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Review Article

ABSTRACT

Borderline Personality Disorder (BPD) is a challenging and complex mental health disorder
characterized by emotional dysregulation, impulsivity, unstable relationships, and a poor sense of
self. Neuroplasticity, the brain's ability to change and adapt in response to experiences, is impaired
in individuals with BPD, specifically in the prefrontal cortex, amygdala, and hippocampus. This
impairment has been linked to emotional dysregulation, a core symptom of the disorder.
Interventions aimed at improving neuroplasticity hold promise as a treatment target for BPD.
Current evidence suggests that psychotherapeutic interventions, such as Dialectical Behavioral
Therapy (DBT), may improve neural plasticity in the brain regions associated with emotional
dysregulation and may result in symptom reduction and improved functioning in individuals with
BPD. However, much more research is needed to better understand the relationship between
neuroplasticity and BPD, as well as to develop more targeted and effective interventions. With
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continued research in this area, it is hoped that improved understanding of the role of
neuroplasticity in BPD will lead to the development of more effective treatments for this challenging

disorder.

Keywords: Borderline personality disorder; neuroplasticity; emotional dysregulation; psychotherapy;

treatment interventions.

1. INTRODUCTION

Borderline personality disorder (BPD) is a
significant mental disorder that affects a
considerable proportion of the population

worldwide. People with BPD experience intense
and unstable emotions, struggle to regulate their
emotions, and often find it challenging to
maintain healthy relationships. In addition, the
disorder is linked with other symptoms such as
impulsivity, self-harm, and distorted self-image
that can have a profound impact on an
individual's social and occupational functioning
[1,2]. Despite extensive research, the exact
etiology of BPD remains unclear, but genetic and
environmental factors are thought to contribute to
its development [3].

Recent  studies have  suggested that
neuroplasticity may play a critical role in the
development and maintenance of BPD.
Neuroplasticity is the brain's ability to change
and adapt in response to experience and is
essential for the brain to adapt to new situations
and environments [4]. Structural and functional
abnormalities in specific brain regions such as
the  prefrontal cortex, amygdala, and
hippocampus have been identified in individuals
with BPD. These regions play crucial roles in
emotional regulation, social cognition, and
memory formation, and their impairments may
contribute to the symptoms of BPD [5,6].

To better understand the pathophysiology of
BPD and develop more effective treatments, it is
necessary to investigate potential causes of
impaired neuroplasticity, such as early life stress
and genetic factors, and explore neuroplasticity-
based interventions for BPD. Psychotherapy,
pharmacotherapy, and non-invasive brain
stimulation techniques such as transcranial
magnetic stimulation (TMS) and transcranial
direct current stimulation (tDCS) have shown
promise as potential neuroplasticity-based
interventions for BPD (Bertschy et al. 2019);
[7,8].

In this review, we will provide a comprehensive
overview of the role of neuroplasticity in BPD.

We will begin by discussing impaired
neuroplasticity in individuals with BPD, including
the structural and functional abnormalities seen
in specific brain regions associated with
emotional regulation, social cognition, and
memory formation. We will then delve into
theories on the role of neuroplasticity in the
development and maintenance of BPD, exploring
different  perspectives on how impaired
neuroplasticity may contribute to the disorder.
This will include considering the role of early life
stress, epigenetics, and altered neurotransmitter
systems in the development of BPD. Finally, we
will  review various neuroplasticity-based
interventions for BPD, including psychotherapy,
pharmacotherapy, and non-invasive brain
stimulation techniques such as TMS and tDCS.
By examining the potential of neuroplasticity as a
target for interventions, we hope to provide a
comprehensive understanding of the
pathophysiology of BPD and the possibilities for
treatment.

2. NEUROPLASTICITY IN BPD

Neuroplasticity refers to the brain's ability to
change its structure and function in response to
environmental and experiential stimuli [9]. This
plasticity can occur at different levels of the brain,
from molecular and cellular changes to
alterations in neural circuits and whole brain
regions [10]. Neuroplasticity is thought to be a
fundamental property of the brain, enabling us to
learn, adapt, and recover from injury or disease.

The mechanisms of neuroplasticity involve a
range of cellular and molecular processes,
including changes in synaptic strength, the
growth and pruning of dendritic spines, and the
formation of new neurons and glia [11]. These
changes are driven by neural activity, which
triggers a cascade of signaling pathways that
lead to alterations in gene expression and protein
synthesis. Over time, these changes can result in
modifications to neural circuits and the overall
organization of the brain.

