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Aberrant functional connectivity of the globus pallidus in
the modulation of the relationship between childhood
trauma and major depressive disorder
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Yurong Zou, MPH; Qianyi Luo, PhD; Hongjun Peng, PhD

Background: Childhood trauma plays a crucial role in the dysfunctional reward circuitry in major depressive disorder (MDD). We
sought to explore the effect of abnormalities in the globus pallidus (GP)—centric reward circuitry on the relationship between childhood
trauma and MDD. Methods: We conducted seed-based dynamic functional connectivity (dFC) analysis among people with or without
MDD and with or without childhood trauma. We explored the relationship between abnormal reward circuitry, childhood trauma, and
MDD. Results: We included 48 people with MDD and childhood trauma, 30 people with MDD without childhood trauma, 57 controls
with childhood trauma, and 46 controls without childhood trauma. We found that GP subregions exhibited abnormal dFC with several
regions, including the inferior parietal lobe, thalamus, superior frontal gyrus (SFG), and precuneus. Abnormal dFC in these GP sub-
regions showed a significant correlation with childhood trauma. Moderation analysis revealed that the dFC between the anterior GP
and SFG, as well as between the anterior GP and the precentral gyrus, modulated the relationship between childhood abuse and MDD
severity. We observed a negative correlation between childhood trauma and MDD severity among patients with lower dFC between the
anterior GP and SFG, as well as higher dFC between the anterior GP and precentral gyrus. This suggests that reduced dFC between
the anterior GP and SFG, along with increased dFC between the anterior GP and precentral gyrus, may attenuate the effect of child-
hood trauma on MDD severity. Limitations: Cross-sectional designs cannot be used to infer causality. Conclusion: Our findings
underscore the pivotal role of reward circuitry abnormalities in MDD with childhood trauma. These abnormalities involve various brain
regions, including the postcentral gyrus, precentral gyrus, inferior parietal lobe, precuneus, superior frontal gyrus, thalamus, and middle

frontal gyrus. Clinical trial registration: ChiCTR2300078193

Introduction

Childhood trauma refers to distressing experiences that oc-
cur during the formative years, typically from 0-16 years of
age.! Childhood trauma can be classified into 5 distinct cat-
egories, namely emotional neglect, physical neglect, emo-
tional abuse, physical abuse, and sexual abuse.® Childhood
trauma is a well-known risk factor for major depressive dis-
order (MDD),* with a notable linkage with high prevalence
of depression,® low remission rates,® and protracted conva-
lescence.? Patients with MDD exhibit abnormalities in the
brain’s reward circuitry, including diminished reward sensi-
tivity,® issues with reward and risk decision-making,”® emo-
tional negativity bias,” and reward-dependence behav-
iours.’ Previous studies have demonstrated that childhood
trauma exerts discernible effects on cerebral developmental

trajectories,!'® particularly by perturbing the customary
operation of the brain’s reward circuits."* Consequently, elu-
cidating abnormalities in the reward circuitry among patients
with MDD and childhood trauma is crucial for understand-
ing underlying neurobiological mechanisms.

The basal ganglia play a crucial role in regulating various
neurologic functions in the brain, including motor control,
memory, emotion, reward processing, habit formation, and
motor learning.’'® In the context of MDD with childhood
trauma, the basal ganglia are believed to be implicated in the
emotional and cognitive disturbances involving the different
ways of emotion generation, as well as regulation from the
bottom-up (in response to inherently emotional perceptual
properties of the stimulus) or from the top-down (in re-
sponse to cognitive evaluations),’® which may contribute to
the development of depression and related symptoms (e.g.,
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emotional dysregulation, cognitive impairment, social dysfunc-
tion).’* Studying the basal ganglia can lead to a deeper under-
standing of how this region is affected by childhood trauma
and how it contributes to the pathogenesis of depression.

Recent research has emphasized the central role of the glo-
bus pallidus in the reward circuitry. For instance, Ottenheimer
and colleagues!” observed a higher number of reward-
sensitive neurons in the globus pallidus than in the nucleus
accumbens when measuring electrophysiological activity in
rats performing reward-related tasks. Moreover, a reward-
related signal associated with preferences was found in the
globus pallidus, which could flexibly report the relative value
of reward outcomes under various conditions.”” Stevenson
and colleagues'® discovered that the ability to discriminate
potential rewards and punishments and respond to them de-
pends on the activation of the ventral pallidum. Maintaining
a balance between the inhibition and stimulation of neurons
in the ventral pallidum contributes to the regulation of be-
havioural motivation.’® These findings effectively establish
the globus pallidus is not merely a relay station for down-
stream signals from reward neurons but a central brain re-
gion in the reward circuitry.

However, the globus pallidus is not a singular, homo-
geneous entity, but rather comprises functionally and struc-
turally heterogeneous nuclei. Traditional investigations have
anatomically divided the globus pallidus along the medial-
lateral axis into inner and outer components.’*?! In a ground-
breaking study, Tian and colleagues® used a sample of more
than 1000 healthy adults to establish a novel brain atlas appli-
cable to subcortical nuclei. This innovative work diverged
from conventional methods that relied on structural mag-
netic resonance imaging (MRI) to map brain anatomy.? In-
stead, they employed functional MRI to elucidate the intri-
cate organizational patterns of the human subcortex,
ultimately creating the most detailed subcortical gradient
map to date.”? Based on their atlas, the globus pallidus was
divided into 4 subregions, namely the bilateral anterior glo-
bus pallidus and the bilateral posterior globus pallidus

(Figure 1). The anterior globus pallidus primarily serves
motivational and cognitive functions, while the posterior
globus pallidus is mainly involved in the regulation of motor
functions, particularly precise grip motor parameters.”
Numerous studies have discovered the temporal correla-
tion of low-frequency fluctuations across the resting human
brain, which is measured as functional connectivity by
resting-state functional MRI (rs-fMRI).2#* Building on the as-
sumption of the enduring spatial and temporal stability of
functional connectivity, Biswal and colleagues* unveiled
functional associations among disparate cortical domains
through the assessment of blood oxygen level-dependent
(BOLD) signals during the quiescent state of cerebral activity.
Accordingly, static functional connectivity has emerged as a
prevalent approach employed to investigate the temporal co-
variation of BOLD signals across diverse enclaves of the
brain. With the development of analysis strategies exploring
brain functional networks, researchers have put forward dy-
namic functional connectivity to describe the time-varying
nature of functional connectivity by applying the sliding win-
dow approach.* Although traditional static functional con-
nectivity could represent the average functional connectivity
in a short time and provide valuable information about func-
tional communication within our brain,® dynamic functional
connectivity may find more sensitive and specific markers of
brain disease.”” However, dynamic functional connectivity
has the drawback of its sensitivity to noise, and the triggering
mechanism behind the temporal variability of functional con-
nectivity remains unclear.?® In this work, we decided to use
both static and dynamic functional connectivity analysis.?”
The methods of static and dynamic functional connectiv-
ity analysis have been extensively employed to investigate
anomalous brain functionality among people experiencing
depression. For example, Sato and colleagues® found aber-
rant static functional connectivity between the left and right
globus pallidus among people with subthreshold depres-
sion, alongside its associated dysfunctions such as dys-
phoria and diminished responsiveness to rewarding stimuli.

