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Abstract A body of work has developed over the last 20 years
that explores facial emotion perception in Borderline
Personality Disorder (BPD). We identified 25 behavioural
and functional imaging studies that tested facial emotion
processing differences between patients with BPD and healthy
controls through a database literature search. Despite method-
ological differences there is consistent evidence supporting a
negative response bias to neutral and ambiguous facial ex-
pressions in patients. Findings for negative emotions are
mixed with evidence from individual studies of an enhanced
sensitivity to fearful expressions and impaired facial emotion
recognition of disgust, while meta-analysis revealed no sig-
nificant recognition impairments between BPD and healthy
controls for any negative emotion. Mentalizing studies indi-
cate that BPD patients are accurate at attributing mental states
to complex social stimuli. Functional neuroimaging data sug-
gest that the underlying neural substrate involves hyperacti-
vation in the amygdala to affective facial stimuli, and altered
activation in the anterior cingulate, inferior frontal gyrus and
the superior temporal sulcus particularly during social emo-
tion processing tasks. Future studies must address methodo-
logical inconsistencies, particularly variations in patients’ key
clinical characteristics and in the testing paradigms deployed.
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Introduction

Borderline Personality Disorder (BPD) is a common severe
mental disorder. Its prevalence is between 1.4 and 5.9 % in the
general population (Aragones et al. 2012), increasing to over
20 % in psychiatric outpatient samples (Korzekwa et al. 2008)
and over 40 % in inpatient settings (Grilo et al. 1998;
Marinangeli et al. 2000).

Along with disruption of interpersonal relationships, self-
identity and impulse control (Gunderson and Lyons-Ruth
2008), emotional dysregulation that encompasses both the
personal experience of emotion as well as the recognition of
emotion in others, lies at the core of BPD diagnostic criteria
(Sanislow et al. 2002; Putnam and Silk 2005). This dysregu-
lation is linked to self-injurious and suicidal behaviour and
can radically impede treatment engagement (Brodsky et al.
2006). As a consequence, establishing the cognitive basis of
disordered affect in BPD remains an unmet research priority
(Linehan 1993; Conklin et al. 20006).

Emotion detection tasks involve the identification of an
emotional stimulus without specifically labelling the affective
state (Schulze et al. 2012). Emotion recognition is the explicit
labelling of a perceived emotional stimulus (Derntl et al.
2009). Facial affect detection and recognition are key compo-
nents of non-verbal communication and social interactions
(Unoka et al. 2011), that may be compromised in BPD. The
precise nature and balance of the deficits remains contentious,
for example it may be that patients with BPD have particular
difficulty decoding facial information (Dyck et al. 2009;
Domes et al. 2011) or they may experience profound sensi-
tivity to at least some aspects of facial emotional stimuli
(Linehan 1993). Indeed these seemingly discrepant hypothe-
ses have led to the formulation of a central paradox in BPD
(Krohn 1974), in short that patients experience subtle impair-
ments in basic facial emotion recognition (FER), yet a height-
ened sensitivity to negative emotions, and a negative appraisal
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bias when interpreting ambiguous stimuli in others (Domes
et al. 2009).

Beyond basic facial emotion detection and recognition it may
be that a subcomponent, ‘eye-reading’ ability, is central to com-
plex social judgements and mental state appraisal for conditions
such as guilt, admiration and flirtatiousness (Baron-Cohen et al.
2001). This concept has stretched experimental paradigm design
from the classic Ekman faces to affect stimuli focussed on the eye
region (Adolphs et al. 2005) embodied in the Reading the Mind
in the Eyes Test (RMET) (Baron-Cohen et al. 1997), an ad-
vanced affective theory of mind task.

Early functional imaging work linked facial emotion process-
ing (FEP) deficits to heightened amygdala activity (Donegan
et al. 2003; Minzenberg et al. 2007). Newer work now considers
functional connectivity across distributed anatomical and func-
tional networks that underpin the functional deficits in emotional
processing in this disorder (Cullen et al. 2011).

In this review we set out to summarise and evaluate the
existing evidence for altered facial emotion processing in BPD
and its neural underpinnings through a systematic literature
review and meta-analysis.

Methods
Screening Procedure

We searched The Web of Knowledge, Scopus, CINAHL,
PsycINFO, Embase and the Cochrane Central databases in
November 2012 for relevant papers, with no date restrictions.
We included published articles from peer reviewed journals
and unpublished sources including doctoral dissertations,
master’s theses and conference presentations. We used the
keywords (and synonyms) “BPD” or “Borderline
Personality Disorder” combined with “facial expression”,
“emotion”, “recognition”, “detection”, “discrimination”, “af-
fect”, “sensitivity” and “perception”. The additional terms
“functional neuroimaging”, “fMRI” and “functional connec-
tivity” were also incorporated into the search strategy.

