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Abstract

Impulsivity and aggressiveness are trait dispositions associated with the vulnerability to suicidal
behavior across diagnoses. They are associated with structural and functional abnormalities in
brain networks involved in regulation of mood, impulse and behavior. They are also core
characteristics of borderline personality disorder (BPD), a disorder defined, in part, by recurrent
suicidal behavior. We assessed the relationships between personality traits, brain structure and
lethality of suicide attempts in 51 BPD attempters using multiple regression analyses on structural
MRI data. BPD was diagnosed by the Diagnostic Interview for Borderline Patients-revised,
impulsivity by the Barratt Impulsiveness Scale (BIS), aggression by the Brown-Goodwin Lifetime
History of Aggression (LHA), and high lethality by a score of 4 or more on the Lethality Rating
Scale (LRS). Sixteen High Lethality attempters were compared to 35 Low Lethality attempters,
with no significant differences noted in gender, co-morbidity, childhood abuse, BIS or LHA
scores. Degree of medical lethality (LRS) was negatively related to gray matter volumes across
multiple fronto-temporal-limbic regions. Effects of impulsivity and aggression on gray matter
volumes discriminated High from Low Lethality attempters and differed markedly within lethality
groups. Lethality of suicide attempts in BPD may be related to the mediation of these personality
traits by specific neural networks.

Keywords

Magnetic resonance imaging; Impulsive-aggression; Suicidal Behavior; Borderline personality
disorder

© 2014 Elsevier Ireland Ltd. All rights reserved.

"Corresponding author: Tel. +1 412-687-2646; Fax +1 412-621-2308; soloffoh@upmc.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Soloff et al.

Page 2

1. Introduction

Personality traits such as impulsivity and aggressiveness are associated with suicidal
behavior across diagnoses. In a stress-diathesis model of suicide, they represent vulnerable
temperaments, predispositions to impulsive and aggressive behavior in response to specific
trigger events (for review, see Mann et al.,1999, 2003). Trait dispositions such as
impulsivity and aggressiveness may be heritable (e.g., as endophenotypes), or acquired in
the course of development (e.g., through childhood abuse). In neuroimaging studies, they
have been associated with variations in the structure and function of brain networks that
regulate mood, impulse and behavior. At times of emotional stress, dysfunction in these
neural networks may result in interference with executive cognitive functions, such as
response inhibition, conflict resolution, and recall of episodic memory (for review, see
Fertuck et al., 2006). As a result, problem solving and adaptive coping are impaired,
increasing the likelihood of impulsive or aggressive behavior. We study the relationship
between personality characteristics, brain function and suicidal behavior in the context of
borderline personality disorder, a personality disorder defined, in part, by recurrent suicidal
behavior, impulsivity and aggression. With a suicide rate of 3%-10% and a community
prevalence estimated at 1% of the population, BPD is a clinically relevant model for the
study of suicide (Swartz et al., 1990).

There is a paucity of neuroimaging studies in BPD subjects ascertained specifically for
suicidal behavior. In a voxel-based morphometry study (VBM) comparing BPD suicide
attempters with BPD non-attempters, we recently reported specific structural differences in
BPD subjects associated with suicidal behavior, and differences between High Lethality and
Low Lethality suicide attempters (Soloff et al., 2012). BPD attempters had diminished gray
matter concentrations in left insular cortex compared with BPD non-attempters. High
Lethality attempters had diminished gray matter compared with Low Lethality attempters in
an extensive fronto-limbic network including the following regions: right middle-inferior
orbital frontal cortex, right middle-superior temporal cortex, right insular cortex, left
fusiform gyrus, left lingual gyrus, and right parahippocampal gyrus. These areas are broadly
involved in emotion regulation, behavioral control, and adaptive responding to social
situations. Suicide researchers have long maintained that suicide attempters and completers
represent separate but overlapping populations, with differing clinical characteristics (Maris
et al., 2000). High Lethality attempters share many clinical characteristics with patients who
complete suicide and may share neurobiological vulnerabilities related to high-risk
personality traits such as impulsivity and aggressiveness.

To assess the relationships between personality traits, brain structure, and suicidal behavior,
we used a multiple regression analysis of VBM data in High and Low Lethality BPD
attempters to map the relationships between impulsivity, aggression and gray matter in key
brain structures.
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Subjects for this study were recruited by advertisement from the outpatient programs of the
Western Psychiatric Institute and Clinic and surrounding community to participate in a
longitudinal study of suicidal behavior in BPD. The study was approved by the Institutional
Review Board of the University of Pittsburgh, and funded by the National Institute of
Mental Health. All subjects gave written informed consent for participation.

