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ABSTRACT

Borderline Personality Disorder (BPD) is a complex psychological condition characterised by
affective instability, cognitive impairment, problematic behaviours and social dysfunction. Due
to the variability in symptomatic profiles, efforts have recently been directed towards
comprehending the disorder from a neurological standpoint within the aforementioned domains.
Although adolescent-onset BPD is now reliably diagnosed as the adult-onset variant, a limited
number of studies address the neural correlates of first presentation BPD. Moreover, research
investigating the outcomes of therapeutic interventions on brain function and morphology is
scarce. Preliminary findings consistently cite the involvement of grey matter deficiencies of the
orbitofrontal cortex, hippocampus and amygdala in the neuropathology of BPD. Additionally,
frontolimbic white matter deficits are thought to be implicated. Functionally, over-activity in
limbic regions such as the cingulate cortices and amygdala are believed to partially account for
emotion dysregulation though the neural correlates of cognitive, social and behavioural
impairments are relatively poorly understood. The present review will endeavour to evaluate the
existing neurobiological evidence for BPD in adolescence as well as adulthood. Finally, a

rudimentary neurodevelopmental model of BPD will be proposed.
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ABBREVIATIONS

ACC — Anterior Cingulate Cortex

Al — Anterior Insula

BPD — Borderline Personality Disorder

DBT — Dialectical Behavioural Therapy

DMN — Default Mode Network

DSM-IV — Diagnostic and Statistical Manual of Mental Disorders (4™ Edition)
DTI — Diffusion Tensor Imaging

FA — Fractional Anisotropy

fMRI — Functional Magnetic Resonance Imaging
IPS — Intraparietal Sulcus

OFC — Orbitofrontal Cortex

PET — Positron Emission Tomography

PFC — Prefrontal Cortex

RSFC — Resting State Functional Connectivity

VBM - Voxel Based Morphometry
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INTRODUCTION

Epidemiological evidence estimates Borderline Personality Disorder (BPD) to have a lifetime
prevalence of around 1% (Coid et al., 2006) with a larger proportion of women (approximately
70%) affected than men (Lieb et al., 2004). The disorder is characterised by impairment in the
following areas: emotion regulation, cognitive function, behaviour and interpersonal
relationships; the consequences of which can be fatal, with up to 10% of patients committing
suicide (American Psychiatric Association Practice, 2001). According to the DSM-IV (American
Psychiatric Association, 2013), suspected sufferers of the condition must present with five or
more symptoms including, but not limited to: identity disturbance, impulsivity, explosive
episodes and suicidality, for the diagnostic criteria of BPD to be met. It is therefore considered to
be an extremely heterogenous disorder as there are effectively over 100 permissible symptom

combinations which would qualify for a clinical diagnosis (Herbort et al., 2016).

Typically, the onset of BPD is during early adulthood (American Psychiatric Association, 2013),
though there is a growing body of evidence suggesting that symptoms of the disorder can be
detected in adolescence with relatively high levels of reliability and validity (Chanen, Jovev et
al., 2008). By identifying and treating the disorder at such an early stage; symptom severity can
be reduced, leading to an overall improvement in functioning (Chanen, Velakoulis, et al., 2008).
Furthermore, confounding variables such as treatment side effects and chronicity can be avoided
by investigating the disorder in adolescence (Chanen, Velakoulis, et al., 2008). Despite the ever-
increasing plethora of research into the aetiology of BPD, longitudinal data on the progression of

the disorder from adolescence to adulthood is scarce.
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Concerning the aetiology of BPD, no definitive causal mechanism has been proposed but it is
likely due to a result of complex interactions between several factors such as genetic
predispositions, environmental stressors (for example, childhood adversity) and congenital or
acquired neurobiological changes (Kaess et al., 2014). The latter is of particular interest owing to
the wealth of research into the neural correlates of BPD carried out within the last two decades.
Structural neuroimaging studies consistently report the occurrence of grey matter deficits
associated with BPD in frontolimbic regions such as the orbitofrontal cortex (OFC) (Araujo et
al., 2014; de Araujo Filho et al., 2014; Sato et al., 2012), hippocampus (Depping et al., 2016;
Kimmel et al., 2016; Niedtfeld et al., 2013; O'Neill et al., 2013) and amygdala (Kimmel et al.,
2016; Niedtfeld et al., 2013; Richter et al., 2014), suggesting that the disorder may have a

distinct neurological profile.

It would appear that there are additional alterations in white matter tract coherence which have
been examined in a few studies using the Diffusion Tensor Imaging (DTI) modality. Fractional
anisotropy (FA), believed to be a measure of the myelination and organisational orientation of
white matter tracts, has been also been found to be reduced in adult-onset and adolescent-onset
BPD (Carrasco et al., 2012; Maier-Hein et al., 2014; New et al., 2013; Salvador et al., 2016).
Moreover, studies using event-related measures such as fMRI have observed discrepant patterns
of neural activation in the cognitive (Mensebach et al., 2009; Niedtfeld et al., 2017; O'Neill et al.,
2015; Reitz et al., 2015) , behavioural (Herbort et al., 2016), social (Bungert et al., 2015;
Domsalla et al., 2014; King-Casas et al., 2008) and affective processing (Bertsch et al., 2013;
Hazlett et al., 2012; Lischke et al., 2017; Scherpiet et al., 2014) of BPD samples compared to

healthy controls. However, it must be noted that the neurocircuitry of the disorder — though more
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widely researched at present — is still poorly understood and that which distinguishes BPD from

other similar psychiatric disorders remains elusive.

Another area of somewhat unexplored territory are the neuroprotective biomarkers, despite the
relatively high recovery rates such that ten years after the first diagnoses, 85% of patients no
longer meet the diagnostic criteria for the disorder (Gunderson et al., 2011). Only three of the
studies reviewed in the present work investigated the effects of therapy on the neural profiles of
afflicted patients, with some promising preliminary results (Niedtfeld et al., 2017; Ruocco et al.,
2016; Winter et al., 2017). It is therefore evident that a global understanding of BPD, spanning

from first incidence to therapy-assisted remission is yet to be achieved.
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AIMS

The present review will endeavour to evaluate recent BPD literature and propose a
neurodevelopmental profile of the condition from adolescence to adulthood. In addition,
neuroprotective changes engendered by therapeutic measures such as DBT will be considered.
To our knowledge, no prior paper has put forth a neurodevelopmental approach to BPD in the

format of a systematic review as yet.

Moreover, the results of DBT from a neurological perspective in BPD have yet to be examined,
despite its clinical utility. An understanding of the neural progression of BPD and how both
functional and morphological brain changes can be remedied through DBT may enable clinicians

to devise novel early interventions and refine existing treatments.
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METHODS

Potentially relevant research papers were retrieved using a broad PubMed search with
“Borderline Personality Disorder” as a titular term, combined with (“neur*" or "imaging" or
"prain™) and (“adolescent”, "child*", "adult*" or "longitudinal" or “therap*” or "remission"). The
search, carried out on 27/11/17, yielded 180 papers and was then restricted using the advanced
search tabs to return studies published exclusively within the past ten years (2007-2017). Further
inspection of the titles and abstracts led to the exclusion of an additional 119 results due to
general irrelevance, insufficient sample size (N<15) and inappropriate imaging modality (see
section below). The methodology of the remaining literature was then reviewed and only the
studies meeting the predetermined inclusion criteria were selected (N=45). Replicative articles of
previous studies were also dismissed, providing they did not report any new findings. A visual

representation of the present search methods can be observed in Figure 1 below:
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Figure 1. PRISMA flow diagram of search and selection method.

Exclusion Criteria

Following an initial PubMed search, non-applicable papers were screened out subject to several
exclusion criteria such as insufficient sample size (N<15), imaging modalities other than fMRI,
PET, MRI, DTI and NIRS and literature written in languages other than English. Furthermore,

studies using samples of individuals with BPD who also suffered from comorbid Axis | disorders
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(specifically schizophrenia, schizoaffective disorder, affective psychoses (including bipolar |

disorder), current alcohol/substance abuse or intellectual difficulties) were omitted.

RESULTS

A summary of all included studies is reported in Table 1, which can be found in the Appendices

section.

STRUCTURAL BRAIN IMAGING

MRI of the Adolescent Cerebrum

According to Chanen and colleagues (2008), BPD can be as reliably diagnosed in adolescence as
in adulthood; a claim which has received some experimental substantiation. The reduction of
grey matter density in the orbitofrontal cortex (OFC) is seemingly the most discriminative deficit
in first-presentation BPD relative to controls. Diminished grey matter volume in this area has
been observed by two previous studies (Brunner et al., 2010; Chanen, Velakoulis, et al., 2008)
albeit in contralateral hemispheres. Reductions in bilateral dorsolateral prefrontal cortex have
also been reported, however at this early stage in the progression of the disorder, these alterations
were not able to significantly discern BPD from other psychiatric diagnoses (Brunner et al.,
2010).

The available research consistently observes no intergroup differences between BPD and control
groups in the limbic and midline structures including the hippocampus, amygdala, insular
cortices and the adhesio interthalamica (Brunner et al., 2010; Chanen, Velakoulis, et al., 2008;

Takahashi et al., 2009a; Takahashi et al., 2009b).
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MRI of the Adult Cerebrum

A meta-analyses of nine voxel-based MRI studies comprising of a total of 256 BPD patients and
272 healthy controls, proposed that grey matter volume of the hippocampi and amygdalae
decreases with age in BPD (Kimmel et al., 2016), hence the reason it does not present in the
adolescent brain. The validity of VBM, however, can be called into question as the mapping of
each brain, prior to analysis, onto a template is mandatory (Mechelli et al., 2005) and often lacks
the robustness to accurately identify volumetric atypicalities in very small structures such as the
hippocampus and amygdala (Kimmel et al., 2016). That said, Kimmel and colleagues’ (2016)
claims regarding hippocampal grey matter diminishment are consistently corroborated by the
literature in adult samples (Depping et al., 2016; Niedtfeld et al., 2013; Richter et al., 2014;

Soloff et al., 2008).