One author (A.M.) screened the title and abstract of returned
articles for inclusion while the reference lists and citations of all
included studies and relevant reviews were manually searched
for additional studies. We attempted to contact corresponding
authors if further information was needed or to obtain the full text
of unpublished manuscripts. Eligibility of the articles was
assessed independently by A.M and M.P. Studies were included
if they met the following criteria: firstly the diagnosis of BPD
was made according to DSM-III, DSM-III-R, DSM-1V, ICD-9,
ICD-10 or research diagnostic criteria (RDC) or using a validated
BPD specific (full diagnostic or screening) instrument. Studies
had to include adolescents or adults with BPD and a comparison
group (healthy control or a clinical comparison). The experimen-
tal paradigms could use stimuli ranging from full faces or

subcomponents, for example the eyes, to study emotion detection
or recognition. Studies of a range of target emotions from
positive to negative were included, as were those of
facial expressions of neutral or ambiguous conditions.
Functional neuroimaging studies were included if they
used a paradigm designed to index implicit or explicit
facial emotion processing. Only English language stud-
ies were included.

Meta-Analysis for Individual Negative Emotions

In order to augment our narrative analysis we compared effect
sizes derived from facial affect recognition studies. We re-
stricted the analysis to negative facial emotions on the basis of
the qualitative review and data availability after applying the
following additional inclusion criteria:

The studies reported results separately for at least one of
the four basic negative emotions: anger, fear disgust, or
sadness.

The studies reported data that allowed calculation of
percentage accuracy (or means that could be converted
to percentage) and standard deviation (SD).

Using the extracted mean and SD data, we calculated Hedge’s
g; a measure of effect size equivalent to Cohen’s d but that
includes a correction for small sample sizes (Hedges 1981).
Analysis of the effect sizes was conducted using
Comprehensive Meta-Analysis Software (Borenstein et al.
2005). Negative effect sizes indicate worse performance by the
BPD group; each study was weighted by an estimation of the
inverse variance. Depending on the negative emotion, either 4
(Disgust and Sadness) or 5 (Fear and Anger) studies contributed
data, that included data from up to 92 participants with BPD, that
met inclusion criteria (Dyck et al. 2009; Guitart-Masip et al.
2009; Lynch et al. 2006; Robin et al. 2012; Wagner and
Linehan 1999). Both fixed and random effects analyses of effect
sizes for each negative emotion were conducted.

Functional Amygdala Effect Size Estimation

For any functional magnetic resonance imaging study that
reported amygdala response signal changes and between
group comparisons, a quantitative estimate of the magnitude
of this deficit was determined by computing a standardised
effect size for each study using estimated Hedges g from the
reported ¢ or F-statistics with one numerator df.

Results

The search yielded 25 sources (Fig. 1). One or more individual
sub-experiments within four manuscripts (Levine et al. 1997,

@ Springer
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Fig. 1 Flow diagram of literature
search. Note: a does not equal
24 as four publications

721Records Identified
through database search

19 Additional Records
Identified through
other searches

(Minzenberg et al. 2006a, b;
Domes et al. 2008; Dyck et al.
2009; Hagenhoff et al. 2013)
reported two behavioural studies
which met inclusion criteria

406 records after de-duplication

349 Records Excluded at
title/abstract level

406 Records screened

Y /
\ 3 Records unable to obtain
full text from author

A 4
54 Full text articles assessed for 29 full text articles excluded
eligibility > with reasons

A 4

25 manuscripts met inclusion criteria

One or more sub
experiments

A 4

A 4

excluded from 4
manuscripts

A 4 A 4

25behavioural
studies a

3 behavioural and 4 fMRI studies
fMRI studies a a

Minzenberg et al. 2006a, b; Merkl et al. 2010; Preissler et al.
2010) were subsequently excluded for failing to meet inclu-
sion criteria. Overall, 18 behavioural and 7 functional MRI
studies were identified, of which 4 reported both data types.
These were classified into three paradigm categories (1) basic
emotion recognition and detection, (2) complex social emo-
tional recognition (3) functional imaging data.

Basic Facial Emotion Recognition in BPD
Stimulus Sets and Presentation
Sixteen papers investigated basic facial emotion (FE) recognition

in BPD (Table 1), many used the standard Ekman stimuli
‘Pictures of Facial Affect Series’ (POFA) (Ekman and Friesen

@ Springer

1976). These are black and white images of the whole face of
male and female adult Caucasians with posed emotional expres-
sions. The number of experimental trials varied between studies,
which included up to six emotions—happy, sad, fear, anger,
disgust and surprise. Fear and anger was presented in every
study. One study Dyck et al. (2009) focused exclusively on
neutral and negative emotions and employed the Fear, Anger,
Neutral Test (FAN test) (Gur et al. 2002).