Diagnoses were determined by Master’s prepared research raters using structured
interviews. Axis | disorders were diagnosed using the Structured Clinical Interview for DSM
I11-R or DSM IV (SCID, Spitzer et al., 1998; First et al., 2005) (Because this is a
longitudinal study, DSM-IV was added when it first became available.) Axis Il diagnoses
were established using the International Personality Disorders Examination (IPDE), which
has a lifetime framework (Loranger et al., 1997). The Diagnostic Interview for Borderlines
(DIB) (Gunderson et al., 1981) was administered as an independent measure of diagnosis
and recent symptom severity, with a timeframe of 3 months to 2 years for individual
subscales. (The DIB was used to preserve continuity with the longitudinal study; however,
the Diagnostic Interview for Borderlines-Revised (DIB-R) was added and scored
concurrently when it became available (Zanarini et al.,1989).) For inclusion, participants had
to meet diagnostic criteria for BPD on the IPDE (probable or definite), have a score of 7 or
more (definite) on the DIB, and 8 or more (definite) on the DIB-R. Exclusion criteria
included any past or current Axis | diagnosis of schizophrenia, delusional (paranoid)
disorder, schizoaffective disorder, bipolar disorder, or psychotic depression. Subjects were
also excluded for physical disorders of known psychiatric consequence (e.qg.,
hypothyroidism, seizure disorder, or brain injury) and borderline mental retardation. Medical
records were reviewed where available to confirm inclusion and exclusion criteria. Final
diagnoses were determined by consensus of raters using all available data. Control subjects
were free of all Axis | and Il disorders. Attempter status and medical lethality of attempts
were obtained by interview using the Columbia Suicide History Form and Lethality Rating
Scale (Oquendo et al., 2003). Scans were obtained from newly recruited subjects and from
subjects already enrolled in the longitudinal study at the time of their annual follow-up
assessment. As a result, all subjects had updated SCID interviews for current diagnoses.
Aggression was assessed by interview on the Brown-Goodwin Lifetime History of
Aggression (LHA, Brown et al., 1979) and trait impulsivity by self-report questionnaire
using the Barratt Impulsiveness Scale (BIS, Barratt 1965). The 24 item Hamilton Rating
Scale for Depression (HamD) was obtained before the scan as a measure of depressed mood
(Guy, 1976). High Lethality status among attempters was defined as a lifetime maximum
Lethality Rating Scale score (LRS) of 4 or more. (For example, for a suicide attempt by
overdose with sedative drugs, an LRS score of 4 is defined as “comatose; injury sufficient
for hospitalization.”)

All subjects were physically healthy, free of drugs of abuse and alcohol for at least 1 week
before the scan. Female subjects were required to have a negative screen for pregnancy. All
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subjects had a negative urine toxicology screen for drugs of abuse immediately before the
scan. Some BPD subjects were taking psychoactive medication.

method

Magnetic resonance imaging (MRI) was performed with a 1.5T GE Signa Imaging System
running version Signa 5.4.3 software (General Electric Medical Systems, Milwaukee, WI,
USA). A T1-weighted sagittal scout image was obtained for graphic prescription of the
coronal and axial images. Three-dimensional gradient echo imaging (Spoiled Gradient
Recalled Acquisition, SPGR) was performed in the coronal plane (repetition time=25 ms,
echo time=5 ms, nutation angle=40°, field of view=24 cm, slice thickness=1.5 mm, number
of excitations=1, matrix size=256x192) to obtain 124 images covering the entire brain.
Additionally, a double echo-spin echo sequence was used to obtain T, and proton density
images in the axial plane to screen for neuroradiological abnormalities.

Structural MR images were pre-processed using the Statistical Parametric Mapping (SPM)
diffeomorphic image registration algorithm (DARTEL) in SPM8 (Friston et al., 1995;
Ashburner, 2007; Diwadkar et al., 2011). DARTEL optimizes the fidelity of shape-based
deformations applied to fit native images in stereotactic space, and performs favorably
relative to other non-linear deformation algorithms (Klein et al., 2009). It is therefore
optimized for assessing structural changes within a stereotactic framework, and well suited
for VBM analyses. Following re-sampling (2 mm?3) and segmentation of T1-weighted
images, a rigid gray matter template was created representing the average shape and size of
the brains of all the subjects included in the study. Subjects’ gray matter maps were then
warped to the coordinate system of the template, with Jacobian modulation used to scale
native gray matter volume from native to Montreal Neurological Institute (MNI) space
(Good et al., 2001). This procedure has been extensively used in voxel-based analyses of
gray matter images within the framework of random field methods. Structural data for 44
BPD attempters were previously included in a larger study comparing BPD attempters, non-
attempters and healthy control subjects (Soloff et al., 2012). Our findings from that
structural analysis, defining deficits associated with lethality, were used to define regions of
interest in this analysis. First, we defined a regional mask corresponding to clusters of
significance (p<0.05, cluster level) identifying reductions in gray matter volume in High
(relative to Low) Lethality attempters (Ward, 2000). This regional mask spanned nine
regions of interest including the following: the middle-inferior orbital frontal cortex, anterior
cingulate cortex, middle-superior temporal cortex, insula, hippocampus, parahippocampus,
fusiform gyrus, lingual gyrus and amygdala (Soloff et al., 2008; Leichsenring et al., 2011).