Additionally, Kimmel and associates (2016) speculate that hippocampal grey matter deficits may
be attributable to comorbid PTSD as opposed to BPD in isolation. One study of 39 adults with
BPD, reported concurrent findings as those with comorbid PTSD had a smaller hippocampal
head and body. It is speculated that hippocampal deficits may be related to the trauma of
childhood abuse specifically (Brambilla et al., 2004), which is present in up to 76% of BPD
patients (Zanarini, 2000) thus explaining its synchronous presence in the neuropathology of
PTSD. Unfortunately, decreased hippocampal volume as a biomarker of BPD with comorbid
PTSD cannot be taken as more than conjecture, as some studies find no differences in the
hippocampi or amygdalae across BPD-PTSD and BPD subgroups (Niedtfeld et al., 2013; Sato et

al., 2012).

11

Peer] Preprints | https://doi.org/10.7287/peerj.preprints.27414v1 | CC BY 4.0 Open Access | rec: 5 Dec 2018, publ: 5 Dec 2018




274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

Other limbic components such as the cingulate cortices are also thought to be involved in the
neuropathology of BPD. The volume of the anterior cingulate cortex (ACC), a region which is
theorised to be partly responsible for the modulation of emotional expression (New et al., 2012),
is ostensibly reduced in the dorsal (Niedtfeld et al., 2013) and rostral (Sato et al., 2012) areas.
Further, other investigators have found there to be volumetric asymmetry in the ACC, such that
the left cortices are thinner than the right (Zhou et al., 2017). Dorsal ACC volume has also been
found to predict BPD symptom severity (Niedtfeld et al., 2013), a correlation which could have
great clinical utility (though some researchers find no between-group differences in this region
(Muller et al., 2015)). Neighbouring regions such as the ventral cingulate gyrus have also shown
bilateral decreases in volume (Soloff et al., 2008), whereas the middle and posterior cingulate
cortices appear to have increased volume in BPD groups compared to healthy controls (Jin et al.,

2016).

It would therefore seem that, consistent with adolescent research, the medial and lateral OFC are
more reliable neural correlates of BPD, as volumetric deficits are also present in adult cerebrums
(Araujo et al., 2014; de Araujo Filho et al., 2014; Sato et al., 2012). Lesion research suggests that
the OFC is important for emotion regulation, the maintenance of social appropriateness and for
curbing impulsivity (Malloy et al., 1993), where reductions in its volume could account for
dysfunction of these behaviours in BPD. Other frontal regions such as the dorsolateral prefrontal
(DLPFC) (O'Neill et al., 2013), inferior frontal gyrus (Kimmel et al., 2016) and ventrolateral
prefrontal cortices (VLPFC) have been found to be reduced in BPD, with the latter again affected
significantly by a history of childhood abuse (Morandotti et al., 2013). The left superior frontal

gyrus however, was found to have increased cortical thickness and area (de Araujo Filho et al.,
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2014). Thus, due to the discord within the research community, MRI in isolation is not sufficient

to produce a steadfast neurodevelopmental profile of BPD.

Diffusion Imaging in BPD

Whilst structural MRI imaging focuses on neural grey matter changes, white matter tract
coherence and integrity is examined using DTI. The fractional anisotropy (FA) outcome measure
is believed to reflect axon directionality, myelination and fibre density (Carrasco et al., 2012;
Madler, et al., 2008). Studies examining FA in the adolescent brain are limited but preliminary
research suggests that there may be decreased FA in the fornix compared to both healthy and
clinical controls (with other mixed diagnoses) (Maier-Hein et al., 2014). The inclusion of a
clinical control group in Maier-Hein and colleagues’ work is a particular strength as the white
matter alterations found appear to be specific to BPD. Further changes have been observed
bilaterally in the inferior longitudinal fasciculi and temporal lobe white matter tracts (uncinated
and occipitofrontal fasciculi) of BPD adolescents compared to healthy adolescents (New et al.,
2013). The aforementioned work is of interest as the investigators recruited samples of both
healthy and disordered adolescents and adults to understand the pathological development of
white matter. As expected, FA was highest in healthy adolescents than the remaining samples
and it is noteworthy to mention that no differences in FA were found between BPD and healthy

adult groups (New et al., 2013).

On the contrary, consistent with New and associates’ (2013) work in adolescent groups, one
study reports diminished FA in the uncinate and inferior fronto-occipital fasciculi in disordered

adults using diffusion MRI (Salvador et al., 2016). Similarly, Ninomiya et al. (2018) have found
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reduced axial diffusivity (which also determines axonal integrity) in the inferior front-occipital
fasciculus, as well as the cingulum and inferior longitudinal fasciculus. The experimental sample
of 35 BPD patients, also did not include medicated individuals nor individuals with comorbid
conditions (Ninomiya et al., 2018), thus it could be that the white matter alterations of the
inferior fronto-occipital fasciculus partly represent the core neuropathology of BPD.
Nevertheless, such conclusions must be made tentatively as research suggests several other tracts
(including the corpus callosum, corona radiata and prefrontal fasciculi) may be implicated in
BPD (Carrasco et al., 2012; Ninomiya et al., 2018; Salvador et al., 2016), and diffusion

modalities are more prone to artefacts than other imaging methods (Carrasco et al., 2012).
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FUNCTIONAL BRAIN IMAGING

fMRI is increasingly being used to determine the resting-state functional connectivity (RSFC)
between various brain regions by examining contemporaneous patterns of neural activity (in the
absence of goal-directed tasks) (Krause-Utz et al., 2014; Nierhaus et al., 2012). The RSFC
observed within particular networks may also be referred to as the default mode network (DMN)
(Kluetsch et al., 2012). One study exploring RSFC in BPD found there to be increased functional
connectivity between the amygdala and insula as well as stronger amygdala-OFC and amygdala-
putamen RSFC in individuals with BPD compared to controls (Krause-Utz et al., 2014).
Additionally, decreased RSFC between the left ventral ACC and V1 cortex, lingual gyrus and
cuneus was observed in the BPD sample relative to healthy controls. These findings should be
interpreted with care though as they are yet to be endorsed by further research and signals from
the amygdala can be confounded by venous drainage. Furthermore, due to the lack of adolescent-
based functional imaging literature, the neural findings presented here refer only to the adult

cerebrum.

Cognitive-Perceptual Differences

Functional connectivity has been explored within the default mode network as well as in the
context of emotion processing and theory of mind (O'Neill et al., 2015). During rest, greater
functional connectivity between the precuneus and the left inferior frontal lobe, left precentral
gyrus, middle frontal gyrus, and left middle occipital and superior parietal lobes was observed; a
conflicting pattern of activity to that reported by Krause-Utz et al. (2014). Additionally, during
the theory of mind condition (which assessed the comprehension of visual puns and jokes),
decreased functional connectivity between subgenual ACC and the left superior temp lobe, right

15

Peer] Preprints | https://doi.org/10.7287/peerj.preprints.27414v1 | CC BY 4.0 Open Access | rec: 5 Dec 2018, publ: 5 Dec 2018




378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

supramarginal parietal lobes and right middle cingulate cortex was shown in the BPD sample
relative to controls. As Krause-Utz and colleagues (2014) set the DMN seed as the amygdala
whilst O’Neill and associates (2015) decided upon the precuneus, it is not surprising that the
findings were not concurrent. Furthermore, O’Neill et al. (2015) procured DMN data during a
ten second period of rest between task conditions, thus this is not a true exemplification of the

default mode.

It is known that the processing of pain in BPD is atypical and is more than likely a direct result
of the self-injurious behaviour that is present in approximately 60-80% of patients (Chapman,
Specht, & Cellucci, 2005). Connectivity within DMN has therefore been investigated with
respect to pain processing in BPD patients who partake in non-suicidal self-injury (Kluetsch et
al., 2012). The left superior frontal gyrus and PCC were found to be less incorporated into the
DMN in BPD, and the latter was ostensibly less integrated with the left DLPFC when the
nociceptive stimuli were administered (Kluetsch et al., 2012). Furthermore, DMN response to
painful stimuli was found to be negatively correlated with symptom severity (Kluetsch et al.,

2012).

Nociceptive perception was also examined in a more ecologically valid study by Reitz and
colleagues (2015), who demonstrated that for those with BPD, a small incision to the forearm is
capable of reducing tension incurred by stressful tasks. This translated neurally to decreased
amygdala activity and increased functional connectivity with the superior frontal gyrus in BPD
patients following the incision, whereas the converse was observed in controls (Reitz et al.,

2015). The objective of therapies targeting self-injurious behaviour in BPD is often to aid
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patients in finding means other than self-harm to reduce aversive tension. The effects of such
treatments could therefore be assessed, taking the amygdala as a region of interest. One
preliminary study exploring the effect of DBT on temperature pain perception and affect

regulation shows promising results (see Niedtfeld et al., 2017).

Emotion Dysregulation

Both self-injurious behaviour and suicidality are typical examples of the dysfunctional
behaviours that may arise as a result of the poor emotion regulation evident in BPD (Soloff et al.,
2012; Stiglmayr et al., 2008). Region of interest studies researching emotion regulation in BPD
at the neural level tend to focus on the amygdala and consistently report an increased response to
negatively-valenced stimuli (Bertsch et al., 2013; Hazlett et al., 2012; Koenigsberg et al., 2009).
Furthermore, one study suggests that amygdala activation may have some discriminative value
across Axis Il disorders, as it was shown to distinguish BPD from both healthy controls and
those with schizotypal personality disorder, when viewing negative affect-inducing stimuli

(Hazlett et al., 2012).

The anterior and posterior cingulate cortices also appear to “come online” when viewing
negatively-valenced stimuli in BPD (Koenigsberg et al., 2009). Further, the mere anticipation of
negative affect-inducing stimuli seems to be sufficient to cause a heightened response in the
anterior and posterior cingulate cortices, as well as in the left visual areas (Scherpiet et al., 2014).
Disparate findings, of reduced activation in the middle cingulate cortex projecting into the
dorsolateral PFC, were observed when BPD samples anticipated ambiguously-valenced stimuli

(Scherpiet et al., 2014). Emotion regulation hence, appears to be more disturbed with respect to
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negative emotions as there seems to be a bias toward potentially threatening information in BPD,
which translates neurally to increased amygdala and cingulate cortex responses (Bertsch et al.,
2013; Scherpiet et al., 2014). Encouragingly, one study investigating distraction (using
negatively-valenced stimuli) and subsequent emotion regulation found positive treatment effects
of DBT, reflected by reduced ACC activity in treatment responders (Winter et al., 2017);

suggesting hyper-activation of particular brain areas may be reversible.