Left anterior
globus pallidus

Left posterior
globus pallidus

Left posterior globus pallidus

Left anterior globus pallidus

Right posterior
globus pallidus

Right anterior
globus pallidus

Right posterior globus pallidus

Right anterior globus pallidus

Figure 1: Visualization of the globus pallidus subregions. L = left; R = right.
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Furthermore, Shunkai and colleagues® delved into abnor-
mal hippocampal subregions using seed-based dynamic
functional connectivity and revealed that dysfunctional con-
nectivity was linked to deficits in working memory in
melancholic depression. Similarly, Luo and colleagues®
examined deviations in brain functionality among patients
with MDD and childhood trauma; they observed abnormal
static and dynamic functional connectivity between the
amygdala subregions and cerebral regions associated with
theory of mind. We sought to investigate abnormalities in
static and dynamic functional connectivity within the re-
ward circuitry, centred on the globus pallidus, among pa-
tients with MDD and childhood trauma.

Within the present study, we undertook analyses involv-
ing static and dynamic functional connectivity, employing
each of the 4 subregions of the globus pallidus as the seed.
The primary objective of this study was to unveil the abnor-
mal characteristics pertaining to the functioning of the re-
ward circuitry among patients with MDD and childhood
trauma. Furthermore, we directed our efforts toward disen-
tangling the distinct effects arising from the traumatic conse-
quences of childhood trauma and the pathophysiological
manifestations of depression on abnormal patterns of func-
tional connectivity. Drawing on the foundation of previous
functional connectivity investigations involving patients with
MDD and childhood trauma,*-** we formulated a hypothesis
positing that this population would manifest anomalous
functional connectivity within the globus pallidus—centred
reward circuitry, distinguishing them from their counterparts
who contend solely with MDD.?%5% This study offers a per-
spective on the potential neurobiological mechanisms of
patients with MDD and childhood trauma by investigating
the role of globus pallidus dysfunction in this context.

Methods
Participants

In our previous research, we explored alterations in the func-
tionality of amygdala subregions among patients with MDD
and childhood trauma using the same database as used
here3' However, this study diverges from the previous one
in that the primary focus of the earlier research was to ob-
serve abnormalities in the limbic system, particularly in the
amygdala, associated with negative emotion regulation. In
contrast, the present study sought to examine anomalies in
the reward circuitry, specifically centred around the globus
pallidus, linked to abnormalities in regulating positive emo-
tions. Discovering putamen-related functional abnormalities
associated with reward among patients with MDD and child-
hood trauma is critical for understanding their lack of moti-
vation, heightened reward anticipation, and difficulty experi-
encing reward satisfaction %%

We rigorously analyzed our sample size estimation by
using PASS software to ensure scientific accuracy. First, con-
sidering how the interaction effect between degree of depres-
sion and trauma experience factors can significantly influence
2-way analysis of variance (ANOVA), we conducted factorial

ANOVA with preset parameters (o. = 0.05, 1-f = 0.8, k = 4),
and an expected main effect size of 0.25, along with the inter-
action effect size of 0.3. We calculated the initial target sam-
ple size for each group to be 23 and the total sample size to be
92. Furthermore, we determined the dropout-inflated enrol-
ment sample size to be 29 for each group (116 total).

We recruited patients with MDD from the Affiliated Brain
Hospital of Guangzhou Medical University, along with
healthy controls recruited from the nearby community. We
matched controls for age, sex, and education, and ensured
they exhibited no psychiatric disorders by psychiatric
screening. The diagnostic process for MDD adhered to the
DSM-5 criteria and was administered by 2 psychiatrists. To
gauge the severity of both depression and anxiety, we em-
ployed the Hamilton Depression Rating Scale (HAMD)»#
and the Hamilton Anxiety Rating Scale (HAMA),* respect-
ively. To quantify the severity of childhood trauma, we em-
ployed the Childhood Trauma Questionnaire (CTQ).34>%
The CTQ is regarded as an authoritative and foundational
tool for quantifying the enduring effects of early-life adver-
sity before the age of 16 years on an individual.##° It encom-
passes 5 distinct dimensions, namely emotional abuse, phys-
ical abuse, sexual abuse, emotional neglect, and physical
neglect.#** The CTQ subscales are evaluated based on pre-
defined threshold scores (emotional abuse score > 13, phys-
ical abuse score > 10, sexual abuse score > 8, emotional neg-
lect score > 15, and physical neglect score > 10).3424 We
employed the CTQ subscale scores to ascertain the occur-
rence of childhood trauma and used the CTQ total score to
quantify the severity of childhood trauma. We also used
neglect (sum of emotional and physical neglect) and abuse
(sum of emotional, physical, and sexual abuse) scores.

Organized according to their respective histories of early-
life adversity, we categorized participants into those with
MDD and childhood trauma, those with MDD without
childhood trauma, controls with childhood trauma, and con-
trols without childhood trauma. We excluded patients with
profound mental disorders, such as posttraumatic stress dis-
order, bipolar disorder, and anxiety disorders; patients who
had previously undergone electroconvulsive therapy or who
had taken psychotropic medications; and patients with
contraindications pertinent to rs-fMRI, including those with
conditions such as claustrophobia.

