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Abstract
Introduction: Individuals with borderline personality disorder
(BPD) are thought to experience specific biosocial vulnera-
bilities that give rise to a maladaptive negativity bias in the
perception and expression of emotions. However, while this
negative bias has been identified in adults with full threshold
BPD or high BPD features, it is unclear whether it is evident
earlier in the course of the disorder – that being, young
persons with first-presentation BPD meeting three or more
BPD features, as defined by early intervention models.
Methods: The current study compared patterns of facial re-
sponding in individuals aged 15–25 years first presenting to a
specialist outpatient service with three or more BPD features
(n = 32) to age-matched healthy controls (n = 46). Facial
electromyography was used to assess muscle activity asso-
ciated with positive (zygomaticus major) and negative (cor-
rugator supercilii) expression while participants viewed
happy, angry, and neutral facial expressions. Results: The data
revealed that negative facial emotional reactivity for the BPD

group did not significantly differ from the control
group. However, the results for positive emotional reactivity
were more nuanced, indicating that while there was not an
overall between-group difference, there might be an effect of
time suggestive of a slower positive emotional reaction to
happy faces by the BPD group. Conclusions: These data
provide initial evidence that negatively biased emotional
expression, when respondingwith negative facial expressions
to neutral, happy, or angry faces, is not evident in young
persons first presenting to a specialist outpatient service for
treatment of BPD. However, a bias may be demonstrated by
what appears to be a slower positive affective response to
happy faces. The implications of these findings are discussed,
particularly in relation to factors associated with chronicity of
illness that might potentially contribute to the development
of a more pronounced negativity bias later in the course of
the illness. We encourage further examination of negativity
biases in the developmental sequelae of BPD via longitudinal
design or cross-sectional designs that include BPD partici-
pants across the course of illness, as well as further research to
explore the possibility that positive affective reactions in this
group might not be grossly blunted but rather delayed.
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Introduction

Borderline personality disorder (BPD) is a serious
mental disorder characterised by a pattern of marked
impulsivity, interpersonal dysfunction, affective insta-
bility, and identity disturbance [1]. Typically, diagnosis of
BPD is made in adulthood where individuals have met
full diagnostic criteria and demonstrated the pervasive
nature of their symptoms [1]. However, a growing lit-
erature indicates that clinical features of the illness are
evident and diagnosable between puberty and early
adulthood [2]. Young people endorsing BPD features
experience higher levels of clinical distress and psycho-
social dysfunction compared with their aged-matched
peers who do not [3]. In light of this evidence, re-
searchers and clinicians are now adopting a clinical
staging perspective for the development of BPD that
recognises mental illness progression is typically preceded
by subthreshold or transdiagnostic features that later
develop into full-threshold, specific features of illness
(e.g., chronic suicidality [4, 5]). In order to clarify how the
clinical staging model applies to the aetiology of BPD,
greater emphasis must be placed on understanding fea-
tures evident early on in the disorder’s course that give
rise to disorder-specific traits characteristic of chronic or
severe presentations.

One way in which BPD might develop from general
transdiagnostic features into full-threshold, specific traits
of illness is through the development of maladaptive
cognitive biases, such as a negativity bias. Negativity
biases are biases in the perception and interpretation of
information. These biases encompass both normative
and ubiquitous experiences such as negative stimuli
having greater saliency, weight, and effect on one’s
psychological state and cognitive processes such as at-
tention, memory, learning, and decision-making, than
neutral or positive stimuli of an equal intensity [6]. They
also include more maladaptive biases in the perception
and recognition of neutral and positive stimuli, which
has implications for the development of psychopathol-
ogy [7–10]. While some aspects of a negativity bias serve
evolutionary [6] and developmental functions [11], it
might deviate from normative development and become
pathological in the context of biological and early en-
vironmental vulnerabilities such as those outlined in
Linehan’s [12] biosocial model of the development of
BPD (e.g., negative temperament, disruption in attach-
ment, invalidating and abusive environments). For these
individuals, biological vulnerability and chronic expo-
sure to negative and invalidating environments interact
bidirectionally to keep individuals “stuck” in a negative

cycle of hypervigilance, cognitive rigidity, and rumina-
tion, all of which perpetuate emotional dysregulation
[13]. In contrast, typically developing children without
these vulnerabilities go on to report positivity biases that
facilitate emotion regulation and positive self-esteem
[14–16]. From this perspective, individuals with BPD
experience a divergence from normative socio-emotional
development resulting from early biosocial vulnerabil-
ities interacting with a negativity bias. However, despite
the theoretical and clinical relevance of a maladaptive
negativity bias in BPD, surprisingly limited research has
been undertaken to understand this bias, particularly in
early in the course of the disorder.