Psychological Distancing

As stipulated by the DSM-1V, severe dissociative symptoms are also present in the BPD
psychopathological profile (American Psychiatric Association, 2013). A method of dissociation
referred to as psychological distancing can be utilised by BPD patients in order to reduce
negative affect induced by aversive stimuli (Koenigsberg et al., 2009; Silvers et al., 2016).
Distancing as opposed to looking at negatively-valenced stimuli has been shown to correlate
with increased activation of the PFC, PCC, precuneus and intraparietal sulcus (IPS) in both
control groups and BPD samples (Koenigsberg et al., 2009). However, decreased activation of
the dorsal ACC and IPS, as well as greater activation of the amygdala, superior temporal sulcus
and superior frontal gyrus distinguished BPD from controls (Koenigsberg et al., 2009).
Additionally, one study found that diminished precuneus activation when distancing may
discriminate suicide attempters with BPD from non-attempters (Silvers et al., 2016). The
precuneus may therefore be implicated in the lethality of poor emotion regulation in BPD. The
aforementioned works differ in study design, however, as Silvers and colleagues (2016) chose to
use aversive memories as negatively-valenced stimuli which prompted the activation of

additional “memory” regions such as the hippocampus, whereas Koenigsberg et al. (2009) used
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images of negative interpersonal scenes. Moreover, there is no definitive way of assuring

distancing took place as it is a very subjective psychological phenomenon.

Oxytocin Modulation

It is widely accepted that the neuropeptide oxytocin modulates prosociality and attachment
formation (New et al., 2012), though its specific influence on human behaviour remains unclear
(see Nave et al., 2015). Individuals with BPD tend to perceive others negatively and often lack
empathy (American Psychiatric Association, 2013); providing the rationale for the study of the
effects of oxytocin on the behaviour of those with BPD. Oxytocin has been found to dampen
amygdala hyper-reactivity in response to negative affect-inducing stimuli in BPD samples,
seemingly reducing the archetypal bias to threatening stimuli (Bertsch et al., 2013; Lischke et al.,
2017). Greater amygdala activity was ostensibly related to less engagement with emotional
scenes, which was regulated by oxytocin administration (Bertsch et al., 2013). Oxytocin therapy
may therefore be beneficial for those with BPD who are hyper-reactive to aversive stimuli. It is
necessary, however, to evaluate the role of oxytocin cautiously as it has also been shown to

hinder affiliative behaviour in BPD (Bartz et al., 2011)

Opioid Function

Attachment and the regulation of the emotion and stress responses are thought to be mediated, in
part, by the endogenous opioid system and p-opioid receptors (Prossin et al., 2010). Binding
potential is believed to measure neurotransmission facilitated by p-opioid receptors and one PET
study (using the radioligand ([11C] carfenatil) found that BPD patients, in a state of neutrality,

exhibit greater p-opioid receptor binding potential in the bilateral OFC, caudate, left amygdala
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and nucleus accumbens (Prossin et al., 2010). Activation of the endogenous opioid system was
observed in the left posterior thalamus, left OFC, left ventral pallidum, left amygdala and left
inferior temporal gyrus of BPD patients in states of sustained sadness, whereas controls showed
activation only in the left anterior thalamus, left medial thalamus and the right hippocampus
(Prossin et al., 2010). These results imply that BPD may be linked to greater activation the
endogenous opioid system as a means to compensate for an intrinsic shortage of p-opioid

neurotransmission.

Interpersonal Dysfunction

Borderline personality disorder is also characterised by impaired interpersonal functioning,
reflected by unstable relationships and preoccupation with abandonment (American Psychiatric
Association, 2013). Despite the detrimental effects of interpersonal dysfunction, few studies
explore the neural correlates of sociality in BPD; perhaps owing to the difficulty of recreating
realistic social scenarios experimentally. Virtual ball tossing is a popular experimental paradigm
which has been employed in the context of BPD by two studies. Domsalla and colleagues (2014)
provide evidence that BPD patients tend to feel more excluded even when equally included by
virtual teammates, which correlated neurally with greater activation of the precuneus, DLPFC,
insula and medial PFC. Both healthy controls and BPD patients appeared to report similar levels
of exclusion in the experimental condition, though BPD patients showed increased activation of
the DLPFC relative to controls (Domsalla et al., 2014)." Using a similar study design exploring
the relationship between rejection sensitivity and physical pain thresholds, social exclusion was
found to lead to increasing reactivity to nociceptive stimuli in BPD patients and healthy controls

(Bungert et al., 2015). At a neural level, this correlated with thalamic and anterior insular (Al)

! Some differences in neural activation across BPD and control samples were reported at a 10% significance level.
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activation in both samples and addition posterior Al was observed in BPD patients (Bungert et
al., 2015). Interestingly, social inclusion engendered reduced relative activation of the amygdala
in BPD patients following the administration of nociceptive stimuli (Bungert et al., 2015).

A landmark study, carried out by King-Casas and colleagues (2008), employed an economic
exchange game as the experimental design in an effort to explore the neural correlates of social
cooperation in BPD. Behaviourally, when interacting with healthy subjects, those with BPD
reported lower levels of trust than did other healthy controls (King-Casas et al., 2008).
Furthermore, BPD patients were less able to maintain co-operation and repair broken cyber
relationships. Neurally, investigators observed activity of the anterior insula (Al) of BPD patients
only when repaying money to their partners, whereas this region was activated in healthy
controls when receiving monetary inputs from their partners. As Al activation often occurs in
response to violations of social norms (New et al., 2012); this pattern of activation was
interpreted as indication that those with BPD did not interpret low monetary offers as insulting
due to their inherently negative perceptions of others (King-Casas et al., 2008). However, to our
knowledge, this experimental paradigm has not been replicated more recently and more research

on BPD interpersonal functioning using non-monetary incentives is necessary.

Abnormal Behaviour

Impulsive behaviours such as excessive spending, reckless driving and substance abuse are
routinely observed in the symptom profile of individuals with BPD (American Psychiatric
Association, 2013). Experimentally, investigators often utilise response inhibition as a measure
of impulsivity, by way of Go/No-go, Stop Signal and Simon tasks. However, whether or not such

experimental paradigms provide accurate depictions of pathological impulsivity is debateable.
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According to one study, fMRI BOLD signals did not differ across samples during each of the
three aforementioned tasks, as the inferior frontal gyrus, striatum and pre-supplementary motor
area was equally activated in both BPD and healthy control groups (van Eijk et al., 2015).
Moreover, BPD patients did not have shorter response latencies nor did they commit more errors
than did healthy individuals (van Eijk et al., 2015). Intriguingly, another study investigating the
effects of DBT on response inhibition in treatment completers and non-completers reported
increased activity in the bilateral medial and inferior frontal gyri during response inhibition after
seven months relative to pre-treatment levels (Ruocco et al., 2016). It is worth mentioning
though, that the investigators did not compare the performance of both BPD samples with
healthy controls, thus any disorder-specific performance differences cannot be ascertained from

this study.

Impulsivity and its relation to the processing of aversive and pleasant stimuli in BPD, has been
found to be mediated by the mesolimbic reward system, comprising the ventral striatum and
nucleus accumbens (Herbort et al., 2016). Rewarded tasks involving dopaminergic
neurotransmission ostensibly activate both of the aforementioned regions, which are also
believed to be crucial for both reward prediction and Bayesian prediction error (Schott et al.,
2008). Those with BPD appear to have a blunted neural response in both the striatum and
nucleus accumbens to reward and loss anticipation, as observed by Herbort and colleagues
(2016). The authors reported that, during a monetary incentive delay task, those with BPD
showed reduced activity in the nucleus accumbens and ventral striatum in response to reward and
loss predicting cues, where thrill-seeking behaviours were thought to arise as a means of

compensation. Due to the lack of clinical control group, however, it is difficult to determine
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whether these neurological changes are exclusive to BPD as muted striatal responses to losses

and gains are reportedly present in those with depression (Ubl et al., 2015).
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DISCUSSION

Whilst the studies reviewed in the present paper report some interesting and informative
findings, it must be borne in mind that a definitive neurological profile of borderline personality
disorder is yet to be synthesised. However, in light of the recent research reviewed, a
rudimentary neurodevelopmental model of BPD can be proposed.

Morphologically, it would seem that BPD is associated initially in adolescence with reduced grey
matter volume in the orbitofrontal cortex (Brunner et al., 2010; Chanen, Velakoulis, et al., 2008),
a region thought to partly mediate affect regulation, social appropriateness and inhibition
(Malloy et al., 1993). Relative to adults, adolescents are ostensibly more prone to suffer acutely
from symptoms such as impulsivity and inapposite anger (Kaess et al., 2014; Lawrence, Allen, &
Chanen, 2010), which may therefore be attributable to a compromised OFC. Diminished white
matter tract coherence in the inferior longitudinal and occipito-frontal fasciculi may also be
implicated in the adolescent neuropathology of BPD (New et al., 2013); though due to the
absence of a clinical control group and comorbid MDD in the BPD samples, the specificity of
these results is questionable. Further replicative studies using large adolescent cohorts are
therefore crucial to allow for the assessment of the influence of symptomatic variability
(Brunner, 2010) and to increase the reliability of these preliminary findings. Longitudinal
research within a developmental psychology framework would also allow for the verification of

the abovementioned proposals.