MRI data acquisition

We acquired MRI data with a 3.0T Philips scanner at the
radiology department of The Affiliated Brain Hospital of
Guangzhou Medical University in China. We instructed
study participants to maintain a state of stillness and calm-
ness while closing their eyes during the 8-minute scanning
procedure. The functional scans of the resting state were re-
corded using a gradient-echo echoplanar imaging sequence,
which consisted of 33 slices with a total of 240 time points.
The repetition time was set at 2000 ms, with an echo time of
30ms, a flip angle of 90°, a field of view of 220 x 220 mm?,
and a slice thickness and interslice gap of 4 mm and 0.6 mm,
respectively. The acquisition matrix was set at 64 x 64.
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MRI data preprocessing

The rs-fMRI data underwent preprocessing using Data Pro-
cessing & Analysis for Brain Imaging (DPABI) software (ver-
sion 5.2).% We discarded the initial 10 volumes to eliminate
steady-state longitudinal magnetization, leaving 230 volumes,
which were subsequently corrected for slice time and head
motion. Based on the report of Jenkinson and colleagues,*”
head motion correction was executed by using the Friston
24-parameter model. We gathered the mean framewise dis-
placement, computed from each time point for every partici-
pant; we included only those with a mean framewise displace-
ment value of less than 0.2 mm in our analysis. Subsequently,
the images were normalized to the standard Montreal Neuro-
logical Institute’s echo-planar imaging template and re-
sampled to 3 x 3 x 3 mm?. After spatial normalization, we ap-
plied a 4mm full-width at half maximum (FWHM) Gaussian
kernel to smooth the images. To mitigate the effect of physio-
logic artifacts, white matter and cerebrospinal fluid signals
were regarded as nuisance covariates and ruled out. The pre-
processed images were ultimately subjected to a temporal
band-pass filter between 0.01 and 0.08 Hz for further analysis.
We chose not to use global signal regression in this study,
given our interest in exploring differences in brain function be-
tween different groups, including people with MDD who had
experienced childhood trauma, those with MDD who had not
experienced childhood trauma, and healthy people with and
without traumatic childhood experiences. Global signal regres-
sion could potentially distort the results of between-group
analysis.*® In addition, whole-brain signals are important in the
context of psychiatric disorders, and not considering them
could result in a loss of valuable representation.” Current and
widely cited studies have also avoided regressing global sig-
nals during preprocessing analyses.*’

Definition of regions of interest

Tian and colleagues® used functional MRI to map the intri-
cate subcortical organization of the human brain. This atlas,
which can be integrated with existing cortical maps, is de-
signed to characterize the connections between the cortex
and subcortical regions. Based on this atlas, we identified
4 subregions within the globus pallidus, namely the bilateral
anterior and posterior globus pallidus, which were used as
regions of interest in seed-based static and dynamic func-
tional connectivity analyses.”

Static functional connectivity analysis

We conducted static functional connectivity analysis of the bi-
lateral anterior globus pallidus and posterior globus pallidus
using DPABI software.* We extracted the time series from the
regions of interest and subsequently performed voxel-wise cor-
relation analyses, examining the connectivity patterns between
subregions of the globus pallidus and other brain regions. The
resultant maps of static functional connectivity were subse-
quently enhanced through the application of a z transforma-
tion, thereby augmenting the normality of the data distribution.

Dynamic functional connectivity analysis

For the dynamic functional connectivity analysis, we adopted
the Hamming sliding window approach, employing the tem-
poral dynamic analysis toolkit in DPABI software.* We
chose a window length of 50 time points (TRs) and a step
width of 1 TR for conducting the dynamic functional connec-
tivity analysis. Previous research has shown that a window
length of 50 TR strikes an optimal balance between the accur-
acy of functional connectivity calculations and the ability to
capture swift dynamic alterations.**>! This choice minimizes
the risk of introducing erroneous fluctuations, associated
with shorter windows, and the risk of obscuring the temporal
dynamics’ characteristics, associated with longer windows.
Furthermore, we employed additional window lengths
(30 TR and 70 TR) to explore potential implications on
dynamic functional connectivity outcomes.

For each sliding window, we acquired correlation maps by
computing temporal correlation coefficients between the time
series of globus pallidus subregions and those of all other
brain voxels. Consequently, each individual had a total of
181 correlation maps derived from sliding windows. Each
correlation map underwent Fisher z transformation to en-
hance the normal distribution of the data. We generated the
dynamic functional connectivity maps by calculating the
standard deviation of the 181 z-value maps obtained from the
sliding windows. For improved comparability and interpret-
ability among different individuals, these dynamic functional
connectivity maps were z-standardized. Lastly, we applied a
Gaussian kernel with a FWHM of 4 mm to all maps. We also
executed analogous calculations of dynamic functional con-
nectivity patterns using the sliding window lengths of 30 TR
and 70 TR, aimed at corroborating the robustness of our find-
ings (Appendix 1, available at www.jpn.ca/lookup/
doi/10.1503/jpn.240019/tab-related-content).

Statistical analysis

To explore between-group differences in demographic char-
acteristics (e.g., age, sex, education), clinical features (HAMD
and HAMA scores), and severity of childhood trauma (total
and subscale scores of CTQ), we applied Student ¢ tests, x>
tests, and 1-way ANOVA using SPSS version 27.0.

We employed 2-way ANOVA with Benjamini-Hochberg
post hoc tests to examine the variations in dynamic and static
functional connectivity between the 4 groups (corrected
p < 0.05). During the 2-way ANOVA, demographics were re-
garded as nuisance covariates. With the use of 2-way
ANOVA, we could identify which factor — etiological, trau-
matic, or interaction — was responsible for any abnormal
dynamic and static functional connectivity of the globus
pallidus subregions among patients with MDD and those
with childhood trauma.

To investigate the relationships between abnormal dynamic
functional connectivity and childhood trauma, we used par-
tial correlation analyses with the Benjamini-Hochberg correc-
tion to calculate adjusted (adj) p values. The demographic fac-
tors were accounted for as nuisance covariates.
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Considering the possibility of abnormal dynamic func-
tional connectivity serving as a moderator factor in the rela-
tionship between childhood trauma and depression sever-
ity, we conducted a moderator analysis using the PROCESS
3.3 toolbox for SPSS software (https://processmacro.org/
index.html). In the moderation analyses, childhood trauma
was considered as the independent variable, aberrant dy-
namic functional connectivity as the moderating variable,
and depression severity as the dependent variable. To
eliminate problematic multicollinearity effects, the modera-
tor and their interaction terms were both centred on the
mean.” Such transformations do not affect the significance
level of the interaction terms or the simple slopes of any
plotted regression lines. In addition, we included demo-
graphic variables such as age, sex, and education in the first
step of the analysis. In the second step, we added childhood
trauma (measured by the CTQ total score, neglect total
score, and abuse total score) and aberrant variability in dy-
namic functional connectivity. Finally, in the third step, we
added the interaction between childhood trauma and aber-
rant variability in dynamic functional connectivity. If the
interaction had a significant effect, this would represent
how aberrant variability in dynamic functional connectivity
moderated the relationship between childhood trauma and
HAMD score. We used 3 levels of the moderating variable,
grouped as high (above mean + 0.5 standard deviation
[SD]), moderate (mean — 0.5 SD to mean + 0.5 SD), and low
(below mean — 0.5 SD) dynamic functional connectivity; we

selected these thresholds to have similar numbers of partici-
pants in each subgroup. We considered a conventional 5%
(2-tailed) threshold to be statistically significant.

