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Abstract

Background—Borderline personality disorder (BPD) is a chronic condition with a strong impact
on patients* affective,cognitive and social functioning. Neuroimaging techniques offer invaluable
tools to understand the biological substrate of the disease. We aimed to investigate gray matter
alterations over the whole cortex in a group of Borderline Personality Disorder (BPD) patients
compared to healthy controls (HC).

Methods—Magnetic resonance-based cortical pattern matching was used to assess cortical gray
matter density (GMD) in 26 BPD patients and in their age- and sex-matched HC (age: 38+11;
females: 16, 61%).

"Corresponding author : Roberta Rossi, Unit of Psychiatry, IRCCS Istituto Centro San Giovanni di Dio — Fatebenefratelli, via
Pilastroni 4, 25125 Brescia, Italy. Tel: +39 030 35017719; Fax: +39 030 3501592; rrossi@fatebenefratelli.it.

Gerardo Maria de Araujo Filho, Departamento de Psiquiatria, Universidade Federal de Sao Paulo; filho.gerardo@gmail.com

Fabio Sambataro , Brain Center for Motor and Social Cognition, Istituto Italiano di Tecnologia@UniPR, Via Universita 12, Parma,
Italy. fabio.sambataro@iit.it

Eva Irle, Department of Psychiatry and Psychotherapy, University of Géttingen, Von-Siebold-Str. 5, D-37075 Go6ttingen, Germany;
eirle@gwdg.de.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rossi et al. Page 2

Results—BPD patients showed widespread lower cortical GMD compared to HC (4%
difference) with peaks of lower density located in the dorsal frontal cortex, in the orbitofrontal
cortex, the anterior and posterior cingulate, the right parietal lobe, the temporal lobe (medial
temporal cortex and fusiform gyrus) and in the visual cortex (p<0.005). Our BPD subjects
displayed a symmetric distribution of anomalies in the dorsal aspect of the cortical mantle, but a
wider involvement of the left hemisphere in the mesial aspect in terms of lower density. A few
restricted regions of higher density were detected in the right hemisphere. All regions remained
significant after correction for multiple comparisons via permutation testing.

Conclusions—BPD patients feature specific morphology of the cerebral structures involved in
cognitive and emotional processing and social cognition/mentalization, consistent with clinical
and functional data.

Keywords
borderline personality disorder; neuroimaging; MRI

1. Introduction

Borderline personality disorder (BPD) is a chronic condition affecting 1 to 2%of the general
population and up to 20% of psychiatric inpatients [31, 42]. Patients with BPD showed
several areas of deficits. Among them affect regulation [36], in particular impulsivity and
emotional instability, and social functioning [50-29], including deficit in the ability to infer
their own and others* mental states, that is also referred to as Mentalizing, theory of Mind
(ToM) or social cognition [48], represent a distinguishing features of the disease.

Neuroimaging techniques offer invaluable tools to understand the biological substrate of
these deficits. Neurobiological studies link symptoms of BPD (impulsivity and emotional
instability) to failures of frontolimbic functions [53] and suggest that emotional
dysregulation is caused by prefrontal deficits, hyperactivity of the limbic system, or a
combination of both [27]. Previous neuroimaging studies found that the most consistent
structural difference in BPD patients is the reduced volume of the hippocampus and the
amygdala [47, 61]. These structures are involved in emotion regulation and have been
describe as key structures in the pathophysiology underpinning the disease.

Furthermore, a well-supported evidence underline the role of frontal cortex. In particular,
some evidence suggest that BPD patients present abnormal areas in the prefrontal cortex
(PFC),; in particular, the orbito-frontal cortex (OFC) [14, 53] and the adjacent ventro-medial
cortex (including the anterior cingulate gyrus — ACG) [26] — the brain regions that underlie
the modulation of emotional responses are the most affected areas. Reduced GM volumes in
the dorsolateral cortex and in the left OFC were also reported in female adolescents with
BPD [11]. Furthermore, BPD patients present a reduced gray matter (GM) volume in the
posterior cingulate gyrus (PCG) [26, 34] and in the right parietal cortex [30].

