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Abstract

Objective: Early trauma exposure has been demonstrated to significantly impact brain volume. Childhood trauma
also contributes to onset of psychopathology, particularly depression. We sought to identify gray matter volume
changes unique to trauma exposure in adolescent depression and hypothesized that adolescents with diagnosis of
major depressive disorder (MDD) and childhood trauma would have smaller gray matter volume and thickness in
areas previously identified as reduced with childhood trauma exposure relative to non-traumatized depressed
adolescents and healthy controls.

Methods: We obtained structural MRI scans for 120 adolescents with a history of past trauma exposure and a
current diagnosis major depressive disorder (MDD, n=29), a diagnosis of MDD, but no trauma exposure (n=49), and
healthy controls (n=42). Adolescents with a diagnosis of MDD and trauma exposure compared with adolescents with
MDD and no history of trauma exposure showed increased gray matter volume in the right superior parietal lobe
(p=0.001), a cortical region important for processing of visuospatial cues and implicated in traumatic memory.
Positive trauma history status included sexual or physical abuse, or trauma with risk of death or bodily harm.

Results: Our findings indicate increased right superior parietal volume in depressed adolescents with history of
trauma exposure that is distinct from findings related to depression or suicidal behavior.

Conclusion: Our finding of increased superior parietal volume in adolescents exposed to past trauma compared
with adolescents not exposed to past trauma may indicate differences in information processing, particularly
visuospatial processing and working memory, in trauma exposed, depressed adolescents. The absence of any
significant relationships between superior parietal lobe volume abnormality and measures of present symptom
severity, suicidal ideation, past suicide attempt and medication in adolescents with history of depression and past
trauma suggests that increased right superior parietal lobe volume may be related to trauma exposure in
adolescents with depression.
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Objective
Exposure to childhood trauma has been shown to have profound

impact on brain development and brain volume [1]. Childhood trauma
also contributes to onset of psychopathology, particularly depression
[2,3]. Maltreated children show an earlier onset of depression, more
severe symptoms, poorer treatment response, and greater risk for
suicide [3]. Recognition of neurobiological markers of maltreatment in
depressed adolescents may aid in identifying patients in need of
trauma-focused treatments and help understand the profound effect of
childhood trauma on psychopathology.

There is evidence that childhood trauma exposure may affect brain
structure differently at various stages of development, both in terms of
time of exposure and period of brain development [4]. Specifically,
diminished corpus callosum volume is described in both children and
adults with early childhood trauma exposure [5], while reduced
hippocampal volume compared with healthy controls has been found
in adults with a history of childhood trauma who had post-traumatic
stress disorder [6], and in adolescents with depression and early life

adversity [7], but not in traumatized children [5]. Bilateral lateral
occipital gyrus volume reduction was shown in young adults (age
M=21.8, SD=2.4) who witnessed domestic violence in childhood
compared with healthy controls [8]. Evoked neuromagnetic
hyperactivation of the superior parietal lobe in response to aversive
stimuli was observed in participants with PTSD after torture and war
exposure [9], and patients with PTSD showed increased regional blood
flow to the right superior parietal lobe during resting state compared
with healthy controls [10].

We sought to identify gray matter volume changes unique to trauma
exposure in adolescent depression. Based on previous developmental
traumatology studies, we hypothesized that adolescents with diagnosis
of major depressive disorder (MDD) and childhood trauma, defined as
physical or sexual abuse or exposure to trauma with risk of death or
bodily harm, would have smaller gray matter volume and thickness in
areas previously identified as reduced with childhood trauma
exposure, including corpus callosum, amygdala, anterior cingulate
gyrus, bilateral lateral occipital gyrus, bilateral superior parietal
volume and hippocampus relative to non-traumatized depressed
adolescents and healthy controls.
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Methods

Participants
120 adolescents were scanned including adolescents with:(1) history

of trauma exposure (physical abuse, sexual abuse, or traumatic event
with risk of death or bodily injury) and MDD (Tr, n=29); (2) MDD
diagnosis, but no history of trauma (NTr, n=49); and (3) no personal
or family history of psychiatric disorder, suicide attempt, or trauma
exposure (healthy controls (HC), n=42). Exclusions included
neurological disorders, head injury, Wechsler verbal score<80 [11],
pregnancy, MRI ineligibility, bipolar disorder, psychosis, substance
abuse or positive drug screen, and left-handedness due to concurrent
functional imaging studies.

