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Exploring the association between childhood
trauma and limbic system subregion volumes
in healthy individuals: a neuroimaging study
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Abstract

Background Childhood trauma (CT) is a major risk factor for psychiatric disorders. Emotional and cognitive functions
are often affected in many psychiatric conditions, and these functions are mediated by the limbic system. However,
previous research has primarily focused on patient populations. Therefore, we aim to examine the impact of CT on the
limbic brain structure in healthy individuals.

Methods \We enrolled 48 individuals in health, evenly split into two groups: 24 healthy participants with CT (HP-
CT) and 24 healthy participants without CT (HP-nCT). They underwent scale assessments and MRI data acquisition.
Comparisons between the two groups were performed after subcortical subregion volume segmentation using
FreeSufer. Lastly, we examined correlations between volume changes and scale scores.

Results We found that HP-CT group had smaller volumes in several subregions of the hippocampus, amygdala,

and cortical limbic structures, including the subiculum (Sub) head and body, cornu ammonis (CA)1 head, molecular
layer (ML) head, granule cell layer of the dentate gyrus (GC-ML-DG) body, CA4 body, fimbria, hippocampus-amygdala
transition area (HATA), whole hippocampus head and body, whole hippocampus, basal nucleus (Ba), accessory

basal nucleus (AB), cortico-amygdaloid transition area (CAT), paralaminar nucleus (PL) of the left hemisphere; and
hippocampal tail, presubiculum (PreSub) body, and basal forebrain of the right hemisphere. Volume changes in

the CA4 body and GC-ML-DG body were correlated with sexual abuse. Changes in the volume of the right basal
forebrain were linked to emotional neglect. However, these findings were not significant after correction for multiple
comparisons.

Conclusion CTimpacts multiple structures of the limbic system, including the hippocampus, and amygdala. This
also suggests that region-specific changes within the limbic system can serve as clinical biomarkers supporting cross-
diagnostic psychiatric illnesses.
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Introduction

Childhood trauma, a multifaceted issue, has far-reach-
ing consequences for both individuals and society. It’s
closely associated with mental disorders, such as depres-
sion, suicidal risk, and post-traumatic stress disorder
(PTSD), while also affecting cognitive function signifi-
cantly [1]. CT is currently thought to involve the nega-
tive effects of physical, sexual, or emotional abuse or
neglect, but understanding of this phenomenon is evolv-
ing [2]. Neuroimaging methods allow us to identify
changes in neuroanatomical structure and function and
reveal their correlation with different types of traumatic
events. In this regard, research has documented altera-
tions at the level of cortical and subcortical structures
[3]. As core structures of the limbic emotion processing
circuit, the amygdala and hippocampus are susceptible
to early stress exposure [4]. Previous studies have indi-
cated that changes in amygdala volume, either increasing
or decreasing, can serve as neural markers of early life
stress, while reduced hippocampal volume is commonly
found in clinical populations associated with childhood
early stress-related emotional disorders [4].

Individuals who have experienced different types of
threatening events during childhood, such as physical or
sexual abuse, exhibit confirmed volume changes in the
hippocampus and amygdala subregions [5, 6], with some
studies suggesting that sexual and physical abuse have
the greatest impact on the amygdala subregions among
various types of CT [7]. Regarding the subfields of the
hippocampus, results tend to indicate that CT survivors
generally have smaller hippocampal volumes. The vol-
ume changes of the amygdala are inconsistent in the tim-
ing of trauma and disease backgrounds. Compared with
the control group, the right amygdala of schizophrenia
patients with PTSD or a history of trauma is smaller [8,
9]. Compared with the healthy control group, the amyg-
dala volume of participants who suffered trauma and
PTSD in childhood was smaller. In contrast, the amyg-
dala volume of the two groups who suffered trauma in
adulthood was larger than that of the control group that
did not suffer trauma [10]. Inconsistent amygdala volume
also suggests the possibility of confounding factors.