Deficits in the OFC, inferior longitudinal and occipitofrontal fasciculi are also reported by
studies using adult BPD samples (Araujo et al., 2014; de Araujo Filho et al., 2014; Ninomiya et

al., 2018; Salvador et al., 2016; Sato et al., 2012); suggesting that these structural alterations may
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persist from adolescence into adulthood. Reductions of the hippocampus however, appear to
present only with increasing age (Depping et al., 2016; Niedtfeld et al., 2013; Richter et al.,
2014; Soloff et al., 2008) and is one of several regions purported to have discriminant clinical
value (Sato et al., 2012). Future studies should aim to clarify whether comorbid PTSD, past
childhood adversity and/or symptom severity modulate the volume of the hippocampus in BPD
patients as is proposed by some investigators (Brambilla et al., 2004; Kreisel et al., 2015).
Crucially, further investigations should also assess the relationship between structural brain

changes and the corresponding functional impact.

Regarding resting-state functional connectivity in the default-mode network of those with BPD,
further research is needed to replicate the few existing experimental designs and give credence to
the small body of current evidence. Functionally, it seems as though BPD is mediated by
hyperactivity of the cingulate cortices (Koenigsberg et al., 2009; Scherpiet et al., 2014) which
has been interpreted by Mensebach et al. (2009) as a compensatory mechanism due to
hippocampal shrinkage. Additionally, heightened amygdala responses are recurrently seen in
BPD patients, particularly in relation to negatively-valenced stimuli (Bertsch et al., 2013; Hazlett
et al., 2012; Koenigsberg et al., 2009). Further research should aim to investigate how the
aforementioned regions interact during deliberate emotion regulation using strategies other than
psychological distancing. In addition, future investigators should attempt to corroborate the
notion that such neural hyper-activation can be remedied by DBT (Niedtfeld et al., 2017; Winter

etal., 2017).
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Interpersonally, there is evidence to suggest that the anterior insula is additionally activated in
BPD during social inclusion/exclusion paradigms (Bungert et al., 2015; Domsalla et al., 2014).
More research, however, is needed due to the lack of a non-social control condition (such as
tossing ball to oneself), to which neural activation across samples could be compared.
Behaviourally, a blunted striatal response to reward and loss predicting cues may explicate
impulsivity in BPD, where risky behaviours are carried out to compensate for the neural de-
sensitisation. The findings with regard to response inhibition as a reflection of impulsivity in
BPD are inconclusive. Further research should endeavour to different experimental designs to

more reliably assess atypical behaviour in BPD.

Limitations

It is necessary to acknowledge that the present review is subject to publication bias, as only
studies published in peer-reviewed journals were evaluated. Furthermore, the samples of the
majority of the papers examined included only female subjects thus the findings cannot be
generalised to males with BPD. Despite rather stringent exclusion criteria, many of the subjects
in the included studied also presented with past histories of Axis I and Il disorders, as is typical
of BPD. Specificity of the results to BPD in isolation is therefore limited. Moreover, a
neurodevelopmental model of BPD with respect to brain function within the four diagnostic
domains (cognitive-perceptual differences, emotional dysregulation, interpersonal dysfunction
and abnormal behaviour) was not put forth due to the non-existence of adolescent-based

literature in these areas.
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CONCLUSION

To conclude, the current research reviewed presents fascinating results, though the degree to
which they can be attributed to BPD alone remains elusive. Furthermore, the evidence base is not
yet robust enough to have a strong clinical influence. A limited number of fMRI studies
examining the neural aftereffects of psychological therapies offered to BPD patients are
presently available; and further research is essential to corroborate the findings. The neural
correlates of emotion dysregulation appear to be well-evaluated relative to other diagnostic
domains such as interpersonal functioning, cognitive processing and atypical behaviours. Future
investigators should therefore aim to devise ecologically valid methodologies to substantiate the
existing evidence within these areas. It is crucial that the vast array of symptoms comprising the
diagnostic criteria of BPD are eventually understood from a neurological perspective to aid in the
development of person-centred therapies. Moreover, greater efforts to recruit larger cohorts of
both adolescents and adults should be made to further our understanding of the neurological

progression of this disorder.
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APPENDIX

Table 1.

Summary of the aims, results and limitations of the selected articles.

Authors) Imnaging Participants Aims Results Limitations/Future Directions
Modality
Araujo et MRI 25 BPD, 25 HC (F) To investigate Reduced unilateral thickness All patients taking at least one psychotropic
al., 2014 whether structura of the |. lat OFC, r. mid. front. agent.
Thiose with a current atypicalities of the | gyrus, area of |. med. oFC and
Axis | or |l disorder cortex are present | r.insula and increased area Small sample size.
were excluded. in BPD patients. and thickness of the bilateral
parietal gyri, r. postcentra Mot generalizable to males with disorder nor to
gyrus thickness and area |. sup | typical BPD patient who will likely have several
fromtal gyrus in BPD comorbid conditions.
compared to HC.
No clinical control.
Bertsch et fvRI 40 BPD, 41 HC (F) To investigate Quicker initial gaze fixation to | Mo clinical control.
al, 2013 effect of oxytocin eyes of angry faces in BPD

Those with 10, <B5;
pregnancy; endocrine
or neurclogical
disorders; use of any
type of regular
medication except
contraceptives;
ifetime diagnoses of
schizophrenia,
schizoaffective
disorder, or bipolar
disorder; and current
alcohol or drug
dependence were
excluded.

on amygdala
response during an
emotion
classification task.

group and increased amygdala
response to angry faces
relative to HCs, hyper-
reactivity dampened after
oytocin.

Increased amygdala activity
positively correlated with
quicker disengagement from
eyes of angry faces in BPD

Eroup.

Focused on amygdala, no whole brain changes
reported.

Limited sample size.
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Brunner et MRI 20 BPD, 20 other MHD | To investigate Reduced bilateral DLPFC and Small sample size.
al., 2010 {mixed diagnoses) , 20 | structural changes | left OFC grey matter density
HCs adolescents (F) in brain volume in BPD compared to HCs. Gender bias.
present in
adolescent-onset Decreased grey matter in right | Comorbid diagnoses may influence brain
BPD. DLPFC in clinical controls morphology.
compared to HCs.
Larger cohort studies may allow for
Mo significant grey matter examination of symptomatic variability within
alterations in BPD relative to Eroups.
clinical control.
Mo intergroup differences in
limbic system and WM
structures.
Bungert et fMRI 20 BPD, 20 HC (F) Investigated Social exclusion in ball tossing | Within subjects so all patients experienced
al., 2015 experience of game led to hypersensitivity to | inclusion as well as exclusion, which may have

Those with a lifetime
history of psychotic
disorder, current major
depression, substance
abuse or addiction,
Pregnancy, organic
brain disease, a history
of skull or brain
damage, severs
neuroclogical ilinesses,
and currently using
psychotropic
medication were
excluded.

physical pain in
BPD compared to
controls following
social
inclusion/exclusion
during a virtual
ball-tossing game.

Examined effect of
rejection sensitivity
on experience and
neural processing
of physical pain
post

inclusion/exclusion.

physical pain im both groups

{subjective measures) as well
as increased Al and thalamic
activation.

Exclusion linked to additional
posterior Al activation,
inclusion linked to reduced
amygdala activation in
response to nociceptive
stimuli in BPD group relative
to HCs.

Increasing rejection sensitivity
related to less difference in

dampened/enhanced the effects of each.
Gender bias.

Excluded major depression which may reduce
generalizability to the average individual with
BPD.

Future studies may wish to use this paradigm
on subgroups of BPD patients [i.e. high

impulsivity, non-suicidal self-injury etc).

Small sample size.
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922

923
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amygdala and insula activation
in response to pain after
inclusion and exclusion.

Those with
schizophrenia or
affective psychotic
disorders, anorexia
NEryosa, current
aloohol dependence,
history of head injury,
oss of consciousness
for 10 min or more,
seizures, thyroid

crbitofrontal and
amygdala velumes
of teenagers with
first-presentation
BPD.

significant differences in
hippocampal and amygdala
Erey matter.

Smaller amygdala bilaterally in
miales with BPD {sample size
incredibly small).

Correlations between right
amygdala velume and
symptoms (iLe. inappropriate

Carrasco et | DTI 28 BPD (13M, 15F), 26 | To investigate Decreased fractional Small sample size.
al., 2012 HCs microstructural anisotropy [FA) in genu and
damage to white rostral corpus callosum, Some patients on long term medications which
matter tracts of bilateral prefrontal white could have altered brain morphology.
Those with current PFCin a matter fasciculi and
miajor depression, representative orbitofrontal white matter in Decreased FA cannot be specifically linked to
substance sample of BFD BPD group compared to BPD as comorbid conditions, disorder severity
dependence, life-time patients. controls. and additional complications could influence
diagnosis of white matter development.
schizophrenia, bipolar Mo imcreased FA in relation to
disorder or organic controls. DTl more prone to artefacts than other
mental disorders, and modalities.
those using
psychotropic
medication in the two
weeks prior to study
were excluded.
Chanen et MRI 20 BPD (15F, 5M]), 20 To investigate the Right side OFC grey matter Longitudinal studies needed to observe
al., 2008 {15F, SM) HCs hippocampal, loss relative to controls, mo whether or not hippecampalfamygdala deficits

appear later in course of disorder

Controversial diagnostic criteria for BPD in
youth.

Structural changes over time cannot be
determined from this paper.

Comorbidity may influence brain morphology.

Large number of statistical analyses used
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disorder or other
significant medical
iliness were excluded.

anger,
externalisation/internalisation,
impulsivity) in females.

increasing possibility of Type | emror.

