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White matter pathology in patients
with borderline personality disorder:
A review of controlled DTI studies
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METHODS: A search was conducted to identify systematic reviews and
meta-analyses published from January 2000 to September 2019 that
assessed WM integrity in BPD.

RESULTS: Four studies were included. One study demonstrated no differ-
ence in WM between BPD and healthy controls. Another study found
decreased fractional anisotropy (FA) within the corpus callosum (CC) and
orbitofrontal regions. A subsequent randomized controlled trial reported
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occipital fasciculus.
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INTRODUCTION

Borderline personality disorder (BPD) is a cluster B
personality disorder characterized by multiple symp-
toms, including fleeting mood shifts that occur sec-
ondary to conflict within interpersonal relationships
as well as suicidal urges, anger outbursts, self-cutting,
and micro-psychotic episodes.! Patients with BPD have
been found to have poor impulse control, with alifetime
risk of completed suicide of 8%, which makes it crucially
important to diagnose and treat these patients early.
Comorbid mood disorders and substance use disorders
are also common, leading to high risk-taking behavior
that puts these patients at harm.* Neuroimaging con-
ducted on patients with BPD has suggested underlying
pathology within the prefrontal cortex, amygdala, and
hippocampus, which is not unexpected given these
structures’ involvement in emotional processing.* It is
also highly genetic.®

Neuroimaging has emerged as a helpful tool in
assessing and characterizing morphological abnor-
malities as well as white matter (WM) pathology in
a variety of neuropsychiatric disorders. Specifically,
diffusion tensor imaging (DTI) has become useful
in exploring the underlying microstructural deficits
within WM of patients with neuropsychiatric disor-
ders. Diffusion tensor imaging is an MRI technique
based on the principle of Brownian motion (random
movement) of water molecules. In healthy tissue,
water molecules move unhindered and naturally par-
allel to the axons of neurons.®

Through DTI, 4 measurements are computed: frac-
tional anisotropy (FA), mean diffusivity (MD), axial
diffusivity (D,), and radial diffusivity (D). Fractional
anisotropy is a measurement of net movement of water
molecules that ranges from 0 (equal dispersion of pro-
tons in any direction) to 1 (diffusion of protons in a
single direction). A decreased FA in relation to healthy
controls (HC) might be an indication of underlying
neurologic disease within the WM structure.” Axial dif-
fusivity represents movement of water molecules paral-
lel to axons, whereas D_ represents movement of water
molecules perpendicular to axons. Both values thus
give insight into how effectively neurons are communi-
cating with one another.? Finally, MD is often used as a
supplementary value to FA, indicating average molecu-
lar movement of protons regardless of direction. TABLE 1
contains a summary of these terms.
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TABLE 1
High-yield diffusion tensor imaging terms

Measurement Definition

Fractional anisotropy (FA) | Values range between 0 (water
motion random) and 1 (directional

selectivity of water movement)

Mean diffusivity (MD) Average molecule motion,

regardless of direction

Axial diffusivity (D) Molecule movement parallel to

axons

Molecule movement perpendicular
to axons

Radial diffusivity (D)

Establishing biologic findings in neuropsychiat-
ric disorders is essential for early diagnosis and early
intervention. This has been well documented in many
neuropsychiatric disorders, including schizophrenia®
and bipolar disorder (BD).!® Because therapy is a staple
of treatment of BPD, effective neuroimaging for early
diagnosis can play a large role in proper treatment.
Diffusion tensor imaging studies have suggested that
patients with disorders that include (but are not limited
to) schizophrenia,!! BD,? major depressive disorder
(MDD)," obsessive-compulsive disorder,'* attention-
deficit/hyperactivity disorder (ADHD),'* posttraumatic
stress disorder (PTSD),'® and Alzheimer’s disease (AD)"’
demonstrate a statistically significant decrease in FA
within a variety of WM tracts, most commonly the cor-
pus callosum (CC), the largest bundle of approximately
200 million myelinated fibers in the brain.

The purpose of this review is to analyze and synthe-
size published research on BPD to assess the WM pathol-
ogy seen within this disorder, and to evaluate if DTI could
be used as a reliable diagnostic tool, leading to earlier
diagnosis and therapeutic intervention.

METHODS

We conducted a search of PubMed for literature pub-
lished from January 2000 to September 2019 to identify
studies assessing WM pathology in patients with BPD as
measured by DTI.