In addition to the hippocampus and amygdala, other
structures of the limbic system, such as the corpus cal-
losum, anterior cingulate cortex, and hypothalamus, also
show decreased volumes associated with trauma expo-
sure [11-13]. Moreover, in terms of functional connec-
tivity, changes have been observed in trauma-exposed
individuals across regional activation, bivariate func-
tional connectivity, and network-based connectivity
[14]. Trauma may affect cognitive function by affecting

the functional connectivity of the anterior hippocampus
[15]. Furthermore, increased activation of the amygdala,
hippocampus, and ventromedial prefrontal cortex dur-
ing emotion regulation is associated with higher levels
of violence exposure. Enhanced functional connectivity
between the amygdala and brainstem is associated with
higher levels of violence exposure [16].

Research suggests that different types of CT may have
different effects on neurodevelopment, which are related
to plasticity and neurogenesis [17]. The reduction in hip-
pocampal volume may be associated with elevated lev-
els of stress-related hormones during early life or direct
neurotoxic effects, leading to neuronal remodeling, such
as synaptic loss [18, 19]. Some studies indirectly support
these hypotheses, observing reduced cortisol responses
to psychosocial stressors, increased levels of C-reac-
tion protein (CRP), exaggerated amygdala responses to
negative emotional stimuli, and decreased gray mat-
ter volume in the hippocampus in participants with
or without trauma-related psychiatric diagnoses [20].
Childhood abuse and neglect can impact neurotrans-
mitter systems through multiple pathways, affecting
various regions of the brain. These pathways include the
hypothalamo-pituitary-adrenal axis and the central nor-
adrenergic-sympathoadrenomedullary stress axes and
other neurotransmitter systems [21]. These influences are
associated with structural changes in the brain, includ-
ing alterations in cerebral volumes, corpus callosum and
cortical hemispheres, prefrontal cortex and amygdalae,
superior temporal gyrus, hippocampus as well as the cer-
ebellar vermis [21].

For healthy populations, we also observe a decrease in
gray matter volume in the right middle cingulate gyrus
[22]. Our analysis shows a significant reduction in the
left hippocampal volume in individuals who have expe-
rienced abuse [23]. Given the impact of CT on emo-
tional functioning, previous research has focused more
on CT effects within the realm of psychiatric disorders.
Moreover, there is a paucity of literature that delves into
detailed subregion segmentation to investigate volumet-
ric changes. Therefore, this paper aims to subdivide the
limbic system into subregions to explore volume changes
in healthy populations, thereby better understanding the
mechanisms of CT.

Methods

Participants

This study recruited a total of 48 healthy participants
aged 18-33 years, comprising 24 individuals with a his-
tory of CT and 24 gender-matched participants with-
out such experiences. CT was defined as experiencing
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chronic moderate to severe trauma exposure, including
abuse and neglect, before the age of 16. Participants were
recruited through advertisements from local universities
and communities, and grouped based on self-reported
CT history. All participants underwent thorough inter-
views conducted by two trained psychiatrists and were
screened for psychiatric disorders according to the Diag-
nostic and Statistical Manual of Mental Disorders, Fourth
Edition (DSM-IV) criteria. General exclusion criteria
included: (1) significant physical illness; (2) patients with
any other Axis I or Axis II mental disorders after struc-
tured clinical interview for DSM-IV (SCID) screening;
(3) those with a history of alcohol and drug dependence,
or patients undergoing hormonal therapy; (4) a family
history of bipolar affective disorder; (5) a history of epi-
lepsy or a family history of epilepsy; (6) a history of head
injury or loss of consciousness; (7) pregnant or lactat-
ing women; (8) presence of magnetic resonance imaging
(MRI) scan contraindications, including metal implants,
pacemakers or stents, and claustrophobia. This study
obtained written informed consent and was approved by
the Ethics Committee of the Second Xiangya Hospital,
Central South University.

