
Research Paper

Emotional modulation of motor response inhibition 
in women with borderline personality disorder: 

an fMRI study

Gitta A. Jacob, PhD; Kerstin Zvonik, PhD; Susanne Kamphausen, MD; 
Alexandra Sebastian, MSc; Simon Maier, MSc; Alexandra Philipsen, MD; 

Ludger Tebartz van Elst, MD; Klaus Lieb, MD; Oliver Tüscher, MD

Jacob, Zvonik, Kamphausen, Sebastian, Maier, Philipsen, Tebartz van Elst, Lieb, Tüscher — Department of Psychiatry and
Psychotherapy, University Medical Center Freiburg; Jacob — Clinical Psychology and Psychotherapy, University of Freiburg;
Zvonik — Center for Translational Research in Systems Neuroscience and Psychiatry, Department of Psychiatry, Georg
 August University Göttingen; Kamphausen — Department of Psychiatry and Psychotherapy, University Medical Center Tübin-
gen; Sebastian, Lieb, Tüscher — Department of Psychiatry and Psychotherapy, University Medical Center Mainz; Tüscher —
Department of Neurology, University Medical Center Freiburg, Germany

Introduction

Impulsivity and emotion regulation problems are core traits
of borderline personality disorder (BPD) and are related to
other symptoms and problematic behaviours.1 With respect
to emotion dysregulation, BPD is characterized by elevated
levels of all negative emotions.2 Neuroimaging studies and
psycho physiological research into emotional responses have
indicated that BPD is characterized by elevated and pro-

longed levels of negative emotional responses, especially to
threatening stimuli associated with abuse or abandonment.3,4

In neuroimaging studies, the experience of strong negative
emotions in patients with BPD is reflected by frontolimbic
dysfunctions5 (i.e., increased amygdala and hippocampal re-
sponses to threatening stimuli,6–9 reduced anterior cingulate
[ACC] and prefrontal cortical activations9–11).
Most studies, particularly functional magnetic resonance

imaging (fMRI) studies, have not investigated specific emotions;
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Background: Both emotion regulation and impulsivity are core aspects of borderline personality disorder (BPD) pathology. Although
both problems may be combined specifically in BPD, few studies to date have investigated the emotional modulation of impulsivity in
BPD. Methods: Women with BPD and matched healthy controls performed go/no-go tasks after induction of anger, joy or a neutral
mood by vocally presented short stories. Dependent variables were the behavioural results and functional magnetic resonance imaging
data. Results: We included 17 women with BPD and 18 controls in our study. No behavioural group differences were found. However,
patients with BPD showed stronger activation of the left amygdala and weaker activation of the subgenual anterior cingulate during
anger induction than controls. Inhibition in the go/no-go task after anger induction increased activity in the left inferior frontal cortex in
controls, but not in women with BPD, who, in turn, showed increased activation in the subthalamic nucleus. Limitations: Findings can-
not be generalized to men, and 4 patients were taking antidepressant medication (selective serotonin reuptake inhibitors). In addition, no
patient control group was investigated, thus we do not know whether findings are specific to BPD compared with other disorders.
 Conclusion: Our findings are consistent with the view that a disturbed amygdala–prefrontal network in patients with BPD is compen-
sated by a subcortical loop involving the subthalamic nucleus, leading to normal behavioural inhibition in these patients.

© 2013 Canadian Medical Association

164 J Psychiatry Neurosci 2013;38(3)



emotional stimuli are usually stressful and negatively va-
lenced pictures from the International Affective Picture Sys-
tem.12 In particular, the emotion of anger has rarely been in-
vestigated, which is surprising given that exaggerated anger
is a diagnostic criterion of BPD. To our knowledge, no fMRI
study investigating anger has been conducted so far in pa-
tients with BPD. In healthy participants, the experience of
anger is associated with activations in the medial (MPFC),
ventromedial (vmPFC) and lateral prefrontal cortex; ACC;
posterior cingulate cortex (PCC); and thalamus.13

