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Abstract

Suicidality is a life-threatening symptom in patients with bipolar disorder (BD). Impulsivity and
mood instability are associated with suicidality in mood disorders. Evidence suggests that gray
and white matter abnormalities are linked with impulsivity in mood disorders, but little is known
about the association between corpus callosum (CC) and impulsivity in BD. We examined the
relationship between CC areas, impulsivity and suicidality in BD patients. We studied 10 female
BD patients with a history of suicide attempt (meanzsd age 36.2+10.1y), 10 female BD patients
without suicide attempt history (44.2+12.5y) and 27 female healthy subjects (36.9+13.8y).
Impulsivity was evaluated by the Barratt Impulsivity Scale (BIS). We traced MR images to
measure the areas of the CC genu, anterior body, posterior body, isthmus and splenium. The genu
was divided into anterior, middle and posterior regions. The suicidal and non-suicidal BD patients
had significantly higher BIS total, attention and non-planning scores than the healthy subjects
(Ps<0.01), and the suicidal BD patients had significantly higher BIS motor scores than the non-
suicidal BD and healthy subjects (Ps<0.01). There were no significant differences among the three
groups on any regional CC areas, although the suicidal BD patients had the smallest areas. The
suicidal BD patients showed a significant inverse correlation between anterior genu area and the
BIS total (/=—0.75, p=0.04), motor (/=—0.79, p=0.02) and non-planning scores (/=-0.79, p=0.02).
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These correlations were not found in the non-suicidal BD patients or healthy subjects. The results
suggest that the anterior medial frontal region may be involved in the pathophysiology of
impulsive and suicidal behaviors in BD.
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Thoughts of death, suicidal ideation and completed suicide are serious symptoms that
shorten the life of persons with bipolar disorder (BD). The Epidemiologic Catchment Area
Study demonstrated that the lifetime rate of suicide attempts was 29.2% for BD compared to
15.9% for major depressive disorder (MDD) and 4.2% for all other DSM-I11 Axis |
disorders combined [11]. Twelve percent of all of death in BD patients results from suicide
[15]. Clinically suicide attempters are characterized by aggressive/impulsivity traits,
hopelessness or pessimistic traits, comorbid substance abuse or alcoholism, history of
physical or sexual abuse during childhood, and history of head trauma or neurological
disorders [23]. BD patients with a history of suicide attempts exhibit high impulsivity and
aggression [33] and show higher trait impulsivity compared to healthy subjects [34].

Although the association between suicidal symptoms and impulsivity in BD patients is
becoming widely recognized, the brain pathophysilogy underpinning this association is
unknown. Growing evidence from neuroimaging studies suggests that the anterior medial
frontal regions of the brain, including ventromedial, orbitofrontal (OFC) and anterior
cingulate cortices (ACC), play a crucial role in impulsive, risky, and suicidal behaviors.
Healthy subjects with high impulsivity had smaller left and right OFC volumes [24]
compared to less impulsive subjects. MDD patients with a history of suicide attempt, but not
those without such history, had smaller left and right OFC volumes compared to healthy
subjects [26]. Remitted MDD patients with a history of suicide attempt still had exaggerated
activation of OFC and ACC during emotional faces tasks compared to those without the
history [19]. These implicated brain regions are part of the fronto-limbic circuit that is
involved in the pathophysiology of BD [31].

In addition to these abnormal gray matter findings, white matter abnormalities also have
been linked with suicidality in mood disorders [12, 29, 30]. The corpus callosum (CC) is the
largest nerve fiber pathway of the brain, containing between 200 and 800 million axon fibers
that connect intra- and inter-hemispheric subregions [6]. The genu and anterior CC connect
the lateral and medial surfaces of the frontal lobes [32] that are thought to be relevant to
mood regulation. In this study, we focused on the white matter of the anterior medial regions
of the CC in BD. We examined the association between CC areas, impulsivity and
suicidality in BD patients compared to healthy subjects. We hypothesized that BD patients
with a history of suicide attempt (suicidal BD) would have higher impulsivity and smaller
genu and anterior CC areas than BD patients without a history of suicide attempt (hon-
suicidal BD) and healthy comparison subjects. We also hypothesized that smaller anterior
CC areas would predict higher impulsivity in the whole sample and the prediction would be
strongest for the suicidal BD patients.

