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ARTICLE INFO ABSTRACT

Article history: Emotional sensitivity, emotion regulation and impulsivity are fundamental topics in research of border-
Received 14 August 2014 line personality disorder (BPD). Studies using fMRI examining the neural correlates concerning these
‘f;cl\e]“’ed 'E re‘z"g]eg form topics is growing and has just begun understanding the underlying neural correlates in BPD. However,
Acceg\t':gls Je;nuary 2015 there are strong similarities but also important differences in results of different studies. It is therefore
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review a critical light is shed on the fMRI studies examining emotional sensitivity, emotion regulation
and impulsivity in BPD patients. First an outline of the methodology and the results of the studies will be
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given. Thereafter important issues that remained unanswered and topics to improve future research are
discussed. Future research should take into account the limited power of previous studies and focus more
on BPD specificity with regard to time course responses, different regulation strategies, manipulation of
self-regulation, medication use, a wider range of stimuli, gender effects and the inclusion of a clinical
control group.
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1. Introduction

Borderline personality disorder (BPD) is a severe psychiatric dis-
order, which affects 1-3% of the general population (Lenzenweger
et al., 2007; Trull et al., 2010). The Diagnostic and Statistical Man-
ual of Mental Disorders (DSM-V; American Psychiatric Association,
2013) defines the main features of BPD as a pervasive pattern of
instability in interpersonal relationships, emotions, self-image as
well as marked impulsive behavior. Furthermore, BPD patients are
characterized by repeated self-injury, suicidal tendencies, reac-
tive aggression and high rates of comorbid mental disorders
(Leichsenring et al., 2011; Lieb et al., 2004). BPD severely affects
employment, and in combination with high use of the mental
health care, results in high societal costs (van Asselt et al., 2007).

Leading theories on the etiology of BPD (Crowell et al., 2009;
Koenigsberg et al., 2009b; Linehan, 1993) propose that BPD is best
understood as an emotion dysregulation disorder, caused by an
increased emotional sensitivity and an inability to regulate emo-
tional responses. The inability to regulate emotional responses
might consequently result in marked impulsive behavior, charac-
teristic for BPD patients. In the last decades researchers have used
different behavioral and psychophysiological methods to test the
hypothesized increased emotional sensitivity and diminished reg-
ulation (see for reviews Domes et al., 2009; Rosenthal et al., 2008).
Results seem inconsistent. In line with the emotion dysregulation
hypothesis, several studies show that BPD patients have a stronger
emotional reaction to emotional stimuli when compared to non-
patient controls (NPC), as indicated by an increased heart rate
(Ebner-Priemer et al., 2007; Lobbestael and Arntz, 2010), increased
skin conductance responses (Lobbestael and Arntz, 2010), larger
startle response (Ebner-Priemer et al., 2005; Hazlett et al., 2007),
decreased facial recognition accuracy (Bland et al., 2004; Levine
etal., 1997) or amore accurate facial recognition (Lynch et al., 2006;
Wagner and Linehan, 1999). In contrast, studies also demonstrated
that BPD patients had lower skin conductance responses (Herpertz
et al., 1999) and lower levels of endocrine stress markers (Nater
et al., 2010) when confronted with emotional stimuli or stress-
ful situations, which seems to indicate lower levels of emotional
reactivity. Behavioral data concerning impulsivity in BPD patients
are also conflicting. Some studies did not report any differences
between NPC and BPD patients during a go/no-go task (Jacob et al.,
2010; Vollm et al., 2004), while others showed that BPD patients
make significantly more commission errors, indicating that they
are worse in response inhibition (Leyton et al., 2001; Mortensen
et al., 2010; Rentrop et al., 2008). Taken together, these studies
show mixed findings concerning emotional reactivity as well as
impulsivity in BPD.

In recent years an increasing number of neuroimaging stud-
ies have identified neural correlates associated with BPD (see for
reviews Krause-Utz et al., 2014; Mauchnik and Schmahl, 2010).
Many of these studies (e.g. Koenigsberg et al., 2009b; Minzenberg
et al., 2007; Schulze et al., 2011; Silbersweig et al., 2007) high-
lighted a characteristic response in the frontolimbic brain network,
comprised of an increased limbic activity and decreased prefrontal
activity in BPD patients in response to emotional stimuli. As limbic
brain areas have generally been associated with emotion detec-
tion and generation processes and prefrontal areas with cognitive

control processes (Davidson and Irwin, 1999; Phillips et al., 2003),
these findings have been interpreted as being in concordance
with the emotional dysregulation hypothesis of BPD. Although
there seems to be a concurrence of neural networks among the
neuroimaging studies investigating emotional processing in BPD
patients, like in behavioral studies also important differences have
been observed. This raises questions about the conclusiveness of
the results.

This article provides a critical review of fMRI studies investi-
gating emotional sensitivity, emotion regulation and impulsivity
in BPD patients. This review starts with a definition of the investi-
gated constructs of emotional sensitivity, emotion regulation and
impulsivity, followed by an overview of, to the best of the present
authors’ knowledge, all here-to-date relevant publications. These
publications are then discussed, summarizing important issues that
remain unanswered and are suggested to be taken into consid-
eration for future research. Included in this review are original
published peer-reviewed articles, wherein authors make direct
conclusions about emotional sensitivity, emotion regulation or
impulsivity in BPD patients and compared the resulting brain activ-
ity to that of NPC. Given that in BPD research often negative stimuli
are used, the present review will focus on fMRI studies using neg-
ative stimuli.

2. Emotional sensitivity, emotion regulation and
impulsivity: definitions

Emotional sensitivity can be defined as a lower threshold to
detect or respond to emotional stimuli, or a higher probability
of experiencing stimuli as emotional (Carpenter and Trull, 2013;
Linehan, 1993). In BPD patients this might lead to hyperawareness
to emotional stimuli and more frequent, intense and/or prolonged
emotional experiences. Emotion regulation is a broad concept,
referring to different methods and abilities that individuals use to
influence the experience and expression of their emotions (Gross,
1998, 2007). These different methods can be categorized as either
response-focused or antecedent-focused strategies (Gross, 1998,
2007). Response-focused strategies modulate emotional processes
which occur late in the emotion generation process. This involves
the inhibition of ongoing emotional expressive behavior such as
facial expressions (bodily responses). Antecedent-focused strate-
gies modulate emotional processes early in the emotion generation
process, before the emotion response tendencies have become acti-
vated. The best-known examples of antecedent-focused strategies
are attentional deployment (e.g. distraction) and cognitive reap-
praisal (e.g. distancing and reinterpretation). Cognitive reappraisal
is an often studied emotion regulation strategy in BPD patients, that
specifically refers to the ability to reinterpret a stimulus or situation
(Gross, 1998, 2007).

Summarizing the set of brain areas involved in emotion genera-
tion and regulation is plagued by the fact that different authors use
different, but also overlapping, sets of brain areas. In this review
we follow the model of cognitive control of emotion (MCCE) as
proposed by Ochsner et al. (2012). According to this model brain
areas involved in emotion generation are the amygdala, ventral
striatum, anterior insula and orbitofrontal cortex (OFC). Most fre-
quently demonstrated brain areas showing an increased activity
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during emotion regulation of negative emotional stimuli are the
dorsolateral prefrontal cortex (dIPFC), ventrolateral prefrontal cor-
tex (VIPFC), dorsomedial prefrontal cortex (dmPFC) and anterior
cingulate cortex (ACC) (Ochsneretal.,2002,2012; Phanetal.,2005).
In accordance with the theory of emotional dysregulation in BPD,
it is hypothesized that BPD patients show a greater activity in the
aforementioned emotion generation brain areas and less activity
in the emotion regulation brain areas during the application of
emotion regulation strategies compared to NPC.

