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Abstract
Introduction: Patients with borderline personality disorder
(BPD) suffer from severe social impairments and interpersonal
problems. Social touch can provide comfort and facilitate the
maintenance of social bonds, and preliminary evidence indicates
a negative evaluation of social touch in patients with BPD.
However, the neural mechanisms underlying aberrant touch
processing in BPD and its role for social impairments are still
unclear.Methods:We recruited 55 BPD patients and 31 healthy
controls and used functional magnetic resonance imaging to
probe neural responses to slow (i.e., C-tactile [CT]-optimal;
affective) and fast (i.e., CT-suboptimal; discriminative) touch
before and after 4 weeks of a residential dialectical behavior
therapy (DBT) program. In addition to assessing BPD symptoms
and interpersonal problems, we evaluated touch allowance

maps and the attitude toward social touch. Results: BPD pa-
tients showed a comprehensive negative bias toward social
touch before the DBT, evident in a significantly more negative
attitude toward and reduced comfort zones of social touch
compared to healthy controls. Activation in the posterior insular
cortex in response to CT-optimal touchwas significantly reduced
and correlated with the severity of interpersonal problems in
BPD patients. Despite significant improvements in overall BPD
symptom load, dysfunctional social touch processing persisted
after 4 weeks of DBT, indicating trait-like disturbances in BPD.
Conclusions: An impaired insula-mediated integration of
affective and sensory components of touch may constitute a
clinically relevant biological signature of the complex
interpersonal problems in BPD. © 2025 S. Karger AG, Basel

Plain Language Summary
Borderline personality disorder (BPD) is a mental health
condition where people struggle with controlling their
emotions and maintaining relationships. Touch is a key way
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to connect with others, providing comfort and strength-
ening bonds. However, people with BPD often react neg-
atively to touch. This study examined how the brain pro-
cesses touch in BPD and its role in interpersonal challenges.
We used brain scans to compare the responses to touch
between 55 individuals with BPD and 31 healthy individuals.
We also assessed their symptoms, social problems, and
attitudes toward touch before and after 4 weeks of therapy.
Before therapy, BPD patients had a strong negative reaction
to social touch and felt less comfortable with it compared to
healthy individuals. Brain scans showed reduced activity in
the insula, a brain area important for processing touch and
emotions. This was linked to more social problems. After
therapy, BPD symptoms improved, but negative reactions to
touch remained. This suggests that difficulties with touch
may be a lasting trait of BPD. These findings highlight the
need for treatments that specifically address touch per-
ception to help improve social connections for people
with BPD. © 2025 S. Karger AG, Basel

Introduction

“[. . .] Borderline individuals are the psychological equivalent of
third-degree burn patient[s]. They simply have, so to speak, no
emotional skin. Even the slightest touch or movement can create
immense suffering.” ([1], p.69).

In 1993, Marsha Linehan, creator of the dialectical
behavior therapy (DBT), illustrated a problematic con-
nection between touch and affective processing in pa-
tients with borderline personality disorder (BPD). Over
30 years later, our understanding of touch perception in
this versatile psychiatric disorder remains limited. BPD is
a costly psychiatric disorder that affects 0.7%–2.7% of the
US general population and is associated with premature
death and severe functional and social impairments
[2–4]. Unstable interpersonal relationships, affective
dysregulation, impulsivity, and identity disturbances
represent the core symptoms of BPD [3, 5, 6]. Inter-
personal problems as a key component of BPD manifest
in a negative bias toward social cues, impaired inter-
personal trust, and hypersensitivity to social exclusion
and threat [7]. As such, BPD patients report increased
loneliness [8] and impaired global social functioning [9].
Psychotherapy is the treatment of choice for BPD, with
DBT having the strongest evidence base for efficacy.
Meta-analytic evidence indicates moderate-to-large ef-
fects for the improvement of self-harm and psychosocial
functioning [10]. DBT is based on cognitive behavioral
therapy and integrates strategies of acceptance and