Assessment tool

All participants were required to provide general infor-
mation and undergo psychological assessments, such as
the Self-Rating Anxiety Scale (SAS) [24], the Self-Rating
Depression Scale (SDS) [25] and the 24-item Hamilton
Depression Rating Scale (HAMD) [26]. CT was quanti-
fied in this study using a 28-item Childhood Trauma
Questionnaire (CTQ). This is a mature tool designed to
quantify the psychological impact of trauma experienced
before the age of 16 [27]. In our study, we employed the
Chinese version of the CTQ, which yielded results indi-
cating satisfactory internal consistency within the Chi-
nese sample for both the total CTQ score (Cronbach’s
a=0.81) [28]. The CTQ includes five different subtypes
of CT: emotional abuse, emotional neglect, sexual abuse,
physical abuse, and physical neglect. The severity of CT
can be quantified through the total score. Each subscale
comprises five items, and participants are required to
rate the extent to which each item applies to them on a
scale of 1=never true, 2=rarely true, 3=sometimes true,
4=often true, 5=almost always true. Scores on each
subscale range from 5 to 25, with higher scores indicat-
ing more severe and prolonged CT [27]. To determine
whether participants have experienced CT, we applied
the following CTQ subscale thresholds: emotional
abuse>13, emotional neglect>15, sexual abuse =8, physi-
cal abuse>10, and physical neglect>10. Scores exceeding
any of these component scale thresholds are considered
indicative of a history of CT. These thresholds have been
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validated and demonstrate good sensitivity and specific-
ity to abuse or neglect [27].

MRI acquisition

MRI data were acquired at the Magnetic Resonance Cen-
ter affiliated with the Second Xiangya Hospital of Central
South University, utilizing a Philips 3.0-T scanner (Phil-
ips, Best, The Netherlands). Participants were instructed
to recline within the scanner with their eyes closed. To
minimize head movement, standard birdcage head coils
were employed, along with foam pads placed on either
side of the head, while cotton plugs were utilized to
reduce noise interference. High-resolution T1-weighted
anatomical images were captured for each participant
using a three-dimensional rapid acquisition gradient echo
sequence. Imaging of the entire brain was conducted
in the sagittal plane, employing the following param-
eters: slice thickness=1 mm, gap=0 mm, repetition
time=7.6 ms, echo time=3.7 ms, inversion time=795
ms, field of view=256x256 mm?, flip angle=8°, matrix
size=256x256, resolution=1.0x1.0x1.0, slices=180,
scan time=2'58".

Image processing

In our research, we leveraged FreeSurfer v7.2.0 to con-
duct precise subregional segmentation, targeting corti-
colimbic structures such as the hippocampus, brainstem,
thalamus, hypothalamus, and amygdala. FreeSurfer pro-
vides a robust framework for processing structural MRI
data, which includes critical steps such as skull stripping,
B1 bias field correction, and gray-white matter segmen-
tation. It also supports the reconstruction of cortical
surface models, including the gray-white interface and
pial surface, as well as the annotation of cortical and
subcortical brain structures using stereotaxic atlases.
Furthermore, FreeSurfer facilitates statistical analyses
of morphometric variations across population cohorts
through the nonlinear registration of individual cortical
surfaces. We specifically used the hippocampus/amygdala
module (https://surfer.nmr.mgh.harvard.edu/fswiki/Hipp
ocampalSubfieldsAndNucleiOfAmygdala) for the auto-
mated volumetric quantification of the hippocampus and
amygdala from T1-weighted images. This module enables
the simultaneous segmentation of the hippocampus and
amygdala, avoiding any overlap or gaps between these
structures. The segmentation process divides the left and
right hippocampus into subregions (head, body, and tail)
and partitions the amygdala into nine distinct nuclei,
including lateral, basal, accessory basal, central, medial,
cortical, and paralaminar nuclei, as well as the cortico-
amygdaloid transition and anterior amygdala areas [29]
(Fig. 1). This comprehensive approach ensures accurate
characterization and differentiation of these important
brain regions. Concurrently, we employ the deep learning
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Fig. 1 Automatic Segmentation of Hippocampus and Amygala: The image shows the automatic segmentation of hippocampus(including presubicu-
lum, subiculum, CA1, CA2/3, CA4, DC-DG, HATA, fimbria, Molecular layer, hippocampal fissure, hippocampal tail, parasubiculum) and amygdala(lateral
nucleus, basal nucleus, accessory basal nucleus, anterior amygdala area, central nucleus, medial nucleus, cotical nucleus, CAT, paralaminar nucleus)—

using T1-weighted MRI data
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Fig. 2 Automatic Segmentation of Subcortical Limbic Structures: The image shows the automatic segmentation of several crucial subcortical limbic
structures—including the nucleus accumbens (NAc), basal forebrain (BF), septal nuclei (SepN), hypothalamus without mammillary bodies (HTh), mam-