Personality trait variables (LHA, BIS) were entered individually in multiple regression
analyses as co-variates of interest to investigate the positive and negative effects of these
clinical measures on brain structures in High and Low Lethality suicidal subjects (Friston et
al., 1995). These methods follow previous investigations of effects of symptom or
personality dimensions on regional brain structure (Banissy et al., 2012). Cluster level
correction (p.<0.05) was used to optimize sensitivity to detect clusters with minimal extent
(cluster forming threshold, py,<0.05) (Ward, 2000).
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3. Results

3.1. Sample characteristics

There were 51 BPD attempters subdivided as follows: 16 High Lethality (5 male, 11 female)
and 35 Low Lethality attempters (5 male, 30 female), with no significant group differences
by gender, race or socioeconomic status (Table 1). The mean (S.D.) age of the sample was
30.1 (8.1) years with a range of 18 to 47 years. High Lethality attempters were significantly
older (36.1 (9.2) years) than Low Lethality attempters (27.4 (5.9) years), t = 3.47, df =
20.95, P=0.002). The two groups did not differ significantly in proportion of subjects with
current or lifetime co-morbid Axis | disorders, including the following: major depressive
disorder (MDD), alcohol abuse or dependence, other drug abuse or dependence, any anxiety
disorder, or post-traumatic stress disorder. The most frequent current co-morbid diagnosis,
MDD, was found in 12 High Lethality (75%) and 21 Low Lethality attempters (60%), with
no significant difference between groups in severity of depressed mood (HamD) at the time
of the scan (Table 1). Similarly, there were no significant differences between groups for
BIS and LHA scores, and no significant correlation between these scores across all
attempters. A history of childhood abuse was found in 7 High Lethality (43.8%) and 13 Low
Lethality attempters (37.1%), with no significant difference between groups. Of the 51
subjects, 21 (41.5%) were taking psychoactive medication at the time of the scan, with no
proportional difference between High and Low Lethality subjects.

Among all attempters, Lethality Rating Scale (LRS) scores ranged from 0 to 7 with a mean
(S.D.) = 2.80 (1.9) and a median of 3.0. There were no significant correlations between LRS
scores, BIS scores and LHA scores across all attempters. The number of lifetime suicide
attempts differed greatly between High and Low Lethality attempters. High Lethality
subjects had a mean (S.D.) of 7.1 (7.0) lifetime attempts compared with 2.3 (1.4) lifetime
attempts for Low Lethality subjects (t = 2.76, df = 15.5, P = 0.014). However, the groups did
not differ significantly in violence of suicide method. Overdose, a non-violent method, was
the sole means used by 41 attempters (80.4%), while 10 subjects used violent methods on at
least one occasion (e.g. cutting (5), hanging (3), jumping (1), drowning (1)). The mean
(S.D.) time from the last attempt to the scan did not significantly differ between groups
(High Lethality: 50.3 (56.2) months; Low Lethality: 72.6 (78.9) months, t = —1.01, df = 48,
P =NS).

3.2. Lethality Rating Scale scores and gray matter volumes

The relationship between LRS scores and gray matter volumes was assessed by regression
analysis in all regions of interest (ROIs). LRS scores were negatively related to gray matter
volumes in 8 ROIs, with some variations in laterality. Higher degrees of lethality were
significantly associated with diminished gray matter volumes across multiple fronto-
temporal-limbic regions, which included (in order of cluster size) the following: bilateral
middle-superior temporal cortex, left lingual gyrus, bilateral middle-inferior orbitofrontal
cortes, right insula, bilateral fusiform gyrus, right parahippocampal gyrus, left anterior
cingulate, and left hippocampus (Table 2). There were no significant positive correlations
between LRS scores and gray matter volumes.

Psychiatry Res. Author manuscript; available in PMC 2015 June 30.
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3.3. Personality interactions in High Lethality attempters (Table 3)

Among High Lethality attempters, aggression (LHA) was positively associated with gray
matter volumes in large bilateral areas of the middle-inferior orbital frontal cortex (BA 11)
and the anterior cingulate cortex. Significant, though much smaller, positive effects were
also noted in the right middle-superior temporal cortex (BA 22), right insula, right lingual
gyrus, bilateral fusiform gyrus, and right parahippocampus (Table 3). There were no
significant negative effects of aggression on gray matter volumes among High Lethality
attempters.

Impulsivity (BIS) had a positive effect on gray matter volumes in the right middle-superior
temporal cortex, with lesser effects on the left fusiform gyrus and bilateral
parahippocampus. A small negative effect of impulsivity on gray matter was noted in the
right insula.