Ethics approval

This study was approved by the Ethics Committee of the
Affiliated Brain Hospital of Guangzhou Medical University.
All participants provided written informed consent.

Results
Demographics and clinical features

We enrolled 181 participants, including patients with MDD
and childhood trauma (n = 48), patients with MDD without
childhood trauma (1 = 30), controls with childhood trauma
(n = 57), and controls without childhood trauma (n = 46).
Demographics are presented in Table 1. Physical neglect
(37.4%) represented the highest proportion of all forms of
childhood trauma, while sexual abuse (6.6%) represented the
lowest proportion among participants with childhood
trauma (n = 105). We found no significant differences in age,
sex, education, or framewise displacement across groups
(p > 0.05). Similarly, HAMD and HAMA scores did not dif-
fer between patients with and without childhood trauma
(p > 0.05). We found significant differences across the
4 groups in CTQ total scores, neglect total scores, abuse total

Table 1: Demographics and clinical features among patients with major depressive disorder (MDD) and healthy controls with or

without childhood trauma

Mean + SD*
MDD with childhood MDD without childhood ~ Controls with childhood Controls without
trauma trauma trauma childhood trauma
Characteristic n=48 n =230 n=>57 n=46 Flt/y? p value
Age, yr 28.1 +6.524 29.07 +7.913 26.82 +7.033 27.28 + 6.065 0.824 0.5
Sex, no. (%) of 2.436 0.1
participants
Male 25 (52.1) 11 (36.7) 27 (47.4) 17 (37.0)
Female 23 (47.9) 19 (63.3) 30 (52.6) 29 (63.0)
Education, yr 12.92 + 3.32 13.73 + 3.35 14.14 + 2.80 1454 +2.34 2.671 0.05
HAMD score 29.46 + 8.54 29.73 +5.46 NA NA 0.081 1.0
HAMA score 24.09 + 6.69 6.70 + 4.28 NA NA 3.910 0.05
Onset age, yr 27.80 + 4.23 28.30 + 5.66 NA NA 0.673 0.5
lliness duration, yr 0.46 +0.23 0.55+0.16 NA NA 2.732 0.07
FD, mm 0.46 + 0.21 0.56 +0.18 0.53 +0.12 0.52 £ 0.12 0.069 0.89
CTQ total score 55.33 + 12.58 29.70 + 4.54 43.60 + 8.25 31.26 + 4.23 85.943 < 0.001
Abuse total score 25.10 + 9.06 16.50 £ 2.13 20.07 £+ 4.78 16.85 + 2.00 22.493 < 0.001
Neglect total score 30.23 + 6.47 13.20 + 3.67 23.52 + 6.11 14.41 £3.17 99.317 < 0.001
Emotional abuse score 11.02 + 4.99 573 +1.46 7.81 +3.17 6.13 + 1.47 23.490 < 0.001
Physical abuse score 8.06 + 4.50 5,57 +1.16 6.60 +2.14 5.41+£0.78 9.170 < 0.001
Sexual abuse score 6.02 + 2.69 5.20 + 0.41 5.67 £1.29 5.30 + 0.66 2.271 0.04
Emotional neglect score 18.04 + 3.98 7.43 +£2.92 13.51 +4.82 8.22 +2.43 72.382 < 0.001
Physical neglect score 12.19 £ 3.49 5.77 £1.04 10.02 £ 2.78 6.20 +1.24 65.192 < 0.001

CTQ = Childhood Trauma Questionnaire, FD = framewise displacement, HAMA = Hamilton Anxiety Scale, HAMD = Hamilton Depression Scale, NA = not applicable, SD = standard

deviation.
*Unless indicated otherwise.
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scores, and each of the subscales of emotional abuse, phys-
ical abuse, sexual abuse, emotional neglect, and physical
neglect (p < 0.05).

Static functional connectivity

We did not observe significant differences in the static func-
tional connectivity of the globus pallidus subregions.

Dynamic functional connectivity

Using 2-way ANOVA, we detected significant group differ-
ences of abnormal dynamic functional connectivity in sub-
regions of the globus pallidus. We identified the different ef-
fects attributed to the abnormal dynamic functional
connectivity in pallidum subregions (i.e., the etiological ef-
fect of depression, the traumatic effect of childhood trauma,
or interaction effect of depression plus childhood trauma).
We then applied multiple comparisons with Benjamini—
Hochberg correction (Table 2 and Figure 2).

Anterior globus pallidus

As shown in Table 2, significant group differences in dy-
namic functional connectivity were exhibited between the
right anterior globus pallidus and right precuneus (traumatic
effect), the right anterior globus pallidus and right superior
frontal gyrus (interaction effect), the left anterior globus palli-
dus and right middle frontal gyrus (interaction effect), the left
anterior globus pallidus and right postcentral gyrus (inter-
action effect), and the left anterior globus pallidus and right
precentral gyrus (interaction effect).

As shown in Figure 2, we observed higher dynamic func-
tional connectivity between the right anterior globus pal-
lidus and right precuneus among control participants with
childhood trauma compared with those without childhood
trauma. We detected lower dynamic functional connectivity
between the right anterior globus pallidus and right
superior frontal gyrus among patients with MDD and child-
hood trauma relative to controls with childhood trauma,
but higher dynamic functional connectivity between these
areas among controls with childhood trauma relative to
controls without childhood trauma. We observed higher

dynamic functional connectivity between the left anterior
globus pallidus and right middle frontal gyrus among pa-
tients with MDD and childhood trauma than among
patients with MDD without childhood trauma, but lower
dynamic functional connectivity between these areas
among patients with MDD without childhood trauma than
among controls without childhood trauma. We observed
higher dynamic functional connectivity between the left an-
terior globus pallidus and right postcentral gyrus among
patients with MDD without childhood trauma relative to
controls without childhood trauma, and among controls
with childhood trauma relative to controls without child-
hood trauma. We observed lower dynamic functional con-
nectivity between the left anterior globus pallidus and right
precentral gyrus among patients with MDD and childhood
trauma relative to those without childhood trauma, and
higher dynamic functional connectivity between these areas
among patients with MDD without childhood trauma than
among controls without childhood trauma.

