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Abstract

Background.—Negative affective interference with executive cognition is associated with
emotion dysregulation and behavioral dyscontrol in BPD, including a diathesis to suicidal and
self-injurious behavior. While clinically well described, the neural basis of affective interference
with central executive network function, and resulting suicidal behavior is poorly understood.

Method.—In an fMRI study, 23 BPD suicide attempters completed an affectively modified
Continuous Performance Task(X-CPT), in which targets and distractors were rendered on
Negative, Positive and Neutral Ekman faces, with a Distorted image as a behavioral baseline.
Responses to targets were contextualized by the affective context of the face. Lethality Rating
Scale scores(LRS) were modeled as the primary regressor of interest on activation peaks, with
HamD scores covaried.

Results.—In the Negative vs. Neutral contrast, LRS scores were inversely related to activation in
the ACC, parietal precuneus, BG and OFC, with no positive relationships. Results were similar in
the Negative vs Positive contrast. In the Neutral vs. Positive contrast, activations were much less
extensive, with mixed positive and negative relationships. Contextualizing responses based on the
effects of valence decreased participant’s ability to distinguish between targets and distracters;
however, no differences were observed between valence contexts. fMRI-estimated effects were not
confounded by differences in behavioral sensitivity across contexts.

Limitations.—In this female-only sample, possible gender differences were not addressed.
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Conclusions.—With negative affective interference, increased lethality of suicidal behavior in
BPD predicted diminished neural activation in areas critical to executive cognitive function.
Therapies diminishing affective interference may reduce risk of suicidal behavior.

Keywords

negative affective interference; cognitive function; suicidal behavior; borderline personality
disorder

Hypersensitivity to emotional stressors and emotion dysregulation are core characteristics of
patients with Borderline Personality Disorder (BPD) (Gunderson and Lyons-Ruth, 2008;
Linehan, 1993; Putnam and Silk, 2005; Sanislow et al. 2002). In clinical settings, negative
life events, such as perceived rejection, or loss of relationship, precipitate episodes of
affective instability and behavioral disinhibition, characterized by impulsive aggression,
suicidal and self-injurious behavior (Brodsky,et al., 2006, Yen et al. 2004). Twenty-four hour
ambulatory monitoring of BPD subjects reveals heightened affective instability compared to
control subjects, with sudden, large mood swings from positive to negative moods, and
frequent swings from anxiety to sadness and anger (Ebner-Priemer et al. 2007, 2008). In
laboratory settings, patients with BPD experience affect more intensely and for longer
periods of time when confronted with negative stressors compared to healthy control
subjects (Jacob et al. 2008; Levine, et al., 1997). They are more sensitive to facial
expressions compared to controls, especially angry faces, but also misconstrue neutral
expressions as fearful (Schulze et al. 2013).

fMRI studies reveal that BPD subjects demonstrate increased amygdala activity in response
to negative emotional stimuli, whether by negative Ekman faces (Donegan et al., 2003;
Herpertz, et al., 2001; Minzenberg, et al., 2007), aversive |APS scenes (Hazlett et al. 2012),
or cue words recalling adverse life events (Beblo et al. 2006; Mitchell, et al., 2014, for
review). In addition, BPD subjects show greater amygdala responses to repeated exposure to
emotional pictures compared to control subjects, and a prolonged return to baseline,
suggesting impaired habituation (Hazlett et al. 2012). When exposure to negative social
images is repeated after a 3 day delay, BPD subjects show diminished habituation and
hypersensitization to negative images, not found in healthy control subjects or comparison
clinical subjects with Avoidant PD (Denny et al. 2018). In this study, hypersensitization to
between-session repeated negative social stimuli in BPD subjects was expressed through
hyper-activation of the neural salience network. (Diminished habituation and
hypersensitization were also noted for neutral social images in BPD subjects, compared to
controls, as BPD subjects responded to neutral images as though they were negative.)

The clinical relevance of emotion dysregulation lies in the disruption of executive cognitive
functions such as directed attention, response inhibition, decision-making, planning and
goal-directed behavior, needed to make adaptive responses to stressful events. For patients
with BPD, the result is a vulnerability to impulsive, aggressive, suicidal and self-injurious
behavior. While this sequence of events is well described clinically, the neuralbasis for
diminished cognitive function due to affective interference with Central Executive Network
(CEN) regulation in BPD is poorly understood. Negative emotional contexts interfere with
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neural processing in BPD. We have proposed that this affective interference results from an
interaction of affective arousal with the underlying neurobiology of temperamental traits,
such as impulsivity and aggressiveness (Soloff et al. 2017). Impulsivity and aggressiveness
(or impulsive-aggression), are associated with high lethality suicide attempts and suicide
completion in individuals with BPD (Chesin, Jeglic and Stanley, 2010, McGirr et al. 2007,
2009). The lethality of suicide attempts in BPD may be related, in part, to the combined
effects of negative affective arousal, impulsivity and aggressiveness on neural networks
involved in executive function (Soloff, White and Diwadkar, 2014). This study will
specifically assess the effects of negative affective arousal on cognitive performance in BPD
suicide attempters as a function of the lethality of their suicidal behavior.