change, with a focus on improving emotional regulation,
dysfunctional behaviors, interpersonal effectiveness, and
mindfulness. It involves both group and individual
treatment sessions, along with phone consultations in
outpatient settings [1]. The etiology of BPD is strongly
linked to adverse childhood experiences, such as neglect
and physical abuse [11] that in interaction with genetic
factors lead to altered neural development and increased
risk for BPD [2]. The widely recognized biosocial theory
by Marsha Linehan emphasizes the important role of
invalidating environments, which, in combination with
biological vulnerability, leads to emotional dysregulation
in BPD [1, 12]. Meta-analytic evidence indicates amyg-
dala hyperreactivity to emotional stimuli as well as altered
reactivity in the prefrontal and insular cortex during
emotional processing in patients with BPD [13, 14].
Single studies also report hyperreactivity to negative
stimuli in striatal areas [15, 16] and reduced amygdala
habituation to repeated negative stimuli [17]. However, it
is still unclear whether amygdala hyperreactivity and
altered reactivity in the insular cortex and striatum also
affect the processing of positive social stimuli and how
this may contribute to social impairments in BPD.

Interpersonal touch is crucial for social communica-
tion and maintaining social bonds across cultures
worldwide [18]. Touch is a powerful tool to communicate
emotions [19] and comfort conspecifics [20]; it can
further decrease stress responses [21] and alleviate pain
[22]. Interpersonal touch involves the transmission of
both sensory and emotional information through dif-
ferent mechanoreceptor afferents. Unmyelinated
C-tactile (CT) afferents in the non-glabrous skin provide
information about the emotional-motivational properties
of touch, i.e., affective touch. These fibers respond best to
slow, gentle stroking at a speed of 1–10 cm/s and project
to the posterior insula cortex, a key region for intero-
ceptive processing [23, 24]. Affective components of
touch are additionally processed in other socioemotional
brain networks, including striatal reward structures [25].

While an altered processing of pain in BPD patients is
well established [26], research on touch processing re-
mains scarce. Preliminary evidence indicates perceptual
changes in touch processing, including descriptions of
touch as rougher, firmer, and less intense, as well as
heightened thermal and somatosensitive thresholds in
patients with BPD [27, 28]. Furthermore, BPD patients
report a more negative attitude toward social touch (e.g.,
less liking and less frequency of social touch [29]).
However, the neural underpinnings of altered touch
processing and its role for interpersonal problems in BPD
patients have not been tested yet. More severe childhood
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maltreatment correlates with reduced comfort of and
heightened responses to fast (i.e., CT-suboptimal) touch
in the posterior insula and somatosensory cortex [30]. By
contrast, major depressive disorder (MDD) patients also
rated CT-suboptimal touch as less comforting, but they
exhibited reduced striatal responses to touch compared to
healthy controls (HCs) [31]. Given the high prevalence of
childhood maltreatment [11] and MDD comorbidity [2],
impaired touch processing in BPD patients could be
related to altered sensory processing in the insula cortex
[27, 28], amygdala-based hypervigilance to social threats
[17, 32], or a negative striatal bias toward positive social
cues [25, 33]. Interestingly, DBT treatment effects were
observed in the amygdala and anterior insula cortex in
response to the evaluation and reappraisal of negative
stimuli [34, 35]. A central part of DBT is training
mindfulness. Through DBT, BPD patients learn to be
aware of their experiences in a nonjudgmental way, which
involves exercises engaging the sense of touch. Another
key focus of DBT is increasing interpersonal effectiveness
by teaching interpersonal problem-solving strategies
through effective assertiveness, behavioral reinforcement,
and empathy or validation skills [36]. Given the efficacy
of DBT in improving psychosocial functioning [37, 38], it
is conceivable that DBT affects the perception of inter-
personal touch by enhancing mindfulness and improving
emotion regulation strategies.

