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euronal Correlates of Cognitive Reappraisal in
orderline Patients with Affective Instability

ars Schulze, Gregor Domes, Alexander Krüger, Christoph Berger, Monika Fleischer, Kristin Prehn,
hristian Schmahl, Annette Grossmann, Karlheinz Hauenstein, and Sabine C. Herpertz

ackground: Borderline personality disorder has been characterized by enhanced emotional reactivity and deficient emotion regulation in
ehavioral and functional imaging studies. We aimed to validate patients’ difficulties in the cognitive regulation of negative emotions and

nvestigated if emotion regulation deficits are restricted to the decrease of negative emotions. A cognitive reappraisal paradigm was used
nd hence a regulation strategy that is typically applied in cognitive-behavioral therapy.

ethods: Fifteen unmedicated female borderline patients with affective instability and 15 healthy female control subjects underwent
unctional magnetic resonance imaging during a delayed reappraisal paradigm. Hemodynamic responses were measured in response to
versive pictures in an initial viewing phase and a subsequent reappraisal phase with three different conditions: decreasing, increasing, and
aintaining the initial emotional reaction.

esults: Patients demonstrated enhanced activation of left amygdala and right insula during the initial viewing of aversive stimuli. During
ttempting to decrease the initial emotional reaction, patients showed attenuated activation of the left orbitofrontal cortex and increased
ctivation of the bilateral insula. The attempt to increase negative emotions resulted in enhanced activity in amygdala and insula, whereas
o group differences were found.

onclusions: The results point to the role of two distinguishable processes of emotional difficulties in borderline personality disorder:
nhanced emotional reactivity as well as deficits of voluntarily decreasing aversive emotions by means of cognitive reappraisal. The results
uggest the neuronal substrate of deficits in explicit emotion regulation in the orbitofrontal cortex, which is in line with previous findings of

dysfunctional prefrontal network in borderline personality disorder.
ey Words: Borderline personality disorder, emotion, emotion reg-
lation, fMRI, orbitofrontal cortex, reappraisal

orderline personality disorder (BPD) is characterized by a
pervasive pattern of emotional instability and impaired im-
pulse control, resulting in unstable interpersonal relations.

ffective instability is the most frequent and stable criterion of
orderline patients (1– 6), playing a pivotal role in treatment ap-
roaches (4) and understanding of self-injurious behavior (7).

Emotional responding has been conceptualized as a product of
apidly occurring initial emotional reactivity and cognitive pro-
esses of emotion regulation, including reappraisal (8). Cognitive
eappraisal results in changes in self-reported emotional experi-
nce and modified physiological responses, e.g., startle amplitude
nd skin conductance (9,10). Functional magnetic resonance imag-

ng (fMRI) studies demonstrated associations of cognitive reap-
raisal of aversive stimuli with activity in the dorsolateral prefrontal
ortex, orbitofrontal, and anterior cingulate cortex (9,11,12). Criti-
ally, these studies showed that the activity of the amygdala and

nsula, a region broadly involved in emotion processing and the
epresentation of visceral states with connections to orbitofrontal
tructures, can be altered according to the regulatory goal (9,11–
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13). Another study reported an association between attenuated
functional coupling of prefrontal and limbic areas during emotion
regulation and dysfunctional diurnal regulation of cortisol secre-
tion, emphasizing the significance of emotion regulation for adapt-
ing to stress in everyday life (14). Research reporting alterations in
the neural circuitry underlying the regulation of negative emotions
in patients with major depressive disorder (e.g., [13]) highlights the
potential significance of these alterations for the development of
mental disorders characterized by deficient regulation of negative
affect.

Previous work hypothesized particularly two parts of emotional
difficulties— emotional reactivity and cognitive control—in bor-
derline patients. For instance, studies based on two-dimensional
models of adult social attachment (15) found elevated scores in
borderline patients on attachment anxiety, which reflects extreme
emotional reactivity, and attachment avoidance (16). Attachment
avoidance in borderline patients was furthermore correlated with
executive functioning and cognitive control (17). Congruently, two-
dimensional models of temperament report high negative affectiv-
ity and low effortful control in borderline personality disorder (18),
related to marked deficits in conflict resolution (19). In addition,
borderline patients are highly vigilant for negative stimuli (20),
especially if associated with negative schema-related cues (21), and
show prolonged emotional responses (22). Borderline patients’ per-
formance during negative priming, directed forgetting, and a lin-
guistic go/no-go task indicates attenuated inhibition of negative
emotional stimuli (23,24), possibly a crucial part of emotion dys-
regulation, which could interfere with social-cognitive abilities (25).

