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Self-harm is considered a pervasive problem in several psychopathologies, and especially
in Borderline Personality Disorder (BPD). Self-harming behaviors may be enacted for many
purposes for example to regulate emotions and to reduce dissociation. BPD patients
often report dissociative episodes, which may be related to an altered body awareness,
and in particular to an altered awareness of the sense of agency. The sense of agency
draws in part upon perceptions of being in control of our bodies and our physical
movements, of being able to act upon environments. In this study, we aim to investigate
whether dissociative experiences of BPD patients may be linked to an altered sense of
agency and whether self-injurious actions may, through strong sensorial stimulation,
constitute a coping strategy for the reduction of the distress associated with these
dissociative experiences. A group of 20 BPD patients, of whom 9 presented self-harming
behaviors, took part in the study and were compared with an age-matched control group
of 20 healthy individuals. Sense of agency was evaluated through the Sensory Attenuation
paradigm. In this paradigm, in a comparison with externally generated sensations, the
degree to which perceived intensity of self-generated sensations is reduced is considered
an implicit measure of sense of agency. As we expected, we found a significant difference
in the perceptions of the two groups. The attenuation effect appeared to be absent in the
BPD group while it was present in the control group. However, further analysis revealed
that those BPD patients who engaged in self-harming behaviors presented a degree of
attenuation which was similar to that of the control group. These results confirm the
hypothesis that self-injurious actions constitute a coping strategy for increasing the sense
of agency. We finally discuss the correlation of these experimental results with some
clinical self-evaluation measures assessing dissociation, anxiety, depression, and
affective dysregulation.
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INTRODUCTION

Non-suicidal self-injury (NSSI) is defined as “the deliberate,
direct destruction or alteration of body tissue in the absence of
conscious suicidal intent” (1). This behavior often occurs in the
context of psychiatry condition, and is considered a key feature
of Borderline Personality Disorder (BPD) (2, 3). BPD is
characterized by disturbance in a wide range of cognitive and
behavioral domains, resulting in symptoms such as intense
dysphoric affect, chronic instability of mood, problematic
interpersonal relationships, disturbed cognition, and recurrent
self-harm. Individuals with BPD report more frequent severe and
versatile NSSI compared to self-injurers without BPD. These
patients report also higher rates of suicidal ideation (4).

Although research on both NSSI and BPD has increased in
recent years and the prevalence and the risk factors of self-
harming behaviors are now established, the function of self-
injury is less well understood. Self-harming behaviors may be
enacted for many purposes: seven major functions of self-injury
have been aggregated in a meta-analysis study by Klonsky (5).
The main functions are affect-regulation, anti-dissociation, self-
punishment, interpersonal influence, anti-suicide, interpersonal
boundaries, and sensation-seeking (6). Emotion dysregulation,
which entails the inability to effectively regulate one’s inner
emotional experiences, is thought to be a core deficit in BPD
and has been considered highly associated with NSSI. Over 95%
of women with BPD report engaging in NSSI for emotional relief
(7–9).

Beyond this association between impaired ability to modulate
affect and vulnerability for engagement in NSSI, other factors
such as dissociative symptoms also appear to play an important
role in NSSI. Dissociative symptoms of de-realization,
depersonalization, or psychogenic amnesia are commonly
found to precede the urge to engage in NSSI (10). Dissociative
experiences such as distorted perceptions of feeling or action, as
though one were on “automatic pilot”, have been associated with
a variety of deliberate self-harm behaviors. Self-injury is viewed
as a way to generate emotional and physical sensations that
allows individuals to feel real and to regain a sense of self (5, 11).

Dissociation and self-harm are also linked to a number of
physiological phenomena. First, a relationship between
dissociation and reduced pain perception has been
demonstrated. Several studies have reported that patients with
BPD show reduced sensitivity to pain. Patients displayed
heightened pain thresholds to stimuli involving mechanical,
chemical, electrical, and thermal stimulation (12–15). Reduced
sensitivity to pain has been also associated with self-harming
behaviors (16, 17). One half to two thirds of these patients
report hypalgesic or analgesic phenomena in association with
self-injury (18). Russ and colleagues (19) reported that the
absence of pain during episodes of self-injurious behavior in
women with BPD was related to higher levels of anxiety,
depression, dissociation, impulsiveness, trauma symptoms, and
suicide attempts.

A second physiological effect of dissociation and self-harm can
be related to two important components of self-awareness: the
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sense of body ownership and the sense of agency. Sense of body
ownership refers to the feeling that different body parts belong to a
unitary body (20). We know that dissociative symptoms are linked
to detachment from physical experiences, including the feeling
that one’s body does or does not belong to ourselves. Dissociation
is thus strongly related to a distorted level of body ownership.
However, the relationship between body ownership, dissociation,
and BPD has not yet been systematically investigated. To our
knowledge, only two studies have focused on body ownership and
BPD (21, 22). Results showed a significant difference between
current BPD versus remitted BPD and healthy controls in
perceiving illusory ownership for an artificial limb, induced by
the Rubber Hand Illusion paradigm [see, e.g., (23–25)].
Individuals with current BPD were more prone to perceive
illusory ownership of the artificial limbs. This result suggests a
more fragile body self-representation in BPD, compared to healthy
controls and patients with BPD in remission.

Self-awareness also includes other fundamental capacities,
such as the sense of agency, or the feeling of being able to
control and direct one’s own actions, and through them to
influence or bring about events in the external world (26). The
sense of agency has been found to be impaired in some
pathological conditions, such as schizophrenia (27–29).
However, to our knowledge, no empirical research has
evaluated the sense of agency in psychopathologies affected by
dissociative symptoms and self-harm, such as BPD.

A primary aim of the present study was to investigate whether
and to what extent self-harming behaviors are related to
dissociative symptoms. We explored the extent to which self-
harming behaviors can be considered as a coping strategy which
uses strong sensory stimulation to mitigate the distress associated
with dissociative experiences. We intended to evaluate the
specific functions that patients attribute to NSSI behaviors and
to explore the relationship between dissociative symptoms and
other symptoms characterizing the BPD pathology.

A second aim of this study was to investigate whether and to
what extent NSSI behaviors can modulate the sense of agency in
subjects with BPD. To this aim, we measured the sense of agency
in a group of patients with BPD engaging in NSSI behaviors
(BPD+NSSI) and compared them to a group of BPD patients
without NSSI (BPD-NSSI), and to a healthy control group. To
evaluate sense of agency we made use of a specific perceptive
phenomenon known as sensory attenuation, which demonstrates
that the intensity of self-generated stimuli is perceived as
attenuated in comparison with the intensity of the same
stimuli generated by someone else. This phenomenon, well
exemplified by the fact that one cannot tickle oneself (30, 31),
demonstrates that sensorimotor predictions affect the perception
of sensory stimuli. When the motor program of a voluntary
action is sent to the muscles, an efferent copy of the commands is
used by an internal model to predict the sensory consequences of
the action. Correct predictions, based on the match between
expectations and actual feedbacks, can be used to attenuate the
sensory consequences of self-generated actions, which are
subjectively experienced as less intense than other-generated
stimuli. In other words, when predictions and outcomes match
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each other, afferences are not fully processed, because they do not
add new information. Such phenomenon has been described in
several sensory modalities [e.g., audition (32–34), vision (35, 36),
tactile (24, 37–39)]. Since sensory attenuation occurs when
subjects perceive a cause-effect relationship between their own
actions and sensory events, this phenomenon has been proposed
as an implicit marker of sense of agency (29, 40).