Posterior globus pallidus

As shown in Table 2, we found significant group differences
in dynamic functional connectivity between the right poster-
ior globus pallidus and left postcentral gyrus (interaction
effect); the right posterior globus pallidus and left inferior
parietal but supramarginal and angular gyri (interaction
effect); the right posterior globus pallidus and right precen-
tral gyrus (interaction effect); the left posterior globus palli-
dus and left superior frontal gyrus, medial orbital (inter-
action effect); and the left posterior globus pallidus and left
thalamus (interaction effect).

As shown in Figure 2, we observed lower dynamic func-
tional connectivity between the right posterior globus pal-
lidus and left postcentral gyrus among patients with MDD
and childhood trauma than among those with MDD with-
out childhood trauma. We detected higher dynamic func-
tional connectivity between these areas among patients
MDD without childhood trauma relative to controls with-
out childhood trauma, and among controls with childhood
trauma compared with those without childhood trauma.
We found higher dynamic functional connectivity between
the right posterior globus pallidus and left inferior parietal

Table 2: Two-way analysis of variance of seed-based dynamic functional connectivity in the globus pallidus

Seed Effect Brain region Cluster size X Y 4 F
Right posterior globus pallidus  Interaction effect Left postcentral gyrus 13 —54 -12 33 18.194
Left inferior parietal lobe 12 -33 -75 42 18.428
Right precentral gyrus 32 45 -9 57 20.350
Right anterior globus pallidus Traumatic effect Right precuneus 115 3 =72 57 5.208
Interaction effect Right superior frontal gyrus 16 21 18 54 18.894
Left posterior globus pallidus Interaction effect  Left superior frontal gyrus, medial orbital 10 -30 39 -12 17.617
Left thalamus 1 -9 -21 9 18.971
Left anterior globus pallidus Interaction effect Right middle frontal gyrus 19 51 12 45 18.181
Right postcentral gyrus 21 33 -33 54 17.238
Right precentral gyrus 16 30 -18 66 18.722
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K MDD with childhood trauma [ZJ HC with childhood trauma
7] MDD without childhood trauma HC without childhood trauma
25
2.0
o 15
5
1.0
0.5
0.0
a: dFC between right posterior globus pallidus and left postcentral gyrus f: dFC between left posterior globus pallidus and left superior frontal gyrus
b: dFC between right posterior globus pallidus and left inferior parietal gyrus g: dFC between left posterior globus pallidus and left thalamus
c¢: dFC between right posterior globus pallidus and right precentral gyrus h: dFC between left anterior globus pallidus and right middle frontal gyrus
d: dFC between right anterior globus pallidus and right precuneus i- dFC between left anterior globus pallidus and right postcentral gyrus
e: dFC between right anterior globus pallidus and right superior frontal gyrus j: dFC between left anterior globus pallidus and right precentral gyrus

Figure 2: Significant differences in dynamic functional connectivity (dFC) among patients with major depressive disorder (MDD) and childhood
trauma, patients with MDD without childhood trauma, healthy controls (HC) with childhood trauma, and HC without childhood trauma, including be-
tween (A) the right posterior globus pallidus and left postcentral gyrus, (B) the right posterior globus pallidus and left inferior parietal gyrus, (C) the
right posterior globus pallidus and right precentral gyrus, (D) the right anterior globus pallidus and right precuneus, (E) the right anterior globus palli-
dus and right superior frontal gyrus, (F) the left posterior globus pallidus and left superior frontal gyrus, (G) the left posterior globus pallidus and left
thalamus, (H) the left anterior globus pallidus and right middle frontal gyrus, (1) the left anterior globus pallidus and right postcentral gyrus, and (J) the
left anterior globus pallidus and right precentral gyrus. (K) Results of multiple comparisons of dFC. See Related Content tab for accessible version.

E224 J Psychiatry Neurosci 2024;49(4)



Functional connectivity of the globus pallidus in MDD with childhood trauma

lobe among patients with MDD without childhood trauma
than among controls without childhood trauma. We ob-
served lower dynamic functional connectivity between the
right posterior globus pallidus and right precentral gyrus
among patients with MDD and childhood trauma com-
pared with patients with MDD without childhood trauma,
and higher dynamic functional connectivity between these
areas among patients with MDD without childhood
trauma than among controls without childhood trauma.
We found higher dynamic functional connectivity between
the left posterior globus pallidus and left superior frontal

gyrus (medial orbital) among patients with MDD and
childhood trauma than among patients without childhood
trauma. We observed lower dynamic functional connectiv-
ity between the left posterior globus pallidus and left thal-
amus among patients with MDD and childhood trauma
relative to patients without childhood trauma, and higher
dynamic functional connectivity between these areas
among patients with MDD without childhood trauma com-
pared with controls without childhood trauma, and among
controls with childhood trauma than among those without
childhood trauma.

Table 3: Correlation analyses of Childhood Trauma Questionnaire (CTQ) scores and the variability in dynamic functional

connectivity among patients with major depressive disorder

Emotional Physical Sexual Emotional Physical CTQ total
Seed Effect Brain region abuse abuse abuse neglect neglect score
Right anterior Traumatic effect Right precuneus 0.155* 0.093 0.034 0.185* 0.234t 0.213t
globus pallidus Interaction effect Right superior frontal gyrus -0.056 -0.024 -0.063 -0.176* -0.02 -0.11
*Adjusted p < 0.05.
tAdjusted p < 0.001.
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Figure 3: Correlation analyses of childhood trauma and the variability in dynamic functional connectivity (dFC), depicting the positive correla-
tions between the dFC of the right anterior globus pallidus and right precuneus with the (A) Childhood Trauma Questionnaire (CTQ) total
score, (B) emotional abuse score, (C) physical neglect score, and (D) emotional neglect (score), as well as (E) the negative correlation be-
tween the dFC of the right anterior globus pallidus and the right superior frontal gyrus with the emotional neglect score. adj = adjusted.
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Correlation analysis

As shown in Table 3 and Figure 3, partial correlation analysis
with Benjamini-Hochberg correction showed that dynamic
functional connectivity between the right anterior globus
pallidus and right precuneus was positively correlated with
emotional abuse (r = 0.155, p,; = 0.04), emotional neglect
(r=0.185, p,; = 0.03), physical neglect (r = 0.234, p,,; = 0.01), and
CTQ total scores (r = 0.213, p,; = 0.01). In addition, dynamic
functional connectivity between the right anterior globus pal-
lidus and right superior frontal gyrus was negatively cor-
related with emotional neglect scores (1 = —0.176, p,; = 0.02).

