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Effect of Early Adversity and Childhood Internalizing
Symptoms on Brain Structure in Young Men
Sarah K. G. Jensen, MSc; Erin W. Dickie, PhD; Deborah H. Schwartz, MA; C. John Evans, PhD;
Iroise Dumontheil, PhD; Tomáš Paus, MD, PhD; Edward D. Barker, PhD

IMPORTANCE Early adversity is an important risk factor that relates to internalizing symptoms
and altered brain structure.

OBJECTIVE To assess the direct effects of early adversity and child internalizing symptoms (ie,
depression, anxiety) on cortical gray matter (GM) volume, as well as the extent to which early
adversity associates with variation in cortical GM volume indirectly via increased levels of
internalizing symptoms.

DESIGN, SETTING, AND PARTICIPANTS A prospective investigation of associations between
adversity within the first 6 years of life, internalizing symptoms during childhood and early
adolescence, and altered brain structure in late adolescence (age, 18-21 years) was conducted
in a community-based birth cohort in England (Avon Longitudinal Study of Parents and
Children). Participants from the cohort included 494 mother-son pairs monitored since the
mothers were pregnant (estimated date of delivery between April 1, 1991, and December 31,
1992). Data collection for the present study was conducted between April 1, 1991, and
November 30, 2010; the neuroimaging data were collected between September 1, 2010, and
November 30, 2012, and data analyses for the present study occurred between January 25,
2013, and February 15, 2015. Risk factors were adversity within the first 6 years of the child’s
life (including prenatal exposure) and the child’s internalizing symptoms between age 7 and
13 years.

EXPOSURES Early childhood adversity.

MAIN OUTCOMES AND MEASURES The main outcome was GM volume of cortical regions
previously associated with major depression measured through T1-weighted magnetic
resonance images collected in late adolescence.

RESULTS Among 494 young men included in this analysis, early adversity was directly
associated with lower GM volumes in the anterior cingulate cortex (β = −.18; P = .01) and
higher GM volume in the precuneus (β = .18; P = .009). Childhood internalizing symptoms
were associated with lower GM volume in the right superior frontal gyrus (β = −.20;
P = .002). Early adversity was also associated with higher levels of internalizing symptoms
(β = .37; P < .001), which, in turn, were associated with lower superior frontal gyrus volume
(ie, an indirect effect) (β = −.08; 95% CI, −0.14 to −0.01; P = .02).

CONCLUSIONS AND RELEVANCE Adversity early in life was associated with higher levels of
internalizing symptoms as well as with altered brain structure. Early adversity was related to
variation in brain structure both directly and via increased levels of internalizing symptoms.
These findings may suggest that some of the structural variation often attributed to
depression might be associated with early adversity in addition to the effect of depression.
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A dversity early in life is associated with both altered brain
structure and increased risk of developing internaliz-
ing symptoms (ie, depression, anxiety).1-4 Previous

studies4-9 have shown that childhood adversity, including
stressful life events, maltreatment, abuse, and domestic vio-
lence, are associated with structural variation in gray matter
(GM) in the brain. The effect of early adversity on the brain has
long been suggested to relate to neurobiological sequelae as-
sociated with excessive stress. For example, many studies10,11

have linked adversity during childhood (eg, poverty, cumula-
tive risk exposures) to the later allostatic load (ie, “the wear
and tear” of the body) associated with stress. Allostatic load
is, in turn, associated with both increased risk of depression12

and stress-induced structural remodeling of the brain.13

Studies14,15 examining structural variation in GM in pa-
tients with depression vs healthy individuals have found that
some of the structural variation in the depressed patients cor-
relates with experiences of early adversity. Hence, it has been
suggested14 that some of the structural brain variation usu-
ally attributed to depression may also relate to the effect of early
adversity on the brain. In line with this hypothesis, a recent
study9 found that early maltreatment was indirectly related
to altered brain structure via the presence of psychiatric dis-
order during childhood (not differentiating between external-
izing and internalizing symptoms). A limitation of previous ad-
versity-brain research, however, is the use of retrospective
reports of early adversity, which hinders the examination of
prospective and indirect associations.