So far, fMRI studies have highlighted enhanced amygdala activ-
ity in response to aversive scenes and facial expressions in border-
line patients (26 –28). Additionally, borderline patients show dys-
functional anterior insula activity in the context of cooperation and
social norm violation (29) and enhanced insula activity in response

to unresolved aversive life events (30). Attenuated activation in the
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ostral cingulum (31) and orbitofrontal cortex (24) was found for
asks requiring implicit regulation of negative emotions (e.g., sup-
ressing emotional content in a cognitive discrimination task), sug-
esting deficient prefrontal inhibitory control over the amygdala. A
ositron emission tomography study demonstrated reduced
oupling of orbitofrontal and amygdala metabolism (32). In a re-
ently published study, Koenigsberg et al. (33) were able to show
hat patients with borderline personality disorder had difficulties
ngaging prefrontal areas, namely the dorsolateral and vent-
olateral prefrontal cortex, when employing psychological distanc-
ng to regulate negative emotions. These difficulties in emotion
egulation possibly underlie the use of self-injurious behavior in the

ajority of patients with borderline personality disorder, as painful
ensory stimulation was found to reduce neural activity in emotion
rocessing areas (34) and to decrease negative emotional arousal (35).

Altogether, there is substantial evidence for functional changes in
he neural networks underlying emotional reactivity and emotion reg-
lation in borderline personality disorder. We conducted an fMRI
tudy, allowing an explicit differentiation of the spontaneous reactivity
o an emotional stimulus and modulation of this response by cognitive
eappraisal—in the sense of reinterpretation (9,10). Borderline patients
ere expected to demonstrate enhanced activity of the amygdala and

nsula during the initial response. Additionally, we hypothesized that
atients would show reduced activity in parts of the orbitofrontal and

ostral anterior cingulate cortex during the attempt to downregulate
motional responses to negative stimuli, along with less efficient at-
enuation of limbic activity. Furthermore, the consequences of up-
egulating negative affect were explored to gain initial data, if border-
ine patients’ deficits in emotion regulation are exclusively restricted to
he decrease of negative affect.

ethods and Materials

articipants
The study included 16 women with borderline personality dis-

rder recruited from a specialized psychotherapeutic inpatient
reatment facility (with planned patient admission) and 16 healthy
ontrol subjects. To avoid gender influences in affective respond-

ng and emotion regulation, only women were investigated (36).
ealthy control subjects had been free of psychotropic medication,
atients for at least 2 weeks. All participants were right-handed, had
n intelligence quotient above 80, and did not report any non-
agnetic resonance imaging (MRI)-compatible condition. We ex-

luded one patient due to scanning artifacts and one control sub-
ect with amygdala activity more than three standard deviations
rom the mean to negative pictures in the initial phase, resulting in
wo groups of 15 subjects.

Borderline patients underwent diagnostic screening with the
tructured Clinical Interview for DSM-IV and the International Per-
onality Disorder Examination; regarding homogeneity and validity
f the borderline group, only patients meeting the criteria of affec-

ive instability were included. All structured interviews were con-
ucted by a trained and clinically experienced diagnostician (M.F.).
atients were excluded if they had lifetime comorbid diagnoses of
rimary organic, psychotic, or bipolar disorder or a current major
epressive episode. Comorbid Axis I diagnoses (lifetime) were post-

raumatic stress disorder (PTSD) (n � 7), alcohol abuse (n � 2),
ubstance abuse (n � 2), panic disorder with agoraphobia (n � 1),
nd dysthymia (n � 1). Current comorbid Axis I diagnoses were
bsessive-compulsive disorder (n � 1), agoraphobia without panic
isorder (n � 1), bulimia nervosa (n � 1), dissociative disorder (n �
), dysthymia (n � 1), alcohol abuse (n � 1), and substance abuse
n � 1).

ww.sobp.org/journal
Control subjects were recruited via advertisement and had no
diagnosis of neurological or psychiatric disorder. Demographic and
psychometric data are presented in Table 1.

This study was approved by the Institutional Review Board of the
Medical Faculty of the University of Rostock and subjects provided
written informed consent.

Experimental Design
We used an established reappraisal paradigm to distinguish

processes of emotional reactivity and cognitive reappraisal
(9,10), comprising a 3-second initial viewing phase, a 1-second
instruction phase, and an 8-second regulation phase, with par-
ticipants cognitively modulating the personal relevance of the
pictured events (12).

The initial phase began with a picture appearing on the screen.
Participants were requested to view and understand the content of
the picture and let their emotional reaction occur. Adjacently, we
presented a single-word instruction in the center of the screen and
asked participants to MAINTAIN, INCREASE, or DECREASE their ini-
tial emotion. Subjects were asked to INCREASE their emotional
response by imagining that they or a close relative were involved in
the depicted situation and to DECREASE by imagining that the
situation was not real or that they were a detached observer.
MAINTAIN trials required the participants to view the pictures at-
tentively without trying to alter the affective reaction. All partici-
pants were trained to ensure correct and confident use of the
reappraisal strategies and completed a practice session. The exper-
imenter corrected the participants, if there was any indication that
the participant used different strategies. Subjects were further in-
structed to look directly at the picture and not to avert their gaze.