These results were obtained mainly using region-of-interest or voxel-based morphometry
approaches. In our knowledge, very few studies investigated cortical morphology in BPD. A
recent study assessed cortical morphology using Freesurfer, an automated cortical surface
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reconstruction method, on a group of 25 BPD females [15]. The study showed morphologic
abnormalities involving fronto-limbic and paralimbic regions of both hemisphere [15].
However, as the authors underlined in the discussion, their findings cannot be generalized
since the sample included only females with BPD. Furthermore, Freesurfer analysis of
cortical morphology, being automated, could have a series of limitations such as errors
regarding processes of segmentation, normalization and skull extraction [15]. Another study
on female BPD using Freesurfer package showed reduced cortical thickness in prefrontal
cortex, left tempoparietal junction, bilateral temporal poles and bilateral paracentral lobules
[7]. The authors concludes that the regions that exhibit cortical thinning in BPD patients
resembles a network of cortical structures involved in social cognition [7].

Cortical Pattern Matching (CPM) [55] allows the accurate mapping of cortical gray matter
density (GMD), by carefully aligning cortical structures, thereby increasing the accuracy and
power of comparisons between samples. CPM was successfully used in other psychiatric
patient groups [6, 19, 4] but it has not been used in BPD. Objective of the study was to
investigate GM alterations over the whole cortex in a group of BPD patients compared to
age- and sex-matched healthy controls (HC) to explore the biological characteristics of the
disorder.

2. Materials and Methods

2.1 Subjects

Twenty-six patients meeting the DSM-IV criteria for BPD were enrolled in the study over a
period of about 24 months. We included inpatients admitted to the Psychiatric Rehabilitation
Unit of the IRCCS San Giovanni di Dio-Fatebenefratelli, a residential facility of the
National Mental Health System for non-acute patients [16]. Patients were enrolled as a part
of a wider study aiming at describing brain morphological features psychiatric disorder
[43,44]. Exclusion criteria were: acute or lifetime schizophrenia, schizoaffective disorder,
major depressive disorder with psychotic features, anorexia, drug or alcohol abuse in the last
3 months, or cognitive impairment. All patients underwent a multidimensional assessment
including: Brief Psychiatric Rating Scale (BPRS) [40] to measure general psychopathology,
Hamilton Depression Rating Scale (HAM-D) [25] to assess depressive symptoms, Personal
and Social Performance scale [23] assessing global functioning, Toronto Alexithymia Scale
(TAS) [3] to assess alexithymia (inability to express feelings with words), Barratt
Impulsiveness Scale (BIS-11) [35] to measure impulsivity and State and Trait Anxiety
Inventory (STAI) [52] for the assessment of anxiety.

Clinical diagnosis of the BPD group was asssessed by the Structured Clinical Interview Axis
| Disorders (SCID 1) and Axis Il Personality Disorders (SCID Il) for DSM-IV [17,18]. For
each inpatient we collected all the relevant clinical information: demographics (age, sex,
education), history of psychiatric disease (years), history of alcohol and drug abuse,
presence of suicidal attempts, self-injurious behaviours or aggression, and drug therapy.
Lifetime psychiatric comorbidities were as follows: 5 patients reported a lifetime history of
depression, 3 eating disorder, 1 eating disorder and obsessive compulsive disorder (OCD),
and 2 OCD; 3 satisfied criteria for antisocial personality disorder, 2 for dependent
personality disorder. All inpatients received psychotropic medication.
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A group of 26 HC was matched (1:1) to BPD patients by age and sex. Control subjects were
part of a large sample of cognitive intact individuals enrolled in a previous MRI study on
normal brain structure with MRI (ArchNor, Normative Archive of Structural Brain
Magnetic Resonance Imaging), as described in detail elsewhere [21, 38]. Briefly, subjects
who underwent a brain magnetic resonance (MR) scan at the Neuroradiology Units of the
Poliambulanza Hospital in Brescia for reasons other than memory disturbance, cognitive
impairment, degenerative diseases, or head trauma and whose MRI scan was negative were
asked to participate to the study. Each subject underwent multidimensional assessment
including clinical, neurological, and neuropsychological assessment.