Inclusion criteria. Studies were included in our
review if they:

1. were randomized controlled trials (RCTs)
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TABLE 2

Randomized controlled trials included in this review

Author N White matter pathology

Carrasco et al'® (2011) 28 BPD, 26 HC Decreased FA: knee and anterior (CC) (P < .005); orbitofrontal region
(P < .005)

New et al*® (2013) 38 BPD, 32 HC No difference

Gan et al?' (2016) 30 BPD, 31 HC Decreased FA: fornix (P < .03); genu and body of CC (P < .05); and right
superior and anterior CR (P < .05)
Increased D: left ATR (P < .05)

Ninomiya et al?® (2018) 35 BPD, 50 HC Decreased D,: cingulum (P < .01); IFOF (P < .01); ILF (P < .01)

ATR: anterior thalamic radiation; BPD: borderline personality disorder; CC: corpus callosum; CR: corona radiata; D,: axial diffusivity; D : radial diffusivity; FA: fractional anisotropy;
HC: healthy controls; IFOF: inferior front-occipital fasciculus; ILF: inferior longitudinal fasciculus.

2. used participants who fulfilled DSM diagnostic
criteria for BPD

3.included WM findings as measured by DTI.

Exclusion criteria. Studies were excluded in our
review if they:

1. used participants who were receiving psychotro-
pic medications

2. used participants with a comorbid lifetime diag-
nosis of schizophrenia, bipolar disorder, or neurologic
disorder

3. used participants with personality disorders other
than BPD.

RESULTS

Four studies met the inclusion criteria. The results of
our search process using the PRISMA method'® are
shown in the FIGURE. A summary of the data is included
in TABLE 2.19-%2

Carassco et al® (2011). In this RCT, 28 patients
with BPD and 30 HC were recruited to undergo DTI
to assess WM pathology within BPD. Tract-based spa-
tial statistics were computed for all patients to iden-
tify regions of abnormal FA. When compared to HC,
patients with BPD were found to have a decrease in
FA within the genu and anterior portion of the CC
(P <.005) and within the orbitofrontal region (P < .005).
There were no regions that demonstrated an increase
in FA in patients with BPD compared with HC. No sig-
nificant correlations were found between duration of
BPD and FA abnormalities.

New et al®® (2013). In this study, DTI tractogra-
phy was conducted on 38 adults with BPD and 32 HC.
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No statistically significant difference in FA was
observed between groups. However, New et al*® also
investigated WM pathology in 14 adolescents with
BPD receiving pharmacologic therapy and 13 HC.
The adolescents with BPD were found to have a sig-
nificant decrease in FA within the left inferior lon-
gitudinal fasciculus (ILF) (P < .005) and right ILF
(P < .008). Because the adolescents with BPD had
higher aggression scores on the Buss Perry Aggression
Questionnaire®*® and trait anger as measured on the
State-Trait Anger Expression Inventory,* the analysis
was repeated with these measures added as covariates.
The findings were unchanged. Tract-based spatial sta-
tistics analysis within these regions was conducted to
better localize the precise regions of FA reduction in
adolescents with BPD. Fractional anisotropy reduc-
tions were found predominately in the WM tracts of
the temporal lobe.

Gan et al’' (2016). In this RCT, 30 patients
with BPD and 31 HC were recruited to undergo WM
analysis on DTI. Results demonstrated significantly
lower FA in patients with BPD compared with HC
within the fornix (P < .03), genu and body of the CC
(P < .05), and right superior and anterior corona
radiata (CR) (P < .05). Further, FA values for the for-
nix were correlated negatively with negative affect
(r = .258, P = .047), whereas FA values for the genu
(r=.290, P = .025) and body (r = .292, P = .024) of the
CC correlated negatively with impulsivity. Fractional
anisotropy values for the fornix were correlated nega-
tively to both positive intensity (r = .281, P = .030) and
motor impulsivity (r = .340, P = .008). The BPD par-
ticipants were also found to have significantly higher
D_ within the left anterior thalamic radiation (ATR)
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FIGURE
PRISMA flow diagram
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PRISMA: Preferred reporting items for systematic reviews and meta-analyses.

compared with HC (P < .05). This D_value for the left
ATRwas correlated positively with attention impulsivity
(r=.263, P=.042).