MATERIALS AND METHODS

Subjects

Ten women with BD and positive history of suicide attempt, 10 women with BD and
negative history of suicide attempt, and 27 healthy women were studied. The participants
were recruited at hospitals and clinics and through advertisements broadcast in the
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community. All of the patients met DSM-1V criteria for BD by the Structured Clinical
Interview (SCID) [14]. We screened 24 BD patients. Four patients were excluded, two
because they had current alcohol dependence and two because they had incomplete
demographic data. Healthy subjects were screened for DSM-IV axis | disorders by the SCID
nonpatient version [13]. None of patients had a history of electroconvulsive therapy or a
substance use disorder within 6 months preceding the study. None of healthy subjects had
current or past axis | DSM-IV psychiatric disorders or any first-degree relatives with any
Axis | psychiatric disorder.

Subject Assessment

All participants also received laboratory tests and a physical examination to rule out physical
illnesses. All participants were evaluated for handedness by the Edinburgh inventory [27].
We excluded any participant with current endocrinological disease, history of head trauma
with loss of consciousness, current or previous neurological disease, family history of
hereditary neurological disorders, or any current medical condition such as active liver
disease, kidney problems, or respiratory problems. A history of suicide attempts was
assessed by a suicide history interview. We classified subjects as having positive suicidal
history if they reported one or more self-injurious acts committed with at least some intent to
die. Current mood state of the patients was evaluated using the 21-item Hamilton Rating
Scale for Depression (HAM-D) [16] and the Young Mania Rating Scale (YMRS) [40]. The
Barratt Impulsiveness Scale version 11A (BIS) [4, 28] was used to evaluate trait impulsivity.
The BIS is a self-report questionnaire containing 30 4-point Likert-type items. Scoring
yields a total score and three subscale scores derived by factor analysis: attention (rapid
shifts and impatience with complexity), motor (impetuous action) and non-planning (lack of
future orientation) [4, 28]. Higher scores indicate higher impulsivity. The Institutional
Review Board of The University of Texas Health Science Center at San Antonio approved
the study. Written informed consent was obtained from all the participants after a
description of the study was provided.

MRI Acquisition

Brain images were collected on a Philips 1.5 T MR system (Philips Medical System,
Andover, MA). Images were collected using an axial 3-dimensional T1 weighted field, fast
echo sequence (field of view 256 mm, view matrix 256 x 256, repetition time 24 msec, echo
time 5 msec, flip angle 40 degrees, slice thickness 1 mm). All MRI scans were reviewed to
rule out clinically significant abnormalities. Anatomical measurements were conducted on a
PC workstation (Dell Computers, Austin, TX). Anatomical boundaries of sub-regions
including genu, anterior body, posterior body, isthmus and splenium were delineated in the
sagittal plane according to standard brain atlases [18, 41] and methods [38]. Genu was
divided into anterior, middle and posterior sub-regions [20]. CC areas were quantified in
square centimeters. The inter-rater reliability (intra-class correlation coefficient [ICC]) was
calculated using 10 training scans traced independently by two evaluators (N.N. and
M.A.N.). The ICCs were 0.97 for total genu, 0.97 for anterior body, 0.90 for posterior body,
0.97 for isthmus, 0.98 for splenium, 0.99 for anterior genu, 0.92 for middle genu and 0.96
for posterior genu. Total brain volumes (TBV) were manually measured by a well-trained
evaluator (M.A.N.). The tracing method used for CC areas was described previously [22].

