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Objective: The authors sought to test the
hypothesis that in patients with border-
line personality disorder, the ventrome-
dial prefrontal cortex and associated re-
gions would not be activated during a
task requiring motor inhibition in the set-
ting of negative emotion. Such a finding
would provide a plausible neural basis for
the difficulty borderline patients have in
modulating their behavior during nega-
tive emotional states and a potential
marker for treatment interventions.

Method: A specifically designed func-
tional magnetic resonance imaging (fMRI)
activation probe was used, with statistical
parametric mapping analyses, to test hy-
potheses concerning decreased prefron-

tal inhibitory function in the context of
negative emotion in patients with border-
line personality disorder (N=16) and
healthy comparison subjects (N=14). 3-T
fMRI scanning was used to study brain
activity while participants performed an
emotional linguistic go/no-go task.

Results: Analyses confirmed that under
conditions associated with the interaction
of behavioral inhibition and negative
emotion, borderline patients showed rel-
atively decreased ventromedial prefrontal
activity (including medial orbitofrontal
and subgenual anterior cingulate) com-
pared with healthy subjects. In borderline
patients, under conditions of behavioral
inhibition in the context of negative emo-
tion, decreasing ventromedial prefrontal
and increasing extended amygdalar-ven-
tral striatal activity correlated highly with
measures of decreased constraint and in-
creased negative emotion, respectively.

Conclusions: These findings suggest spe-
cific frontolimbic neural substrates associ-
ated with core clinical features of emo-
tional and behavioral dyscontrol in
borderline personality disorder.

(Am J Psychiatry 2007; 164:1832-1841)

B orderline personality disorder is a devastating condi-
tion, affecting 1%—2% of the population and causing tre-
mendous disruption of patients’ lives and relationships (1).
Emotional and behavioral dyscontrol play a large role in
the morbidity and mortality of this condition. Affective
dysregulation in individuals with borderline personality
disorder manifests itself as emotional instability with a
propensity toward intense negative emotional states (an-
ger, anxiety, and dysphoria) (2). Borderline patients also
demonstrate a range of impulsive behaviors (self-mutila-
tion, parasuicidal behavior, substance abuse, sexual pro-
miscuity, and binge eating), particularly in the setting of
negative affective states. Impulsivity (and/or impulsive ag-
gression) is considered to be an underlying dimension in
borderline personality disorder and best predicts the per-
sistence of borderline psychopathology across time (3).
Core elements of the psychopathology of borderline
personality disorder have been defined and described in a

model of serious personality disorders developed by
members of our group (4). The model posits a dynamic in-
teraction of temperament (individual differences in motor
and emotional reactivity and self-regulation), a prepon-
derance of negative affect, low effortful control, and an
absence of a coherent sense of self and others (2). In
language bridging psychological and neurobiological per-
spectives, Depue and Lenzenweger (5) have conceptual-
ized borderline personality disorder as an emergent phe-
notype principally reflective of a complex interaction
involving diminished positive emotion in relation to in-
creased negative emotion, in interaction with diminished
activity of the modulatory constraint system and exagger-
ated reactivity of the fear system.

The neural substrates of borderline personality disorder
are not well understood but have received greater atten-
tion in recent years. A number of (resting) ['8F]fluorode-
oxyglucose positron emission tomography (PET) studies

This article is featured in this month’s AJP Audio and discussed in an editorial by Dr. Siegle on p. 1776.
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have described decreased dorsolateral prefrontal activity
and increased or decreased medial and ventral prefrontal
and temporal activity (6-9). Increased amygdala activa-
tion to negative stimuli has also been described (10, 11), as
has limbic response to traumatic memories (12). A prelim-
inary study of more extended frontal activation during re-
sponse inhibition has also been reported (13), and in a
PET drug challenge study with patients with intermittent
explosive disorder and borderline personality disorder
(14), orbitofrontal and amygdalar dysfunction were corre-
lated. A recent neuropsychological study of patients with
borderline personality disorder, as well as patients with
orbitofrontal and non-orbitofrontal prefrontal lesions,
suggested that impulsivity and negative affect in border-
line personality disorder may be related to orbitofrontal
dysfunction (15). The functioning of prefrontal control
mechanisms in the setting of negative emotional states,
which is of particular relevance to borderline personality
disorder, has not been probed selectively with functional
magnetic resonance imaging (fMRI) techniques.

Emotional responsivity and inhibitory control have been
studied with animal models and are amenable to human
brain mapping. Although studies of the cognitive control of
emotion (16), as well as many functional neuroimaging
studies of emotional processing and behavioral inhibition,
have been published recently, relatively few have ad-
dressed the interaction of the latter two functions (e.g., ref-
erences 17-19)—an interaction that plays an important
role in the regulation of human behavior in health and dis-
ease, particularly in borderline personality disorder.