If the sense of agency of BPD+NSSI patients is impaired, we
would expect them to show an altered sensory attenuation
response when compared to BPD-NSSI and healthy controls.
Additionally, we would expect that sensory attenuation results
would be influenced by clinical variables such as depression,
anxiety, impulsivity, and symptoms severity. Alternatively,
instead of being the expression of a pathological sense of
agency, an altered sensory attenuation in the BPD+NSSI group
could also be explained by a low level factor, such as an increased
level of tactile threshold, which has also been previously
described in this clinical population (12–15).
MATERIAL AND METHODS

Participants
Twenty-two participants diagnosed with BPD according to the
criteria of the DSM-5, and evaluated by the Structured Clinical
Interview for DSM-IV Axis II Personality Disorders (SCID-II)
(41), were enrolled in the study and signed the informed consent,
together with 20 healthy adults without history of current or
previous psychiatric illness. We excluded two patients with BPD
Frontiers in Psychiatry | www.frontiersin.org 3
from the final sample. One reported feeling unwell during the
test because of a new pharmacological therapy. The other patient
dropped out of the test.

The group of patients (BPD; 18 females and 2 males, range
19–49 years, mean ± SD = 29 ± 9.48) was matched with the
control group (CTRL; 18 females and 2 males, range 21–42 years,
mean ± SD = 25 ± 4.53) for sex and age (t(38) = 1.490; p =.144)
but not for educational level (BPD mean ± SD = 10.65 ± 2.98;
CTRLmean ± SD = 16.75 ± 1.52; t(38) = -8.161; p =.000). For both
groups, exclusion criteria were: (1) substance/alcohol abuse or
substance/alcohol dependence within 3 months prior to entry
into the study; (2) pregnancy or breastfeeding. Furthermore, for
subjects with BPD, exclusion criteria were: (1) diagnosis of
schizophrenia, schizo-affective disorder, bipolar disorder, and
organic mental syndrome.

Patients were divided into two groups based on the presence
or the absence of NSSI behaviors: a self-harming group of
patients (BPD+NSSI; N = 9) and a non-self-harming group
(BPD–NSSI; N = 11). The BPD–NSSI group included three
patients who had previously self-harmed but no longer
engaged in NSSI behaviors.

To assess the impact of pharmacotherapy, we computed the
number of medication (antidepressants (SSRI, SNRI), mood
stabilizers, typical and atypical antipsychotics, benzodiazepines)
and compared the two groups (BPD+NSSI vs BPD-NSSI). The
pharmacological treatment did not differ between the two BPD
groups (Mann-Whitney U = 44.0; p =.710 two-tailed) see details
in Table 1. Recruitment and assessment of the clinical sample
took place at IRCCS Centro San Giovanni di Dio Fatebenefratelli
TABLE 1 | Pharmacological treatment.

Pharmacological treatment* (Molecule, quantity in mg)

NSSI Antipsychotic SSRI SNRI Mood stabilizer Benzodiazepine

Atypical Typical

Pat 1 yes quetiapine, 300 mg sertraline, 50 mg triazolam,
.25 mg

Pat 2 past fluoxetine, 10 mg gabapentin, 100 mg
Pat 3 yes haloperidol, 10 mg sertraline, 100 mg lamotrigine, 25 mg alprazolam,

30 mg
Pat 5 past aripiprazole, 30 mg
Pat 6 no risperidone, 3 mg

quetiapine, 100 mg
duloxetine,
60 mg

lithium, 900 mg
gabapentin, 700 mg

flurazepam,
30 mg

Pat 8 no lamotrigine, 300 mg, pregabalin 300 mg lorazepam, 2 mg
Pat 9 past VASV, 1500 mg diazepam, 20 mg
Pat 10 no quetiapine, 100 mg sertraline,

100 mg
lithium, 450 mg,
VASV, 1500 mg

Pat 11 yes quetiapine, 450 mg
Pat 13 yes gabapentin, 400 mg
Pat 15 yes duloxetine, 60 mg VASV, 500 mg
Pat 16 no VASV, 900 mg lorazepam, 1 mg
Pat 18 no VASV, 800 mg
Pat 19 yes paroxetine, 20 mg delorazepam, 10 mg
Pat 20 yes lamotrigine, 200 mg
Pat 22 no quetiapine, 100 mg VASV, 500 mg
May 2020 | Vo
NSSI, non-suicidal self-injury; SSRI, Selective serotonin reuptake inhibitors; SNRI, Selective serotonin and noradrenaline reuptake inhibitors; VASV, valproic acid-sodium valproate.
*Patients 4 and 12 are not present in this list since they were excluded from the final sample because of recent changes in the pharmacological treatment and voluntary drop out of the test.
Patients 7, 14, 17, and 21 are not present because they do not undergo any pharmacological treatment.
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in Brescia, north Italy. The ethics committee of the IRCCS San
Giovanni di Dio - Fatebenefratelli approved the experimental
procedure (50, 18/07/2017).

Experimental Procedure
To evaluate the sense of agency we used a specific research
paradigm based on the Sensory Attenuation phenomenon. We
asked participants to seat and place their hands on a desk. Stimuli
(see details in Electrical Stimulation section) were randomly
administered in two experimental conditions: “self-generated
stimulation”, wherein subjects had to press a button with their
left index finger to generate the stimulation; “other-generated
stimulation”, wherein the experimenter pressed the button to
generate the same stimulation (see Figure 1). To avoid response
bias and to control for phantom sensations, catch trials (without
stimulation) were randomly included and then excluded for the
analysis. After each trial, subjects had to report the perceived
intensity of the stimulus on a 0–7 points Likert’s Scale where 0
corresponded to “no intensity” and 7 corresponded to “very high
intensity”. The experiment consisted of 20 trials of “self-
generated stimulation” , 20 trials of “other-generated
stimulation”, and 4 catch trials (2 self-generated and 2 other-
generated catch trials) for a total of 44 stimuli.

Electrical Stimulation
Transcutaneous electrical stimuli consisted in constant current
square-wave pulses (Digitimer, Model DS7A) delivered to the
right hand dorsum using surface bipolar electrodes attached on
the flexor and abductor pollicis brevis (muscles between the
metacarpal bones of the index finger and thumb). The stimulus
duration was 200 ms and the stimulation intensity was adjusted
according to the individual sensory threshold level (i.e., the
stimulation intensity wherein participants were able to detect
stimuli in the 50% of trials). The mean stimulus intensities were
2.10 ± .40 mA, range 1.46–2.64 mA for the BPD+NSSI group,
Frontiers in Psychiatry | www.frontiersin.org 4
1.88 ± .77 mA, range .24–2.80 for BPD-NSSI, and 1.64 ± .39 mA,
range .91–2.64 mA for the CTRL group. During the experiment
the stimulation intensity was set slightly above the threshold
(Stimulation intensity = intensity threshold*2.5 mA), so that
participants always perceived the tactile stimulation. In order to
avoid habituation, three electrodes were connected to the
electrical stimulator: that one with the negative polarity was
kept in the same position, while the other two with positive
polarity were activated one at a time, so that participants may
perceive the stimulation from two distinct part of the hand
dorsum (see Figure 2). Each set of electrodes was
activated randomly.

