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Abstract: Background: Borderline Personality Disorder (BPD) is a debilitating mental
health condition characterized by emotional dysregulation and interpersonal dysfunction,
with perceived social rejection exacerbating these issues. Emerging evidence suggests that
a single session of transcranial direct current stimulation (tDCS) over the right ventrolat-
eral prefrontal cortex (rVLPFC) may decrease the unique tendency of BPD patients to feel
rejected even when socially included during a laboratory task. Objectives: This protocol out-
lines a double-blind, sham-controlled study evaluating the longitudinal effects of repeated
anodal tDCS over the right ventrolateral prefrontal cortex (rVLPFC) on rejection-related
emotions (RRE) during real-life social interactions in individuals with BPD. Methods: Sixty
BPD patients will be randomized to receive real or sham tDCS across 10 daily sessions,
coupled with an ecological momentary assessment (EMA) protocol capturing emotional
and behavioral responses to real-life social interactions over four timepoints: baseline,
during treatment, ten days post-treatment, and three months post-treatment. Primary
outcomes include changes in RRE, with exploratory analyses examining feelings of social
connection, aggressive tendencies, trust toward others, and interpersonal and affective
dynamics. Multilevel modeling will assess temporal and group-level effects. Expected
Results and Impact: This study aims to establish the efficacy of tDCS in reducing BPD
patients’ negative emotional response in real-life social situations and to determine whether
such effects are maintained in time. The findings could advance the clinical application
of tDCS as an adjunctive intervention to alleviate social–emotional impairments in BPD,
addressing gaps in current treatment approaches and guiding future research into the
neural mechanisms of social emotion regulation.

Keywords: borderline personality disorder; transcranial direct current stimulation; rejection-
related emotions; right ventrolateral prefrontal cortex; ecological momentary assessment

1. Introduction
Borderline Personality Disorder (BPD) is a serious, prevalent mental disorder with an

adolescent onset. It is linked to high functional impairment, extensive treatment utilization,
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high mortality rates by suicide and other causes, and high societal costs [1]. Disturbed
and instable interpersonal relationships are a core and debilitating feature of BPD [2,3].
Difficulties in systems for social processing are considered a key determinant of BPD
interpersonal dysfunction [4]. Specifically, BPD patients exhibit a unique, biased view of
others as rejecting them even when they are socially included by others, reporting greater
negative affect following social inclusion than non-BPD groups [5]. This altered perception
of social inclusion might contribute to the marked instability in close relationships in
BPD, characterized by an unrealistic fear of abandonment and shifts between devaluation
and idealization of others [1]. Studies using Cyberball [6], a virtual ball-tossing game
simulating different levels of social inclusion, demonstrated that BPD patients, as compared
to healthy controls, reported being more threatened in their need to belong and having
greater rejection-related emotions not only when objectively excluded, but also when fairly
included [7–11]. Only a laboratory condition of over-inclusion, in which participants were
more than fairly included by others, was associated with a reduction in negative emotions
to levels comparable to those of control participants, but not with similar degrees of social
connection nor satisfaction with fundamental needs [10,12,13]. Importantly, this response
pattern is not explained by an altered cognitive, objective rejection perception during
the varying inclusionary conditions, which is intact in BPD [14]. Rather, BPD patients
seem to exhibit a deviant emotional reactivity and affective evaluation in social scenarios,
which makes them feel rejected and socially disconnected from others even during “fair”,
adequate social exchanges [13,14].

In humans, actual social exclusion elicits painful feelings and activates brain regions
involved in emotion regulation. Evidence suggests that the right ventrolateral prefrontal
cortex (rVLPFC) may play a key role in the regulation of the negative emotional responses
to social exclusion simulated by the Cyberball experiment [15–18]. Among healthy subjects,
stimulating the rVLPFC using non-invasive neurostimulation techniques, such as anodal
transcranial direct current stimulation (tDCS), decreases social pain and aggressive reactions
following the Cyberball social exclusion condition [19,20]. Conversely, the downregulation
of the same area using cathodal tDCS increases the negative emotions experienced following
social exclusion [21].