To date, there is some emerging evidence for a mal-
adaptive negativity bias having implications for the
perception and expression of emotions [7]. The most
compelling data being those with BPD are likely to
misperceive neutral expressions as negatively valanced
(e.g., perceived as anger or disgust) compared with
healthy controls (HCs) (see systematic reviews by Daros
et al. [8], Mitchell et al. [10], Domes et al. [17]). In ad-
dition to misperceiving neutral expressions as negatively
valanced, some studies have shown those with BPD re-
port positive expressions as less pleasant and less intense
compared to HCs [18–20]. Other studies have also
demonstrated stronger orientation to negative facial
expressions [21] and faster responsivity to negative
stimuli, with difficulties disengaging from threat related
stimuli [22].

However, this literature is not without inconsistencies
particularly when considering young persons or first-
presentation populations. For example, Jovev et al. [23]
reported no differences in thresholds for the detection of
negative emotional stimuli (i.e., emotion sensitivity as-
sessed via Face Morph Task) in their cohort of youth with
borderline personality features compared to healthy
controls. Yet in a subsequent study, they reported that
youth with borderline personality features were faster to
respond to negative stimuli and had difficulties disen-
gaging from threat related stimuli [22]. A separate re-
search group, however, reported adolescents diagnosed
with BPD had difficulties recognising both negative and
positive emotional expressions of lower intensity com-
pared to HCs [20]. While differences in methodology
may account for these discrepancies, these inconstancies
might also be interpreted as evidence for an emerging
negativity bias, where only specific aspects of emotion
perception (e.g., attention) are implicated and later effect
other domains. However, given the limited research on
youths first presenting with BPD, this theory remains
speculative.
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While the above studies illustrate the role of the
negativity bias on emotion perception, little is known
regarding whether this perceptual bias may in turn im-
pact the emotional expression of those with BPD. For
instance, individuals with a maladaptive negativity bias
may perceive greater negativity in transactions with
others and subsequently internalise or “embody” this
perception (e.g., furrow brows). Consequently, this elicits
a process of negative feedback and emotional dysregu-
lation in communication with others [24]. Relational
models that emphasise dynamic transactional interper-
sonal processes posit that negatively biased perceptions of
other’s intentions and emotions lead to heightened hostile
and defensive behavioural responses from the perceiver
[25, 26]. However, the empirical literature on this matter
is more complex, and evidence for a negativity bias in
facial emotional reactions in BPD is unclear.

To date, several studies have examined emotional
expressivity in BPD via behavioural observation [27–30]
and several others utilising more objective measurement
such as facial electromyography (EMG) [31–35]. Be-
havioural studies have demonstrated variable patterns in
emotional expressivity. Renneberg et al. [27], e.g., re-
ported that their sample of inpatient adults with BPD had
less facial emotional expressivity compared to HCs,
whereas other adult studies have demonstrated fewer
positive facial emotional expressions, greater negative
expressions [30], and also mixed or unclear emotional
expressivity [29]. Similarly, in a sample of university
students with high versus low BPD traits, participants
with higher BPD traits were regarded as having “difficult-
to-read” emotions that had affected the ability of other
participants to accurately identify their emotions [28].
While some of these studies provide evidence of a neg-
ativity bias, others reflect a mixed or inconsistent pattern
of responding that might also impact interpersonal
functioning in BPD.

Inconsistencies might also be in part related to the
over-reliance on human-rated behavioural observations
[27, 28, 36], including utilising standardised coding
systems like Renneberg et al. [27] or self-report in Flury
et al. [28]. Given, human-rated behavioural observations
typically increase measurement error and can fail to
capture more subtle and dynamic changes in emotional
expressivity, it has been suggested that studies employ a
more sensitive and objective measurement of facial
muscle reactivity, such as facial EMG [37], as this ap-
proach allows for examination of facial reactions unde-
tectable to the naked eye [38]. Nonetheless, results from
current facial EMG studies are also mixed and require
further clarification. For example, a paper byMatzke et al.

[33] reportedly demonstrated that BPD participants had
greater negative facial reactivity and attenuated positive
facial reactivity – both of which they concluded were
indicative of a negativity bias in the expression of
emotions. However, while they concluded this due to the
decreased activation of levator labii muscles in the
viewing of positive facial expressions, this muscle is
implicated in expressions of disgust [39–42]. This, in
conjunction with comparable zygomaticus muscle reac-
tivity across groups, which is the primary muscle acti-
vated in expressions associated with smiling and feelings
of happiness [43–46], only partially supports a negativity
bias in facial emotional expressions. Additionally, other
studies in adult BPD samples have documented a dif-
ferent pattern of facial reactivity. While an overall hypo-
responsivity towards various positive and negatively
valanced emotional expressions were reported in two
adult BPD samples [31, 32], one other reported mixed
facial EMG findings wherein muscle activation associated
with negative emotional expression was comparable to
HCs; however, muscle activation associated with positive
expression was attenuated [35]. Given that some of these
studies were also of adult in-patient populations [27, 29]
or forensic populations [32], it is possible these adult BPD
samples reflect not only the influence of BPD pathology
but also secondary effects of duration of illness such as
chronic psychosocial dysfunction and recurrent stressful
life events and polypharmacy [47–49]. This makes it
difficult to disentangle what behaviours (i.e., facial
emotional reactions) are inherent to the disorder or
simply reflect the consequence of living with BPD.