Imaging studies of suicidal subjects across diagnoses report changes in structure and
function of “the suicidal brain” in orbitofrontal and dorsolateral parts of the prefrontal
cortex, changes related to decision-making, problem-solving and fluency (van Heeringen,
Bijttebier and Godfrin, 2011; Desmyter, van Heeringen and Audenaert, 2011). Among BPD
suicide attempters, structural MRI studies demonstrate a negative relationship between
degree of medical lethality and grey matter volumes across multiple fronto-temporal-limbic
regions associated with these executive functions (Soloff, White and Diwadker, 2014). In
this fMRI study, we postulate that medical lethality of past suicidal behavior in BPD
subjects will be related to the effects of negative affective interference on neural networks
specifically related to cognitive task performance.

In this study, we measure the effects of affectively valenced stimuli on neural processing
during a Continuous Performance Task (X-CPT) in BPD subjects with histories of suicidal
behavior. Our analyses focus on assessing the relationship between medical lethality of
suicidal behavior and neural processing.

In healthy subjects, neural processing of emotion regulation occurs simultaneously with
emotion generation, with the prefrontal cortex (PFC) exercising tonic control over limbic
arousal (Davidson et al. 2000, Gross and Thompson, 2006, Philips et al. 2008). In subjects
with BPD, functional imaging studies demonstrate a decrease in activation, or cerebral blood
flow, in fronto-limbic regulatory networks in response to emotionally aversive stimuli, such
as recall of autobiographical accounts of abandonment experiences (Schmabhl et al. 2003a),
or episodes of self-injurious behavior (Kraus et al. 2010). A recent meta-analysis of 19 fMRI
studies investigating the neural processing of negative stimuli in subjects with BPD reported
functional hyperactivity of the left amygdala and posterior cingulate cortex, and blunted
responsiveness of the bilateral dorsolateral PFC while processing negative (vs. neutral)
emotional stimuli (Schulze, et al., 2016). The dorsolateral PFC is one of the neural
“anchors” of the CEN, which mediates high level cognitive functions (Menon, 2011).
Diminished functional connectivity between amygdala and frontal regulatory structures in
BPD varies with the emotional valence of stimuli (Banks et al. 2007; Cullen et al. 2011;
New et al., 2007; Soloff et al., 2017a). Limbic (“bottom-up”) hyperarousal in the face of
diminished cortical (“top down”) activation may contribute to affective interference with the
neural processing of cognitive tasks such as response inhibition and impulse control at times
of emotional stress.
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fMRI studies of response inhibition and impulse control in BPD often utilize standardized
laboratory measures such as the Go No-Go, and Stop Signal tasks (Ruocco, et al., 2012).
These standardized measures are pure assays for studying the cognitive responses of regions
in the frontal and cingulate gyri. However, affective interference on cognitive processing and
brain networks is an important framework for understanding emotional dysregulation.
Studies which incorporate negative affective stimuli in their paradigms, such as “borderline-
relevant” emotional words in an emotional linguistic Go No-Go test (Silbersweig et al.,
2007), or aversive IAPS scenes in tests of defensive distancing (Koenigsberg et al.,2009),
have demonstrated affective interference with neural processing during task performance in
BPD compared to control subjects. In contrast, fMRI studies of response inhibition which
use emotionally neutral paradigms generally fail to find activation differences between BPD
and control subjects (van Eijk et al. 2015).

Elucidating the mechanisms of affective interference in BPD is an important framework for
bridging clinical observations with neuroscience. Toward that end we have been studying the
neural effects of affective interference with cognitive functioning during task performance in
subjects with BPD. To do this, we have used fMRI paradigms focused on response inhibition
and impulse control (e.g. Go No-Go), conflict monitoring, error detection, response
inhibition, and goal maintenance (e.g. X-CPT), and episodic memory recall (e.g. old vs new
recognition). Using affectively modified versions of the Go No-Go, X-CPT, and Episodic
Memory tasks, we showed that negatively valenced stimuli, compared to neutral or positive
stimuli, interfered with neural processing during these tasks (Soloff, et al., 2015). Core
personality characteristics of BPD, such as trait impulsivity and aggressiveness, were shown
to predict specific regional brain responses during response inhibition in the Affective Go
No-Go task, suggesting an interaction between affective arousal and neural networks
involved in these core temperaments (Soloff, et al., 2017b). Trait impulsivity and
aggressiveness are clinically important because of their close association with suicidal
behavior across diagnoses, including BPD and mood disorders (Chesin, et al., 2010; Mann et
al., 1999; McGirr et al., 2009, 2007; Oquendo et al., 2004,). Negative emotional context had
the most robust effects on the activation matrix, with modest effects on task performance in
both BPD and control subjects.