3.4. Personality interactions in Low Lethality attempters

Among Low Lethality attempters, aggression was also positively associated with gray
matter volumes, although differing greatly from High Lethality attempters in anatomical
locations and cluster sizes (i.e., size of correlated area). The most robust findings were in the
right insula, and bilateral fusiform gyrus. Smaller areas of positive correlation with
aggression were also noted in the right hippocampus, left middle-superior temporal lobe
(BA 21), right parahippocampus, bilateral middle-inferior orbital frontal cortex (BA 11), left
lingual gyrus, and right amygdala (Table 3). As with the High Lethality attempters, there
were no significant negative correlations between aggression and gray matter volumes
among Low Lethality attempters.

Impulsivity (BIS) was negatively associated with gray matter volumes in nine ROIs among
Low Lethality attempters, most widely in the right middle-superior temporal cortex, bilateral
insula, and bilateral lingual gyrus. Smaller negative effects of impulsivity on gray matter
were also noted in the left anterior cingulate, left fusiform gyrus, bilateral parahippocampus,
left middle-inferior orbitofrontal cortex, right hippocampus, and right amygdala (Table 3).
There were no positive effects of impulsivity on gray matter volumes among Low Lethality
attempters. Thus, High and Low Lethality attempters differed in the effects of impulsivity on
gray matter in direction of association (e.g. negative vs. positive correlations), anatomical
locations, and cluster sizes (e.g., insula).

4. Discussion

4.1. Overview

Neuroimaging studies, using MRI, positron emission tomography (PET), and functional
MRI (fMRI) techniques, have demonstrated abnormalities in structure, metabolism and
function in subjects with BPD compared with healthy controls (for review, see Schmahl and
Bremner, 2006). Structural (MRI) and metabolic (PET) abnormalities have been described
in impulsive subjects with BPD in areas of the prefrontal cortex (PFC), especially
orbitofrontal and ventromedial PFC, anterior cingulate, and other fronto-limbic structures
involved in regulation of mood, impulse and behavior (Goyer et al., 1994; de la Fuente et al.,
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1997; Juengling et al., 2002; Schmahl et al., 2003; Tebarz van Elst et al., 2003; Soloff et al.,
2003, 2008; Hazlett et al., 2005). Subjects with BPD (and other impulsive PDs), have
diminished metabolic responses to serotonergic pharmacologic activation by fenfluramine
(FEN) or meta-chloropiperazine (mCPP) in related areas, suggesting a neurobiological basis
for impulsivity and aggression in these patients (Siever et al., 1999; Soloff et al., 2000,
2005; New et al., 2002). Among PD subjects ascertained specifically for impulsive-
aggression (e.g., subjects with intermittent explosive disorder), fMRI studies using angry
faces demonstrate increased activation of the amygdala and diminished activation in
orbitofrontal cortex (OFC). Among aggressive subjects, there is a loss of the normal
amygdala-OFC coupling that facilitates cognitive control over affective arousal (Coccaro et
al., 2007). Functional MRI studies in BPD subjects also demonstrate hyper-arousal of
amygdala in response to negatively valenced faces or pictures (Herpertz et al., 2001;
Donegan et al., 2003), and loss of connectivity between the amygdala and the OFC (New et
al., 2007). Affective interference with executive cognitive functions in BPD is associated
with a failure of “top down” cortical inhibition in the presence of “bottom up” limbic hyper-
arousal resulting in the characteristic emotional dysregulation of the BPD patient
(Silberzweig et al., 2007). Emotional dysregulation increases the vulnerability to impulsive,
aggressive and suicidal behavior in BPD.

Our main aim in this study was to map the relationship between impulsivity, aggression and
suicidal behavior in key brain structures among suicidal sub-groups distinguished by the
lethality of their attempts. We found that higher degrees of medical lethality were related to
diminished gray matter volumes across multiple fronto-temporal-limbic regions. The
relationships between impulsivity, aggression and brain structure differed markedly between
High and Low Lethality attempters. Similarly, the effects of impulsivity and aggression on
brain structure differed markedly within lethality groups.