millary bodies (MB), and fornix (Fx)—using T1-weighted MRI data

tool mri_sclimbic_seg (https://surfer.nmr.mgh.harvard
.edu/fswiki/ScLimbic) to autonomously delineate mul-
tiple subcortical limbic structures from T1-weighted
images. This tool facilitates the automatic segmentation
of several crucial subcortical limbic structures—includ-
ing the nucleus accumbens(NAc), basal forebrain(BF),
septal nuclei(SepN), hypothalamus without mammil-
lary bodies(HTh), the mammillary bodies(MB), and
fornix(Fx))—solely utilizing T1-weighted MRI data.
Notably, tools for segmenting mammillary bodies, basal
forebrain, septal nuclei, and fornix are currently scarce in
published literature, thus underscoring the significance
of our tool in addressing this gap [30] (Fig. 2).

Statistical analysis

Statistical analyses were performed using the Statistical
Package for the Social Sciences version 26.0 (SPSS 26.0,
IBM, Armonk, NY, USA). The continuous variables and

categorical variables between the two groups were tested
using independent two-sample t-tests and chi-square
tests (y°) respectively. The average estimated Total Intra-
cranial Volume (eTIV) of all participants is calculated to
derive the mean eTIV (meTIV). The volume of each brain
region was then multiplied by meTIV/eTIV to correct for
the effect of head size. The Benjamini-Hochberg method
(BH) was used for false discovery rate (FDR) correction
to adjust the p-values. Finally, using €TIV as a covariate,
further correlation analyses were conducted between the
CTQ scores and the volumes of various brain regions.
The significance level for all tests was set at p<0.05 for
two-tailed analysis.

Results

Sample characteristics

As outlined in Table 1, our analysis revealed no statisti-
cally significant differences between the two participant
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Table 1 Demographic and clinical variables of all subjects
HP-CT group n=24 means (SD) HP-nCT group n=24 means (SD) t/x2 p-values
Age (Years) 21.50 (3.98) 21.50 (3.69) —-0.075 0.940
Gender (Male/Female) 9/15 9/15 0.000 1.000
Educational level (Years) 14.00 (1.30) 14.70 (1.92) -1407 0.166
SDS score 36.20 (6.06) 34.50 (5.30) 1.014 0316
SAS score 34.00 (4.51) 32.00 (4.78) 1430 0.160
CTQ score 0.11 (0.04) 0.10(0.03) 0.835 0.408
Emotional abuse
Physical abuse 9.21 (2.36) 6.21(1.22) 5539 0.000
Sexual abuse 7.83(2.93) 5.71(1.33) 3324 0.002
Emotional neglect 546 (0.83) 5.38(0.58) 0.403 0.689
Physical neglect 15.20 (3.28) 7.38(2.65) 9.094 0.000
Total 10.20 (2.72) 5.63(0.93) 7.821 0.000
CTE, n (%) 47.90 (6.08) 30.20 (4.63) 11.380 0.000
Emotional abuse
Physical abuse 2.00(8.33)
Sexual abuse 8.00 (33.30)
Emotional neglect 0(0)
Physical neglect 17.00 (70.80)
Multiply Exposures 14.00 (58.30)
Single Exposure 15.00 (62.50)

HP-CT, Healthy participants with Childhood Trauma; HP-nCT, Healthy participants without Childhood Trauma; CTQ, Childhood Trauma Questionnaire; SAS, Self-

rating Anxiety Scale; SD, Standard Deviation; SDS, Self-rating Depression Scale

groups across various demographic and psychological
parameters. Specifically, there were no significant dispar-
ities observed in age (¢ = -0.075, p=0.940), gender distri-
bution (y*=0.000, p=1.000), educational attainment (t =
-1.407, p=0.166), as well as scores on the SAS (£=1.430,
p=0.160) and the SDS (t=1.014, p=0.316). However,
consistent with our hypotheses, significant distinctions
were evident between the two experimental cohorts con-
cerning the CTQ and its respective subscales, exclud-
ing sexual abuse (t=3.234~11.38, p<0.01). Remarkably,
emotional neglect emerged as the most prevalent CT
experience within our sample, with 70.8% of participants
reporting such exposure, while 62.5% of trauma-exposed
individuals reported encountering at least two forms of
CT.