We developed an emotional linguistic go/no-go fMRI
probe with a factorial design to study the interaction of
emotional and inhibitory systems in borderline personal-
ity disorder. This fMRI paradigm can isolate brain regions
associated with withholding a prepotent response in the
context of negative emotion. We recently identified a set of
brain regions (19, 20), notably the ventromedial prefrontal
cortex, including the medial orbitofrontal cortex and sub-
genual anterior cingulate cortex, as being critical for this
process in healthy subjects. The present study was de-
signed to test the hypothesis that in patients with border-
line personality disorder the ventromedial prefrontal cor-
tex and associated regions would fail to activate during a
task requiring motor inhibition in the setting of negative
emotion. Such a finding would provide a plausible neural
basis for the difficulty borderline patients have in modu-
lating their behavior during negative emotional states and
a potential marker for treatment interventions.

Method

Participants

Participants were 16 patients with borderline personality disor-
der (15 of them female; 15 of them right-handed; mean age=31.25
years, range=19-50 years) and 14 healthy comparison subjects (10
female; 12 right-handed; mean age=23.8 years, range=18-31
years). Borderline diagnoses were confirmed with the Interna-
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tional Personality Disorder Examination (21) (criteria score range=
5-9, dimensional score range=10-18; mean=14.9, SD=2.28). None
of the participants had medical or neurological conditions. Com-
parison subjects had no psychiatric disease as assessed by the
Structured Clinical Interview for DSM-IV and the International
Personality Disorder Examination. Other current diagnoses
among the borderline patients included panic disorder (N=3), so-
cial phobia (N=1), specific phobia (N=1), posttraumatic stress dis-
order (N=1), obsessive-compulsive disorder (N=1), generalized
anxiety disorder (N=1), somatization disorder (N=1), alcohol
abuse (N=2), and cannabis abuse (N=1). None of the patients had
any current substance dependencies. Past diagnoses included
major depressive disorder (N=8), anorexia nervosa (N=4), bulimia
(N=2), obsessive-compulsive disorder (N=2), posttraumatic stress
disorder (N=2), generalized anxiety disorder (N=1), alcohol depen-
dence (N=2), and sedative/hypnotic dependence (N=1). On the
International Personality Disorder Examination, other categorical
diagnoses included paranoid (N=7), antisocial (N=2), histrionic
(N=5), avoidant (N=6), narcissistic (N=3), dependent (N=3), and
obsessive-compulsive (N=2) personality disorders.

There was no significant difference in gender composition be-
tween the two groups, but there was a significant difference in age
(p=0.012). Age was therefore incorporated, along with gender and
handedness, as a covariate in the imaging data analysis. Eleven
patients were taking psychotropic medications (eight were taking
antidepressants, four mood stabilizers, two antipsychotics, and
one an anxiolytic). Four patients and one comparison subject
were using oral contraceptives. Additional analyses were per-
formed with covariates included for the most prevalent medica-
tions (antidepressants and mood stabilizers), past axis I history
(major depression and anorexia), and other International Person-
ality Disorder Examination categorical diagnoses (paranoid, his-
trionic, and avoidant personality disorders). The comparison
subjects in this study were the same individuals whose findings
we reported in an earlier article focusing on the interaction of in-
hibition and emotion in healthy subjects (20).

The Multidimensional Personality Questionnaire was used to
relate specific clinical symptom measures to functional neuroim-
aging results with a focus on negative emotion and on constraint.
Negative emotion is a construct that taps proneness to experi-
ence anxiety, anger, and related states of negative engagement.
Constraint is a construct reflective of control and harm avoid-
ance; a high level of constraint reflects tendencies to inhibit and
restrain impulse expression. All participants gave informed con-
sent before enrollment in the study, which was part of a protocol
approved by the institutional review board of New York Presbyte-
rian Hospital and Weill Medical College of Cornell University.

fMRI Paradigm

Participants underwent scanning while they performed an
emotional linguistic go/no-go task developed to investigate neu-
rocircuitry underlying the interaction between emotion and mo-
tor inhibition (19, 20), with verbal stimuli containing themes
salient for individuals with borderline personality disorder. Be-
havioral response was based on orthographically based cues: par-
ticipants were instructed to perform a right-index-finger button-
press immediately after (silently) reading a word appearing in
normal font (go trial) and to inhibit this response after reading a
word in italicized font (no-go trial). Button-press responses and
reaction times were recorded. A total of 192 distinct linguistic
stimuli were used (64 negative, 64 positive, 64 neutral). Words
were balanced across all valence conditions for frequency, word
length, part of speech, and imageability.