4.2. Aggression

The effects of aggression on brain structure differed by lethality status in anatomical
location and cluster size (a measure of the area of significant correlation). Since there were
no significant differences between groups in baseline aggression scores, lethality of suicidal
behavior in BPD may be related to the mediation of aggression by specific neural networks.
Among High Lethality attempters, increased aggression is most widely associated with
increased gray matter volumes in the middle-inferior OFC and the anterior cingulate gyrus.
The OFC is associated with executive cognitive functions such as response inhibition,
selective attention, conflict resolution, and monitoring and regulating the limbic system
(Bonelli and Cummings, 2007). It is part of a complex neural network (along with the
fusiform gyrus and amygdala) that assesses emotion in facial expression and is activated by
angry faces (Blair, 1999, 2004). Injury to the OFC results in disinhibition and in impulsive
and aggressive behavior. (The famous 1848 case of Phineas Gage illustrates this point
[Damasio et al., 1994].) Structural MRI studies in BPD subjects have reported diminished
volumes in the OFC in adults and adolescents compared with healthy controls, and an
association between increased impulsivity (BIS), diminished gray matter (BA 10), and
increased white matter (BA 47) in areas of the OFC (Tebarz van Elst et al., 2003; Hazlett et
al., 2005; Chanen et al., 2008). PET studies in BPD subjects report diminished
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fluorodeoxyglucose uptake in medial OFC (BA 9,10,11) compared with healthy controls.
Covarying for impulsivity (BIS) rendered these differences non-significant (Soloff et al.,
2003).

BPD subjects also have diminished alpha [C-11] mTrptophan trapping (mTrp) (a measure of
serotonin synthesis) in the OFC compared with healthy controls (Leyton et al., 2001) (in
these studies, impulsivity was inversely related to alpha[C-11] mTrp trapping in the medial
frontal gyrus, anterior cingulate, temporal cortex and striatum). Structural and functional
imaging studies suggest a neural mediation for impulsive-aggressive behavior in BPD,
related, in part, to diminished serotonergic function in the OFC.

The OFC has extensive connectivity with the amygdala and, in concert with other prefrontal
structures (such as the DLPFC), moderates amygdala hyper-arousal (Silberzweig et al.,
2007). At times of negative emotional stress, prefrontal cortical inhibition from the OFC is
decreased in subjects with BPD compared with control subjects (Silberzweig et al., 2007;
New et al., 2009; Kraus et al., 2010). OFC activation decreases in BPD subjects while
imagining self-injurious acts (Kraus et al., 2010). The resulting affective dysregulation of
cognitive control increases the likelihood of impulsive-aggressive behavior in response to
trigger events.

Among High Lethality attempters, increased aggression was also related to increased grey
matter volumes in the anterior cingulate cortex. The anterior cingulate is activated by tasks
requiring choices between competing stimuli (e.g., conflict resolution in the X version of the
continuous performance task) (Carter et al., 2000). It is also involved in recognition of
affective states, execution of affect-related operations, and self-regulation of emotion
(Beauregard et al., 2001; Devinsky et al., 1995; Hazlett et al., 2005). In concert with the
amygdala, the anterior cingulate is activated by negative emotions in healthy subjects (e.qg.,
especially in dorsal, middle cingulate, perigenual and subgenual cingulate) where it acts to
modulate emotion. Among subjects with BPD, negative emotion activates the posterior
cingulate gyrus, with decreased activation of dorsal and right subgenual divisions (for
review, see Ruocco et al., 2012b). When presented with fearful faces in an fMRI task, BPD
subjects show greater deactivation (compared with controls) in the subgenual anterior
cingulate cortex bilaterally, while demonstrating increased activation in the right amygdala.
This result supports the hypothesis of fronto-limbic dysfunction in BPD with exaggerated
amygdala response and diminished emotion regulation by the anterior cingulate
(Minzenberg et al., 2007). (Unfortunately, this study defined only two ROIs: amygdala and
anterior cingulate. Other fMRI studies with BPD subjects have also noted diminished
activation of the OFC with negative affective stimuli (Silberzweig et al., 2007; New et al.,
2009; Kraus et al., 2010).

Some, but not all, structural MRI studies in BPD subjects have reported diminished volumes
in anterior and ventral cingulate compared to healthy control subjects (de la Fuente et al.,
1997; Tebartz van Elst et al., 2003; Hazlett et al., 2005; Soloff et al., 2008 ). Hazlett et al.
(2005) found that diminished gray matter volume in the left anterior cingulate (BA 25), and
diminished white matter volume in the right posterior cingulate (BA 23), correlated with
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increased impulsivity (BIS) in subjects with BPD. Although these results appear contrary to
our own, our VBM analyses did not define separate ROIs within the cingulate gyrus.

In marked contrast, aggression among Low Lethality attempters was most widely associated
with gray matter volumes in the right insula and bilateral fusiform gyrus. The insula is a
limbic “integration area” that is involved in recognition of one’s own internal emotional
state and perceived emotion in others (i.e. “empathy”) (New et al., 2008). It is also involved
in representing negative emotional states, such as disgust (Augustine, 1996). In structural
studies, BPD subjects have diminished gray matter in insular cortex compared with healthy
controls (Soloff et al., 2008). High lethality BPD attempters have diminished gray matter in
the right insula compared with Low Lethality attempters (Soloff et al., 2012). In fMRI
studies of BPD subjects, the insula is activated by negative emotional stimuli (for review,
see Ruocco et al., 2012), by paradigms that mimic social exclusion (Eisenberger et al.,
2003), by aversive memories (Schnell et al., 2007), and by recall of unresolved
autobiographical memories (Beblo et al., 2006). Social tasks requiring co-operation activate
the anterior insula, which is responsive to violations of social norms (King-Casas et. al.,
2008). BPD subjects show diminished activation in the anterior insula compared with
control subjects during an economic exchange game requiring social co-operation (King-
Casas et al., 2008). Impairment in the function of the insula could lead to misjudging others’
intentions and disinhibited responses to perceived rejection, a core characteristic of BPD and
common precipitant for impulsive suicide attempts.

