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Objective More recently, attention has turned to the linkage between childhood trauma and emotional dysregulation, but the evidence
in bipolar disorder (BD) is limited. To determine neurobiological relationships between childhood trauma, current anxiety, and impul-
sivity, we investigated cortical volumetric correlates of these clinical factors in BD.

Methods We studied 36 patients with DSM-5 BD and 29 healthy controls. Childhood trauma, coexisting anxiety, and impulsivity were
evaluated with the Korean version-Childhood Trauma Questionnaire (CTQ), the Korean version-Beck Anxiety Inventory (BAI), and
the Korean version-Barratt Impulsiveness Scale (BIS). Voxel-based morphometry (VBM) was used to assess gray matter volume (GMV)
alterations on the brain magnetic resonance imaging (MRI). Partial correlation analyses were conducted to examine associations be-
tween the GMV and each scale in the BD group.

Results Childhood trauma, anxiety, and impulsivity were interrelated in BD. BD patients revealed significant inverse correlations be-
tween the GMV in the right precentral gyrus and CTQ scores (r=-0.609, p<0.0003); between the GMV in the left middle frontal gyrus
and BAI scores (r=-0.363, p=0.044). Moreover, patients showed similar tendency of negative correlations between the GMV in the right
precentral gyrus and BIS scores; between the GMYV in the left middle frontal gyrus and CTQ scores.

Conclusion The present study provides evidence for a neural basis between childhood trauma and affect regulations in BD. The

GMYV alterations in multiple frontal lobe areas may represent neurobiological markers for anticipating the course of BD.
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INTRODUCTION

Bipolar disorder (BD) is a chronic mental illness entailing
recurrent mood episodes.' It has been well documented that
BD is associated with high morbidity, disability, and risk of
suicide.* A number of studies have explored risk indicators of
unfavorable outcomes in BD, and several emerging litera-
tures indicate that adverse childhood experiences, comorbid
anxiety, and impulsivity often complicate the presentation
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and the course of BD.*?

BD is the psychiatric diagnosis most often associated with a
history of childhood trauma.® Bipolar patients who experi-
enced maltreatment in their early lives are prone to have an
earlier onset, a worse clinical course, and higher suicidality.”®
Besides, BD patients with lifetime anxiety disorders appear to
have a negative course, including higher numbers of mood
episodes, more severe depressive and mixed episodes, and
higher levels of suicidality.”'* Furthermore, coexisting impul-
sivity in BD seems to be a crucial determinant of clinical out-
comes."*** The severity of suicidal attempts in BD has been
related to the level of impulsivity.">'¢

More recently, attention has been paid to the linkage among
childhood trauma, current anxiety, and impulsivity in BD. A
few researches reported that childhood abuse was significantly
associated with affective instability in BD independent of cur-
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rent mood states,” and that BD patients showed considerably
higher impulsivity when anxiety was present either as a co-
morbidity or a symptom.'* One possible mechanism underly-
ing these observations is the disruption of key stress-response
systems during early stages of child development, such as the
hypothalamic-pituitary-adrenal axis, serotonin and catechol-
amine systems, and neurotrophic factors. These disturbances
can substantially influence stress handling, arousal, and emo-
tional behavior, leading to an increased allostatic load and
negative consequences in brain development in the long
term."” Despite the critical role of the childhood traumas and
comorbid affective instability in BD, less is known about their
relationships and neuroanatomical correlates.

The results of neuroimaging studies in BD have been in-
consistent due to complicating factors. Reasons for the dis-
crepancies include small sample sizes, heterogeneity of subject
samples, and differences in methods between studies such as
imaging acquisition, processing, and analyses.*” Nonetheless,
neuroimaging researches using voxel-based morphometry
(VBM), a computational method to analyze gray matter vol-
ume (GMYV) on the brain magnetic resonance imaging (MRI)
scans, have indicated the involvement of cortical or subcorti-
cal structures in the pathophysiology of BD.***! These find-
ings would contribute to a better understanding of neurobio-
logical mechanisms of BD, and provide evidence for future
hypotheses and models about the roles of critical clinical fac-
tors in the disorder.