Limbic system-related volume changes

We found that HP-CT group had smaller volumes in sev-
eral subregions of the hippocampus, amygdala, and corti-
cal limbic structures, including the Sub head (¢ = -2.804,
p=0.007) and body (¢ = -2.294, p=0.026), CAl head
(¢t = -2.175, p=0.035), ML head (¢ = -2.251, p=0.029),
GC-ML-DG body (¢ = -2.326, p=0.024), CA4 body (¢ =
-2.294, p=0.026), fimbria (¢t = -2.106, p=0.041), HATA (t
= -2.313, p=0.026), whole hippocampus head (¢ = -2.263,
p=0.028) and body (t = -2.433, p=0.019), whole hippo-
campus (¢ = -2.704, p=0.010), Ba (¢ = -2.059, p=0.023),
AB (t=-2.092, p=0.042), CAT (t=-2.125, p=0.042), PL (¢
=-2.177, p=0.007), whole amygdala (¢ = -2.380, p=0.022)
of the left hemisphere; and hippocampal tail (¢ = -2.357,

p=0.023), PreSub body (¢ = -2.092, p=0.042), and basal
forebrain (¢ = -2.888, p=0.006) of the right hemisphere.
Notably, volumetric shifts within the amygdala were
predominantly manifested in the left hemisphere. The
discrepant areas failed to pass the BH correction. The
detailed information for limbic system-related volumes
of each group is summarized in Table 2.

Correlations

As shown in Fig. 3, the volume changes of the left CA4
body (rs=0.310, p=0.032) and left GC-ML-DG body
(rs=0.331, p=0.022) are associated with sexual abuse.
Changes in the volume of the right basal forebrain are
linked to emotional neglect (rs = -0.311, p=0.031) and
physical neglect (rs = -0.341, p=0.018). No volume
changes were found in other subregions to be correlated
with scores of CTQ.

Discussion

The correlation between traumatic events and selective
structural deficiencies in the hippocampal subfields has
been widely explored; however, there exist discrepancies
among various reports within the field, [31, 32]. In our
study, we also observed hippocampal volume reduction
consistent with prior research; yet, within neuroimaging
studies, numerous psychiatric disorders manifest altera-
tions in hippocampal volume, suggesting the pivotal role
the hippocampus plays as a part of neural circuits across
various domains [33, 34]. Moreover, alterations in hippo-
campal morphology among CT survivors are not solely
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Table 2 Limbic system subfield volumes with significant differences among the two groups
Region Hemisphere Subfields Groups Mean(SD) t p Cohen'd
Hippocampus Left Sub head HP-CT 169.20 (17.68) -2.804 0.007 -0.81
HP-nCT 184.92 (21.01)
Sub body HP-CT 24561 (21.18) -2.294 0.026 -0.66
HP-nCT 260.13 (22, 65)
A1 head HP-CT 490.89 (52.74) -2.175 0.035 -0.63
HP-nCT 524.59 (54.57)
ML head HP-CT 309.85 (33.03) -2.251 0.029 -0.65
HP-nCT 71(34.22)
GC-ML-DG body HP-CT 140.95 (13.25) -2.326 0.024 -0.67
HP-nCT 150.32 (14.64)
CA4 body HP-CT 122.23(11.42) -2.294 0.026 -0.66
HP-nCT 130.67 (13.95)
Fimbria HP-CT 72.95(11.89) -2.106 0.041 -061
HP-nCT 81.06 (14.65)
HATA HP-CT 56.74 (9.53) -2.313 0.026 -0.67
HP-nCT 62.18 (6.50)
Whole hippocampus head HP-CT 1612.80(171.74) -2.263 0.028 -0.65
HP-nCT 1724.81 (171 20)
Whole hippocampus body HP-CT 1204.75 (91 -2433 0.019 -0.70
HP-nCT 1269.38 (92. 82)
Whole hippocampus HP-CT 3442.09 (304.01) -2.704 0.010 -0.78
HP-nCT 3666.24 (269.50)
HP-nCT 73.01(1232)
Right Hippocampal tail HP-nCT 589.77 (57.32) -2.357 0.023 -0.68
HP-nCT 632.28 (67.23)
Presubiculum body HP-nCT 144.90 (22.27) -2.092 0.042 -0.60
HP-nCT 01 (30.48)
Amygdala Left Ba HP-CT 418.17 (39.93) -2.059 0014 -0.74
HP-nCT 44743 (39.09)
AB HP-CT 246.98 (23.67) -2.053 0.020 -0.69
HP-nCT 26244 (20.82)
CAT HP-CT 176.78 (18.50) -2.125 0.042 -0.60
HP-nCT 187.27 (16.28)
PL HP-CT 48.89(5.05) -2.177 0.007 -0.82
HP-nCT 52.77 (4.42)
Whole amygdala HP-CT 1660.37 (129.25) -2.380 0.022 -0.69
HP-nCT 1754.64 (144.71)
Cortical limbic structures Right BF HP-CT 276.86 (46.67) -2.888 0.006 -0.83
HP-nCT 309.36 (29.36)