Moderation analysis

We conducted moderation analyses to explore whether ab-
normal dynamic functional connectivity influenced the rela-
tionship between childhood trauma and depression sever-
ity. In the multiple linear regression model, abnormal
dynamic functional connectivity was considered as the
moderator variable, childhood trauma (including CTQ
scores, neglect total scores, abuse total scores, and emo-
tional abuse, physical abuse, sexual abuse, physical neglect,

and emotional neglect scores) was considered as the
independent variable, and depression severity (HAMD
scores) was considered as the dependent variable. In the
moderation analysis, we used data only from patients with
MBDD. Figure 4 depicts the outcomes of the moderating effect
for the high, medium, and low dynamic functional connectiv-
ity groups. Table 4 details the results of the multilevel models
of MDD severity by childhood trauma. We found that the dy-
namic functional connectivity between the right anterior glo-
bus pallidus and right superior frontal gyrus, as well as be-
tween the left anterior globus pallidus and right precentral
gyrus, both played a moderating role in the relationship be-
tween childhood trauma and the severity of MDD.

To further explore the interaction effect of childhood
trauma and abnormalities in dynamic functional connec-
tivity on MDD severity, we performed multiple linear re-
gressions in each of the 3 subgroups of dynamic functional
connectivity. In multilevel models, MDD severity was the
dependent variable and childhood trauma was the in-
dependent variable, with sex, age, and education as co-
variates. In a model with dynamic functional connectivity
between the right anterior globus pallidus and the right
superior frontal gyrus as the moderating variable, the
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Figure 4: Abnormal dynamic functional connectivity (dFC) as a moderator of the relationship between childhood abuse (independent variable)
and depression severity (dependent variable), at 3 levels of the moderating variable (high: above mean dFC + 0.5 standard deviation [SD],
medium: mean dFC — 0.5 SD to mean dFC + 0.5 SD, low: below mean — 0.5 SD) for (A) dFC between the right anterior globus pallidus (aGP)
and the right superior frontal gyrus and (B) dFC between the left aGP and right precentral gyrus. Full model results are presented in Table 5.
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Table 4: Variability in dynamic functional connectivity (dFC) as a moderator in the relationship between childhood trauma and the

severity of depression

Model Variable Estimate SE t p value n%p Power

Model A Intercept 29.573 5.250 5.633 < 0.001 0.002 0.064
Childhood trauma —-0.052 0.102 -0.510 0.6 0.010 0.133
dFC between right anterior globus pallidus and right superior frontal 0.937 2.746 0.341 0.7 0.009 0.132
gyrus
Interaction of childhood trauma x dFC between right anterior globus 0.754 0.358 2.106 0.04 0.057 0.547
pallidus and right superior frontal gyrus

Model B Intercept 30.488 4.893 6.231 < 0.001 0.003 0.074
Childhood trauma —-0.086 0.097 -0.890 0.4 0.017 0.196
dFC between left anterior globus pallidus and right precentral gyrus 0.394 2.560 0.154 0.9 0.006 0.101
Interaction of childhood trauma x dFC between left anterior globus -1.165 0.345 —-3.381 0.001 0.134 0.916

pallidus and right precentral gyrus

SE = standard error.

group with low dynamic functional connectivity included
patients with dynamic functional connectivity be-
low 1.435, the moderate group included patients with dy-
namic functional connectivity between 1.435 and 1.747,
and the group with high dynamic functional connectivity
included patients with dynamic functional connectivity
greater than 1.747. As shown in Model A of Table 5, child-
hood trauma was significantly associated with MDD
severity only in the group with low dynamic functional
connectivity, which showed that severity of childhood
trauma was negatively associated with MDD severity.

Model B used the dynamic functional connectivity be-
tween the left anterior globus pallidus and right precentral
gyrus as the moderating variable (low: dynamic functional
connectivity < 1.429; moderate: dynamic functional connec-
tivity 1.429-1.749; high: dynamic functional connectivity
> 1.749). Childhood trauma was significantly positively asso-
ciated with the severity of MDD in the high dynamic func-
tional connectivity group only.

Results from univariate ANOVAs are provided in
Appendix 1, Table 54 and Table S5.

Validation analysis

We conducted supplementary analyses that employed dif-
ferent sliding window lengths (70 TR and 30 TR) to validate
the robustness of our findings. Most results were consistent
with our main analyses. This congruence serves to empha-
size the reliability and stability of our findings. Compared
with patients with MDD without childhood trauma, those
with both MDD and childhood trauma had lower dynamic
functional connectivity between the right posterior globus
pallidus and right precentral gyrus with window lengths of
30 TR, 50 TR, and 70 TR, and between the left posterior
globus pallidus and left thalamus with window lengths of
50 TR and 70 TR. Conversely, there was higher dynamic
functional connectivity between the left anterior globus pal-
lidus and right middle frontal gyrus among patients with
MDD and childhood trauma than among those without
childhood trauma with window lengths of 30 TR and 50 TR.

We observed lower dynamic functional connectivity be-
tween the left anterior globus pallidus and right precentral
gyrus among patients with MDD and childhood trauma
than among those without childhood trauma with window
lengths of 30 TR and 50 TR. Detailed results with window
lengths of 30 TR and 70 TR are provided in Appendix 1.

Discussion

We employed analyses involving static and dynamic func-
tional connectivity, using subregions of the globus pallidus
as the seeds, to investigate abnormal functional connectivity
patterns between patients with MDD with or without child-
hood trauma and healthy controls with or without childhood
trauma. This study provides insights into the relationship be-
tween MDD, childhood trauma, and dysfunction in specific
globus pallidus subregions, shedding light on the neuro-
biological basis of MDD susceptibility. Among patients with
MDD and childhood trauma, dynamic functional connectiv-
ity decreased between the posterior globus pallidus and sev-
eral brain regions, including the postcentral gyrus, precentral
gyrus, and thalamus. Conversely, dynamic functional con-
nectivity increased between the anterior globus pallidus and
the middle frontal gyrus (medial orbital). Furthermore,
among controls with childhood trauma, dynamic functional
connectivity increased between the anterior globus pallidus
and the precuneus, superior frontal gyrus, and postcentral
gyrus. Similarly, dynamic functional connectivity increased
between the posterior globus pallidus and the postcentral
gyrus and thalamus. Moreover, abnormal dynamic func-
tional connectivity between the anterior globus pallidus and
several brain regions (such as the precuneus and the superior
frontal gyrus) was significantly associated with childhood
trauma. Abnormal dynamic functional connectivity between
the anterior globus pallidus and the superior frontal gyrus,
and between the anterior globus pallidus and the precentral
gyrus, moderated the relationship between childhood abuse
and the severity of depression. This further elucidates the in-
tricate relationship between childhood trauma, dysfunction
in subregions of the globus pallidus, and MDD.
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Table 5: Multilevel models of severity of major depressive disorder by childhood abuse by degree of abnormal dynamic functional