Small sample size.

al., 2014

Those with a lifetime
history of psychotic or
bipolar | disorder,

understanding of
rejection sensitivity
in BPD at the
neural level using a

excluded to similar degree in
exclusion groups but BPD felt
more excluded during
inclusion and control than

de Araujo MRI 25 BPD, 25 HCs (F) To investigate Reduced cortical thickness High rates of past psychiatric comorbidity
Filho et al., differences bilaterally in medial OFC, which could cenfound results.
2014 Those with any between volumes decreased curvature and
other psychiatric of OFC in BPD and depth of sulcus in right medial | High levels of psychotropic use.
comaorbidity at time of | HC samples. OFC and increased curvature
investigation were of left im BPD compared to Cannot generalize to males nor to those with
excluded. control. comorbidities.
Small sample size.
Depping et MRI 22 MDD, 17 BPD, 22 To inwvestigate and Reduced wvolume of bilatera Limited sample size across groups.
al., 2016 HCs (F) compare the frontostriatal network in MDD
structural networks | compared to BPD and HC. Differential therapeutic measures taken across
Those with medical/ that are shared and clinical groups.
neurclogical disorders, | distinct im MDD Reductions in
drug or alcohol abuse, | and BPD to healthy | medial/temporal frontal Small sample size.
a history of head controls (MRI). network [hippocampus,
trauma, lifetime or parahippocampus and
current comorbid Axis | amygdala) volumes in BPD
and |l disorders (for relative to HCs and MDD,
MDD, lifetime
schizophrenia or Structural pattern of lateral
bipolar disorder PFC and cingulate significanthy
diagnosis or ADHD related to depressive
were exluded. symptoms in MDD and BPD
Domsalla et | fMRI 20 BPD and 20 HCs (F). | To develop an Both BPD and HCs felt Brain structures activated may not be exclusive

to social-emotional processes, should add a
non-social control condition to further examine
[i.e. tossing and catching)
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current major
depressive episode,
current substance
abuse or addiction,
pregnancy, organic
brain disease,
psychotropic
medication use
skull/brain damage, or
severe neurclogical
illness were excluded.

virtual ball-tossing
paradigm.

HCs; more dissociative
symptoms in BPD across
conditions compared to HC.

Greater activation of media
PFC and dACC im BPD group
across conditions.

Cortical activation differences:
Greater activation in
precuneus, dIPFC, insula and
mPFC in BPD brain during
contrel task (equal tosses
between participants), greater
dIPFC activation in BPD during
exclusion conditions (other
activation comparisons failed
to reach statistical sig).

Ne clinical control group, findings may not be
specific to BPD.

Some differences in activation reported at 10%
significance level.

Small sample size.

Hazlett et
al., 2012

fiviRI

33 BPD [20F, 13M)
28 SPD [12F, 16M)
32 HC (20F, 12M)

Those with a history of
psychotic disorder,
bipolar | affective
disorder, or current
MDD, medical/
neurclogical iliness,
head injury, substance
dependence/zbuse (in
past & menths) and
those wsing
psychotropic

To investigate
differences in
amygdala response
to neutral and
affect-inducing
[positive/negative
in valence) stimuli
in BPD, schizotypa
personality
dizorder and HC

Eroups.

Greater amygdala activation in
BPD compared to 5PD and HCs
to affect-inducing stimuli (no
group difference for neutral
stimuli), increased time to
return to baseline activation
levels in BPD group relative to
HCs and 5PD.

Greater amygdala response to
repeated pictures in BPD
suggesting impaired amygdala
habituation relative to SPD
and HCs.

Several BPD patients had history of
antidepressant, neurcleptic and
benzodiazepine use which could confound
results.

Limited sample size.
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medication were
excluded.
Herbort et fiVIRI 21 BPD, 23 HCs (F) To examine the Reduced activity in nucleus Insufficient sample size to examine regions
al., 2016 relationship accumbens and ventra other than striatum.
Those with a history of | between striata strigtum in response to reward
schizophrenia, bipolar responses to and loss predicting cues Used monetary rewards only, future research
disorder, rewards/losses and | compared to newtral cues in may want to investigate socia
schizoaffective impulsivity in those | BPD group. reward/punishment.
diserder, lifetime with BPD.
diagnosis of adult Megative correlation between | Mo clinical contred group, muted striatal
ADHD, substance ventral striatum loss response to losses/gains apparent also in
abusze and currenthy anticipation cues and self- depression and bipalar || disorder {Ubl et al.,
using psychotropic reported impulsivity scores in 2015; Yip et al., 2015)
medication were BPD, converse relationship
excluded. observed in HCs.
Positive comelation between
striatal response to both
losses/gains and impulsivity
scores in BPD.
Blunted neural response to
rewardloss anticipation may
lead individual to thrill-seek
more to compensate?
Jim et al., MRI 34 HCs (15M, 15F), 34 To investigate grey | Increased bilateral volume of Used lower accuracy widespread woxel-by-
2016 BPD (17F, 17F) matter differences | middle cingulate cortex, wvoxel univariate analyses.
ACross postenor cingulate cortex and
Those with past or experimental precuneus compared to HCs, Mot generalizable to patients with comorbid
current diagnosis of groups and its no other significamt conditions.
schizophrenia, relaticnship to differences in grey matter
paranoid disorder, childhood trauma concentration.
schizoaffective and attachment
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964

disorder, bipolar
disorder, physical
disorder with
psychiatric
consequence (e.g.,
hypothyroidism,
seizure disorder, brain
injury] were excluded.

styles.

Childhood trauma not
correlated with grey matter
volume across groups.

HCs with more insecure
attachments had less grey
matter in precuneus, MCC and
middle occipital gyrus but no
negative correlations between
insecure attachment and
wvolume in BPD group.

Kimmel et
al., 2016

MRI

Meta-analyses:
256 BPD and 272 HCs

To investigate age-
related neura
changes in BPD.

Greater r. sup. motor area
volume in BPD relative to
controls.

Smaller grey matter volume in
r. sup_/midd. temp gyri,
inferior fromtal gyrus pars
opercularis, |eft hippocampus
compared to controls.

Left superior parietal-occipita
volumes increase with age in
BPD {younger patients show
reduced parieto-oCcipita
volumes).

Right amygdala volume
decreases with age.

Grey matter deficits in limbic
areas ostensibly worsen with
age in BPD.

Meta-analyses examine summarised, compiled
data rather than raw, experimental data.

Voxel-based morphometry may not be
powerful enough to accurately detect
differences in very small structures such as
hippocampus and amygdalae.

Publication bias {unpublished data not
included).
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974

Psychotropic medications not
correlated with regional grey
matter volume differences

between BPD and HC groups.

King-Caszas
et al., 2008

fivRI

5S.BPD (37F, 1M)
38 HCs (51F, 4M)

To investigate
cooperation in BPD
using an economic
exchange game.

Behavioural: BPD less able to
maintain co-operation and
repair broken co-operation

Meurclogical: positive
association between in Al
activity and inputfoutput
responses (value of monetary
offers received /money offered
as repayment to partner
respectivaly]

Al activity only related to
output (money repaid to
partner) and not input
{relationship independent of
medication status). Indicates
BPD have low expectations of
others such that low offers not
seen as vielation of socia
norms

Investments levels lower for
pairs with BFD player than fior
HE ws HE (indicator of
untrustworthiness/non-
cooperation)

Lower levels of self-reported

Economic exchange games are not an exact
replica of real-world social interaction.

Monetary element may compel subjects to
behave more antisocially than normal (in a bid
to maximise earnings).

Lack of dinical control — difficult to attribute
mode of gameplay specifically to BFD.
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984

985

trust in BPD compared to
control

Those with bipolar |
disorder,
schizephrenia,
schizoaffective
disorder, substance
dependence, organic
mental syndromes, or
substance abuse
disorder in past &
months were excluded

in BPD through
psychological
distancing from
aversive stimuli.

increased activation of DLPFC,
IP5 areas, ventrolateral
prefrontal cortex, and
posterior cingulate /precunsus
regions in both groups (both
groups reported less negative
affect when distancing).

When viewing negative
stimuli, BPD show greater
activation sup. temporal gyrus,

Kluetschet | fMRI 25 BPD and 22 HCs (F) Evaluate L. retrosplenial cortex and 1. No non-N351 control group — is the effect
al., 2012 connectivity of the | sup. front. gyrus less specific to BPD or BPD with self-injurious
Those with a history of | default mode integrated into DMN in BPD behaviour?
head trauma, chronic network [DMMN;
pain, serious comprising the Lower DMN response to Higher temperature used for BPD condition
medical/neurclogical mPFC, PCC nociceptive stimuli was due to greater reported tolerance to pain, 50
iliness, current MDD, including the associated with greater group differences may be due to stimulus
aloohol or substance precuneus, inferior | symptom severity in those intensity as opposed to brain connectivity.
abuse/dependence, parietal lobule, with BPD.
lifetime diagnosis of lateral temporal Comorbid conditions may have confounded
bipolar disorder and cortex, and L. DLPFC less connected to results.
schizephrenia, and hippecampal pCC seed region during painful
pain disorders, and formation) with vz neutral stimuli in BPD. Further research should look at DMN
those taking respect to Connectivity in response to
medication within two | nociceptive or social/autcbiographical stimuli {group
weeks of scan. neutral stimuli in differences here mediated by appraisal of
BPD and HC stimuli as more or less self relevant/aversive).
individuals.
Koenigsberg | fMRI 18 BPD {10F, 8M), 16 To understand Distancing vs looking at Very small sample size so little statistical
etal., 2009 HC (9F, 7M) affective instability | negative stimuli caused POWET.

BPD sample alsoe met criteria for PTSD, GAD
and other Axis || disorders so results may not
be exclusive to BPD.

No way of definitively tested that "distancing”
took place.

Future studies should lock at other reappraisal
strategies {reinterpretation etc).
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995

as were those taking
psychotropic
medication within two
weeks of scan.

PCC, ACC, and cerebellum vs
the HC.

Increased amygdala activation
in BPD relative to baseline
during distancing vs looking.

Less activation in DACC and
IF5, less amygdala
deactivation, greater sup.
temp sulcus and sup. front.
gyrus in BPD during distancing
relative to looking.

Krause-Utz | fMRI 20 BPD, 17 HC [F) To investigate BPD showed evidence of Large proportion of BPD subjects reported
et al., 2014 resting state increased amygdala-insula (as | trauma in past, assocdations may be linked to
Those with current functional well as of C and putamen) trauma as oppose to condition.
MDD, lifetime connectivity in ROIs | resting state functional
psychotic disorder, {frontolimbic connectivity (RSFC). BOLD responses of amygdala can be
bipolar affective regions). confounded by physiclogical factors such as
disorder, menta Stronger functional venous drainage.
retardation, connectivity between ACC and
developmental dmPFC in BPD, whereas HCs Small sample size.
disorder, and in showed diminizhed
suicidal crisis were connectivity.
excluded.
Decreased RSFC in between
left vACC and V1, lingual gyrus
and cuneus in BPD compared
to controls.
Kreisel et MRI 39 BPD (33F, 6M) and To investigate Hippocampal wolumes did not | History of psychotropic use in sample —
al., 2015 39 HC {33F, 6M) whether there are differ across groups. possible confounder.

differences in
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1005

1006

Those with
current/previous
medical conditions

hippocampal grey
matter volume
between HCs and

Exploratory analyses revealed
that comorbid PTSD with BPD

gave rise to smaller

Several comorbid conditions in patient past
including ancrexia and bulimia (starvation
leads to general cortical shrinkage).

or taking regular
medication within past
B weeks of the scan.

oxytocin.

placebo administration)

Megative correlation between
amygdala activity and gaze
behaviour (greater amygdala
activity implied less looking at
emotive stimuli).