To date, there is a scarcity of neuroimaging studies on the
role of childhood trauma, comorbid anxiety, and impulsivity
in BD. Bipolar patients with adverse childhood experiences
compared to healthy individuals exhibited GMV loss in the
bilateral orbitofrontal cortex and the thalamus.* Similarly,
GMYV in the right dorsolateral prefrontal cortex and the right
thalamus was smaller in BD patients with childhood traumas
than patients without them.” In familial pediatric BD, there
was a significant negative association between the total hip-
pocampal volume and anxiety scores.”® To our knowledge,
no research exists integrating the structural brain correlates
of various and comprehensive clinical aspects of BD.

The present study aimed to examine cortical or subcortical
volumetric correlates of the three paramount clinical variables
described above in bipolar patients. First, childhood trauma,
comorbid anxiety, and impulsivity of BD patients were assessed
via standardized clinical scales, and the relationships between
each scale were explored. Second, the correlations between
GMYV alterations and the scores of the clinical scales were ana-
lyzed within the BD group. We hypothesized that GMV chang-
es in the brain would be associated with childhood trauma,
anxiety, and impulsivity in BD, and that the brain regions with
such alterations would overlap between the patients.
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METHODS

Subjects

36 patients with BD I or II and 29 healthy individuals be-
tween 18 and 49 years were recruited from the Department of
Mood Disorder at the National Center for Mental Health,
Seoul, Republic of Korea, from 2017 to 2018. Patients were
composed of 27 inpatients and nine outpatients at the time of
enrollment. All subjects were interviewed by a psychiatrist
who used the Korean version of the Mini-International Neu-
ropsychiatric Interview (MINI).>* Best-estimate lifetime di-
agnoses were made according to the Diagnostic and statistical
manual of mental disorders (DSM-5)* criteria. In cases with a
doubt, a diagnosis was made by at least two psychiatrists of the
research team, and a consensus was reached via discussion
where necessary. Healthy controls (HC) were excluded if they
had a history of major Axis I psychiatric disorders, psychiatric
illnesses in first-degree relatives, and/or childhood trauma.
The exclusion criteria were as follows: 1) intellectual disability
or any evidence of organic brain injury, 2) any physical condi-
tions affecting mental states except treatable thyroid disorders,
3) difficulty understanding Korean, and 4) contraindications
to MRI scanning. This study was performed according to the
guidelines of the Helsinki Declaration, and approved by the
Institutional Review Board of the National Center for Mental
Health (NCMH IRB 116271-2018-04). Written informed con-
sent was acquired from all participants after a complete study
description was provided.

Assessment of clinical variables

Clinical characteristics of bipolar patients were acquired
through the Korean version of the MINI. The severity of BD
was evaluated based on the Clinical Global Impression for Bi-
polar Disorder-Overall Severity (CGI-BP-OS).* The levels of
childhood trauma, coexisting anxiety, and impulsivity in the
patient group were assessed with standard self-reported
scales; the Korean version-Childhood Trauma Questionnaire
(CTQ),” the Korean version-Beck Anxiety Inventory (BAI),”
and the Korean version-Barratt Impulsiveness Scale (BIS),”
respectively. The CTQ is a widely used screening tool which
aims to detect experiences of childhood abuse and neglect in
adults and adolescents.” The reliability of the CTQ has been
demonstrated in patients with BD.” In addition, we intended
to measure the severity of current anxiety and impulsivity.
The BAI is a reliable instrument for evaluating current anxi-
ety.”” The BIS was used to assess the severity of current impul-
sivity,” and the reliability of the BIS has been proved in pa-
tients with BD.** All of these self-reported scales have been

translated to Korean and validated in Korean subjects.”



Image data acquisition

Brain images of the patients and HC were obtained using 3
Tesla MRI scanner (Ingenia CX, Philips, Erlangen, Germany)
equipped with a 32-channel head coil at the National Center
for Mental Health. High-resolution anatomical T1-weighted
(T1W) images were acquired with a turbo field echo sequence
(spin-echo TR=9.8 ms, TE=4.6 ms, matrix size: 240x240, 170
sagittal slices, FOV=240 mm, slice thickness=1 mm, and flip
angle=8°).