The aim of the present study was to examine how ad-
verse experiences within the first 6 years of life relate prospec-
tively to variations in cortical GM volume in adolescent males,
both directly and indirectly, via increased levels of childhood
internalizing symptoms. Past neuroimaging literature on de-
pression has tended to focus on subcortical structures, such
as the hippocampus and amygdala, and it has been suggested16

that this focus may have placed too much emphasis on sub-
cortical structures in depression compared with cortical struc-
tures. Meta-analyses16-18 applying a whole-brain approach sug-
gest that cortical regions may be implicated in depression in a
more consistent manner than subcortical regions. The pre-
sent study therefore focused on cortical regions, which also
allowed for the explorative examination of regional thick-
ness and surface area measures. The distinction between sur-
face area and thickness is a relatively novel approach that has
not been widely applied in depression and adversity studies.
Moreover, the distinction may be important in longitudinal
studies since the surface area and cortical thickness are de-
velopmentally independent19 and may vary in timing of sen-
sitivity toward adverse environments. Studies20 of nonhu-
man primates have shown that the expansion of the cortical
surface area occurs earlier than corresponding changes in cor-
tical thickness. In humans, longitudinal studies21,22 have shown
a substantial expansion of cortical surface area and GM vol-
ume and a more moderate increase in cortical thickness21

within the first 2 years of life. Longitudinal studies23 assess-
ing GM development from the age of 5 years have demon-
strated increases in both cortical thickness and surface areas
until late childhood or early adolescence. To the best of our

knowledge, no published research has examined the contri-
bution of variation in the surface area and cortical thickness
to volumetric effects of adversity before the age of 6 years. This
study focused on adversity during childhood because longi-
tudinal studies, including those cited above, have shown that
cortical GM volume continues to undergo structural develop-
ment throughout early childhood.21-23

Methods
Sample
The Avon Longitudinal Study of Parents and Children
(ALSPAC) is an ongoing, population-based study designed to
investigate the influence of various risks on the development
and health of children. Pregnant women residing in the for-
mer Avon Health Authority in southwest England who had an
estimated date of delivery between April 1, 1991, and Decem-
ber 31, 1992, were invited to participate, resulting in a cohort
of 14 541 pregnancies.24,25 Approval for the study was ob-
tained from the ALSPAC Law and Ethics Committee and the
local research ethics committees. More information on
ALSPAC is available (http://www.bris.ac.uk/alspac/). Data col-
lection for the present study started on April 1, 1991, and con-
tinued until the last neuroimaging data were collected on No-
vember 30, 2012. Data analysis was performed between
January 25, 2013, and February 15, 2015. All participants gave
written consent to participate and received financial compen-
sation.

A total of 507 young men (age, 18-21 years; mean [SD], 19.63
years [1.84 months]) underwent magnetic resonance imaging
(MRI). This sample was restricted to male participants be-
cause the National Institutes of Health–funded project, for
which the neuroimaging data were collected, examined asso-
ciations between axons, testosterone, and mental health. Par-
ticipants were selected based on their current domicile being
within a 3-hour journey (1 way) from the scanning site and the
availability of 3 blood samples obtained between ages 9 and
17 years for sex hormone assays.26 The sample included the
first 507 participants who met these criteria and accepted the
invitation to take part in the MRI substudy. We excluded 14
individuals owing to a failure to pass quality control of the Free-
Surfer-based image-analysis pipeline (as described below),
leaving 494 mother-son pairs.

At a Glance

• The extent to which brain structure variation typically associated
with depression may also relate to early experiences of stress
was examined within a large (n = 494) longitudinal birth cohort.

• The study found that early adverse experiences predicted lower
gray matter volume in the anterior cingulate cortex and greater
gray matter volume in the precuneus in adolescence.

• Early adversity was indirectly associated with lower gray matter
volume in the superior frontal gyrus via higher levels of
internalizing symptoms.