Self-Report Questionnaires
At the end of the experimental procedure, participants were
asked to answer to some self-report questionnaires. Each patient
received a booklet including the clinical scales and received the
indication to fill them out following the order of the booklet. The
questionnaires were delivered after the behavioral task and
returned within 3 days. The following questionnaires
were included:

• Dissociative Experiences Scale (DES) (42) is used for the
evaluation of type and severity of any dissociative aspects. It
is composed of 28 items that describe the most common
dissociative experiences. Subjects have to rate how frequently
each of these experiences has occurred over the course of his/
her life by using a 11-point Likert’s scale, which proposes a
percentage from 0% at 100%.

• Inventory of statements about self-injury (ISAS) (43) is used
for the evaluation of self-injurious behavior. The
questionnaire is divided in three main sections. In the first
one, the subject is questioned about the frequency and nature
of self-injurious behavior throughout his/her life, proposing
12 of the most frequent self-harming behaviors (cutting,
FIGURE 1 | Experimental conditions. Left panel shows the “self-generated
stimulation” condition (light blue) in which participants had to press the button
with their left hand to deliver the stimulus (depicted as the red lighting). Right
panel shows the “other-generated stimulation” condition (orange) in which
participants were asked to stay still while a co-experimenter pressed the
button to deliver the stimulus. Note that, in this condition, participants were
asked to observe experimenter’s action.
FIGURE 2 | Stimulation set-up. Three electrodes were attached on the
subjects’ right hand: two of them with a positive polarity and the other one
with negative polarity that was also the farthest electrode from the
participant’s body. For each trial, only two electrodes were engaged: the one
with negative polarity and one between the other two (chosen randomly).
May 2020 | Volume 11 | Article 449
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biting, burning, incising, pinching, pulling hair, severely
scratching, hitting or bumping violently, interfering with
wound healing, rubbing the skin against a rough surface,
sticking needles, and ingesting dangerous substances).
Participants are encouraged to estimate the number of
times they performed each behavior. Five additional
questions evaluate descriptive and contextual factors,
including the age of onset, the possible experience of pain
during self-injurious behavior, if it is performed when the
subject is alone or with other people around, the time elapsing
between impulse to injury and the effective action, and if the
individual wants, or has ever wanted, to stop self-injury. The
second section examine the personal motivations underlying
these behaviors. It focuses on the two main factors of self-
injury: interpersonal factors, which include items with regard
to 8 functions (autonomy, interpersonal boundaries, influence
interpersonal, bond with peers, revenge, self-care, search for
sensations and test of strength, and tenacity), and
intrapersonal factors, which include other 5 functions
(affective regulation, anti-dissociation, anti-suicide, distress
marker, and self-punishment). There are 39 items
characterized by a 3-point Likert scale, where 0 = not
relevant to my experience and 3 = very relevant to my
experience. In the third, and last, section of the
questionnaire, subjects can describe in more detail his/her
own experiences regarding the functions investigated in the
previous section.

• Symptom Checklist-90-R (SCL-90-R) (44) evaluates the
presence and severity of symptoms of mental distress in the
last week. The questionnaire is composed of 90 items and
investigates different symptom dimensions such as
somatization, obsession/compulsion, interpersonal
sensitivity, depression, anxiety, hostility, phobic anxiety,
paranoid ideation, psychoticism, and sleep disorders. Each
item is scored on a 5-point Likert’s scale ranging from “Not at
all” to “Very much”.

• Difficulties in Emotion Regulation Scale (DERS) (45) analyses
the difficulties in regulating emotions, especially concerning
negative emotions. It focuses in particular on the following
dimensions: awareness and understanding of emotions,
acceptance of emotions, the ability to behave in accordance
with one’s goals and to regulate impulsive behavior even in
the face of negative emotions, and finally the ability to use
flexible strategies of emotional regulation appropriate to the
context and situational demands. This scale is composed of 36
items with a 5-point Likert’s scale where 1 corresponds to
“almost never” (0%–10%), 2 to “sometimes” (11%–35%), 3 to
“about half the time” (36%–65%), 4 to “many times” (66%–
90%) and 5 to “almost always” (91%–100%).

• Barratt Impulsiveness Scale, version 11 (BIS 11) (46) is used
for the evaluation of impulsive traits and emotional
dysregulation in the subject’s personality. The structure of
the instrument allows the identification of six first-order
factors and three second-order factors: first-order factors
attention and cognitive instability identify attentional
impulsiveness; perseverance and motor behavior denote
Frontiers in Psychiatry | www.frontiersin.org 5
cognitive impulsiveness and self-control and cognitive
complexity specify unplanned impulsiveness. This tool is
composed of 30 items evaluated on a 4-point Likert’s scale,
where scores correspond to: 1 = never/rarely and 4 = almost
always/always.

• Beck Depression Inventory II (BDI-II) (47, 48). It measures
incidence and severity of depressive symptoms. The BDI
version 2 is composed of 21 items to which the subject
responds on a 4-point Likert scale (with a range from 0 to
3). Questions are based on how he/she felt in the previous two
weeks about specific areas of daily life: sadness, pessimism,
sense of failure, loss of pleasure, guilt, feelings of punishment,
self-esteem, self-criticalness, suicidal thoughts, crying,
agitation, loss of interest, indecision, sense of worthlessness,
loss of energy, changes in sleeping, irritability, changes in
appetite, concentration, fatigue, and loss of libido.

• State-Trait Anxiety Inventory (STAI-Y) (49). The questionnaire
is used for the assessment of anxiety and consists of two sub-
scales: T evaluates the levels of trait anxiety, through questions
that investigate the subject about his usual mood, i.e., stable and
persistent emotional state of the individual. Both scales contain
20 items, and the score is assigned on a 4-point Likert’s scale in
which 1 corresponds to “not at all” and 4 to “verymuch”. On the
contrary, S investigates state anxiety, i.e., questions investigate
how the individual feels in the specific moment of the
administration of the questionnaire, and describes his/her
current moods.
Data Analysis
Behavioral Analysis
Data analysis was performed using Statistica 7 software. In order
to verify whether each of the three groups (BPD+NSSI, BPD-
NSSI, and CTRL) could perceive the stimulation intensity as
different between conditions, we first performed within-subjects
analysis by comparing subjective ratings obtained in the self-
generated to those of the other-generated condition through
paired t-tests (2-tails). Then, in order to compare the between
conditions differences in the perceived stimulation intensity
between groups, we calculated an attenuation index (D) by
subtracting the mean ratings of the other-generated from the
mean ratings provided in the self-generated condition (Dn = Sn –
On; S: mean of the self-generated ratings of subject n; O: mean of
the other-generated ratings of subject n; D = attenuation index of
subject n). Therefore, an index with negative values indicated the
presence of the attenuation effect (self-generated perceived as less
intense as compared to other-generated stimulations), whereas
an index with positive values indicated the opposite trend (other-
generated perceived as less intense as compared to self-generated
stimulations). The obtained attenuation indices (i.e., delta values)
were entered in a one-way repeated measures ANOVA with
group (three levels: BPD+NSSI, BPD-NSSI, and CTRL) as
between subject factor. Post-hoc comparisons were performed
by the Newman–Keuls test.