Impulsivity in BPD is defined by the disinhibition of be-
haviours that are usually highly restricted, such as uncon-
trolled eating, excessive spending, sex or aggression. Accord-
ingly, self-reports of impulsivity are generally elevated in
patients with BPD compared with both healthy and clinical
control groups.14–16 However, well-controlled studies investi-
gating inhibitory control with experimental tasks, such as the
Stroop test, stop or go/no-go tasks, generally render mixed
results. Some studies have reported performance deficits in
go/no-go tasks,17,18 while most others did not show impair-
ments in patients with BPD.16,19,20 Recent behavioural studies
suggest that general deficits of BPD regarding impulsive be-
haviours may occur more on the motivational level in do-
mains such as decision-making and delay of gratification.20–22

Clinically, emotion dysregulation and impulsivity are closely
linked in BPD.23 Some experimental studies showed significant
interactions between impulse control and negative emotions in
patients with BPD. Chapman and colleagues24 found that nega-
tive emotional state moderated the reponses of participants
with severe BPD features in a passive avoidance learning task.
In an fMRI study, Silbersweig and colleagues8 found decreased
vmPFC activity (including medial orbitofrontal and subgenual
anterior cingulate) in patients with BPD compared with healthy
controls under conditions associated with the interaction of be-
havioural inhibition and BPD-related negative emotion in an
emotional go/no-go task. In patients with BPD, decreasing
vmPFC and increasing extended amygdalar–ventral striatal ac-
tivity correlated highly with negative emotion. However, re-
sults regarding the interaction between impulsivity and emo-
tion in patients with BPD are mixed, since 2 studies did not find
(behavioural) group effects in the performance of a Stroop test
using emotional stimulus materials.15,20

Note that all these studies investigated negative emotions
in general. To our knowledge, no study has investigated mo-
tor inhibition in the context of anger yet, although both prob-
lems are prominent in patients with BPD. Furthermore, anger
and impulsivity are closely linked in different conditions,
such as conduct disorders,25 suicidality26 and bulimia ner-
vosa.27 In the present study, we aimed to investigate how in-
hibition is modulated by the emotion of anger in women
with BPD. An anger induction task was followed by an emo-
tionally neutral letter-based go/no-go task assessing motor
inhibition. In accordance with the findings of Silbersweig and
colleagues,8 we expected group differences in brain activation
in the go/no-go task after anger induction, with reduced pre-
frontal activation in women with BPD compared with
healthy controls. For anger induction itself, we expected an
increase in amygdala activity in women with BPD.

Methods

Participants

We recruited female patients with BPD from the inpatient
and outpatient services of the Department of Psychiatry and
Psychotherapy of the University Hospital Freiburg, Ger-
many; healthy female control participants matched for age
and years of education were recruited by means of advertise-
ment in a local paper. Exclusion criteria for the BPD group
were a current psychotropic medication besides selective
serotonin resuptake inhibitors (SSRIs), a current diagnosis of
depression or substance dependence, a lifetime diagnosis of
schizophrenia or bipolar disorder, male sex, vision or audi-
tory problems and language problems. A further exclusion
criterion for the control group was any current Axis I or II
psychiatric diagnosis. Participants signed written informed
consent before study participation. The study was approved
by the local ethics committee, Ethik Kommission der Albert-
Ludwigs-Universitaet.
Current and lifetime psychiatric diagnoses were confirmed

with SCID interviews both for Axis I and Axis II disorders.28,29

We assessed mean intelligence using the Mehrfachwahl-
Wortschatz-Intelligenztest, a linguistic intelligence test com-
monly used in the German-speaking region.30

Assessments

The UPPS impulsiveness scale31 comprises 45 items with 
4-point answering formats measuring a total of 4 scales. Ur-
gency is characterized by a lack of control over action im-
pulses. It covers the experience of strong impulses, often asso-
ciated with negative emotions. Lack of premeditation
describes a lack of anticipating the consequences of one’s own
actions. Participants with high scores on this scale typically
act very spontaneously. Lack of perseverance measures diffi-
culties in continuing tasks that are boring or difficult. Sensa-
tion seeking comprises a tendency to enjoy and seek exciting
activities and an openness to new experiences, even if they are
risky. The UPPS shows good psychometric properties.31