• These results indicate that early childhood adversity is associated
with altered brain structure, and the effects of depression on the
brain may partly relate to early adversity.
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Outcome Measures
Early Adversity
When the children were aged 8, 21, 33, 47, 61, and 73 months,
their mothers reported on 37 family adversities, including in-
terpersonal loss, family instability, and abuse toward the child
and/or mother (full list is available in eAppendix 1 in the Supple-
ment). At each time point, we counted the number of adver-
sities to create a cumulative index ranging from 0 to 37.

Internalizing Symptoms
Prepubertal and early pubertal levels of internalizing symp-
toms (depressive and/or anxiety symptoms) were assessed via
maternal reports when the boys were aged 7, 10, and 13 years
using the Development and Well-being Assessment (eAppen-
dix 1 in the Supplement).27

Sample Differences
We tested for differences between the neuroimaging sub-
sample (N = 494) and the total sample (n = 14 541) on the study
variables. The number of participants with relevant informa-
tion ranged from 7278 to 10 744 in the full sample and from
429 to 462 in the brain imaging subsample. Participants in the
subsample did not differ significantly from those in the full
sample in terms of exposure to early adversity or level of in-
ternalizing symptoms at age 7 or 10 years, but they had higher
levels of internalizing symptoms at age 13 years (odds ratio, 1.19;
95% CI, 1.04-1.36).

Selection of Regions of Interest
To identify relevant brain regions, we used a meta-analytic
technique called activation likelihood estimation (ALE)
computed in GingerALE, version 2.1.28 GingerALE was used
to identify, in a systematic manner, regions of interest
(ROIs) that have shown consistently (across multiple
studies29) lower glucose metabolism (hypometabolism) in
patients with depression compared with individuals serving
as healthy controls. An ROI-based approach has several
advantages: (1) it limits the analyses to brain regions that are
thought to be relevant to depression, thereby reducing the
risk of false-positive and false-negative results, and (2)
extraction of ROI data permits our complex longitudinal
modeling approach.

We examined studies of variation in glucose metabolism
at rest, rather than studies of brain structure because we
believe these can provide an unbiased identification of func-
tionally relevant neural substrates of depression. Glucose
metabolism at rest can reflect altered neural processing ten-
dencies in patients with depression in the absence of a task.
Such altered neural processing tendencies may, over devel-
opmental time or progression of depression, lead to altered
brain structure in the same way that functional recruitment
associated with the practice of a new skill (eg, juggling) leads
to altered brain structure.30 Indeed, previous studies of
depressed patients have found that altered glucose metabo-
lism often overlaps with structural variation in the same
brain regions.29

The ALE was based on data obtained from 14 studies (eRef-
erences in the Supplement) using fluorodeoxyglucose F 18 posi-

tron emission tomography performed at rest. More informa-
tion on the ALE and inclusion criteria as well as included studies
is available in eAppendix 2 and eTable 1 in the Supplement.
Thirteen studies (eReferences in the Supplement) met the
inclusion criteria, resulting in a sample size of 271 depres-
sive patients and 193 controls. The ALE probability map was
thresholded using a minimum cluster of 500 mm3 and a
false discovery rate of q = 0.5, which resulted in 17 clusters.
Large clusters encompassing multiple local maxima were
divided into smaller regions, and medial clusters were
divided into separate regions for each hemisphere. This left
30 cortical ROIs (Table 1, Figure 1, and the eFigure in the
Supplement).

MRI Acquisition
The MRIs were acquired on a 3-T magnet (GE Healthcare), using
an 8-channel, receiver-only head coil. The T1-weighted im-
ages were obtained using a 3-dimensional fast-spoiled gradient-
echo sequence with the following factors: oblique-axial ori-
entation (plane passing through the anterior-posterior
commissures); 1-mm isotropic field of view, 256 × 192 × 210
mm; repetition time, 7.9 milliseconds; echo time, 3.0 milli-
seconds; inversion time, 450 milliseconds; and flip angle, 20°.

MRI Analysis
For each ROI, we obtained 3 measures: GM volume, cortical
thickness, and surface area. The latter 2 measures were con-
sidered to dissect their relative contribution to cortical GM vol-
ume, which served as the primary measure of interest (GM vol-
ume = thickness × surface). All measures were generated using
FreeSurfer, version 5.3.0.31 More information about the cal-
culation and extraction of measures of GM volume, cortical
thickness, and surface area is available in eAppendix 3 in the
Supplement.

