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A few studies reported functional abnormalities at rest in borderline personality disorder (BPD), but their re-
lationship with clinical aspect is unclear. We aimed to assess functional connectivity (FC) in BPD patients and its
association with BPD clinical features. Twenty-one BPD patients and 14 healthy controls (HC) underwent a
multidimensional assessment and resting-state fMRI. Independent component analysis was performed to identify
three resting-state networks: default mode network (DMN), salience network (SN), and executive control net-
work (ECN). FC differences between BPD and HC were assessed with voxel-wise two-sample t-tests. Additionally,
we investigated the mean FC within each network and the relationship between connectivity measures and BPD
clinical features. Patients showed significant lower mean FC in the DMN and SN, while, at the local level, a
cluster of lower functional connectivity emerged in the posterior cingulate cortex of the DMN. The DMN con-
nectivity was positively correlated with the anger-state intensity and expression, while the SN connectivity was
positively correlated with metacognitive abilities and a negative correlation emerged with the interpersonal
aggression. The dysfunctional connectivity within these networks might explain clinical features of BPD patients.

1. Introduction

Borderline personality disorder (BPD) is a psychiatric condition
characterized by emotion and behavioral dysregulation, interpersonal
hypersensitivity, self- disturbance and difficulties in mentalization
functions (American Psychiatric Association, 2013). Two crucial do-
mains have been largely investigated: mentalization/metacognitive
deficits, and emotional dysregulation. Mentalizing (Bateman and
Fonagy, 2004), or metacognition (Semerari et al., 2007), refers to the
capacity to think about thinking. BPD patients experience difficulties in
mentalization/metacognition, including deficits in monitoring and
identifying emotions, inability to integrate different mental states, or
failure to distinguish between one's inner world and external reality
(Fonagy and Bateman, 2007; Semerari et al., 2015). The emotional
dysregulation is described as the distinctive face of the disease,

encompassing emotional awareness, understanding, and acceptance of
one's emotions, in addition to the ability to manage emotional arousal
(Vaskinn et al., 2015). Emotional dysregulation is a core feature in BPD
and it is described both in terms of an increased emotional sensitivity
and an inability to regulate emotional response that results in marked
impulsive  behavior and  difficulties in anger control
(Linehan et al, 2006). Metacognition and emotional dysregulation are
strictly connected, since the ability to regulate and manage the emotion
increases with the increasing of metacognitive abilities.

BPD is plausibly the result of a complex interaction between bio-
logical and psychosocial factors (Glenn, 2009), and increasing attention
has been directed to the biological mechanisms. Neuroimaging studies
revealed both structural and functional brain abnormalities particularly
involving limbic structures. In BPD, structural MRI studies identified
lower volumes in the hippocampus and amygdala (Nunes et al., 2009;
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Rossi et al., 2012), prefrontal cortex (Sala et al., 2011; Soloff et al.,
2012), and various regions of the temporal and parietal lobes (Soloff
et al., 2008; Rossi et al., 2015), compared with healthy subjects. The
most robust findings emerging from task fMRI studies were hyper-
activity of the amygdala and hypo-activation of frontal areas in re-
sponse to emotional stimuli (Mauchnik and Schmahl, 2010). These re-
sults were interpreted as the biological substrate of the core symptoms
of BPD, in particular of the emotional dysregulation. Recent studies
started focusing on brain networks emerging during rest (i.e. while the
subject is not performing a task) and that are thought to contribute to
functions impaired in BPD patients, such as self-, emotion-, and cog-
nitive control processing (Mauchnik and Schmahl, 2010; Menon and
Uddin, 2010). The default mode network (DMN), which includes the
posterior cingulate cortex (PCC), inferior parietal lobule, lateral tem-
poral lobes and bilateral hippocampi, medial prefrontal and dorso-
lateral prefrontal cortex, is thought to be involved in self-consciousness,
self-processing and self-introspections, including emotional awareness
and processing (Menon, 2011; Buckner et al., 2008). The salience net-
work (SN), anchored to the bilateral insula and anterior cingulate
cortex (ACC), contributes to a variety of functions, including social
behavior and emotion regulation, and self-awareness (Menon, 2011;
Craig and Craig, 2009). It has a central role in the detection of beha-
viorally relevant stimuli and the coordination of neural resources
(Uddin, 2015). The executive control network (ECN), which includes
the bilateral dorsolateral parietal and frontal cortices, is engaged when
performing cognitively demanding tasks requiring attention
(Gogolla et al., 2014), and it is associated with cognitive and executive
control processes during goal-directed behavior (Dosenbach et al.,
2008).