Thus, in the present study, we aimed to compre-
hensively investigate touch processing in BPD by fo-
cusing on 2 parts. In the first part, we employed be-
havioral measures, including questionnaires and a
computerized task, alongside functional magnetic res-
onance imaging (fMRI) to examine neural responses to
slow (CT-optimal) and fast (CT-suboptimal) social and
nonsocial touch in BPD prior to DBT. In the second
part, we investigated the efficacy of a 4-week residential
DBT program by focusing on treatment-related changes
in touch processing in BPD. To further characterize
BPD patients and to control for naturally occurring
changes in the outcome measures, we included a control
group of HCs that did not receive an intervention.
Building on the study’s first part, our pre-registered
hypotheses stated that BPD patients would exhibit a
more negative attitude toward and altered processing of
social touch compared to HCs at pre-measurement
(i.e., before the DBT). More specifically, given the
consistently reported hyperactivity of the amygdala to
socially threatening stimuli in BPD [3, 17], we expected
that BPD patients compared to HCs would display
increased activity and reduced habituation in the
amygdala in response to touch. We further anticipated

altered activity in the insular cortex, a key region in-
volved in the processing of affective touch [23, 24]. This
is supported by previous findings of aberrant insular
processing during touch in individuals with more severe
childhood maltreatment [30], which is common in BPD.
Finally, we hypothesized decreased activity and en-
hanced habituation in striatal areas in response to touch,
which may reflect the reduced hedonic value of social
touch as observed in patients with MDD [31]. Addi-
tionally, we explored associations with interpersonal
problems, symptom severity, and childhood maltreat-
ment. Considering the study’s second part, we hy-
pothesized that BPD-associated impairments would be
reduced after 4 weeks of a residential DBT program and
that these treatment effects would be more pronounced
in patients with stronger symptom reduction.

Methods

Study Design and Participants
The study design was registered at ClinicalTrials.gov

(NCT04770038), and the analysis plan was pre-registered
before conducting any analyses (https://osf.io/zn5c7). A
total of 55 BPD patients on a waiting list for DBT were
recruited at the Karl-Jaspers-Klinik in Bad Zwischenahn,
Germany. Trained clinical psychologists at the DBT
outpatient clinic confirmed the BPD diagnoses through
interviews as part of their clinical work. Prior to DBT,
data from 55 BPD patients were compared to 31 HCs
without any psychiatric illness (see online suppl. Infor-
mation; for all online suppl. material, see https://doi.org/
10.1159/000545973 for comorbidities and medication of
the patients). HCs were recruited from the general
population via online advertisements and flyers. General
exclusion criteria were age under 18 or over 65 years, MRI
contraindication, scars on a predefined area of 20 cm of
their shins, acute suicidality, any lifetime psychotic dis-
orders, current substance dependence, a history of
traumatic brain injuries, or other neurological illnesses.
The presence of psychiatric disorders or current or past
psychiatric inpatient treatment resulted in exclusion from
study participation in the HC group. The analysis of DBT
effects included 37 BPD patients, as 18 BPD patients
either did not receive residential treatment during the
study period or left treatment early, and 31 HCs (see
online suppl. Fig. 1). For details on demographic and
clinical characteristics, see online supplementary Tables
1–3. The sample size was based on an a priori power
analysis. We aimed for an allocation ratio of 2:1 (patients:
controls) based on the assumption of a 50% treatment
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response rate in BPD patients. Furthermore, we assumed
a higher dropout rate in BPD patients (20–25%) than in
HCs (10–15%), and this design allowed us to investigate
treatment effects in the longitudinal comparisons with
sufficient statistical power. For more details, see online
supplementary Power Analysis.