We assessed state and trait anxiety and anger using the
State-Trait Anxiety Inventory (STAI) and State-Trait Anger
Expression Inventory (STAXI).32 Severity of BPD symptoms
was assessed using the Borderline Personality Disorder Sever-
ity Index (BPDSI).33 This semistructured interview consists of
71 items assessesing frequency and severity of the 9 DSM-IV
criteria of BPD and has excellent psychometric properties.33

Experimental procedures

During the scanning sessions, participants listened to 3 differ-
ent short stories, which robustly induced anger, joy and a
neutral mood, respectively, as previously described.34 We
chose joy as an additional control condition because we ex-
pected no particular interaction between joy and inhibitory
control. Each story lasted 4 minutes and was followed by a
go/no-go task. The experimental procedure is described in
Appendix 1, Figure S1, available at cma.ca/jpn. The order of
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story presentation was counterbalanced to control for habitu-
ation and time effects. Before each story, a relaxation instruc-
tion was given.

Emotion induction
All 3 stories covered everyday plots. In the anger condition,
the protagonist is treated disrespectfully: a friend borrows the
protagonist’s bike, but does not return it in time despite the
protagonist needing it urgently. In the joy condition, a friend
wins a cruise in a lottery and invites the protagonist to join
her. In the neutral condition, the protagonist follows her
morning routine, gets the newspaper and prepares breakfast.
Participants were instructed to put themselves into the pro-
tagonist’s perspective while listening to the story. In prior
studies, the stories had been shown to induce anger, joy and a
neutral mood, respectively.34 Participants rated the intensity of
anger and joy before and after each story and after the go/no-
go task on a visual analogue scale via mouse click; the scale
was later transformed to values between 0 and 10.

Go/no-go task
In go/no-go tasks, participants are confronted with a rapid,
continous series of stimuli inducing a so-called prepotent mo-
tor response. Most stimuli require an active reaction (usually a
key press), whereas for some stimuli the reaction has to be
suppressed. Go/no-go tasks reliably assess inhibitory com -
pon ents of impulse control.35,36 The go/no-go task used in the
present study was a modified version of the task used by
 Garavan and colleagues37 with a mixed blocked/event- related
design comparable to that used in the study by  Silbersweig
and colleagues.8 The task was rather simple to ensure a high
rate of correct responses, since the aim of the study was to in-
vestigate brain activation during successful motor inhibition.
Participants were presented a series of letters, each appearing
on the screen for 1.5 seconds. They were instructed to press
the button corresponding to the letter shown as fast as possi-
ble for all letters except “X”; they were instructed to inhibit
this reaction when “X” appeared as the stimulus. Each go/no-
go session after an emotion induction consisted of 5 go blocks
with 16 go stimuli and 5 no-go blocks with 10 go and 6 no-go
stimuli. Between blocks, a fixation cross was presented for
20 seconds. The order of letters was randomized except for
no-go stimuli, which were pseudeoranomized. Each no-go
block started with a minimum of 2 go stimuli to induce a
strong prepotent reaction tendency; for the same reason, a
maximum of 2 no-go stimuli was presented in sequence. For
the stimulus presentation, we used Presentation software ver-
sion 11.0 (Neurobehavioural Systems Inc.).

Functional MRI data acquisition

Imaging data were acquired using a 3 T Magnetom TIM Trio
scanner (Siemens Medical Systems) at the University Hospi-
tal Freiburg. Functional T2*-weighted echo-planar imaging
(EPI) scans were acquired under the following parameters:
repetition time (TR) 2000 ms, echo time (TE) 30 ms, flip angle
90°, 40 slices (slice thickness 3 mm), field of view (FOV) 192 ×
192 mm, isotopic voxel size of 3 × 3 × 3 mm. We applied fully

automated prospective acquisition correction for motion38

and distortion correction based on point spread function
mapping39 to reduce susceptibility artifacts in mesiotemporal
and orbitofrontal regions. We acquired 375 images per ses-
sion. After the EPI acquisition, a reference T1-weighted
anatomic image was assessed with a magnetization prepared
rapid acquisition gradient echo sequence (TR 2200 ms, TR
4.11 ms, flip angle 12°, FOV 25 mm, voxel size 1 × 1 × 1 mm).