Few studies to date used resting-state fMRI (RS-fMRI) to assess
dysfunctions of these networks in BPD, with mixed results. A recent
meta-analysis of RS-fMRI in BPD concluded that patients exhibit an
altered activity in DMN regions, and in particular in the midline core as
well as in the dorsal subsystems (Visintin et al., 2016). Compared to
controls, patients’ neural activity at rest was greater in midline regions
(medial prefrontal cortex/anterior cingulate and precuneus/ posterior
cingulate) and decreased in middle/inferior temporal cortex and in
orbitofrontal cortex (Visintin et al., 2016).

As reported in a recent review, altered RS-fMRI connectivity is ob-
served in BPD within networks associated with processing of negative
emotions, encoding of salient events, and self-referential processing
(Krause-Utz et al., 2014b). However, the direction of these changes is
not clear. In a study assessing the DMN and the ECN, Wolf et al. (2011)
found both increased and reduced connectivity in the DMN, and re-
duced connectivity in the ECN. In line with this finding,
Doll et al. (2013) reported altered (both increases and decreased) DMN
functional  connectivity  (FC). However, differently  from
Wolf et al. (2011), this study found both increased and reduced con-
nectivity in the ECN. Additionally, this study provided for the first time
evidence of increased intrinsic connectivity in the SN (Doll et al., 2013).
Krause-Utz et al. (2014a) found no difference in core DMN areas but
increased anti-correlations between the DMN and the occipital cortex.
The SN showed increased within-network connectivity and decreased
anti-correlations with posterior DMN areas (Krause-Utz et al., 2014a).
Finally, O'Neill and colleagues found increased FC between precuneus
(DMN seed) and frontal regions during the rest, while Salvador and
colleagues showed increased resting FC between temporolimbic and
frontomedial structures (left hippocampus and amygdala with the
anterior cingulate cortex) (O'Neill et al., 2015; Salvador et al., 2016).

In the present study, we assessed RS-fMRI changes in a group of
unselected BPD patients compared with healthy controls (HC) to assess
the pattern of FC at rest in BPD. Firstly, we focused the analysis on
cortical networks that are known to be aberrant in BPD patients and
that are involved in cognitive functions often described as impaired in
BPD patients (i.e. the DMN for self-processing, the SN for top-down
attention and cognitive control processes, and the ECN for executive
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control processes). Secondly, we explored the relationship between FC
within these resting-state networks and the clinical symptoms. In par-
ticular, we expected that functional abnormalities would be correlated
with the emotional dysregulation and metacognitive abilities.

2. Methods
2.1. . Subjects

Twenty-six BPD patients and 14 age- and sex-matched HC were
included in the present study. BPD patients were recruited between
June 2012 and March 2015 in the framework of a project aimed to
study cerebral features associated with BPD carried out at the IRCCS
Istituto Centro San Giovanni di Dio Fatebenefratelli (Brescia).

The clinical diagnosis was confirmed by the Structured Clinical
Interview for DSM-IV (SCID I and II) (First et al., 1995; First et al.,
1994) made by a clinically experienced interviewer. The assessment
covered several clinical domains. The following self-report scales were
administered: Symptoms Check List-90-R (SCL-90-R) (Derogatis et al.,
1977), assessing general psychopathology; the Toronto Alexithymia
Scale (TAS) (Bagby et al., 1994) to assess alexithymia; the Barratt Im-
pulsiveness Scale (BIS-11) (Patton et al., 1995) to measure the level of
impulsivity; the State and Trait Anxiety Inventory (STAI)
(Spielberger et al., 1983) and the State-Trait Anger Expression In-
ventory-2 (STAXI-2) (Spielberger, 1999) to assess anxiety and anger,
respectively; the Difficulties in Emotion Regulation Scale (DERS)
(Gratz and Roemer, 2004), a 36-items scale to assess emotion dysre-
gulation; the Inventory of Interpersonal Problems (IIP) (Ubbiali et al.,
2011) to check interpersonal difficulties. Furthermore, we assessed the
global functioning with the Personal and Social Performance scale ad-
ministered by the clinician (Gigantesco et al., 2008). Lastly, metacog-
nitive abilities were assessed with the Metacognition Assessment In-
terview (MAI) (Semerari et al., 2012), a semistructured interview that
evaluates two main functional skill domains of metacognition, ‘the Self’
and ‘the Other’, each one composed of two dimensions: monitoring and
integrating for the Self, differentiating and decentring for the Other
(Semerari et al., 2012). For each patient, we collected information
about: history of psychiatric disease (years), history of alcohol and drug
abuse, presence of suicidal attempts, self-injurious behaviors or ag-
gression, and drug therapy. Exclusion criteria were: acute or lifetime
major depressive disorder associated to psychotic trait, schizophrenia,
schizoaffective disorder, and substance or alcohol abuse in the last
three months, any cognitive impairment and neurological disease.