The stimulus set comprised 72 negative (e.g., scenes of threat and
suffering; excluding pictures of sexual violence) and 24 neutral (e.g.,
urban and working scenes) pictures selected from the International
Affective Picture System (IAPS) set (37) and supplemented by similar
pictures, thereby making the complexity of the stimuli comparable
between valence categories. Negative pictures were randomly as-
signed to the regulation conditions, while neutral pictures were exclu-
sively presented with the instruction MAINTAIN. There were four runs.
Each run contained six trials of each of the four conditions.

All participants provided postscan ratings of valence and
arousal of the pictures on a scale from 1 to 9 and assessed their
success in following the regulation instruction. On the day of diag-
nostic session, all but five control subjects completed question-
naires on childhood traumatization (Childhood Trauma Question-
naire [38]) and severity of borderline symptomatology (Borderline
Symptom List [39]).

Magnetic Resonance Imaging
Imaging data were acquired using a 1.5 T scanner (Magnetom

Avanto, Siemens, Erlangen, Germany) equipped with a standard head
coil. Visual stimuli were presented via a pair of stereoscopic MRI com-
pliant goggles (VisuaStim, Resonance Technology, Los Angeles, Cali-
fornia). Functional images were obtained by a T2*-weighted echo-
planar imaging sequence (repetition time � 2550, echo time � 40, flip
angle � 90°, field of view � 192, matrix � 64 � 64). Each volume
comprised 34 interleaved measured axial slices (thickness � 3 mm,
gap � 1 mm). Data were recorded in four runs of 192 volumes (490
sec). Finally, a structural scan in sagittal plane was acquired, using a
high-resolution T1-weighted sequence (magnetization-prepared
rapid acquisition with gradient echo, repetition time � 1160, echo
time � 4.17, flip angle � 15°, field of view � 256, matrix � 256 � 256)

recording 160 slices (thickness � 1 mm, no gap).
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mage Analysis
The MRI data processing was conducted with the Statistical

arametric Mapping software (SPM5, Wellcome Department of Im-
ging Neuroscience, London, United Kingdom). The functional im-
ges of each participant were slice-time corrected, realigned, and
nwarped. Afterward, the functional scans were co-registered to

he individual anatomical images, spatially normalized to Montreal
eurological Institute space, resampled with a voxel size of 2 � 2 �
mm3, and smoothed by a three-dimensional Gaussian kernel (full
idth at half maximum 8 mm).

A first-level analysis was computed at the single subject level.
or each of the four (neutral-maintain, negative-decrease, nega-
ive-increase, negative-maintain) experimental conditions, two re-
ressors were modeled using a convolution of the hemodynamic

esponse function with boxcar functions of 3 seconds for the initial
nd 8 seconds for the regulation phase. All main effects, except for
regressor modeling the onset of the instruction on the screen,
ere entered into group analyses.

At the group level, we employed a random effects factorial
esign to account for intersubject variance and allow population-
ased inferences (40). Main effects of conditions are corrected for

amily-wise errors (p � .05). For group by condition interactions,
nly clusters �10 voxels meeting a threshold of at least p � .001

uncorrected) for whole-brain analyses are reported. For the initial
hase, we compared the effects of picture valence (negative and
eutral), and for the regulation phase, we compared the regula-

ion— decrease, increase—with the maintenance of the elicited
egative emotion. This analysis procedure was also used for calcu-

ation of within-group contrasts (Supplement 1). Coordinates of
ignificant activations are reported in Montreal Neurological Insti-
ute space. Further analyses were conducted to characterize the

Table 1. Descriptive Statistics for Demographic and Ps
of the Presented Pictures Across Groups

HC (n � 15)

M SD

Demographic Data
Age 24.53 2.85
IQ 117.79 14.96

Psychometric Data
BSL 49.60 16.04
CTQ 31.09 10.67

Regulation Performance
Decrease 6.09 1.51
Increase 7.18 1.89

Ratings
Valence

Neutral 6.52 1.33
Negative 3.06 .57

Maintain 3.05 .62
Decrease 3.14 .56
Increase 2.99 .59

Ratings
Arousal

Neutral 1.37 .38
Negative 5.78 1.37

Maintain 5.62 1.43
Decrease 5.58 1.63
Increase 5.79 1.70

BSL, Borderline Symptom List; BPD, borderline pers
healthy control subjects; IQ, intelligence quotient.
ature of whole-brain interactions and within the regions of inter-
est (amygdala). Regions were defined by the Automated Anatomi-
cal Labeling software (41). The extraction and calculation of the
percentage signal change was conducted with the RFXPlot toolbox
(42). Correlation analyses were performed using the mean percent
signal change of an anatomical region or functional derived sphere
and the questionnaire scores.

Results

Ratings of Valence, Arousal, and Regulation Performance
Negative pictures were rated as less positive [F (1,28) � 267.18;

p � .001] and more arousing [F (1,28) � 253.90; p � .001] than
neutral pictures. Borderline patients rated pictures as neither more
negative orarousingingeneral [valence: F(1,28)�1.02; p� .321;arousal:
F(1,28) � .25; p � .622] nor in the context of a certain picture category
[valence: F(1,28) � .01; p � .908; arousal: F(1,28) � .07; p � .792].