There are different types of neuroplasticity,
including experience-dependent plasticity, which
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occurs in response to specific stimuli or
experiences, and homeostatic plasticity, which
maintains the overall stability and balance of
neural activity [12]. Experience-dependent
plasticity includes forms of learning and memory,
such as long-term potentiation (LTP) and long-

term depression (LTD), which involve the
strengthening or weakening of synaptic
connections between neurons [13]. These

changes can be transient or long-lasting and can
occur in response to a wide range of stimuli, from
sensory inputs to emotional experiences.

Neuroplasticity is thought to be important for the
development and function of neural networks that
underlie various cognitive and behavioral
processes, including perception, attention,
decision-making, and emotion regulation [14]. It
is also believed to play a role in the recovery of
function after brain injury or disease, such as
stroke, traumatic brain injury, and
neurodegenerative disorders [15].

In recent years, researchers have increasingly
focused on the role of neuroplasticity in
psychiatric disorders, including BPD. Studies
have shown that individuals with BPD exhibit
structural and functional abnormalities in specific
brain regions associated with emotional
regulation, social cognition, and memory
formation [16,17]. These abnormalities suggest
that impaired neuroplasticity may be a key
feature of the disorder.

In conclusion, neuroplasticity is a complex and
dynamic process that underlies the brain's ability
to adapt and change in response to
environmental and experiential stimuli. It involves
a range of cellular and molecular mechanisms
that can result in modifications to neural circuits
and the overall organization of the brain.
Neuroplasticity is thought to be fundamental to
learning, adaptation, and recovery after injury or
disease. In BPD, impaired neuroplasticity may
contribute to the emotional dysregulation and
other symptoms seen in the disorder. Further
research is needed to fully understand the role of
neuroplasticity in BPD and to develop effective
neuroplasticity-based interventions for the
disorder.

2.1 Impaired Neuroplasticity
BPD is a severe and chronic psychiatric disorder

that is characterized by emotional dysregulation,
impulsivity, and difficulties in interpersonal

relationships (American Psychiatric Association,
2013). The etiology of BPD is not well
understood, but it is thought to be a complex
interaction between genetic, environmental, and
neurobiological factors. In recent years, there
has been increasing evidence that impaired
neuroplasticity may be an important factor in the
development and maintenance of BPD (Jovev et
al. 2013).

Studies have shown that individuals with BPD
exhibit structural and functional abnormalities in
specific brain regions associated with emotional
regulation, social cognition, and memory
formation (Jovev et al. 2013; Ruocco et al. 2015).
These  abnormalities  suggest that the
neuroplasticity mechanisms responsible for
shaping these brain regions may be impaired in
individuals with BPD. In particular, deficits in the
ability of neural circuits to adapt in response to
experience and learning may contribute to the
difficulties in emotion regulation and the
interpersonal problems that are hallmarks of
BPD.

Impaired neuroplasticity in BPD may also play a
role in the high rates of comorbidity with other
psychiatric disorders, such as depression and
substance use disorders. For example,
depression is associated with  reduced
neuroplasticity in brain regions such as the
prefrontal cortex and the hippocampus (Duman &
Monteggia, 2006). It is possible that the impaired
neuroplasticity seen in BPD contributes to the
increased  vulnerability to depression in
individuals with the disorder.

Research has also suggested that
psychotherapy may be effective in promoting
neuroplasticity in individuals with BPD (Driessen
et al. 2010; Levy, 2015). Dialectical behavior
therapy (DBT), a specialized form of cognitive-
behavioral therapy, has been shown to improve
emotional regulation, reduce impulsivity, and
enhance interpersonal functioning in individuals
with BPD (Linehan et al. 1991). DBT has also
been found to increase gray matter density in
regions of the brain associated with emotion
regulation, such as the anterior cingulate cortex
and the insula (Goodman et al. 2014). These
findings suggest that DBT may promote
neuroplasticity in individuals with BPD and
contribute to the improvement of symptoms and
function.

Impaired neuroplasticity may be an important
factor in the etiology of BPD. Neurobiological
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studies have suggested that individuals with BPD
may have deficits in the ability of neural circuits
to adapt in response to experience and learning,
which may contribute to difficulties in emotion
regulation and interpersonal  functioning.
Psychotherapy, particularly DBT, may be
effective in promoting neuroplasticity and
contributing to the improvement of symptoms
and function in individuals with BPD. Further
research is needed to fully understand the role of
neuroplasticity in BPD and to develop effective
neuroplasticity-based interventions for the
disorder.