Building on this evidence among non-clinical samples, we recently evaluated [14]
whether, in BPD patients, a single session of anodal tDCS over the rVLPFC could reduce
rejection-related emotions (RREs) following those Cyberball conditions associated with
perceived social exclusion (which for those with BPD, but not healthy controls, also included
fair play conditions). In a double-blind, sham-controlled, randomized pilot trial including
forty patients with BPD, we found that, as compared to a sham stimulation, real anodal
tDCS over rVLPFC reduced RREs during both social exclusion and fair inclusion, but
not during over-inclusion. Specifically, real tDCS was effective in decreasing the levels
of RREs experienced after fair inclusion to levels comparable to those experienced in
the over-inclusion condition, while BPD patients receiving the sham stimulation still
reported greater RREs in the inclusion condition than in the over-inclusion condition. These
laboratory results suggest that, in BPD, anodal tDCS over the rVLPFC may be effective
in decreasing BPD patients’ unique tendency to feel rejected even in fairly including
interpersonal contexts, which is a key determinant of BPD patients’ interpersonal and
psychosocial difficulties.

Overall, these findings may pave the way for further investigations on the application
of tDCS over the rVLPFC as a treatment strategy in BPD. While effective psychothera-
pies for BPD decrease symptom severity at a clinically important level, improvements in
social functioning are small and do not meet the criterion of minimal clinically relevant
change [22]. In addition, medications have only modest and inconsistent effects in BPD and
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do not alter the course of the disorder [1]. In this context, non-invasive brain stimulation
techniques may prove useful as an adjunctive to psychotherapy. Specifically, tDCS is a safe,
inexpensive, well-tolerated, and easy to use device [23,24].

Previous tDCS research in BPD targeted mainly the dorsolateral PFC, showing a
significant reduction in impulsivity and emotional dysregulation, although the variability
in experimental procedures and outcome measures makes direct comparisons with the few
existing studies difficult [25,26]. Our study [14] showed the effectiveness of anodal tDCS
over rVPFC in downregulating feelings of rejection, pointing toward the rVLPFC as an
alternative target to tap emotional reactivity. To our knowledge, however, no study has yet
investigated whether these results, achieved during a laboratory experiment simulating
varying degrees of social inclusion, might also extend to the achievement of more balanced
real-life interpersonal exchanges (e.g., via a far-transfer effect).

Therefore, the present study evaluates whether repeated sessions of anodal tDCS over
the rVLPFC result in long-lasting improvements in the regulation of RREs that generalize
to daily interpersonal interactions for those with BPD. For this aim, BPD patients will be
randomized to receive either a real or sham tDCS protocol of repeated daily stimulation for
10 working days. They will be asked to assess their daily emotional responses to real-life
significant social interactions using an experience sampling of interpersonal interactions,
or ecological momentary assessment (EMA) at multiple timepoints (e.g., before, during,
and both 10 days and 3 months after the end of the tDCS protocol).

Based on previous evidence that among HC anodal tDCS over the rVLPFC decreases
aggressive reactions following social exclusion [20], and that BPD patients feel disconnected
by others even in including and over-including scenarios [10] and exhibit extensive impair-
ments in trust processes [27], the EMA protocol will also assess participants’ momentary
feelings of social connection and trust toward others, their level of aggressive tendencies,
and their perception of their own and their interaction partner’s behavior.