Participants provided informed consent prior to the start of any
study procedures. University of Pittsburgh IRB approved the protocol.
Patients were recruited from the Services for Teens at Risk Clinic
Registry and HC were recruited by advertisement. DSM-IV criteria for
MDD were assessed using the KSADS-PL [12] at clinic registry entry.
Depression, anxiety, suicidal ideation and pubertal status were assessed
with the Beck Depression Inventory (BDI) [13], Screen for Child
Anxiety Related Disorders(SCARED) [14], Suicidal Ideation
Questionnaire (SIQ) [15] and Petersen Pubertal Development Scale
[16], respectively (Table 1) at time of the scan. Past trauma was
determined by psychiatrist assessment and chart review in all
participants upon enrollment in the study. Positive trauma history
status included sexual or physical abuse, or trauma with risk of death
or bodily harm.

Region Side Post Hoc test Volume t df P

Superior Parietal Lobe (BA7) R Tr>NTr Volume 3.5 77 0.001

Coordinates

F x y z Cluster

Size mm2

12.21 19 -81 36 939.54

In Tr compared with NTr (BA 7, x=19 y=-81, z=36, vertex=34, cluster size=939.54 mm2; p<0.05 corrected) with cortical volume post-hoc t-tests, group(Tr, NTr),
covarying for age, gender, scanner, and total brain volume.

Table 1: Cortical volume in the right superior parietal lobe.

Two MRI scanners were utilized: 49 scans were acquired on a 3T
Siemens Allegra, and 51 scans on a 3T Siemens Trio. T1-weighted
magnetization prepared rapid gradient echo (MPRAGE) structural
images of 240 0.8-mm slices were acquired (repetition time: 1630ms;
echo time: 2.48ms; inversion time: 800ms; field of view: 200mm; flip
angle: 8x; matrix: 256r256). Brain cortical thickness and gray and
white matter volumes were measured using FreeSurfer5.1. Smoothing
FWHM kernel size 10. Topographical defects were automatically
corrected and images were normalized. Cortical thickness measures
were computed as distances between the gray/white matter boundary
and the pial surface [17]. Cortical volumes were calculated from the
surface mask [18]. Two whole-brain surface-based analyses of
covariance (ANCOVA) were completed in Qdec1.4 (FreeSurfer) to
examine main effect of group on cortical thickness and volume,
respectively, with age, gender, total brain volume, and scanner as
covariates. Both hemispheres were analyzed individually, with
correction performed for both hemispheres. Monte Carlo simulation
analyses were performed to correct for multiple voxel-wise
comparisons in Qdec, with cluster-wise significance threshold of
p<0.05. Correction was by Monte Carlo z simulation: 1.3(.05)
threshold, initial cluster forming threshold: 0.05 uncorrected.

Monte Carlo simulation was performed on all groups with both
hemispheres done individually, and performed on both thickness and
volume analyses. 3 group (HC vs. Tr, HC vs. NTr, Tr vs. NTr) x 2
hemispheres x 2 brain analyses (thickness and volume)=12 total
iterations of Monte Carlo simulation were performed for each of 12
different analyses.

To examine between-group differences in cortical volume and
thickness arising from the above ANCOVAs, cortical volume and
thickness values were extracted from all identified cortical regions.

Post-hoc pair-wise, between-group independent t-tests were
conducted on these extracted values. Significance thresholds were p(2-
tailed)<0.05 and Bonferroni corrected for post-hoc comparisons.
Because only post-hoc volume values were significant, exploratory
correlational analyses were completed on volume only. Exploratory
correlational analyses were completed in SPSS 20.0 to examine
relationships between volume abnormalities in and clinical variables in
both depressed groups.

Results
Groups did not differ significantly in gender. HC (age M=14.54,

SD=1.86) were significantly younger than either Tr (age M=15.79,
SD=1.52) and NTr (age M=15.87, SD=1.23), but with no significant
difference in pubertal status. Tr and NTr did not differ significantly on
BDI, SCARED, SIQ, suicide history, or medication status (Figure 1).
Experiences of maltreatment during childhood were determined by
psychiatric assessment and chart review for all participants.