Control Variables
Analyses examining variation in GM volume, surface area, or
thickness controlled for prenatal and adolescent adversity
(from age 12 to 16 years) and duration of breastfeeding since
these factors may affect neural development. We controlled
for total brain volume and total surface area in the analyses
examining GM volume or surface areas to ensure that ob-
served effects were not attributable to individual differences
in brain size. Because brain size does not correlate with cor-
tical thickness, no correction was necessary.

Statistical Analysis
Prospective associations were estimated in a latent path model.
We used latent variables because they maximize the com-
mon variance between the indicators and minimize the inclu-
sion of error variance.32 The latent factor for early adversity
was created using factor scores for adversity from birth until
the child’s third birthday and then from age 3 to 6 years as in-
dicators. These two factors were highly correlated, prevent-
ing examination of the association of effects related to a spe-
cific period (age 0-3 or 3-6 years). The latent factor for child
internalizing symptoms was created using symptom counts at
ages 7, 10, and 13 years.
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Statistical analyses were carried out in Mplus, version 7,33

using full-information maximum likelihood estimation.
Mplus includes respondents with missing data because list-
wise deletion of cases with incomplete data can increase
sample bias.34 Model fit was assessed using the χ2 statistic,
which tests the difference between observed and expected co-
variance matrices and produces a nonsignificant value if this
difference is close to zero.35 In the event of a significant χ2 value,
we examined the relative fit indices, including the compara-
tive fit index and the Tucker-Lewis index,36 as well as the root
mean square error of approximation.37

As a model-building strategy, we first ran independent
models with each ROI as a single brain outcome. Regions of
interest that were associated with either early adversity or
childhood internalizing symptoms were added to a multivar-
iate model. We applied false discovery rate correction38 to the
multivariate model to correct for multiple comparisons. Indi-
rect effects were modeled using the MODEL INDIRECT com-
mand in Mplus, bootstrapping 10 000 times with bias-
corrected 95% CIs to account for potential nonnormality in the
SEs of indirect pathways.

Results

Descriptive Statistics
Seven ROIs showed univariate associations with early adver-
sity or childhood internalizing symptoms and were added to
a multivariate model (eResults and eTable 2 in the Supple-
ment). Only the superior frontal gyrus (ROI No. 8 in Table 1 and
Figure 1), the precuneus (ROI No. 22), and the caudal anterior
cingulate cortex (ROI No. 29) survived false discovery rate cor-
rection and were included in the subsequent analyses.

Correlations among the study variables are reported in
Table 2. Early adversity was positively correlated with child-
hood internalizing symptoms and with precuneus GM vol-
ume but negatively correlated with ACC GM volume. Child-
hood internalizing symptoms were negatively correlated with
superior frontal gyrus GM volume.

Multivariate Path Model
The model showed good fit to the data as indicated by a non-
significant χ2 test result (χ2

34 = 26.46; P > .82). All estimates and

Table 1. Cortical ROIs Derived From the ALE of Hypometabolism in Depressed vs Control Participants