HC were volunteers free of any cognitive impairment or psychiatric/
neurologic condition, including traumatic brain injury, alcohol/sub-
stance abuse, transient ischemic attack, and stroke. They underwent a
clinical assessment including SCL-90-R, TAS, BIS, and STAI-Y.

All participants provided written informed consent. The study was
approved by the local Ethics Committee (Comitato Etico delle
Istituzioni Ospedaliere Cattoliche).

2.2. . MRI acquisition

BPD patients and HC underwent MRI exam including a gradient
echo-planar imaging sequence for RS-fMRI on a 1.5 T GE scanner at
Poliambulanza Foundation (Brescia), with the following parameters:
TR = 3000 ms, TE = 30 ms, flip angle = 90°, matrix size = 64 X 64,
FOV = 220 x 220 mm, 40 axial slices, slice thickness = 3 mm, number
of volumes 200. Subjects were instructed to lay down and relax
during scanning, keeping their eyes closed, not to think of anything in
particular, and not to fall asleep.

2.3. . MRI analysis

All RS-fMRI scans passed a first visual quality check, performed to
ensure data did not present gross artifacts. RS-fMRI data were pre-
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processed with Statistical Parametric Mapping 8 (SPM8, http://www.
fil.ion.ucl.ac.uk/spm/software/spm8/). The first five volumes of each
session were discarded to allow for magnetic field stabilization. For
each subject, the framewise displacement (FD) (Power et al., 2012) was
calculated over the whole brain using the FMRIB Software Library v5.0
(FSL, http://fsl.fmrib.ox.ac.uk/) toolbox for motion outliers. RS-fMRI
volumes were co-registered to the first scan to correct for head motion.
Four patients were excluded due to excessive head movements (>3 mm
for translation and >1.5° for rotation). Additionally, motion artefacts
were corrected using the ArtRepair toolbox for SPM (Mazaika et al.,
2009), and one patient was excluded (bad volumes more than 25%).

The definitive sample included 21 BPD patients and 14 HC.
Individual RS-fMRI images were normalized to the Montreal
Neurological Institute (MNI) template with the bounding box set to
[—90 —126 —72; 90 90 108] and resliced to 3 X 3 X 3 mm to retain
the original voxel size. Normalized images were spatially smoothed
with a 6 X 6 X 6 mm Gaussian kernel.

An independent component analysis (ICA) was performed using the
GIFT Toolbox (version 3.0a) to identify the 3 resting-state networks of
interest: DMN, SN, and ECN. The latter was divided in its left (LECN)
and right (RECN) components. Independent group components were
estimated using the Infomax approach (Bell and Sejnowski, 1995). The
estimated number of independent components was 20, a dimension
determined using the minimum description length criteria. The re-
sulting group maps were used to compute individual components,
through a back reconstruction step. The estimated spatial maps were
then converted into Z scores. Networks of interest were selected
through a template matching spatial correlation procedure and stan-
dard template (Shirer et al., 2012).

2.4. . Statistical analysis

Sociodemographic and clinical differences between groups were
assessed using chi-square test, two-sample t-test (two-tailed) or
Mann-Whitney U test (based on data distribution).