Image processing and data analysis

Data preprocessing was conducted using Statistical Paramet-
ric Mapping software (SPM5, Wellcome Trust Centre for
Neuroimaging) and based on MATLAB software version 7
(MathWorks).
The first 5 functional images of each run were discarded to

allow for equilibrium effects. First, images were manually re-
oriented to the T1 template of SPM5. Then, several prepro-
cessing steps were carried out on the remaining functional
images for each task separately. To spatially correct for resid-
ual interscan movement artifacts, images were realigned to
the first image of the first run using a rigid body transforma-
tion with 6 degrees of freedom. The realigned functional im-
ages were coregistered to T1-weighted anatomic images. Sub-
sequently, both the realigned functional images and the
anatomic images were spatially normalized (linear and non-
linear transformations) into the reference system of the Mon-
treal Neurological Institute’s (MNI) reference brain, and nor-
malization parameters were applied to the functional images.
Finally, the normalized functional data were smoothed with
a 3-dimensional isotropic Gaussian kernel (12 mm full-width
at half-maximum) to enhance signal-to-noise ratio and to ac-
count for residual differences in functional neuroanatomy
among participants that persisted after normalization.

Statistical analysis

We analyzed psychometric and behavioural data using SPSS
software version 14. We calculated t tests for questionnaire
data to compare the 2 groups, with Bonferroni corrections
 including all scales. Emotion ratings were analyzed with
 repeated-measures multivariate analysis of variance
(MANOVA) for each emotion with condition (anger, joy,
neutral) and time (t1, t2, t3) as within-subjects factors and
group (control v. BPD) as a fixed factor, with a significance
threshold of 5%. We analyzed performance in the go/no-go
tasks using repeated-measures analysis of variance
(ANOVA) for both error types (commission v. omission) sep-
arately with condition as a within-subject factor, error type as
a dependent variable and group as a fixed factor.
Statistical analyses of imaging data were performed with

SPM5. We used a 2-stage general linear model to examine the
effect sizes of the key group/condition contrasts. First, 2 voxel-
wise multiple linear regression models were used at the indi-
vidual participant level for mood induction and go/no-go
parts of the experiment, respectively. These models included
the principal regressors of interest, which consisted of the on-
set times and length (i.e., blocked modelling) of conditions of
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interest (anger, joy and neutral for the mood induction phase,
i.e., 3 conditions; and go and no-go for each mood, i.e., 6 con-
ditions) convolved with a prototypical hemodynamic re-
sponse function and constant for each run. Data were high-
pass filtered with a cut-off period of 128 seconds to remove
low-frequency artifacts in the time-series. We analyzed dif-
ferences in brain activation with appropriate t test contrasts.
We used corresponding SPM full factorial models (2-way
ANOVA design with group [control v. BPD] as a between-
subjects factor and condition as the within- subjects factor) to
assess voxel activation changes depending on condition and
group in the second-level group analysis. Contrasts of inter-
est were chosen following the method of Silbersweig and col-
leagues.8 In the first second-level full factorial model, we
compared anger induction with neutral mood (or joy) be-
tween patients and controls: [patients (anger–neutral) minus
controls  (anger– neutral)]. In the second second-level full fac-
torial model, no-go alone (inhibition not controlled for motor
activity) and no-go minus go (inhibition controlled for motor
activity) was compared between patients and controls either
across mood inductions [patients (no-go – go) minus controls
(no-go – go)] or between moods [patients (no-goanger – no-goneutral)
minus controls (no-goanger – no-goneutral) and patients (no-goanger –
goanger × no-goneutral – goneutral) minus controls (no-goanger – goanger ×
no-goneutral –  goneutral)].
Based on a priori hypotheses, regions of interest (ROI) were

the amygdala, subgenual ACC (sgACC), orbitofrontal cortex,
inferior frontal cortex (IFC), dorsolateral prefrontal cortex and
nucleus subthalamicus. We defined ROIs on the basis of a
previously reported fMRI study concerned with impulse con-
trol and affect regulation in patients with BPD.8 We used ROI
masks from the study by Tzourio-Mazoyer and colleagues.40

For the nucleus subthalamicus, a sphere-based correction was
used based on the method of Aron and Poldrack,36 although
we defined it more restrictively at MNI space x, y, z = 0, –15,
–5, with a sphere size of 5.5 mm.
Using small volume correction (SVC) for ROIs, we consid-

ered results to be significant at p < 0.05, family wise error
(FWE)–corrected. In regions outside the small-volume ROIs,
FWE whole brain correction was used.