Impulsivity is a multidimensional concept consisting of a
behavioral, cognitive and motivational dimension (Evenden, 1999;
Moeller et al., 2001; Sebastian et al., 2013a). The pattern of
impulsivity often diagnosed in BPD patients is largely associ-
ated within the behavioral domain, including self-injury, reactive
aggression, inappropriate anger, substance or alcohol abuse, unpro-
tected sex, excessive spending of money and gambling, shoplifting,
uncontrolled eating and reckless driving (American Psychiatric
Association, 2013). Accordingly, in present review impulsivity is
defined as a predisposition to rapidly and unplanned responses
without considering the consequences (Moeller et al., 2001).
Additionally, previous studies (Domes et al., 2006; Jacob et al.,
2010; Sebastian et al., 2013a) state that impulsivity in BPD is
especially evident under extreme emotional states or situations,
this is specified as affective or emotional impulsivity. Key brain
areas associated with impulsivity (response inhibition) in NPC are
the inferior frontal cortex (IFG)/anterior insula, middle tempo-
ral gyrus, OFC/ventromedial prefrontal cortex (vmPFC), premotor
areas, dIPFC, ACC and inferior parietal cortex (Garavan et al., 1999;
Horn et al., 2003; Sebastian et al., 2013b). In agreement with clin-
ically shown marked impulsive behavior, it is hypothesized that
BPD patients show less activity in these response inhibition areas
compared to NPC.

3. Emotional sensitivity in BPD

To examine emotional sensitivity in BPD patients, two different
types of emotional stimuli have commonly been used in BPD fMRI
studies so far. These two stimuli are facial expressions and emo-
tional scenes. The first include the presentation of pictures of faces
that vary in their emotional expression (e.g. happy, fearful, and
angry) and the second presents pictures depicting scenes differing
in their emotional content. Two studies used negative memories
to examine emotional sensitivity, one of abandonment (Schmahl
etal., 2003) and the other of childhood abuse (Schmahl et al., 2004).
However, these are PET studies and therefore will be out of focus in
current review. The results of the included studies will be discussed
in the light of the model of the cognitive control of emotion. For an
overview of all results see Table 2.

3.1. Facial expressions

To date, three studies have used stimuli depicting facial expres-
sions to examine emotional sensitivity in BPD patients (Donegan
et al., 2003; Guitart-Masip et al., 2009; Minzenberg et al., 2007;
Table 1). All three studies used faces from the Ekman and Friesen
set (1979), which contains 60 pictures of faces of ten different per-
sons, six women and four men, displaying six different emotions:
happy, sad, fearful, surprised, disgusted and angry. However, the
facial expressions included, the task instructions and the analysis
slightly varied across the three studies. In the study of Donegan et al.
(2003) participants were instructed to attend to faces with a fearful,
sad, happy or neutral expression. In the analyses, group differences
inbrain responses for these facial expressions were separately com-
pared to the brain responses during the presentation of a fixation
point. Minzenberg et al. (2007) instructed participants to identify

the gender of neutral, fearful and angry faces that were presented.
Brain responses to fearful and angry facial expressions were then
compared to brain responses to neutral facial expressions. Finally,
Guitart-Masip et al. (2009) used an emotional discrimination task,
in which participants had to indicate which of two presented faces
showed an emotional expression, or which of two lines was ori-
ented vertical. Brain responses during the emotional discrimination
trials of happy, fearful, disgust and angry facial expressions were
then compared with brain responses during the orientation trials,
using three contrasts: all emotional trials vs. orientation trials, pos-
itive discrimination (happy faces) vs. orientation trials and negative
discrimination (fearful, disgust and angry faces) vs. orientation tri-
als. To examine group differences two of the three studies (Donegan
et al.,, 2003; Minzenberg et al., 2007) conducted a priori region of
interest (ROI) analyses on the amygdala, the other study (Guitart-
Masip et al., 2009) conducted a whole brain analysis and a post hoc
ROI analyses on the amygdala. Moreover, Minzenberg et al. (2007)
performed an ACC ROI analysis.

The results of two studies (Donegan et al., 2003; Minzenberg
etal.,2007) confirmed the hypothesis of increased emotional sensi-
tivity, showing greater amygdala activity in BPD patients compared
to NPC during the presentation of emotional facial expressions;
Donegan et al. (2003) showed greater amygdala activity for the
BPD patients during the presentation of all three emotional facial
expressions (happy, sad and fearful) and even during the presen-
tation of the neutral faces. Interestingly, Minzenberg et al. (2007)
found a greater amygdala and lower ACC activity only during
the presentation of fearful faces. This amygdala and ACC pattern
was reversed for angry faces. Using the emotion discrimination
paradigm, Guitart-Masip et al. (2009) could not replicate these dif-
ferences in amygdala and ACC activity between the BPD and NPC
group (Table 2).

At a p-value of 0.05 these three studies had an estimated power
below 80% to correctly reject the null hypothesis at a medium
(d=0.5) or large (d =0.8) effect size (Table 1). To detect a very large
effect size (d=1.5) the power was sufficient (above 80%) for these
three studies. Regarding a more strict p-value of 0.01 only Donegan
et al. (2003) had a sufficient power of 90% to detect a very large
effect size, Minzenberg et al. (2007) was close to having sufficient
power (79%) of correctly rejecting the null hypothesis at a very large
effect size (Table 1).

3.2. Emotional scenes

So far, eight studies have used emotional scenes to study emo-
tional sensitivity in BPD patients (Table 1). The first fMRI study
using this approach (Herpertz et al., 2001) used intermixed social
and non-social scenes, six later studies used social emotional scenes
only (Goodman et al., 2014; Koenigsberg et al., 2009a,b; Niedtfeld
et al,, 2010; Schulze et al., 2011) and one study used visual emo-
tional scenes and textual emotional stimuli (Arntz et al., 2015).
All studies used pictures selected from a standardized database
(e.g. IAPS; Lang et al,, 1997). In these studies participants were
either instructed to attend to the pictures (Goodman et al., 2014;
Herpertz et al., 2001; Schnell and Herpertz, 2007) or to look at the
pictures and allow themselves to respond naturally (Arntz et al.,
2015; Koenigsberg et al., 2009a,b; Schulze et al., 2011). To examine
the emotional sensitivity of the BPD patients, two contrasts were
used among the studies: (1) brain responses during looking at neg-
ative scenes were compared with looking at neutral scenes (Arntz
etal.,,2015; Herpertz et al., 2001; Koenigsberg et al., 2009a; Schulze
etal.,2011), or (2)brain response during looking at negative scenes
were compared to a fixation condition (Koenigsberg et al., 2009b;
Niedtfeld et al., 2010). Schnell and Herpertz (2007) and Goodman
et al. (2014) did not compare negative scenes with either neutral



Table 1

Sample characteristics and paradigm descriptions of reviewed studies.