The study was approved by the local ethics committee and written informed consent was
obtained by all subjects. No compensation was provided for study participation.

2.2 Magnetic resonance imaging

Patients and controls underwent MRI performed on a 1.5 Tesla GE scanner. MR images
were acquired with a gradient echo 3D protocol with the following parameters: TR = 20 ms,
TE =5 ms, flip angle = 30°, field of view = 220 mm, acquisition matrix 256x256, slice
thickness 1.3 mm.

Cortical GM was studied using the CPM technique developed at the Laboratory of Neuro
Omaging (LONI) of the University of California at Los Angeles [55].

2.3 Image pre-processing

The 3D images were reoriented along the AC-PC line and voxels below the cerebellum were
removed with the MRIcro software (http://www.cabiatl.com/mricro/mricro/mricro.html).
The anterior commissure was manually set as the origin of the spatial coordinates for an
anatomical normalization algorithm implemented as part of the Statistical Parametric
Mapping (SPM) software package ( available on http://www fil.ion.ucl.ac.uk/spm/software/
spm2/). A 12-parameter affine transformation was used to normalize each image to a
customized template in stereotaxic space, created from the MRI scans of all the subjects
included in the study.

2.4 Cortical gray matter mapping

Individual brain masks for each hemisphere were extracted from normalized images with the
automatic method, EMS (expectation maximization segmentation;
www.medicalimagecomputing.com/EMS) [58, 59], visually inspected, and manually
corrected using DISPLAY, a three-dimensional visualization program that simultaneously
displays the sagittal, coronal and axial slices of the brain (available on http://
www.hic.mni.mcgill.ca/software/Display/Display.html), and allows the manual correction of
errors in classifying brain and non-brain tissue. The resulting masks were applied to
normalized images in order to obtain _skull-stripped‘ images of each hemisphere. A 3D
model of hemispherical cortical surfaces was automatically extracted using intensity
information [32]. Normalized images were segmented into GM, white matter and
cerebrospinal fluid using an algorithm that employs partial volume correction and bias field
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correction [49]. Sulcal lines were traced by a single tracer (ML) on the cortical surfaces
according to a previously validated anatomical delineation protocol [56].

For each subject, we manually traced 17 sulci on the lateral surface and 12 sulci were
manually traced on the medial surface of each brain hemisphere; additional 3D lines were
drawn to outline interhemispheric gyral limits. The reliability of manual outlining was
assessed prior to experimental subject tracing with a standard protocol, requiring the same
rater to trace all lateral and medial sulci of 6 test brains [51]. At the end of the reliability
phase, the mean 3D deviation of the tracer from the gold standard was 3 mm everywhere for
the medial sulci and 4.5 mm everywhere for the lateral sulci. Sulcal curves and cortical
surfaces were flattened and averaged across subjects to create a population specific template
based on all subjects in the study [55]. Averaged sulci were then used as landmarks to warp
each subject's anatomy into the template. The same deformation was applied to the
segmented images, thus allowing measurement of GM at thousands of homologous cortical
locations. GM density (GMD) was computed at each cortical point as the proportion of
tissue classified as GM in a sphere centered at that point, with a radius of 15 mm, and then
averaged within each group to obtain the GMD mean.

We adopted a region-of-interest-based approach to quantify the average GMD within each
Brodmann Area (BA). We applied a deformable BA atlas [37] to the left and right
hemisphere average cortical surface models using CPM, enabling the tabulation of each
subject's average GMD for each BA. We merge some BA in functional/morphological
groups of BAs following a previously proposed combination [6].

2.5 Statistical analysis

To assess the homogeneity of variance and the data distribution, we carried out the Levene's
test and the Shapiro-Wilk test, respectively. When normally distributed and homogeneous,
the demographic, clinical and brain features were compared using the appropriate parametric
test (e.g., Student’s t-tests). When the data were not homogeneous and not normally
distributed the non-parametric Mann-Whitney test was used, such as in the case of 5% of the
GMD measures, in Brodmann areas measured by CPM technique.