Aggression among Low Lethality attempters also had a significant effect on the fusiform
gyrus, bilaterally. The fusiform gyrus is primarily associated with facial recognition, and is a
component part of a complex face-processing system that includes the OFC and the superior
temporal cortex, lingual and parahippocampal gyrii, and the amygdala (Radua et al., 2010).
This network processes facial recognition and emotion, and it analyzes bodily movement to
assess the intentions of others. (The parahippocampus is involved in memory encoding and
retrieval of information concerning familiarity of social settings, complementing the
function of the fusiform face area by adding social and emotional context to a scene [Radua
et al., 2010].) Deficits in these functions would impair social functioning.

Abnormalities in the structure and function of the fusiform gyrus have previously been
reported in BPD compared with control subjects. In previous VBM studies, fusiform and
parahippocampal gyrii were both diminished in volume in High compared with Low
Lethality BPD attempters (Soloff et al., 2012). In some PET studies (though not all), BPD
subjects have demonstrated diminished metabolism or cerebral blood flow in the fusiform
gyrus compared with healthy controls (Leyton et al., 2001; Schmahl et al., 2003; Lange et
al., 2005). The fusiform gyrus is activated bilaterally (with the amygdala) in BPD subjects
compared with healthy controls in response to aversive stimuli in fMRI protocols (Herpertz
etal., 2001).

Although there is considerable overlap in areas positively associated with aggression in
High and Low Lethality attempters, regions with the largest cluster sizes differ markedly
between groups. Prefrontal regions primarily associated with regulation of affect and
impulsive-aggressive behavior are correlated with aggression in High Lethality attempters,
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while aggression in Low Lethality attempters is associated with limbic areas involved in
empathy, social acceptance and co-operation. High Lethality suicide attempts are
characterized by a subjective intent to die, while Low lethality attempts are generally
communicative gestures intended to convey emotional distress and coerce a caring response.

4.3. Impulsivity

Impulsivity in both High and Low Lethality attempters was correlated with gray matter
volumes in the middle-superior temporal cortex, but in opposite directions and markedly
differing cluster sizes. The superior temporal cortex (with the insula and the lingual and
fusiform gyrii) is involved in facial processing, analysis of intentions of others through
bodily movement (Frith and Frith, 1999; Allison and McCarthy, 2000), and hyper-vigilance
in attachment relationships (Buchheim et al., 2008). The superior temporal cortex is part of a
complex circuit that mediates reflexive responses to visual social inputs, especially negative
visual stimuli, such as angry, disgruntled faces (Koenigsberg et al., 2009; Ilidaka et al.,
2001).

The effects of impulsivity and aggression on brain structure discriminated High from Low
Lethality attempters, despite the absence of significant differences on psychological
measures of impulsivity and aggression (BIS, LHA). Differences between High and Low
Lethality attempters are found in the neural mediation of these personality traits, supporting
the view that they represent two separate but overlapping groups. High Lethality attempters
are a commonly used model for completed suicides and may share with them specific
neurobiological vulnerabilities associated with personality risk factors such as impulsivity
and aggression. We also demonstrated differences in the effects of impulsivity and
aggression on brain structure within each lethality group. These differences in affected
regions and direction of association may suggest separate neural mediation for these traits.

Impulsivity and aggressiveness are related trait dispositions, but not identical constructs.
Distinctions between these traits have been obscured in the literature through the use of
terms such as impulsive-aggression or aggressive impulsivity, implying a unitary behavioral
dimension for non-premeditated aggression. Coccaro et al. (1992, 1998) have advanced the
view that impulsive-aggression is a single dimensional trait, a dysregulation of impulse
control related to diminished serotonergic function in the brain. In this view, impulsive-
aggression is an endophenotype that increases the likelihood of aggressive behavior given
environmental triggers (McCloskey et al., 2009). In studies of BPD patients, and in large-
sample surveys of non-clinical subjects, impulsivity and aggressiveness have been shown to
be separable traits. Impulsivity is a higher order trait predisposing to non-premeditated
aggression, which is a lower order observable behavior (Garcia-Forero et al., 2008;
Critchfield et al., 2004). Impulsivity and aggression are risk factors for suicidal behavior in
BPD, with differing effects on specific neural networks. Our results provide evidence of the
neural substrates of impulsivity and aggression in the context of suicidality. Specific neural
substrates may functionally mediate these personality traits, a hypothesis that can be more
strongly tested using fMRI studies. Lethality of suicidal behavior in BPD may be
determined, in part, by the mediation of these personality traits by specific neural networks
involved in the regulation of mood, impulse and behavior.
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4.4, Limitations

This study focused on effects of impulsivity and aggression on gray matter volumes in
suicidal subjects with BPD and may not be generalizable to suicidal behavior in other
disorders. Similarly, personality traits associated with suicidal behavior in other disorders
(e.9., hopelessness/pessimism in MDD) may have their own unique relationships to neural
structures and lethality, not found in BPD.