One-way ANCOVA results revealed a significant main effect of
group for volume in the right superior parietal lobe (BA 7, x=19 y=-81,
z=36, vertex=34, cluster size=939.54 mm2; p<0.05 corrected) and left
lateral occipital gyrus cluster (BA18, x=-13, y=-91, z=4, vertex=34,
cluster size=3188.79 mm2; p<0.05 corrected) from the initial whole
brain analyses. There was a main effect of group for cortical thickness
in the left lateral occipital gyrus (BA18, x=-13, y=-91, z=4, vertex=34,
cluster size=2654.49; p<0.05 corrected). Post-hoc pair-wise
comparisons did not indicate a significant difference in left lateral
occipital gyrus volume (Tr<NTr, F(2,118)=1.098, p=0.298) or cortical
thickness (Tr<NTr, F(2,118)=0.346, p=0.558). Only right superior
parietal volume was significant in post-hoc pair-wise comparisons,
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revealing that Tr had significantly greater right superior parietal
volume than NTr (Tr>NTr, F(2,118)=12.21, p=0.001) (Figure 1).

Exploratory analyses showed no significant relationships between
BDI, SCARED, SIQ, past suicide attempt, medication, and right
superior parietal volume in Tr, using a statistical threshold of
p=0.05/5(p=0.01).

Figure 1: Cortical Right Hemisphere Volume. Results of scans of
depressed-trauma and depressed-non trauma groups were
compared, co-varying for age, gender, scanner, and total brain
volume.

Conclusion
We report greater right superior parietal volume in Tr compared

with NTr adolescents with depression. Volume was not significantly
different between Tr and HC. The right superior parietal lobe is critical
for sensorimotor integration [19] and processing contextual clues
related to visuospatial perception of self in the environment [20].
Human brain lesion studies indicate that the superior parietal lobe is
essential for manipulation of information in working memory [21],
and transcranial magnetic stimulation of the bilateral superior parietal
lobe disrupted abstract and incongruent reasoning in healthy
participants [22].

Aberrant neural activity in the superior parietal lobe is also
implicated in adults with post-traumatic stress disorder (PTSD). A
finding of increased volume in Tr versus NTr adolescents with
depression is unexpected. In a study of women with borderline
personality disorder who had a history of childhood physical and
sexual abuse, larger right parietal volume was associated with greater
symptoms of depersonalization. However, in this study, women with
borderline personality disorder had smaller right parietal volumes than
healthy controls [23]. Evoked neuromagnetic hyperactivation of the
superior parietal lobe in response to aversive stimuli was observed in
participants with PTSD after torture and war exposure [9]. An EEG
resting state study showed increased theta activity in parietal areas
including BA 7 in 17 patients with PTSD compared with healthy
patients [24]. Finally, 19 participants with PTSD showed increased
regional blood flow to the right superior parietal lobe during resting
state compared with healthy controls [10].

Abnormalities of the structure of right superior parietal lobe are
reported in traumatized adults. Twelve adults with depression and

history of physical or sexual abuse had right superior parietal lobe
cortical thickness that varied inversely with child trauma questionnaire
score [25]. Adult disaster survivors with PTSD, but not survivors
without PTSD, showed cortical thinning in the right superior parietal
lobe compared with healthy controls [26].

Our finding of increased superior parietal volume in Tr compared
with NTr adolescents may indicate differences in information
processing, particularly visuospatial processing and working memory,
in trauma exposed, depressed adolescents. The absence of any
significant relationships between superior parietal lobe volume
abnormality and measures of present symptom severity, suicidal
ideation, past suicide attempt and medication in adolescents with
history of depression and past trauma suggests that increased right
superior parietal lobe volume may be related to trauma exposure in
adolescents with depression.

Limitations of the present study include use of two scanners, a
covariate in analyses. Another limitation was analysis of the
relationship between trauma, MDD, and brain volume in a sample
initially collected to study suicidal behavior. While there are unique
findings related to brain volume in suicide attempt [27], suicide
attempt status did not show a relationship with superior parietal
volume in this analysis. There were no significant findings between
affected groups and healthy controls. This could be related to modest
sample size or younger age of healthy controls despite matching for
pubertal status. An additional limitation was exclusion of emotional
abuse and neglect because of inability to reliably quantify emotional
abuse and neglect in one psychiatric assessment and chart review.
Finally, time of first trauma and duration of trauma were not well
quantified. Future volumetric studies should include emotional abuse
and neglect and onset and duration of abuse [28].

In summary, our findings indicate increased right superior parietal
volume in depressed adolescents with history of trauma exposure that
is distinct from findings related to depression or suicidal behavior. The
extent to which this precedes or is a consequence of trauma exposure
remains to be clarified in future neuroimaging studies involving
traumatized adolescents.
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