with sexual abuse-related PTSD exhibited over-
activation of the left inferior frontal gyrus, which was
absent in healthy subjects, during the processing of trauma-
related words (65). In cognitive inhibition tasks, adopted
adolescents who experienced childhood maltreatment
showed greater activation in the left inferior frontal gyrus
than did healthy subjects (66). Finally, resting-state func-
tional connectivity studies have also reported lower
prefrontal-limbic connectivity in individuals exposed to
childhood maltreatment compared with healthy subjects
(67–69), and this lower connectivity has in turn been found
to mediate the development of internalizing symptoms
(68). Thus, the structural findings of orbitofrontal-limbic
and inferior frontal deficits in childhood maltreatment
may be associated with the observed functional abnor-
malities in the same regions during affect and cognitive
control, respectively.

Interestingly, themeta-regression analysis showed an age
effect on smaller postcentral gray matter volume that was
observed only in older maltreated participants. Childhood
maltreatment has been associated with abnormal develop-
ment of the sensory systems that relay adverse sensory
experiences. For instance, women who experienced child-
hood sexual and emotional abuse had thinner left somato-
sensory cortex surrounding the regions representing the
clitoris and the face, respectively, which suggests that the
developing brain may adapt to shield the child by sensory
gating of abusive experiences (70). Thus, decreased so-
matosensory volume may represent atrophy due to child-
hood maltreatment and may not manifest until adulthood,
as found in the present meta-analysis.

The human brain is a highly plastic organ that is con-
tinually modified by experience and undergoes changes in
structure and function across the lifespan. Given that the
orbitofrontal, inferior frontal, and superior temporal gyri
develop relatively late (by late adolescence) (10, 71, 72),
these regions may be more susceptible to impairment in
individuals with early adversities. Diffusion tensor imaging

studies have shown that the orbitofrontal-temporo-limbic
white matter tracts that mediate affect control and the
inferior frontal-temporal white matter tracts that mediate
complex cognitive functions, such as executive function-
ing and attention, are late developing, beyond childhood
and adolescence, and reach their maturity in mid-
adulthood (73, 74). Thus, our meta-analytic finding of an
association between childhood maltreatment and gray
matter abnormalities in regions that form these late-
developing orbitofrontal-temporo-limbic affective and
inferior frontal cognitive networks suggests an environ-
mentally triggered disturbance in the normal develop-
ment of these networks that may underlie the cognitive
and emotional problems that develop as a consequence of
early adversities. Furthermore, the findings were not
confounded by medication, as they survived the subgroup
analysis of unmedicated participants. Finally, childhood
maltreatment may also affect and delay the normal de-
velopment of the sensory regions, although the abnor-
malities may not manifest until adulthood.

Limitations

This meta-analysis has several limitations, some of
which are inherent to meta-analyses. First, it was based
on peak coordinates and effect sizes from published
studies, rather than raw statistical brain maps, and this
approach may result in less accurate results (35). Second,
different studies used different statistical thresholds.
Third, while voxel-wise meta-analytic methods provide
excellent control for false positive results, false negative
results are more difficult to avoid (35). Fourth, there are
some inherent limitations to the voxel-based morphom-
etry method, such as reduced effectiveness in detecting
spatially complex and subtle group differences (75). Fifth,
we were unable to assess whether age at onset or duration
of childhood maltreatment was associated with any of the
reported structural changes because the included studies
did not report that information.
Among other limitations is the heterogeneity of mal-

treatment types included in most studies of neglect and
sexual, physical, and emotional abuse, which makes it

FIGURE 1. Regions of Gray Matter Volume Differences in Participants Exposed to Childhood Maltreatment Relative to
Unexposed Comparison Subjectsa

–30 –20 –10 0 10 20 30 40

a Slices are shown in axial view and marked with the z coordinate as distance in millimeters from the anterior-posterior commissure. The right
side of the image corresponds to the right side of the brain. Smaller volumes are indicated in red and larger volumes in blue.
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impossible to disentangle the specific effect of each type of
maltreatment on the brain. It is plausible that exposure to
single types of maltreatment, depending on the nature of
the abusive experience, is associated with more specific
alterations in regions that are crucial to the perception and
processing of the adverse experience, whereas exposure
to multiple forms of maltreatment is more commonly
associated with morphological alterations in cortico-
limbic regions (20, 70). Also, all except one study included
maltreated participants with comorbid psychiatric con-
ditions, making it impossible to determine the specific
effect of childhood maltreatment independent of psychi-
atric comorbidities. All studies were cross-sectional, and
hence the meta-analytic findings are still correlational.
The included studies also differed in their recruitment
criteria, with some studies recruiting maltreated partic-
ipants meeting criteria for specific psychiatric disorders
(13, 25, 31, 33, 39, 41, 43) and others recruiting maltreated
participants regardless of psychiatric outcome (19, 20, 24,
40, 42); the latter approach is more likely to provide an
unbiased perspective of the effects of childhood maltreat-
ment. However, a strength is that all the studies excluded
participants with substance abuse andmedical conditions
that could adversely affect growth and development. Also,
it must be noted that there was between-study heteroge-
neity in nearly all main findings of the meta-analysis.
Meta-regression analyses allowed us to explain some of
this variability; for example, we found that older but not
younger maltreated individuals had smaller postcentral
gray matter volumes relative to age-matched comparison
subjects. The remaining heterogeneity should be viewed
with some caution, because heterogeneity may be supra-
estimated in SDM when peaks from the different studies
are spatially very close to a voxel, as individual study effect
size estimates are either very large (i.e., similar to those of
the peaks) or null (i.e., in studies without peaks close to the
voxel). Lastly, meta-analytic results may change in the
future as more studies using whole-brain-analysis meth-
ods are included.

Conclusions

Our meta-analytic findings show that the most consis-
tent structural abnormalities in childhood maltreatment
are in right orbitofrontal-temporo-limbic and left inferior
frontal regions,which likely underlie the observeddeficits in
affect and cognitive control. Insights into the neurobio-
logical abnormalities associated with early environmental
adversities such as childhoodmaltreatment are important,
as they emphasize the devastating consequences of early
environmental adversities on brain development. Hope-
fully, such findings will aid in future developments to
minimize environmental risk in early life and to develop
strategies that strengthen resilience as well as treatments
to normalize these experience-induced morphological
alterations.
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