Residential DBT Program
The residential DBT program at the Karl-Jaspers-

Klinik is based on the inpatient DBT, originally estab-
lished in 1995, and proven to be effective [38]. The in-
patient DBT program itself was adapted from the original
outpatient DBT developed by Marsha Linehan [1]. BPD
patients register themselves at the DBT outpatient clinic
and are invited to a first interview where a detailed as-
sessment, discussion of life circumstances, and evaluation
of treatment options take place. This is followed by a pre-
inpatient group, where treatment goals are discussed. The
residential DBT program at the Karl-Jaspers-Klinik is
structured into three modules, each lasting 4 weeks, with
a varying outpatient practice phase in between. During
these phases, patients are advised to apply the skills they
have learned during therapy to their everyday lives. The
first DBT module at the Karl-Jaspers-Klinik prioritizes
the reduction of suicidal and parasuicidal behaviors,
enhancing stress tolerance, managing cravings, and ad-
dressing dissociations. This module can function as a
standalone treatment unit. Following this, the second
module focuses on understanding and regulating emo-
tions. The last module provides the opportunity to en-
hance interpersonal skills, foster self-esteem, and enhance
overall quality of life. The treatment sessions include both
group and individual therapy. During the group sessions,
patients from all three modules participate together. The
group sessions focus on psychoeducation, mindfulness,
and skills training, as outlined in the DBT skills training
manual [36]. The skills training forms the core of the DBT
program. Patients learn strategies to effectively distract
and calm themselves during high-stress situations, how to
address interpersonal problems, and how to better per-
ceive and regulate emotions through mindfulness. On the
weekend, patients typically return home to engage in a
stress trial in their usual environment. Please refer to the
online supplementary Residential DBT Program for a
more detailed description of the treatment components.
To investigate DBT effects, BPD patients were measured
before (pre-measurement) and after one module (ie, 4
weeks) of the residential DBT program (post-
measurement). The HC underwent the same measure-
ments but with no intervention between pre- and post-
measurement.Fi
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Psychological and Clinical Assessments
The Borderline Symptom List-23 (BSL-23) [39] was

utilized to evaluate the severity of BPD symptoms and the
Childhood Trauma Questionnaire (CTQ) [40] was used
to assess childhood trauma. The Inventory of Interper-
sonal Problems (IIP) was administered to measure se-
verity of interpersonal problems [41] and the Social
Touch Questionnaire (STQ) [42] was applied to assess the
attitude toward social touch. For further questionnaires,
see online supplementary Psychological and Clinical
Assessments. Except for the CTQ, all aforementioned
questionnaires were applied before and after one module
(i.e., 4 weeks) of the residential DBT program.

To further investigate DBT effects, BPD patients were
subdivided into treatment responders and nonresponders
by calculating the Reliable Change Index (RC) using the
BSL-23 as outcome variable. The RC determines whether
an individual difference between two measurements (pre/
post) reflects more than a random measurement error by
considering the reliability of the measurement instrument
[43]. RCs of less than 1.96 were classified as no treatment
response; RCs equal or above 1.96 were classified as a
treatment response.

Comfort Zones of Social Touch
Comfort zones of social touch were assessed with a

computerized task [44]. Participants indicated on a hu-
man silhouette representing their own body, where a
specific social network member (e.g., their mother) would
be allowed to touch them in everyday situations (see
online suppl. Fig. 2). The human silhouette was divided
into the front and back areas and was presented for a total
of nine different social network members (friend [f/m],
stranger [f/m], partner, brother, sister, mother, father).
Participants had the option to skip social network
members that did not exist in their social network, e.g., in
cases where they had no siblings. To better quantify
comfort zones of social touch, a Touchability Index (TI)
was calculated. The TI represents the proportion of
colored pixels within the body mask ranging from 0 (0%
pixel filled out) to 1 (100% pixel filled out). Comfort zones
of social touch were assessed before and after one module
(i.e., 4 weeks) of the residential DBT program.

fMRI Touch Task
Participants underwent an adapted version of an fMRI

touch paradigm [30]. Conditions consisted of four types
of touch trials with combinations of CT-optimal (~5 cm/
s) and CT-suboptimal touch (~20 cm/s), as well as social
(administered by hand) and nonsocial (administered with
a brush) touch and a control (no touch) condition