Cortical Label ROI No.
GM Volume, No. of
Voxels

Weighted Center

x y z
L frontopolar cortex (lateral) 1 10 032 −38 53 −2

R middorsolateral frontal cortex 2 33 208 43 27 23

L frontopolar cortex (lateral) 3 3064 −26 50 13

R ventromedial prefrontal cortex 4 5712 7 37 −17

R frontal medial cortex 5 6560 16 41 39

L middorsolateral frontal cortex 6 28 760 −44 19 26

L superior frontal sulcus 7 7448 −24 16 52

R superior frontal gyrus 8 2736 16 20 54

R frontal precentral sulcus 9 2400 36 −17 60

R temporal pole 10 2248 29 19 −37

L temporal pole 11 1952 −43 9 −20

R superior temporal gyrus 12 2728 56 −8 0

L superior temporal sulcus (anterior) 13 3040 −55 −16 −8

R superior temporal sulcus (posterior) 14 2864 47 −35 −7

L superior temporal sulcus (posterior) 15 2896 −47 −39 0

R supramarginal/angular gyrus 16 5056 50 −51 26

L supramarginal/angular gyrus 17 2864 −42 −53 28

R fusiform gyrus 18 3040 55 −62 −12

L fusiform gyrus 19 3424 −49 −62 −12

R lingual gyrus 20 2896 26 −66 1

L precuneus 21 1712 −5 −68 46

R precuneus 22 1472 6 −72 45

L parieto-occipital sulcus 23 3096 −12 −80 33

R anterior cingulate sulcus (rostral) 24 6900 10 40 16

L anterior cingulate sulcus (rostral) 25 1248 −2 37 23

L insula (anterior) 26 5840 −34 17 1

R insula (anterior) 27 2656 36 22 3

L anterior cingulate cortex (caudal) 28 2728 −2 16 34

R anterior cingulate cortex (caudal) 29 2352 2 16 34

R parahippocampal gyrus 30 2016 27 −18 −33

Abbreviations: ALE, activation
likelihood estimation; GM, gray
matter; L, left, R, right; ROI, region of
interest.
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their significance values are available in the eResults and eTable
3 in the Supplement.

Direct Effects
The path model (Figure 2A) showed that early adversity was
associated directly with lower GM volume in the right ACC
(β = −.18; P = .01) and with greater GM volume in the right pre-
cuneus (β = .18; P = .009). Childhood internalizing symp-
toms were associated with lower GM volume in the right su-

perior frontal gyrus (β = −.20; P = .002). All analyses controlled
for total brain volume, breastfeeding, prenatal adversity, and
adolescent adversity.

Indirect Effects
Because early adversity was associated with childhood inter-
nalizing symptoms, which were associated with structural
variation in the superior frontal gyrus, we tested whether early
adversity related to variation in GM volume in the superior fron-

Table 2. Correlations Among Study Variables

Variable

β Correlation Between ROI GM Volumes and Risk Factorsa

1 2 3 4 5 6 7 8 9
Main

1. Early adversity 1.00b NA NA NA NA NA NA NA NA

2. Childhood internalizing .37b 1.00b NA NA NA NA NA NA NA

3. GM volume, superior frontal gyrus .03 −0.16b 1.00b NA NA NA NA NA NA

4. GM volume, precuneus .11b 0.004 0.17b 1.00b NA NA NA NA NA

5. GM volume, anterior cingulate cortex −.10b 0.04 0.19b 0.14b 1.00b NA NA NA NA

Control

6. Prenatal adversity .58b 0.18b 0.07 0.005 −0.03 1.00b NA NA NA

7. Adolescent adversity .25b 0.17b 0.02 0.01 −0.04 0.22b 1.00b NA NA

8. Duration of breastfeeding −.12a −0.02 −0.08 −0.02 −0.09b −0.04 0.04 1.00b NA

9. Total GM brain volume .04 0.03 0.34b 0.38b 0.27b 0.05 −0.06 −0.10b 1.00b

Abbreviations: GM, gray matter; NA, not applicable; ROI, region of interest.
a Numbers refer to the numbered variables.
b Significant 2-tailed probability values at P < .05.

Figure 1. Image Showing the 30 Cortical Regions of Interest (ROIs) on an Inflated Brain After Projection Into FreeSurfer
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tal gyrus via higher levels of internalizing symptoms. Early ad-
versity was associated indirectly with lower GM volume in the
superior frontal gyrus via child internalizing symptoms
(β = −.08; 95% CI, −0.14 to −0.01; P = .02) (Table 3).