The task was presented in a block design comprising 24 blocks
(six blocks per run, four runs total). The six blocks per run repre-
sented the six main conditions (neutral go, neutral no-go, nega-
tive go, negative no-go, positive go, positive no-go), the presenta-
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FIGURE 1. Comparisons Between Patients With Borderline Personality Disorder (N=16) and Healthy Comparison Subjects
(N=14) for the Interaction Effect Between Negative (Versus Neutral) Emotional and No-Go (Versus Go) Conditions (Neg —

Neu x No-Go - Go)?
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2 Blood-oxygen-level-dependent activity (BOLD) changes are thresholded at a voxelwise p of 0.01 (uncorrected) with a cluster extent of 108
mm? for the purpose of visualization. Borderline patients showed decreased activity relative to comparison subjects in the subgenual anterior
cingulate cortex (left panel; Montreal Neurological Institute [MNI] space, x=-9) and the posterior medial orbitofrontal cortex (right panel; MNI
space, x=9). Bar plots show summary values for individual conditions by group in each of the two areas to indicate directionality of BOLD

changes driving the interaction effects.

tion of which was counterbalanced to control for order and time
effects across runs. Go blocks contained 16 go trials (100% go tri-
als), and no-go blocks contained 10 go trials (62.5% go trials) and
six no-go trials (37.5% no-go trials), presented in pseudorandom-
ized order to establish prepotent motor response yet have ample
no-go trials. Each word was presented individually in white letters
on a dark background for 1.5 sec followed by a 0.75-sec interstim-
ulus interval (total block duration=36 sec). Each block was fol-
lowed by a 20-sec rest period during which a fixation cross was
displayed. A shortened practice run using different words pre-
ceded the experimental runs to ensure that participants under-
stood and could follow the task instructions.

When the scanning was completed, participants were removed
from the scanner and instructed to perform a word recognition
task. They were given a list of the 192 stimulus words (targets)
randomly interspersed with 48 distractor words (divided equally
into negative, positive, and neutral categories, balanced for the
same linguistic qualities as targets) and asked to circle the words
they believed they saw during the scanning session. They were
then given a word valence rating task, which was also made up of
both target and distractor words, and asked to rate the valence of
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each word on a 7-point Likert-like scale (-3=very negative, 0=neu-
tral, +3=very positive).

Image Acquisition

Imaging data were acquired with a GE Signa 3-T MRI scanner
(General Electric Company, Waukesha, Wisc.; maximum gradient
strength 40 mT/m, maximum gradient slew rate 150 T/m per sec)
at the Weill Medical College of Cornell University. Structural im-
ages were acquired with a three-dimensional high-resolution T;-
weighted spoiled gradient-recalled acquisition sequence (resolu-
tion 0.9375x0.9375x1.5 mm?3). Echo planar imaging (EPI) was
used to obtain blood-oxygen-level-dependent (BOLD) functional
MR images. After shimming to maximize homogeneity, a series of
gradient echo fMRI scans was acquired (repetition time=1200
msec, echo time=30 msec, flip angle=70°, field of view=240 mm,
15 slices, slice thickness=5 mm, interslice distance=1 mm, ma-
trix=64x64), with a z-shimming algorithm to reduce susceptibility
artifact at the base of the brain (modified from reference 22). A
reference T1-weighted anatomical image with the same slice
placement and thickness and a matrix of 256x256 was acquired
immediately before the EPI acquisition.

Am | Psychiatry 164:12, December 2007
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FIGURE 2. Comparisons Between Patients With Borderline Personality Disorder (N=16) and Healthy Comparison Subjects
(N=14) for the Contrast of Behavioral Inhibition Versus No Inhibition in the Context of Negative Emotion (Neg[No-Go - Go])?
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2 Blood-oxygen-level-dependent (BOLD) activity changes are thresholded at a voxelwise p of 0.01 (uncorrected) with a cluster extent of 108
mm? for the purpose of visualization. Borderline patients showed decreased activity relative to comparison subjects in the subgenual anterior
cingulate cortex (left panel; Montreal Neurological Institute [MNI] space, x=-9), decreased activity in the posterior medial orbitofrontal cortex
(not shown), and increased activity in the left and right extended amygdala and ventral striatum, (right panel; MNI space, y=3). Bar plots show
summary values for differential BOLD response at the statistical maxima of the subgenual anterior cingulate cortex and extended amygdala.