Indeed, the only study to date that has evaluated
facial EMG in a first-presentation population reported
no differences between BPD and HC groups [34].
However, the limited timeframe (i.e., 1,000 ms) was
designed to provide a clearer understanding of early,
initial responding. Therefore, the analysis in that study
was unable to capture facial emotion reactions after
initial responding. Importantly, no studies to our
knowledge have analysed static facial EMG reactivity to
neutral facial expressions. This is an important con-
sideration, given that adults later in the course of BPD
report a bias in the recognition of neutral expressions
and perceive these as negatively valanced [50]. How-
ever, we do not know whether this has implications for
facial emotional expression when viewing neutral ex-
pressions. This is an important gap to address in the
context of a first-presenting cohort as it might clarify
again the nature of attributional biases in the devel-
opment of BPD and offer opportunities for targeted
early intervention.
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The current study used a first-presentation BPD sample
and involved secondary analysis of data previously collected
[51] and partially reported elsewhere [34] to assess whether
an abnormal negativity bias in the expression of emotions is
present in young people diagnosed with first-presentation
BPD. This was predicted to occur over an extended
timeframe (i.e., 5,000 ms) where emotional stimuli could be
further deliberated [52, 53]. Based on theory and the em-
pirical literature, it was hypothesised that relative to HCs,
young people with first-presentation BPD (i.e., first pre-
sentation with three or more BPD features as defined by
early intervention models; [54, 55]) would demonstrate
exaggerated negative facial emotional responding, as in-
dexed by corrugator supercilii muscle (brow) activity when
viewing angry as well as neutral facial expressions. Further,
it was hypothesised that compared with HCs, young per-
sons with BPD would demonstrate an attenuated facial
response, as indexed by zygomaticus (cheek) activity when
viewing happy expressions.

Materials and Methods

Participants
Eighty-seven males and females aged 15–25 years (BPD,

n = 36; HCs, n = 54) were recruited as part of a previous
study [34]. Of these, 8 HC and 4 BPD participants were
excluded due tomovement artefacts such as jaw grinding or
yawning; as well as electrical noise affecting the EMG signal
[56]. Participants were excluded if they reported visual
impairments, intellectual disability, history of epilepsy,
brain infection, acquired brain injuries, alcohol/drug in-
toxication at the time of testing, or if they had insufficient
English language skills to participate in the study.

All BPD participants were recruited from a specialist
early intervention outpatient clinic in Melbourne, Aus-
tralia, called the Orygen Helping Young People Early
(HYPE) service. This service provides specialist early
intervention to person’s aged 15–25 years first presenting
to a youth tertiary mental health service with three or
more features of BPD. The BPD group were 20 (62%)
young people who met 5 or more BPD features and 12
(37.5%) with 3 or 4 BPD features. BPD participants were
excluded if they met criteria for psychosis, bipolar I, or
psychiatric disorder due to a medical condition (SCID-II;
[57]). Given that BPD has a high prevalence of co-
occurring disorders [58, 59], participants were also
characterised by a wide range of mental state disorders
and other personality disorders. Please refer to online
supplementary Table 1 for details (for all online suppl.
material, see https://doi.org/10.1159/000542743).

HCs were recruited from geographically matched areas
to the BPD sample as described elsewhere [34] via local
advertising (e.g., libraries and train stations) and through
social media. Exclusions were current or past history of
DSM IV Axis 1 disorders or personality disorder [57].
The groups had comparable gender distributions, and
there were no group differences for age or IQ. BPD
participants reported significantly lower self-reported-
positive affect and greater negative affect at the time of
testing and also endorsed greater anxious and depressive
symptoms. Please see Table 1 for descriptive data.

Experimental Measures and Equipment
Diagnostic and Screening Tools
The Research Version, Non-Patient Edition, Structured

Clinical Interview for DSM-IV Axis I Disorders (SCID
I/NP; [60]) and SCID-II Personality Questionnaire (SCID-
II PQ; [57]) were administered to the control participants to
screen for current or past mental illness and personality
disorders. BPD participants were assessed for Axis-I dis-
orders using the Structured Clinical Interview for DSM-IV
Axis I Disorders (Patient Edition; SCID- I/P; [61]). Axis II
disorders were assessed via Structured Clinical Interview for
DSM-IV Axis II Personality Disorders (SCID-II; [57]). All
participants completed a standardised assessment of cog-
nitive ability (Wechsler Abbreviated Scale of Intelligence,
Full-Scale-2 Subtests IQ [WASI]; [62]).