Eight of these studies investigated FE recognition to am-
biguous facial emotional information by presenting neutral or
mixed emotions, in which blends of two basic facial expres-
sions were created by gradually morphing one emotion to
another in 10 % stages (Calder 1996). Typically, static, full
intensity images were used for the six basic emotions, but in
five studies this was dynamic, the Ekman faces morphed from
neutral to full expressive intensity within a single emotion
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(Blair et al. 2001). One combined visual (facial) and auditory
(prosodic) emotional stimuli using the Bell-Lysaker Emotion
Recognition Test (BLERT) (Bell et al. 1997), a 21-item
videotaped presentation that, like the Ekman POFA, shows
six different emotional states with participants required to
identify the emotional label from a fixed options set. Two
studies measured detection and recognition of happy and
angry faces, one used stimuli from the Karolinska Directed
Emotional Faces (KDEF) stimulus set (Lundqvist et al. 1998;
Schulze et al. 2012), the other implemented a novel visual
search task (Hagenhoff et al. 2013), in which incongruent
emotions were presented in a crowd of neutral stimuli.

Ambiguous and Neutral FER

In participants with BPD, some of the most consistent deficits
were in the recognition of neutral or ambiguous facial expres-
sions. The data suggested a tendency for patients with BPD to
inaccurately recognise or misclassify ambiguous facial ex-
pressions as negative (Domes et al. 2008; Dyck et al. 2009;
Wagner and Linehan 1999). The studies suggested that this
effect or bias may be influenced by heightened anxiety and
negative affect (Domes et al. 2008), prior sexual abuse
(Wagner and Linehan 1999) or response speed (Dyck et al.
2009). Six studies failed to find any significant differences in
neutral facial expression recognition accuracy (Levine et al.
1997; Bland et al. 2004; Minzenberg et al. 2006a, b; Merkl
et al. 2010; Mier et al. 2012; Hagenhoff et al. 2013).

Positive FER

Studies that presented happy faces at full intensity found no
recognition differences between patients and healthy controls.
At lower emotional intensity the results were more mixed with
evidence of both heightened and reduced sensitivity compared
to healthy controls (Lynch et al. 2006; Robin et al. 2012). Task
type may have influenced the processing of positive expres-
sions. Hagenhoff et al. (2013) reported that BPD patients take
longer to detect happy faces compared to angry faces in a task
that required implicit appraisal, but no differences were ob-
served when a standard explicit emotion recognition task was
used. Schulze et al. (2012) found that by increasing a tasks’
cognitive demands BPD patients demonstrated enhanced de-
tection of happy faces.

Unoka et al. (2011) found surprise to be the only emotion
rated more accurately in an inpatient BPD sample compared to
controls while Domes et al. (2008) observed higher error rates
in their BPD group, a significant proportion of who also had
PTSD (44 %) and sexual abuse histories (64 %). Domes et al.
(2011) replicated the latter finding in a similar cohort and
noted a relationship between self-reported difficulty in mood
identification and the detection threshold for surprised and
fearful faces.

@ Springer

Integrated Facial and Prosodic Emotion Recognition

Minzenberg et al. (2006b) reported that when facial emotional
expressions are presented with additional emotional speech
prosodic information, recognition accuracy across basic emo-
tions was impaired in BPD patients relative to controls; while
either source in isolation led to no differences in accuracy or
reaction time. This was interpreted to suggest that BPD pa-
tients were unable to meet the demands of the more cogni-
tively challenging task.

Negative FER

In contrast to the negative bias to neutral stimuli reported
above, several studies reported recognition deficits in people
with BPD compared to healthy controls for a range of negative
emotions (Bland et al. 2004; Levine et al. 1997; Unoka et al.
2011; Dyck et al. 2009) or for specific negative emotions
(Lynch et al. 2006; Wagner and Linehan 1999). However
two (Lynch et al. 2006; Wagner and Linehan 1999) reported
enhanced sensitivity, especially to fear, with evidence also of a
response bias to that emotion, where the sensitivity to fear was
correlated to the severity of borderline symptoms (Merkl et al.
2010) and linked to childhood sexual abuse (Wagner and
Linehan 1999).

Overall effect sizes and their confidence intervals indicated
that there were no significant differences between patients
with BPD and healthy controls for any of the four negative
emotions tested (Table 2 and Fig. 2).

P values for each emotion were examined using fixed
effects models. /* represents the percentage of total variation
across studies due to heterogeneity rather than chance. It
suggested no observable heterogeneity for Sadness, though
Anger, Fear and Disgust had moderate to high 7 values (35.1
to 77.3) indicating a significant degree of inconsistency for
those emotions.

Social Emotion Sensitivity in BPD

Of five studies that used the RMET to examine FER to social
emotion cues (Table 3), two, one in inpatients (Preissler et al.
2010) and one in outpatients (Schilling et al. 2012), reported
no differences between the BPD and HCs in response accu-
racy, though in the latter the BPD patients were more confi-
dent even when incorrect.