connectivity (dFC)
No. of
Model Variable patients Estimate SE t p value n’p Power
Model A Model 1: dFC variability < 1.435 32
Intercept 29.594 10.047 2.945 0.007 < 0.001 0.050
Age -0.032 0.218 —-0.145 0.9 < 0.001 0.050
Sex 3.985 2.575 1.548 0.1 0.111 0.310
Education 0.132 0.384 0.343 0.7 < 0.001 0.050
Childhood trauma -0.327 0.156 -2.101 0.04 0.139 0.384
Model 2: dFC variability 1.435-1.747 27
Intercept 36.923 9.400 3.928 0.001 0.001 0.051
Age -0.159 0.238 —0.666 0.5 0.021 0.100
Sex -3.181 3.399 —0.936 0.4 0.010 0.075
Education —-0.101 0.543 -0.186 0.8 0.013 0.080
Childhood trauma 0.110 0.197 0.557 0.6 < 0.001 0.050
Model 3: dFC variability > 1.747 19
Intercept 27.409 13.298 2.061 0.06 <0.001 0.050
Age -0.176 0.204 —0.862 0.4 0.005 0.058
Sex -5.022 3.492 —1.438 0.2 0.086 0.210
Education 0.649 0.622 1.043 0.3 0.008 0.064
Childhood trauma 0.423 0.272 1.557 0.1 0.048 0.136
Model B Model 1: dFC variability < 1.429 20
Intercept 16.810 12.492 1.346 0.2 0.006 0.060
Age —-0.031 0.284 —0.108 0.9 0.003 0.055
Sex 2.385 3.418 0.698 0.5 < 0.001 0.050
Education 0.270 0.437 0.618 0.5 0.051 0.140
Childhood trauma 0.251 0.182 1.377 0.2 0.080 0.200
Model 2: dFC variability 1.429-1.749 36
Intercept 30.716 8.782 3.498 < 0.001 0.005 0.063
Age —0.038 0.180 -0.214 0.8 0.001 0.052
Sex —2.960 2.739 —1.081 0.3 < 0.001 0.050
Education 0.239 0.436 0.548 0.6 0.018 0.101
Childhood trauma 0.111 0.188 0.589 0.6 0.170 0.275
Model 3: dFC variability > 1.749 22
Intercept 37.628 10.403 3.617 0.002 0.001 0.052
Age 0.142 0.203 0.700 0.5 0.096 0.22
Sex —0.064 2.910 —-0.022 1.0 < 0.001 0.05
Education —0.092 0.523 -0.176 0.9 0.002 0.053
Childhood trauma -0.589 0.169 -3.477 0.003 0.336 0.730

SE = standard error.

Altered dynamic functional connectivity with the anterior
globus pallidus

We observed alterations in the functional connectivity of
the anterior globus pallidus with several brain regions, in-
cluding the precuneus, superior frontal gyrus, middle
frontal gyrus, postcentral gyrus, and precentral gyrus. The
anterior globus pallidus is considered to play a crucial role
in motivation (i.e., reward-seeking and aversive avoidance)
and cognitive processing (i.e., goal decisions and action
selection).?*%3** The anterior part of the precuneus is a cen-
tral hub of the default mode network and is believed to
facilitate theory of mind and self-referential thinking.5* On

the other hand, the posterior default mode network, which
includes the superior frontal gyrus and the posterior cingu-
late cortex, is associated with episodic memory and visual—-
spatial imagery processing.”>> We speculate that abnormal
dynamic functional connectivity in these areas is linked to
motivation deficits, reduced reward processing, and aber-
rant episodic memory processing among patients with
MDD and childhood trauma. In alignment with our specu-
lation, Tozzi and colleagues® illustrated that high severity
of childhood trauma, represented by concurrent childhood
neglect and abuse, was strongly associated with reduced
thickness in the precuneus, and that patients with MDD
had lower activation of the right precuneus compared with
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controls, impairing the procession of episodic memory.
Zhang and colleagues® also found that increased spontan-
eous neural activity in the right precuneus in subclinical
depression may cause cognition and sensory dysfunction.
Our findings confirm the important role of the anterior glo-
bus pallidus—precuneus in MDD with childhood trauma.

Previous research has shown that childhood trauma exerts
profound influences on motivation and reward systems.>*%
This effect manifests in several distinct ways. People with
childhood trauma often have anhedonia, with difficulty in de-
riving satisfaction from pleasurable experiences, which is
highly associated with dysfunction in the brain’s reward cir-
cuitry.®® Fan and colleagues® reported that physical, social,
and anticipatory (but not consummatory) anhedonia of the re-
ward system could be persistently affected by childhood trau-
matic experiences. Childhood trauma frequently hampers
motivation, making it challenging to establish goals, pursue
happiness, and actively seek rewards.” Finally, people with
childhood trauma may resort to self-punishing behaviours —
such as substance abuse, self-harm, or other self-destructive
actions — as a means of coping with their traumatic past.5
Paradoxically, these behaviours can be interpreted as a form of
reward as they serve to alleviate emotional distress. Our find-
ings support the idea that childhood trauma can have pro-
found effects on motivation and reward systems.

We observed abnormal functional connectivity between the
anterior globus pallidus and the precentral gyrus and post-
central gyrus. This could be related to the motor and emo-
tional regulatory functions, as well as the sensory and emo-
tional regulatory functions, of these brain regions.®- The
precentral gyrus is primarily associated with muscle move-
ment and motor execution.®® Although not directly related to
emotional regulation, it has been shown that physical activity
and sports can have a positive impact on emotional states.®#*
Physical activity promotes the release of neurotransmitters in
the brain, such as dopamine and endorphins, which are asso-
ciated with emotional regulation.®® Therefore, the precentral
gyrus may be indirectly involved in emotional regulation
through exercise and physical activities. In addition, patients
with somatic symptom disorder involving demonstrated pain
symptoms have shown abnormal regional homogeneity in the
left precentral gyrus, indicating the role of the precentral gyrus
in the perception of pain, similar to symptoms of unexplained
physical pain among people with depression.® The postcentral
gyrus is part of the somatosensory cortex and is mainly related
to the reception and processing of sensory information. Emo-
tional regulation often involves interpretation and response to
sensory information from both the self and the external en-
vironment.®® Consistent with our findings, the rs-fMRI study
conducted by Liu and colleagues® revealed that abnormalities
in brain regions associated with somatic symptoms (precentral
gyrus and paracentral gyrus) were also significantly associated
with depressive symptoms. Furthermore, depressive symp-
toms may influence somatic symptoms, just as depression may
influence or amplify somatic sensations associated with de-
pression.” Therefore, the postcentral gyrus may play a role in
emotional perception and emotional regulation by interpreting
and replying to specific sensory information.