Authors N BPD/NPC M age BPD/NPC % female BPD/NPC Paradigm of interest Analysis Power at p <.05 for? Power at p<.01 for®
d=.5 d=2.38 d=15 d=.5 d=238 d=15

Emotional sensitivity

Arntz et al. (2015) 12/12 30/33 100/100 Passive viewing of visual or textual ROI amygdala, 22 47 .94 .07 22 .79
negative, neutral and positive stimuli hippocampus and ACC

Donegan et al. (2003) 15/15 35/35 87/60 Passive viewing of neutral, happy, sad ROI amygdala .26 .56 .98 .10 .30 .90
and fearful faces

Goodman et al. (2014) 11/11 33/30 82/82 Passive viewing of negative, neutral ROI amygdala .20 43 .92 .07 .20 74
and positive scenes

Guitart-Masip et al. (2009) 10/10 31/31 50/50 Emotional discrimination task of Whole brain .19 40 .89 .06 17 .68
happy, fearful, disgust and angry faces
from the neutral face

Herpertz et al. (2001) 6/6 26/27 100/100 Passive viewing of negative and Whole brain 12 24 .65 .03 .08 35
neutral scenes

Koenigsberg et al. (2009a) 18/16 33/32 56/56 Passive viewing of negative and Whole brain .29 .62 .99 11 .36 94
neutral social scenes

Koenigsberg et al. (2009b) 19/17 35/31 37/47 Passive viewing of negative and Whole brain 31 .64 .99 13 .38 .95
positive social scenes

Minzenberg et al. (2007) 12/12 30/31 42/50 Gender discrimination task while ROI amygdala and ACC 22 47 .94 .07 22 .79
attending to fearful, angry and neutral
faces

Niedtfeld et al. (2010) 20/23 31/27 100/100 Passive viewing of negative and Whole brain .36 72 .99 .16 47 .98
neutral scenes

Schnell and Herpertz (2007) 6/6 24/23 100/100 Passive viewing of negative scenes Whole brain 12 24 .65 .03 .08 35

Schulze et al. (2011) 15/15 28/25 100/100 Passive viewing of negative and Whole brain .26 .56 .98 .10 .30 .90
neutral social scenes

Emotion regulation

Koenigsberg et al. (2009a) 18/16 33/32 56/56 Distancing and passive viewing of Whole brain .29 .62 .99 11 .36 .94
negative social scenes

Lang et al. (2012) 14/15 27/25 100/100 Distancing and passive listening of Whole brain 25 .54 .97 .09 .29 .88
negative verbal stories

Schulze et al. (2011) 15/15 28/25 100/100 Cognitive reappraisal (i.e. Whole brain .26 .56 .98 .10 .30 .90
reinterpreting) and passive viewing of
negative scenes

Impulsivity

Jacob et al. (2013) 24/23 29/28 100/100 Letter-based go/no-go task after anger Whole brain 39 77 1.00 .18 .53 .99
and neutral mood induction

Silbersweig et al. (2007) 16/14 31/24 94/71 Emotional linguistic go/no-go task Whole brain .26 .56 .98 .10 .30 .90
with general negative and neutral
no-go trials

Wingenfeld et al. (2009) 20/20 30/30 70/70 Emotional Stroop task using general Whole brain 34 .69 1.00 .14 44 97

negative, individual negative and
neutral words

2 Calculated power at p <.05 for medium, large and very large effect sizes (Cohen’s d).
b Calculated power at p<.01 for medium, large and very large effect sizes (Cohen’s d).
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Table 2
Overview of reported brain areas across fMRI studies BPD versus NPC.
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Emotional Sensitivity
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Arntz et al. (2015)

Herpertz et al. (2001)
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Schulze et al. (2011)
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ROI = region of interest analysis; SVC = small volume correction

scenes or to a fixation condition and therefore will not be further
discussed in present review.

When comparing brain activity during the negative scenes to
activity during the neutral scenes or fixation, BPD patients com-
pared to NPC showed enhanced activity of the amygdala (Arntz
et al, 2015; Herpertz et al.,, 2001; Koenigsberg et al., 2009b;
Schulze et al., 2011) and diminished activity of the anterior insula
(Koenigsberg et al., 2009b; Schulze et al., 2011). Interestingly also
brain areas involved in emotion regulation are found across studies
examining emotional sensitivity in BPD patients, including the ACC,
VIPFC, dIPFC and dmPFC (Table 2). Using the contrast negative vs.
neutral, Koenigsberg et al. (2009a) displayed an enhanced activity
of the ACC in BPD patients compared to NPC, while Schulze et al.
(2011) for the same contrast showed less activity in BPD patients.
Arntz et al. (2015) showed a weaker left and a stronger right ACC
activity to negative vs. neutral emotional scenes for BPD patients
compared to NPC. Furthermore, Koenigsberg et al. (2009a,b) and
Schulze et al. (2011) found a decreased activity in the vIPFC, dIPFC
and dmPFC in BPD patients compared to NPC. Niedtfeld et al. (2010)
showed a similar activity for negative stimuli as for neutral stimuli
and therefore revealed no group differences of brain responses dur-
ing negative vs. neutral scenes.

The estimated power of these studies at a p-value of 0.05, for a
medium effect size, ranges between 12 and 36% to correctly reject
the null hypotheses, and between 24 and 72% for a large effect size
(Table 1). The power to detect a very large effect size was sufficient
for most studies with the exception of the study with a very small
sample size of only six participants in each group (Herpertz et al.,
2001). At a p-value of 0.01 none of the studies had a power above
80% to correctly reject the null hypothesis at a medium or large
effect size (Table 1). Again Herpertz et al. (2001) had insufficient
power to detect a very large effect size, while Arntz et al. (2015)
had almost sufficient power (79%) to detect a very large effect size.
The four other studies had a power between 90 and 98% to correctly
reject the null hypothesis at a very large effect size (Table 1).

In conclusion, the most consistent finding in fMRI emotional
sensitivity studies (7 out of 10 studies) is the greater amygdala
activity in BPD patients during passive viewing of facial expressions
as well as IAPS pictures, compared to NPC. In addition, BPD patients
show an altered activity in an extended neural network, includ-
ing the hippocampus, parahippocampal gyrus, anterior insula, ACC,
VIPFC, dIPFC, dmPFC, superior temporal sulcus (STS) and poste-
rior cingulate cortex (PCC)/precuneus. However, in particular areas
some studies showed a decreased activity while other studies show
an increased activity.

4. Emotion regulation in BPD

Although an important part of the emotion dysregulation the-
ory focuses on impaired emotion regulation skills in BPD patients,
to our knowledge only three published fMRI studies (Koenigsberg
et al.,, 2009a; Lang et al., 2012; Schulze et al., 2011; Table 1) have
examined this specific hypothesis. The results of these studies
will be discussed with regard to previously reported brain areas
involved in the model of the cognitive control of emotion. All results
are shown in Table 2.

Across the studies, BPD patients and NPC are instructed to
apply different regulation strategies to modulate their emotional
responses to presented stimuli. These stimuli were either nega-
tive emotional scenes (Koenigsberg et al., 2009a; Schulze et al.,
2011) or negative verbal stories (Lang et al., 2012). With regard
to the instructions, in the studies by Koenigsberg et al. (2009a)
and Lang et al. (2012) participants were told to distance them-
selves from the stimuli by viewing or listening to the stimuli
from a detached third-person perspective. Schulze et al. (2011)
instructed their participants slightly different: participants had to
imagine that the situation was not real or that they were a detached
observer. To examine the effect of the emotion regulation instruc-
tion, brain responses during this condition were compared to brain
responses during a look condition (experience the naturally evoked
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emotional state). In addition, Schulze et al. (2011) and Lang et al.
(2012) explored the effects of up-regulation (increase). Therefore,
an up-regulation minus look contrast was applied. During up-
regulation participants were instructed to imagine that they, or a
closerelative, were involved in the situation (Schulze et al.,2011) or
imagine themselves as the central figure of the story and heighten
their feelings of closeness (Lang et al., 2012).