Results

Participants

A total of 24 female patients with BPD and 23 controls were re-
cruited for participation. Of the patients with BPD, 1 was ex-
cluded owing to current alcohol dependency, 1 did not finish
fMRI scanning owing to claustrophobia, and 5 were excluded
owing to head movements during fMRI scanning, leaving
17 women with BPD for our analyses. Of the controls, 1 was ex-
cluded owing to severe anorexia nervosa in her youth with
possible remaining cerebral changes, and 4 were excluded
 owing to head movements, leaving 18 controls for our analyses. 
The mean age of the total group was 28.4 years (BPD 28.9

[standard deviation (SD) 7.7] yr v. control 28.0 [SD 6.9] yr;
p = 0.70). The mean number of years of education was 12.1
(SD 1.5) in both groups (p = 0.92). Mean intelligence of the to-

tal group, as assessed with the Mehrfachwahl-Wortschatz-
 Intelligenztest, was 104  with no group differences (p = 0.83).
All participants were right-handed, and all but 5 (4 women
with BPD, 1 control) were free of psychotropic medication
except SSRIs. All participants had sufficient vision, and none
had severe medical conditions.
All participants with BPD fulfilled DSM-IV diagnostic cri -

ter ia. Comorbid current Axis I disorders were alcohol abuse
(n = 1), panic disorder (n = 1), obsessive–compulsive disorder
(n = 4), generalized anxiety disorder (n = 1), posttraumatic
stress disorder (n = 5), bulimia nervosa (n = 1), binge eating
disorder (n = 1) and attention-deficit/hyperactivity disorder
(n = 4). No patient fulfilled criteria for current depression,
since this was an exclusion criterion. However, 9 patients
 reported a lifetime diagnosis of depression. Comorbid Axis II
disorders in the BPD group were avoidant personality disor-
der (n = 7), dependent personality disorder (n = 5),  obsessive–
compulsive personality disorder (n = 1) and para noid person-
ality disorder (n = 1). 

Psychometric data

Psychometric data are given in Table 1. The BPD group
scored significantly higher on most negative emotion and im-
pulsivity scales.

Table 1: Psychometric data of 17 patients with borderline personality
disorder and 18 healthy controls

Variable

Group, mean (SD)

p valueBPD Control

Beck Depression Inventory41 26.3 (11.0) 5.6 (5.0) < 0.001*

STAI, STAXI

State anxiety 53.2 (8.7) 38.1 (7.2) < 0.001*

Trait anxiety 62.6 (6.3) 41.0 (10.2) < 0.001*

State anger 15.5 (7.8) 11.8 (2.4) 0.07

Trait anger 26.3 (7.1) 18.4 (4.7) 0.001†

UPPS impulsivity questionnaire

Premediation 39.1 (6.9) 28.3 (7.7) < 0.001*

Urgency 49.0 (5.8) 32.5 (9.8) < 0.001*

Sensation seeking 39.8 (8.8) 35.7 (9.7) 0.20

Lack of perseverance 30.0 (4.2) 24.1 (5.1) 0.001*

BPDSI

Abandonment 3.33 (1.60) — —

Interpersonal relationships 3.42 (1.45) — —

Identity 2.30 (1.03) — —

Impulsivity 2.09 (1.00) — —

Parasuicidal behaviour 1.37 (1.30) — —

Affective instability 7.19 (1.94) — —

Emptiness 6.04 (3.02) — —

Outbursts of anger 3.16 (2.00) — —
Dissociation and paranoid
ideation

2.30 (2.15) — —

Total score 35.36 (6.57) — —

BPD = borderline personality disorder; BPDSI = Borderline Personality Disorder
Severity Index;33 SD = standard deviation; STAI = State-Trait Anxiety Inventory;32

STAXI = State-Trait Anger Expression Inventory;32 UPPS = Urgency, Premeditation,
Lack of Perseverance, Sensation Seeking.31

*5% α error significance after Bonferroni correction for multiple comparisons, in which
all tests (scales) were included.
†1% α error significance.