Mo abnormal activity in PFC,
nor atypical connectivity
between paralimbic and
prefrontal regions in BPD.

{e.g., stroke, ischemic | BPD groups. hippocampi (head and body)
heart disease), history than BPD without PTSD. Further studies should look to examine
of anorexia, whether numbers of symptom criteria fulfilled
schizophrenia, Those with =7 DSM-1V BPD affects morphology of other structures.
schizoaffective criteria showed reduced
disorder, major volume of head of
depressive episodes hippocampus than those with
with psychotic fewer symptoms.
symptoms, or
substance abuse within
the 6 months were
excluded.
Lischke, fMRI 51BPD, 48 HCs (F) To examine OT decreased amygdala Diid not report symptom profile nor comorbid
Herpertz, paralimbic activity | reactivity in BPD but increased | conditions of sample thus generalisability is
Berger, Those with to emotional and reactivity in HCs. questionable.
Domes, & schizoaffective neutral scenes
Gamer, disorder, schizophrenia | after intranasal Greater baseline paralimbic
2017 or intellectual disability | administration of activation in BPD (after
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1015

1016
OT regulated atypical
relationship between
amygdala activity and gaze
behaviour across scenes in
BPD group, irmrespective of the
valence.
Maier-Hein | DTI 20 BPD adolescents, 20 | To highlight BPD- Decreased FA in fornix im BPD High levels of psychotropics usage in samples.
et al, 2014 HCs and 20 clinical specific white group compared to CC as wel
control (mixed matter changes in as white matter alterations in Comorbid disorders such as PTSD present in
diagnoses) (F) adolescents thalamus-hippocampus BPD group so BFD-specific changes difficult to
connecting tracks. specify.
Those with lifetirme
dizgnosis of 3CZ, Mo changes in FA of inferior Small sample size.
schizoaffective fromtal WM.
disorder, bipolar Tractography still lacks experiential validation.
disorder, pervasive
developmental Cannot generalise to male patients.
disorder, alcohol/drus
dependence,
significant neurclogical
disease, BM| of 16.0 or
ower, and [0 <35 were
excluded.
Mensebach | fVIRI 18 BPD, 18 HCs (F) To assess whether Mo differences in performance | Small sample size.
etal., 2005 deficits in across groups, both groups
Those with infectious episodic/semantic showed activation of bilateral | High rates of comorbid dizorders, namely
diseases, anorexia, Memory are fromtal, temporal and limbic PTSD, depressive and panic disorders - result
SCZ, schizoaffective present in BFD neocortical areas during cannot be exclusively due to BPD.
disorders, and MDD through free-recall | episodic and left lateral fronta
with psychotic and verbal fluency and temporal, bilateral medial | All patients treated by DBT and psychotropics —
symptoms, alcohol or tasks. fromtal and left parietal possible confounder.
drug dependence were neocortical regions during
1017
1018
1019
1020
1021
1022
1023
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1024

excluded.

sEMantic memory

Meurally, during episodic task,
BPD showed increased
activation of bilateral PCC, left
mid, sup temp gyri, r. inf.
fromt. gyrus and r. ang. gymnus.

Dwring semantic memory task,
BPD showed increased
activation of PCC, r. fusiform
gyrus, |. ACC and |. postcentra
EyTus

Those with BPD need to
recruit additional brain
structures to camy out tasks
wihich are less neurally taxing
for controls.

Post hoc analyses showed no
differences in performance for
BPD-PTSD subjects compared
to BPD.

Future research should use larger cohorts to
allow for subgroup analysis by comorbidity.

Morandotti | MRI 18 BPD, 19 HC (F) To investigate grey | Right VLPFC reduced in BPD Comorbid depressive disorders present —
etal., 2013 matter volume of with histery of childhood possible confounder.
Those with current or wPFC in BPD and its | abuse compared to non-abuse
ifetime personality relation to child BPD (no other pairwise Incredibly small subsample sizes, future work
disorders, abuse. comparisons significant). shiould carmy out larger cohort studies.
schizophrenia,
schizoaffective Aggression self-report scores Child abuse history measured in hindsight
disorder, bipolar or a {as well as irritability and using patient self-report ([memaories subject to
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history of alcohol or
substance abuse within
the 6 months
preceding the study
were excluded.

negativism subscale scores)
positively correlated with
VLPFC wolume in BPD with
child abuse group.

Self-reported irritability higher
in abused subgroup than non-
abused.

Total intracranial did not differ
between groups, no overall
main effect of diagnosis on
Erey matter volume.

distortion)

Child abuse in itself may relate to diminished
PFC wolume as no differences between BFD
and HCs found.

Muller et MRI 34 BPD (20 F, 14M) To reveal neural Reduced amplitude in heart- Only women comprise the BPD-R group so
al., 2015 31 HC (16F, 150} activity rate evoked potentials in BPD | difficult to compare results from miced group
17 BPD-Remission [F) underpinning compared to HC, BPD- ErQUpSs to S3MEe S8,
distorted remission lies between.
Those with interoception and Level of statistical significance taken as 0.01.
neurological disorders, | its relationship Heart-rate evoked potentials
current alcohol or drug | with emotional negatively cormmelated with Mo evidence as to what, if any, therapies
abuse, 5CZ, dysregulation in emaotional dysregulation and contributed to remission status
schizoaffective EPD. positively correlated with Al
disorder, or bipolar and bilateral dACC volume. Exploratory analyses for smaller BPD-R
disorder; severe subgroup were not corrected for multiple tests
medical iliness, Mo sig relationship between
including heart HEP amplitude and
problems; amygdala/hippocampal
psychotropic volumes across groups and no
medication were sig. Al or ACC volume diff
excluded. between both BPFD groups and
HC.
Mew et al, DTl 32 BPD (14 To investigate Decreased bilateral FA in inf. More males in adult sample than adolescent
2013 adolescents, 24-adults) | development long. fasciculus in BPD samples — possible confounder
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32 Hes (13
adolescents, 19-adults)
{mixed gender)

changes in WM
tracts in BPD from
adolescence to

adolescents relative to HC
adolescents.

MDD very prevalent in BPD samples, FA may
be due in part to this.

Romaniuk,
& Hall, 2015

16 HC {14 F, 2M)

Those with bipolar |
disorder or 5CZ,
current alcohol/drug
dependency, or any
neurckogical iliness.

relationships
between child
abuse, psychotic
symptoms and
brain activation to
fearful stimuli in
BFD

cuneus im BPD group

Sig positive correlation
between physical childhood
abuse (as reported by CTQ)
and activation of midbrain,

pulvinar, cerebellum and med.

front. gyrus in response to
fearful vs neutral faces.

Mo correlation between
emaotional abuse and
activation.

Positive comrelation between
midbrain activation and

reported psychotic symptoms.

adulthood. Higher FA in HC adelescents
Those with sericus compared to all other proups. | Future research should include dinical control
head injury or to assess whether this is disorder specific.
neurclogical disorder, Lower FA im BPD adolescents
schizphrenia, any other compared to HC adelescents Adult BPD unmedicated but adelescents on
psychotic disorder, in uncinated and variety of medications (ethical concern).
bipolar disorder | or ocopitofrontal fasciculi (temp
pervasive lobe WM tracts).
developmental
disorder, and those Mo between group FA
taking medication prior differences in adults.
to scan were excluded.
Nicol, Pope, | fMRI 20 BPD {17F, 3M) Examing Decreased activation of r. Upwards of &0% sample on antidepressants

and/or neuroleptics.

85% of sample had comorbid conditions
including depressive disorders and PT5D so
difficult to determine whether activation
pattern specific to BPD.

Disproportionately female samples.

Insufficient range of CTQ scores from HCs thus
cannot conclude this pattern of activation is
exclusive to BPD child abuse population
relative to general child abuse population.
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1054

Mo differences in activation
between those treated with
antipsychotics,
antidepressants and other
treatments.
Miedtfeld et | MRI &0 HC, 21 BPD-PTSD, To examine grey Smaller r. amygdala, r. Mo PTSD without BPD control group to
al., 2013 39 BPD (F) matter volume hippocampus, fusiform, lingual | determine whether changes specific to
differences in BPD and cingulate gyri ocbserved in | comorbid condition or PTSD alone.
Those with severe groups with and BPD relative to HC
medical or neurclogical | without comorbid Mon-PTSD group may have experienced trauma
illnesses, organic brain | PTSD relative to Comorbid PTSD with BPD but was not considered “traumatic” encugh to
disease, menta controls. linked to increased grey meet PTSD criteria.
retardation, medical matter volume in sup. temp.
history of skull- and/or gyrus and DLPFC. Mo subgroup | Lacked statistical corrections for multiple
brain-damage, differences in velume of comparisens increasing probability of type |
pregnancy, left- hippocampifamygdalae. EITor.
handedness, pieces of
metal in the body, BPD symptom severity
claustrophobia, as wel predictor of amygdala and
as those using dorsal ACC volume (negative
psychotropic correlation) irespective of
medication two weeks comorbidity as well as smaller
prior to the study we grey matter volume in
excluded. cersbellum and fusiform
EYTUs.
Miedtfeld et | fMRI 28 BPD-DET, 15 BPD-C, | To alter the neura Reduced activation of High percentages of BPD groups receiving
al., 2017 23 HC processing of pain- | amygdala and altered left pharmacotherapy — possible confounder.
mediated affect amygdala and dorsal ACC
Those who are regulation post- connectivity following 10 was not controlled for.
eft-handed or have DET nociceptive stimuli in BPD
experienced traumatic {inhibitory coupling), Low statistical power due to small sample size.
brain injury, lifetime To determine the attenuation of this effect post
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5CZ or bipolar |
disorder, mental or
developmental
disorders, substance
dependence during the
ast year, current
severs depressive
episode, and those
using benzodiazepines
were excluded from
partaking.

effect of DET on
het/cold pain
thresholds.