Result showed that application of the emotional down-
regulation techniques during the presentation of the negative
stimuli, relative to the passive viewing/listening condition of
negative stimuli, led to greater activity in emotion generation
areas in BPD patients compared to NPC, including the amygdala
(Koenigsberg et al., 2009a) and anterior insula (Schulze et al.,
2011), whereas activity in the OFC was diminished (Schulze et al.,
2011). With regard to brain areas involved in regulation processes,
Koenigsbergetal.(2009a) showed in BPD patients compared to NPC
less activity in the ACC and greater activity in the dIPFC, whereas
Schulze et al. (2011) reported the opposite pattern for both brain
areas. In line with Koenigsberg et al. (2009a), Lang et al. (2012)
reported a trend toward a diminished activity in the ACC for the
BPD patients.

During the up-regulation condition of negative stimuli, rela-
tive to the passive viewing/listening condition of negative stimuli,
Schulze et al. (2011) found that BPD patients compared to NPC,
showed a decreased activity in the ACC and anterior insula. Since
they did not find an increased activity in emotional generation
and regulatory brain areas during up-regulation, they stated that
emotional dysregulation in BPD patients might be exclusive to
down-regulation. In contrast to these results, Lang et al. (2012) did
find less activity in regulation associated brain areas such as the
vmPFC, dmPFC and ACC, in BPD patients compared to NPC. They
could not conclude that emotional dysregulation in BPD patients
was exclusive to down-regulation.

At a p-value of 0.05 and 0.01 these studies were able with an
estimated power above 80% to correctly reject the null hypothesis
at a very large effect size (Table 1). For both significance levels the
power was below 80% to detect a medium or large effect size.

In sum, the most consistent finding in fMRI emotion regulation
studies (4 out of 5 studies) is the decreased ACC activity in BPD
patients compared to NPC during down-regulation as well as during
up-regulation. Results across the medial and dorsolateral prefrontal
activity during both regulation conditions of negative stimuli were
variable. In addition, 2 out of 3 studies indicate a difficulty to mod-
ulate the activity of the amygdala and anterior insula shown by an
increased activity of these areas during down-regulation. Together
conclusions concerning the support of the conceptualization of
emotional dysregulation in BPD patients for negative social stimuli
should be drawn with caution. The number of studies is still limited
and the results seem variable across the studies. Besides, espe-
cially beyond the emotional regulatory network, there seems to
be a major variation of reported brain areas and some studies even
report a complete opposite pattern of brain activity compared to
other studies.

5. Impulsivity in BPD

To date, three fMRI studies have examined impulsivity in BPD,
they used either a go/no-go task (Jacob et al., 2013; Silbersweig
et al., 2007) or an affective Stroop task (Wingenfeld et al., 2009;
Table 1). The results of these studies will be discussed with respect
to earlier reported brain areas involved in impulsivity. An overview
of all results is given in Table 2.

Concerning both studies which used the go/no-go task, the task
design and instructions differed. Silbersweig et al. (2007) used an
affective go/no-go task in which participants were instructed to

press a button immediately after reading a word. The words used
differed in their emotional valence and appeared in normal or italic
font. Participants were instructed to inhibit their response after a
word in italics. Differences in impulsivity were examined by con-
trasting negative no-go word trials with neutral no-go word trials
(negative no-go trials). Jacob et al. (2013 ) used a letter-based go/no-
go taskin which participants had to press a button corresponding to
all letters except the letter “X”, after the induction of an angry, joyful
or neutral mood. To examine differences in impulsivity the no-go
trials after the anger induction were contrasted with the no-go tri-
als after neutral induction (anger no-go trials). Finally, in the Stroop
task by Wingenfeld et al. (2009) the participants were instructed
to name the color of the presented words as fast and accurate as
possible. Each color was represented by a respective colored button
on a button box. In this task neutral, general negative and individ-
ual negative words were used. Brain activity during general and
individual words was compared with brain activity during neutral
words to examine differences in impulsivity.

The results of the go/no-go task of Silbersweig et al. (2007)
showed during the negative no-go trials a greater activity in the lat-
eral OFC, anterior insulaand ACC, and less activity in the medial OFC
and subgenual ACC in BPD patients, compared to NPC. Addition-
ally, the [no-go minus go] x [negative minus neutral] interaction
showed a greater activity in the dIPFC in BPD patients compared
to NPC. Jacob et al. (2013) reported in BPD patients compared to
NPC, a decreased activity in the inferior frontal cortex during the
anger no-go trials. The results of the Stroop task showed no signif-
icant differences between the BPD patients and NPC in brain areas
associated with response inhibition during the presentation of the
general negative minus the neutral trails (Wingenfeld et al., 2009).
For the comparison of individual negative words a decreased ACC
activity was shown in BPD patients. A different pattern of brain
activity was shown between the go/no-go task and the Stroop task.
The Stroop task was less associated with response inhibition related
brain areas and a decreased ACC activity, while the go/no-go task
was more associated with response inhibition related areas and an
increased ACC activity.

At a p-value of 0.05 and 0.01 these studies had an estimated
power above 80% to correctly reject the null hypothesis at a very
large effect size (Table 1). For both significance levels the power
was insufficient (below 80%) to correctly reject the null hypothesis
at a medium or large effect size.

Taken together, conflicting results of brain areas involved in
inhibition are shown by the impulsivity studies when negative
emotions are evoked in BPD patients. However, the fMRI studies
examining impulsivity in BPD patients comprise quite a diversity
of task designs, which might explain the variety of brain areas
reported across the studies. From this data it seems too early to
draw conclusions concerning the hypothesis that BPD patients have
difficulty in modulating their impulses in the setting of a negative
state.

6. Discussion

The present review provides an overview of fMRI studies
examining the neural correlates of emotional sensitivity, emotion
regulation and impulsivity in BPD patients in response to nega-
tive stimuli. Regarding emotional sensitivity in BPD patients, in
line with the hypothesis an enhanced activity of the amygdala was
shown to be most consistent across the studies. The hypothesis
that emotional dysregulation in BPD patients would be manifested
from neural correlates of increased limbic areas (e.g. amygdala)
and decreased regulatory areas (e.g. VIPFC, dIPFC, ACC) was partly
supported. A consistent decreased activity of the ACC was shown,
while the medial and dorsolateral prefrontal areas showed variable
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activity. Evidence of a failure (lack of activation) of inhibitory areas
(e.g.IFG, vimPFC, dIPFC, ACC) possibly underlying impulsivity in BPD
patients is inconclusive. The overall findings are more inconclusive
as expected, and open new avenues for future research.