Could differences between High and Low Lethality attempters be related to brain injury
incurred in high lethality attempts? This is a valid concern in all imaging studies of high
lethality suicidal subjects. We are unable to resolve this issue. Although we did not conduct
formal neuropsychological testing, all of our subjects were able to give informed consent,
demonstrated normal cognitive functioning during diagnostic interviews, self-reports and
scanning procedures, and had no apparent cognitive impairment in their everyday lives.

This was a correlational study. Correlation does not prove causation. Functional MRI studies
are needed to test effects of impulsivity and aggression on brain activation in High and Low
Lethality suicide attempters with BPD.
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Fig. 1.

IngALL BPD attempters: Significant clusters (p<.05, cluster level) showing a negative
association between Lethality Rating Scale scores and grey matter are rendered on a)
bilateral lateral cortical surface views, b) ventral view of the cortical surface, and c)
successive axial slices (z=—36 to z=20). Significant decreases were observed in Mid-Inf
OFC(1), Fusiform(1), Insula(2), Hippocampus (3), Parahippocampus(4), Mid-Inf OFC(5),
ACC(6), Lingual(7), Mid-Sup Temp(8)
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Fig. 2.
Significant clusters (p<.05, cluster level) in High Lethality attempters (RED) and Low
Lethality attempters (BLUE) showing a positive association between gray matter and
aggression (LHA) are rendered on a) bilateral lateral cortical surface views, b) ventral view
of the cortical surface and c) successive axial slices (z=—36 to z=20). Significant
associations shown in Fusiform(1), ACC(2), Mid-Inf OFC(3), Insula(4).
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Fig. 3. Low Lethality subjects
Significant clusters (p<.05, cluster level) showing a negative association between

impulsivity (BIS) and grey matter are rendered on a) bilateral lateral cortical surface
views, b) ventral view of the cortical surface and c) successive axial slices (z=—36 to z=20).
Significant decreases are shown in : Insula(1), Fusiform(2), Mid-Inf OFC(3),
Parahippocampus(4), Hippocampus(5), Lingual(6), Amygdala (7), Mid-Sup Temp(8),
ACC(9)
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Characteristics of the Sample”

Table 1

High Lethality  Low Lethality

N (M/F) 16 (5M/11F) 35 (5M/30F)
Age (yrs, s.d) 36.1(9.2) 27.4(5.9)
Race (%Cau.) 75 74.3
Educ. (% >12yrs.) 56.3 62.9
SES (low = 2+3) 10 23

(high = 4+5) 6 12
Abused (%yes) 43.8 37.1
MDD (%yes) 75 60
Alcohol (%yes) 6.3 17.1
Other Drugs (%yes) 31.3 14.3
Anxiety Dx. (%yes) 50 65.7
PTSD (%yes) 18.8 8.6
Psych.Meds (%yes)  50.0 37.1
HamD 18.1 (10.0) 16.3 (7.9)
BIS 73.5 (5.2) 74.7 (4.8)
LHA 15.6 (8.4) 16.5 (6.3)

Statistic (t,df,P or X2,df,P)""

X2=2.00, df =1, P.n.s.

t =3.47, df =20.95, P.= 0.002

X2=0.003,df =1, P.ns.
X2=0.20, df =1, P.n.s.

X2=0.05,df =1, P.n.s
X2=0.20 df =1, P.n.s.
X?=1.08, df =1, P.n.s.

X?=1.10, df = 1, P.n.s
X2=2,01, df =1, P.n.s.
X2=1.14, df =1, P.n.s.
X2=1.10, df =1, P.n.s.
X2=0.75, df =1, P.n.s.
t=0.68, df = 49, P.n.s
t=0.82, df =49, P.n.s.
t=0.39, df =49, P.n.s
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*
SCID Axis | co-morbidity at time of scan. Alcohol and Other Drugs include abuse and/or dependence, Anxiety Dx includes any anxiety disorder
except PTSD.

*

*
t,df,P: Student’s t-test, 2 tailed. Xz,df,P: Chi Square test, 2 tailed
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Table 2

Relationship between Lethality Rating Scale scores and grey matter concentrations in BPD attempters

Anat. ROI (TAL) Cluster Ext. p<0.05

Ind. Cluster Ext.