SD, standard deviation; HP-CT, healthy participants with childhood trauma; HP-nCT, healthy participants without childhood trauma; Sub, subiculum; CA, cornu
ammonis; ML, molecular layer; GCG-ML-DG, granule cell layer of the dentate gyrus; HATA, hippocampus-amygdala transition area; Ba, basal nucleus; AB, accessory
basal nucleus; CAT, cortico-amygdaloid transition area; PL, paralaminar nucleus; BF, basal forebrain

regulated by the presence or absence of lifelong emo-
tional disorders; hence, the correlation between CT and
hippocampal volume may hold independent significance
from clinical diagnosis [35]. Previous literature indicates
that adolescents exposed to trauma exhibit smaller vol-
umes in the left presubiculum and subiculum [36], a
region known for its crucial role in memory formation
and retrieval via modulation of neural circuits [37]. One
study suggests increased rightward lateralization of the
hippocampal tail in early trauma [38]. The CA1 subfield
plays a crucial role in PTSD because it establishes direct

reciprocal connections with the medial prefrontal cor-
tex (mPFC), creating a functional loop between these
regions. This loop facilitates communication between
cortical and subcortical regions during the encoding
and retrieval of episodic-like memories [39]. Observa-
tions from prior trauma-related studies highlight volume
changes in other classical hippocampal subfields, notably
the strongest association between trauma and volume
observed in the left CA2-CA3 and CA4-DG regions,
independent of psychiatric diagnoses [36]. The corre-
lation between CA3 and CT is influenced by age [32].
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Fig. 3 Correlation between volume changes in each subregion and CTQ scores

Some neurobiological models suggest that hippocam-
pal volume reduction may stem from early exposure to
elevated levels of stress-related corticotropin-releasing
hormone (CRH), leading to hippocampal neuron degen-
eration [18, 40], a hypothesis supported by certain clini-
cal studies [41]. Limited results have reported the role
of the HATA subfield in trauma. Typically, the amygdala
and hippocampus communicate bidirectionally, with the
basolateral amygdala anatomically poised to regulate
hippocampal function and synaptic plasticity through
interaction with the hippocampus [42]. HATA itself is
closely linked with the amygdala within the hippocam-
pal-amygdalar network, believed to play a pivotal role in

fear regulation and contextual learning. A cross-sectional
study suggests an interaction between early traumatic
events and the rs1360780 polymorphism of the FKBP5
gene within the hypothalamic-pituitary-adrenal (HPA)
axis in HATA [43]. Pathways associated with FKBP5 may
also be implicated in the pathogenesis of PTSD. A neu-
roimaging genetics study suggests a strong link between
volume changes in Fimbria and trauma-related genes
[44]. In summary, these findings underscore the signifi-
cance of the subiculum, presubiculum, hippocampal tail,
the CAl, the CA4-DG subfield, and HATA in CT.