In our prior work, we showed the utility of EMA to evaluate affective and interper-
sonal changes in patients with BPD treated in psychotherapy, suggesting not only that the
occurrence and volatility of daily negative affects decreased over time periods but also that
this was accompanied by shifts in interpersonal perceptions [28]. BPD patients (N = 45)
made simple ratings of their perceptions of interpersonal warmth/dominance (i.e., is the
behavior friendly or unfriendly, agentic or passive?) and affect valence/arousal (i.e., is the
emotion happy or sad, intense or quiet?) in both themself and others; multilevel models
examined shifts in covariations between these dimensions over the time period during
an intervention. Related to the present study, over the course of treatment, BPD patients’
momentary perceptions of others as being more affectively aroused and interpersonally
dominant was increasingly connected to seeing them as more friendly. Put differently,
the tendency to view an interpersonal event as warm and friendly was associated with a
wider range of other’s behaviors and affects, now including even those perceived to be
more emotionally intense and agentic. Thus, EMA provided a powerful tool for demon-
strating whether experiences of warmth/closeness were associated with highly contextual
versus broad interpersonal experiences, as well as shifts in those associations over time
via intervention.

Our main hypothesis is that participants receiving the actual tDCS protocol will report
decreased RREs over time periods during daily interpersonal interactions (significant change
T0–T1, sustained in T2) than participants receiving the sham protocol. We will also explore
whether this decrease is also sustained 3 months after the end of the tDCS protocol (T3).

Furthermore, as a further exploratory aim, we will assess BPD patients’ feelings of
social connection, aggressive tendencies, trust feelings, and interpersonal and affective
dynamics during daily interpersonal interactions. For these exploratory aims we hypoth-
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esize that participants in the real tDCS group, as compared to participants in the sham
group, will report greater feelings of social connection, lower aggressive tendencies, and
higher trust toward others, and will rate their perceptions of their daily interpersonal
events as increasingly warm/friendly and inclusive over time (significant change T0–T1,
sustained T2–T3). We also hypothesize shifts in covariations among interpersonal/affective
dimensions over time (significant change T0–T1, sustained T2–T3) such that participants
perceive warmth/friendliness across a wider range of daily experiences of inclusion, affec-
tive intensity, and interpersonal dominance in the real tDCS group vs. sham.

As a last exploratory aim, we will assess the tDCS effects on BPD symptoms, reflective
functioning and emotion regulation over time: specifically, we hypothesize that real tDCS
will lead to an improvement in these dispositional dimensions (significant change T0–T2,
sustained T2–T3).

2. Materials and Methods
2.1. Sample Recruitment

This study will involve 60 BPD patients who will be recruited among outpatients
seeking treatment at an Italian community-based Department of Mental Health, after
obtaining approval from the Local Ethical Authority. An a priori power analysis, performed
with G-Power 3.1 [29], considering a F-ANOVA mixed repeated measures, with a between-
subjects factor (tDCS group, 2 levels: sham and real tDCS) and a within-subjects factor
(time, 3 levels: T0 = baseline, T1 = during the tDCS protocol, T2 = 10 days after the end of
the tDCS protocol; a subsample collected T3 = 3 months after the end of the tDCS protocol
were not included in the power analysis), resulted in a sample size of 30 participants
(15 per group) to detect reliable outcome measures with α = 0.05, effect size (d) = 0.28,
and power = 0.95. Notably, the effect size of 0.28 was based on the effect sizes of previous
works from the research group [19–21]. We doubled the sample size suggested by the
power analysis to account for the number of participants needed in the EMA protocol.
While our EMA protocol was more intensive than average, a meta-analysis of response
compliance in EMA studies with BPD patients showed that they were tolerant of more
intensive prompt schedules and evaluation days, with a 79% compliance rate [29]. Further,
we have adopted many design features associated with greater compliance in EMA studies
of psychiatric patients, including regular prompt intervals spaced out over a longer period
of time [30]. There are power increases as the number of observations increases in a repeated
measures design; in the 30-day EMA protocol (T0-T2), participants rated approximately
150 events (5 events/day × 10-day bursts × 3 bursts) (Figure 1). We assumed an average
compliance rate of 80% for all EMA prompts (120 observations per participant for T0–T2),
thus accounting for missing data. Figure 1 provides a power curve for multilevel models,
showing that 60 participants provided adequate power (>0.75) to detect a medium (d > 0.5)
effect, assuming an 80% completion rate during T0-T2 with an ICC value of 40%, as per our
prior studies [28,31–33]. The subsample of participants who agreed to complete a 3-month
follow up (we expected 50% of the original sample), assuming a compliance rate of 80% for
all EMA prompts, resulted in an additional 40 observations per subsample participant at T3.
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Figure 1. Power curve for multilevel model. Note: Power analysis for N = 60, 30 days, 5 responses,
ICC = 0.40 [34].