In order to verify whether the stimulation intensities differed
among the three groups (BPD+NSSI, BPD-NSSI, and CTRL), a
May 2020 | Volume 11 | Article 449
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one-way ANOVA on the stimulation intensities was performed,
and furthermore, in order to verify whether such differences may
predict the between group differences in the attenuation index a
one-way ANCOVA was conducted with intensity values
as covariate.

Furthermore, since the groups were not match for educational
level, in order to exclude that differences among Groups might be
simply ascribed to the different educational levels, a one-way
ANCOVA was also conducted on attenuation indices with group
(BPD+NSSI, BPD-NSSI, and CTRL) as between subject factor
and educational level as covariate.

Finally, although the two BPD groups did not differ in
pharmacotherapy, to exclude that the between groups effect
might be ascribed to differences in medication, we have
performed a one-way ANCOVA on attenuation indices with
group (BPD+NSSI and BPD-NSSI) as between subject factor and
medication as covariate. However, it is worth noticing that the
presence of pharmacotherapy is an open issue in psychiatric
studies, about 90% of BPD patients receives medication with
often polipharmacotherapy, despite the recommendation of the
scientific society. Furthermore, it is not clear the effect of different
drugs on brain functions (50, 51).

Questionnaires Analysis
To evaluate any difference among the three groups on the scores
at the different questionnaires (DES, ISAS, DERS, BIS11, BDI-II,
and STAI-Y), we ran a one-way repeated measures ANOVAwith
group (three levels: BPD+NSSI, BPD-NSSI, and CTRL) as
between subject factor. Post-hoc comparisons were performed
by the Newman–Keuls test. For the SCL-90-R and ISAS
questionnaires, completed only by BPD groups we performed
unpaired t-tests (2 tails). Note that questionnaires were not
completed by all subjects, therefore the analysis for some
questionnaires were performed on reduced samples.

Correlation Analysis
In order to investigate a relation between the clinical features of
participants and the attenuation index, we performed Spearman
correlations. To account for multiple comparisons, the
significance level (p value) was corrected using a false
discovery rate (FDR) procedure1 (52).
RESULTS

Behavioral Results
The t-tests over the subjective ratings on the perceived
stimulation intensity showed that the CTRL group, as
expected, experienced the classical attenuation effect as they
reported significantly less intense the self-generated (mean ±
SD = 5.04 ± 0.75) as compared to the other-generated (mean ±
1The Benjamini-Hochberg FDR procedure allows to control the fact that some p-
values may happen by chance. It consists in putting all p-values in ascending
order, assigning them ranks and applying a specific formula (I/T)P where I is the
individual p-value’s rank, T is the total number of performed tests, and P indicates
the percentage of false discovery rate.
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SD = 5.23 ± 0.67) stimuli (t(19) = -2.554; p =.019). As the CTRL
group, the BPD+NSSI showed an attenuation effect, with lower
ratings for the self-generated (mean ± SD = 4.62 ± 1.2) as
compared to the other-generated (mean ± SD = 4.92 ± 1.08)
stimuli (t(8) = -3.583; p =.007). Interestingly, the BPD-NSSI
group showed an opposite pattern compared to both controls
and BPD+NSSI, reporting as significantly more intense the self-
generated (mean ± SD = 4.95 ± 1.2) as compared to the other-
generated (mean ± SD = 4.41 ± 1.69) stimuli (t(10) = 2.460;
p =.034) see Figure 3.

The ANOVA on the attenuation indices showed a main effect
of group (F(2,37) = 10.970; p =.0001, h2 =.37; power =.98)
suggesting significant differences in the attenuation effect
among the three groups (BPD+NSSI, BPD-NSSI, and CTRL)
(see Figure 4). At post-hoc comparisons no difference in the
attenuation effect was found between CTRL (mean ± SD = -.20 ±
.34) and BPD+NSSI group (mean ± SD = -.30 ± .25) (p =.59). On
the contrary, the BPD-NSSI group was significantly different
compared to both CTRL (p =.0005) and BPD+NSSI group
(p =.0003), showing an opposite pattern (mean ± SD =.54 ±
.72), that is the self-generated stimuli were perceived as more
intense as compared to the other-generated one.

The ANOVA on the stimulation intensity did not show a
significant effect of group (F(2,37) = 2.52; p =.09), even if the tactile
threshold was slightly different between groups. The CTRL group
had the lowest threshold (mean ± SD = 1.64 ± .39) followed by
the BPD-NSSI group (mean ± SD = 1.88 ± .77) and by the BPD
+NSSI group that had the highest threshold (mean ± SD = 2.10 ±
.40), see Figure 5.

No significant effect emerged for covariate variables
medication and stimulation intensity (all ps >.4) whereas the
FIGURE 3 | Within group analysis. Separately for each group, it is reported
the significant difference between subjective ratings on the perceived painful
stimuli during the two experimental conditions (i.e., self-generated stimulation
in light blue and other-generated stimulation in orange). Note lower responses
in self-generated compared to other-generated stimulation (i.e., sensory
attenuation) in both CTRL and BPD+NSSI groups, while an opposite pattern
was found in the BPD-NSSI group. Error bars indicate sem. Asterisk indicates
the significant comparison (*p < .05; **p < .005).
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covariate educational level showed a significant effect (p =.03).
Despite this, the variable Group was always still significant after
controlling for all covariate variables: medication (F(1,17) =
10.099; p =.006), stimulation intensity (F(2,36) = 10.747;
p =.000), and educational level (F(2,36) = 14.768; p =.000).

Questionnaires Results
Analyses of self-report questionnaires showed that the BPD
+NSSI group had the highest severity for symptomatology of
the pathology (see Table 2).

One-way ANOVA performed on the DES scores showed a
significant main effect of group (F(2,34) = 12.36; p =.0001)
suggesting that the BPD+NSSI group gave a significantly
Frontiers in Psychiatry | www.frontiersin.org 7
greater score compared to both BPD-NSSI (p =.0003) and
CTRL group (p =.0001). While, the DES scores were not
different between BPD-NSSI and CTRL (p =.5).

Scores of functions of self-harming behaviors were assessed by
ISAS. These scores concern the two experimental groups and
results showed no significant effect of group neither in
interpersonal (t(12) =.199; p =.845) nor intrapersonal scale
(t(12) = 1.239; p =.239).

Furthermore, the ISAS allowed also a quantification of the
number of self-harming behaviors. The BPD+NSSI group
showed a higher number of NSSI (N= 6355) and the most
frequent behavior was represented by “cutting” (N = 1027). On
the contrary, the BPD-NSSI group showed a smaller number of
NSSI (N = 2565) and the most frequent behavior was “interfering
with wound healing” (N = 1010).

Concerning the SCL-90-R, the scale was administered only to
the two BPD sub-groups since it evaluates psychopathological
symptoms. We used the Global Severity Index (GSI) and
detected no significant difference between the two groups
(t(14) =.442; p =.665).

The ANOVA on the DERS questionnaire, that evaluates the
difficulty in emotion regulation, showed a significant main effect
of group (F(2,35) = 9.5; p =.0005), suggesting an higher score in
the BPD+NSSI group compared to both BPD-NSSI (p =.02) and
CTRL group (p =.0006). On the contrary the difference between
BPD-NSSI and CTRL group was marginally significant (p =.08).