As a closely associated structure in CT, research find-
ings on the volume changes of the amygdala remain
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inconsistent. The volume alterations in the amygdala may
correlate with the timing and duration of trauma expo-
sure. Smaller amygdala volumes have been observed
in individuals with CT and PTSD [9], while larger vol-
umes are reported in adult [10]. Short-duration stress
events show a correlation with amygdala size across the
sample, whereas longer events do not, suggesting rapid
and reversible changes independent of depressive states
[45]. Our study observed reduced volumes in the left Ba,
AB, CAT, and PL in trauma-exposed healthy individu-
als. Among these, Ba, PL, and AB belong to the basolat-
eral amygdala (BLA), primarily responsible for receiving
sensory information, including inputs from the hippo-
campus and primary auditory cortex, and is involved in
emotional arousal [46]. Previous research has identified
associations between trauma and the basolateral and
central-medial nuclei of the amygdala [47], as well as the
Ba, AB, and cortical subnuclei (Ce) [48], amygdala medial
nuclei (Me), and cortical nucleus (Co) [49], often exhibit-
ing right-sided biases, confounded by factors such as psy-
chiatric disorders. Contrary to prior studies, our results
demonstrate a different lateralization pattern. Opposing
patterns of lateralization might be better understood
from a neurodevelopmental perspective. The innerva-
tion of neurotransmitter systems in the brain is lateral-
ized, and this lateralization is exacerbated by early-life
stress [47]. Inconsistent findings regarding amygdala
volume may also be influenced by the timing of trauma
and the presence of psychiatric disorders [10]. Therefore,
lateralization could potentially be disrupted by factors
such as the timing of trauma. To fully understand these
lateralization patterns, future longitudinal studies will
be essential to further validate these observations. The
flow of information within the amygdala is modulated by
GABAergic neurons, which are disrupted after trauma,
leading to excessive excitation and the development of
anxiety or other emotional disorders. The rich expression
of neuroregulatory receptors within the BLA also renders
it a target for psychiatric disease treatment [50, 51]. CAT
has been less frequently mentioned in previous trauma-
related studies, though prior research suggests different
connectivity patterns between CAT and the orbitofron-
tal cortex (OFC) compared to other amygdala subregions
[52]. Overall, the BLA and CAT of the amygdala likely
play distinct roles in trauma through different circuits.
As part of the limbic system, we haven't previously
observed correlations between the thalamus and CT.
Studies have shown that as the severity of trauma
increases, the overall volume of the thalamus and its
subregions decreases [53], a conclusion also supported
by large-scale cohort studies [11]. In PTSD patients,
significant reductions in gray matter volume have been
observed in the left thalamus and its subregions, includ-
ing the anterior thalamic nucleus, mediodorsal thalamus,
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ventrolateral-dorsal (VLD), ventrolateral-anterior, and
ventrolateral-ventral (VLV) regions [54]. The thalamus
itself has been implicated in fear response pathways
along with the basolateral nucleus of the amygdala, a
pathway closely associated with trauma [55], and may
also participate in the pathway from the superior col-
liculus to the amygdala (superior colliculus-pulvinar-
amygdala connection) involved in trauma onset [56]. The
central medial nucleus on the right side connects with
structures associated with the limbic system and func-
tions related to stress/anxiety [57]. In mouse models, it
has been demonstrated that the central medial nucleus
participates in anxiety-like behaviors through the CM-
mPFC pathway [58]. Although our study did not identify
distinct volumetric disparities in the thalamic subregions
between the two groups, existing research has indicated
potential differences in thalamic functional connectivity
among major depressive disorder (MDD) patients with a
history of trauma [59]. This suggests the need for further
exploration in healthy individuals to gain a more nuanced
understanding of the role of thalamic functional connec-
tivity in relation to trauma and its impact on brain func-
tion. Previously, a reduction in gray matter volume in
the right middle cingulate gyrus was observed in healthy
subjects [22]. However, we did not observe significant
volume changes in the cingulate cortex between groups
with and without childhood trauma. Caution is needed
when interpreting why this change was not detected in
individuals without psychiatric disorders. It is possible
that cingulate volume changes may only become evident
in larger samples or longitudinal studies.