All participants were first evaluated by a trained investigator (senior-level resident
in psychiatry) during an individual diagnostic screening to determine their eligibility
for the study. Further, information on socio-demographic features, personality features
(see Trait measures below), and ongoing pharmacological treatments was collected. Only
patients meeting the inclusion criteria and not having any exclusion criteria for study
participation were enrolled in the study. The inclusion criteria for both groups was a
BPD diagnosis according to DSM-5 [35] criteria, as established by the Structured Clinical
Interview for DSM-5 PD (SCID-5-PD) [36], and age 18–65. The exclusion criteria were as
follows: a diagnosis of psychosis, active substance dependence, or an active mood disorder,
as established by the Structured Clinical Interview for DSM-5, Clinician version (SCID-
5-CV) [37]; cognitive impairment (based on clinical judgment); tDCS exclusion criteria,
such as unstable medical conditions or the diagnosis of neurologic or heart diseases;
presence of metallic implants, pacemakers, or acoustic prostheses; and some specific drug
treatments, mainly tricyclic antidepressant therapies [25]. After the screening and the
baseline assessment, all participants were then trained on the use of the app for the EMA
and on the use of the experimental measures implemented in the protocol (see Section 2.3.
EMA protocol).

2.2. Trait Measures

Patients will be individually administered the following questionnaires to evaluate
their symptoms and their dispositional ability to deal with rejection issues and emotion
regulation:

Difficulties in Emotion Regulation Scale (DERS) [38], a 36-item self-report question-
naire (Likert scale, 1–5) designed to assess multiple aspects of emotional dysregulation.
DERS subscales investigate the non-acceptance of emotional responses, difficulties engag-
ing in goal-directed behavior, impulse control difficulties, lack of emotional awareness,
limited access to emotion regulation strategies, and a lack of emotional clarity.

Adult Rejection Sensitivity Questionnaire (A-RSQ) [39], a self-report questionnaire that
presents respondents with 9 potential rejection situations. For each scenario, participants
indicate on a 6-point Likert scale their level of expectation of rejection and of anxiety about
rejection. For the current study, we added a third question about participants’ anger about
rejection [40,41], leading to three different subscales: expectations of rejection, anxiety about
rejection, and anger about rejection [42].

Reflective Functioning Questionnaire (RFQ) [43,44], a self-report, 8-item questionnaire
(Likert scale, 1–7) assessing reflective functioning. The RFQ has two subscales, each
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containing 6 items, assessing certainty and uncertainty about the mental state of oneself
and others.

Borderline subscale of the Personality Assessment Inventory (PAI-BOR) [45], a 24-item,
widely known, and reliable measure (Likert scale, 1–4) for borderline features, such as
affective instability, identity problems, negative relationships, and self-harm.

All these questionnaires are well-validated measures that are extensively employed
in BPD populations to evaluate their specific difficulties in emotion regulation, rejection
issues, reflective functioning, and symptoms.

Patients will complete again the above-mentioned questionnaires at T2 and at T3, to
explore whether anodal tDCS over the rVLPFC might lead to potential changes in these
dispositional measures as well.