Image Processing and Data Analysis

Prior to data analysis, customized statistical parametric map-
ping software (London, Wellcome Department of Imaging Neuro-
science; 23) was used to realign functional EPI scans based on
intracranial voxels, coregister functional images to the corre-
sponding high-resolution anatomical image based on the trans-
formation of the reference anatomical image to the latter for each
individual subject, perform stereotactic normalization to Mon-
treal Neurological Institute (MNI) space based on the high-reso-
lution anatomical image, and spatially smooth with an isotropic
Gaussian kernel (full width at half maximum=7.5 mm).

A two-stage general linear model was used to examine the ef-
fect sizes of the key group/condition contrasts. First, a voxelwise
multiple linear regression model was used at the individual sub-
jectlevel. This model included the principal regressors of interest,
which consisted of the stimulus onset times convolved with a
prototypical hemodynamic response function, and the covariates
of no interest, which consisted of the temporal first-order deriva-
tive of the principal regressors, global fluctuations, realignment
parameters, and scanning periods. The temporal global fluctua-
tion estimated as the mean intensity within brain of each volume
was removed through proportional scaling. Temporal filtering
was performed to counter the effects of baseline shifts and
higher-frequency noise, and a first-order autoregressive (AR[1])
model of the time course was used to accommodate temporal
correlation in residuals. Effects at every brain voxel were esti-

Am | Psychiatry 164:12, December 2007

mated by a least squares algorithm, and the effect images for each
condition were then combined in a series of linear contrasts to be
entered into the second-stage, group-level analysis. Second, at
the group level, a random-effects model was used, which ac-
counts for intersubject variability and allows population-based
inferences to be drawn. The within- and between-group effects of
the hypothesis-driven contrasts were estimated using a least
squares algorithm with demographic variables (age, gender, and
handedness) incorporated as covariates in the context of an anal-
ysis of covariance. These group-level effect estimates generated t-
statistic maps, and their statistical significance was evaluated
based on random field theory. The statistical inferences were
thresholded at a voxelwise p value and cluster extent (p<0.005,
uncorrected for multiple comparisons, and a cluster extent of
four voxels with a voxel volume of 27 mm?). Based on a priori hy-
potheses, regions of interest were the amygdala, the (subgenual)
anterior cingulate gyrus, and the medial orbitofrontal cortex;
these were defined on the basis of previously reported functional
imaging studies concerned with impulse control and negative af-
fect regulation (24, 25). Regions of interest were examined by cor-
recting the voxelwise p value at the local maximum of the nearest
cluster (26). Behavioral data—response times, error rates, recog-
nition rates, and valence ratings—were analyzed using repeated-
measures analysis of variance and subsequent Wilcoxon signed
rank-sum tests to focus on marked performance differences
across groups and conditions.
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TABLE 1. Comparisons Between Patients With Borderline Personality Disorder (N=16) and Healthy Comparison Subjects
(N=14) for Four Main Contrasts in an Emotional Linguistic Go/No-Go Task?