Facial Reactivity
Facial EMG was used to measure muscle activity on the

face throughout the duration of the experiment. Surface
electrodes were placed on the left corrugator supercilii
(brow, associated with negative facial expression) and zy-
gomaticus major (cheek, associated with positive facial ex-
pression; [63]), as well as one ground electrode on the
forehead [64]. To reduce effects of demand characteristics,
an inactive electrode was placed on the left hand to detract
from the face as the focal point. Participants were informed
that this sensor measured sweat-gland activity [38]. Muscle
activity was continuously recorded at a sampling rate of
1,000 Hz [56], using an integrated MP150 amplifier system
and the AcqKnowledge 4.2 software package (Biopac Sys-
tems, Inc., Goleta, CA, USA). A 10–500-Hz band pass filter
and a 50-Hz notch interference filter were applied [65, 66].

State Affect, Depression, and Anxiety Symptoms
Given the possible influence of state affect on facial

emotion expression [67], the Short-form Positive and Neg-
ative Affect Schedule (S-PANAS) was used to assess self-
reported positive and negative affect prior to testing. The
short version of the PANAS has sound psychometric
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properties [68]. Additionally, the Hospital Anxiety and
Depression Scale (HADS; [69]) was used to assess self-
reported anxious and depressive symptoms endorsed by
groups over the previous week. It has been well validated
across various adult and adolescent populations [70]. This
measure was used alongside the S-PANAS in the preliminary
analyses to assess for possible confounds.

Procedure
Participants sat in front of a computer screen and were

instructed to remain still throughout the experiment [71, 72].
Stimuli were presented in three separate affective blocks. Each
block contained eight trials of neutral, happy, or angry black
and white, male and female (50:50 ratio), Ekman facial
emotional expressions [73]. There were 24 trials in total. The

neutral block was always presented first, followed by the
happy and angry blocks, which were presented in a coun-
terbalanced order. Faces within each block were presented in
random order. See Figure 1 for flowchart of task sequence.

EMG Data Extraction and Reduction
EMG data underwent several procedures in preparation

for analysis. Firstly, raw EMG electrical signal underwent
root mean square transformations [56], and raw data were
extracted over a 5-s period. This timeframe allowed for
capturing facial emotion reactions susceptible to the in-
fluence of cognitive processes – such as those related to a
negativity bias [52, 53]. Both raw data and participants’
videos were visually screened for electrical noise and other
movement artefacts [64]. Percentage change in EMG

Table 1. Sample characteristics for BPD and HC groups.

Variable BPD, n = 32 HC, n = 46 t Cohen’s d

M SD M SD

Age, years 19.66 3.23 20.17 2.72 0.76 −0.17

IQ 106.68 13.03 107.46 12.08 0.27 −0.06

Male Female Male Female χ2 p value

Gender, n 8 24 17 29 0.85 0.36

HADS
Anxiety 12.1 4.15 3.43 2.08 10.74*** 2.64
Depression 9.16 3.92 1.2 1.77 10.95*** 2.62

S-PANAS
Positive affect 10.16 3.12 14.82 3.95 5.45*** −1.31
Negative affect 7.97 3.07 5.98 1.64 3.23** 0.81

High scores indicate greater endorsement of symptoms or affective state. HADS, Hospital Anxiety and Depression Scale;
S-PANAS, Short-form Positive and Negative Affect Schedule. **p < 0.01. ***p < 0.001.

Fig. 1. Flowchart illustrating the order and
length of stimuli presentation for each trial.
Reproduced with permission from Pizarro-
Campagna [51].
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activity from the baseline period (500 ms prior to stimulus)
and over the first 5 s were then analysed in 500-ms epochs
[63, 71]. In a previous study with the same sample, rapid
facial reactions over the first 1,000-ms post-stimulus pre-
sentation were extracted to explore rapid facial mimicry in
BPD [34]. This study, a secondary analysis, expanded that
time frame to 5,000ms to capture a periodmore susceptible
to a negativity bias [53]. After extracting raw data, and
calculating raw data to percentage change scores, further
cleaning procedures were conducted in SPSS.

Statistical Analyses
Standard procedures for improving distributions and

addressing outliers for EMG data were followed [65, 74].
Extreme outliers were first identified via visual inspection
of histograms and box-plots and were then excluded.
Remaining outliers (z-scores ±3.29) were trimmed back
within 2 SD of the mean [75]. Preliminary analyses
comparing groups on sample characteristics were con-

ducted using independent samples t tests for continuous
variables (i.e., baseline EMG, age, IQ, HADS, S-PANAS)
and chi-square tests for categorical variables (i.e., gender).