Reappraisal modulated ratings of negative pictures in the total
group [valence: F (2,56) � 5.07; p � .009; arousal: F (1.52.42.50) �
4.30; p � .029, Greenhouse-Geisser]. Again, ratings revealed neither
general group differences [valence: F(1,28) � 1.36; p � .253; arou-
sal: F (1,28) � .03; p � .872] nor interactions with a particular regu-
lation condition [valence: F (2,56) � .67; p � .517; arousal:
F (1.52.42.50) � 1.10; p � .328, Greenhouse-Geisser].

We also analyzed the within-subject variance of the ratings, previ-
ously proposed to reflect affective instability (33). In borderline pa-
tients, ratings of negative stimuli varied more strongly than neutral
pictures [valence: F (1,28) � 3.96, p � .056, arousal: F (1,28) � 4.53, p �
.042], and they showed, in general, greater variance in valence ratings
than healthy control subjects [valence: F(1,28) � 5.51, p � .026; arou-
sal: F (1,28) � 2.10, p � .159]. Borderline patients showed also
greater variance in valence ratings across reappraisal conditions

etric Variables, as Well as Valence and Arousal Ratings

BPD (n � 15)

M SD T p

27.60 7.85 �1.42 .166
107.60 20.19 1.45 .158

183.87 53.64 �9.10 � .001
62.83 17.65 �5.16 � .001

5.67 1.80 1.09 .288
6.33 2.02 .63 .532

6.22 1.01
2.82 .59
2.87 .60
2.91 .60
2.67 .68

1.60 .76
5.69 1.61
5.69 1.53
5.66 1.56
6.05 1.33

y disorder; CTQ, Childhood Trauma Questionnaire; HC,
ychom
[valence: F (1,28) � 12.63, p � .001, arousal: F (1,28) � 1.84, p � .186].

www.sobp.org/journal
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rain Activity in the Initial Viewing Phase
In the initial viewing phase, we found enhanced left amygdala

ctivity to negative compared with neutral pictures for the whole
roup (Table 2). Furthermore, there was enhanced activation of clus-

ers in the bilateral middle temporal and supramarginal gyrus, right
nferior and superior parietal gyrus, as well as the left fusiform gyrus,
ight thalamus, right posterior cingulate gyrus, and thalamus. The right
nferior temporal gyrus, right superior frontal gyrus—medial and infe-
ior frontal gyrus—triangular were also stronger activated during the
resentation of negative pictures.

able 2. Significant Clusters of Neural Activation Associated with the Proce

egion BA

ontrast: Negative � Neutral Picturesa

Middle temporal gyrus R 37
Inferior temporal gyrus R —
Inferior temporal gyrus R —
Middle temporal gyrus L 39
Fusiform gyrus L 37
Inferior parietal gyrus R 7
Superior parietal gyrus R 5
Thalamus R —
Supramarginal gyrus L 40
Supramarginal gyrus R 2
Postcentral gyrus R 2
Cerebellum R —
Inferior parietal gyrus L 40
Postcentral gyrus R —
Posterior cingulate gyrus R 31
Superior frontal gyrus, medial R 9
Superior frontal gyrus, medial R 9
Superior occipital gyrus R 19
Inferior parietal gyrus L 40
Inferior frontal gyrus, triangular R 46
Amygdala L —
Caudate nucleus R —

ontrast: HCnegative � neutral � BPDnegative � neutral b

Insula R —
Insula R 13
Caudate nucleus R —
Inferior frontal gyrus, opercular R —
Precentral gyrus R 6
Middle temporal gyrus L 22
Cerebellum R —
Medial cingulate gyrus R 24
Superior temporal gyrus R 22
Middle temporal gyrus L 22
Angular gyrus L —
Inferior parietal gyrus L —
Middle temporal gyrus R 20
Superior frontal gyrus, dorsolateral R 8
Medial cingulate gyrus L 24
Middle temporal gyrus R 38
Postcentral gyrus L 5
Inferior parietal gyrus R 40
Superior temporal gyrus R 40
Middle temporal gyrus L 39

ontrast: BPDnegative � neutral � HCnegative � neutral b

No suprathreshold voxels

BA, Brodmann area; BPD, borderline personality disorder; FWE, family-w
ight hemisphere.

aCluster with p � .05 (FWE corrected) and extent threshold of at least fiv

bCluster with p � .001 (uncorrected) and an extent threshold of at least 10.

ww.sobp.org/journal
Using a more sensitive approach, we also found enhanced acti-
vation in the right amygdala (22,�4, �12; Z � 4.60; p � .001[small
volume corrected]).