Montreal Neurological Institute

. Voxel p
Brodmann Coordinate Peak (mm) Voxel z (Uncor- Cluster
Comparison and Brain Region Area X y z Value rected) Extent (mm3)
Comparison Neg — Neu X No-go — Go
Relative decreased activity
Left subgenual anterior cingulate cortex” 32 -12 33 -9 -3.42 <0.001 486
Right posterior medial orbitofrontal cortex/sub- 11/25 9 12 -21 -2.91 0.002 378
callosal area?
Right middle/posterior cingulate cortex 24/23 3 -12 27 -2.80 0.003 135
Left anterior middle temporal gyrus 21 =51 -18 -18 -3.55 <0.001 162
Right precuneus 19 18 -60 39 -2.71 0.003 108
Relative increased activity
Right anterior lateral orbitofrontal cortex 10/11 33 51 -6 3.21 0.001 567
Right posterior lateral orbitofrontal cortex 11/47 27 30 -21 3.08 0.001 729
Left dorsolateral prefrontal cortex 44/46 -27 12 33 3.10 0.001 189
Left posterior middle temporal gyrus 37/39 -57 —66 18 2.81 0.002 135
Right calcarine cortex/precuneus 19 30 —54 9 2.67 0.004 108
Comparison No-go(Neg — Neu)
Relative decreased activity
Left subgenual anterior cingulate cortex” 32 -12 33 -9 -2.80 0.003 108
Right posterior medial orbitofrontal cortex/sub- 11/25 9 15 -21 -3.14 0.001 783
callosal area?
Relative increased activity
Right posterior lateral orbitofrontal cortex 47/11 33 39 -18 2.80 0.003 513
Left posterior lateral orbitofrontal cortex 47/11 -36 30 -12 3.03 0.001 567
Right anterior insula 45/47 42 21 3 2.70 0.003 135
Right dorsal anterior cingulate cortex/middle 24 6 -3 33 3.07 0.001 135
cingulate cortex
Right inferior/middle temporal gyrus 20/21 45 -6 -39 2.82 0.002 189
Left pons 0 —42 -33 2.83 0.002 108
Right calcarine cortex/precuneus/posterior 19 —24 -60 6 3.06 0.001 459
cingulate cortex
Comparison Neg(No-go — Go)
Relative decreased activity
Left subgenual anterior cingulate cortex” 32 -12 33 -9 -3.46 <0.001 297
Relative increased activity
Right anterior lateral orbitofrontal cortex 47 36 51 -9 2.93 0.002 432
Right posterior lateral orbitofrontal cortex 11/47 30 30 -21 2.83 0.002 405
Right middle insula 48 42 6 0 2.77 0.003 189
Left extended amygdala/ventral striatumP -18 6 -9 2.80 0.003 432
Right extended amygdala/ventral striatumP 21 6 -12 2.82 0.002 216
Right midhippocampus 33 =21 0 3.34 <0.001 891
Left midhippocampus/parahippocampus -18 —24 -6 3.84 <0.001 4,752
Left posterior hippocampus/parahippocampus -18 -45 12 3.10 0.001 729
Right superior temporal gyrus, pole 38 51 18 -15 3.20 0.001 1,350
Left superior/middle temporal gyrus 21 -51 0 -15 3.25 0.001 567
Left inferior temporal gyrus 20 -51 -6 -30 3.55 <0.001 405
Left posterior middle temporal gyrus 39 -57 -69 15 3.05 0.001 297
Right fusiform gyrus 37 27 -48 -15 3.55 <0.001 4,779
Right cerebellum 18 -48 -30 2.80 0.003 243
Right calcarine cortex 17 21 -63 12 2.79 0.003 297
Comparison Neu(No-go — Go)
Relative decreased activity
Right anterior lateral orbitofrontal cortex 46 45 60 -9 -3.13 0.001 567
Left anterior lateral orbitofrontal cortex 46 —54 45 -9 -2.97 0.002 108
Right posterior lateral orbitofrontal cortex 11/47 27 27 -18 -2.95 0.002 297
Relative increased activity
Left superior temporal gyrus 21 —48 0 -15 3.03 0.001 324
Right superior temporal gyrus 38 48 12 -15 2.99 0.001 162
Right cerebellum 30 18 -39 -15 2.83 0.002 108

2 Interaction effects between negative versus neutral emotional and no-go versus go conditions (Neg — Neu x No-go — Go); negative versus neu-
tral emotional conditions under inhibitory control (No-go[Neg — Neu]); inhibition versus no inhibition in the context of negative (Neg[No-go
— Go]) and neutral (Neu[No-go — Go]) emotion. Changes in blood-oxygen-level-dependent activity (relative positive and negative activity
changes between the groups) are thresholded at a voxelwise uncorrected p of 0.005 with a cluster extent of 108 mm?.

b Region-of-interest activity changes significant at p<0.05 corrected (see Method section in the text).

1836 ajp.psychiatryonline.org Am | Psychiatry 164:12, December 2007



SILBERSWEIG, CLARKIN, GOLDSTEIN, ET AL.

FIGURE 3. Within-Group Correlations for Borderline Patients (N=15) Between Differential BOLD Response and Negative
Emotion as Well as Constraint Scores From the Multidimensional Personality Questionnaire, for the Comparison of Nega-
tive Versus Neutral Emotion Under Conditions of Behavioral Inhibition (No-Go[Neg — Neu])?
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2 Blood-oxygen-level-dependent (BOLD) activity changes are thresholded at a voxelwise p of 0.01 (uncorrected) with a cluster extent of 108
mm? for the purpose of visualization. Patients showed a correlation (t=4.746, p<0.001) between decreased activity in the right posterior me-
dial orbitofrontal cortex and decreasing constraint score on the Multidimensional Personality Questionnaire, that is, decreasing ability to in-
hibit and restrain impulse expression (left panel; Montreal Neurological Institute [MNI] space, x=9; note the decreasing constraint score on
the x-axis). In patients a correlation was also observed (t=3.950, p=0.002) between increasing activity in the left amygdala and an increased
negative emotion score on the Multidimensional Personality Questionnaire, reflecting proneness to experience anxiety, anger, and related
states of negative engagement (right panel; MNI space, y=3).