(Fig. 1a). An experimenter, who was unknown and not
visible to the participant to control for sex differences and
familiarity, administered the touch for 4 s across 20 cm of
both shins. Types and duration of touch were signaled via
tones to the experimenter wearing headphones and the
experimenter was trained to apply the tactile stimuli with
a consistent speed and pressure. During the experiment,
participants rated the comfort of each trial on a visual
analog scale (VAS) from 0 (not at all comforting) to 10
(very comforting), including no touch trials. Each of the
five conditions (CT-optimal social touch, CT-optimal
nonsocial touch, CT-suboptimal social touch, CT-
suboptimal nonsocial touch, no touch) compromised
12 trials, resulting in a total of 60 trials and a mea-
surement time of ~16 min. The task was divided into 2
runs of 30 trials each, with a 30-s break in between. Each
rating lasted 6 s. The fMRI touch task was performed
before and after one module (i.e., 4 weeks) of the resi-
dential DBT program.

MRI Data Acquisition and Preprocessing
MRI data were acquired using a 3T Siemens Prisma

MRI scanner (Siemens AG, Erlangen, Germany) with a
64-channel head coil. High-resolution anatomical images
were measured with a T1-weighted 3D MP-RAGE se-
quence. A T2*-weighted echoplanar multiband sequence
with a multiband acceleration factor of 4 [45] was used to
measure neural responses to touch. fMRI data were
preprocessed using the standardized pipeline fMRIPrep
20.2.1 [46].

fMRI Data Analysis
The fMRI analyses in SPM12 involved a two-level

approach based on the general linear model. To deter-
mine group differences prior to DBT, second-level sta-
tistical inference included two-sample tests. To test
whether these group effects (BPD vs. HC) on neural
responses to touch vs. no touch and CT-suboptimal vs.
CT-optimal touch before treatment were moderated by
childhood trauma or BPD symptom severity, t tests were
calculated with an additional interaction term (e.g., group
x CTQ scores). DBT effects were investigated by calcu-
lating differences between pre- and post-measurement
data in BPD patients and HCs on the first level, and
second-level statistical inference included one-sample
and two-sample t tests on these differences. We addi-
tionally tested whether changes in symptom severity (BSL
scores pre minus post) and treatment response (re-
sponder vs. nonresponders) moderated differences be-
tween the pre- and post-measurement for the contrast
touch vs. no touch.
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All analyses were carried out using a single region-of-
interest mask comprising the anatomically defined
amygdala, the insular cortex, and striatal areas. Sex, age,
body mass index, and prescan inner tension (assessed
with a VAS) were included as covariates. For the analysis
of DBT effects within patients, DBTmodule was included
as an additional covariate. Significance was assessed at
peak level with p < 0.05, family-wise error (FWE)
corrected.

Behavioral Data Analysis
To determine group differences prior to DBT, two-

sample t tests were used to compare questionnaire data
and the TI between groups and mixed-design ANOVAs
were performed to compare differences in comfort ratings
of touch. Multilevel modeling with repeated measures
was performed to investigate whether group differences
(BPD vs. HC) in TI were specific to social network
members. Touch allowance maps were compared be-
tween groups by two-proportion z tests false discovery
rate corrected [47]. Moderation analyses were carried out
to assess whether childhood trauma or BPD symptom
severity moderated group differences (BPD vs. HC) in
STQ scores, the TI, and comfort ratings of touch. Ex-
ploratory correlational analyses were conducted using
Pearson’s correlation coefficient to examine the rela-
tionships between CTQ scores, BSL scores, IIP scores, and
the significant parameter estimates from the fMRI
analysis, as well as between the IIP scores and the TI and
STQ scores.

To investigate DBT effects, paired t tests were applied
to investigate within-group effects on questionnaire data
and the TI. Similar to the analysis prior to DBT, mixed-
design ANOVAs were performed to compare differences
in comfort ratings of touch, and multilevel modeling with
repeated measures was performed to investigate whether
time differences (pre vs. post) in TIs were specific to social
network members. Touch allowance maps were com-
pared between pre-and post-measurement by McNemars
tests, false discovery rate corrected [47]. Additional
mixed-design ANOVAs were conducted to compare
changes in STQ scores, the TI, and comfort ratings of
touch in BPD patients to changes in the HC group. We
further examined whether treatment effects differed be-
tween DBT responders and nonresponders and were
moderated by changes in BSL scores.