An independent samples t test comparing groups on
baseline EMG was also included in preliminary analyses as
differences at baseline activity might have implications in
the interpretation of results. Results for equal variances not
assumed are reported where Levene’s test for equality was
significant. Further, Pearson’s product-moment correla-
tions were utilised to assess correlates between EMG ac-
tivity, state affect (S-PANAS), and self-reported anxiety and
depression symptoms (HADS) prior to the main analysis.

To examine differences in facial emotional expression in
each group, a 2 (group: HC, BPD) × 3 (emotion: angry,
neutral, happy) × 10 (epoch: 0–500 ms, 500–1,000,
1,000–1,500 ms, 1,500–2,000 ms, 2,000–2,500 ms,
2,500–3,000 ms, 3,000–3,500 ms, 3,500–4,000 ms,
4,000–4,500 ms, 4,500–5,000 ms) repeated-measures
mixed-design ANOVA was carried out separately for

Table 2.Associations betweenmean zygomaticus and corrugator activity, state affect (S-PANAS), anxiety and depression symptoms
(HADS) for BPD participants

1 2 3 4 5 6

1. Zygomaticus —

2. Corrugator −0.326 —

3. Positive affect (S-PANAS) 0.327 −0.174 —

4. Negative affect (S-PANAS) 0.007 0.205 −0.024 —

5. Depression (HADS) −0.177 0.240 −0.186 0.392* —

6. Anxiety (HADS) −0.285 −0.038 −0.095 0.573* 0.635** —

High scores indicate greater endorsement of symptoms or affective state; n = 31. HADS, Hospital Anxiety and Depression Scale;
S-PANAS, Short-form Positive and Negative Affect Schedule. *p < 0.01. **p < 0.001.

Table 3.Associations betweenmean zygomaticus and corrugator activity, state affect (S-PANAS), anxiety and depression symptoms
(HADS) for HC

1 2 3 4 5 6

1. Zygomaticus —

2. Corrugator −0.511* —

3. Positive affect (S-PANAS) 0.172 0.179 —

4. Negative affect (S-PANAS) 0.292 −0.132 0.227 —

5. Depression (HADS) −0.163 −0.024 −0.029 0.277 —

6. Anxiety (HADS) −0.098 0.018 −0.074 0.413* 0.622** —

n = 45. S-PANAS, Short-form Positive and Negative Affect Schedule; HADS, Hospital Anxiety and Depression Scale. *p < 0.01.
**p < 0.001.

178 Psychopathology 2025;58:173–186
DOI: 10.1159/000542743

Korbut et al.

D
ow

nloaded from
 http://karger.com

/psp/article-pdf/58/3/173/4312087/000542743.pdf by guest on 27 N
ovem

ber 2025

https://doi.org/10.1159/000542743


zygomaticus and corrugator muscles. All main effects were
reported; however, only interactions involving groups were
followed up. Greenhouse-Geisser corrections were reported
for variables that violated sphericity. A priori sample size
calculation usingG*Power [76] indicated that with a sample
size of 30, and an alpha level of 0.05, there was sufficient
power (over 0.80) to detect medium to large effect sizes
(i.e., 0.6). In the results, effects sizes are reported for Cohen’s
d 0.2 = small, 0.5 = medium effect, and 0.8 = large and
partial Eta squared (η2p; 0.01 = small effect; 0.06 =
medium effect; 0.14 = large effect).

To mitigate the risk of type II errors, we carried out 30
separate exploratory independent samples t tests, one for each
500 ms epoch (10 epochs of 500 ms, from 0 to 5,000 ms) for
each emotion (neutral, angry, happy). This was repeated for

each muscle region (corrugator, zygomaticus), resulting in a
total of 60 t tests. Firstly, we ran these without correcting for
multiple testing (which increases risk of type I error), and then
we adjusted for multiple testing by applying the Bonferroni
correction. Where Levene’s test for equality of variances was
violated, results for equal variances not assumed are reported.

Results

Preliminary Analyses
Baseline EMG
Independent samples t tests were conducted to assess

whether baseline EMG activity (500 ms prior to stimulus)
for zygomaticus and corrugator muscles differed across

Fig. 2. Mean percentage change from baseline in muscle activity for HC and BPD participants.
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the BPD and control groups. No group differences
emerged for baseline zygomaticus activity prior to
viewing happy (t(67) = 0.29, p = 0.773, d = 0.07), angry
(t(67) = 0.24, p = 0.813, d = 0.05), or neutral (t(67) = 0.46,
p = 0.649, d = 0.11) facial expressions. Similarly, no group
differences emerged for baseline corrugator activity prior
to viewing happy (t(74) = 1.03, p = 0.309, d = 0.24), angry
(t(74) = 1.20, p = 0.235, d = 0.28), or neutral (t(74) = 1.58,
p = 0.120, d = 0.37) facial expressions.