To assess the clinical relevance of affective interference with neural processing in BPD, we
examined the relationship between medical lethality of suicidal behavior and neural
responses during performance of an affectively modified X-CPT task. The X-CPT task
presents competing choices and engages executive functions of conflict monitoring, error
detection, task maintenance and response inhibition (Botvinick, et al., 2001; Carter, et al.,
1998). When negative affective stimuli (angry or sad Ekman faces) vs. positive or neutral
stimuli are employed, subjects with BPD demonstrated increased activation of superior
parietal cortex, anterior cingulate cortex (ACC), mid-orbital frontal cortex (mid-OFC) and
hippocampus (HIP) with no areas of decreased activation relative to controls (Soloff et al.,
2015). Based on our findings with trait impulsivity and aggressiveness, and the clinical
relationship between these temperaments, and medical lethality in BPD, we
hypothesized a robust relationship between lethality of suicidal behavior, as assessed by
degree of medical damage, and affective interference with neural processing of the X-CPT
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under negative affective conditions compared to neutral and positive conditions. i.e.
Affective interference with neural processing of CEN function mediates suicidal
behavior in BPD.

2. Methods

2.1. Participants, Inclusion criteria

The study was approved by the University of Pittsburgh IRB. All subjects gave written
informed consent. Female subjects were recruited from an ongoing longitudinal study of
BPD, from psychiatric outpatient clinics, and by advertisement from the surrounding
community. Subjects were screened for BPD with the International Personality Disorders
Examination (IPDE), using a lifetime timeframe (Loranger, 1999). Those meeting criteria
for probable or definite lifetime BPD on the IPDE were then assessed for current BPD on
the Diagnostic Interview for Borderline Patients-Revised (DIB-R), which has a two-year
time frame (Zanarini, et al.,1989). Inclusion required a score of 8 or greater for definite
BPD. Inclusion diagnosis was re-confirmed for subjects drawn from the longitudinal study
before the fMRI study. Co-morbidity on Axis | was determined by the Structured Clinical
Interview for DSM-IV (SCID) (First, et al., 2005). Depressed mood was assessed using the
Hamilton Rating Scale for Depression-24 item version (HamD) (Guy, 1976).

Severity of suicidal behavior was assessed using the Lethality Rating Scale score (LRS) for
the most serious /ifetime attempt (Oquendo, et al., 2003). The LRS assigns lethality scores
in an ordinal continuum of severity of medical damage, from 0 (no medical damage) to 8
(death) for 8 discrete forms of suicidal behavior. Scores are anchored by descriptions of
medical consequences in increasing degrees of severity. The LRS has been used as a
continuous measure of medical lethality in prior imaging studies (Soloff et al., 2014).
Immediately preceding the scan, all subjects had negative urine toxicology for drugs of
abuse (MedTox), and negative pregnancy tests. Subjects on maintenance psychoactive
medication were permitted to remain on their medication.

2.2. Exclusion criteria

Exclusion criteria included: 1.) A lifetime (past or current) Axis I diagnosis of
schizophrenia, delusional (paranoid) disorder, schizoaffective disorder, any bipolar disorder
(1, I, mixed, manic or depressed), or psychotic depression. 2). A current DSM IV diagnosis
of Substance Dependence or any current drug and/or alcohol related CNS deficits. (A DSM-
IV diagnosis of Substance Abuse was permitted so long as the subject had been totally
abstinent for one week, showed no signs of withdrawal, and had a clean urine toxicology
drug screen (MedTox) at the time of the scan. 3.) Clinical evidence of CNS pathology of any
etiology, including acquired or developmental deficits or seizure disorder. 4.) Physical
disorders or treatments with known psychiatric consequence (e.g. hypothyroidism, steroid
medications). 5.) Borderline Mental Retardation (1Q <70 by WAIS). 6.) Standard exclusion
criteria for MRI scans included the following: ferro-magnetic implants such as cardiac
pacers, cochlear implants, aneurysm clips, history of metal in eyes or other ferromagnetic
body artifacts; inability to fit in the scanner due to obesity, claustrophobia or inability to
tolerate brief confinement in the scanner; inability to co-operate with instructions.
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Imaging Specifications

Anatomical images were acquired on the 3.0T Siemens Trio system in the axial plane
parallel to the AC-PC line using a 3D MPRAGE sequence (TE/TI/TR=3.29ms/900ms/
2200ms, flip angle=9, isotropic 1mm3 voxel, 192 axial slices, matrix size=256x192). fMRI
data were acquired in the axial plane using gradient echo EPI (TR=2000 ms, TE=30 ms, flip
angle=70 deg, 30 slices, slice thickness=3.1 mm, 3 mm x 3 mm in-plane, matrix
Size=64x64).

fMRI paradigms.