Statistical analyses

We compared BD patients with and without a history of suicide attempt and healthy control
subjects using analysis of covariance (ANCOVA) with TBV and age [20] as covariates,
focusing on anterior regions of interest (ROI); i.e. the anterior, middle and posterior genu
regions and anterior body. We also analyzed the other CC ROls, i.e., posterior body,
isthmus, and splenium, but we had no a priori hypotheses for these. We examined the
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correlation between the ROI areas and BIS total scores using partial correlations with TBV
and age as control variables in each of the three groups. For the regions that revealed
significant correlations with the BIS total score, we also computed the partial correlations
between the ROI areas and the three BIS subscale scores to assess impulsivity more
specifically. For the BD patients, Spearman’s rank order correlation was also used to test the
association between the CC areas and four clinical variables; HAMD, YMRS, the age of
illness onset and the length of illness. All statistical analyses were conducted using SPSS for
Windows statistical software, version 15.0 (SPSS, Inc., Chicago, IL). Two-tailed statistical
significance was considered at p<0.05.

Demographics and Impulsivity

There were no significant differences among the suicidal BD, the non-suicidal BD and
healthy subjects for age, ethnicity, education or TBV (Table 1). There were 10 patients with
a history of substance abuse, 4 patients with a history of mixed state and 4 patients with
rapid cycling. Twelve subjects were medicated and 8 were ummedicated at the time of
scanning. Medications included antidepressants, mood stabilizers and atypical
antipsychotics. No significant difference between the suicidal and non-suicidal BD patients
was found for the age at onset of illness, HAM-D or YMRS. The suicidal BD patients had
significantly longer length of illness than the non-suicidal BD patients. ANOVA for the BIS
scores demonstrated a significant difference among the three groups for total (F2 4~21.1,
<0.01), motor (£, 4~19.4, p<0.01), attention (F2 .~12.7, p<0.01) and non-planning
(F24#16.3, p<0.01) impulsivity subtypes. Post-hoc pairwise contrasts with Sidak
adjustments for multiple comparison revealed that the suicidal and non-suicidal BD patients
had significantly higher BIS total, attention and non-planning scores than the healthy
subjects (all Ps<0.01) and that the suicidal BD patients had significantly higher BIS motor
scores than the non-suicidal BD and healthy subjects (Ps<0.01).

Corpus callosum areas

Contrary to our prediction, there were not significant differences in CC regional areas
among the suicidal BD, non-suicidal BD and healthy subjects by ANCOVA (Table 1).
However, as we predicted, the suicidal BD patients showed a significant inverse partial
correlation between the BIS total score and the anterior genu area (/=—0.75, p=0.04) after
adjusting for TBV and age. This association was not present for the whole sample (=-0.18,
p=0.24), the non-suicidal BD (r=0.11, p=0.79) or the healthy subjects (+=-0.19, p=0.36)
(Fig. 1). Partial correlation analyses focusing on the three BIS subscales revealed that the
suicidal BD patients also exhibited a significant and inverse correlation between the anterior
genu area and the BIS motor (/=-0.79, p=0.02) and non-planning (=-0.79, £=0.02) but not
the attention score (r=-0.42, p=0.30) (Fig. 2). These correlation were not found in the non-
suicidal BD; for the motor (/=-0.25, p=0.56), for the non-planning (r=0.30, p=0.46) or for
the attention (/=0.05, p=0.91).

Turning to the clinical variables, the BD patients did not show a significant correlation
between the regional CC areas and the four clinical variables: HAM-D, age of illness onset,
length of illness or YMRS (Ps>0.05). There also was no significant association between CC
areas and history of substance abuse (F; 75=0.30, £=0.59), history of mixed state
(F1,16=0.60, P=0.45), medication (F; ;5=0.51, £=0.48) or rapid cycling (£ 76=3.33, P=0.09).
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DISCUSSION