Functional

2.2 Structural and

Abnormalities

Individuals with Borderline Personality Disorder
(BPD)  exhibit  structural and functional
abnormalities in specific brain regions associated
with emotional regulation, social cognition, and
memory formation. Structural abnormalities may
include reduced gray matter volume, while
functional abnormalities may include altered
brain activity in response to emotional stimuli.
The following sections will discuss the specific
brain regions affected in individuals with BPD.

2.2.1 Prefrontal cortex

The prefrontal cortex (PFC) is a crucial brain
region for cognitive control, emotion regulation,
and decision-making. Recent studies have
shown that individuals with BPD exhibit structural
and functional abnormalities in the PFC.
Specifically, reduced gray matter volume in both
dorsal and ventral PFC has been reported in this
population [18]. Moreover, altered activity in the
dorsolateral and ventromedial PFC during
emotional processing has been observed in
individuals with BPD [19], suggesting a role for
the PFC in the emotional dysregulation
characteristic of the disorder.

2.2.2 Amygdala

The amygdala is a brain region that plays a key
role in the processing of emotional stimuli.
Studies have shown that individuals with BPD
exhibit increased amygdala activity in response
to emotional stimuli (Herpertz et al. 2001). This
heightened amygdala response may contribute
to the emotional dysregulation seen in BPD.

2.2.3 Hippocampus

The hippocampus is a brain region that is critical
for learning and memory formation. Studies have

shown that individuals with BPD exhibit reduced
hippocampal volume (Irle et al. 2005) and altered
activity in the hippocampus during emotional
processing (Driessen et al. 2000). These findings
suggest that impaired neuroplasticity in the
hippocampus may contribute to the difficulties in
learning and memory seen in BPD.

2.2.4 Anterior Cingulate Cortex

The anterior cingulate cortex (ACC) is a brain
region that is involved in emotional processing
and cognitive control. Studies have shown that
individuals with BPD exhibit altered ACC activity
during emotional processing (Koenigsberg et al.
2009) and reduced gray matter volume in the
ACC (Inoue et al. 2016). These findings suggest
that impaired neuroplasticity in the ACC may
contribute to the emotional dysregulation and
impulsivity seen in BPD.

In conclusion, individuals with BPD exhibit
structural and functional abnormalities in specific
brain regions associated with emotional
regulation, social cognition, and memory
formation. These abnormalities suggest that the
neuroplasticity mechanisms responsible for
shaping these brain regions may be impaired in
individuals with BPD. Further research is needed
to fully understand the role of neuroplasticity in
BPD and to develop effective neuroplasticity-
based interventions for the disorder.

3. THEORIES ON THE ROLE OF
NEUROPLASTICITY IN BPD

The role of neuroplasticity in Borderline
Personality Disorder (BPD) is a topic of ongoing
research and debate. Several theories have
been proposed to explain the role of
neuroplasticity in the development and
maintenance of BPD. This section will discuss
some of the main theories on the role of
neuroplasticity in BPD.
3.1 Environmental Factors and Neural
Adaptation

Recent studies support the notion that early life
stress can lead to maladaptive changes in brain
structure and function through neural adaptation,
contributing to the development of BPD. One
study found that individuals with BPD who
experienced childhood trauma had reduced gray
matter volume in the amygdala, a brain region
associated with emotion regulation, compared to
those without childhood trauma [38]. Another
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study demonstrated that individuals with BPD
who experienced childhood maltreatment had
alterations in the structure and function of the
hippocampus, a brain region involved in memory
processing and emotional regulation [20]. These
findings suggest that early life stress may lead to
alterations in neural circuits that contribute to the
emotional dysregulation and other symptoms
seen in BPD. Further research is needed to fully
understand the role of early life stress in BPD
and to develop effective interventions for this
population.

3.2 Impaired Neuroplasticity and
Emotional Dysregulation

Recent studies support the idea that impaired
neuroplasticity may contribute to emotional
dysregulation in individuals with BPD. For
instance, one study found that individuals with
BPD exhibit reduced gray matter volume in the
PFC, which is associated with impaired
neuroplasticity [21]. Additionally, another study
showed that BPD patients have reduced
dendritic spine density in the amygdala, which is
a brain region involved in emotional processing
[22]. These findings suggest that the impaired
neuroplasticity observed in individuals with BPD
may lead to difficulties in emotional regulation
and contribute to the emotional dysregulation
characteristic of the disorder. Further research is
needed to fully wunderstand the role of
neuroplasticity in BPD and to develop effective
interventions for this population.