Regarding group differences in the processing of emotional
pictures (control subjectsnegative � neutral � patientsnegative � neutral),
we found significant clusters in the right insula, the bilateral
temporal gyrus, and in right superior frontal gyrus— dorsolat-
eral and bilateral medial cingulate gyrus. In addition, significant
interactions of valence and group were found in the right cau-
date nucleus, right inferior frontal gyrus, bilateral parietal re-

of Aversive Pictures During the Initial Viewing Phase

Coordinates

x y z Size Z

52 �64 �2 2710 � 8
42 �52 �14 LM � 8
44 �44 �18 LM � 8

�52 �66 8 330 � 8
�44 �46 �20 330 � 8

28 �54 54 356 6.52
38 �48 62 LM 5.53
10 �20 �12 28 6.09

�62 �26 34 75 5.89
66 �20 30 97 5.68
52 �20 32 LM 5.51
16 �70 �26 41 5.60

�42 �42 52 42 5.50
30 �36 40 18 5.48

�2 �48 28 33 5.46
6 56 30 73 5.44
8 56 38 LM 5.11

26 �80 38 19 5.13
�42 �32 40 7 5.03

44 20 26 9 4.96
�22 �2 �14 6 4.94

8 2 �2 5 4.92

38 �10 �8 195 4.44
44 �8 �2 LM 4.32
22 �2 30 44 3.98
30 2 28 LM 3.52
26 �16 68 54 3.96

�50 �24 0 27 3.91
4 �64 �40 27 3.79
2 0 30 21 3.70

56 �14 �8 20 3.69
�54 �42 6 47 3.63
�42 �58 34 73 3.62
�50 �52 36 LM 3.41

48 �6 �26 17 3.55
24 16 50 20 3.54

�6 �20 44 22 3.51
46 4 �26 14 3.49

�24 �42 66 10 3.46
36 �40 52 13 3.44
58 �46 22 11 3.42

�50 �56 22 11 3.40

ror; HC, healthy control subjects; L, left hemisphere; LM, Local maximum; R,

els.
ssing

ise er

e vox
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ions, and the right cerebellum (for a more detailed presenta-
ion, see Table 2).

To further characterize the interaction of the right insula (Figure
), we performed additional analyses of the percentage signal
hange. Insular activity was generally enhanced for negative stimuli
F (1,28) � 8.03, p � .008], and in accordance with the whole-brain
nalysis, we found an association between picture valence and
roup [F (1,28) � 5.42, p � .027], with single comparisons showing
nhanced insula activation for neutral pictures in the patients
roup [t (28) � �2.07, p � .047].

Subsequently, the percentage signal change of the amygdala
as calculated using anatomical regions (Figure 1). The two-way

nalysis of variance revealed enhanced amygdala activity to nega-
ive pictures [left amygdala: F (1,28) � 9.98, p � .004; right amyg-
ala: F (1,28) � 8.77, p � .006] and a trend for stronger left amygdala

igure 1. Effects of stimuli valence regarding neuronal activity of the amyg-
ala and insula in the initial viewing phase. The mean percent signal change
as calculated using anatomical regions of interest for the amygdala and a
mm sphere centered on the coordinate (38,�10,�8) derived from the
hole-brain analysis. Borderline personality disorder patients showed en-
anced activation for neutral pictures, as stated by an interaction of valence
nd group in the right insula [F(1,28) � 5.42, p � .027]. We observed further
trend for enhanced responding to neutral and negative pictures in the left
mygdala within the borderline personality disorder group [F(1,28) � 3.62,
� .067]. The bars depict the percentage signal change � SEM. BPD,

orderline personality disorder; HC, healthy control subjects; L, left; R, right.

igure 2. Whole group analyses. Brain areas associated with the DECREAS

arametric maps are plotted with a threshold of .05 (family-wise error corrected)
activation in the patient group regardless of picture valence [left
amygdala: F (1,28) � 3.62, p � .067; right amygdala: F (1,28) � .42,
p � .520].

Modulation of Brain Activity During the Regulation Phase
Searching for areas activated during downregulation

(DECREASE � MAINTAIN negative), whole-brain analysis of the
complete group revealed enhanced activations in the bilateral or-
bitofrontal, left dorsolateral, and medial prefrontal cortex and a
cluster comprising the supplementary motor area (Figure 2). Be-
yond that, we found significant clusters in the left precentral and
middle frontal gyrus, as well as the left inferior frontal and supra-
marginal gyrus. The upregulation (INCREASE � MAINTAIN nega-
tive) was among others accompanied by enhanced activation in the
left orbitofrontal and anterior cingulate cortex, the bilateral insula,
and again a cluster comprising the supplementary motor area (for a
more detailed presentation, see Table 3).

We conducted regions-of-interest analyses of the bilateral
amygdala to show effects of reappraisal in the complete group.
Increasing the initial response resulted in enhanced activity of the
right amygdala [t (29) � 2.08, p � .047], whereas we found no
activation differences in the bilateral amygdala regarding down-
regulation. Insular findings were clearer in this respect. As men-
tioned above, we found increased activation during upregulation
in the bilateral insula and also decreased activation associated with
the attempt to dampen the initial response.

To reveal brain areas that were recruited to a lesser extent in the
patient group during the downregulation of emotions, we calculated
the whole-brain contrast control subjectsdecrease � maintain � pati-
entsdecrease � maintain (Table4)andfoundsignificantclusters intheright
pallidum, the left orbitofrontal cortex, and middle frontal gyrus, as well
as the right superior temporal gyrus, left precuneus, and left middle
temporal gyrus. Further analysis revealed that patients recruited the
orbitofrontal cortex (Figure 3) to a lesser extent during downregulation
compared with control subjects [t (28) � 2.21, p � .035].