This study shows the relationships among impulsivity, suicidality and brain structures in BD
patients. The finding that suicidal patients with BD were more impulsive than the
comparison groups adds to the evidence pointing to an association between suicidal
behaviors and impulsivity in BD [33, 34]. The current study also supports our hypothesis
that smaller anterior CC area predicts higher impulsivity among suicidal BD patients. These
findings suggest that, in the suicidal BD patients, the medial anterior regions of the brain
may participate in neural circuits relevant to impulsiveness and suicidal behaviors. To date,
there is little evidence regarding CC pathology in patients with mood disorders. A structural
study showed that BD patients have smaller total CC, anterior body, posterior body and
isthmus areas compared to healthy subjects and that mania (measured by YMRYS) is
inversely correlated with total, posterior body and isthmus areas [2]. Another structural
study showed that there are significant differences in total, genu, posterior body and isthmus
areas between BD patients and healthy adults [8]. However, other studies failed to show any
difference of CC areas between BD patients and healthy subjects [17, 39]. The current study
did not support our hypothesis that suicidal BD patients have smaller anterior CC areas
compared to non-suicidal BD and healthy subjects. Studies of MDD subjects also generated
inconsistent findings [3, 21]. The reasons why the results of CC structural studies in mood
disorders are so variable are unknown, but may be partly related to sample size and
differences across studies in subject selection regarding mean age in participation, length of
illness, onset age of illness, and imaging methods, e.g. manual and computerized. Despite
study variability, a meta-analysis of five case control studies concluded that BD patients
show smaller CC areas compared to healthy subjects [1].

On the contrary, signal intensity and diffusion tensor imaging (DT]I) studies of CC genu
have consistently supported differences between BD and healthy subjects [7, 10]. The ROI
and voxel-based DTI studies revealed that BD patients had decreased fractional anisotropies
(FA) of the genu, rostral, anterior midbody and middle of CC compared to healthy subjects
[37]. Another DTI study demonstrated higher FA of the genu in BD patients compared to
healthy subjects [42]. These DTI studies suggest that BD patients have abnormal integrity of
CC since DTI can measure cerebral white matter and neural fiber tracts, and a large
anisotropy shows organized structures [35, 36]. Future studies combining areas with these
microstructure methods would further clarify the association between CC genu, suicidality
and impulsivity in BD.

We also showed that the suicidal BD patients with higher impulsivity had smaller anterior
genu area but the non-suicidal BD and healthy subjects did not. Further, the associations of
the suicidal BD patients were observed for the motor impulsivity. However, the non-suicidal
BD patients did not have these findings. Our prior study using a different sample found that
smaller rostral ACC volumes of the BD patients related to higher the BIS total and motor
impulsivity [24]. The rostral ACC connects with the OFC, amygdala, nucleus accumbens,
hypothalamus, anterior insula and hippocampus that play a role of emotional and
motivational processing [9]. These connections of the right and left hemispheres go through
the genu and anterior CC area. The BIS motor impulsivity is reportedly a risk factor
correlated with violence [25]. Together with them, these findings suggest that smaller
anterior medial region in BD patients with high impulsivity may lead to impulsive risky
behaviors including suicide attempts.

Some methodological limitations should be taken into account. The present study with a
small number of participants supports the association of anterior CC regions with abnormal
impulsivity and suicidal behaviors of BD. Prior gray matter volume studies suggest that
orbitofrontal cortex, anterior cingulate and medial prefrontal cortex play an important role in
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abnormal emotion processing and impulsivity regulation [5]. It will be necessary to confirm
the relationship between anterior CC area, impulsivity and suicidality in BD using gray and
white matter volumes of the relevant cortical structures in larger sample size. Another study
limitation is that we did not compare the CC areas of patients with and without comorbid
cluster B disorders or with and without a family history of risk factors for suicidality, and
our sample included only women. Sixty percent of the patients were taking psychiatric
medication. Although, to our knowledge, there is no evidence that medications affect CC
areas, and there were no significant differences between medicated and unmedicated
patients on any CC areas in the current study, the medication may potentially impact the
results. Nonetheless, the current study may add to some evidence that the anterior medial
regions of the CC are associated with impulsivity and suicidality in BD.
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Figure 1.
Scatter plots showing the association between the BIS total scores and anterior genu CC
areas.
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Scatter plots showing the association between the BIS subscales and anterior genu CC areas

in the suicidal BD patients.
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