First it should be noted that the studies reviewed have low sta-
tistical power, even at lenient (uncorrected) p-levels of 0.05 and
0.01, which limits the likelihood of finding a true effect. These
studies could only detect very large effect sizes. The average statis-
tical power used in different subfields of cognitive neuroimaging is
already low, between 8 and 31%, and it is with the scientific devel-
opments nowadays more important to investigate subtle effects
than before (Button et al., 2013). In order to increase the power
and detect smaller effects one should increase the sample size.
Another approach is to try to increase the effect sizes by improving
the signal/noise ratio by methodological and technical means. For
example, scanning parameters can be optimized to reduce signal
drop out and image distortions (Weiskopf et al., 2006). Dependent
on the brain area of interest, one can adjust the slice tilt, direction
of the phase-encoding and z-shimming moment to optimize BOLD
sensitivity. In addition, while it is assumed that there is a linear rela-
tionship between the neural activity and hemodynamic response,
equal for all participants, it is well established that this relation-
ship is not always linear and varies across participants. Therefore,
nonlinear temporal statistical models might sometimes be more
accurate in estimating the temporal relationship between the neu-
ral activity and hemodynamic response and could increase imaging
power (Liuetal.,2001). Finally, taking into account anatomical vari-
ability, by means of refining brain normalization or performing a
surface based alignment technique, could also increase statistical
power (Frost and Goebel, 2012). For instance, cortex based align-
ment uses detailed individual curvature information to align the
brains of the individual participants to a group average. In conclu-
sion, aforementioned recommendations can be applied in order to
reach the necessary increase of imaging power to detect smaller
effects.

Additionally, a number of other methodological issues could
explain the inconsistencies such as different implementation of
emotion regulation strategies, use of medication and choice of
neutral stimuli. Also different measurement and analyzing meth-
ods concerning the amygdala could explain some inconsistencies
concerning the involvement of the amygdala. Topics to consider
improving future research are manipulation of self-regulation, a
more extensive range of stimuli, gender differences and the use of
a clinical control group. We will now discuss these issues in more
detail.

6.1. Inconsistencies concerning the involvement of the amygdala
in BPD

Early studies of the amygdala revealed that the amygdala plays
a critical role in the processing of fear (Whalen, 1998). Nowadays
it is suggested that the amygdala plays a broader role in emotion
related processes for a wide range of stimuli (e.g. negative, positive
and social; Adolphs and Spezio, 2006; Phan et al., 2002). There-
fore, recently more general approaches assume that the amygdala
is not specifically sensitive to emotional valence of stimuli, but
more associated with salience, novelty or arousal. Furthermore, the
amygdala is extensively connected with cortical and subcortical
structures. Because of its broad connectivity, the amygdala influ-
ences cognitive interactions in response to emotional stimuli such
as emotional or reward learning, memory enhancement, attention
modulation, decision making and regulation (e.g. Bechara et al.,
2003; Pessoa, 2011; Phelps, 2006).

It is interesting that while the emotional dysregulation theory
suggests an association with a hyperreactivity of the amygdala,
some studies did not find this increased amygdala response

(Guitart-Masip et al., 2009; Koenigsberg et al., 2009b), while oth-
ers showed an amygdala response after a ROI analysis or a small
volume correction (Koenigsberg et al., 2009a; Schulze et al., 2011).
These inconsistent findings can be explained in three-fold. First, it
can be difficult to detect amygdala responses. This could be due to
its localization next to air-filled spaces leading to susceptible arti-
facts thatresultin signal dropouts and image distortions (Morawetz
et al.,, 2008). Therefore, to get more insight in the involvement of
the amygdala, it would be advised to optimize scanning acquisition
parameters. A recent study investigated rather simple modifica-
tions at the acquisition level to reduce susceptibility artifacts of
the amygdala (Morawetz et al., 2008). It is suggested that a slice
thickness of 2 mm, slice orientation along the AC-PC plane, 36 mm
echo time and 4 mm spatial filter result in the least artifacts. Addi-
tionally, because of the massive corrections for multiple testing
in fMRI data it is difficult to detect weak differential activation
levels of the amygdala in a whole brain analysis. To reduce the
multiple comparisons problem caused by the large number of vox-
els, ROI analyses can be performed (Poldrack, 2007). Since the
response profile of the amygdala across hypothesis-relevant condi-
tions forms an important basis of testing theories about emotional
sensitivity and emotion regulation in BPD, it is suggested to perform
a ROI analysis of this area (in combination with increased sample
size, see above) in order to enhance detection sensitivity. This will
also substantiate interpretations in case a lack of activation or a
lack of group differences is found. The same argument holds for
adjustment of the statistical threshold, one could consider explor-
ing whether group differences of the amygdala are present at the
most liberal p-value of 0.05 (uncorrected), to prevent type-II errors.
Second, the possibility of amygdala habituation might be
present when repeatedly presenting similar emotional stimuli. Pre-
vious studies in NPC showed that the amygdala response rapidly
declines after repeatedly presented facial stimuli (Breiter et al.,
1996) and visual scenes (Fischer et al., 2000). The only study
which showed a group difference in the amygdala after a whole
brain analysis was the study of Herpertz et al. (2001). Interest-
ingly, they measured emotional sensitivity during one single run,
while other studies acquired images throughout more runs pre-
senting stimuli repeatedly (Koenigsberg et al., 2009a,b; Niedtfeld
et al,, 2010; Schulze et al., 2011). This might be suggestive evi-
dence for a habituation effect of the amygdala. Consequently it
would be worthwhile to take into account this possible habitua-
tion effect by means of including time as a variable in the analysis.
This is especially interesting since the theory of Linehan makes
a statement about delayed habituation effects concerning emo-
tional responses in BPD patients. It is suggested that BPD patients
are characterized by a prolonged emotional experience due to a
slow return to baseline arousal compared to NPC. Two recent fMRI
studies showed a lack of decrease of amygdala activity with time
after repeatedly presented pictures in BPD patients compared to
NPC (Hazlett et al.,, 2012; Kamphausen et al., 2013). This delayed
habituation accounted for the hyperactivity of the amygdala and
could be interpreted as evidence for the prolonged duration of
emotional responses in BPD patients. Of note, habituation effects
could also exhibit in various other brain areas implicated in emo-
tion processing such as the ACC, medial PFC and dIPFC (Phan et al.,
2003; Wrightetal.,2001). Studying habituation will help to identify
a core neural network of emotional sensitivity in BPD patients.
Third, individual differences in dissociation might explain
conflicting findings across the studies. BPD is associated with
the presence of dissociative symptoms (American Psychiatric
Association,2013; Zanarini etal., 2000). According to the frontolim-
bic disconnection model of dissociation, the medial PFC inhibits the
amygdala and dampens the emotional reactivity and the autonomic
response (Sierra and Berrios, 1998). A study in BPD patients showed
that patients with low dissociation showed a larger startle response
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compared to patients with high dissociation (Ebner-Priemer et al.,
2005). This suggests that the moderating effect of dissociation
should be taken into account.

In sum, due to the importance of the amygdala for testing the
hypothesis, scanning parameters to detect the amygdala should be
optimized and (exploratory) ROI analysis or adjustment of the sta-
tistical threshold should be considered. Additionally, habituation
of amygdala responses should be investigated explicitly, espe-
cially with regard to the hypothesis of a delayed habituation in
BPD patients. Finally, dissociation differences should be taken into
account.