Significant between-group differences or trends for be-
havioral results were as follows: Patients rated negative
words more negatively (z=2.4551; p=0.007) than compari-
son subjects. Reaction time was longer for patients during
no-go blocks (z=1.6005; p=0.0547) than for comparison
subjects. There were more errors of omission for patients
during no-go (z=1.9441; p=0.0259) and negative no-go
conditions (z=1.9405; p=0.0262) and more errors of com-
mission for patients under negative no-go conditions (z=
1.6250; p=0.0521).

Results

Behavioral Results

The successful induction of an inhibitory set, measured
by significantly slower response times in overall no-go
blocks (this refers to the go trials in the no-go blocks) ver-
sus go blocks, was achieved in both subject groups (re-
sponse time difference for patients=63.1523 msec; z=
2.7147, p=0.0033; response time difference for compari-
son subjects=33.0751 msec; z=2.5738, p=0.005). Valence
ratings indicated the intended stimulus valence percep-
tion, and in both groups they were significantly different

Neuroimaging Results

Probing behavioral inhibition in the context of negative

among negative, neutral, and positive words (p<0.001).
Memory performance (including false positives) did not
differ between the two groups and was not significantly af-
fected by emotional valence.

Am | Psychiatry 164:12, December 2007

emotion (Neg[No-go — Go]) and negative versus neutral
emotion in the context of inhibitory control (No-go[Neg —
Neu]), borderline patients showed a relatively decreased
activity level compared with healthy subjects in the medial
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orbitofrontal cortex and the subgenual anterior cingulate
cortex. In both contrasts (from Neg[No-go] to Neg[Go] and
from Neg[No-go] to Neu[No-go]), such decreases were
driven by decreased activity changes in the borderline pa-
tients and increased activity changes in the comparison
subjects, resulting in the negative interaction of the three
factors—group by emotion by inhibition as embodied in
the contrast of (patient — comparison) by (Neg — Neu) by
(No-go - Go). In the interaction (Neg — Neu x No-go — Go),
borderline patients thus showed relatively decreased ac-
tivity in these two ventromedial prefrontal regions. In the
interaction, patients also showed less activity than com-
parison subjects in other regions, notably the middle and
posterior cingulate cortex, and greater activity in the lat-
eral orbitofrontal cortex and the dorsolateral prefrontal
cortex. Within the contrast of negative versus neutral va-
lenced inhibitory control conditions (No-go[Neg — Neul),
patients showed greater activity than comparison subjects
in the dorsal anterior cingulate cortex and the lateral orb-
itofrontal cortex. For statistically significant regional find-
ings, see Figure 1, Figure 2, and Table 1.

In the comparison of no-go and go under conditions of
negative emotion (Neg[No-go — Go]), patients had differen-
tial positive activity change in the left and right dorsal and
extended amygdala and ventral striatum, and the left more
than the right hippocampus and parahippocampus (Fig-
ure 2 and Table 1). This amygdalar activity was primarily
driven by increased activity in patients during the Neg(No-
go) condition and was accompanied by decreased subgen-
ual anterior cingulate cortex activity, whereas in the com-
parison subjects the opposite activity pattern was ob-
served in those regions. Inhibitory versus no inhibitory
control under neutral emotion (Neu[No-go — Go]) showed
mainly relative decreased activity for patients versus com-
parison subjects in the lateral orbitofrontal cortex—oppo-
site the findings involving negative emotions.

In the patient group, correlational analyses with specific
symptom scores of interest from the Multidimensional
Personality Questionnaire were used to further assess the
relation between clinical expressions of negative emotion
as well as diminished inhibitory control and frontolimbic
brain activity. With the contrast of negative versus neutral
emotional conditions in the context of inhibitory control
(No-go[Neg — Neu]), the trait of negative emotional tem-
perament from the questionnaire showed a strong posi-
tive correlation with differential activity in the left ventral
and dorsal/extended amygdala and ventral striatum (Fig-
ure 3) whereas decreasing ability to inhibit and restrain
impulse expression (the trait constraint) was correlated
negatively with the differential activity in the same poste-
rior medial orbitofrontal cortex/subcallosal region found
in the between-group comparison (Figure 3).

Additional analyses were performed that included
covariates for the most prevalent medications, past axis I
history, and other categorical diagnoses from the Interna-
tional Personality Disorder Examination. In the between-
1838

ajp.psychiatryonline.org

group results of the main contrasts of interest (Neg[No-go]
— Neg[Go] and Neg — Neu x No-go — Go; threshold
p<0.005), the main orbitofrontal, subgenual anterior cin-
gulate cortex, and extended amygdala findings are present
(data not shown), except for the orbitofrontal cortex/sub-
callosal area and extended amygdala for the analysis with
the avoidant personality disorder covariate (these regions
were present, although at a lower threshold of p<0.05).