Image data processing and analyses

TIW images of the subjects were processed through the
VBM analysis pipeline of the Statistical Parametric Mapping-
version 12 (SPM12) software (Wellcome Department of Im-
aging Neuroscience, University College, London, UK) (http://
wwwilion.ucl.ac.uk/spm/). The TIW images were segmented
into gray matter, white matter, and other including cerebrospi-
nal fluid, using the New Segmentation option in SPM12. Seg-
mented T1W gray matter maps were warped to the Montreal
Neurological Institute (MNI) 152 template. The goal of this
normalization procedure was to reflect individual characteris-
tics of cranial morphology and improve the accuracy of the
analysis. Next, modulation was conducted by multiplying
gray matter images to the Jacobian determinates of the defor-
mation fields from the normalization process. The modula-
tion ensured that the total amount of gray matter in each vox-
el was preserved. Finally, modulated gray matter images were
smoothed with a Gaussian kernel of 8x8x8 mm?’ full width at
half-maximum (FWHM).

We initially carried out voxel-wise group comparisons of
GMYV over the whole brain between BD patients and HC us-
ing analysis of covariance (ANCOVA) with age, sex and in-
tracranial volume (ICV) as covariates. Clusters were reported
as significantly different if they survived the false discovery
rate (FDR) correction for multiple comparisons (p<0.01).

Finally, partial correlation analyses were conducted within
the BD group to examine the correlations between mean val-
ues of GMV in the regions that survived the group compari-
sons and the scores of the CTQ, BAI, and BIS, controlling for
age, sex and ICV (p<0.05). To explore the effects of other
clinical variables on the correlations, further partial correla-
tion analyses were performed with additional covariates such
as onset age, illness duration, number of mood episodes, and
the CGI-BP-OS.

Statistical analyses of clinical and
socio-demographic data

To compare demographic data between the BD group and
HC, independent-sample t-tests and chi-square tests were
employed for continuous and categorical variables, respec-
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tively. A partial correlation analysis was performed to investi-
gate the relationships between the clinical scales (CTQ, BAI,
and BIS), adjusting for the CGI-BP-OS scores to minimize
confounding effects of current mood states. Moreover, addi-
tional partial correlation analyses between the scales were
conducted adjusting for onset age, illness duration, number of
mood episodes and the CGI-BP-OS individually and con-
comitantly to investigate the effects of various clinical factors
on the relationships.

All statistical analyses were conducted using Statistical Pack-
age for the Social Science (SPSS) (IBM Corp., Released 2012.
IBM SPSS Statistics for Windows, Version 21.0. IBM Corp.,
Armonk, NY, USA).

RESULTS

Demographics and clinical characteristics of subjects

Demographic and clinical data of the participants are pre-
sented in Table 1. The mean age of the 36 BD patients was
30.6 years, and 55.6% of them were female. There were no
significant differences in age and gender between the patients
and the HC. The BD patients had significantly shorter dura-

Table 1. Demographic and clinical characteristics of the subjects

Patients  Controls
(N=36) (N=29)

Demographics
Age (years, meantSD) 30.6£8.3 29.3+5.3
Female (%) 55.6 65.6
Duration of education (year, mean+SD) 13.3+2.1* 16.1£1.0
Other clinical characteristics
BD type I (%) 88.9 N/A

Onset age (year, meantSD) 22.716.0 N/A

Illness duration (year, meantSD) 7.9+8.3 N/A
Number of mood episodes (mean+SD)  6.6£8.0 N/A
CGI-BP-OS (current, mean®SD) 5.0*1.3 N/A
CTQ (mean*SD) 50.8+15.5 N/A
BAI (mean®SD) 13.2+13.1  N/A
BIS (mean*SD) 59.9+144 N/A

Current psychotropic use
Number of psychotropics (meantSD)  2.8+0.7 N/A

Complex pharmacotherapy (%) 100.0 N/A
Antipsychotics (%) 88.9 N/A
Mood stabilizers (%) 88.9 N/A

*p<0.05 bipolar patients versus healthy controls. SD: standard de-
viation, BD: bipolar disorder, CGI-BP-OS: Clinical Global Impres-
sion for Bipolar Disorder-Overall Severity, CTQ: Childhood Trau-
ma Questionnaire, BAI: Beck Anxiety Inventory, BIS: Barratt
Impulsiveness Scale
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tions of education than HC. The majority of the patients were
diagnosed with BD 1. Mean onset age was 22.7 years and
mean illness duration was 7.9 years, with 6.6 mood episodes
on average. The mean CGI-BP-OS scores of the patients was
5.0, and the mean CTQ, BAI, and BIS scores were 50.8, 13.2,
and 59.9, respectively. All patients were receiving combina-
tion pharmacotherapy with 2.8 psychotropic medications on
average, at least one antipsychotics or mood stabilizer.