2.3. EMA Protocol

To measure the emotional and behavioral response stemming from participants’ ev-
eryday social relations, participants, after being trained on the use of an app on their
smartphones, will undergo an EMA protocol in four different assessment periods, each
lasting 10 days (Figure 2). The specific details are as follows:

 

Figure 2. Experimental phase flowchart. Brackets indicates EMA time period, while dark gray
numbered boxes indicate the weekday where participants will receive either the real or sham tDCS.

T0: starting 10 days before the tDCS protocol to assess the baseline behavioral and
emotional responses to social relations;

T1: during the 10 days of the tDCS protocol, in order to assess the effects of tDCS
during the protocol;

T2: 10 days after the end of the tDCS protocol, to assess if the potential effects persist
even after the end of the tDCS protocol.

T3: 12 weeks following the end of the tDCS protocol for 10 days, to assess if the
potential effects persist in the long-term after the end of the tDCS protocol.

For each day of the EMA protocol, participants will receive five prompts from an
app on their smartphones at five different times of the day: two in the morning (around
9 to 12.30 pm), two in the afternoon (around 15 to 19 pm), and lastly, one in the evening
(around 20 to 22 pm), asking them to assess the last significant social encounter of the day
(lasting at least 5 min). Moreover, participants will be asked to spontaneously report their
reactions immediately after any significant social encounter (lasting at least 5 min) at least
three times/day. The average EMA survey completion time in our prior study [28] was
2 min 43 s, or about 15 min per day.

For both signal-initiated and event-initiated EMAs, participants will be directed to an
online survey that will ask respondents to fill in the following measures:

Primary Outcome Measure: Rejection-related emotions. Assessed by the Rejected
Emotions Scale [46]. Participants will rate how they felt during Cyberball on a number
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of adjectives measuring six emotions: anger, happiness, hurt, rejection feelings, anxiety,
and sadness. These ratings will be made on a 7-point scale ranging from “not at all”
to “extremely”. For the sake of compliance and brevity, the original scale, assessing the
different dimensions with 4 items each, has been shortened to a single item assessing the
singular dimensions, for a total of 6 items.

Exploratory outcome measures:
Interpersonal and Affect Assessments.
Patients will make event-contingent recordings following any interpersonal interac-

tion lasting 5 min or longer. Ratings include their own interpersonal behavior (self-agency,
self-communion) as well as their perception of their interaction partner’s interpersonal
behavior (other-agency, other-communion). Higher scores indicate greater perceived dom-
inance (from unassured–submissive to assured–dominant) and communion (from cold–
quarrelsome to warm–agreeable). Patients will also rate their own affect (self-activation,
self-valence) as well as their perception of their interaction partner’s affect (other-activation,
other-valence). Higher scores indicate higher perceived activation (from quiet–passive to
active–energized) and higher perceived valence (from sad–upset to happy–pleased).

Social connection. Assessed by the Inclusion of Other in the Self scale (IOS) [47], a
single-item, pictorial measure of the psychological overlap between the self and the other.
Higher scores indicate a higher degree of social connection. Participants will rate their
impression of closeness with the other person during the interpersonal event by choosing
among 7 images. Each image shows two diagrams, the former related to “yourself”, the
latter related to “the other”, which can be completely separated (“A”) up to partially
overlapped (“G”).

Trust will be assessed by asking the participants “In this social interaction, how much
did you trust the other person?”. This measure will be scored on a 7-point scale ranging
from “not at all” to “extremely”.

Aggressive temptations. Assessed by the Aggressive Temptation Scale—short version
(ATS) [48], a 6-item questionnaire (1–7 Likert scale) measuring participants’ self-reported
temptation to engage in aggressive behaviors (e.g., humiliating another person or ignoring
another person). Particularly, participants will be reminded that this scale will not ask
whether they would have performed each behavior, but rather the degree to which they
would have been tempted to do each one during the interpersonal event they are rating.