Discussion

This study was specifically designed to probe the inter-
action between behavioral inhibition and negative emo-
tion in patients with borderline personality disorder.
Based on core clinical features of the disorder as well as
behavioral neuroscientific and psychological models, we
hypothesized that patients would show a deficit particu-
larly in the function of the ventromedial prefrontal cortex
for this clinically salient interaction, which we previously
demonstrated to be active in healthy subjects (20).

The behavioral results verify the participants’ attention
to, and effortful performance of, the tasks and that the no-
go condition achieved inhibitory tone (as reflected in reac-
tion times). Borderline patients rated the negative emo-
tional words (tailored to borderline psychology), but not
the positive or neutral words, more negatively than
healthy comparison subjects. This finding is consistent
with a previous psychological study (27) and supports the
validity of the probe. Although overall performance did
not differ significantly between patients and comparison
subjects, under no-go block conditions, reaction times
were slightly longer for patients. While all participants
performed the task well, the patients had more errors of
omission (for neutral and negative no-go) and commis-
sion (for negative no-go) than the comparison subjects.
These findings suggest that patients had greater difficulty
with the behavioral task demands.

The neuroimaging results demonstrate a deficit (com-
pared with healthy subjects) of activation in the medial or-
bitofrontal cortex associated with inhibitory task de-
mands in a negative emotional context in the borderline
patients. Furthermore, decreasing activity was highly cor-
related with the Multidimensional Personality Question-
naire measure of decreased constraint in patients. While
activity in the medial orbitofrontal cortex was decreased
in borderline patients compared with healthy subjects in
terms of the behavioral inhibition/negative emotion in-
teraction effects described above, activity in the lateral or-
bitofrontal cortex was increased.

A medial/lateral distinction emerges from anatomical
connectivity of the orbitofrontal cortex, with the medial or-
bitofrontal cortex subserving behavioral responses in the
context of viscerosomatic function and the lateral region
mediating sensory-evaluative function (28). Projections
from the basolateral amygdala (where sensory information
converges with affective memory) to the orbitofrontal cor-
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tex and then to the central amygdala (which modulates hy-
pothalamic function) and connections between the orbito-
frontal cortex and the hypothalamus form pathways by
which the orbitofrontal cortex can modulate primitive
approach/avoidance behavior as well as higher-order be-
havior. We previously noted an inverse relationship be-
tween medial and lateral orbitofrontal cortex activation
under these experimental conditions (19, 20). Given the
above connectivity distinctions, the medial/lateral profile
observed in borderline patients may be associated with
their increased responsivity to environmental stimuli.
Such an imbalance between the contribution and control
of internal states and external experiences may contribute
to the emotional and behavioral volatility of borderline pa-
tients. This can be seen in the context of a rich clinical liter-
ature associating orbitofrontal cortex lesions or dysfunc-
tion with socioemotional dyscontrol, reflecting impaired
integration of context-relevant emotional information in
response-selection processing (29).

The subgenual anterior cingulate cortex, just superior to
the medial orbitofrontal cortex (including subcallosal
area), has received increasing attention for its role in emo-
tional modulation and its dysfunction (and change with
treatment) in major depression (30, 31). We recently noted
a sexual dimorphism in the functioning of this region un-
der negative emotional conditions (32), which may be rel-
evant given the increased incidence of borderline person-
ality disorder, like depression and anxiety disorders, in
women. This region, also highly interconnected with the
amygdala (28), is thought to be the homologue of the ven-
tromedial frontal region in rodents, in which lesioning re-
sults in increased fear conditioning and decreased extinc-
tion. The failure of normal activation in this region may
therefore also be relevant for the breakdown in emotional
behavioral control in borderline personality disorder. Ven-
tromedial prefrontal cortex dysfunction in borderline pa-
tients, specifically within the medial orbitofrontal cortex
and subgenual anterior cingulate cortex, may provide a
common (or potentially unifying) locale for both emo-
tional and behavioral dyscontrol.