ROIs with significant negative correlations”.

Mid-Sup Tp 419
Mid-Sup Tp(L) 419
Lingual g (L) 238
Mid-Inf OFC(L) 274
Mid-Inf OFC 274
Insula 123
Fusiform g 183
Fusiform g (L) 183
Parahipp. g 99
ACC(L) 160
Hipp.(L) 43

1139
920
801
686
321
439
421
409
330
281
64

P value

<0.002
<0.002
<0.003
<0.004
<0.001
<0.002
<0.009
<0.006
<0.004
<0.007
<0.013

Voxel Peak (x, y, z)

(45, -10, -16)
(-63, =35, 23)
(~14, -85, 0)
(-21, 49, -9)
(38, 44, -3)
(45,-3,2)
(30, =57, -5)
(24, -31, -21)
(25, -24, -22)
(-9, 26, -3)
(-19, -28, -6)

*
No significant positive correlations were found between LRS scores and grey matter concentrations.

Page 19

Mid-Sup Tp = middle superior temporal cortex, mid-inf OFC = middle inferior orbital frontal cortex, Parahipp. g = parahippocampal gyrus, ACC =

anterior cingulate cortex, Hipp. = hippocampus
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Relationships between Aggression (LHA) and Grey Matter Concentrations in High and Low Lethality

Attempters ()

Table 3a

Anat. ROI (TAL)

Cluster Ext. p< 0.05

A. High Lethality LHA-Positive Correlations

Mid-Inf OFC
[Mid-Inf OFC(L)
ACC

ACC(L)

Mid Sup Tp
Insula

Lingual
Fusiform(L)
[Fusiform]

Parahipp.

B. High Lethality LHA-Negative correlations: NONE

352
352
176
176
398
173
165
136
136
76

4019
1011
3572
3572
771
568
277
230
189
201

C. Low Lethality LHA-Positive Correlations

Insula
Fusiform(L)
[Fusiform]
Hippocampus
Mid Sup Tp(L)
Parahipp
Mid-Inf OFC(L)
[Mid-Inf OFC]
Lingual(L)
Amygdala

D. Low Lethality LHA-Negative Correlations: NONE

166
156
156
127
390
101
213
213
173
59

868
643
601
479
438
347
327
255
206
64

Ind. Cluster Ext.

P value

<0.003
<0.003
<0.002
<0.002
<0.001
<0.007
<0.006
<0.001
<0.009
<0.009

<0.006
<0.001
<0.005
<0.014
<0.001
<0.008
<0.016
<0.002
<0.007
<0.019

Voxel Peak (x, y, z)

(24,37, -11)
(-27, 29, -19)]
(9,37, -4)
(-11,42,0)
(58, -46, 5)
(45,11, 2)

(13, -79, -2)
(~36, -76, -10)
(32, -7, -30)]
(23, -46, -2)

(35,19, 9)
(-35, 24, -19)
(37, -24, -19)
(32, -23, -10)
(-45, -18, -17)
(34, -23, -19)
(-27, 38, -16)
(27, 49, -15)
(-4, 57, 5)
(23, -8, -6)

*
ROls are listed in order of descending Ind. Cluster Ext., except for bilateral ROIs, which remain paired.
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Table 3b

Relationships between Impulsivity (BIS) and Grey Matter Concentrations in High and Low Lethality

Attempters

Anat. ROl (TAL) Cluster Ext. p<0.05 Ind. Cluster Ext.

A. High Lethality BIS—Positive Correlations

Mid Sup Tp 390 771
Parahipp.(L) 65 232
[Parahipp.] 65 140
Fusiform(L) 140 208

B. High Lethality BIS-Negative Correlations:
Insula 162 162

C. Low Lethality BIS-Positive: NONE
D. Low Lethality BIS-Negative Correlations

Mid Sup Tp 466 1709
Insula 177 1158
[Insula(L)] 177 775
Lingual 237 1020
[Lingual(L)] 237 327
ACC(L) 151 534
Fusiform(L) 149 503
Parahipp 105 451
[Parahipp(L)] 105 159
Mid-Inf OFC(L) 148 336
Hippocampus 96 271
Amygdala 60 176

P value

<0.001
<0.004
<0.001
<0.005

<0.008

<0.001
<0.002
<0.007
<0.002
<0.012
<0.008
<0.008
<0.007
<0.008
<0.001
<0.006
<0.019

Voxel Peak (x, y, z)

(58, -46, 5)

(-16, -28, -8)
(14, -28, -6)]
(~20, -4, -35)

(42,10, 1)

(52, -48, -2)
(40, -3, 1)
(-35,2, -1)]
(22, -88,-7)
(-17,-63, 0)]
(-2, 48,0)
(27, -46, -2)
(31, -28, -7)
(-27, -45, -2)]
(-28,31, -3)
(26, -31, 2)
(32, -4, -19)
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