Relationships between childhood trauma, anxiety,
and impulsivity

The partial correlation analysis adjusted for the CGI-BP-
OS scores revealed significantly positive correlations between
the CTQ, BAI, and BIS scores (Table 2). The CTQ showed
significantly positive associations with the BAI (r=0.439,
p=0.008) and the BIS (r=0.488, p=0.003). In addition, there
was a significantly positive association between the BAI and
BIS (r=0.480, p=0.004). These correlations remained signifi-
cantly after adjusting for the CGI-BP-OS, onset age, illness
duration, and number of mood episodes individually and
concomitantly. These findings suggest that the severity of
childhood trauma, current anxiety, and impulsivity in BD
are significantly interrelated.

Table 2. Partial correlation analysis between CTQ, BAI, and BIS
scores in BD group

CTQ BAI BIS
CTQ 1
BAI 0.439* 1
BIS 0.488* 0.480* 1

*p<0.01. CTQ: Childhood Trauma Questionnaire, BAI: Beck
Anxiety Inventory, BIS: Barratt Impulsiveness Scale, BD: bipolar
disorder

Group comparisons of GMV between BD patients
and HC

Patients with BD compared to HC showed significantly de-
creased GMV in multiple cortical and subcortical areas in-
cluding the bilateral hippocampus, bilateral precentral gyrus,
left inferior temporal gyrus, right fusiform gyrus, left thala-
mus, right insular lobe, and left middle frontal gyrus (Table 3).
According to antecedent literatures, the temporal cortex in-
volving the hippocampal-amygdala complex, the thalamus,
and the middle frontal gyrus within the prefrontal area seem
to be the main brain structures involved in the pathophysiology
of BD.*** No brain region exhibited significantly increased
GMYV in the BD group compared to HC.

Associations between regional GMV alterations and
clinical variables in BD patients

The results of the VBM analyses are presented in Figure 1.
Patients with BD showed a significant inverse correlation be-
tween the mean GMV of the right precentral gyrus and the
CTQ score (r=-0.609, p<0.0003), and a similar tendency of a
negative association between the GMV of the right precentral
gyrus and the BIS score (r=-0.336, p=0.065). Moreover, there
was a significant inverse correlation between the mean GMV
of the left middle frontal gyrus and the BAI score (r=-0.363,
p=0.044), and a similar tendency of a negative association be-
tween the GMV of the left middle frontal gyrus and the CTQ
score (r=-0.339, p=0.062).

With respect to the right precentral gyrus, these correlations
remained significantly after adjusting for onset age, illness du-
ration, number of mood episodes, and the CGI-BP-OS. For the
left middle frontal gyrus, the findings still appeared with ad-
justing for number of mood episodes and CGI-BP-OS where-
as the statistical power was moderately weakened when adjust-

Table 3. Brain regions with significant differences in GMV between BD patients and HC

Peak coordinates (MNI)
Anatomical region Side t max N . ) Cluster size (voxels)  p value (FDR corrected)

BD<HCs

Hippocampus L 6.135 -36 -4.5 -22 4,843 0.0024
Precentral gyrus L 5.468 -45 -4.5 28 685 0.0024
Hippocampus R 4.858 28.5 -9 -16 392 0.0041
Precentral gyrus R 4.633 34.5 -16.5 39 297 0.0058
Inferior temporal gyrus L 4.878 -57 -24 -24 213 0.0040
Fusiform gyrus R 4.650 21 -48 -15 159 0.0057
Thalamus L 4.524 1.5 -7.5 9 115 0.0069
Insular lobe R 4.480 33 28.5 -1 98 0.0073
Middle frontal gyrus L 4.626 -18 46.5 15 81 0.0059