6.2. Beyond the amygdala

When the emotional dysregulation theory of BPD was first pro-
posed (Linehan, 1993) the main focus of fMRI studies was on
the amygdala. However, considering the findings of the present
review one might propose that the neural network involved in
BPD entails more than a hyperactivity of the amygdala (Table 1).
BPD patients do not only show enhanced activity in brain areas
associated with emotional generation and salience (i.e. amygdala;
Adolphs and Spezio, 2006; Phillips et al., 2003), but also in impor-
tant other brain areas, including the anterior insula, dIPFC, ACC,
PCC/precuneus and STS. Other fMRI paradigms indicate that besides
affective processing the anterior insula is also involved in self-
awareness and empathy (Craig, 2009; Singer et al., 2009), the
PCC/precuneus in self-referential processing (Cavanna and Trimble,
2006; Vogt et al., 2006), and the STS in mentalizing (Allison et al.,
2000; Saxe et al., 2004). These functions are often related to social
information processing (Adolphs, 2001; Olsson and Ochsner, 2008).
Besides emotional instability, BPD is also characterized by dif-
ficulties of social information processing such as interpersonal
relationships, social attachment and social rejection (American
Psychiatric Association, 2013; Lazarus et al., 2014; Roepke et al.,
2012). Therefore responses in the anterior insula, PCC/precuneus
and STS might be confounded by an underlying impairment in
social information processing in BPD patients. Consequently, next
to an emotional social condition it might be useful to manipulate
social versus non-social contents by means of including an emo-
tional non-social condition, such as disgust, to examine which brain
activity in BPD patients can be explained by difficulties in non-social
emotional information processing and which can be explained by
difficulties in social emotional information processing.

6.3. Emotion regulation strategies

It is suggested that BPD patients have problems to regulate
their emotional responses due to failure to activate regulatory brain
areas (e.g. VIPFC, dIPFC, ACC; Krause-Utz et al., 2014). An issue to
pinpoint is that across the present studies in BPD patients only cog-
nitive reappraisal strategies were investigated and it has not been
examined whether certain emotion regulation strategies might be
more efficient than others for BPD patients. Schulze et al. (2011)
specifically state to have used a reappraisal strategy, namely rein-
terpretation, however the instructions used in this study could have
resulted in a combination of reinterpretation and distancing. This
is an important distinction to make, as Koenigsberg et al. (2009a)
suggest that distancing might be a better strategy compared to rein-
terpreting for BPD patients since they have particular difficulty in
interpersonal social situations. Therefore, it would be important to
discriminate by means of a direct comparison between both reap-
praisal strategies reinterpretation and distancing in BPD patients
which strategy is superior. Besides, it can also be helpful to extend
research beyond the current applied reappraisal strategies for reg-
ulation. Another regulation strategy of interest could be distraction.
Studies in NPC show that both reappraisal as well as distraction are

successful in regulating emotional responses and in decreasing the
activity of the amygdala, but a stronger reduction was shown for
distraction (Kanske et al., 2011; McRae et al., 2010). This might be
in line with the assumption that in distraction one should focus the
attention away from the emotion content of the stimulus, while in
reappraisal one should focus on the emotion content of the stimu-
lus in order to re-evaluate the stimulus. Both strategies showed an
increased activation of the prefrontal and cingulate areas for cogni-
tive control, in reappraisal associated with emotion processing and
in distraction associated with selective attention. Taken this into
account distraction could, next to reappraisal, also be an effective
regulation strategy for BPD patients. Unlike reappraisal and distrac-
tion, suppression occurs late in the emotions generation process
(i.e. response-focused) and requires more effort to manage emo-
tional responses. Therefore, suppression is associated with poorer
psychological health and considered to be an unhealthy regula-
tion strategy (John and Gross, 2004). It might be that BPD patients
mainly use suppression as regulation strategy. However, this is
difficult to examine with current regulation paradigms because
BPD patients are instructed to apply reappraisal techniques. Con-
sequently it should be examined which regulation strategy BPD
patients use, and if they use suppression how this might differ from
instructed regulation strategies such as reappraisal and distraction.

Additionally, research in NPC has demonstrated that with regard
to timing the PFC shows an early response during cognitive reap-
praisal (0-4.5s; Goldin et al., 2008). In accordance with these
results, another study in BPD patients compared to NPC also
showed brain activity particularly in the early interval in both
groups (Lang et al., 2012). Nevertheless, in order to regulate their
emotional responses BPD patients failed to activate the prefrontal
brain areas (e.g. dIPFC, dmPFC, ACC) in this early phase. This sug-
gests that optimal cognitive strategies are those that decrease
limbic activity early in the emotion generation process.

Another matter to consider in future research might be the dif-
ficulty to verify how and if participants performed the regulation
strategies the way they were instructed. Most of the studies relied
onself-report measures, but did not include objective measures like
eye-gaze to monitor performances of the participants within the
scanner. Results of a study in NPC showed that during the regulation
condition participants fixated shorter at the emotional parts of the
image compared to the attend condition (van Reekum et al., 2007).
These gaze fixations predicted changes in the blood-oxygen-level
dependent (BOLD) signal change in brain areas associated with the
regulation condition. So since looking away or closing their eyes
could intervene with regulation responses monitoring eye-gaze is
an interesting measure to control for this possible interference.

Taken together, to examine whether BPD patients differ in the
neural correlates of different strategies of emotion regulation, more
research should be done to, direct comparisons of various emotion
regulation strategies, whilst assessing to what degree participants
actually use the intended strategy. Furthermore, one should inves-
tigate which emotion regulation strategy is most effective for BPD
patients.

6.4. Manipulation of self-regulation

BPD patients are often confronted with social-emotional trigg-
ers or situations in which they have difficulty regulating their
emotions or inhibiting their impulsive responses. One could
therefore hypothesize that the demands of the kind of stud-
ies discussed in the present review are high for BPD patients
and therefore they might become exhausted. The strength model
of self-regulation (limited-resources model) of Baumeister theo-
rized that self-regulation relies upon limited resources, this is also
referred to as ego depletion (Baumeister and Heatherton, 1996).
It is common that people try to bring themselves out a negative
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emotion, therefore we use our resources to intervene in ongoing
emotions and regulate our negative emotions. In this view negative
emotions might predispose attempts at self-regulation. Continu-
ously regulating might, according to this model, resultin ‘depletion’
of self-regulation resources. A recent study in NPC demonstrated
that compared to the control group, participants who engaged in
effortful self-regulation showed an increased activity of the amyg-
dala and reduced functional connectivity between the amygdala
and vmPFC for negative scenes (Wagner and Heatherton, 2013).
This might indicate that after effortful self-regulation a failure in
top-down control of the amygdala occurs, which could result in an
increased difficulty of regulating emotions or inhibiting impulsi-
vity.

Recently research has begun to explore countermeasures to
overcome ego depletion; a novel stimulus, a change of context or
new motivation can bring about a return to previous levels of func-
tioning, questioning the limited-resources model (Martijn et al.,
2006). This might suggest thata depleted state does not reflect com-
plete exhaustion but a temporary deficit. Therefore, it could also
be that the phenomena attributed to depletion in earlier studies
are difficulties in maintaining sustained attention. In BPD patients
this might be caused by a competition for priority of unpleasant
emotions or intrusions. In the future experimental manipulation
of specific self-regulation strategies in the social and/or emotional
domain should be examined in BPD patients to further shed light
on what self-regulation processes are compromised in BPD.