For each network of interest, RS-fMRI differences between BPD and
HC were assessed with voxel-wise two-sample t-tests and corrected for
multiple comparisons with a permutation-based approach using ran-
domise (https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/Randomise) (family-wise
error rate — FWE- correction at the cluster level using the threshold-free
cluster enhancement ~TFCE - method, 5000 permutations). Each con-
trast (BPD < HC, BPD > HC) was restricted to the network of interest
according to the following procedure: a one-sample t-test (p < 0.001,
FWE corrected) was conducted for each network (Fig. 1) and the re-
sulting map was binarized; subsequently, a two-sample t-test (p < 0.05,

Salience Network

Default Mode Network

[ &
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FWE corrected) was performed by inclusively masking the contrast with
the binary mask obtained at the previous step. Age (years), gender
(binary), FD (mean), drug and/or alcohol abuse and pharmacological
treatment (dichotomous variables) were included as covariates in all
the analyses.

Additionally, we explored mean FC within each resting-state net-
work. For each network and subject, spatial Z maps were thresholded at
connectivity score >1.3 and averaged to compute the mean FC con-
nectivity across all subjects for both groups (BPD or HC). Two-sample t-
test or Mann-Whitney U test (based on data distribution) was used to
assess differences in networks’ mean FC (p < 0.05, multiple compar-
isons correction for the number of networks, N = 4).

To assess the clinical relevance of FC changes, measures of FC that
emerged as statistically different from group comparisons (global: mean
resting-state connectivity; local: voxel-wise derived clusters) were en-
tered in a second level analysis to investigate their relationship with
clinical features (STAXI-2, TAS, BIS-11, DERS, IIP and MAI scores and
their subscales). This analysis was carried out only in the BPD sample
using Pearson or Spearman correlations (based on the data distribu-
tion), and reported as a descriptive measure on pre-selected variables
(Bender and Lange, 2001). Statistical analyses were conducted using
IBM SPSS Statistics for Windows, version 23.

3. Results
3.1. . Sociodemographical and clinical features of participants

BPD patients and HC differed for years of education (Table 1). The
gender distribution between groups was not perfectly balanced, the
percentage of females being slightly higher in BPD, although the dif-
ference was not statistically significant. Table 1 also shows that less
than a half of BPD patients were inpatients with long disease duration,
and between 50-60% had a history of alcohol and/or substance abuse
although they were abstinent for at least three months. BPD patients
and HC were significantly different for level of psychopathology, an-
xiety, and impulsiveness. Patients had a moderate level of impulsive-
ness, alexithymia, personal and social functioning, and more than 66%
showed a high level of anxiety (Table 1). The majority of patients (86%)
received pharmacotherapy. In line with the literature, in our BPD
sample we observed the presence of comorbidities (lifetime): major
depressive episode (N = 7), eating disorder (N = 4), and panic disorder
(N = 4). Regarding comorbid personality disorders, one patient had
also a diagnosis of dependent personality disorder and one a diagnosis
of narcissistic personality disorder.

Fig. 1. Results of the one-sample t-tests from the entire sample
(healthy controls and borderline personality disorder patients) for the
resting-state networks of interest (default mode network, salience
network, right and left executive control network). The color bar
denotes the t-statistic range (p < 0.001, FWE corrected). Maps are
overlaid onto the MNI standard template. MNI, Montreal Neurological
Institute. R: right; L: left. (For interpretation of the references to color
in this figure legend, the reader is referred to the web version of this
article.)
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Table 1
Sociodemographic and clinical features of borderline personality disorder (BPD) patients and healthy controls (HC).
BPD HC Test value p value
N =21 N=14
Age 35 £ 9 38 =7 U =144 0.934
Sex (%female) 14 (67%) 5 (36%) X2 =3.243 0.070
Education (years) 11 = 3 16 = 3 U=41 <0.001
Years of Illness 13 = 7 - -
% inpatients 42.8% - -
Alcohol Abuse 52% 0% X2 =10.694 <0.001
Substance Abuse 62% 0% X>=13.788 <0.001
Clinical Assessment
Symptoms CheckList-90-R 150.6 + 76.3 34.5 + 30.6 t = 8.441 <0.001
State and Trait Anxiety Inventory - Y
STATE 443 = 79 359 = 7.6 t=3.032 0.005
High anxiety 66.6% 46%
TRAIT 473 £ 8.2 37.7 = 83 t=3.198 0.003
High anxiety 80.9% 50%
Toronto Alexithymia Scale 53.5 * 17.3 43.46 = 12.4 t=1.811 0.080
Non alexithymic (<51) 52.4% 77%
Borderline (52-60) 19% 8%
Alexithymic (>61) 28.6% 15%
Barratt Impulsiveness Scale-11 74.6 = 10.2 59.69 + 8.4 t=4.431 <0.001
Low (<67) 28.6% 77%
Moderate (68-89) 66.7% 23%
High (>90) 4.7% 0%
Personal and Social Functioning Scale 50.1 * 13.1 - -
Mild (>60) 23.8%
Moderate (41-60) 42.8%
Severe (<40) 28.6%
Metacognitive Assessment Interview” 42 + 21 - -
(Range 16-80)
Difficulties Emotional Regulation Scale® 120.6 + 17.2 - -
(Range 36-180)
Inventory of Interpersonal Problems® 23 = 05 - -
Interpersonal Sensitivity 26 = 0.7
Interpersonal Ambivalence 21 = 04
Aggression 19 = 0.8
Need for Social Approval 24 = 0.6
Lack of Sociability 22 = 0.8
State and Trait Anger Expression Inventory-2" - -
State Anger 191 = 9
Trait Anger 2.8 *+ 43
Anger Expression-Out 189 + 5.3
Anger Expression-In 19.8 = 6.2
Anger Control-Out 12.8 = 4.9
Anger Control-In 16.7 = 6.3
Anger Expression Index 57.2 = 18.9
Pharmacotherapy: 18 (85.7%) - -
Typical Antipsychotic 3 (14.3%)
Atypical Antipsychotic 7 (33.3%)
Antidepressant SSRI 7 (33.3%)
Benzodiazepine 12 (57.1%)
Mood Stabilizers of whom with Lithium 9 (42.8%)
2 (9.5%)