Emotion ratings

Figure 1 depicts the self-ratings of joy and anger on visual ana-
logue scales (range 0–10) in the 2 groups for the 3 different
conditions. The MANOVA results were as follows. For anger,
multivariate tests showed strong and significant effects for
condition (F2,32 = 31.5, ηρ2 = 0.663, p < 0.001), time (F2,32 = 37.8,
ηρ2 = 0.702, p < 0.001) and condition × time (F4,30 = 16.4,
ηρ2 = 0.686, p < 0.001). For joy, multivariate tests showed sig-
nificant effects for condition (F2,36 = 21.4, ηρ2 = 0.572, p < 0.001)
and condition × time (F4,30 = 7.9, ηρ2 = 0.512, p < 0.001) and a
weaker but still significant effect of time (F2,32 = 6.0, ηρ2 = 0.273,
p = 0.006).

No main effect for group, group × time interaction, group ×
condition interaction or group × time × condition interaction
became significant for either emotion. Anger was signifi-
cantly greater in the anger condition than the control condi-
tions, as reflected in the contrasts for story (neutral story v.
anger story: F1,33 = 55.7, ηρ2 = 0.628, p < 0.001; joy story v.
anger story: F1,33 = 56.5, ηρ2 = 0.631, p < 0.001).

Behavioural data during the go/no-go task

The number of commission errors (go reaction in a no-go
trial) and omission errors (no-go reaction in a go trial) after
different conditions in the 2 groups are summarized in
Table 2. Higher numbers of commission errors is typical of
go/no-go tasks. In the repeated-measures ANOVA, neither
condition nor group nor the condition × group interaction
were significant.

Functional MRI results

Regarding fMRI data, only the results of the anger versus
neutral mood comparison are reported. Corresponding re-
sults comparing anger versus joy are omitted for the purpose
of greater clarity and owing to space limitations. Compari -
sons of anger versus joy resembled the results reported for
anger versus neutral mood (Appendix 1, Fig. S2). 

Emotion induction

The group comparison showed stronger activation of the right
amygdala in women with BPD than controls (right amygdala
MNI space x, y, z = 33, 0, –15, SVC pFWE = 0.033; left amygdala
MNI space x, y, z = –33, –3, –21, SVC pFWE = 0.08; Fig. 2A). Women
with BPD also showed stronger activation of the right nucleus
subthalamicus than controls (MNI space x, y, z = 3, –18, –9, SVC
pFWE = 0.032). Correspondingly, patients with BPD showed a cor-
relation with symptom severity in the right amygdala (BPDSI,
within-group correlation: right amygdala MNI space x, y, z = 21,
–3, –18, SVC pFWE = 0.035; left amygdala MNI space x, y, z =
–24,–6,–12, SVC pFWE = 0.06; Fig. 2B). The control group, how-
ever, showed a stronger activation of the subgenual anterior cin-
gulate (MNI space x, y, z = 0, 27, 0, SVC pFWE = 0.044; Fig. 2C).

Table 2: Omission and commission errors during the go/no-go tasks
in 17 patients with borderline personality disorder and 18 healthy
controls after induction of joy, anger and a neutral mood

Error

Group, mean (SD)

BPD Control

Commissions

Anger 3.01 (1.85) 2.2 (2.39)

Joy 3.35 (3.59) 1.72 (1.99)

Neutral mood 2.94 (2.30) 2.44 (2.15)

Omissions

Anger 0.47 (1.01) 0.61 (1.33)

Joy 0.94 (3.13) 0.22 (0.94)
Neutral mood 1.35 (3.72) 0.44 (1.46)

BPD = borderline personality disorder; SD = standard deviation.
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Fig. 1: Ratings of joy and anger (mean and standard error of the
mean) in 17 patients with borderline personality disorder (BPD) and
18 healthy controls before (t1) and after (t2) different emotional
conditions and after the go/no-go task (t3)
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Go/no-go task
Brain activation during the go/no-go task independent of
emotional context (contrast no-go – go over all 3 sessions) was
mostly identical with the activations found by Garavan and
colleagues,37 for a comparable paradigm. Both groups acti-
vated regions of the inferior and middle frontal cortex, the in-
sula and the parietal cortex (Appendix 1, Table S1). No signifi-
cant group differences were found in ROI or whole brain
analyses.