Note that all MNI coordinates of maximum t values are selected in the significant regions. GMV: gray matter volume, BD: bipolar disorder,
HC: healthy controls, MNI: Montreal Neurological Institute, FDR: false discovery rate, L: left, R: right
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Figure 1. Brain regions of correlations with childhood trauma, current anxiety, and impulsivity in the bipolar group. Red circles indicate (A)
the right precentral gyrus and (C) the left middle frontal gyrus. (B) Partial correlations between the clinical scale scores (CTQ and BIS) and
GMV in the right precentral gyrus. (D) Partial correlations between the clinical scale scores (BAl and CTQ) and GMV in the left middle fron-
tal gyrus. Linear regression fit lines were created using the least squares method. To determine partial correlations, variables were re-
gressed onto covariates using a linear regression. Calculated non-standardized residuals were used to produce scatter plots. BD: bipolar
disorder, HC: healthy controls, GMV: gray matter volume, CTQ: Childhood Trauma Questionnaire, BIS: Barratt Impulsiveness Scale, BAI:

Beck Anxiety Inventory.

ing for onset age or illness duration. The tendency of the
inverse relationships between the mean GMV of the left mid-
dle frontal gyrus and the score of above-mentioned scales was
still maintained.

DISCUSSION

The main results of this study are as follows: 1) the severity
of childhood trauma, comorbid anxiety, and impulsivity were
interrelated in patients with BD, 2) BD patients showed sig-
nificant inverse correlations between the GMYV in the right
precentral gyrus and CTQ scores; between the GMV in the
left middle frontal gyrus and BAI scores, and 3) BD patients
exhibited similar tendencies of negative associations between
the GMYV in the right precentral gyrus and BIS scores; be-
tween the GMYV in the left middle frontal gyrus and CTQ
scores. Our findings support the hypothesis that childhood
trauma, anxiety, and impulsivity are correlated with GMV al-
terations in overlapping regions within the BD group.

There is an extensive body of neuroimaging literatures
which elucidate the neurobiological mechanisms underlying
BD. However, the mainstream methodology in previous stud-

ies has been a group comparison between patients and nor-
mal individuals, or between BD patients with and without a
certain clinical factor. It is a strength of our study that we ex-
plored correlations among various factors emerging as indica-
tors of worse outcomes of BD and investigated the relation-
ships between these clinical variables and neuroanatomical
changes within a bipolar group.

In the recent years interest has been paid to the relationships
among childhood trauma, current anxiety, and impulsivity,
but the evidence for such links in BD is limited. Our findings
are in agreement with the few preceding studies, which re-
ported that childhood abuse was significantly associated with
affective instability in BD regardless of current mood states
and that subjects with BD showed considerably higher impul-
sivity when anxiety was present either as a comorbidity or a
symptom.'® In bipolar patients, adverse experiences in early
life may affect mood dysregulation based on a neurobiological
mechanism linked to anxiety and impulsivity."*!

In accordance with the significant associations between
childhood trauma, anxiety, and impulsivity, our neuroimaging
study also indicated that the cortical volumetric correlates of
the three clinical variables overlapped in the right precentral
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gyrus and the left middle frontal gyrus within the BD group.
Previous studies pointed out that decreased GMV of the orbi-
tofrontal cortex in BD patients compared to a healthy group
was only observed in subjects with a history of childhood mal-
treatment,” and that CTQ scores in a BD group were inversely
correlated with GMYV in the right dorsolateral prefrontal cortex
and the right thalamus.” We found a significantly negative cor-
relation between the CTQ scores and the GMV in the right
precentral gyrus, and a similar tendency in the left middle fron-
tal gyrus. There results may represent neural evidence of the
impact of childhood abuse on emotional control in BD. In ad-
dition, a few neuroimaging studies reported that bipolar pa-
tients with anxiety and impulsivity exhibited GMV loss in the
posteromedial rectal gyrus and the anterior cingulate cortex,
respectively.*** We observed significant associations between
GMV deficits in the left middle frontal gyrus and anxiety, and a
similar tendency between GMV deficits in the right precentral
gyrus and impulsivity. Although these correlations in the left
middle frontal gyrus might be affected by onset age or illness
duration, similar tendency of the findings remained in the
present study. Taken together, our results on cortical volumetric
correlates of childhood trauma are partially replicated, whereas
neuronal correlates of anxiety and impulsivity are inconsistent
with earlier researches. This discrepancy may be due to hetero-
geneity of subject samples as well as dissimilarities in methods
including image acquisition, processing and analysis.