Three studies reported overall enhanced response accuracy
in BPD patients compared to HCs, but in the context of subtle
differences in the overall results patterns. One (Fertuck et al.
2009) reported greater accuracy in the BPD group compared
to controls for total, neutral and positive eye gaze, though the
significant differences for positive gaze were lost when de-
pressive symptoms were taken into account. In fact, as with
some of the basic FER studies above, depressive symptoms
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Table 2 Summary of effect sizes for emotion recognition as a function of emotion expressed

Test N Hedges g Standard error Variance Lower limit Upper limit Z-value p-value I-squared (%)
Fixed-effects model
Anger 5 0.012 0.146 0.021 -0.274 0.298 0.084 0.933 35.1
Disgust 4 -0.211 0.167 0.028 —0.538 0.116 —1.268 0.205 77.3
Fear 5 0.097 0.147 0.022 —-0.191 0.385 0.657 0.511 64.4
Sadness 4 0.156 0.158 0.025 -0.152 0.465 0.993 0.321 0.000
Random-effects model
Anger 5 —-0.006 0.183 0.033 —0.364 0.352 —-0.032 0.974
Disgust 4 —0.347 0.360 0.130 —1.053 0.358 —0.965 0.335
Fear 5 0.048 0.250 0.062 —0.441 0.537 0.192 0.848
Sadness 4 0.156 0.158 0.025 —0.152 0.465 0.993 0.321

were significantly associated with enhanced mental state discrim-
ination both overall and more specifically for negative affect.
Scott et al. (2011) reported enhanced social emotion rec-
ognition in high compared to low BPD trait healthy subjects.
Accuracy was greatest for negative eye gazes, though this was
in the context of a general negative response bias across the
entire range of stimuli. Most recently Frick’s et al. (2012)
behavioural data from an fMRI study found that the women
with BPD had a significantly higher discrimination rate for

both positive and negative eye gazes, independent of depres-
sive symptoms.

Functional Neuroimaging of Facial Emotion Processing
in BPD

Functional neuroimaging studies have used a variety of im-
plicit (Donegan et al. 2003; Minzenberg et al. 2007; Cullen

Fig. 2 Forest plots for negative
emotion recognition. Note: effect
sizes less than zero correspond to
poorer emotion recognition
accuracy in BPD patients
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etal. 2011) and explicit (Guitart-Masip et al. 2009; Frick et al.
2012; Mier et al. 2012; Radaelli et al. 2012) emotional ex-
pression experimental paradigms and analytical methods to
assess the underlying functional biology in BPD (Table 4).
The majority tested for group differences in regional activa-
tion, often on the basis of hypothesis driven a priori regions of
interest (ROI). One (Cullen et al. 2011) contrasted functional
connectivity in BPD and control groups, measured as corre-
lations in neural activity between two anatomically distinct
brain areas.

Across studies, patients with BPD exhibited increased ac-
tivation in the right and left amygdala. Large effect sizes
suggest the robustness of this finding in tasks that used both
basic and complex social facial stimuli (Donegan et al. 2003;
Mier et al. 2012; Frick et al. 2012; Minzenberg et al. 2007).
Minzenberg et al. (2007) found heightened activation of the
amygdala in response to fear (g=0.68; 95 % CI=—-0.14-1.5)
in BPD participants relative to controls, a finding supported
by Donegan et al. (2003) (g=1.29; 95 % CI = 0.51-2.08).
Donegan’s findings also suggested that there was aberrant
amygdala responsiveness to neutral stimuli (g=0.84; 95 %
CI=0.09-1.58).

Other regional differences in activation were also detected.
Mier et al. (2012) reported reduced activation in the inferior
frontal gyrus (IFG) and the superior temporal sulcus (STS),
modulated by task complexity in the healthy controls but
absent in BPD. Frick et al. (2012) reported reduced activation
in the hippocampus, right superior temporal sulcus, left pari-
etal lobe, and the posterior cingulate cortex (PCC) in response
to positive eye gaze, though the right inferior frontal gyrus
showed less activation during negative eye gazes. However
others reported increases in the left middle and inferior tem-
poral cortex to both positive and negative valence stimuli in
the BPD group (Guitart-Masip et al. 2009). Further rostral and
subgenual anterior cingulate cortex difference, increases to
anger and decreases to fear, were found (Minzenberg et al.
2007).

Cullen etal. (2011) reported evidence of reduced functional
connectivity between the amygdala and cingulate cortex in
BPD compared to HC, while the results correlated with sub-
jects” hostility and anxiety levels. The BPD patients however
showed enhanced connectivity between the amygdala and
anterior cingulate to overt fear and to ‘masked’ fear greater
connectivity between the right amygdala, caudate and thala-
mus bilaterally.

Finally only one study has tried to explore the link with
affective disorders by comparing patients with BPD and bi-
polar I disorder, bipolar I disorder alone and healthy controls
on a face matching paradigm (Radaelli et al. 2012). There
were no amygdala differences between the groups but activa-
tion in the right anterior cingulate and hippocampus, and
decreased activation in dorsolateral prefrontal cortex in pa-
tients with BPD and bipolar I compared to the controls.

Discussion

A number of conclusions can be drawn from this systematic
review and meta-analysis of facial emotion processing studies
in BPD.