DET treatment.

Mo main effect of treatment
on pain thresholds in BPD

Eroups.

Diid mot assess inter-patient variability in
picture evaluation and pain perception.

Future studies should aim for a double blind
RCT design.

Gender of sample unspecified.

Those suffering from
substance dependency

abnormalities in
hippocampus (as

HCs.

MNinomiya et | DTI 35 BPD (11F, 24M), 50 | To examine the BPD reported higher levels of | Small sample size.
al., 2018 HC (17F, 33M) effect of anxiety, emoticnzal
borderline abuse/neglect, self-denial, Subjects were un=medicated without
Those with comorbid personality anger-hostility and comorbid conditions thus not a wvery
Axis | disorders, using dizorder on white depression-dejection representative of the average individual with
medication, and those | matter tract BFD.
suffering from alcoho integrity. Lower axial diffusivity in BPD
or drug abuse were cingulum, inf. fronto-occipital
excluded. fasciculus and inf. long.
Fasciculus
AD of cingulum positively
correlated with depression in
BPD
Physical neglect negatively
correlated with AD of inf.
fromto-occipital fasciculus
O'Neill et MRI 20BPD, 21 HC [F) To examine BPD group scored higher on All patients treated with psychotropics in
al,, 2013 volumetric both depression scales than past/present

Future research may wish to incorporate a
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and additional
psychiatric disorders
(aside from
current/past comorkid
medical cenditions)
were excluded.

well as its sub-
regions), basal
ganglia and ACC in
BPD vs healthy
conytols

Mo intergroup differences in
total intracranial volume.

Smaller bilateral hippocampa
tails and |. head and body in
BPD.

Reductions in caudate and
DLPFC of BPD group.

Mo correlation betwesan
hippocampal volume and
depression nor impulsivity
scores in BPD group.

memory task to see whether hippocampal
differences directly affect perfformance.

Did not assess trauma levels in group (also
known to affect size of hippocampus).

Small sample size.

Future studies may wish to use MRS to see
how valumetric deficits influence
neurcmetabelites in hippocampus (N-
acetylaspartate (tMAA) and creatine [Cr]).

O'Neill et
al., 2015

fiviRI

18 HC, 17 BFD [F)

Thoze with

neurclogical disorders,
severe medical illness,
head injury, and
alcohol or substance
dependency were
excluded [other clinica
comaorbidities were not
reported).

To investigate
between group
differences in
functional
connectivity
between emotional
and TolM networks
as well as in the
default mode
network [DMMN].

Higher impulsivity,
neurcticism, depression and
loveser extraversion in BPD

ETOUp.

Fewer ToM trials were
reportedly understood by
BPD.

Decreased functiona
connectivity between
subgenual ACC and I. sup.
temp lobe, r. supramarginal
parietal lobes and r. mid. CC in
BPD during ToM task
condition.

Increased functional
connectivity seen between

DMN data taken from 10s rest period within
task, 50 not truly representative of resting
state.

BPD received fewer years of education than
HC= thus understanding of jokes could have
been impaired by this {not known if there is an
interaction betweesn years of education and
To).
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1082

precuneus and I. inf. front.
lebe, |. precentral/mid. front.,
and |. mid. eccipital/superior
parietal lobes particularhy
during rest

Psychotropic usage as co-
variate did not influence data.

Prossin,
Love,
Koeppe,
Zubieta, &
5ilk, 2010

PET

18 BPD, 14 HC [F)

Those with any
concurrent axis | and 111
dizgnoses [except for
meood disorder];
history of psychosis or
head trauma; and
CUrrent or recent
{within 2 months) illicit
substance use, abuse,
or dependence were
exlcluded

To investigate
extent to which
opioid system (Mu-
opioid receptors) in
BPD accounts for
emotion
dysregulation.

Significant effect of condition
on PANAS scores and of
diagnosis, with BPD patients
reporting more sadness after
vignette.

BPD showed greater binding
potential than HCs in neutra
state in bilateral OFC, caudate,
I. amygdala and nucleus
accumbens, lower binding
potential in pos. thalamus.

Endogencus activation for HCs
ocbserved in I. ant. thalamus, |.
medial thalamus, r.
hipprcampus during sadness.

Endogencus system activation
in |. pos. thalamus, 1. OFC, I
ventral pallidum, |. amygdala
and |. inf. temp. cortex during
sadness state for BPFD group.

Greater endogenous opioid

Very small sample size.

Difficult to know whether neutral task

conditions were adhered to.
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1092

system activation in BPD
relative to comparison
subjects during sadness in the
pregenual ACC, left OFC, left
ventral pallidum, left
amygdala, and left ITC.

Reitz et al., fiviRI 21 BPD, 17 HC(F) To investigate Decreased amygdala activity Incision was not inflicted by oneself so not
2015 neural correlates of | and regulation of functional truly representative of N35!
Those experiencing a MN3551inm BPD. connectivity with 5FG after
current episode of incision im BPD growp Cannot say incision directly affected stress
MDD, lifetime during tazk as it was administered afterwards
diagnosis of Increase in amygdala activity
schizophrenia, bipolar, for HCs ower time after stress Looked at changes in ROls, not activation
acute suicidal induction. produced by N55]
tendencies, major
medical or neurological HCs showed reduced Cannot generalize to men nor to the average
iliness and those using amygdala-sup. front. gyrus individuzl with BO'P and depression or other
psychotropic connectivity in response to comorbidities.
medication were incision over sham, whereas
excluded. amygdala- sup. front. gyrus
connectivity imcreased in BPD
group after incision.
Steeper decline im aversive
tension in BPD following
incision vs sham compared to
controls whereas HCs showed
Ereater decrease in aversive
tenszion following sham.
Heart rate stayed higherin
BPD after sham vs incision.
Richter et MRI 20HC, 20 BPD, 20 To investigate Mo group differences in Many concurrent disorders in both BPD and CC
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al., 2014 clinical control (F) differences in brain | cortical thickness. groups such as mood disorders, anxiety and
volume between eating disorders thus difficult to attribute
Those with adolescent BPD Smaller rhippocampus, 1. results to BPD alone.
schizophrenia, patients relative to | orbital inf. front. gyrus in BFD
schizoaffective healthy and clinical | and CC compared to HC. Several psychotropics used in BPD group.
disorder, bipolar controls.
disorder, pervasive Smaller |. hippocampus, r.
developmental amygdala, r. mid. frent. gyrus,
disorder, alcohol/drug and r. sup temp gyrus in BFD
dependence, or compared to HC (other
neurclogical dissase, a pairwise comparisons not
BMI<16 or 10285 were significant for these areas).
excluded.
BPD and CC differed only in r.
orbital frent. gyrus and . sup
parietal gyrus volume.
Ruocoo et fMIRS J1BPD(F) To determine Activation in bilateral RO study focusing only on the frontal cortices.
al., 2016 factors which may | medialfinf. frontal gyri
Those with psychotic predict treatment reduced during response Prelim. 3tudy so0 cannot definitively conclude
disorder, current response and inhibition prior to treatment. that fNIRS can predict treatment outcomes.
substance attrition by
dependence, illness examining neura Activity increased in these Replications using larger cohorts and RCTs
that may impact brain activation during regions 7mo post treatment. necessary to validate results — may lead to
function (e.g., response clinical measure of identification of at-risk
significant head inhibition. Completers showed less groups and early self-harm intervention.
trauma) or an DLPFC activation during
estimated 10 <B0 were | To ascertain response inhibition than non-
excluded. whether activation | completers [showed higher
in pFC pre-DBET was | activation in mPFC and r. inf.
associated with front. gyrus.
either reductions in
self-harm with
treatment or
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1110

1111

treatment attrition.

Salvador et
al, 2016

Diffusion
MRI

103 HC, 103 BFD (F)

Those with brain
trauma, neurclogical
diseases, alcohol/
substance abuse or
dependence in 6
months, current
comorbid Axis |
disorders or previous
bipolar or psychotic
disorder diagnosis.

To examine global
brain connectivity
[GBC) in BPD
relative to HCs.

High resting state activity
[fluctuations) found in the |
hippocampus and amygdala,
increased functiona
connectivity of these regions
with the anterior cingulated.

White matter reductions of
fractional anisotropy in corpus
callosum (genufbody) but also
involving part of the corona
radiata, external capsule
{including uncinate fasciculus
and inf. fronto-cocipital
fasciculus), I. ant. limb of int.
capsule in BPD.

Greater global brain
connectivity im BPD located in
ant. cingulate, reduced GBC
found in r. temp. lobe only,
correlated with emotion
regulation

Reductions in global brain
connectivity was not
correlated with diagnosis as
measured by | Diagnostic Int.
for Borderlines)

Fharmacological treatment permitted.

Comelations were not corrected for multiple
tests.

Diagnostic measures used did not explain
severity of condition.

Results cannot be generalised to males as
sample consists solely of women.

MR sequences not powerful enocugh to detect
changes in small brain structures.

Sato et al.,
2012

MRI

25 BPD, 25 HC [F)

To explore how
MRI can be used in

L. med. orbitofrental, restral
ACC, PCC, middle tempora

Antideprassant, antipsychotic and mood
stabilisers in use amongst the dinical
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Those with axis | and I
(aside from BFD)
disorders were
excluded.

the dinical
diagnoses of BRFD.

cortices and r.
parahippocampal areas
contain most discriminative
alterations compared to HCs
[velumetric differences in grey
matter].

Above areas purported to
hawe discriminant clinical
value.

population.

Mo clinical control so extent to which these
changes are exclusive to BPD is debatable.

Cannot generalise results to males .