Intercorrelations between S-PANAS, HADS, and
EMG Activity
Pearson’s product-moment correlations were calcu-

lated to assess the relationship between positive and
negative facial responding (indexed by overall mean
zygomaticus and corrugator muscle activity, respec-
tively), positive and negative affect (with respective
S-PANAS subscales analysed separately), and anxiety and
depression symptoms over the past week (indexed via the
HADS). No significant associations emerged between
positive or negative facial responding and state affect at
the time of testing or self-reported anxiety and depressive
symptoms over the last week (Tables 2, 3).

Main Analysis
The main analyses examined whether BPD partici-

pants demonstrated differences in facial emotional ex-
pression that would be consistent with a negativity bias.
That is, whether BPD participants exhibited greater ac-
tivation of the corrugator muscle when viewing neutral
and angry expressions in comparison to HCs and an
attenuated zygomaticus response while viewing positively
valanced expression. Figure 2 shows the pattern of muscle
activation for both groups when viewing happy, angry,
and neutral facial expressions.

Corrugator Activity
While main effects were observed for emotion

F(2,118) = 9.57, p = 0.000, η2p = 0.14, time F(3,204) =
10.27, p = 0.000, η2p = 0.15, and there was also an in-
teraction between emotion and time F(6,363) = 3.97, p =
0.001, η2p = 0.06, no main effects emerged for group
F(1,59) = 2.50, p = 0.120, η2p = 0.04, nor were there any
interactions between emotion and group F(2,118) = 0.96,
p = 0.388, η2p = 0.02; time and group F(3,204) = 0.92, p =
0.444, η2p = 0.02; or a three-way interaction of emotion,
time, and group F(6,363) = 1.04, p = 0.398, η2p = 0.02. To
follow-up the main effect of emotion, pairwise com-
parisons indicated that all participants responded with
greater corrugator activity to angry faces (M = 0.07, SD =
1.28) compared with corrugator responses to happy faces

(M = −3.08, SD = 3.50, d = 1.17; p = 0.012, d = 1.20).
Compared with corrugator responses to happy faces, all
participants also responded with greater corrugator ac-
tivity to neutral faces (M = 1.84, SD = 1.31, p < 0.001,
d = 1.86).

Independent samples t tests for two epochs out of 30
corrugator muscle epochs indicated significant between-
group differences. The BPD group responded with
greater corrugator activity than the HC group when
viewing neutral faces during epoch 9 (4,000–4,500 ms),
t(51.130) = 2.12, p = 0.039, and when viewing happy faces
during epoch 10 (4,500–5,000 ms), t(74) = 2.04, p = 0.045.
Following Bonferroni correction, none of the 30 t tests
remained significant (see online suppl. Table 2).

Zygomaticus Activity
The same exact pattern of effects emerged for the

analyses focused on zygomaticus activity. Main effects
again emerged for emotion F(2,63) = 7.17, p = 0.003, η2p =
0.16, time F(3,137) = 2.53, p = 0.049, η2p = 0.06, and there
was again an interaction between emotion and time
F(7,270) = 2.34, p = 0.024, η2p = 0.06. Again, there was no
main effect for group F(1,38) = 1.44, p = 0.237, η2p = 0.04,
nor any interaction effects between emotion and group
F(1,63) = 1.86, p = 0.170, η2p = 0.05; time and group
F(3,137) = 2.17, p = 0.083, η2p = 0.05; nor a three-way
interaction between emotion, time, and group F(7,270) =
1.48, p = 0.174, η2p = 0.04.

Pairwise comparisons indicated all participants re-
sponded with greater zygomaticus activity in response to
happy faces (M = 3.00, SD = 2.86) compared with angry
faces (M = −0.15, SD = 1.09, p = 0.012, d = 1.46). They also
all responded with greater zygomaticus activity in re-
sponse to happy faces compared with neutral faces
(M = −1.00, SD = 0.76, p = 0.008, d = 1.91).

Independent sample t tests for 8 epochs out of 30
zygomaticus muscle epochs indicated significant
between-group differences before adjusting for multiple
testing. When viewing neutral faces, the BPD group
responded with less zygomaticus activity than the HC
group in epochs 8 (3,500–4,000 ms), t(63) = 2.02, p =
0.048, and 10 (4,500–5,000 ms), t(55) = 2.32, p = 0.024,
only. When viewing happy faces, the BPD group re-
sponded with less zygomaticus activity than the HC
group in six of ten epochs: 2 (500–1,000 ms), t(61.535) =
2.54, p = 0.014; 3 (1,000–1,500 ms), t(57.469) = 2.68, p =
0.010; 4 (1,500–2,000 ms), t(49.674) = 3.46, p = 0.001; 5
(2,000–2,500 ms), t(59.393) = 2.03, p = 0.047; 6
(2,500–3,000 ms), t(49.265) = 2.06, p = 0.044; and 10
(4,500–5,000 ms), t(57.852) = 2.24, p = 0.029. Following
Bonferroni correction, only one of the 30 t tests remained
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significant (zygomaticus response while viewing happy
faces during the 1,500–2,000-ms epoch) (see online suppl.
Table 3).