The X-CPT is a continuous performance task that assesses contextual attention to context-
relevant targets by increasing response competition between targets. X-CPT requires conflict
resolution and inhibition of a prepotent response tendency, robustly activating the ACC
(Botvinick, et al., 2001; Tana, et al., 2010) and other structures. To assess affective
interference with neural processing during this task, the X-CPT was modified by inserting
Ekman Faces into the standard Continuous Performance Test (Ekman and Friesen, 1979).
Contextual responses to targets were dependent on the valence of Ekman faces on which
potential targets (e.g. “X”), and distracters (e.g. “A”), were rendered. In other words,
responses to targets (“X”) were contextualized by the affective context of the face (i.e.
negative, positive, or neutral valenced faces). In a mixed block jittered design, affective
context was signaled at the beginning of each block alerting subjects to the contextualization
of potential targets (e.g., during “negative” blocks, “X” became a target only if rendered on a
face with negative valence (Soloff et al. 2015)). Stimuli were presented for 1000 ms with a
jittered ISI (250-750 ms, 250 ms increments). Two blocks (54 s/block) of positive, negative
and neutral valence were employed. In addition, two blocks of Distorted Faces (as a
behavioral baseline) and three rest blocks (30 s) were used. The length of the task was ~ 10
minutes.

Image and fMRI data Analyses

Data were processed with Statistical Parametric Mapping (SPM12) using standardized
methods. Serial correlations were corrected using an auto-regression (AR(1)) filter, with an
expanded high-pass filter (256 s) applied to remove low frequency fluctuations. Realignment
was performed to correct for head motion artifact. Normalization parameters, achieved after
normalizing each subjects’ high-resolution anatomical image to the template image, were
applied to each acquired EPI image. The resultant normalized images were resliced (8 mm3
voxels) and smoothed (8 mm FWHM). Data were modeled to assess the effects of block
context. Epochs (Negative, Positive, Neutral) were modeled as separate regressors by
convolving with the canonical hemodynamic response function. First level contrast
structures were constructed to represent relative differences in activation with an emphasis
on identifying activation to Negative relative to non-Negative and Neutral relative to Positive
context. For each first-level model, the six motion parameters were modeled as regressors of
no interest to model statistical artifacts associated with motion.

The three first-level contrasts of interest (Negative > Positive; Negative > Neutral and
Neutral > Positive) were forwarded to separate second-level regression analyses. In each
second level model, LRS score was modeled as the primary regressor of interest, with
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HamD scores modeled as a covariate. (Depressed mood may have a dampening effect on
activation patterns (Soloff et al. 2017b). For this reason, HamD was a covariate in all
analyses of the current study.)

Cluster level correction was performed using established methods (Ward, 2000). 104 Monte
Carlo simulations based on the observed smoothness of the data were conducted to derive
the minimum cluster extent to be deemed significant for a contiguous set of supra-threshold
voxels. Cluster level correction (p<0.05) was applied to identify contiguous voxels in a priori
anatomically defined regions of interest, signifying differences across groups (Maldjian, et
al., 2003; Tzourio-Mazoyer et al., 2002). Cluster level corrections were applied in an
anatomical mask of interest. The extensive mask included regions associated with emotion
regulation, attention and memory, or areas reported to have structural deficits in BPD
subjects in prior studies (Soloff,et al., 2008; Soloff, et al., 2012). These regions included the
amygdala (AMY), hippocampus (HIP) and parahippocampus, the parietal lobe, the
orbitofrontal cortex (OFC), the dorsal prefrontal cortex (dPFC), the anterior cingulate cortex
(ACC) and the basal ganglia (BG).

2.6. Behavioral Data analysis

The behavioral data were analyzed for task-sensitivity (&), defined by a cumulative metric
based on correct performance (responding to targets; not responding to non-targets) and
incorrect performance (not responding to targets; responding to non-targets)(MacMillan &
Creelman, 2005). In repeated measures analyses, the effects of Condition on behavioral
sensitivity were analyzed with Condition (Distorted, Negative, Neutral and Positive) as the
single within-subjects factor, and age and LRS as covariates.

2.7 Effects of medication status.

Half of the sample (52.2%) was on established medication regimens, which remained
unchanged throughout the assessment period, including the fMRI scan. Effects of
medication status (yes/no) on response amplitude data from significance peaks, and on LRS
data, were assessed by independent sample #tests.