3.3 Aberrant Social Learning

Recent studies support the idea that maladaptive
social learning may contribute to the
development and maintenance of BPD through
neuroplasticity mechanisms. For example, a
study found that individuals with BPD tend to
have more negative and unstable relationships
with their caregivers during childhood, which may
contribute to the development of the disorder
[23]. Another study found that BPD patients have
alterations in neural circuits involved in social
cognition and perception, which may contribute
to difficulties in social functioning and
reinforcement of maladaptive social behaviors
[24]. Additionally, research has shown that social
rejection can lead to altered neural responses in
individuals with BPD, suggesting that negative
social experiences may contribute to the
development of the disorder through
neuroplasticity mechanisms [25]. These findings
suggest that aberrant social learning may

contribute to the development and maintenance
of BPD through neuroplasticity mechanisms,
highlighting the importance of early interventions
that target maladaptive social patterns.

3.4 Impaired Self-referential Processing

A fourth theory proposes that impaired self-
referential processing may contribute to the
development and maintenance of BPD through
neuroplasticity mechanisms [26]. This theory
suggests that individuals with BPD may exhibit
impaired self-referential processing, including
difficulties in identifying and regulating their
emotions. These impairments may contribute to
the emotional dysregulation seen in BPD and
may be reinforced through neuroplasticity
mechanisms [26].

Several recent theories have been proposed to
explain the role of neuroplasticity in the
development and maintenance of Borderline
Personality Disorder. These theories suggest
that neuroplasticity may play a critical role in the
maladaptive changes in brain structure and
function seen in BPD, contributing to difficulties
in emotional regulation, impulse control, and
social relationships [27,28]. Further research is
needed to fully understand the role of
neuroplasticity in BPD and to develop effective
neuroplasticity-based interventions for the
disorder [29,30].

4. NEUROPLASTICITY-BASED
INTERVENTIONS FOR BPD

Borderline
commonly

Personality Disorder (BPD) s
treated with psychotherapeutic
interventions. Dialectical Behavior Therapy
(bBT) is a well-known and effective
psychotherapeutic intervention that has been
specifically developed to address BPD
symptoms. DBT is a type of cognitive-behavioral
therapy that focuses on developing adaptive
coping strategies through skills training in four
areas: mindfulness, distress tolerance, emotional
regulation, and interpersonal effectiveness.
Recent studies have shown that DBT is effective
in reducing self-injurious behavior, suicidal
ideation, and hospitalizations in individuals with
BPD [31]. Additionally, DBT has been found to
improve overall quality of life, interpersonal
functioning, and occupational functioning in this
population [31].

Studies have also shown that DBT can improve
neural plasticity in brain regions associated with
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emotion regulation and synaptic plasticity. One
study found that DBT increased gray matter
volume in the prefrontal cortex, which is
associated with emotion regulation [32]. Another
study showed that DBT increased dendritic spine
density in the prefrontal cortex and hippocampus,
indicating improved synaptic plasticity
[33-37].

DBT has also been adapted for use in specific
populations, including adolescents and
individuals with co-occurring substance use
disorders. Research has shown that DBT is
effective in reducing symptoms and improving
outcomes in these populations as well (Baruch et
al. 2019, Kupferberg et al. 2018).

In  conclusion, DBT is an effective
psychotherapeutic intervention for individuals
with BPD that focuses on developing adaptive
coping strategies through skills training in
mindfulness, distress tolerance, emotional
regulation, and interpersonal effectiveness. DBT
has been shown to improve neural plasticity in
brain regions associated with emotion regulation
and synaptic plasticity, and has been adapted for
use in specific populations with promising results.
Further research is needed to fully understand
the mechanisms of action underlying the
effectiveness of DBT and to optimize its delivery.

5. CONCLUSION

Borderline Personality Disorder is a complex and
challenging mental health disorder that is
associated with impaired neuroplasticity in
specific brain regions. This impairment has been
linked to emotional dysregulation, a core
symptom of the disorder. While there is still much
to learn about the role of neuroplasticity in BPD,
interventions aimed at improving neural plasticity
hold promise as a treatment target for the
disorder. Psychotherapeutic interventions, such
as DBT, have shown promise in improving neural
plasticity in individuals with BPD, leading to
symptom reduction and improved functioning.
However, there is still much more research
needed to better understand the relationship
between neuroplasticity and BPD, as well as to
develop more targeted and  effective
interventions. With continued research in this
area, it is hoped that improved understanding of
the role of neuroplasticity in BPD will lead to the
development of more effective treatments for this
challenging disorder. By improving treatment
outcomes and enhancing our understanding of
this complex condition, individuals with BPD may

be better able to achieve and maintain a higher
quality of life.
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