2.4. Transcranial Direct Current Stimulation (tDCS) Protocol

Participants will be randomly assigned to two stimulation conditions: anodal (real) or
sham tDCS over the rVLPFC. The tDCS treatment, either real or sham, will last 10 working
days and comprise 20 min daily sessions. The stimulation will be applied at an intensity
of 1.5 mA, with electrodes of 25 cm2 (anode, current density of 0.06 mA/cm2) and 35 cm2

(cathode, current density 0.042 mA/cm2) in line with the safety standards of tDCS [24].
We opt for differently sized electrodes to increase the focality of the stimulation [24]. In
the sham modality, all the stimulation parameters (electrode sizes and montage, current
intensity, number of sessions) will be kept identical, except for the stimulation duration,
which will last only 20 s, with 30 s of rump-in/out as in the real condition to maintain the
same physical sensations, thus keeping the participants blind to the tDCS condition [24,49].
An intracephalic montage will be adopted, with the anode placed over the rVLPFC, while
the cathode will be placed on the contralateral supraorbital region.

We opt for an intracephalic montage based on prior research on tDCS clinical
use [50,51], and to maintain consistency with the montage and tDCS parameters that
effectively reduced pain-related emotions in our previous work [19,20,52]. The same
electrode positioning procedure, based in the EEG 10-20 system of our previous stud-
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ies [19,20,52], will be employed. Specifically, the anode will be positioned over F6 (MNI
coordinates: 58, 30, 8), which corresponds to the rVLPFC. The effectiveness of such a
montage to target the rVLPFC has been tested employing the free software COMETS v.1.04
(http://www.COMETStool.com, accessed on 15 March 2025) [53] to run a computational
model of the current flow (figure below taken from Riva et al., 2017 [52]). This model
showed that the strongest electric field was concentrated around the cortical area beneath
the target electrode (Figure 3).

Figure 3. Computational model of a tDCS-induced electric field. A simulation of the electrical field
induced by tDCS over the rVLPFC was computed using Comets. The anode (25 cm2) was placed
over the rVLPFC, corresponding to the F6 electrode according to the 10–20 EEG system. The cathode
(35 cm2) was placed on the contralateral supraorbital area. Red parts indicate the strongest electrical
field, occurring over the lateral and ventral portion of the right prefrontal cortex.

The tDCS device (DC-STIMULATOR, NeuroConn GmbH, Ilmenau, Germany) in-
cludes a study mode for a double-blind procedure. Namely, a numeric code (four digits),
corresponding to either anodal or sham tDCS, will start the stimulation, thus preventing
the awareness of the stimulation condition in both participants and the research assistant—
neither of whom is aware of the correspondence between the code and the type of stimula-
tion that will be delivered. More specifically, the research assistant will read on participants’
log files one of two codes for each new participant. Unbeknownst to the research assistant
who delivers the tDCS, two codes will trigger anodal tDCS, the other two will trigger sham
stimulation. Thus, the proposed study will be a double-blind study, meaning that both
patients and investigators involved in the tDCS sessions will be blinded to the stimulation
conditions (real or sham tDCS). Before starting the experiment, an investigator different
from the one who will apply the tDCS stimulation will set the tDCS parameters for real
and sham stimulation by using two different numerical codes. Such codes will be saved in
an unmodified mode in the tDCS device so that at the beginning of each session, according
to the randomization, active or sham stimulation will be chosen by only considering their
corresponding codes. The unmodified mode rules out the possibility that codes and stimu-
lation parameters will be changed during the experiment. To further check for participants

http://www.COMETStool.com
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blindness, at the end of the treatment, a questionnaire inquiring about the participant’s
guess on the real vs. sham condition assignment and eventual side effects of the stimulation
will be administered.