Altered dynamic functional connectivity with the posterior
globus pallidus

We detected alterations in dynamic functional connectivity
between the posterior globus pallidus and several brain re-
gions, including the superior frontal gyrus, thalamus, post-
central gyrus, and inferior parietal lobe. The posterior globus
pallidus is primarily involved in regulating motor functions (i.e.,
action preparation and execution),® especially precise grasping
movements.?* The superior frontal gyrus plays a crucial role in
emotion regulation, cognitive control, and decision-making.®7
The abnormal dynamic functional connectivity between the
posterior globus pallidus and the superior frontal gyrus may
lead to decreased cognitive flexibility, making it challenging for
patients to adapt to changes and adversities in life. In their study
of people with subclinical depression, Zhang and colleagues®
found that increased spontaneous neural activity in both the left
middle frontal gyrus (especially in the inferior frontal junction)
and the left superior frontal gyrus may serve as neuroimaging
markers for the diagnosis of depressive disorder. Moreover, the
close association of the superior frontal gyrus with emotion
regulation suggests that its dysfunction may contribute to emo-
tional instability, increased negative emotions, and decreased
positive emotions leading by negative bias, which are typical
symptoms of depression. Noll-Hussong and colleagues™ found
that higher activation of the lateral and medial superior frontal
gyrus among patients with childhood experiences of sexual
abuse may reflect an increased negativity bias.

The thalamus serves as a pivotal relay station for sensory
information by receiving signals from sensory organs and
transmitting them to other parts of the brain.”> Patients with
MDD and childhood trauma exhibit altered responses to sen-
sory information, including overinterpretation of emotional
cues or heightened sensory sensitivity.” This phenomenon
may be linked to the role of the thalamus in sensory process-
ing. Furthermore, the thalamus is closely associated with
emotional processing and the regulation of emotional process-
ing across psychiatric disorders, as confirmed by a meta-
analysis.”* Emotional disturbances — such as emotional dys-
regulation, depression, and anxiety — are serious concerns
among people with childhood trauma-related depression,
and the thalamus may play a vital role in the neural circuitry
of emotional regulation.”*” In addition, dysfunction and
structural disruptions in the thalamus can lead to an amnestic
syndrome; impairments in recall and recognition may explain
the phenomenon of memory loss among people with MDD.”

The inferior parietal lobe is involved in the perception and
processing of self-identity and body image.” Patients with
MDD and childhood trauma often report distorted percep-
tions of their self-image, as shown in a study from northeast
India, which showed a strong association between body image
and depression and anxiety among college students, which
may be related to the dysfunction of the inferior parietal lobe.”
People with childhood trauma-related depression may exhibit
an attention bias toward negative emotional information in
their cognitive processes; a dysfunctional inferior parietal lobe
may contribute to this attention bias, increasing sensitivity to
negative stimuli.®®”" Skokauskas and colleagues”™ suggested
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that, with the contrast judgment of emotion minus judgment
of geometry following emotional negative stimuli, participants
with MDD and sexual abuse showed significantly higher acti-
vation in the area of the left inferior parietal lobe, further
unveiling how the dysfunction between the posterior globus
pallidus and the inferior parietal lobe impaired cognitive pro-
cessing, as well as the predisposition to a negative bias.

The postcentral gyrus is a part of the somatosensory cortex
primarily associated with touch, pain, and proprioception
(perception of body position).®>#® Patients with MDD may
show heightened sensory perception, particularly in terms of
perceiving pain or discomfort, which may be related to dys-
function in the posterior postcentral gyrus.®* Furthermore,
those exposed to traumatic experiences in childhood may oc-
casionally report alterations in their state of consciousness,
including feeling sluggish, experiencing difficulty concentrat-
ing, a sense of detachment from reality, or depersonaliza-
tion.” Dysfunction in the postcentral gyrus could influence
these consciousness-related issues. Our findings highlight the
role of abnormal functional connectivity in the posterior glo-
bus pallidus in the emotional and cognitive dysregulation of
patients with MDD and childhood trauma.

The relationship between dynamic functional connectivity
abnormalities and childhood trauma

We found a positive correlation between childhood trauma
and dynamic functional connectivity with the anterior globus
pallidus as the region of interest. Childhood trauma often
leads to difficulties in emotional regulation and heightened
stress responses.® The anterior portion of the globus pallidus
plays a critical role in motivation processing involving
reward-seeking and aversive avoidance, as well as cognitive
processing, including goal decision-making and action selec-
tion.”5% Hence, functional abnormalities may result in re-
duced reward-seeking, more frequent avoidance behaviours,
and tougher goal decision-making and action selection. The
dynamic functional connectivity of the anterior globus pal-
lidus modulated the relationship between childhood abuse
and the severity of depression. This provides new evidence
for the long-term effect of childhood trauma on the develop-
ment of MDD via impairment of the reward system.**

Limitations

As the CTQ is a self-reported and retrospective questionnaire,
the assessment of childhood trauma is susceptible to individ-
ual subjectivity and recall bias. Given the cross-sectional na-
ture of the study, causal relationships between variables are
challenging to infer. Future research should consider factors
beyond sex, age, and education — such as family compos-
ition, household income, and social support — in understand-
ing the effect of childhood trauma on depression outcomes.
Future research could also investigate the effects of specific
subtypes of childhood trauma on abnormal functional con-
nectivity in MDD or other depressive subtypes. Compared
with the large sample size of previous studies®® the limited
sample size in our study undermines its statistical validity,

necessitating a more extensive sample to either confirm or re-
fute the present findings. Previous studies have indicated the
basal ganglia play a crucial role in producing psychomotor
symptoms.®*# We did not examine psychomotor abnormal-
ities and will address this aspect in the future.

Conclusion

We explored the relationship between childhood trauma,
MDD, and dysfunctional reward circuitry centred on sub-
regions of the globus pallidus. Our findings support child-
hood trauma as a risk factor for MDD. Patients with MDD
and childhood trauma exhibit pronounced abnormalities in
the reward circuitry. These abnormalities involve various
brain regions, including the postcentral gyrus, precentral
gyrus, inferior parietal lobe, precuneus, superior frontal
gyrus, thalamus, and middle frontal gyrus. Our findings
offer new insights into identifying neurobiological markers
for patients with MDD and childhood trauma.
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