P values were computed for the maps at the surface level by setting a significance threshold
of p<0.05. Maps of systematic differences and percent differences were visualized using
color codes on 3D models of the cortex, where the individual BAs were marked. A
permutation test was applied to all maps to provide an overall p value for the effect,
corrected for multiple comparisons [40]. This test computes the chance of the observed
pattern occurring by accident by running n=10,000 permutations of the variables of interest,
at a threshold of p=0.01 [54].

Throughout this paper, reference is made to different kinds of p values. The p values
reported in the figures refer to t-test comparisons between cases and controls. These p values
are those related to the specific effect size and power of our experiment, and are expressed
using a color code. We then provide additional p values denoting the survival of such results
in the permutation test to correct for multiple comparisons. When this p value at permutation
testing is significant, the result of the permutation test may be regarded as the —corrected ||p
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value, i.e. the chance of observing such an extreme pattern of effects, or still greater effects,
by accident. In both cases, the threshold for significance was 0.05.

As shown in Table 1, patients with BPD and HC were well matched for age and sex. The
BPD group differed from the HC group in years of education and global cognition
(p<0.0005). BPD patients generally showed a long history of illness, and a moderate/marked
degree of psychopathology, as assessed with the BPRS (Table 2). Their HAM-D scores
were compatible with a moderate/severe degree of depression. A moderate level of anxiety
resulted from the STAI trait and state evaluations, and alexithymia was significantly higher
in BPD than in HC group (BPD: 53+11, HC:44+13, p<0.05 at Mann-Whitney test). The
BPD group showed a high level of impulsivity, whereas global functioning mean score was
compatible with a severe impairment in this measure. All patients received psychotropic
medication: half of the patients received antipsychotic treatments, mostly benzodiazepines
and 17 patients used mood stabilizers (65%, valproic acid was used by all but one), and one
third of patients received antidepressant treatment, mainly the selective serotonin reuptake
inhibitors (N=8) [Table 2].

Cortical morphometry

The BPD group showed widespread regions of cortical differences compared to the HC
group. The most prominent feature we observed in patients was a lower GMD, with

_peaks* of 20-30% lower tissue density in the bilateral superior temporal gyrus (STG) and in
the inferior and middle frontal gyrus (IFG, MFG, Figure). In details, decreased GMD was
detected bilaterally in the dorsal frontal cortex, in particular IFG, MFG, and superior frontal
gyri (SFG) (Figure; average % GMD loss in the combined BAs 6, 8-10, 44-46: 6-7% to the
left and right, p<0.005 on t-test; Table 3).

The anterior (ACC, BAs 24,25,32,33) and posterior (PCC, BAs 7,23,31,26,29,30) cingulate
cortices showed lower density mainly in the left hemisphere (Figure; 8% average GMD
loss; p=0.007 and p=0.009 for the ACC and PCC; Table 3). The parietal cortex
(supramarginal and angular gyrus, BAs 39-40) was involved in the right (6% GMD loss in
the combined BAs, p=0.04, Table 3).

The temporal lobe showed decreased density on the lateral (BAs 20-22, 38) and medial
(BAs 27-28, 35-36) left cortex (5-6% GMD loss for the lateral and medial aspects, p<0.01;
Table 3), including the parahippocampal gyrus. Finally, a large region of lower density
mapped to the visual cortex (BAs 17-19; 7% GMD loss; Table 3) and the fusiform gyrus
(BA 37; 4% GDM loss; p<0.05; Table 3).

Circumscribed regions of higher tissue density were detected in BPD compared to HC in the
right hemisphere. These involved the superior frontal gyrus (BA 6, 8, 9), ACG (BA 32, 24;
Figure) and the sensory-motor areas (BA 1-5, 43, Figure). These regions also survived the
permutation test (P=0.03). The map of cortical gray matter differences was significant
overall, after permutation testing (Left: 0.005; Right: 0.002), meaning that maps with a
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similar or greater proportion of significant voxels would only be achieved extremely rarely
by random attribution of patients and controls to test groups.