Conversely, relative amygdalar hyperactivity, compara-
ble to previous studies (10, 11), is seen here. Importantly,
the amygdalar findings in this study were part of a broader
area of increased activity in closely related regions ranging
from the ventral amygdala through the extended amygdala
to the ventral striatum. The close anatomical and func-
tional relationships among these highly interconnected re-
gions underlie the crucial transition and integration from
emotion and salience to motivation and behavior (33). The
ventral (corticobasolateral) amygdala preferentially reacts
to clearly negatively valenced, biologically relevant infor-
mation and tends to correlate with affective as well as
symptom measures, such as in depression (34, 35). Consis-
tent with those previous results, negative affect in border-
line patients correlated with the right corticobasolateral
amygdala (differential contrast [No-go(Neg — Neu)]) in ad-
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dition to the extended amygdala and the ventral striatum,
which suggests a bias of negative valence of relevance
processing correlating with the severity of this symptom.
Models of human extended amygdala function have been
proposed in which this region preferentially responds to
environmentally salient but ambiguous stimuli (36, 37).
Activation is seen here in the group comparison under
conditions of behavioral inhibition in the setting of nega-
tive emotion (Neg[No-go — Go]). This might reflect patho-
logical assessment of saliency detection guiding approach/
avoidance in borderline personality disorder, leading to a
dysfunction of behavioral/output (not just the perceptual)
components of emotional processing, and suggests an-
other contributing, bottom-up substrate for disordered
emotional behavior in borderline personality disorder
(with the ventromedial prefrontal cortex finding represent-
ing a failure of top-down modulation).

In this context, the ventromedial prefrontal cortex (sub-
genual anterior cingulate cortex/medial orbitofrontal cor-
tex) and the amygdala can have a reciprocal functional
relationship, with the ventromedial prefrontal cortex play-
ing a top-down inhibitory role (38). This may be the case
in the differential negative no-go versus negative go con-
trast, where borderline patients showed a profile of de-
creased activity in the subgenual anterior cingulate cortex
and increased activity in the extended amygdala. It is no-
table that in the differential contrast [No-go(Neg — Neu)],
the between-group difference appears to be driven by a
failure of borderline patients to show the decrease in
amygdalar function seen in the healthy comparison sub-
jects. This may provide a mechanism whereby emotion
unduly interferes with behavior and cognition in border-
line patients and is analogous to reciprocal suppression
models of cognitive/emotional processing discussed for
other disorders, such as depression and anxiety disorders
(30, 31, 39, 40).

In borderline patients, the dorsal anterior cingulate cor-
tex showed greater activity in the presence of negative emo-
tional stimuli, particularly in the setting of inhibitory de-
mands, than in comparison subjects. This finding is
consistent with a model of domain-specific mapping of
prefrontal function, with more dorsal regions involved in
more cognitive, conscious, effortfully controlled tasks and
more ventral regions involved in more social-emotional,
unconscious control tasks (41, 42). The negative emotional
state may place greater competing demands on response
selection processes in borderline personality disorder pa-
tients, and their automatic control mechanisms may be
dysfunctional.

A limitation of this study is that 11 of the 16 borderline
patients were taking medications that were necessary for
clinical reasons. Condition-specific activity in the hypoth-
esized regions correlated significantly with the severity of
target symptoms, which were present despite medica-
tions, and a random-effects model was used, which, while
more statistically stringent, addresses a number of factors
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associated with intersubject variability and makes results
more generalizable. Nevertheless, additional analyses
were performed with the most prevalent medications as
covariates of no interest to address this potential con-
found. As noted above, the main between-group fron-
tolimbic findings remained significant.

The difference in age between the two groups is also a
limitation. Participants were neither in the adolescent nor
the geriatric range, and age was incorporated as a covari-
ate of no interest in the analysis to address potential age-
related variance, although this may not eliminate all po-
tential between-group age effects. It may be relevant to
note that clinical features such as impulsivity tend to di-
minish with age in borderline patients (43), which sug-
gests that younger borderline patients might show even
more of the condition-specific abnormalities. Comorbid
diagnoses, as seen in most borderline patients (1) and re-
flecting an overlap of clinical (and probably biological)
features, represent another issue to consider. Core neu-
ropsychiatric pathophysiological features were demon-
strated despite this variance. As noted above, additional
analyses that included the most prevalent additional diag-
noses did not significantly alter the main between-group
results. Nevertheless, it will be important in the future to
conduct studies with additional patients, to extend and
test the replicability of these findings, and to further ad-
dress the age, medication, and comorbidity issues.

In conclusion, the findings of this study provide plausi-
ble systems-level neural mechanisms underlying a core
clinical difficulty that borderline patients have concerning
behavioral dyscontrol in negative affect states. Such hy-
pothesis-driven study of borderline personality disorder
with specifically tailored fMRI probes can help elucidate
the systems-level pathophysiology of this devastating dis-
order. It can also help provide a foundation for more tar-
geted diagnostic and treatment strategies.
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