The reverse contrast (patientsdecrease � maintain � control subj-
ectsdecrease � maintain) showed enhanced activation in the bilateral
insula and precentral and medial cingulate gyrus. Clusters in the

d INCREASE of emotional responses compared with MAINTAIN. Statistical
E an

and an extent cluster threshold of 10 voxels.

www.sobp.org/journal
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nsula were of further interest, as interactions may have been trig-
ered by group differences related to the attempt to decrease the

nitial emotional response (Figure 3). Healthy control subjects dem-
nstrated a decrease in activity of the bilateral insula [t (14) � -3.04,
� .009], whereas borderline patients showed no significant

hange in insula activity when attempting to decrease their emo-
ions [t (14) � 1.63, p � .125]. Compared with healthy control sub-
ects, borderline patients showed consequently enhanced activity
n the bilateral insula during the decrease condition [t (28) � �2.76,

able 3. Significant Clusters of Neural Activation Associated with the Regu

egion BA

ontrast: Decrease � Maintain Emotions
Inferior frontal gyrus, orbital L 47
SMA L 8
SMA L 6
SMA L 32
Precentral gyrus L 6
Precentral gyrus L —
Middle frontal gyrus L 6
Cerebellum L —
Inferior frontal gyrus, triangular L 9
Supramarginal gyrus L 33
Cerebellum R —
Cerebellum R —
Superior frontal gyrus, dorsolateral L 32
Inferior frontal g gyrus orbital R —
Superior frontal gyrus, medial L 32
Inferior frontal gyrus, orbital R 47

ontrast: Maintain � Decrease Emotions
No suprathreshold voxels

ontrast: Increase � Maintain Emotions
Inferior frontal gyrus, triangular L 47
Insula L 13
Inferior frontal gyrus, triangular L 47
SMA 6
Medial cingulate gyrus R 32
SMA L 6
Supramarginal gyrus L 40
Insula R 13
Rolandic operculum R 22
Cerebellum R —
Cerebellum R —
Cerebellum R —
Anterior cingulate gyrus —
Hippocampus R —
Pallidum R —
Precentral gyrus L —
Inferior frontal gyrus, opercular L 44
Thalamus L —
Cerebellum —
Posterior cingulate gyrus L —
No ROI —
Hippocampus R —
Cerebellum L —

ontrast: Maintain � Increase Emotions
Inferior temporal gyrus R 21
Superior parietal gyrus R 40
Postcentral gyrus R 2

Cluster with p � .05 (FWE corrected) and extent threshold of at least 10
BA, Brodmann area; FWE, family-wise error; L, left hemisphere; LM, local ma
� .010].

ww.sobp.org/journal
Finally, we analyzed both groups regarding differences in the
increase of initial affect (Table 4). The contrast control sub-
jectsincrease � maintain � patientsincrease � maintain showed interac-
tions in the right inferior frontal gyrus (opercular part), bilateral
thalamus, right precuneus, and left medial cingulate gyrus. The
reverse contrast, patientsincrease � maintain � control subje-
ctsincrease � maintain, showed interactions in the left inferior parietal
gyrus, left inferior temporal gyrus, left middle occipital gyrus, and
left postcentral gyrus. No group differences were found in the bilat-

of Negative Emotions

Coordinates

x y z Size Z

�52 20 �6 257 6.93
�2 14 56 577 6.73
�8 20 64 LM 6.23
�2 22 44 LM 5.65

�44 8 48 194 6.55
�34 8 42 LM 5.36
�34 4 54 LM 5.10
�34 �56 �30 48 6.13
�52 20 26 52 5.81
�58 �46 26 32 5.45

36 �56 �30 24 5.42
36 �68 �28 22 5.37

�14 22 46 25 5.34
50 30 �10 11 5.20

�2 36 32 11 5.12
56 20 �4 21 5.11

�52 16 �4 485 � 8
�40 6 2 LM 6.47
�38 26 0 LM 6.13

0 10 62 1384 7.71
2 16 40 LM 6.78

�6 22 66 LM 6.51
�54 �44 26 99 6.62

46 14 �2 213 6.37
56 12 0 LM 6.00
34 �54 �30 530 6.31
30 �76 �24 LM 6.28
40 �62 �28 LM 6.24

0 4 20 97 5.92
10 �8 �12 50 5.73
14 2 �6 LM 5.18

�44 8 48 44 5.73
�60 14 18 21 5.61
�4 �30 6 135 5.54

0 �38 0 LM 5.39
�10 �36 10 LM 5.32

0 20 10 17 5.44
30 �42 4 26 5.40

�32 �56 �28 16 5.38

62 �44 �14 44 5.49
40 �48 56 63 5.46
44 �34 58 27 5.19

s.
; R, right hemisphere; ROI, region of interest; SMA, supplementary motor area.
lation
eral amygdala.
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An additional analysis of variance with age and intelligence as
ovariates was calculated. The results replicated the reported find-

ngs and illustrated group differences to be independent from
hese two demographic variables. Self-reported borderline symp-
oms and childhood traumatization in borderline patients did not
ignificantly correlate with neural activity in amygdala, insula, or
rbitofrontal cortex.