4. Discussion

In this study we assessed the cortical mantle using cortical pattern matching in a group of
BPD patients. Differences from controls consist mainly of GM density reductions, although
we also observed regions with higher density in restricted areas. Abnormalities in the frontal
(mainly prefrontal cortex) [53], cingulate [26] and right parietal cortex [30] are in line with
previous structural MRI findings. Our results are also in line with the only two previous
studies on cortical morphology [7,15]. In particular, de Araujo and colleagues using a
different neuroimaging approach showed areas of alterations widely in frontolimbic regions
and in parietal and posterior regions both in sense of a reduction and of enlargement
compared with healthy controls [15].

Although differences in the analysis methods and study goals make it hard to compare
findings across studies, the topographic involvement observed in our study is more extended
than previously reported. This might be due to the older age of our patients, a longer
duration of disease, or perhaps to the greater sensitivity of our mapping technique. It is
known that BPD patients show some early alterations, such as those in the anterior cingulate
cortex and in the OFC [13], while other features might develop later [13].

The abnormalities observed in our BPD sample involves cortical areas that subserve
psychological functions that are compromised in BPD patients. In particular, frontolimbic
areas are implicated in affective regulations and abnormalities in posterior/parietal areas
have been linked to the presence of dissociative symptoms. Interestingly, most of the
cerebral regions altered in our BPD patients are implicated in mentalizing/social cognition
abilities that represent one of the main deficit in BPD patients. In particular, the medial
prefrontal gyrus and the temporo-parietal junction and precuneus — whose GM density was
significantly lower in BPD in agreement with a previus study [7] - are recognized as the
neural basis of belief attribution [33, 1]. The GM reduction in these regions may explain the
deficits in spontaneous and automatic belief attribution to others found in BPD patients [33].
Furthermore, patients with BPD showed lower GMD compared to HC in the ACG, fusiform
gyrus, superior temporal sulcus and primary visual areas that contribute to process visual
stimuli and to attribute motivation and social intension together with the amygdala that
attribute the emotional salience to the stimuli[1, 2, 8]. Lastly, lower GMD in BPD was also
found in areas identified as part of the mirror neuron system (inferior frontal gyrus/BA 44,
superior temporal sulcus; premotor cortex), a network that seems to be especially relevant
for the recognition of intentions [39].

In addition, consistently with previous findings in BPD, we found a lower GMD in the OFC
[14]. The OFC is a key region involved in the modulation of emotional responses, and is
connected with subcortical nuclei (i.e., the amygdale, hypothalamus and ventral striatum)
that are strictly engaged in the emotional and motivational appraisal of social stimuli [5].
Typically, OFC is involved in emotion regulation and impulse controls. Functional studies
have consistently reported BPD abnormalities in OFC responses while structural MRI
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results are more controversial with some showing reductions in OFC volumes in BPD [14,
53, 13, 11] while other studies did not find differences from healthy controls [45, 24].

Our data are generally consistent with the structural and functional anomalies typically
reported for subjects with BPD. However, we also observed in BPD patients regions with
greater cortical density. To date, regional volumetric enlargement in BPD subjects has been
described only in subcortical regions such as the amygdala [63] and the putamen [9]
although these results were contrasting. The fact that some regions (IFG, MFG, SFG, ACG,
and motor-sensory areas) showed both an increase and a reduction of tissue density may be
interpreted as a sign of a complex and abnormal developmental process, like in other
psychiatric disorders [6, 43].

Our BPD subjects displayed a somewhat symmetric distribution of anomalies in the dorsal
aspect of the cortical mantle, but a wider involvement of the left hemisphere in the mesial
aspect in terms of lower density. These findings are in line with the —emational type ||
hypothesis that assumes a different modulation of the right hemisphere for basic emotions
and of the left hemisphere for more evolved social emotions [41]. This hypothesis is
compatible with clinical and research observations describing BPD patients as able to
recognize basic emotions, but unable to use them for adaptive aims. The emotional type
hypothesis distinguishes between basic emotion, associated with innate displays and
complex emotions, developed later during childhood and modulating facial emotional
displays for social purposes [41]. In this model, the right hemisphere modulates schematic/
primary emotions, whereas the left one modulates social emotions and associated display
rules [41,20]. In line with this interpretation, in a PET study examining the neural substrates
of ToM, the authors found that most of these activations were limited to the left medial
hemisphere [12] supporting the idea that ToM funcitions mainly involved left hemisphere.