The precentral gyrus, identified as a structural correlate of
childhood trauma in BD in this study, includes the primary
motor cortex responsible for voluntary movement. It is also
believed that the precentral gyrus is involved in cognitive pro-
cessing and emotional regulation.**® Several structural MRI
studies demonstrated abnormalities in the precentral gyrus in
BD, and provided evidence that the dysfunction in the bipolar
brain occurred not only in regions related to emotional pro-
cessing, but also in the traditional motor cortex-precentral
gyrus.”* The middle frontal gyrus, discovered as a structural
correlate of current anxiety in BD in the present study, is lo-
cated in the prefrontal areas and plays an important role in
the prefrontal-limbic system. The middle frontal gyrus in-
cludes parts of Brodmann areas (BA) 9, 10, and 46, which are
related to the emotion regulation and pathophysiology of
BD.**** BA 9 on the left has been reported to be associated
with the processing of positive and negative emotional infor-
mation.”>* BA 10, one of the most poorly understood regions
in the human brain, is possibly engaged in integrating conse-
quences of multiple cognitive operations for achieving a high-
er goal in the next behavior.** Furthermore, BA 46 is thought
to be involved in high-level cognitive processing such as plan-
ning.”” Earlier studies have revealed that the middle frontal
gyrus has dense connections with the amygdala and other
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limbic structures related to emotional regulation.”® Mean-
while, a meta-study reported that associations between corti-
cal thickness in BD and illness duration or onset age were
mostly non-significant and there was the scarcity of study
pointing out that cortical thinning was related to illness dura-
tion of BD in certain frontal areas such as left middle frontal
cortex.”® In summary, the current findings present evidence
of abnormalities in multiple frontal lobe areas in BD that pro-
cess nonverbal cues as well as emotional stimuli associated
with childhood trauma and affect regulation.

This study has some clinical and academic implications.
First, histories of childhood trauma, comorbid anxiety, and
impulsivity need to be simultaneously considered and appro-
priately assessed in the management of BD. Literature review
has emphasized these clinical factors as determinants of unfa-
vorable outcomes of BD and risk factors for suicidality."*¢"%
One previous study in particular proposed that bipolar popu-
lations with early life stress and comorbid anxiety might com-
prise a distinct etiological type of BD.®" Our findings suggest
that bipolar patients with a history of childhood trauma, cur-
rent anxiety, and impulsivity may constitute a discrete group
with a worse prognosis. Second, the GMV alterations in the
precentral gyrus and middle frontal gyrus may be used as po-
tential neurobiological markers for the categorization of pa-
tients with BD, or as a complementary tool for diagnosing
and staging BD.®%* These implications can contribute to a
more individualized assessment and treatment of BD.

We have noticed some limitations in this study. First, the
relatively small sample size and the enrollment from only one
institution may limit the generalizability of the present find-
ings. The number of subjects in recent studies investigating
neuronal correlates of clinical variables in mood disorders was
20-39."9%%5 However, we recruited not only patients but also
HC to overcome this limitation. Second, effects of psychotro-
pic medications on brain structures may need to be consid-
ered. Nonetheless, the statistical effect of such treatment on the
present findings seemed to be very weak, since our patient
sample was very homogenous regarding psychotropic medica-
tions (Table 1).% Third, the scales measuring clinical variables
(CTQ BAL and BIS) were all self-reported. Especially for the
CTQ a retrospective report, biases may occur when adults re-
call adverse memories from their childhood.”” Nevertheless, a
longitudinal cohort study reported that CTQ scores were con-
sistent with prospective self-reports of childhood trauma ex-
posure.® Fourth, the design of this study was cross-sectional,
based on an one-time assessment. Longitudinal investigations
may be helpful to underpin the causal relationships among
childhood trauma, structural brain changes, and clinical out-
comes of BD.”

Despite these limitations, this is the first study demonstrat-



ing that in BD, childhood trauma, anxiety, and impulsivity are
interrelated and that the cortical volumetric correlates of these
clinical variables overlap in the right precentral gyrus and the
left middle frontal gyrus. The present findings suggest that
childhood trauma, anxiety, and impulsivity may affect out-
comes of BD based on neural mechanism, and that the GMV
changes could be used as neurobiological markers predicting
the prognosis of BD. Further studies are warranted to estab-
lish more evidence for the application of the current results in
clinical practice.
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