Despite the rather small sample size, borderline patients with
nd without PTSD were compared to test for influences of this
requent comorbid disorder on a liberal significance level of p � .1.
orderline patients with PTSD showed an actual increase in insular
ctivity related to the attempt to decrease their emotional response
ompared with borderline patients without PTSD [F (1,13) � 6.640,
� .023].

iscussion

We provide evidence for enhanced blood oxygenation level-
ependent activity in emotion processing areas and difficulties in

he cognitive reappraisal of negative emotions in female patients
ith borderline personality disorder, using a well-established ap-
roach to investigate the neural basis of emotion regulation (9,10).
irst, we found enhanced activity in the right insula to neutral
ictures and a trend for enhanced reactivity of the left amygdala

ndependent of picture category during the initial viewing phase.
econd, patients showed decreased activity in the left orbitofrontal
ortex and increased activation of the bilateral insula when at-
empting to downregulate their negative emotional responses. In-
erestingly, deficits in emotion regulation might be exclusively re-
tricted to the decrease of negative affect, as we found no

able 4. Significant Group Effects Regarding the Neural Correlates Associa

egion

ontrast: HCdecrease � maintain � BPDdecrease � maintain

Pallidum R
Inferior frontal gyrus, orbital L
Superior temporal gyrus R
Middle frontal gyrus L
Precuneus L
Middle temporal gyrus L

ontrast: BPDdecrease � maintain � HCdecrease � maintain

Insula L
Medial cingulate gyrus L
Precentral gyrus R
Insula R
Cerebellum L
Precentral gyrus L
Medial cingulate gyrus R

ontrast: HCincrease � maintain � BPDincrease � maintain

Inferior frontal gyrus, opercular R
Precuneus R
Medial cingulate gyrus L
Thalamus R
Thalamus L

ontrast: BPDincrease � maintain � HCincrease � maintain

Inferior parietal gyrus L
Postcentral gyrus L
Middle occipital gyrus L
Inferior temporal gyrus L

Cluster with p � .001 and an extent threshold of 10.
BA, Brodmann area; BPD, borderline personality disorder; HC, healthy co
ignificant differences in regions associated with emotion process-
ing or regulation during the attempt to increase elicited negative
emotions.

Enhanced activation of insula and amygdala regions in the initial
viewing phase nicely complements previous findings on emotional
hyperactivity in borderline patients (26 –28,35). Stronger activation
of the amygdala and insula was found in response to negative and
neutral social scenes, adding further support to the model of emo-
tional hyperactivity in borderline patients. However, we found no
group differences in valence or arousal ratings of the presented
stimuli. Similar valence and arousal ratings of IAPS stimuli were
reported previously ([27,33,35,43,44], but see [45]). This might be at
least partially due to significantly greater intraindividual variability
in ratings provided by borderline patients. Nonetheless, there
might be a dissociation of neural responses and ratings of social
stimuli in borderline patients. On the one hand, patients report high
levels of alexithymia (46) and might have difficulties to accurately
label and communicate their emotional reactions (4). On the other
hand, fMRI studies with IAPS stimuli consistently reported greater
activity in emotion processing areas in borderline patients
(27,33,35,44) with our finding of higher amygdalar and insular ac-
tivities in BPD patients in response to neutral social scenes being
consistent with previous studies using either IAPS pictures (35) or
facial stimuli (26). Therefore, our findings may suggest that hyper-
reactivity is not only related to negative stimuli but also holds for
neutral pictures—probably due to the primarily social contents of
the selected pictures. Enhanced limbic activity to neutral stimuli
raises the issue of the role of anticipation and emotional reactivity in
borderline patients. Anticipating negative events leads to en-
hanced activation of emotion processing areas, as was recently

ith the Regulation of Negative Emotions

Coordinates

Size Zx y z

24 0 �2 33 4.14
�48 28 �6 43 3.82

50 �54 22 37 3.68
�36 16 52 25 3.59
�2 �74 38 19 3.48

�50 �46 �2 15 3.42

�28 �12 16 44 4.27
�18 �38 �40 28 4.09

30 �16 68 24 4.01
34 �24 20 28 3.83

�4 �78 �28 23 3.78
�28 �22 72 18 3.73

16 10 42 17 3.52

38 12 10 25 3.80
2 �76 46 42 3.69

�8 �10 32 10 3.65
18 �32 2 16 3.57

�10 �28 �2 11 3.47

�50 �28 50 38 3.77
�52 �36 56 LM 3.58
�28 �74 2 17 3.74
�44 �6 �30 12 3.47

subjects; L, left hemisphere; LM, local maximum; R, right hemisphere.
ted w

BA

—
47
40

8
7

—

—
31

6
13
—

6
32

13
7

24
—
—

40
40
—
20
demonstrated in patients with unipolar depression (47). As we pre-
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ented mainly negative pictures, our design might have led BPD
atients to more strongly expect the appearance of negative pic-

ures, resulting in enhanced activation of the insula and amygdala
o neutral stimuli. Stronger anticipation of negative events fits with
ypical cognitions in borderline patients in terms of seeing the
orld and others as dangerous (48) and with research demonstrat-

ng a negativity bias in the perception of facial emotions and the
valuation of others (25,49).