Regarding BIS-11 questionnaire, evaluating the impulsiveness
level, we observed a significant effect of group (F(2,33) = 4.08;
p =.02) indicating that the BPD+NSSI group had a significantly
higher score compared to the CTRL group (p =.03) and not
compared to BPD-NSSI group (p =.15). However, even if the
BIS-11 score of the BPD-NSSI group was higher than CTRL
group, this did not reach the significance level (p =.25).

Results on the BDI-II, evaluating the depression symptoms,
showed a main effect of group (F(2,34) = 11.1; p =.0002),
suggesting an higher score for the BPD+NSSI group compared
to both BPD-NSSI (p =.01) and CTRL group (p =.0003). Between
BPD-NSSI and CTRL there was a trend (p =.07) suggesting
greater depression symptoms in the pathological group.

Regarding anxiety, ANOVA on STAI-T scores showed a main
effect of group (F(2,29) = 11.3; p =.0002) indicating an higher score
for the BPD+NSSI group compared to both BPD-NSSI (p =.01)
and CTRL group (p =.0004). While, between BPD-NSSI and
CTRL only a trend was observed (p =.06).

Conversely, no significant effect emerged from the ANOVA
over the STAI-S (F(2,30) = 2.23; p =.12).

Correlation Results
No significant correlat ions were observed between
questionnaires and sensory attenuation index (always p >.05).
DISCUSSION

The present study was aimed at investigating the role of
dissociation and the sense of agency in individuals with BPD
with and without NSSI behaviors. To this aim we exploited the
FIGURE 4 | Between groups analysis. Significant differences in the sensory
attenuation index between groups (CTRL in black; BPD-NSSI in gray, and
BPD+NSSI in grey diagonal lines pattern). Error bars indicate sem. Asterisk
indicates the significant comparison (** p < .005).
FIGURE 5 | Threshold level. Separately for each group, the intensity
stimulation (mA) is reported. Error bars indicate sem. (CTRL in black; BPD-
NSSI in gray, and BPD+NSSI in gray diagonal lines pattern).
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well-known Sensory Attenuation phenomenon, considered to be
an implicit measure of sense of agency (26).

Our initial hypothesis was that the BPD+NSSI group would
show higher dissociative symptoms. The results confirmed the
hypothesis that dissociation is related to NSSI behavior.
Coherently with our hypothesis, BPD with NSSI showed
higher dissociative symptoms in comparison with both BPD
without NSSI and healthy controls. The relationship between
dissociation and NSSI seems also to be confirmed by the number
of NSSI which is extremely higher in the BPD+NSSI group.

The clinical functions of self-harm are manifold: affect-
regulation, anti-dissociation, self-punishment, interpersonal
influence, anti-suicide, interpersonal boundaries, and
sensation-seeking (6). Furthermore, more recent research has
identified in attentional focusing a possible mediator between
BPD and self-harm (53). One of the possible hypothesis is that
by inducing physical pain, patients with dissociative symptoms
may regulate feelings of distress related to dissociation, such as a
sense of loss of control, an estrangement from reality, and
experiences of numbness (5, 54, 55). However, since the
highest percentage of dissociation was found in our sample of
BPD+NSSI, this suggests that the temporal relief afforded by
NSSI behaviors is not effective for the long-term reduction or
mitigation of dissociative symptoms. Although dissociation and
NSSI are linked, their temporal relationship remains unclear.
Patients’ clinical reports suggest that states of dissociation
precede acts of NSSI. However, it is also possible that some
states of dissociation may be the result of NSSI behaviors
(56). Further investigation will be needed in order to
understand the causal relationship between NSSI behaviors
and dissociative symptoms.

The second aim of the study was to evaluate the sense of
agency in BPD with and without NSSI behaviors. We expected
that BPD+NSSI would show less sensory attenuation than BPD-
NSSI and controls. In other words, we expected that they would
be unable to discriminate between self- and other-generated
stimuli and would therefore show less sensory attenuation in
self-generated stimulation than controls.

The data revealed an unexpected result for both clinical
groups (BPD+NSSI and BPD-NSSI). Indeed, the BPD+NSSI
Frontiers in Psychiatry | www.frontiersin.org 8
group did not differ from the CTRL group and they showed a
usual pattern of sensory attenuation. In contrast, the BPD-NSSI
group showed sensory attenuation with a reverse pattern,
perceiving self-stimulation as more intense than other-
generated stimulation.

These findings might suggest a counterintuitive effect of NSSI
behaviors. We speculate that the NSSI behaviors may generate a
sense of agency by virtue of having used an active strategy to
overcome an aversive internal state. From the self-reports of
NSSI patients, we know that one result produced by cutting is a
modification of the sense of unreality, of being unreal or indeed
of being nothing at all, which precedes the act. The act of cutting
appears to enable a new set of emotional and physical sensations
which allow the individual to feel alive again. We may therefore
hypothesize that these subjective sensations may also be linked to
a renewed sense of agency, of being an individual who is capable
of taking action in and on his/her environment, and who can
plan and carry out intentional actions. From this standpoint, it is
plausible that cutting may also contribute to re-establishing
awareness of physical agency. This could account for the
evaluation of the BPD+NSSI group as similar to healthy
controls in the paradigm of sensory attenuation.

It is important to note that this difference between BPD+NSSI
and BPD-NSSI cannot be attributed to differences in perceptive
thresholds. Even though both BPD groups showed a significantly
higher threshold than the CTRL group, such difference was not
statistically significant and did not predict the differences in
sensory attenuation among groups. This result is in line with
previous studies which suggest a specific sensory perception in
pain domain in patients with BPD, but no alteration in tactile
proprioceptive perception compared to healthy controls (21, 57).

Furthermore, the group differences in the sensory attenuation
remained significant even when controlling for educational level
which appeared to be significantly different among groups.
Whether it could be argued that education could be a possible
confounder, it could be noted that a lower level of education
compared with general population is a common feature in
psychiatric patients (58) and it is strictly linked with
psychopathology. Future studies with larger sample will allow to
better clarify the impact of education.
TABLE 2 | Participants’ score on self-report questionnaires.

Group scores (mean ± SD)

Self-report questionnaires CTRL BPD-NSSI BPD+NSSI p

DES 9.98 ± 6.27 12.96 ± 10.57 31.12 ± 15.76 .0001
ISAS - Intrapersonal 10.71 ± 10.84 17 ± 7.92 .239a

ISAS - Interpersonal 9.57 ± 14.75 8.43 ± 3.51 .845a

SCL-90-R 1.59 ± 0.90 1.78 ± 0.79 .665a

DERS 80.65 ± 28.59 101.90 ± 31.73 131.38 ± 21.25 .0005
BIS-11 58.75 ± 10.54 64 ± 9.41 70.63 ± 9.38 .02
BDI-II 7.65 ± 8.87 16.78 ± 10.28 29.63 ± 16.74 .0002
STAI-T 35.75 ± 11.74 47.57 ± 11.72 63.40 ± 13.65 .0002
STAI-S 40.70 ± 12.79 45 ± 8.35 52.80 ± 10.89 .12
May 2020 | Volume 11 | Artic
DES, Dissociative Experiences Scale; ISAS, Inventory of statements about self-injury; SCL-90, Symptom Checklist-90-R; DERS, Difficulties in Emotion Regulation Scale; BIS-11, Barratt
Impulsiveness Scale, version 11; BDI-II, Beck Depression Inventory II; STAI-Y, State-Trait Anxiety Inventory; Scores of the CTRL group for SCL-90-R are not present. SCL-90-R in fact
evaluates the symptoms’ severity of the pathology.
aA t-test was performed.
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Further clarification is also required for the anomalous results
of the BPD group who do not engage in NSSI behaviors.
Currently, we can propose no hypotheses or links to other
clinical aspects of BPD. DES scores do not explain differences
on the sensory attenuation effect. However, a larger sample could
perhaps generate further insights into the relationship between
dissociative aspects and sense of agency.