Ambiguous or Neutral Stimuli Interpreted Negatively

First, there is considerable experimental evidence to support
the conclusion that ambiguous or neutral facial expressions
are more likely to be interpreted negatively by people with
BPD. Beck has suggested that BPD may be underpinned by
an underlying cognitive bias that others are dangerous and
malevolent (Beck and Freeman 1990). This may manifest as a
tendency to interpret ambiguous and neutral expressions in the
context of hyper-vigilance with a negative bias (Arntz and
Veen 2001; Baer et al. 2012). Besides the experimental im-
portance, these findings have important implications for day-
to-day social functioning in people with BPD as any cognitive
bias to misperceive facial emotions as hostility or anger, could
contribute to a cascade of negative attributions that compro-
mise neutral social interactions in a predictable manner
(Couture et al. 20006).

Many studies failed to incorporate neutral stimuli that
would have allowed negative response biases to facial affect
processing to be assessed more explicitly. Furthermore, as
Dyck et al. (2009) have proposed, a time constraint may
compromise performance in emotion recognition of ambigu-
ous expressions (Dyck et al. 2009), possibly through increased
cognitive difficulty, that exposes that bias more overtly. The
relevance of this for patients in rapidly unfolding day to day
social interactions is obvious (Dyck et al. 2009). Future in-
vestigation should introduce neutral stimuli and variable time
limits to FE tasks to explore the basis of these observations.

Altered Perception of Negative Facial Emotions

No clear, robust and consistent pattern has emerged of BPD
patients’ performance when interpreting negative facial ex-
pressions compared to healthy controls. While several indi-
vidual studies identified impairments, their pattern remains
elusive. Most often reported in individual studies was evi-
dence for reduced accuracy and sensitivity recognising a range
of negative emotions (Levine et al. 1997; Bland et al. 2004;
Jovev et al. 2011; Unoka et al. 2011; Robin et al. 2012).
Any deficits in negative FER may be linked to the negative
emotional and arousal states typically experienced by people
with BPD (Gunderson 1984). This hypothesis is supported by
two studies; in the first Levine et al. (1997) reported negative
correlations between reduced recognition accuracy and in-
tense emotional responses on an Affect Intensity Measure
(Larsen and Diener 1987) and in the second Bland et al.
(2004) noted an inverse association between negative emotion
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recognition accuracy and underlying negative affect. This
interpretation is however at variance with the mood-
congruency hypothesis in affective states that assimilates af-
fect into an associative model of memory. It suggests that
stimuli whose affective significance matches the person’s
emotional state will provoke greater attention, faster percep-
tion and more elaborate processing (Bower 1981).
Furthermore, in several other studies subjects with BPD, even
those who were more depressed, performed better at negative
facial expression recognition (Lynch et al. 2006), but that
could be the result of a specific negative response bias in
emotion recognition also seen in depression (Raes et al.
2006). An alternative explanation may be that it is the sub-
jects” with the greatest rates of childhood trauma and abuse
(Bandelow et al. 2005; Lobbestael et al. 2009), that experience
the greatest deficits in social cognitive function and the
greatest impairments in negative emotion recognition, that is
in part consistent with Bland et al. (2004) and Dyck et al.
(2009).

It is also possible that methodological differences between
the studies accounted for some of the differences in the re-
sponse deficits seen. For example Wagner and Linehan (1999)
used a free response format in contrast to all the other studies
that used a forced choice strategy. Previous work has shown
that participants will select a response label from a list, even if
they would have failed to generate that same option under
free-response conditions (Rosenberg and Ekman 1995).

Findings from the meta-analysis revealed non-significant
effect sizes for all negative emotions. The heterogeneity data
suggest that the datasets are simply too demographically and
clinically diverse to allow any further integration of studies at
this time.

From a narrative perspective the systematic data suggest
that people with BPD are particularly sensitive to identify fear
(Wagner and Linehan 1999; Merkl et al. 2010), notably those
with severe sexual abuse histories or high PTSD symptoms,
possibly through hyper-vigilance for negative stimuli
(Sieswerda et al. 2007). This has led to one formulation of a
cognitive model of BPD, where patients develop cognitive
schemas underpinned by hyper-vigilance for negative envi-
ronmental cues (Sieswerda et al. 2007). Wagner and Linehan
(1999) also noted over attribution of fear in BPD compared to
HC. Such a response bias, rather than greater accuracy was
largely unaddressed in most studies. Use of signal detection
theory would allow response accuracy to be teased apart from
response bias in a manner that is essential to understand if
there actually is a greater sensitivity to the detection and
recognition of certain emotional cues (Tsoi et al. 2008).

A number of studies identified differences relating to dis-
gust (Bland et al. 2004; Guitart-Masip et al. 2009; Jovev et al.
2011), as well a tendency to incorrectly attribute this emotion
to other facial expressions (Unoka et al. 2011). New work is
emerging that suggests that disgust may play a prominent role
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in BPD pathology, with elevated self-report rates and implicit
ratings linking disgust to BPD even more closely than anxiety
(Rusch et al. 2011). Future work should include and perhaps
focus on that facial emotion in BPD.