3. Results

The sample included 23 female subjects, with ages ranging from 21 — 44 years (mean (s.d.)
=28.3 (7.3 yrs.). All subjects met current criteria for BPD at the time of the scan, and had
histories of suicide attempts, with a mean of 2.8 (1.6) attempts per subject. The mean (s.d.)
Lethality Rating Scale (LRS) score was 2.8 (1.8) for the most serious lifetime attempt. High
lethality attempts (defined by an LRS score of 4 or greater) were reported by 30.4 % of
attempters, while 69.6% had low lethality attempts (LRS score of 3 or less). Current MDD
was diagnosed in 60.9% of subjects at the time of the scan, with mean (s.d.) HamD score of
18.3 (12.1). Very few subjects (n = 3) met criteria for a recent substance use disorder. A
history of childhood abuse was reported by 73.9%, with sexual abuse in 56.5%. Half
(52.2%) of subjects were taking psychoactive medications at the time of the scan, which
included antidepressants (n=9), anxiolytics (n = 6), mood stabilizers (n = 6), neuroleptics (n
= 3), and psychostimulants (n =1).
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3.1. fMRI

We report our results in order, first reporting the regression results (negative or positive
relationships) for contrasts for the Negative (relative to the Positive or Neutral) conditions,
followed by the contrast for the Neutral (relative to the Positive) condition.

Negative context.—In the Negative vs. Neutral contrast (Neg vs. Neu), we observed a
robust negative relationship between LRS scores and activation profiles. This effect was
observed across multiple ROIs, including the ACC, parietal precuneus, BG and OFC (in
order of cluster extent), and, to a lesser extent, the parietal cortex, dPFC, and HIP (Table 1).
There were no areas with significant positive relationships (see Figure 1).

The results were highly comparable in the Negative vs Positive contrast (Neg vs. Pos).
Degree of medical lethality (LRS) was negatively related to activation in the parietal
precuneus, ACC, BG, and parietal cortex (in order of cluster extent), with lesser areas of
activation noted in dPFC, OFC and HIP. As in the Neg. vs. Neu. contrast, there were no
areas with significant positive relationships (Figure 2).

Neutral context.—Result for the Neutral (relative to Positive) contrast were equivocal,
with areas of both negative and positive relationships with LRS noted. However, compared
to the negative affective conditions described above, correlations with LRS scores in the
positive affective condition, were far less extensive (Table 1). A negative relationship was
noted between LRS scores and activation in the parietal cortex and precuneus, and a positive
relationship in the ACC and precuneus (Figure 3).

3.2. Behavioral analyses.

Equipment error resulted in the logging of responses for only sixteen of the 23 participants
in the sample. In repeated measures analyses, the effects of condition on behavioral
sensitivity were analyzed with Condition (Distorted, Negative, Neutral and Positive) as the
single within-subjects factor and age and LRS as covariates. These analyses revealed a
significant effect of Condition, F339=6.53, p<.001, MSe=.234. The moderate effect (Partial
77=.33) was driven by a decrease in task-sensitivity between the Distorted and each of the
other contexts (¢’s <.001, pair-wise Least Significant Difference tests). This decrease
indicates that contextualizing responses based on the effects of valence decreased
participant’s ability to distinguish between targets and distracters. However, no differences
were observed between valence contexts (Negative, Neutral, Positive; p%>.10), allowing us
to infer that fMRI-estimated effects were not confounded with differences in behavioral
sensitivity across contexts. We also conducted individual regression analyses on behavioral
sensitivity for each of the affective contexts, using parametric (Pearson’s) and non-
parametric (Spearman’s p) statistics with the Lethality Rating Scare score as the predictor
variable. None of the six analyses were significant (p5>.4), evidence that any fMRI
estimated effects from the regression analyses were rot confounded with effects of the LRS
on behavioral sensitivity. As behavioral performance was optimized, we fully expected
imaging results to be uncoupled from behavioral performance.
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3.3. Medication effects.

The sample (n=23) was divided by current use of psychotropic medication to examine
medication effects on fMRI profiles. There were 12 current medication users compared to 11
med-free subjects. Response amplitude data (shown in Figs 1-3) from significant peaks
(Table 1) and LRS data were submitted to independent sample t tests (28 independent tests).
No significant effects were observed (all ts < 1.2, all ps > .25). As in our previous studies,
medication usage was not a significant factor affecting our fMRI results.

4. Discussion

Negative affective interference with executive cognition mediates emotion dysregulation and
behavioral dyscontrol in BPD, creating the diathesis to suicidal and self-injurious behavior.
In the current study, we related changes in neural processing of an affectively valenced X-
CPT task to a clinical measure of medical lethality among suicide attempters with BPD. As
expected, the most robust effects occurred under negative affective conditions, where
increased degrees of medical lethality were associated with diminished activation in ACC
and the parietal precuneus. These effects suggest a greater loss of “top down” inhibitory
control among BPD suicide attempters as the severity of medical lethality increases. These
speculations are supported by the fact that in the negative affective context, there was an
absence of any positive correlations between degree of medical lethality and activation
metrics.