Ninomiya et al’*> (2018). In this study, 35 partici-
pants with BPD and 50 HC were enrolled in this RCT.
Participants with BPD were found to have a significant
decrease in D_ within the cingulum (P < .01), inferior
front-occipital fasciculus (IFOF) (P < .01), and ILF
(P <.01). The D, values within the cingulum were neg-
atively correlated with depression scores on the Profile
of Mood Score® (P < .05). Additionally, the decrease

in D, within the IFOF was positively correlated with
scores on future denial, or pessimism about the future,
on the Depression and Anxiety Cognition Scale.?
No differences were found within the FA, MD, or D,
between the 2 groups.

DISCUSSION

This review provides several lines of evidence that
patients with BPD have underlying WM microstructural
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dysfunction as measured by DTI. Of the 4 studies pre-
sented in this review, 3 demonstrate a statistically sig-
nificant difference in the WM of non-medicated adult
patients with BPD compared with HC. New et al* found
significant changes in FA in adolescents but not adults
with BPD, highlighting the pathological changes that
occur during adolescence. Although these patients
were receiving pharmacotherapy, the decrease in FA
values within WM tracts compared with HC is unusual,
especially because research suggests that adolescents
undergo a period of increased myelination of axons,
thereby allowing for maturation of WM tracts.*

On the other hand, Carassco et al proposes
that patients with BPD have decreased FA, reflect-
ing impaired integrity of WM within the commissural
fibers of the CC and orbitofrontal regions. The orbito-
frontal cortex is not only involved in taste and olfaction
processing, but is fundamental in reward- and punish-
ment-related behavior. It is through dysfunction of this
region that emotional instability may manifest itself in
BPD.? Similarly, WM changes within the CC have been
found to be associated with suicidal ideation through
the disruption of interhemispheric communication.*
The CC has been shown to be a shared region of pathol-
ogy among many neuropsychiatric disorders.!*"

Gan et al*! adds to these findings, localizing
decreased FA within the fornix, CC, and right superior
and inferior CR. Subsequent linear correlation models
conducted indicate that as the FA value within the for-
nix decreases, patients tend to present with worsening
and intensification of negative affect and an increase in
motor impulsivity. Although the fornix has classically
been known as an output tract from the hippocampus
to the rest of the Papez circuit, the hippocampus is inti-
mately connected to the amygdala, whose key role is
in emotional processing.* Disruption of the neurons
within the fornix could thus explain the poor affect and
impulsivity that results with microstructure pathol-
ogy in patients with BPD. Participants with BPD were
also found to have significantly higher D_within the
left ATR without associated changes in the FA. As the
D, was increased within the left ATR, participants were
found to have worsening of attention. Similar changes
within the WM tracts of ATR have also been implicated
in ADHD.3!

Ninomiya et al* found no change in FA but an
associated decrease of D_ within the cingulum, IFOF,
and ILE As the value for D, decreased within the
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cingulum, depression and future denial were found
to worsen. The cingulum is a large WM tract integrat-
ing the parietal, frontal, and temporal lobes. Through
this connectivity, the cingulum acts as a major site for
executive control and emotional regulation, and has
been associated with pathological findings in several
neuropsychiatric disorders, including MDD, schizo-
phrenia, PTSD, and AD.*

Limitations

Our study has limitations, some of which may explain
the mixed findings. First, the literature is sparse on
DTI studies conducted on patients with BPD who are
not receiving pharmacotherapy, and as a result, only 4
studies were included in this review. Second, because
most patients in these studies had received pharmaco-
therapy in the past, it is difficult to ascertain how much
impact this confounding variable had on DTI param-
eters. Studies of treatment-naive patients would be
ideal because they could better target the effects of BPD
on WM. Further, because many patients with cluster B
personality disorders have comorbid depression and
substance use disorders,® it is difficult to isolate these
confounding variables to get an accurate understanding
of BPD’s role in WM pathology. Finally, each of the stud-
ies included in this review had a relatively small sample
size. Accordingly, our findings must be replicated in
large samples to make them generalizable to the BPD
population, and more RCTs are needed to expand on
this review.

CONCLUSIONS

Our review of this limited literature suggests that
patients with BPD might have underlying WM dys-
function in cortical regions associated with emotional
processing and executive functioning. Because BPD is
a challenging disorder to diagnose early and treat ade-
quately, DTI may eventually play a helpful role in assist-
ing clinicians to address this disorder. However, more
RCTs are required to explore WM pathology in BPD and
to identify its clinical correlates. B
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