Happy faces were recognized more accurately than angry,
sad, or neutral faces (Hess et al. 1997; Ridout et al. 2003;
D’Argembeau and Van der Linden 2007) in a manner consis-
tent with a large body of work outside BPD. This is an
important finding which suggest difficulties with facial emo-
tion processing may vary across emotions. Two studies re-
ported subtle differences to positive stimuli in BPD patients
compared to HC using a dynamic experimental design (Lynch
et al. 2006; Robin et al. 2012). Superior facial affect recogni-
tion (Lynch et al. 2006) was rare, and could have reflected a
truly greater sensitivity in BPD though could have been
accounted for by a more heterogeneous symptom severity
(Lynch et al. 2006). The one report of reduced sensitivity to
happy expressions may be linked to the use of a younger
participant group (Robin et al. 2012).

Response Speed

There may be a complicated relationship between response
time and accuracy, with for example more impulsive re-
sponses to happy faces in BPD (Jovev et al. 2011). The data
for other emotions is very limited. For surprise (Domes et al.
2008, 2011) which was over attributed (Unoka et al. 2011),
there could be an underlying emotional processing deficit (Du
and Martinez 2011). That deficit has been linked to theory of
mind deficits (Domes et al. 2011), that are also seen in other
mental disorders including depression and obsessive—compul-
sive disorder-that are themselves linked to deficits in facial
emotion recognition (Pedrosa Gil et al. 2009).

Integrating FER with Prosodic Information

The requirement to integrate multimodal emotional informa-
tion compromised recognition further in BPD (Minzenberg
et al. 2006a, b). This ability is essential for successful social
communication (Lambrecht et al. 2012). These deficits were
associated with greater interpersonal hostility, especially sus-
piciousness and assaultiveness and suggest that individual
differences in higher order integration of emotional percep-
tions may be drivers of the interpersonal dysfunction seen
clinically in BPD. This type of study may prove to be the
most informative about how BPD patients process informa-
tion and stimuli in complicated emotional and social
situations.

Enhanced Emotion Detection

Schulze et al. (2012) suggests that patients with BPD may
experience enhanced detection of emotional stimuli,
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especially for angry expressions. It may be that enhanced
emotion detection is due to an attention bias towards certain
emotional stimuli in BPD (Schulze et al. 2012), linked to
cognitive distortions, or a frank impairment of attentional
disengagement from negative emotional stimuli in BPD that
may contribute to greater sensitivity and apparent recognition
accuracy to those emotions (Von Ceumern-Lindenstjerna et al.
2009).

Enhanced Social Judgement ToM

On the basis of current evidence complex social judgements
were not greatly compromised in patients with BPD. In fact,
the patient groups were usually as accurate (Preissler et al.
2010; Schilling et al. 2012) if not better at detecting emotional
cues in the mental state discrimination task when total accu-
racy scores were accounted for (Fertuck et al. 2009; Scott et al.
2011; Frick et al. 2012). These data support the BPD ‘para-
dox’ wherein those with BPD exhibit enhanced mental state
discrimination abilities but impaired interpersonal relationship
skills (Krohn 1974; Franzen et al. 2011), that together might
contribute to social difficulties (Franzen et al. 2011).

The positive, negative and neutral subscales of the RMET
however did lead to inconsistent results. Greater accuracy was
reported variously for neutral and positive (Fertuck et al.
2009), positive/negative (Frick et al. 2012), and negative-
only stimuli (Scott et al. 2011). The sole study that did not
classify the stimuli by valence failed to detect any significant
differences (Preissler et al. 2010). This suggests that there may
be a genuine performance difference in BPD between the
emotional valence cues, but that these need to be explored
experimentally in greater detail, addressing issues also of
impulsivity and overconfidence (Schilling et al. 2012), and
paradigm and stimulus inconsistency (Fertuck et al. 2009;
Scott et al. 2011; Schilling et al. 2012).

Degree of BPD Traits and Comorbidity

Participants with high BPD traits identified more negative
mental states to RMET stimuli than those with low BPD traits
(Scott et al. 2011), a finding consistent with data from basic
ER emotion recognition paradigms (Wagner et al. 2009;
Unoka et al. 2011). These data suggest that future studies
should include and quantify degree of BPD related dysfunc-
tion, including nonclinical populations with BPD traits (Trull
etal. 1997) as this would allow a dose response relationship to
be explored.

The degree of co-morbidity, for example of depression,
may also have a moderating effect on task performance, with
higher levels associated with better RMET performance
(Fertuck et al. 2009). When these were addressed statistically
previously significant RMET performance differences fell

away. Given the risk of co morbidity between mood disorders
and BPD, and this evidence of enhanced performance
(Harkness et al. 2005), future studies must adequately assess
mood symptoms in subjects (Scott et al. 2011) and control for
them in statistical models (Zimmerman and Mattia 1999;
Bellino et al. 2005)

Functional Magnetic Resonance Imaging

The pathophysiology of borderline personality disorder is
likely to be complex. It involves complex interacting path-
ways between cortical, subcortical and limbic nodes. Key
nodes in this circuit are illustrated in the model (Fig. 3).