This study has both strengths and limitations. A major strength involves the spatial accuracy
of our mapping technique leading to the comparisons, between subjects, of anatomical
features over the whole cortical mantle. Commonly used methods such as manually tracing
regions of interest, suffer the disadvantage of being spatially less detailed and typically
strongly dependent on an a priori hypothesis. On the other hand, with the CPM technique is
not possible to investigate the GMD of subcortical structures, and this makes it difficult to
map some very deeply folded cortical regions, such as the insula, that might be relevant for
this kind of disorder. A full characterization of the cortex in BPD requires further
investigation with complementary techniques. Lastly, the presence in our sample of both
females and males overcome the limitation the two previous two studies including only
females. As underlined by the authors [15] the inclusion of only female patients prevents to
extend the results to all BPD patients.

Some caveats should also be taken into account when interpreting our data. Our sample
study is unselected, as a hospital-based cohort cannot be considered fully representative of
the BPD population, and a replication is needed. Moreover, all patients were taking
psychotropic medications. The impact of drugs on brain structures is a matter of debate,
some psychotropic agents affecting neurons, such as fluoxetine [46] and atypical
antipsychotics [10], while others, conversely, showing a —positive || (apparently trophic)
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effect of brain structure, such as lithium treatment [22] or atypical antipsychotics [10].
However, it is not clear whether the potential effect of drugs on brain morphology is stable
over time or reversible after switching.

In neuroimaging studies, the potential confounding effect of medications is a major issue,
and this is especially true when studying complex pathology such as BPD, where the
majority of individuals may be receiving psychotropic medication. It might be possible to
avoid the potential confounding effect of medication on neuroimaging measures by
restricting the studies to medication-naive individuals. This strategy, however, would largely
limit recruitment to a small group of participants who might not be representative of BPD
populations typically managed in most clinical settings. Another approach, which may be
possible in the future, is to attempt a meta-analysis of neuroimaging data coming from many
cohorts, an approach which has recently been successfully applied to schizophrenia and
bipolar disorder [28, 57, 58].

Another caveat regards the presence of substance and alcohol abuse in most BPD patients.
There is a high degree of comorbidity ranging between 14% and 56%, with a median value
of 52% [42] between BPD and alcohol and substance use disorders. Cross-sectional studies
have found that 23-84% of BPD patients (median =65.1%) report meeting criteria for any
substance use disorder [62]. Given the high prevalence of this comorbidity in our sample, it
was impossible to stratify the group, so as to examine this possible confounding factor. A
larger sample size could give us the opportunity to stratify for these variables and check
their impact.

5. Conclusion

The present findings confirm cortical abnormalities in BPD patients. Interestingly, these
abnormalities involves cortical areas that subserve psychological functions that are
compromised in BPD patients. Besides the well supported frontolimbic and posterior/
parietal alterations, linked with affective regulations and dissociative symptoms,
respectively, most of the cerebral regions altered in our BPD patients are implicated in
mentalizing/social cognition abilities that represent one of the main deficit in BPD patients.
Neuroimaging studies offer invaluable tools to understand the biological substrate of these
deficits.
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P-value Percent change

Figure.
Cortical morphology in 26 Borderline Personality Disorder (BPD) patients compared to 26

healthy controls. Pattern of percent gray matter local difference (right panel) and statistical
significance (left panel) in BPD<HC and BPD>HC , with (lower row) and without (upper
row) Brodmann areas' (BAs) boundaries highlighted
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Table 1

Demographic features of 26 patients with Borderline Personality Disorder and their age- and sex-matched
healthy controls

BPDN=26 HC N=26 p

Sex (f) 16 (61%) 16 (61%) 1.00
Age, years 38+11 38+11 0.5
Education, years 10+2 14+3 <0.0005

BPD=Borderline Personality disorder; HC=healthy controls. P denotes significance on chi-squared test for dichotomous variables or Mann-
Whitney tests for continuous variables.

Eur Psychiatry. Author manuscript; available in PMC 2016 February 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Rossi et al. Page 15

Table 2

Clinical and psychological features of 26 patients with Borderline Personality Disorder.