Exploratory Follow-up Analyses
As can be seen in Figure 2B, early adversity was associated di-
rectly with a smaller surface area of the ACC and childhood in-
ternalizing symptoms were associated directly with a smaller

Table 3. Indirect Effects of Early Adversity on Brain Structure via Internalizing Symptoms

Pathway

Age at Time of Measurement

Estimate P Value
Bootstrapping, 95%
CIEarly Childhood (0-6 y) Childhood (7-13 y) Late Adolescence (18-21 y)

Indirect Effect on Cortical GM Volume

A Early adversity Internalizing symptoms R superior frontal gyrus −0.08 .02 −0.14 to −0.01

Indirect Effect on Cortical Surface Area

B Early adversity Internalizing symptoms R superior frontal gyrus −0.06 .08 −0.12 to 0.01

Abbreviations: GM, gray matter; L, left; R, right.

Figure 2. Diagrams Illustrating the Multivariate Path Models of Direct Effects of Early Adversity and Childhood Internalizing Symptoms

Gray matter volume
Late adolescence (18-21 y)
R superior frontal gyrus

Early adversity
childhood (0-6 y)

Gray matter volume
Late adolescence (18-21 y)
R superior frontal gyrus

Gray matter volume
Late adolescence (18-21 y)
R anterior cingulate cortex

Gray matter volume
Late adolescence (18-21 y)
R precuneus

Gray matter volume
Late adolescence (18-21 y)
R precuneus

Gray matter volume
Late adolescence (18-21 y)
R superior frontal gyrus

Gray matter volume
Late adolescence (18-21 y)
R anterior cingulate cortex

Gray matter volume
Late adolescence (18-21 y)
R precuneus

Gray matter volume
Late adolescence (18-21 y)
R anterior cingulate cortex

Gray matter volume A

Cortical surface areaB

Cortical thicknessC

β = .18
P = .02

β = .08
P = .23a

β = –.14
P = .04

β = .18
P = .009

β = –.18
P = .01

β = –.07
P = .33a

β = –.04
P = .57a

β = –.14b

P = .049

Internalizing symptoms
late childhood (7-13 y)

Internalizing symptoms
late childhood (7-13 y)

β = –.15 
P = .03

β = –.20
P = .002

β = .37
P<.001
β = .37
P<.001

β = .37
P<.001

β = .37
P<.001

Internalizing symptoms
late childhood (7-13 y)

Early adversity
childhood (0-6 y)

Early adversity
childhood (0-6 y)

Standardized path coefficients for gray matter volume (A), surface area (B) and
cortical thickness (C) analyses. Estimates of significant associations are
presented in model A. Models B and C indicate whether findings from model A
replicated for surface area (B) and thickness (C). Solid lines indicate paths that
were replicated; dashed lines indicate paths that were not replicated (ie, it was

not significant).a The gray line in model C indicates that this association was
unique to model C (ie, it was not significant in model A).b The diagrams do not
show control variables (total brain volume, duration of breastfeeding, and
prenatal and adolescent adversity). All correlations between regions of interest
were included in the model. R indicates right.
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surface area of the superior frontal gyrus, suggesting that volu-
metric effects in these regions appear to be driven by smaller
surface areas. Early adversity was not associated with varia-
tion in the surface area of the precuneus, but instead it was as-
sociated with greater cortical thickness in this region
(Figure 2C). Early adversity was also related to lower thick-
ness of the superior frontal gyrus.

We examined whether early adversity was associated in-
directly with variation in the surface area of the superior fron-
tal gyrus. Based on the results of the evaluation, this indirect
effect was not significant (Table 3).

Discussion
This study examined the extent to which adversity within the
first 6 years of life relates to altered cortical brain structure in
male youths. In this section, we will first discuss direct ef-
fects through which early adversity and internalizing symp-
toms related to variation in GM brain structure. We will then
discuss indirect effects through which early adversity may
affect brain structure via increased levels of internalizing
symptoms.

Direct Effects
The present study found that adversity within the first 6 years
of life was directly associated with lower GM volume in the ACC
and with greater GM volume in the precuneus. These find-
ings support those of previous studies that found lower GM
volume in the ACC to be associated with adverse childhood
events7 and harsh parenting.5 The finding that early adver-
sity is associated with larger precuneus GM volume and thick-
ness is somewhat surprising given that another study8 found
lower thickness in the precuneus related to maltreatment. How-
ever, the present study examined the effect of adversity in ad-
dition to internalizing symptoms. Although the hypothesis is
speculative, the positive association between adversity and pre-
cuneus volume could also relate to a “positive” adaption to
adversity.13 Internalizing symptoms were associated with lower
GM volume in the right superior frontal gyrus. Associations be-
tween depression and reduced cortical frontal lobe volumes
have been consistently reported14,17,29 in studies and meta-
analyses.