tDCS will be delivered during the Cyberball paradigm, a virtual ball-tossing game
that reproduces different levels of social inclusion by manipulating the percentage of
tosses that participants receive from two other computer-controlled co-players. After
about five minutes of stimulation, participants will play first the social inclusion (33%
of throws received), then the social exclusion (10% of throws), then the over-inclusion
(45% of throws) conditions of the game. The order of these experimental phases is fixed,
ensuring that the game ends with the over-inclusion condition, which is typically not
associated with negative emotions in BPD [10,13], for ethical reasons. The choice in the
study design to deliver tDCS during the Cyberball stimulation design is based on recent
evidence on the state-dependency of tDCS, pointing to the opportunity to timelock the
stimulation to a concurrent activity involving the stimulated target area in order to achieve
specific effects [54–56]. tDCS experiments will be conducted by trained investigators and
participants can stop the stimulation at any time if they want to. TDCS is not invasive,
with few adverse effects, mostly consisting of an itching sensation during the ramp-in
phase of the current [57]. At the end of the tDCS treatment, participants will complete
a questionnaire to investigate the eventual side effects and to control for tDCS blinding
effectiveness [58]. Checking blindness effectiveness indeed becomes more crucial when
multiple sessions are included in a protocol. In particular, the questionnaire [58] explores
participants’ beliefs on tDCS condition assignment. The frequency of correct vs. incorrect
guesses will then be compared between the real vs. sham control group by means of a
Chi-square test.

All subjects will be extensively debriefed upon completion of the study. They will
receive detailed information about the tDCS protocol and its purpose and will have the
opportunity to have their data deleted should they so wish.

2.5. Statistical Considerations and Data Analysis

Given the nested nature of the variable explored in the present study, the primary aim
of the study will be examined by means of a 3-level multilevel model as follows: Level-1
for within-subject variability, Level-2 for the different assessment times (T0, T1, T2, T3),
and Level-3 (between-group variability) for the tDCS experimental condition (real anodal
tDCS vs. sham tDCS). This approach allows us to account for within-person variability
across time, and between-subjects and between-conditions variability.

3. Expected Results and Discussion
The primary objective of this study is to evaluate whether 10 sessions of anodal tDCS

over the rVLPFC decreases BPD patients’ unique tendency to emotionally react as if being
rejected during most social encounters in daily life. A secondary, exploratory objective is to
evaluate whether the tDCS protocol further increases BPD patients’ perception of others as
warm/friendly, enhances their feelings of social connection and trust toward others, and
decreases their aggressive tendencies in daily interpersonal interactions.

This will be accomplished by performing a double-blind, sham-controlled study to
evaluate whether repeated sessions of tDCS over the rVLPFC ameliorate BPD patients’
emotional and interpersonal responses to their social encounters. The EMA protocol,
with both event-initiated and signal-initiated assessments, will ensure the longitudinal
experience sampling of real-life interpersonal events. Participants’ RREs and affective and
behavioral responses following daily significant interpersonal exchanges will be evaluated
before, during, and after the brain stimulation sessions. Building from previous evidence
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that a single session of tDCS over the rVLPFC reduces BPD patients’ bias to affectively
interpret fair social inclusion as rejection in a laboratory setting [14], we aim to determine
whether repeated sessions of active tDCS over the rVLPFC would decrease this biased
affective interpretation of any social interaction as rejection even in daily life.

We expect that BPD patients undergoing the real tDCS protocol will show lower
levels of RREs elicited by daily social interactions compared to sham controls and that this
reduction in RRE will be sustained even 10 days after and up to 3 months after the end of
the tDCS protocol. Consistently, we also expect that the tDCS protocol will improve BPD
patients’ perception of their interactions as being increasingly warm, friendly, and inclusive
over time periods across a wider range of daily experiences of inclusion, affective intensity,
and interpersonal dominance, thus broadening their perception of interpersonal behaviors
and affects. Specifically, participants in the real tDCS group are expected to rate their own
and their interaction partners’ behaviors as being increasingly warm and affiliative, with
a greater perception of friendliness and inclusion compared to the sham group. We also
anticipate that affective responses during daily social interactions will shift over time, with
participants in the real tDCS group reporting lower negative affect and higher positive
affect during social encounters compared to the baseline and the sham condition.