Consistently with previous findings, our data suggest that
BPD patients who enact NSSI behaviors present a more complex
psychiatric profile than those patients who do not engage in NSSI
behaviors (4, 21). Along with dissociative symptoms, BPD+NSSI
exhibited higher score of anxiety disorders, depression, emotion
dis-regulation and impulsivity, and dysfunctional coping
strategies. However, clinical features do not show any relation
with the sensory attenuation phenomenon and thus with the
sense of agency.

This study has a number of limitations which must be
addressed. One important limitation is the low number of
patients involved. The small size of the two clinical groups (9
BPD+NSSI and 11 BPD-NSSI) could have affected the statistical
power of our analysis and did not allow us to find significant
correlations with most of the symptoms’ measurements. The
absence of cognitive measures represents another main limit. In
recent years, increasing literature focused on the role of
neurocognitive deficits in the development of BPD with
growing evidence pointing to cognitive deficits in Executive
Functions (53, 59, 60). Although some evidence suggests that
NSSI patients may exhibit more severe Executive Functions
deficits, several studies support the idea that cognitive
neuropsychological deficits may represent one of the core
aspects of BPD. Certainly, this aspect has to be considered in
upcoming research.

Future studies would benefit from distinguishing clearly
between trait aspects and state aspects of dissociation. This
would facilitate a more fine-grained understanding of the role
played by dissociative states and by sense of agency in NSSI
behaviors. The current study evaluated only trait aspects of
dissociation. We are therefore unable to establish clear
temporal and causal relationships between NSSI and
dissociation. Evaluation of state traits of dissociation could
Frontiers in Psychiatry | www.frontiersin.org 9
possibly enhance understanding of both antecedents and
consequences of acts of NSSI and their relationship with the
sense of agency.
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Personnalité borderline, automutilations et suicide: revue de la littérature.
Encephale (2008) 34:452–8. doi: 10.1016/j.encep.2007.10.007

4. Turner BJ, Dixon-Gordon KL, Austin SB, Rodriguez MA, Zachary Rosenthal
M, Chapman AL. Non-suicidal self-injury with and without borderline
personality disorder: Differences in self-injury and diagnostic comorbidity.
Psychiatry Res (2015) 230:28–35. doi: 10.1016/j.psychres.2015.07.058

5. Klonsky ED. The functions of deliberate self-injury: A review of the evidence.
Clin Psychol Rev (2007) 27:226–39. doi: 10.1016/j.cpr.2006.08.002
6. Klonsky ED, Muehlenkamp JJ. Self-injury: a research review for the
practitioner. J Clin Psychol (2007) 63:41045–1056. doi: 10.1002/
jclp.20412

7. Nock MK, Prinstein MJ, Sterba SK. Revealing the form and function of self-
injurious thoughts and behaviors: A real-time ecological assessment study
among adolescents and young adults. J Abnorm Psychol (2009) 118:816–27.
doi: 10.1037/a0016948

8. Brown MZ, Comtois KA, Linehan MM. Reasons for suicide attempts and
nonsuicidal self-injury in women with borderline personality disorder.
J Abnorm Psychol (2002) 111:198–202. doi: 10.1037/0021-843X.111.1.198

9. Ferrara M, Terrinoni A, Williams R. Non-suicidal self-injury (Nssi) in
adolescent inpatients: Assessing personality features and attitude toward
death. Child Adolesc Psychiatry Ment Health (2012) 6:12. doi: 10.1186/
1753-2000-6-12

10. Yates TM. The developmental psychopathology of self-injurious behavior:
Compensatory regulation in posttraumatic adaptation. Clin Psychol Rev
(2004) 24:35–74. doi: 10.1016/j.cpr.2003.10.001
May 2020 | Volume 11 | Article 449

https://doi.org/10.1521/suli.2005.35.4.388
https://doi.org/10.1016/j.encep.2007.10.007
https://doi.org/10.1016/j.psychres.2015.07.058
https://doi.org/10.1016/j.cpr.2006.08.002
https://doi.org/10.1002/jclp.20412
https://doi.org/10.1002/jclp.20412
https://doi.org/10.1037/a0016948
https://doi.org/10.1037/0021-843X.111.1.198
https://doi.org/10.1186/1753-2000-6-12
https://doi.org/10.1186/1753-2000-6-12
https://doi.org/10.1016/j.cpr.2003.10.001
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


Colle et al. Self-Harm and Agency in BPD
11. Gratz KL, Conrad SD, Roemer L. Risk factors for deliberate self-harm among
college students. Am J Orthopsychiatry (2002) 72:128–40. doi: 10.1037//0002-
9432.72.1.128

12. Ludäscher P, Bohus M, Lieb K, Philipsen A, Jochims A, Schmahl C. Elevated
pain thresholds correlate with dissociation and aversive arousal in patients
with borderline personality disorder. Psychiatry Res (2007) 149:291–6.
doi: 10.1016/j.psychres.2005.04.009

13. Ludäscher P, Valerius G, Stiglmayr C, Mauchnik J, Lanius RA, Bohus M, et al.
Pain sensitivity and neural processing during dissociative states in patients
with borderline personality disorder with and without comorbid
posttraumatic stress disorder: A pilot study. J Psychiatry Neurosci (2010)
35:177–84. doi: 10.1503/jpn.090022

14. Magerl W, Burkart D, Fernandez A, Schmidt LG, Treede RD. Persistent
antinociception through repeated self-injury in patients with borderline
personality disorder. Pain (2012) 153:575–84. doi: 10.1016/j.pain.2011.11.021

15. Schmahl C, Greffrath W, Baumgärtner U, Schlereth T, Magerl W, Philipsen A,
et al. Differential nociceptive deficits in patients with borderline personality
disorder and self-injurious behavior: Laser-evoked potentials, spatial
discrimination of noxious stimuli, and pain ratings. Pain (2004) 110:470–9.
doi: 10.1016/j.pain.2004.04.035

16. Bohus M, Limberger M, Ebner U, Glocker FX, Schwarz B, Wernz M, et al.
Pain perception during self-reported distress and calmness in patients with
borderline personality disorder and self-mutilating behavior. Psychiatry Res
(2000) 95:251–60. doi: 10.1016/S0165-1781(00)00179-7

17. Ludäscher P, Greffrath W, Schmahl C, Kleindienst N, Kraus A,
Baumgärtner U, et al. A cross-sectional investigation of discontinuation of
self-injury and normalizing pain perception in patients with borderline
personality disorder. Acta Psychiatr Scand (2009) 120:62–70. doi: 10.1111/
j.1600-0447.2008.01335.x

18. Leibenluft E, Gardner DL, Cowdry RW. Special Feature the Inner Experience
of the Borderline Self-Mutilator. J Pers Disord (1987) 1:317–24. doi: 10.1521/
pedi.1987.1.4.317