6.5. Use of psychotropic medication

Use of psychotropic medication is very common in BPD. About
75% of the BPD patients are regularly taking psychotropic med-
ication, and these rates remain relatively stable after six years
follow-up (Zanarini et al., 2004). It is assumed that different
classes of psychotropic medication target specific symptoms of
BPD; antidepressants and mood stabilizers are often used to tar-
get affective dysregulation and impulsive-behavioral dyscontrol,
and antipsychotics for cognitive-perceptual symptoms (Lieb et al.,
2004). Following these statistics, the majority of the BPD fMRI
studies seem unrepresentative, as 10 out of the 15 reviewed stud-
ies excluded BPD patients currently using medication. However,
research indicates that use of medication is an important con-
founding factor when studying brain activity. For example, it has
been shown that psychotropic medication (e.g. SSRIs), compared
to placebo, dampens amygdala activity in response to fearful facial
expressions (Anderson et al., 2007; Arce et al., 2008; Murphy et al.,
2009). Aware of these findings, many researchers are hesitant to
include patients on medication and often require patients to be
free of medication several weeks prior to scanning, ranging from 2
(Koenigsberg et al., 2009a,b; Niedtfeld et al., 2010; Schulze et al.,
2011) till 8 weeks (Guitart-Masip et al., 2009; Lang et al., 2012).
However, for some medication the washed out effect could be sev-
eral months and even if the medication is washed out there still
can be lasting effects in the brain such as structural, connectiv-
ity or compensatory changes (Hafeman et al., 2012). Furthermore,
requiring patients to stop their medication seems ethically prob-
lematic and is likely to contribute to some form of sampling
bias.

An often observed approach to the restriction of medication
use, is the application of post hoc statistical analyses in which
medicated versus non-medicated participants are compared to
replicate the changes in brain areas in both groups. A limitation
of this approach is that these analyses often lack the power to
reliably assess the influences of medication on brain activity. As
a solution to this problem it is suggested that researchers should
examine correlations between medication load (i.e. number and
dose) and changes in brain activity, which should have more

variance and there might be enough variance to add as a regres-
sor in the analysis (Hafeman et al., 2012). Another problem with
such approaches is that medication use is generally not random-
ized, and thus there is a considerable risk to covary out not so much
possible medication effects, but other (unknown) relevant charac-
teristics that are associated with (particular forms of) medication
use.

A different approach to understanding the effect of medica-
tion on brain activity, comes from the field of pharmacological
MRI (phMRI). A promising technique to get a better insight in the
effect of medication on brain activity in default state and esti-
mate medication-induced changes of brain activity, is arterial spin
labeling (ASL; Wang et al., 2011). ASL allows for measuring the
absolute blood flow and thus in contrast to BOLD provides a more
quantitative estimate of blood perfusion. Taken into account the
information of medication effect on baseline perfusion, it is able to
determine the net effect of medication in the active state (Wang
etal, 2011).

In sum, more insight must be gained in the effect of medication
on brain activity found within the BPD population. Therefore it is
important to report adequately the type and dose of medication,
number of medications and even past use of medication. To control
as much as possible for the effects of medication on brain activity
one might add medication load as a regressor in the analysis or use
the ASL approach.

6.6. How neutral is neutral?

To examine the neural correlates of the processing of emotional
stimuli, in fMRI studies it is common to use a neutral stimuli as a
control condition. The comparison of for example negative versus
neutral scenes gives the opportunity to examine the emotional con-
tent of the pictures by itself and therefore seems to be the most
elegant contrast. However, an essential, but somehow neglected,
issue in BPD neuroimaging research concerns the interpretation
of neutral stimuli in BPD patients. Experimental studies showed
that BPD patients tend to interpret neutral facial expressions as
more negative compared to NPC (Domes et al., 2008; Wagner and
Linehan, 1999). The authors explain this in terms of a negativity
bias, suggesting that BPD patients are hypersensitive to social cues,
especially for social exclusion and abandonment, and therefore
misinterpret (social) neutral stimuli. This claim is further supported
by fMRI studies showing amygdala hyperreactivity to neutral faces
(Donegan et al., 2003). One should note that facial expressions are a
primary source of social behavior, and BPD patients are hypersen-
sitive to interpersonal and social cues, so therefore BPD patients
would more likely interpret neutral facial expressions as more
negative. Additional evidence, however, is also provided by fMRI
studies using IAPS pictures (Niedtfeld et al., 2010; Schulze et al.,
2011). Strikingly, ROI analyses of the amygdala by Niedtfeld et al.
(2010) and Schulze et al. (2011) showed that emotional reactiv-
ity was not only related to negative social scenes, but also holds
for neutral social scenes. These findings suggest that BPD patients
do not perceive neutral stimuli actually as neutral. This raises the
question whether it is valid to ascribe neutral stimuli as a baseline
measure.

For more detailed examination instead of using a simple sub-
traction design it is proposed to use factorial designs allowing to
analyze the interaction between variables (Friston et al., 1996).
Additionally, parametric designs are often used to give different
levels a separate weighting. In this case the valence of each emo-
tional picture could be rated and used as weight in the analysis
of explained variance. Results from both designs are not strongly
dependent on a neutral control condition as is the case for a simple
two-mean (active vs. neutral) comparison.
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6.7. Stimuli types

Another avenue of research is the range of emotional stimuli
used in fMRI studies in BPD. This is usually restricted to negative
and neutral stimuli. However, it is also important to include other
stimulus categories with a different valence such as positive stimuli
to examine whether in BPD patients evidence points to a general
hyperreactivity to emotional stimuli or to a specificity of negative
stimuli. Two studies included positive stimuli to examine emo-
tional sensitivity in BPD patients (Arntz et al., 2015; Koenigsberg
etal., 2009b). Koenigsberg et al. (2009b) did not show altered brain
activity in the limbic system (e.g. amygdala) in BPD patients com-
pared to NPC for the contrast positive minus rest. Using the contrast
positive minus neutral Arntz et al. (2015) did also not found an
increased brain response in the amygdala specific for BPD patients.
In addition, they found weaker brain responses for the textual
stimuli. Taken together, both studies do not support a generalized
hypersensitivity to emotional stimuli in BPD patients.

Furthermore given that sexual abuse during childhood is often
reported in BPD patients (e.g. Lobbestael et al., 2010; Zanarini et al.,
2002), it is useful to examine whether stimuli with erotic con-
tent might trigger intense emotional reactions in BPD patients.
Subsequently this might advocate to investigate also other BPD
salient stimuli such as physical, emotional or attachment trauma,
emotional experiences of abandonment or social exclusion, and
anger.

6.8. Gender differences

The majority of the presently reviewed studies included solely
females (7 out of 15; Table 1) or consistent predominately of
females (5 out of 15; Table 1). The main reason why so few males
are included is that in mental health settings BPD is more often
diagnosed in females than in males, with an estimated ratio of 3:1
respectively (American Psychiatric Association, 2013; Lieb et al.,
2004). Furthermore, it is expected that the inclusion of both gen-
ders will add to the observed fMRI data variability within groups, as
research shows that males and females differ in emotion processing
(e.g. emotional sensitivity and regulation) (Whittle et al., 2011) and
impulsivity (Li et al., 2006), and that BPD symptomology inter-
acts with gender by inflating these differences. In line with this
assumption, research indicates gender differences in the clinical
presentation of BPD (Johnson et al., 2003). BPD females are more
likely to display internalizing emotional behavior (e.g. feeling sad,
lonely and/or anxious, social withdrawal, poor self-esteem and self-
injury), compared to BPD males who engage more in externalizing,
disinhibited and reactive aggressive behavior (e.g. disobeying rules,
vandalism, fighting, stealing and cursing) (Johnson et al., 2003).
Consequently, it seems inappropriate to investigate mixed groups
without taking gender effects into account (which calls for larger
samples), though only investigating females will limit the general-
izability to males.