Analysis of the regulatory phase in the total sample replicated
revious findings implicating orbitofrontal, dorsolateral, and me-
ial prefrontal structures and the anterior cingulate cortex in the
ognitive reappraisal of negative emotions (9,11–14). Neural activ-

ty of the insula was modulated in accordance with the regulatory
oal. Amygdala activity differed significantly when participants
ere asked to increase their emotional state. Regarding the border-

ine group, our study presents first evidence for difficulties in volun-
ary effortful downregulation of negative emotions, as demon-
trated by reduced activations of the left orbitofrontal cortex and
nhanced bilateral insula activity. So far, studies in borderline pa-
ients investigating emotions focused on limbic structures, al-
hough insular structures are consistently implicated in emotion
rocessing (for discussion, see [50]) and were shown to exhibit

unctional alterations in borderline patients (29,30,35). Future stud-
es should combine fMRI with autonomic monitoring during emo-
ional processing to shed light on states of bodily experience and
ighly aversive experienced tension often reported by borderline
atients (51). It might be speculated that prolonged emotional
rousal, a characteristic of borderline patients (22), reflects a failure

igure 3. The left orbitofrontal cortex (�48,28,�6) demonstrated enhance
ontrol compared with the borderline personality disorder group [t(28) � 2
ealthy control group [t(14) � �3.04, p � .009] but not for borderline perso
ignal change of a 3 mm sphere � SEM. A, anterior; BPD, borderline perso
osterior; R, right.
o decrease insular activity as effectively as healthy volunteers.

ww.sobp.org/journal
Several fMRI studies in BPD provided indications for deficits in
implicit emotion regulation in the context of negative emotions,
reporting functional changes in the orbitofrontal and anterior cin-
gulate cortex (24,28,31). A recent study by Silbersweig et al. (24)
found decreased activity in orbitofrontal and anterior cingulate
cortex in borderline patients when performing an emotional go/
no-go task. Successful reappraisal of negative emotions was shown
to be mediated by a distributed frontal cortical network, including
the orbitofrontal cortex (52), thought to play a particular role in
altering and updating the context-sensitive motivational relevance
of stimuli (12,53). Its deficient functioning during explicit and im-
plicit processes of emotion regulation may enhance our under-
standing of the underlying nature of affect dysregulation in border-
line personality disorder, at least in female subjects.

Although all patients fulfilled the criterion of affective instability,
there was a considerable range in the self-reported ability to regu-
late emotions in patients and also healthy control subjects. Across
the whole sample, self-reported difficulties in emotion regulation
were correlated with activity in the orbitofrontal cortex (R � �.43,
p � .010) and the insula (R � .61, p � .001) during cognitive reap-
praisal (Figure 4).

Although these results need further investigation, they might
suggest a dimensional approach to provide important information
in addition to recent categorical approaches. Furthermore, it might
be assumed that this range might reflect varying experience in
psychotherapy within the patient group, affecting the ability and
capacity to regulate emotions, as learning of cognitive emotion
regulation skills is an important module of current treatment ap-

ivity during the decrease of the initial emotional response for the healthy
� .035], accompanied by dampened activation of the bilateral insula in the
disorder patients [t(14) � 1.63, p � 125]. The bars depict the mean percent
disorder; HC, healthy control subjects; L, left; OFC, orbitofrontal cortex; P,
d act
.21, p
nality
nality
proaches. The presented results, though correlational, might pro-
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ide a promising start to assess the neuronal effects of specific
reatment modules and their influence on emotion regulation abil-
ties, especially considering reports of functional changes during
ialectic-behavioral therapy (54).

Most importantly, future research needs to more thoroughly
ddress the specificity of functional findings in borderline patients
y adding a psychopathological control group. This is of particular

nterest in emotion regulation, as deficits in this domain are postu-
ated for a number of clinical disorders (55). For example, compared

ith control subjects, the functional connectivity between the ven-
rolateral and ventromedial prefrontal cortex and the amygdala is
iminished in patients with major depressions who attempt to

egulate their emotions (13). In addition, future studies should con-
rol for possible differences in cognitive effort across reappraisal
onditions and between groups (56).

To summarize, the results replicate findings of abnormal emo-
ional processing in borderline personality disorder with enhanced
mygdala and insula activity to neutral and negative pictures. Crit-

cally, we provide evidence for difficulties in the cognitive reap-
raisal of aversive stimuli in female borderline patients, which are
ssociated with attenuated orbitofrontal activity along with en-
anced bilateral insula activity.
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