Our study has unveiled notable lateralized manifes-
tations, warranting in-depth exploration. In our study,
we observed noticeable unilateral volume differences
in specific brain regions, including the right basal fore-
brain, right hippocampal tail, right PreSub body, left
Sub head and body, left CA1 head, left ML head, left
GC-ML-DG body, left fimbria, left HATA, left Ba, left
AB, left CAT. Prior research has indicated a potential
correlation between larger volumes of the left amygdala
and increased exposure to trauma [60]. A longitudinal
study has demonstrated differential treatment responses
between the left and right amygdalae, lending support
to this assertion [61]. Females with CT history and vet-
erans commonly exhibit diminished volume in the left
hippocampus [62]. Emotional trauma is also more likely
to induce alterations in the volume of the left CA3 sub-
region of the hippocampus [32]. Furthermore, studies
about psychiatric disorders suggest that the relationship
between adverse childhood experience scores and amyg-
dala measurements predominantly manifests on the
right side [47]. Functional and structural disparities exist
between the left and right hemispheres. While traditional
views regard lateralization as a static trait, emerging
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research suggests that the brain necessitates continuous
adjustments in its activity and coordinated patterns of
interregional activity to accommodate evolving environ-
mental demands and achieve complex cognitive func-
tion [63]. From a neurodevelopmental perspective, child
abuse is associated with delayed myelination of the cor-
pus callosum and reduced corpus callosum volume is
linked to diminished interhemispheric communication,
thereby fostering hemisphere-specific development to
some extent [64]. Recent investigations have uncovered
asymmetrical differences in electroencephalographic
waveforms among trauma-exposed children within
healthy cohorts [65]. Currently, no consensus exists
regarding the relationship between volumetric changes
and functional connectivity, necessitating further eluci-
dation through future research endeavors. Moreover, a
unified cognitive perspective on cerebral lateralization
remains elusive, with the dominant hemisphere exhibit-
ing plasticity and dynamic variability. Although lateral-
ization is observed, we cannot assume that CT may affect
cognitive function by shaping the lateralized structural
organization of the brain.

Different types of CT exhibit distinct associations with
volumetric changes across the limbic system. Specifi-
cally, alterations in the CA4 body and GC-ML-DG body
regions of the hippocampus were positively correlated
with scores indicative of sexual abuse. Notably, volume
changes in the right basal forebrain showed a negative
correlation with scores related to emotional neglect and
somatic neglect. The diverse impacts of various forms
of abuse on neurodevelopment are apparent, with expe-
riences of physical aggression and threats of violence
potentially engender differing degrees of neurodevelop-
mental consequences. Consequently, discernible neu-
rodevelopmental disparities may exist among distinct
traumatic experiences [17]. Future investigations should
delve deeper into the nuanced effects of different types of
CT on limbic system volume to enhance our comprehen-
sion of these underlying mechanisms. Importantly, given
the limitations imposed by our small sample size, caution
is warranted when interpreting these correlation results.
Thus, careful consideration of the influence of sample
size on the findings is essential in their interpretation.

In explicating our findings, it is crucial to acknowledge
certain limitations. The study’s small sample size restricts
the comparison of various CT types on brain structural
changes. Larger samples could offer more reliable results.
The methodology, relying on participant recall and ques-
tionnaire completion, may introduce memory and infor-
mation biases, potentially compromising accuracy. The
cross-sectional design hampers causal inference, though
it provides initial insights for further research. More-
over, our findings did not remain significant after FDR
correction, but we reported effect sizes to ensure a more
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accurate interpretation of results as suggested by pre-
vious studies [66, 67]. Although the use of FreeSurfer
to obtain volumetric data requires less time compared
to manual delineation, there are still certain concerns
regarding its accuracy [68-70]. Given the size and ante-
rior-posterior transition of hippocampal subfields and
amygdalar subnuclei, future studies may need to employ
submillimeter voxel sizes [71]. Despite these constraints,
the study suggests an association between CT and volu-
metric changes in limbic subregions, possibly exhibiting
lateralization. Furthermore, correlations between CTQ
scores and specific structural changes were noted. Com-
parative analyses with healthy and psychiatric cohorts
indicate that limbic system alterations may signal vulner-
ability to psychiatric conditions following CT.

Conclusion

In summary, CT affects multiple structures of the lim-
bic system, including the hippocampus, and amygdala.
This also suggests that region-specific changes within the
limbic system could serve as clinical biomarkers to sup-
port cross-diagnosis of psychiatric disorders. And there
is a certain correlation between different types of CT and
volume changes, which requires further research in the
future. The association between lateralized manifesta-
tions and CT still requires further investigation to under-
stand the underlying mechanisms driving these findings.
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