Values denote mean = standard deviation, or percentage. Based on the data distribution, p denotes significance on two-sample t-test or Mann-Whitney U test (only
for age, education and the State and Trait Anxiety Inventory — Y/ STATE) or on Chi-square test (categorical variables).

@ Data available only for 11 BPD patients.
3.2. . Functional connectivity: Differences in mean and local connectivity

BPD patients showed lower mean FC than HC in the DMN, SN, and
LECN, (p < 0.05), the first two surviving after multiple comparisons
correction (p < 0.0125; Table 2).

In addition to alterations in the mean FC, lower DMN connectivity
in BPD patients mapped to the right PCC (p < 0.05, FWE corrected;
cluster size 31 voxels, MNI coordinates [+12 —57 +18], t
score = 4.6; Fig. 2), while in the SN no significant differences emerged.
Furthermore, only with an exploratory intent, we investigated the
presence of local changes also in the ECN, but we did not find any
difference between BPD patients and HC.

3.3. . Correlations between functional connectivity and psychometric
measures

In the BPD group, we found significant correlations between FC,
both at the global and local level, and core clinical features (Table 3).
Specifically, in the DMN, mean FC was positively correlated with the
anger-state intensity and expression, as assessed with the STAXI-2/State
Anger subscale (r = 0.778, p = 0.008), and with the interpersonal ag-
gression, assessed with IIP/Aggression subscale (r = 0.617, p = 0.032).
At the local level, FC in the right PCC (r = 0.734, p = 0.016) was po-
sitively correlated with the expression of verbal physical anger (STAXI-
2/ Anger Expression-Out).

Finally, mean FC of the SN strongly correlated with metacognitive
abilities (r = 0.826, p = 0.002), while a negative correlation emerged
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Table 2
Differences between borderline personality disorder patients (BPD) and healthy
controls (HC) in mean functional connectivity.

Psychiatry Research: Neuroimaging 283 (2019) 118-124

Table 3
Correlations between functional connectivity (mean and local) and clinical
features in borderline personality disorder patients.

Resting-state BPD HC Test value  p value

networks N=21 N=14

Default mode network  2.121 = 0.097 2.218 *= 0.084 t = 3.016 0.005

Salience network 2.098 = 0.093 2181 * 0.089 U=64 0.004

Left executive control ~ 2.091 = 0.071 2.152 = 0.092 t=2.200 0.035
network

Right executive 2173 + 0.108 2.254 * 0.130 U=90 0.056

control network

Values denote mean = standard deviation. p denotes significance on two-
sample t-test (default mode network and left executive control network) or
Mann-Whitney test (salience network and right executive control network),
based on data distribution.

with the interpersonal aggression (r = -0.707, p = 0.010).