Only a few studies investigated neurobiological differences
between males and females with BPD (Perez-Rodriguez et al.,
2012; Soloff et al., 2003). One study showed a decreased prolactin
response in BPD males compared to NPC males, which was also
inversely related to impulsivity and aggression measures (Soloff
et al., 2003). No differences were found between the BPD females
and NPC females. These results indicated that gender differences in
the serotonergic system, reflected in the prolactin response, medi-
ate increased impulsivity in BPD males. Another study displayed
gender differences in the involvement of frontal-striatal circuits
in BPD patients (Perez-Rodriguez et al., 2012). Results suggested
that a reduced striatal glucose metabolism in BPD males compared
to BPD females and NPC is associated with difficulties in affective
learning and social decision making. Together, the aforementioned

studies indicate that BPD has gender-specific symptom expressions
and related neurobiological responses.

In conclusion, given the predominance of female BPD patients
in mental health care samples and the effect of increasing vari-
ability of already very variable fMRI datasets when both sexes
are included, the focus on female BPD patients in present fMRI
studies is understandable. However, at the same time differences
between male and female BPD patients in emotional sensitiv-
ity, emotion regulation and impulsivity remains understudied.
Consequently, future studies should directly compare male and
female BPD patients, to clarify the potential role of gender
in BPD.

6.9. Importance of clinical control groups

An important issue in BPD research is the psychiatric comor-
bidity within BPD patients. BPD patients often show a variety of
comorbid Axis I and Axis Il disorders. The most common comorbidi-
ties of Axis I are major depression (MDD; 61-83%), posttraumatic
stress disorder (PTSD; 36-56%), substance abuse (52-66%) and eat-
ing disorders (29-53%) (McGlashan et al., 2000; Zanarini et al.,
1998a; Zimmerman and Mattia, 1999). In terms of Axis II, 14-30%
of BPD patients have co-occurrence with paranoid personality
disorder, and regarding the Cluster C personality disorders comor-
bidity rates are 43-47% avoidant, 16-51% dependent and 18-26%
obsessive compulsive personality disorder (McGlashan et al., 2000;
Zanarini et al., 1998b). On the one hand these comorbidities are
typical in BPD; ‘pure’ BPD patients are rare and selecting them
would result in a non-representative BPD group. On the other
hand without proper clinical control groups we cannot rule out
effects contributed by the comorbid disorders, which calls the
BPD specificity of the findings into question. Unfortunately, sam-
ple sizes for subgroup analyses controlling for specific comorbid
disorders are often too small to be valid. Therefore, future fMRI
studies should include additional clinical groups as for exam-
ple most common comorbidities like patients with PTSD, MDD
and/or Cluster C personality disorder to examine BPD speci-
ficity.

In addition, given that traumatic experiences including various
abuse and neglect are very common in BPD patients (Lobbestael
et al., 2010; Zanarini et al., 2002) it might be important to take
trauma into account. This would also make trauma-specific and
BPD-specific comparisons possible and raises understanding to
what degree trauma contributes to the neural mechanisms under-
lying emotional processing in BPD patients. Lang et al. (2012) did
not find differences in brain activity between trauma-experienced
BPD patients and trauma-experienced women, and therefore
suggested that trauma experiences rather than BPD modulated
emotional regulation. Both groups showed different brain activity
compared to NPC.

It should be noted that results could be sensitive for a combi-
nation of certain comorbidities and symptoms in subgroups of BPD
patients. As mentioned earlier BPD is often associated with PTSD,
childhood trauma, and dissociation, therefore comparing BPD sub-
groups with these comorbidities or symptoms with clinical control
groups also covering these comorbidities or symptoms is essen-
tial.

Finally, an interesting clinical control group is women with pre-
menstrual dysphoric disorder (PMDD) or premenstrual syndrome
(PMS). Symptoms of PMDD/PMS are mood swings, irritability,
depressed mood, feelings of hopelessness, anxiety or tension, and
impairment of interpersonal functioning (American Psychiatric
Association, 2013; Grady-Weliky, 2003). Many of these affective
symptoms are similar to emotional instability of BPD. Therefore,
to examine BPD specificity PMDD/PMS is an informative control
group. Of note, two fMRI studies in NPC showed that the menstrual
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cycle modulates brain activity of the amygdala, hippocampus and
OFC in response to emotional stimuli (Andreano and Cahill, 2010;
Protopopescu et al., 2005). For this reason controlling for menstrual
cycle might be important to take into account.

In sum, to investigate BPD specificity appropriate clinical control
groups should be included in (fMRI) research designs. Moreover, it
is advised to take confounding factors such as trauma and men-
strual cycle into consideration.

6.10. Future directions: dimensional approach

Recently the study of basic processes that play a role in vari-
ous forms of psychopathology has been promoted as a better way
to gain understanding of mental disorders, than the study of cat-
egorical disorders (Cuthbert, 2014; National Institute of Mental
Health, 2008). The goal of the so called Research Domain Crite-
ria project (RDoC) is to develop new ways of classifying mental
disorders based on genetics, neuroscience and behavioral science,
to provide a foundation for precision diagnostics and treatment.
With regard to this project, fMRI research could focus on emo-
tional regulation problems and impulsivity in general, rather than
investigate single disorders. At the moment it seems difficult to
tell whether that approach will bring the field further, though
there is certainly an appeal in it. One of the problems is that
it is difficult to determine what the essential underlying pro-
cesses are. Impulsivity, for instance, is in itself a multidimensional
construct (Evenden, 1999; Moeller et al., 2001) and the impuls-
ivity that plays a role in the type of mental health problems
we currently label with BPD is not necessarily the same as in
attention deficit/hyperactivity disorder (ADHD) or in antisocial PD
(Moeller et al.,2001). Similarly, emotion regulation has many facets
(Gross, 1998, 2007) and it is unlikely that one facet is essential
for all kinds of psychopathology. Such an approach would there-
fore involve the development of a taxonomy of the basic processes
that are relevant for different types of psychopathology. On the
other hand, neuroimaging studies could play an important role
in defining the essential dimensions of such constructs and help
clarifying what dimension plays a role in what disorder. Conse-
quently, this will reduce the heterogeneity, makes it is easier to
define and get clear insight in the research population and might
have an important contribution to the possibility of finding small
effects.

7. Conclusion

In conclusion, emotional sensitivity, emotion regulation and
impulsivity in BPD patients are important topics in neuroimag-
ing research today. Emotional sensitivity, emotion regulation and
impulsivity problems in BPD patients can be understood in terms of
an impaired inhibition from the prefrontal brain areas on the lim-
bic areas. However, the present review shows that results across
the studies appear not to be that clear as previously suggested.
By all means some conclusions need to be interpreted with cau-
tion and advocate for more studies and replications of the results.
Understanding underlying neurocircuits might provide important
insights in BPD and might be valuable to improve therapies and
ultimately personal conditions for BPD patients and societal bur-
den. Future studies should increase the employed sample sizes to
increase statistical power and examine more subtle effects. Addi-
tionally, they should focus more on BPD specificity such as the time
courses of the amygdala, different regulation strategies, manipula-
tion of self-regulation, medication use, a wider range of stimuli (e.g.
positive, non-social), gender effects and the inclusion of a clinical
control group.
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