19. Russ MJ, Roth SD, Lerman A, Kakuma T, Harrison K, Shindledecker RD, et al.
Pain perception in self-injurious patients with borderline personality disorder.
Biol Psychiatry (1992) 32:501–11. doi: 10.1016/0006-3223(92)90218-O

20. Blanke O, Slater M, Serino A. Behavioral, Neural, and Computational
Principles of Bodily Self-Consciousness. Neuron (2015) 88:145–66.
doi: 10.1016/j.neuron.2015.09.029

21. Bekrater-Bodmann R, Chung BY, Foell J, Gescher DM, Bohus M, Flor H.
Body plasticity in borderline personality disorder: A link to dissociation.
Compr Psychiatry (2016) 69:36–44. doi: 10.1016/j.comppsych.2016.05.002

22. Löffler A, Foell J, Bekrater-Bodmann R. Interoception and Its Interaction with
Self, Other, and Emotion Processing: Implications for the Understanding of
Psychosocial Deficits in Borderline Personality Disorder. Curr Psychiatry Rep
(2018) 20:28. doi: 10.1007/s11920-018-0890-2

23. Botvinick M, Cohen J. Rubber hands ‘feel’touch that eyes see. Nature (1998)
391:756–6. doi: 10.1038/35784

24. Burin D, Battaglini A, Pia L, Falvo G, Palombella M, Salatino A. Comparing
intensities and modalities within the sensory attenuation paradigm:
Preliminary evidence. J Adv Res (2017) 8:649–53. doi: 10.1016/
j.jare.2017.08.001

25. Fossataro C, Bruno V, Giurgola S, Bolognini N, Garbarini F. Losing my hand.
Body ownership attenuation after virtual lesion of the primary motor cortex.
Eur J Neurosci (2018) 48:2272–87. doi: 10.1111/ejn.14116

26. Haggard P. Sense of agency in the human brain. Nat Rev Neurosci (2017)
18:197–208. doi: 10.1038/nrn.2017.14

27. Frith C. The self in action: Lessons from delusions of control. Conscious
Cognit (2005) 14:752–70. doi: 10.1016/j.concog.2005.04.002

28. Garbarini F, Mastropasqua A, Sigaudo M, Rabuffetti M, Piedimonte A, Pia L,
et al. Abnormal sense of agency in patients with schizophrenia: Evidence from
bimanual coupling paradigm. Front Behav Neurosci (2016) 10:1–10.
doi: 10.3389/fnbeh.2016.00043

29. Moore JW, Fletcher PC. Sense of agency in health and disease: A review of cue
integration approaches. Conscious Cognit (2012) 21:59–68. doi: 10.1016/
j.concog.2011.08.010

30. Blakemore SJ, Wolpert D, Frith C. Why can’t you tickle yourself? Neuroreport
(2000) 11:R11–6. doi: 10.1097/00001756-200008030-00002
Frontiers in Psychiatry | www.frontiersin.org 10
31. Blakemore SJ, Wolpert DM, Frith CD. Central cancellation of self-produced
tickle sensation. Nat Neurosci (1998) 1:635–40. doi: 10.1038/2870

32. Bäß P, Jacobsen T, Schröger E. Suppression of the auditory N1 event-related
potential component with unpredictable self-initiated tones: Evidence for
internal forward models with dynamic stimulation. Int J Psychophysiol (2008)
70:137–43. doi: 10.1016/j.ijpsycho.2008.06.005

33. Bäß P, Widmann A, Roye A, Schröger E, Jacobsen T. Attenuated human
auditory middle latency response and evoked 40-Hz response to self-initiated
sounds. Eur J Neurosci (2009) 29:1514–21. doi: 10.1111/j.1460-
9568.2009.06683.x

34. Timm J, SanMiguel I, Keil J, Schröger E, Schönwiesner M. Motor Intention
Determines Sensory Attenuation of Brain Responses to Self-initiated Sounds.
J Cognit Neurosci (2014) 26:1481–9. doi: 10.1162/jocn_a_00552

35. Hughes G, Waszak F. ERP correlates of action effect prediction and visual
sensory attenuation in voluntary action. Neuroimage (2011) 56:1632–40.
doi: 10.1016/j.neuroimage.2011.02.057

36. Stenner M-P, Bauer M, Haggard P, Heinze H-J, Dolan R. Enhanced Alpha-
oscillations in Visual Cortex during Anticipation of Self-generated Visual
Stimulation. J Cognit Neurosci (2014) 26:2540–51. doi: 10.1162/jocn_a_00658

37. Kilteni K, Ehrsson HH. Sensorimotor predictions and tool use: Hand-held
tools attenuate self-touch. Cognition (2017) 165:1–9. doi: 10.1016/
j.cognition.2017.04.005

38. Kilteni K, Houborg C, Ehrsson HH. Rapid learning and unlearning of sensory
delays in self-touch. Elife (2019) 8:e42888. doi: 10.1101/653923

39. Fossataro C, Burin D, Ronga I, Galigani M, Rossi Sebastiano A, Pia L, et al.
Agent-dependent modulation of corticospinal excitability during painful
transcutaneous electrical stimulation. Neuroimage (2020) 116897. doi:
10.1016/j.neuroimage.2020.116897

40. Blakemore SJ, Frith CD, Wolpert DM. Spatio-temporal prediction modulates
the perception of self-produced stimuli [In Process Citation]. JCogn Neurosci
(1999) 11:551–9. doi: 10.1162/089892999563607

41. First MB, Spitzer RL, Gibbon M, Williams JBW, Davies M, Borus J, et al. The
structured clinical interview for DSM-III-R personality disorders (SCID-II).
Part II: Multi-site test-retest reliablity study. J Pers Disord (1995) 9:92–104.
doi: 10.1521/pedi.1995.9.2.83

42. Bernstein E, Putnam FW. Development, reliability, and validity of a
dissociation scale. J Nerv Ment Dis (1986) 174:727–35. doi: 10.1097/
00005053-198612000-00004

43. Klonsky ED, Glenn CR. Assessing the Functions of Non-suicidal Self-injury:
Psychometric Properties of the Inventory of Statements about Self-injury
(ISAS). J Psychopathol Behav Assess (2009) 31:215–9. doi: 10.1007/s10862-
008-9107-z

44. Deragotis LR. Symptom Checklist-90-R: Administration, Scoring, and
Procedures Manual. Minneapolis: National Computer Systems (1994).

45. Gratz KL, Roemer L. Multidimensional Assessment of Emotion Regulation
and Dysregulation: Development, Factor Structure, and Initial Validation of
the Difficulties in Emotion Regulation Scale. J Psychopathol Behav Assess
(2004) 26:41–54. doi: 10.1023/B:JOBA.0000007455.08539.94

46. Patton JH, Stanford MS, Barrat ES. Factor structure of the Barratt
impulsiveness scale. J Clin Psychol (1995) 51:768–74. doi: 10.1002/1097-
4679(199511)51:6<768::aid-jclp2270510607>3.0.co;2-1

47. Beck AT, Steer RA, Brown GK. Beck Depression Inventory-Second Edition
(BDI-II). San Antonio, TX: Psychological Corporation (1996).

48. Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J. An inventory for
measuring depression. Arch Gen Psychiatry (1961) 4:561–71. doi: 10.1001/
archpsyc.1961.01710120031004

49. Spielberger CD, Gorsuch RL, Lushene R, Vagg PR, Jacobs GA.Manual for the
State-Trait Anxiety Inventory (Form Y). Palo Alto, CA: Consulting
Psychologists Press (1983).