Discussion

This study provides the first test of whether young
people first presenting to a BPD outpatient specialist
service demonstrate a negativity bias by examining facial
emotional reactions to positively, negatively, and neu-
trally valenced stimuli. Firstly, and contrary to expecta-
tions, the main analyses indicated that the BPD group did
not exhibit exaggerated negative facial expressions when
viewing angry or neutral facial expressions relative to the
control group. There were no differences between the two
groups in themagnitude of corrugator muscle responding
to either of these two types of emotional stimuli. Follow-
up analyses carried out to mitigate the risk of type II error
corroborated this finding. Secondly, and again contrary to
predictions, the main analysis indicated that the BPD
group also did not exhibit attenuated positive facial ex-
pressions relative to controls. No differences emerged
between the groups in the magnitude of zygomaticus
muscle responding when viewing positive facial emo-
tional expressions. However, follow-up analyses suggest
that there might be some nuanced between-group dif-
ferences, indicating that the BPD group responds with
reduced positive facial expression when viewing happy
faces, particularly around 1,500–2,000 ms following ex-
posure to happy faces. Taken together, findings suggest
that early in the course of BPD, there does not appear to
be a maladaptive or heightened negativity bias as indexed
by negative emotion expressivity when responding to
observed emotions but that there might be a negativity
bias whereby youth first presenting with BPD respond
with reduced positive expression to positive emotions in
others.

This finding that the BPD group’s negative facial
emotional responsivity to emotional expressions was
comparable to HCs matched on age could be con-
textualised according to a clinical staging perspective of
BPD [49, 77]. It is possible a maladaptive negativity bias
occurs secondary to the negative stressful life events and
iatrogenic harm associated later in the course of having
BPD. This might include traumatic experiences [78],
chronic devaluation as a result of delayed identification
and treatment of BPD, and mental health discrimination
and other adverse experiences within the mental health
system [79, 80], as well as comorbid substance use [81]
and psychosocial dysfunction [82, 83]. Each of these may

function to increase saliency of negative experiences and
emotional sensitivity over time, potentially affecting the
perception and expression of emotions later on [10, 33,
36, 50].

However, it is important to acknowledge that although
maladaptive negativity biases have been evidenced in
various aspects of emotion processing, memory, and
attention [7, 8, 10], the current empirical data on how this
impacts emotion perception and subsequent emotional
expression are less clear. It is possible that as BPD
progresses from early in its course to more severe and
chronic presentations, a negativity bias develops in a
similar staged process. For example, while Jovev et al. [84]
demonstrated that those with early-stage BPD experience
a negative attentional bias compared with healthy age-
matched peers, two other studies that included similar
cohorts found no evidence for a negativity bias in regards
to emotional sensitivity [85] or autonomic facial mimicry
[34]. Taken together, it could be that aspects of a neg-
ativity bias are evident earlier in the course of the disorder
and later evolve into more pervasive and pronounced
features such as negative attributional biases [50] and
exaggerated negative emotional expression [33]. How-
ever, given the scarcity of research in young people earlier
in the disorders course [34, 84–86], this remains spec-
ulative. Future studies examining the negativity bias
across the course of BPD are therefore needed to establish
the robustness of the present findings to other clinical
cohorts and help develop amore refined understanding of
the progression of the disorder [49, 87, 88]. Longitudinal
studies would be of particular value here.

However, the findings are less clear regarding a neg-
ativity bias as might be captured by relatively reduced
positive responses to positive emotions in others. Follow-
up analyses suggested that young people first presenting
with BPD perhaps do demonstrate attenuated positive
facial reactions to happy faces relative to their healthy
peers. Specifically, BPD participants responded with re-
duced positive facial expression when compared with their
healthy counterparts when viewing neutral faces later
within the 5,000-ms timeframe captured by the experi-
ment (although this effect did not withstand correction for
multiple comparison). They also responded with reduced
positive facial expression when viewing happy faces for
much of the early reaction, with one epoch withstanding
correction for multiple testing. These data might indicate
that compared with their peers, young people first pre-
senting with BPD have a delayed smiling reaction when
viewing happy faces, which might normalise in later ep-
ochs (i.e., over time). A delayed, rather than grossly
blunted, positive facial emotional reaction to happy facial
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expressions in others is reminiscent of the “slow echo”
observed in children with autism spectrum disorder whose
spontaneous facial responses were found to be delayed by
160 ms [89]. A deficit in positive emotion detection
previously observed in BPD [90] might underpin the
observed, though weak, pattern observed in these data.
These findings also add to the limited research exploring
positive affect reactivity in BPD, which has to date
demonstrated either unaltered or reduced positive affect
reactivity to pleasant stimuli [91–95]. Further research is
needed to test this hypothesis and could include exposure
to faces for longer periods (i.e., >5,000 ms), dynamic facial
expressions, and to facial expressions with different levels
of intensity, to enable a more substantial “recovery” period
as well as greater ecological validity.