Indirect Effects
A novel aspect of the present study is the finding that early ad-
versity was related indirectly to variation in GM volume in the
superior frontal gyrus via higher levels of childhood internal-
izing symptoms. This finding adds to the literature suggest-
ing that volumetric differences in depression may, to some ex-
tent, relate to early adverse experiences. Previous studies12,14,15

have shown that lower GM volume in both cortical and sub-
cortical structures in patients with depression correlates with
childhood adversity. Still, we know of just one study9 show-
ing that childhood adversity (maltreatment before the age of
12 years) relates to altered brain structure via increased levels
of psychiatric disorders during childhood. We extend this find-
ing by demonstrating prospective associations in which early

adversity can account for some of the structural variation typi-
cally associated with depression via increased levels of inter-
nalizing symptoms. We also examined variation in GM in cor-
tical rather than subcortical regions.

Associations With Changes in Surface Area
vs Cortical Thickness
To the best of our knowledge, the finding of direct effects
whereby early adversity and internalizing symptoms are as-
sociated with smaller surface areas of the ACC and the supe-
rior frontal gyrus, respectively, are novel. Studies20,21 in hu-
mans and nonhuman primates have found that early brain
development is characterized by an initial expansion of the cor-
tical surface area. The expansion of the surface area may be
particularly susceptible to early risks interfering with early brain
development. This finding, however, needs to be tested with
longitudinal brain imaging data or in animal models.

Early adversity was also associated with greater thick-
ness of the precuneus, and it appears that more work is nec-
essary to understand factors that relate to structural varia-
tion in this region. Finally, early adversity predicted lower
thickness of the superior frontal gyrus. The association be-
tween early adversity and the structural properties of the su-
perior frontal gyrus (in the form of variation in cortical thick-
ness) was not observed in the volumetric analyses. It does,
however, fit well with the indirect effect of early adversity on
GM volume via childhood internalizing symptoms.

Limitations
The results of the present study should be examined in light
of several limitations. First, we tested the hypothesis that early
adversity relates to altered brain structure via childhood in-
ternalizing symptoms. Alternative models (eg, structural varia-
tion may precede early adversity and depression or early ad-
versity may predict childhood internalizing symptoms via the
effect of adversity on the brain) should be examined. Second,
the study was limited to male participants. Third, the study
was limited to regions associated with depression identified
in our meta-analysis. We cannot rule out the possibility that
other cortical and/or subcortical regions could also be associ-
ated with internalizing symptoms or adversity. Fourth, cumu-
lative risk indices are statistically sensitive and fit with theo-
retical and empirical models showing that multiple risks are
more harmful than single risks.39 However, a limitation of cu-
mulative risk models is that they give all risks equal weight and
do not allow for the separation effects associated with spe-
cific risks.39 Fifth, mothers reported on early adversity and
childhood internalizing symptoms, which may introduce is-
sues related to shared method variance and potential re-
porter bias. Finally, this study focused on adversity, but other
factors may also have affected the participants’ brain
development.

Conclusions
This study found that adversity within the first 6 years of
life was prospectively associated with higher levels of child-
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hood internalizing symptoms and altered brain structure in
late adolescence. The association between early adversity
and adolescent brain structure worked both directly and
indirectly via higher levels of internalizing symptoms.
The finding of an indirect effect of early adversity via
childhood internalizing symptoms supports previous
suggestions9,14,15 that some of the structural variation
observed in people suffering from depression may partially

relate to the early risk environment in addition to the effect
of depression itself.

The finding that childhood experiences can affect the brain
highlights early childhood not only as a period of vulnerabil-
ity but also as a period of opportunity. Interventions toward
adversity might help to prevent children from developing in-
ternalizing symptoms and protect against abnormal brain
development.
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