Functional neuroimaging has provided largely consistent
evidence of abnormal neural activation in the amygdala, the
Mirror Neuron System (MNS) including regions of the infe-
rior frontal gyrus and the anterior cingulate cortex (ACC)
during emotional processing tasks in BPD. Altered activity
was also more sporadically reported in the hippocampus,
temporal poles and cortices, dorsolateral prefrontal cortex
and medial frontal gyrus, and somatosensory regions.

A role for increased amygdala activation during FEP in
BPD extending across basic and social emotion processing
emerged consistently across studies (Donegan et al. 2003;
Frick et al. 2012; Mier et al. 2012; Minzenberg et al. 2007),
large effect sizes were found to support this across the neuro-
imaging studies. The amygdala is postulated to have a central
role in the appraisal of emotionally significant data, guiding
social context decisions and behaviours (Baron-Cohen et al.
1994). As hypothesised (Domes et al. 2009) hyperactivity in
BPD could interfere with, or be a marker of abnormal social
cognitive processing, hyper vigilance and over-arousal
(Donegan et al. 2003; Mier et al. 2012), as indexed by facial
emotion processing tasks. Notably the exclusion of any Axis-I
co-morbidity in one study (Guitart-Masip et al. 2009) may
have been critical to the lack of significant difference between
the BPD and control groups in the amygdala in that study.
Amygdala hyperactivation has been linked to FEP deficits in
for example depression (Peluso et al. 2009), bipolar disorder
(Surguladze et al. 2010) and anxiety (Monk et al. 2008).

What remains less clear from these results is whether
amygdala hyper-activation in BPD is generalised across
emotional stimuli or is fine-tuned to some expressions,
for example fear, in which large effect sizes were found
(Minzenberg et al. 2007; Donegan et al. 2003). The nature
of the emotional stimuli has been found to play a role in
determining the amygdala response (Fusar-Poli et al. 2009;
Radaelli et al. 2012), with heightened activity to aversive
stimuli (Phillips et al. 2003; Dickstein and Leibenluft
2006). Indeed this may underpin, or reflect, pathological
negative emotion processing in borderline personality dis-
order (McCloskey et al. 2005; Koenigsberg et al. 2009), in
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Fig. 3 A hypothetical model of brain circuitry in FER in borderline
personality disorder. The Fusiform Gyrus (FG) has object, including
facial specific processing functions that are fed from the visual cortex.
Disordered structural and functional connectivity between modulatory
regions such as the ACC/BA25 (Anterior Cingulate Cortex/Broadmann
Area 25) or prefrontal cortex (IFG-Inferior Frontal Gyrus) and the amyg-
dala may contribute to disordered functional feedback that normally

a manner quite consistent with the behavioural data
(Wagner and Linehan 1999; Merkl et al. 2010).
Furthermore, the large amygdala hyperactivation effect size
to neutral facial stimuli (Donegan et al. 2003), may be
part of the neural substrate supporting the BPD misattri-
bution response bias, labelling negative emotions to am-
biguous data. From a methodological perspective it may
have been the limited choice of stimuli deployed in some
studies that contributed to their failure to detect significant
differences in neural activation underlying basic emotion
recognition.

Cullen’s et al. (2011) report that patients with BPD
developed greater connectivity between the amygdala and
rostral anterior cingulate cortex (rACC) when fearful stim-
uli were explicitly presented, and with the right caudate
and bilateral thalamus when automatically processed com-
pared to controls, suggests disordered functional connec-
tivity. Increasingly, cerebral pathology is conceptualised as
being underpinned by aberrant anatomical or functional con-
nections between nodes of neural networks, rather than dis-
crete regional differences. Thus such a model may well play a
role in functional differences underpinning symptoms in BPD.
These differences may well involve distinct neural correlates
based on conscious and unconscious emotion perception and
processing.

@ Springer

modulates amygdala processing of environmental stimuli. Abnormal
amygdala processing of emotional cues contributes to disordered hippo-
campal and lateral temporal activity (M/STG Middle/Superior Temporal
Gyrus), that is expressed as heightened sensitivity to emotional stimuli
and psychotic like experiences in the context of the resulting heightened
arousal (Lis et al. 2007; Meyer-Lindenberg and Weinberger 2006;
O’Neill and Frodl 2012)

Impaired fronto-limbic connectivity during emotionally
neutral conditions in the same study could reflect altered
baseline response to emotionally neutral stimuli, that in turn
predispose the individual to comparative hyper-connectivity
of the amygdala in the context of more emotionally charged
stimuli (Cullen et al. 2011). Alternatively they may represent
the neural substrate of the predisposed vulnerability to nega-
tively appraise a neutral stimulus or face with a negative bias.