The relationship between degree of medical lethality and activation metrics in the neutral
affective context was more nuanced, with areas of both negative and positive correlation.
However, areas of correlation, both negative and positive, were much less extensive than
under negative affective conditions. Positive correlations between medical lethality and
activation metrics, most notably in the ACC, may reflect compensatory efforts at enhanced
“top down” control in response to negative affective interference associated with suicidal
behavior. We previously reported a positive correlation between trait impulsivity and
activation in both dACC and OFC in an affective Go No-Go task under negative affective
conditions, suggesting enhanced engagement of “top down” inhibitory controls to
compensate for the subjects’ temperamental impulsivity. The opposite effect was noted in
healthy controls (Soloff et al. 2017). A reciprocal effect which increased cognitive control
and suppressed emotional expression would be an adaptive response during a suicidal crisis
(Drevets and Raichle, 1998).

Suicidal behavior in BPD and other psychiatric disorders is closely associated with
temperamental traits of impulsivity and aggressiveness (Brodsky et al., 1997; Mann et al.,
1999; McGirr et al., 2007, 2009, Oquendo et al., 2004). We have previously reported that
trait impulsivity and behavioral aggression mediated regional brain responses in subjects
with BPD during an affectively valenced test of response inhibition and motor impulsiveness
(the Go No-Go task) (Soloff et al., 2017b). Under negative affective conditions, behavioral
aggression, assessed by the Brown-Goodwin Lifetime History of Aggression (Brown and
Goodwin, 1986), had a negative effect on activation, with no positive effects. Increased
levels of lifetime aggression were associated with diminished activation in areas which
mediate behavioral inhibition (OFC), social decision-making (BG), and recall of episodic
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memory (HIP). The similarity to effects of medical lethality among BPD suicide attempters
on the Affective X-CPT task may reflect the close relationship of behavioral aggression to
suicidal behavior in BPD and across diagnoses (McGirr et al., 2007, 2009, Oquendo,et al.,
2004, Soloff et al., 2012, 2014).

Under negative affective conditions, increased degrees of medical lethality were associated
with diminished activation in areas regulating both executive cognition (e.g. ACC), and task-
related functions (e.g. parietal precuneus). In healthy subjects, the X-CPT robustly activates
the dACC, a region widely involved in executive regulation of affect and behavior through
conflict monitoring, error detection, response inhibition, and reward-based decision-making
(Botvinik et al., 2001, 2004, 2007; Carter et al.,1998; Marsh et al., 2007; Shenhav et.al.,
2016; Sheth et al., 2012). A theoretical model unifying the functions of conflict monitoring
and decision-making holds that the dACC makes strategic adjustments in cognitive control
dependent upon the overall expected value of control, i.e. a reward-based decision process
(Botvinick, 2007, Shenhav, et al. 2016). The robust inverse relationship between medical
lethality of suicide attempts and activation of ACC under negative affective conditions
strongly suggests a down-regulation of executive control in BPD subjects at times of
negative emotional duress.

The observed effects are also generally consistent with the “triple network model of
psychopathology” (Menon, 2011; 2018). In this model, the dACC is an anchoring neural
node of the salience network (SN), tasked with detecting and evaluating external and internal
events, allocating attention, and co-ordinating behavioral responses with the central
executive network (CEN) in rule-based problem solving and goal directed actions. The CEN
is anchored in the dorsolateral PFC, and posterior parietal cortex, which are also inversely
related to medical lethality of suicidal behavior in the current study (Menon, 2011). (We
discuss the relationship of our results to this model in further detail below).

Degree of medical lethality was inversely related to activation of the parietal precuneus, a
region which processes task-relevant functions, particularly spatial attention. Posterior
parietal cortex and parietal precuneus are also part of the CEN, facilitating recall of spatial
details of images and perceptual decision making required to execute the X-CPT (Cavanna
and Trimble, 2006).

In the negative affective context, increased degrees of medical lethality were also associated
with diminished activation of the basal ganglia (BG), which are involved in attention and
reward-based decision-making (Herrero et al. 2002, Voytek and Knight, 2010). Structural
abnormalities in the BG have been associated with suicidal behavior (Vang et al., 2010), and
with impulsive decision-making (“delay discounting”) among depressed elders who have
attempted suicide compared to non-suicidal depressed elders (Dombrovski et al., 2012).
Structural abnormalities in striatum are thought to contribute to suicidal behavior through
impulsive decision-making

Menon (2011) has proposed an influential neural model for behavioral deficits in psychiatric
disorders that is based on abnormal functional integration and aberrant connectivity in
critical brain networks. In this model, behavioral manifestations of psychiatric disorders may
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be attributed to: a) weak intrinsic connectivity between neural nodes, b) abnormal
recruitment of brain nodes not typically part of the CEN, or, ¢) impaired access to salient
task-relevant stimuli. Each of these attributes may apply to the effects of negative affective
interference on neural processing of cognitive tasks in BPD subjects:

a. Limbic hyperarousal and diminished fronto-limbic inhibitory function has been
previously demonstrated in BPD subjects exposed to negative affective stimuli in
diverse paradigms (Kraus et al., 2010; Kraus-Utz et al., 2014; Minzenberg et al.,
2007; Schmahl et al., 2003a; Silbersweig et al., 2007). In addition, BPD subjects
have been shown to have diminished or aberrant functional connectivity between
amygdala and regions of the frontal cortex, including ACC (New et al. 2007,
Soloff et al., 2017a).