4. Discussion

In the present study, we investigated the FC of three resting-state
networks (DMN, SN, and ECN) and the correlations between functional
abnormalities and clinical symptoms. We considered both the mean
connectivity, a global indicator of connectivity status and whose al-
teration suggests the temporal desynchronization of brain activity
(Allen et al., 2011), and local clusters of alterations in the networks of
interest. We found functional alterations in BPD compared with HC in
all the networks considered, although only abnormalities in the DMN
and the SN survived after multiple comparisons correction.

Our findings are only partially in line with previous studies, which
reported altered connectivity in the form of both increased/decreased
DMN connectivity and increased SN connectivity. Differently from
these studies, we observed a coherent pattern of reduced networks
connectivity rather than higher connectivity (Wolf et al., 2011; Krause-
Utz et al., 2014a; Wolf et al., 2012). These differences might be due to
differences in the clinical features of BPD patients and in the metho-
dology. In particular, previous studies included almost exclusively fe-
male patients, while our sample was more balanced (67% females and
33% males). Indeed, sex-related differences in DMN, SN, and ECN
connectivity have been described in healthy volunteers in fMRI studies
(Filippi et al., 2013) and the inclusion of only female BPD patients
could prevent the generalizability of the results. Furthermore, the di-
agnosis of BPD includes several different clinical patterns that are
probably related to different neurobiological features. More im-
portantly, our patients have a long history of disease and alcohol/drug
abuse, all factors that might affect FC and reduce it (Wilcox et al.,
2016). Unfortunately, in BPD patients no study has yet assessed the
functional changes at different disease stages. Hence we can only
speculate as to whether a longer disease course might have contributed
to these changes. However, drug and/or alcohol abuse and pharmaco-
logical treatment were included as covariates in all the analyses. Future
studies including patients at different disease stages or longitudinal

Default Mode Network

Functional connectivity measure Clinical feature rvalue  p value
Default mode Mean FC STAXI-2/State Anger 0.778 0.008
network IPP/Aggression 0.617 0.032
Local FC: R STAXI-2/Anger 0.734 0.016
PCC Expression-Out
Salience network Mean FC IPP/Aggression —0.707 0.010
MAI 0.826 0.002

p denotes statistical significance on Pearson's correlation; r denotes the corre-
lation coefficient for Pearson's test. Abbreviations: FC: functional connectivity;
IIP: Inventory of Interpersonal Problems; MAIL: Metacognition Assessment
Interview; PCC: posterior cingulate cortex; STAXI-2: State-Trait Anger
Expression Inventory-2; R: right hemisphere.

evaluations might properly investigate the trajectory of connectivity
changes over BPD course, to evaluate, for example, if connectivity
changes are linear over time or characterized by distinct phases.

The dysfunctional connectivity within these networks might explain
some of the behavioral and cognitive features observed in BPD patients.
In particular, one of the core features of the BPD symptomatology are
the mentalization deficits. BPD patients are as capable as controls of
undertaking simple mentalization tasks, but mentalization deficits be-
come evident when complexity increases and integration of multiple
perspectives is required (Petersen et al., 2016). The inaccuracy in
reading emotional states (in a hypersensitive way) and the difficulty in
integrating facial and prosodic expressions of other people lead to dif-
ficulties in establishing and maintaining interpersonal relationships. In
our sample, we found abnormalities in the SN, a circuit strictly involved
in metacognitive processes, and these abnormalities were highly cor-
related with metacognitive performance. This result is in line with
studies indicating that the SN, together with interconnected brain
networks, contributes to a variety of complex brain functions, including
communication, social behavior, and self-awareness through the in-
tegration of sensory, emotional, and cognitive information (Mauchnik
and Schmahl, 2010; Buckner et al., 2008; Craig and Craig, 2009; Menon
and Uddin, 2010). In the DMN, BPD patients showed abnormalities in
the mean FC and in a local cluster localized in the right PCC. A di-
minished FC in BPD patients is in line with previous studies (Krause-
Utz et al., 2014b). Interestingly, in our sample the connectivity in the
DMN and in this local cluster were correlated with higher anger di-
mensions. In BPD, emotional dysregulation, and in particular the ex-
pression of anger, is one of the main clinical features and is often a focus
of the clinical intervention (Linehan et al., 2006). Anger expression is
strictly related to metacognitive abilities. Indeed, mentalized affectivity
involves a reappraisal of affective experience that contributes to affect
regulation. It could be not immediately intuitive that the direction of
the association was positive, but this pattern could reflect an abnormal
DMN regulation in more impaired patients. The PCC is a core node of
the brain as it allows the functional integration between the medial
frontal and the medial temporal subsystems. Furthermore, the PCC is a