Understanding this issue is not only theoretically but
also potentially practically important. This is because if a
negativity bias is not evident, is only a subtle abnormality
early in the disorder’s course, or is evident selectively for
positively valenced emotions, it has implications for
clinical treatment. It speaks to whether individuals first
presenting with BPD would benefit more from a trans-
diagnostic approach addressing subthreshold difficulties
and biosocial vulnerability (e.g., [96]), as well as early-
intervention programs that preserve functioning and
preclude pervasive psychosocial dysfunction (e.g., [97]). In
contrast, interventions for those presenting with chronic
BPD having endured symptoms for a longer period of time
might require targeted treatment of a negativity bias and
associated psychosocial dysfunction. This might include
integrating interventions that target social cognition, such
as social cognition interaction training [98] or facial
feedback interventions [99] that have been used in treating
socio-cognitive difficulties observed in other chronic
mental health conditions such as schizophrenia [91].

Strengths and Limitations

This study had several important strengths – notably
having addressed a large gap in the literature regarding
the assessment of negativity biases early in the course of
BPD, using facial EMG. However, several limitations also
need to be acknowledged. Firstly, it is important to ac-
knowledge that the current study was designed so that it
was adequately powered to detect moderate to large-sized
effects but did not have sufficient power to detect smaller
ones. It is therefore possible that a group difference does
in fact exist but that it is smaller than we were able to
detect in the current study. Thus, the current findings
indicate that if a true group difference does in fact exist, it

is not large in magnitude. Future research with a larger
number of participants is now needed to establish
whether smaller effects exist. Secondly, only three facial
expressions were used as stimuli (angry, happy, neutral)
in this study. It is of course possible that other facial
expression not included here might evoke stronger (and
differential) negative emotional reactions for first pre-
senting populations with BPD compared with HCs, such
as complex negative emotions (e.g., disgust) that are
known to elicit schema relating to abandonment and
rejection in adults with BPD [100]. However, the expe-
rience and expression of anger also closely relates to BPD
pathology [101], and anger and happiness are often used
in facial EMG research because these emotional ex-
pressions reliably and robustly index anger and happiness
via the corrugator supercilii and zygomaticus muscles,
respectively [102, 103]. Although the current study did
not set out to comment on the specificity of a maladaptive
negativity bias to BPD separate from other disorders, this
bias might also be a feature of disorders that are fre-
quently comorbid with BPD, such as anxiety and de-
pression [35]. To better understand negativity biases in
the context of other co-occurring psychopathology, fu-
ture studies might benefit from a clinical comparison
group.

Thirdly, BPD participants were characterised as first
presenting to specialist service targeting young people early
in the course of disorder. This had also included individuals
with sub-clinical features, and it is also possible that these
features had been present in this group for some time.While
including participants with three or more features might be
considered a limitation of this study, a dimensional ap-
proach to personality disorders has increasing theoretical
and empirical support [104]. Indeed, patients, including
youth, with subthreshold BPD features (1–4) experience
more severe mental illness and greater psychological
morbidity than those with no features [3]. It is also of note
that in the current sample, most of the BPD participants
(63%)met five or more features of BPD, and 100 per cent of
the HC group reported no BPD features.

Conclusions

To the authors’ knowledge, this study was the first to
test whether a negativity bias exists in facial emotion re-
activity in youths first presenting with BPD using facial
EMG. The results of this study suggest that a negativity
bias as indexed by negative emotion expressivity when
responding to observed negative emotions is unlikely but
might be evident in their early spontaneous positive
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responses as indexed by positive emotion expression when
responding to observed positive emotion. We suggest that
a bias might develop as the disorder progresses, with
greater severity and chronicity, or perhaps if present in the
early stages of the disorder, may be relatively subtle. Future
research with a larger number of participants is now
needed to establish whether smaller effects exist. We also
recommend that future research studies explore the
possibility that positive affective reactions in this group
might not be grossly blunted but rather delayed. Further
work is also needed to establish whether the negativity bias
that has been identified in some studies of later BPD is
secondary to illness severity and chronicity or is evident
but relatively subtle and/or restricted to only certain types
of expressivity, in earlier presentations of the disorder.
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