b. Any model for emotion dysregulation and behavioral dyscontrol in BPD must
also account for the role of heritable temperamental traits such as impulsivity and
aggressiveness. Impulsivity and behavioral aggression in BPD (and other PDs)
are associated with discrete structural, metabolic, and functional abnormalities
believed to mediate these traits (Goodman et al., 2011; Hazlett et al., 2005;
Krause-Utz et al., 2014; Niedfeld et al., 2013; Sala et al., 2011; Schmahl et al.
2003b; Schmahl and Bremner, 2006; Siever et al.,1999; Siever, 2008; Soloff et
al., 2000, 2003, 2007, 2008, 2014; Sprung et al., 2002; Tebartz van Elst et al.,
2003; Zetzsche et al., 2007). We have previously demonstrated inverse
relationships between a measure of behavioral aggression, brain activation and
behavioral performance on an Affective Go No-Go task under negative affective
conditions in BPD (Soloff et al., 2017b). These relationships suggest interference
with CEN function by brain regions which mediate temperamental
aggressiveness, and are not part of the CEN. How the temperamental traits of
impulsivity and aggressiveness interfere with neural processing of executive
function is not well defined, but may be considered as examples of “abnormal
recruitment” under the triple network model.

c. Finally, an inverse relationship between medical lethality and activation of the
parietal precuneus under negative affective conditions suggests impaired
processing of task-relevant visual/spatial stimuli.

4.1. Clinical Relevance

The current study is, to our knowledge, the first to demonstrate an association between the
severity of medical damage in suicide attempters with BPD and affective interference with
neural processing of executive functions. We previously suggested that the diathesis to
suicidal behavior in BPD lies, in part, in the pre-existing structural, metabolic and functional
abnormalities which characterize the neurobiology of trait impulsivity and aggressiveness
(Soloff et al., 2012, 2014). Emotion dysregulation, behavioral dyscontrol, and, ultimately,
suicidal behavior, may result when negative affect interferes with executive cognitive
function, /n interaction with the pre-existing neurobiology of temperamental traits. In terms
of network models, degree of medical lethality is related to diminished functional
connectivity between SN and CEN (resulting in a loss of “top down* control), and
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interference with CEN by networks mediating temperaments such as trait impulsivity and
aggressiveness.

4.2. Limitations

Half (52.2%) of our subjects were taking psychoactive medications at the time of the study.
In prior studies we found no significant differences between medicated and non-medicated
BPD subjects in signal change analyses across multiple fMRI paradigms (e.g. affectively
valenced Go No-Go, X-CPT, and Episodic Memory Recall tasks) (Soloff et al. 2015). Our
null results may be attributable to reduced power due to small sample sizes. Our results are
consistent with other fMRI studies of BPD subjects (Beblo et al., 2006; Buchheim et al.,
2008; Donegan et al., 2003), though not all (Silbersweig et al. 2007), that found no
significant effects (or minimal effects) of medication use on fMRI results.

This study of female subjects with BPD does not address possible gender differences in the
relationship of suicidal behavior to brain activation. Male BPD subjects demonstrate more
externalizing behaviors than females, including impulsive-aggression and anti-social acts.
Female BPD subjects typically have more internalizing symptom expression, such as
depression, anxiety, and self-injury (Johnson et al., 2003). These differences could be
reflected in differing patterns of neural activation in relation to suicidal behavior. Since 75%
of clinically diagnosed BPD patients are female, accruing a sufficiently large male BPD
attempter sample to address gender effects was not possible at this time.

4.3. Conclusions

fMRI studies demonstrate how negative emotional stimuli interfere with neural processing
of cognitive task performance in healthy subjects (Goldstein et al., 2007), and those with
BPD, resulting in diminished “top down” frontal cortical control in the face of “bottom-up”
limbic hyperarousal (Koenigsberg et al., 2009; Silbersweig et al., 2007; Wingenfeld et al.,
2009). Within neural networks, competition may exist for limited resources needed to
process both cognitive function and negative affect simultaneously (Pessoa, 2009). Increased
cognitive control requires reciprocal emotional suppression (Drevets and Raichle, 1998,
Mayberg et al.1999). The failure of this adaptive process in BPD is expressed clinically in
symptoms of emotion dysregulation, and a diathesis to impulsive aggression and suicidal
behavior.