Emotional modulation of the go/no-go task
In the contrast no-go after anger induction – no-go after neu-
tral, only controls activated the left inferior frontal cortex more
strongly (MNI space x, y, z = –27, 33, –3, SVC pFWE = 0.05). Ac-
cordingly, the group comparison shows stronger left inferior
frontal cortex activation in controls in no-go after anger
(Fig. 3A and B; control – BPD × no-go [anger] – no-go [neutral]:
MNI space x, y, z = –27, 33, 0, SVC pFWE = 0.026).
When impulsivity was further corrected for motor pro cesses

by analyzing the interaction contrast (HC – BPD × (no-go
[anger] – go [anger]) – no-go [neutral] – go [neutral]), only the
patient group showed a substantial modulation in the (right)
nucleus subthalamicus (MNI space x, y, z = 3, –18, –3, SVC
pFWE = 0.001), which was stronger than the respective reaction
in the control group (group comparison: MNI space x, y, z = 0,
–18, –6, SVC pFWE = 0.05; Fig. 4). No further significant group
differences were found in other ROIs or whole brain analyses.

Discussion

To our knowledge, the present study is the first to investigate
how brain activation during an impulse control task is modu-
lated by anger. A group of women with BPD and a matched
healthy control group performed a go/no-go task after listen-
ing to an anger-inducing story or a neutral or joyful control
story. Earlier studies investigating the interplay between im-
pulsivity and emotions in patients with BPD usually used
emotional stimulus material for the impulsivity task.8,15 The

design of the present study might have the advantage of
greater ecological validity, since in everyday life, an angry af-
fect may be particularly dysfunctional when it has been
stimu lated by an earlier event that is unrelated to the present
situation. The analysis of emotion ratings showed a success-
ful anger induction, with anger lasting until the end of the
impulsivity task.
With regard to behavioural results in the go/no-go tasks,

no significant group differences were found. This is is in line
with previous studies that showed a tendency toward higher
error rates in motor impulsiveness in patients with BPD than
controls, although this difference was not significant.19,42

Other studies have found significant group differences in
go/no-go tasks between patients with BPD and healthy con-
trol participants.17,18 It should be noted that for the present
study we chose a relatively simple go/no-go task since brain
activation during successful motor inhibition was the aim of
our investigation. However, with a relatively simple task one
would not expect group differences, especially given the
mixed results of previous studies. Inhibition was associated
with an increased activation of the IFC and the premotor,
parietal and insular cortex in both groups. Earlier studies
similarly found activation of the IFC,36,43,44 the premotor and
parietal cortex35–37 and the insular cortex.37,44,45 These findings
imply that behavioural inhibition is controlled in both groups
by a network including the frontal and subthalamic regions.46

While listening to the anger story, both groups showed in-
creased activation of the temporal lobe, medial frontal re-
gions and the PCC. Medial prefrontal activations have been
found in other studies investigating brain correlates of
anger.13,47 This activation may be due to (automatic) emotion
regulation, since Ochsner and colleagues48 found activations
in the lateral and mPFC regions when participants re -
appraised negative emotions. Similarly, PCC activations have
been found as correlates of anger processing49 and of process-
ing threat-related words.50

Group comparisons showed stronger activation of the
right amygdala and the right nucleus subthalamicus (with
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Fig. 2: Group differences during anger induction. (A) Stronger activation of the right amygdala (pFWE = 0.033; the left amygdala showed a trend: SVC
pFWE = 0.08) in 17 patients with borderline personality disorder (BPD) compared to 18 healthy controls when participants listened to an anger-
 inducing story compared to a neutral story. Colour bars indicate t values. (B) Stronger activation of the right amygdala (SVC pFWE = 0.035; the left
amygdala showed a trend: Montreal Neurological Institute space x, y, z = –24, –6, –12, SVC pFWE = 0.06) in 17 patients with BPD in correlation to
symptom severity (Borderline Personality Disorder Severity Index33) when participants listened to an anger-inducing story compared to a neutral
story. (C) Stronger activation of the subgenual anterior cingulate (SVC pFWE = 0.044) in 18 healthy controls compared to 17 patients with BPD when
participants listented to an anger-inducing story compared to a neutral story. FWE = family-wise error; SVC = small volume correction.
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similar trends on the left side) in patients with BPD com-
pared with controls, whereas controls showed stronger
sgACC activation. Increased amygdalar activity has repeat-
edly been shown in patients with BPD.6–8 It may be regarded
as a correlate of negative emotions in general7 rather than a
correlate of anger specifically.51 Prior studies have shown an
increase of other negative emotions besides anger after listen-
ing to the anger story.34