The anterior cingulate (ACC), as part of the rostral limbic
system and involved in the response to emotional states, is
also consistently implicated in disordered emotional process-
ing in BPD, particularly in those studies which focussed on it
using the region of interest approach (Minzenberg et al. 2007;
Frick et al. 2012; Radaelli et al. 2012). Activity in the
subgenual ACC seems implicated to the processing of nega-
tive facial emotions, although the nature of the ACC response
is inconsistent. Some studies reported increases to broad neg-
ative emotions (Radaelli et al. 2012) and others decrease to
fearful stimuli and the opposite to angry stimuli (Minzenberg
et al. 2007). Sample characteristics may have introduced
confounding factors with some studies including co-morbid
Bipolar Disorder but others including only subjects free from
axis I pathology and psychotropic medicines. However this
evidence suggests that the proposed model of emotional dys-
regulation in BPD linked to reduced engagement of anterior
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brain regions still remain speculative (New et al. 2008;
Mauchnik and Schmahl 2010).

While limbic hyperactivity may be relatively robust, the
reverse has been reported in other brain regions. Most notably
the inferior frontal gyrus, the superior temporal sulcus and
gyrus and the insula (Frick et al. 2012; Mier et al. 2012). This
part of the neural ‘network’ has been implicated in processes
underpinning normal social cognition, including empathy,
theory of mind, and facial processing (Gallese 2006;
Pelphrey and Morris 2006; Enticott et al. 2008).

Findings suggest an overall deactivation in this network
that is unaffected by task complexity in a manner that differs
from healthy controls where hyperactivation is seen in re-
sponse to increasing task difficulty (Mier et al. 2012).
Furthermore, specifics of the experimental paradigms may
play a key role in the nature of the response in the insula
and superior temporal region that may be particularly sensitive
to paradigms with more overt ToM components, such as the
RMET (Frick et al. 2012; Dziobek et al. 2011). A pattern that
is also seen in for example RMET tasks in autism (Baron-
Cohen et al. 1999).

Limitations and Future Directions

Despite a considerable body of work particularly in the last
5 years (Domes et al. 2009), the precise nature of facial
emotion processing deficits in BPD at both behavioural and
neural levels remains elusive. Successful integration of the
range of studies is undermined by the often modest sample
sizes. Male subjects, while perhaps actiologically and
pathophysiologically distinct, remain largely unexplored.
Medication and psychological treatment status is rarely con-
sidered, as is the influence of study setting, and the implica-
tions for illness severity and current phenomenology. While
some studies matched well for potential confounders such as
age, others considerations such as ethnicity or intelligence
were largely unreported (Bland et al. 2004; Minzenberg
et al. 2006a, b; Guitart-Masip et al. 2009; Wagner et al.
2009; Jovev et al. 2011). The specificity of any findings to
BPD has also been questioned given the high rates of co-
morbidity with for example PTSD and depressive disorders.

From the perspective of the experimental paradigms time
limited stimuli and response windows, as well as fixed versus
free choice formats, and the overrepresentation of negative
emotional stimuli may also have contributed to the findings.
Technological advances that have led a trend away from static
stimuli towards dynamic, complex and more ecologically
valid stimuli which tap into the sensitive detection of subtle,
moment-to-moment changes in self and others’ affective
states that could be fundamental to the nature of social
interactions and the underlying deficits (Yoshikawa and
Sato 2008).

Few studies included non-emotional facial or other control
stimuli that would have allowed more robust conclusions
about the nature of face and object perception in BPD and
the identification of a response bias. Only three studies incor-
porated such a control and indeed two found no deficits
(Robin et al.; Dyck et al. 2009)

Other methodological inconsistencies included the broad
range of cognitive subtraction stimuli, from crosshairs
(Donegan et al. 2003) to emotionally neutral but complex
stimuli (Minzenberg et al. 2007; Frick et al. 2012), and passive
versus active emotional recognition, that make the integration
of functional results challenging. Future meta analysis should
attempt to synthesise fMRI studies of facial emotion process-
ing to help aid the understanding of the amygdalar involve-
ment in BPD and to examine variables that may moderate the
magnitude of between group differences in amygdala
activation.

Investigating sources of heterogeneity will be a construc-
tive step; however symptom severity, psychotropic medicines,
current depression or PTSD rates, and histories of trauma are
reported too infrequently to examine their potential moderator
effects at present.

From the patient’s perspective, these results suggest that
BPD is associated with altered emotional processing and
recognition of emotions in others. A pattern of negative emo-
tion appraisal and response bias is plausible. Future studies
should address the methodological limitations highlighted in
this review and include larger, better described samples, with
both more ‘primitive and real social world paradigms. There is
a need for us to get a better understanding of how these
functional deficits impact on our patients’ everyday lived
experiences. Studies encouragingly suggest that we will be
able to describe the pathophysiological substrate of borderline
personality disorder in time.
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