BPD N=26
Years of Iliness 14 11
Alcohol abuse 20 (77%)
Substance abuse 21 (81%)
Brief Psychiatric Rating Scale 45 +8

Mild (24-48) 17 (65%)

Moderate (49-72) 9 (35%)

Moderate to severe (> 72) 0
Personal and Social Performance scale 349

Mild (>60) 1 (4%)

Moderate (41 -60) 3 (12%)
severe (<40) 22 (84%)

Hamilton Depression Rating Scale 24+9

normal (0-7) 3 (12%)

Mild (8-13) 2 (8%)

Moderate (14-18) 4 (15%)

Severe (19-22) 4 (15%)
Very severe (>23) 13 (50%)

State and Trait Anxiety Inventory — state 49+13
High anxiety 18 (70%)

- trait 56x11
High anxiety 22 (84%)

Toronto Alexithymia Scale 53 +11
Non alex (<51) 8 (31%)
Borderline (52-60) 12 (46%)

alex (<61) 6 (23%)

Barratt Impulsiveness Scale L L
Low (<68) 5 (31%)1
Moderate (68-89) 1" (69%)1
High (>90 0
Pharmacotherapy
Typical Antipsychotics 7 (27%)
Atypical Antipsychotics 14 (54%)
Antidepressants 12 (31%)
Benzodiazepines 24 (93%)
Mood stabilizers 17 (65%)

1 . - . .
Barratt Impulsiveness Scale-11 was administered to 16 patients with BPD.
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Table 3

Average gray matter density (GMD), percentage difference between groups, and t-test p-values for individual

Brodmann Areas (Bas), or functional/morphological groups of BAs, between the borderline personality

disorder (BPD) and healthy control (HC) groups.

BA BPD N=26 HC N=26 % difference p

Average GMD 0.260+0,015 0.271+0,013 —4% 1 0.005
11, 47 Orbitofrontal Cortex L 0,248+0.018 0.264 +0.021 —6% 2 0.024
R 0.247+0.016 0,259+0,2074 o L 0.007

-5%
6,8-10, 44-46 Dorsal frontal cortex L 0.252+0,018 0,268+0,129 —6% 1 0.001
R 0.250+0.017 0,264 +0.016 1 0.004

7%
24,25, 32,33 Anterior cingulate cortex L 0.230£0.025 0,250+ 0.026 —8% 1 0.007
R 0,213+0.025 0.207 +0.024 +3% 1 0.388
15,43 Sensorimotor cortex L 0.218+0.016 0.226+0.011 —aop L 0.062
R 0.220+0.015 0,224 +0.014 o 1 0.333

2%
20-22, 38 Temporal cortex L 0.271+£0.024 0.286+0.017 5% 1 0.005
R 0.276 £0.023 0.286 +0.018 1 0.107

-3%
27,28,35,36 Medial temporal cortex L 0,369+0.032 0,392 +0,028 —6% 1 0.011
R 0,391+0.026 0,400 + 0.036 1 0.086

-2%
37 Fusiform gyrus L 0.299+0.024 0.312+0.019 —a% 1 0.044
R 0.298+0.020 0.308 + 0.020 o 1 0.081

-3%
39,40 Parietal L 0.254+0.024 0.259 +0.021 —2% 1 0.453
R 0.262+0.029 0,278 + 0.026 1 0.043

-6%
7,23,31,26,29,30 Precuneus, PC, Retrosplenial (+ some parietal) L 0,234 +0.025 0,253 +0.024 —8% 1 0.009
R 0,227 +0.024 0,230 +0.024 2 0.564

-1%
17-19 Visual cortex L 0.262+0.021 0.280+0.016 —7% 1 0.002
R 0.269+0.022 0,269 +0.015 o 1 0.564

0%

Numbers denote means+S.D, % difference=mean difference in gray matter density in BPD compared to HC

See Figure for the topographic localization of each BA on the cortical 3D model.

BA=Brodmann Area
1 :
p-values from t-test comparisons

2 . .
from the non-parametric Mann-Whitney test .
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