In line with a study investigating brain activity during
anger induction in depressive patients with and without
anger attacks that reported a lack of vmPFC activation dur-
ing anger induction in patients with anger attacks,52 and in
line with the finding of relatively decreased vmPFC activity

in the context of an inhibition task with emotional stimuli,8

we found decreased sgACC activity in women with BPD.
Previous findings of prefrontal dysfunction in patients with
BPD8,9,53–55 suggest that missing inhibitory control by pre-
frontal areas over the amygdala are a possible mechanism of
exaggerated and/or prolonged amygdala response to emo-
tional stimuli in patients with BPD.56 Our findings support
this assumption.
When the impulsivity task was performed in the anger

condition, only control participants showed stronger IFC acti-
vation compared with the neutral condition; this is in accord -
ance with our a priori hypothesis. However, the BPD group
showed an increase of nucleus subthalamicus activation in-
stead. Increased IFC activation is consistent with an increase
of the inhibitory network, as discussed previously. The im-
portance of the IFC for successful inhibition has been demon-
strated in previous studies.46,57,58 The modulating effect of
anger on this region speaks in favour of dynamic models of
emotion regulation and impulse control.59,60

The relatively weaker IFC activation in the BPD group in
the no-go/anger condition is in line with previous studies
showing generally decreased prefrontal activation in patients
with BPD.9,11 The increase in nucleus subthalamicus activity
in patients with BPD, in turn, might be interpreted as a com-
pensatory mechanism, since the nucleus subthalamicus plays
an important role in the inhibitory network, as described by
Aron.46 This may explain why patients with BPD often do not
show impairments in inhibition tasks, even when emotional
stimulus material is used.15,20 Together with the nucleus sub-
thalamicus over-reactivity during anger induction, this find-
ing might suggest a more general attempt of subcortical com-
pensation for missing prefrontal control.

Limitations

This study had several limitations. Our sample included only
women; therefore, results cannot be generalized to men. Four
patients took antidepressant medication (SSRIs). Although SSRI
treatment may influence the results on several levels (anger
 induction, go/no-go task, blood oxygen  level– dependent
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Fig. 3: Group differences during the go/no-go task after anger induction.
(A) Reducted left inferior frontal cortex activation (SVC pFWE = 0.026) in
17 patients with borderline personality disorder (BPD) compared to
18 healthy controls during go/no-go blocks after an anger condition
compared to a neutral condition. Colour bar indicates t values. (B) Bar
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Fig. 4: Relative hyperactivation of the nucleus subthalamicus (SVC
pFWE = 0.05) in the interaction contrast (no-go – go × anger – neutral)
in the go/no-go task after anger induction in 17 patients with border-
line personality disorder compared to 18 healthy controls during
go/no-go blocks after an anger condition compared to a neutral con-
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 activity), it probably would reduce effects (i.e., as shown by
Murphy and colleagues61 for amygdala activity immediately
after SSRI treatment). However, despite this possible con-
found, group differences could be found. No additional pa-
tient control group was included, although comparisons with
patient groups that have other disorders with impulse-
 control deficits are needed.

Conclusion

Behavioural disinhibition is not impaired in a neutral go/no-
go task in women with BPD compared with healthy female
controls. While listening to an anger-inducing story, women
with BPD had stronger activation of the right amygdala and
the right nucleus subthalamicus and less activation of the
sgACC than controls. When performing the go/no-go task in
the anger condition, only controls showed stronger IFC acti-
vation. Patients with BPD, however, showed increased nu-
cleus subthalamicus activation, and this may have compen-
sated for their lack of prefrontal activation.
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