Scherpiet et
al, 2014

fiviRI

18 BFD, 18 HC (F)

Those with present or
previous bipolar |
disorder,
schizophrenia, or
schizoaffective
disorder were
excluded.

To examine how
brain activity
changes when
anticipating stimuli
of known or
ambiguous valence
in BPD ws HCs.

Observed reduced signal
change in . dACC and |. MCC
in BPD wvs HCs when
anticipated negatively-
valenced stirnuli

Increased activation im .
pregenual ACC, | PCC and I
visuwal areas such as linguzal
gyrus in BPD compared to HC

When valence of anticipated
stimuli was ambiguous
compared to newtral, BFD
group showed less activation
in . MCC projecting into the
med. and bilateral DLPFC and
caused r.inf. front. gyrus
within the VLPFC and insula
activation.

When anticipating negative
stimuli relative to newtral, BPD

Dccasional usage of canmabineids, alcohol and
current depressive episodes permitted in BPD
Eroups.

Small sample size.
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showed increased activation in
r. wACC, med. front. gyrus,
MPFC, r. lingual gyrus, cuneus,
I. PCC

Silvers et
al, 2016

fVIRI

46 attempters, 14 non-

attempters (F)

Those with past or
present bipolar | or
psychotic disorder
were excluded.

To examine that
which
differentiates non-
attempters from
suicide attempters
at a neuwral level
during emotion
regulation.

Both BFD groups experienced
less negative affect when
distancing compared to
immersing.

Aversive memories activated
the lat. prefrontal, temp.
{including the hippocampus
and amygdala) and occipital
cortex irrespective of
diagnosis.

Attempters recruited
thalamus more than non-
attempters, but non-
attempters recruited occipita
cortex more than attempters
during recall.

Greater activation of lat. OFC
in attempters when both
distancing and immersing
compared to non-attempters
whereas attempters showed
diminished signal from the
precuneus when distancing.

Attempters who were
successfully able to distance

Mot generalizable to men.

Participants simply instructed to recall aversive
memories thus difficult to ensure whether or
not this was adhered to.

Clinical control group of attempters would
have been beneficial to include.

Comorbid depression present in BPD condition,
no mention of other comerbidities (no
demographics).

Men-attempter group much smaller than
attempter.
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themselves showed
recruitment of precuneus akin
to non-attempters.

Soloff,
Nutche,
Goradia, &
Diwadkar,
2008

34 BPD [22F, 12M), 30
HC [19F, 11M)

Those with a past or
current Axis | diagnosis
of schizophrenia,
delusional ([parancid)
disorder,
schizoaffective
diserder, bipolar
diserder or psychotic
deprassion were
excluded.

To assess structural
brain changes
associated with
BPD relative to
HCs.

Bilateral reductions grey
matter reductions in ventra
cimgulate gyrus and med.
temip. lobe (such as
hippocampus, amygdala,
parahippocampal gyrus, and
uncus).

Reductions unilaterally in right
insula, . sup. temp. gyrus in
BPD.

Increases in grey matter
volume for BPD in r. med.
fromt. gyri, r. parietal and
precuneus, | sup. front. and |
inf. parietal gyri, |. insula and 1.
putamen.

Gender differences within the
BPD group: women had
reductions in the med. temp.
lobe, including the amygdala;
men had less grey matter in
ACC compared to HCs.

When partialling out
depression scores, differences
in ventral cingulate became
non-significant but differences

Data can be confounded by Axis |
comorbidities.

Larger sample studies needed to control for
gender, clinical characteristics, Axis | and Axis |l
co-morbidities.

1138

1139

1140

1141

1142

1143

1144

1145

1146

59

Peer] Preprints | https://doi.org/10.7287/peerj.preprints.27414v1 | CC BY 4.0 Open Access | rec: 5 Dec 2018, publ: 5 Dec 2018




in med. temp. cortex
remained.
Soloffetal., | MRI 68 BPD (16M, 52F) of To determine brain | History of child abuse more Global brain differences cannot be ascertained
2012 whom 44 had structures in BPD prevalent in attempters than from RO studies.
attempted suicide. which differentiate | non-attempters.
attempters from Imbalanced gender proportions for BPD group.
52 HC {28M, 24F) non-attempters. Smaller conc. of grey matter in
|. insula in attempters relative | Comorbidities included MDD and PTSD.
Those with any past or to non-attempters.
current Axis | diagnosis Structural braim changes may be an effect of
of schizophrenia, Greater grey matter volume of | consequences of suicide attempt (i.e coma etc)
delusional (paranoid) I. lingual and |. mid. temp.
disorder, EYTUS. Results may indicate changes due to
schizoaffective predisposition for suicidality irrespective of
disorder, bipolar Attempters with high lethality | dinical diagnosis.
diserder, or psychotic had diminished r. mid-sup.
depression, physical temp. gyrus, r. mid. inf. ROI structural MRI studies do not imply
disorders of known orbitefront. Gyrus, r. insular functional impairment.
psychiatric cortex, |. fusiform gyrus, |
consequence and limgual gyrus, r.
significantly reduced parahippocampal gyrus in
10 were excluded. comparison to low lethality.
Takahashi, MRI 20 BPD {SM, 15F) To examine region Shorter Al observed in BPD Contrel sample significantly older than BPD.
Chanen, 20 HC [5M, 15F) specific structura relative to comtrols, larger
Wood, changes in first third ventricle, no differences | Small number of males could confownd results.
Walterfang, Those with presentation BPD. in cavum septum pellucidum
et al., 2005 schizophrenia Future research needed to examine whether or
spectrum disorders or Al length did not differ not these differences limited to BPD (clinical
affective psychoses, between those with and control groups necessary).
anorexia NEnosa, or without comorbid disorders.
current alooho
dependence (2 2 Mo significant effect of gender
micnths). on midline structures.
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Exclusions of those with
reported past substance
addictions did not alter
findings.

Takahashi, MRI 20 BPD (5M, 15F], 20 To examine region | Mo significant difference Controls significant older than BPD groups.

Chanen, HC (SM, 15F) specific structura between groups in volume of

Wood, changes in first insular cortex. Small sample size.

Yucel, et al., Those with presentation BPD.

2009 schizophrenia Mo correlation between BPC more heterogenous in adolescents
spectrum disorders or insular volume and episodes [diagnostic methods less coherent).
affective psychoses, of parasuicidality, trauma, or
anorexia Neryosa, or comorbid Axis | disorders. Impulsivity measured by way of violent
current alccho episodes, manifests itself in a variety of other
dependence [z 2 Megative correlation between | ways.
micnths). insular volume and

impulsivity.

Bilateral reductions in Al as
well as posterior insula
wolume in BPD pps with
vizlent episodes in past six
months compared to non-
viclent BPD.

Exclusions of males and
participants taking
antidepressants did not alter
findings.

van Eijk et fMRI Sample 1-18 BPD, 18 | To assess response | Mo significant differences in Small sample size (relizbility improved

al, 2015 HC (F) inhibition and flARI BOLD signal during however by two samples).

Sample 2 - 26 BPDY, 25 | neural correlates in | response inhibition across

HC (F) BPD {without groups for all three tasks. Responze inhibition only one aspect of
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Those with a lifetime
diagnosis of ADHD,
schizophrenia or
bipolar disorder,
substance abuse within
the last three years, or
a current depressive
episode in the BPD
group were excluded.

ADHD) vs HC.

Mo significant group
differences in activation of
neural inhibitory network
{including r. inf. front. gyrus,
striatum, pre-supp. motor
area), activated in both
Eroups.

Both samples differed
significantly from control on
self-reported impulsivity
scales [UPPS and BIS-11), BPD
more impulsive across al
Measures.

Samples did not differ from
controls in terms of reaction
times nor commission emor
rate across all three tasks (no
performance deficit).

impulsivity.

Future work should clearly define area of
impulsivity that is of interest.

Winter et fvRI 31 EPD-DET, 15 BPD-C | To investigate the BPD-DET group showed BPD-DBT group received residential treatment
al., 2017 (without DBT notien that neural decreased activity in right inf. compared to BPD-C group who had outpatient
treatment], 22 HCs (F] | correlates of parietal lobe/supramarginal services.
distraction in BPD gyrus during distraction with
Left-handed subjects can be alterad negative relative neutra Adherence to DBT program regulations were
and those with through DBT. stimuli, compared te HCs and not reported.
traumatic brain imjury, BPD without treatment groups
ifetime schizophrenia where this decrease Mot generalizable to males.
or bipolar | disorder correlated with reduction in
diagnoses, mental or self-reported symptom Small sample size of BPD-C group.
developmental severity (DBT group greater
disorders, substance reduction in severity than Further research using another measure of
1167

1168

1169

1170

1171

1172

1173

1174

1175

62

Peer] Preprints | https://doi.org/10.7287/peerj.preprints.27414v1 | CC BY 4.0 Open Access | rec: 5 Dec 2018, publ: 5 Dec 2018




dependence during the
ast year, drug
consumption in the

ast 2 months, current
diagnosis of a severs
depressive episode,
and benzodiazepine
use were excluded.

BPD-C).

Treatment responders shown
less perigenual ACC activity
when viewing negative over
neutral stim (less sensitive to
emaotionality during
distraction).

Mon-responders showed
elevated activity im Al when
viewing negative over neutra
stirmuli {not shown in DET
responders)

emotion regulation separate from distraction
needed.

Thou etal, | MRI IO BFD, 32 HC To investigate the Greater instance of insecure Cross-sectional rather than longitudinal study.
2017 notion that those attachment as well as
Those with past or with BPD have emotional and physical Futwre work should aim to confirm whether
current Axis | diagnosis | reduced volume of | neglect, emotional and volumetric differences are congenital or
{e.g., schizophrenia, the fronto-limbic physical abuse in BPD. acquired after illness onset.
delusional (paranoid) cortices.
disorder, Greater frontolimbic cortex Study focused on ACC and Al which are two
schizoaffective asymmetry observed in BPD small regions in larger frontolimbic network of
disorder or bipolar than HC: thinner cortices in | brain.
disorder were ACC and less surface area and
excluded. grey matter volume in | Al of
BPD groups.
Asymmetry of ACC and Al
positively correlated with
attentional impulsivity.
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