Regarding trust, our hypothesis is that repeated tDCS, by reducing negative emotional
responses to social interactions, could favor an increased sense of trust toward others,
reflected in higher trust ratings during interpersonal interactions over time. Since BPD
patients often perceive social interactions as unpredictable or threatening, we expect that
tDCS will mitigate this tendency, leading to a more stable and positive perception of others’
intentions and behaviors.

Therefore, we expect that repeated sessions of tDCS over the rVLPFC will lead to
enduring improvements in emotional and interpersonal regulation in daily life in BPD.
Specifically, this will be reflected in lower rejection-related emotions, enhanced social
connection, increased trust, and more positive affective and interpersonal experiences
across a broad range of social encounters.

Importantly, previous laboratory studies using the Cyberball paradigm demonstrated
that BPD patients feel socially disconnected by others and more threatened in their need
to belong, even in a condition of extreme inclusion [10,12,13], and this response pattern
is not affected by a single session of anodal tDCS over the rVLPFC [14], suggesting that
this subjective experience of insufficient social connection irrespective of actual social
acceptance might be an enduring, core feature of BPD, which is unlikely to be affected by a
single session of rVLPFC stimulation. Consistently, loneliness, defined as the discrepancy
between desired and experienced social connectedness, is regarded as a central feature of
BPD and a key driver of BPD patients’ poor mental and physical health [59]. Furthermore,
recent evidence suggests a shared genetic contribution to loneliness and BPD [60]. Thus,
existing interventions for BPD should actively address social connection in treatment and
consider it an important marker of recovery [59]. The present study will precisely explore
if repeated tDCS sessions over the rVLPFC can mitigate BPD patients’ feelings of social
disconnection in daily interactions.

Finally, we will explore whether the reduction in the biased affective interpretation
of social events as being rejections, promoted by tDCS, will also favor a decrease in the
typical maladaptive behavioral responses to perceived social exclusion exhibited by BPD
patients, such as aggressive reactions. These reactions may result in a vicious cycle that
might often promote actual social rejection [27,61–63], further worsening BPD patients’
emotional dysregulation and interpersonal dysfunction, which account for BPD patients’
higher functional disability compared to other mental and physical disorders [64].
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BPD represents a significant public health concern, with a high prevalence in the
general population, ranging from 0.7% to 2.7%, and important societal costs [1]. While
psychotherapy is the standard of care for treating BPD, it has a limited effect on social
adjustment [65] and up to 50% of BPD patients do not sufficiently respond to it [66]. Fur-
thermore, no evidence is available consistently showing that pharmacotherapy is effective
in decreasing BPD core symptoms [1,67]. Thus, the finding that tDCS decreases the cas-
cade of interpersonal difficulties associated with BPD during real social encounters may
bridge a significant gap in the treatment provision for this severely functionally impaired
patient population.

Finally, despite considerable research, the neurobiological underpinnings of BPD have
yet to be fully elucidated [1]. For instance, existing research about BPD patients’ neural
responses to various degrees of social inclusion yield mixed results in terms of the brain
regions involved, possibly due to the diversity of the paradigms that were used [7,9,68–70].
In this regard, the results of this study could also inform future neuroimaging and brain
modulation studies aimed at elucidating the neural networks involved in the responses to
social exclusion and inclusion in BPD. Recent models on the neural correlates of emotion
regulation suggest that the ventral and medial portion of the prefrontal cortex might play
a more crucial role in emotion reactivity, whereas the dorsolateral portion plays a role in
effortful emotion regulation [71,72]. The results might prompt the selection of rVLPFC as
an alternative brain target for neurostimulation studies to tap emotion reactivity in place of
the most used DLPFC target.

This proposal builds on a well-established line of laboratory research, introducing an
innovative focus on longitudinal effects and translational potential. By targeting specific
symptoms with non-invasive brain modulation interventions, it aligns with the current
surge in precision medicine for mental disorders.
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