50. Riffer F, Farkas M, Streibl L, Kaiser E, Sprung M. Psychopharmacological
treatment of patients with borderline personality disorder: comparing data
from routine clinical care with recommended guidelines. Int J Psychiatry Clin
Pract (2019) 23:178–88. doi: 10.1080/13651501.2019.1576904

51. Paolini E, Mezzetti FAF, Pierri F, Moretti P. Pharmacological treatment of
borderline personality disorder: a retrospective observational study at
inpatient unit in Italy. Int J Psychiatry Clin Pract (2017) 21:75–9.
doi: 10.1080/13651501.2016.1235202
May 2020 | Volume 11 | Article 449

https://doi.org/10.1037//0002-9432.72.1.128
https://doi.org/10.1037//0002-9432.72.1.128
https://doi.org/10.1016/j.psychres.2005.04.009
https://doi.org/10.1503/jpn.090022
https://doi.org/10.1016/j.pain.2011.11.021
https://doi.org/10.1016/j.pain.2004.04.035
https://doi.org/10.1016/S0165-1781(00)00179-7
https://doi.org/10.1111/j.1600-0447.2008.01335.x
https://doi.org/10.1111/j.1600-0447.2008.01335.x
https://doi.org/10.1521/pedi.1987.1.4.317
https://doi.org/10.1521/pedi.1987.1.4.317
https://doi.org/10.1016/0006-3223(92)90218-O
https://doi.org/10.1016/j.neuron.2015.09.029
https://doi.org/10.1016/j.comppsych.2016.05.002
https://doi.org/10.1007/s11920-018-0890-2
https://doi.org/10.1038/35784
https://doi.org/10.1016/j.jare.2017.08.001
https://doi.org/10.1016/j.jare.2017.08.001
https://doi.org/10.1111/ejn.14116
https://doi.org/10.1038/nrn.2017.14
https://doi.org/10.1016/j.concog.2005.04.002
https://doi.org/10.3389/fnbeh.2016.00043
https://doi.org/10.1016/j.concog.2011.08.010
https://doi.org/10.1016/j.concog.2011.08.010
https://doi.org/10.1097/00001756-200008030-00002
https://doi.org/10.1038/2870
https://doi.org/10.1016/j.ijpsycho.2008.06.005
https://doi.org/10.1111/j.1460-9568.2009.06683.x
https://doi.org/10.1111/j.1460-9568.2009.06683.x
https://doi.org/10.1162/jocn_a_00552
https://doi.org/10.1016/j.neuroimage.2011.02.057
https://doi.org/10.1162/jocn_a_00658
https://doi.org/10.1016/j.cognition.2017.04.005
https://doi.org/10.1016/j.cognition.2017.04.005
https://doi.org/10.1101/653923
https://doi.org/10.1016/j.neuroimage.2020.116897
https://doi.org/10.1162/089892999563607
https://doi.org/10.1521/pedi.1995.9.2.83
https://doi.org/10.1097/00005053-198612000-00004
https://doi.org/10.1097/00005053-198612000-00004
https://doi.org/10.1007/s10862-008-9107-z
https://doi.org/10.1007/s10862-008-9107-z
https://doi.org/10.1023/B:JOBA.0000007455.08539.94
https://doi.org/10.1002/1097-4679(199511)51:6%3C768::aid-jclp2270510607%3E3.0.co;2-1
https://doi.org/10.1002/1097-4679(199511)51:6%3C768::aid-jclp2270510607%3E3.0.co;2-1
https://doi.org/10.1001/archpsyc.1961.01710120031004
https://doi.org/10.1001/archpsyc.1961.01710120031004
https://doi.org/10.1080/13651501.2019.1576904
https://doi.org/10.1080/13651501.2016.1235202
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


Colle et al. Self-Harm and Agency in BPD
52. Benjamini Y, Hochberg Y. Controlling the False Discovery Rate: A Practical
and Powerful Approach to Multiple Testing. J R Stat Soc Ser B (1995) 57:289–
300. doi: 10.2307/2346101

53. Drabble J, Bowles DP, Barker LA. Investigating the role of executive attentional
control to self-harm in a non-clinical cohort with Borderline Personality
Features. Front Behav Neurosci (2014) 8:1–9. doi: 10.3389/fnbeh.2014.00274

54. Brickman LJ, Ammerman BA, Look AE, Berman ME, McCloskey MS. The
relationship between non-suicidal self-injury and borderline personality
disorder symptoms in a college sample. Borderline Pers Disord Emot
Dysregulation (2014) 1:14. doi: 10.1186/2051-6673-1-14

55. Briere J. Dissociative symptoms and trauma exposure: Specificity, affect
dysregulation, and posttraumatic stress. J Nerv Ment Dis (2006) 194:78–82.
doi: 10.1097/01.nmd.0000198139.47371.54

56. Bracken KL, Berman ME, McCloskey MS, Bullock JS. Deliberate self-harm
and state dissociation: An experimental investigation. J Aggress Maltreatment
Trauma (2008) 17:520–32. doi: 10.1080/10926770802463230

57. Pavony M, Lenzenweger M. Somatosensory processing and borderline personality
disorder features: a signal detection analysis of proprioception and exteroceptive
sensitivity. J Pers Disord (2013) 27:208–21. doi: 10.1521/pedi.2013.27.2.208

58. Esch P, Bocquet V, Pull C, Couffignal S, Lehnert T, Graas M, et al. The
downward spiral of mental disorders and educational attainment: A
Frontiers in Psychiatry | www.frontiersin.org 11
systematic review on early school leaving. BMC Psychiatry (2014) 14:1–13.
doi: 10.1186/s12888-014-0237-4

59. Williams GE, Daros AR, Graves B, McMain SF, Links PS, Ruocco AC.
Executive functions and social cognition in highly lethal self-injuring
patients with borderline personality disorder. Pers Disord Theory Res Treat
(2015) 6:107–16. doi: 10.1037/per0000105

60. Dixon-Gordon KL, Gratz KL, McDermott MJ, Tull MT. The role of executive
attention in deliberate self-harm. Psychiatry Res (2014) 218:113–7.
doi: 10.1016/j.psychres.2014.03.035

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Colle, Hilviu, Rossi, Garbarini and Fossataro. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
May 2020 | Volume 11 | Article 449

https://doi.org/10.2307/2346101
https://doi.org/10.3389/fnbeh.2014.00274
https://doi.org/10.1186/2051-6673-1-14
https://doi.org/10.1097/01.nmd.0000198139.47371.54
https://doi.org/10.1080/10926770802463230
https://doi.org/10.1521/pedi.2013.27.2.208
https://doi.org/10.1186/s12888-014-0237-4
https://doi.org/10.1037/per0000105
https://doi.org/10.1016/j.psychres.2014.03.035
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles

	Self-Harming and Sense of Agency in Patients With Borderline Personality Disorder
	Introduction
	Material and Methods
	Participants
	Experimental Procedure
	Electrical Stimulation
	Self-Report Questionnaires
	Data Analysis
	Behavioral Analysis
	Questionnaires Analysis
	Correlation Analysis


	Results
	Behavioral Results
	Questionnaires Results
	Correlation Results

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