Fig. 2. Reduced connectivity in the default mode network in borderline person-
ality disorder patients. Red voxels represent the one-sample t-tests from the entire
sample (see Fig. 1); blue voxels show clusters of reduced connectivity in patients
compared with controls (p < 0.05, FWE corrected). Results are corrected for age,
gender, framewise displacement, drug and/or alcohol abuse and pharmacological
treatment. The color bar denotes the t-statistic range. Maps are overlaid onto the
MNI standard template. MNI, Montreal Neurological Institute. (For interpretation
of the references to color in this figure legend, the reader is referred to the web
version of this article.)

122



G. Quattrini et al.

hub region contributing to several other networks, such as the SN, and
the ECN (Leech and Sharp, 2014). It is a key region being part of the so-
called “tripartite core-self system” related to thinking explicitly about
the self (Davey et al., 2016). The PCC dysfunction might partially ex-
plain deficits in the reflexive function commonly present in BPD pa-
tients. The fact that local and global effects were coherent in the DMN
(i.e., reduced connectivity without any increase), speaks for a consistent
albeit weak reduction of connectivity within this network in this
sample. Conversely, results in the SN survived multiple comparisons
correction at the global but not voxel-wise analysis, suggesting that SN
connectivity changes in BPD are subtle and broader rather than focal.
An alternative explanation for the lack of voxel-based differences in the
SN is that some factors might have contributed to reduce the sensitivity
of this analysis, such as the scanner field strength. The blood oxygen
level dependent (BOLD) signal is known to increase with field strength
and 3 T scanners can provide a stronger signal than 1.5 T. Averaging the
BOLD signal over broad areas can indeed reduce noise, while voxel-wise
approaches might be more susceptible to this issue.

This study has several strengths. Firstly, it included both male and
female BPD patients, and this may increase the generalizability of the
results and overcome the limitation of previous studies that included
only females. Secondly, our BPD sample was unselected and represents
the clinical BPD population commonly admitted in rehabilitation psy-
chiatric services, and might therefore be more representative of the
real-practice.

Some caveats should be taken into account when interpreting our
findings. Firstly, the sample size was very limited and the strength of
the MRI field (1.5 T) was associated with a lower signal-to-noise-ratio.
Secondly, there is the potential confounding effect of a history of al-
cohol and substance abuse. Although we adjusted the analyses for these
variables, we did not systematically collect information about the
length of the abuse and doses. It should be noted that there is a high
degree of comorbidity between BPD and alcohol and substance use
disorders (14-56%, median = 52%), and 23-84% of BPD patients
(median = 65%) fulfill criteria for any substance use disorder
(Rossi and de Girolamo, 2010). Furthermore, most of BPD patients
(85%) were medicated, and the role of specific psychotropic drugs on
FC is unclear. It is known that selective serotonin reuptake inhibitors
(SSRIs) administration is associated with a reduction of the FC in the
DMN (McCabe et al., 2011; McCabe and Mishor, 2011), the ECN, au-
ditory and visual networks and limbic-frontal circuitry (van Wingen
et al., 2014; Klaassens et al., 2017), while some antipsychotic drugs
have been reported to modulate DMN function and low frequency
fluctuations of BOLD signals (Sambataro et al., 2010; Wang et al., 2017)
. Therefore, despite the inclusion of these factors as covariates in the
analysis, we cannot exclude the potential effects of psychotropic
treatment in our sample, and the limited sample size did not allow any
further stratification. However, it should be noted that pharma-
cotherapy is commonly prescribed (American  Psychiatric
Association, 2001) and drug-withdrawal in patients would pose ethical
issues. In the future, a larger sample could give us the opportunity to
stratify for these variables and better control for their impact. Fur-
thermore, future studies will need to include the assessment of emotion
dysregulation and metacognition in HC. This will be important to assess
whether differences in functional activation in relation to these di-
mensions are present between BPD and HC in terms of intensity and/or
cerebral regions involved.

5. Conclusions
The presence of dysfunctional connectivity within these networks

might explain behavioral and cognitive features observed in BPD pa-
tients.
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