Functional imaging studies inform clinical practice precisely because they reveal neural
activations associated with symptom presentation, and thereby suggest mechanisms
mediating symptom improvement. For example, psychotherapies which enhance emation
regulation and behavioral control in BPD, such as Dialectal Behavior therapy (DBT) and
Transference—Focused Psychotherapy (TFP), increase neural activation in areas related to
frontal, “top down” cognitive control and decrease activation in limbic areas associated with
emotional reactivity (Goodman et al. 2014; Perez et al. 2016; Schnell and Herpertz, 2007).
This framework linking neuroscience with clinical practice can be extended to the search for
functional bio-markers in suicidality. We consider our work a step in this direction.
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Highlights

Negative affect interferes with cognitive function, mediating emotion
dysregulation, impulsive-aggression and suicidal behavior.

23 BPD suicide attempters completed an affective X-CPT paradigm, modified
to include Ekman faces.

For each affective condition, Lethality Rating Scale (LRS) scores were
regressed on neural activations, with HamD co-varied.

Under negative affective conditions, there was a robust negative relationship
between LRS scores and activation in ACC, parietal precuneus, basal ganglia
and OFC, with no positive relationships.

Affective conditions decreased task-sensitivity, with no differences between
affects.

With negative affective interference, increased lethality of suicidal behavior in
BPD predicted diminished neural activation in areas related to executive
cognitive function.
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Figure 1.
(@) The clusters resulting from the underlying regression model show where the Lethality

Rating Scale significantly predicts brain activation profiles. Results are depicted for the
Negative > Neutral contrast (see Methods and Results) and the clusters are projected to
dorsal, ventral, medial and lateral cortical surfaces. Only negative relationships were
observed; That is, an /ncrease in suicidality predicted a decrease in activation profiles under
the Negative > Neutral contrast. The form of this relationship is explicated in (b) for the
basal ganglia and the anterior cingulate (see Table 1 for peaks) where signal change is
plotted against the LRS.
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(a) Rendered Clusters

(b) Response Profiles and LRS
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Figure 2.
(@) The clusters resulting from the underlying regression model show where the Lethality

Rating Scale significantly predicts brain activation profiles. Results are depicted for the
Negative > Positive contrast (see Methods and Results) and the clusters are projected to
dorsal, ventral, medial and lateral cortical surfaces. Only negative relationships were
observed; That is, an /ncrease in suicidality predicted a decrease in activation profiles under
the Negative > Positive contrast. The form of this relationship is explicated in (b) for the
basal ganglia and the anterior cingulate (see Table 1 for peaks) where signal change is
plotted against the LRS.
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(a) Rendered Clusters

(b) Response Profiles and LRS
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Figure 3.
(@) The clusters resulting from the underlying regression model show where the Lethality

Rating Scale significantly predicts brain activation profiles. Results are depicted for the
Neutral > Positive contrast (see Methods and Results) and the clusters are projected to
dorsal, ventral, medial and lateral cortical surfaces. Here, a mixture of complementary
negative and positive relationships were observed. That is, an /ncrease in suicidality
predicted a decrease in activation profiles under the Neutral > Positive contrast in some
regions (dPFC, parietal), but predicted an increase in other regions (e.g., basal ganglia and
anterior cingulate). The form of the positive relationship is explicated in (b) for the basal
ganglia and the anterior cingulate (see Table 1 for peaks) where signal change is plotted
against the LRS.
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Relationship between LRS scores and activation profiles for each contrast, with HamD covaried.

Table 1

Affective_CPT
MNI Coordinates

Region X y z t Cluster extent  p (peak)
Neg vs Neu

Basal Ganglia 22 14 19 393 2034 <0.001
Anterior Cingulate -10 33 13 475 5022 <0.001
Hippocampus 24 -40 6 321 303 0.002
Parahippocampus Orbitofrotal cortex -39 15 -15 395 1243 <0.001
Parietal cortex 21 =73 49 5.01 870 <0.001
Dorsal prefrontal cortex 12 50 25 475 739 <0.001
Precuneus 20 -72 46 451 3811 <0.001
Neg vs Pos

Basal Ganglia 12 15 4 457 2512 <0.001
Anterior Cingulate -14 39 7 3.95 3069 <0.001
Hippocampus 22 -39 6 222 21 0.019
Parahippoc ampus - - - - - -
Orbitofrotal cortex 22 54 -6 443 567 <0.001
Parietal cortex 46 -43 37 391 1784 <0.001
Dorsal prefrontal cortex 52 36 18 5.06 630 <0.001
Precuneus 8 -64 37 457 3292 <0.001
Neu vs Pos

Basal Ganglia -4 10 12 3.23 216 0.002
Anterior Cingulate - - - - - -
Hippocampus - - - - - -
Parahippoc ampus - - - - - -
Orbitofrotal cortex 24 48 -14 283 56 0.005
Parietal cortex 44 -58 49 3.56 747 0.001
Dorsal prefrontal cortex 51 36 18 2.68 278 0.007
Precuneus 10 -64 34 3.27 310 0.002
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