For all analyses, sex, age, and body mass index were
included as covariates. DBT module was included as a
covariate for analyses investigating within-subject effects
of the patient group. Statistical significance was assessed
at p < 0.05 (two-tailed tests for undirected hypotheses and

one-tailed tests for directed hypotheses). Post hoc
comparisons were corrected for multiple comparisons
using a Bonferroni-Holm correction (pcor), while ex-
ploratory correlations were corrected using the stricter
Bonferroni correction (pcorB). For details of the fMRI and
behavioral analyses, see online supplementary Methods.

Results

Group Differences Prior to DBT
Symptom Severity, Childhood Maltreatment,
Interpersonal Problems, and Touch Aversion
Before the treatment, BPD patients exhibited a high

symptom load (M±SD: 1.98 ± 0.87) that was significantly
different from the ratings of HCs (0.20 ± 0.16; t[60.47] =
14.73, p < 0.0001, d = 2.53; see Fig. 2a). Likewise, BPD
patients reported significantly more severe childhood
maltreatment (CTQ score: 65.00 ± 21.00; see Fig. 2b), a
higher degree of interpersonal problems (IIP score: 2.16 ±
0.47; see Fig. 2c), and more pronounced social touch
aversion (STQ score: 45.04 ± 10.88; see Fig. 2d) than HCs
(CTQ score: 35.06 ± 10.03; t[82.24] = 8.90, p < 0.0001, d =
1.67; IIP score: 0.98 ± 0.40; t[84] = 11.76, p < 0.0001, d =
2.64; STQ score: 27.48 ± 8.47; t[82] = 7.71, p < 0.0001, d =
1.74). Furthermore, interpersonal problems correlated
positively with social touch aversion across both groups
(r[82] = 0.60, pcorB<0.0001). To summarize, BPD patients
showed higher symptom severity, more experiences of
childhood maltreatment, more pronounced interpersonal
problems, and stronger social touch aversion than HCs.
Furthermore, social touch aversion was associated with
more interpersonal problems across both groups.

Comfort Zones of Social Touch
BPD patients reported a significantly reduced TI

compared to HCs (t[80] = −6.06, p < 0.0001, d = −1.38)
indicating that they considered touch to be less acceptable
across social network members (see Fig. 3a). Further-
more, the TI correlated negatively with interpersonal
problems (IIP scores) across both groups (r[80] = −0.54,
pcorB < 0.0001). A multilevel model with the TI as de-
pendent variable revealed significant main effects of social
network member (F[8,565] = 149.25, p < 0.0001, ηp2 = 0.68)
and group (F[1,77] = 39.05, p < 0.0001, ηp2 = 0.34) and a
significant interaction effect of group and social network
member (F[8,565] = 5.39, p < 0.0001, ηp2 = 0.07, see online
suppl. Table 4). Post hoc pairwise comparisons showed
significant differences between BPD patients and HCs for
all social network members except the partner and female
and male strangers (see online suppl. Table 5). Statistical
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group comparison of the touch allowance maps by two-
proportion z tests confirmed significantly fewer comfort
zones of social touch for BPD patients and illustrated that
group differences were not limited to specific body re-
gions and were most pronounced for female friends and
family members/parents (see Fig. 3b,c). To summarize,
BPD patients showed reduced comfort zones of social
touch not restricted to specific body parts and consistent
across social network members, except the romantic
partners and female andmale strangers. Reduced comfort
zones of social touch were related to more interpersonal
problems across both groups.

fMRI Touch Task
In accordance with our hypothesis, BPD patients

exhibited significantly altered responses to CT-
suboptimal touch relative to CT-optimal touch in the
right posterior insula cortex (MNI: 40, −4, 2; t[75] =

4.52; pFWE = 0.04). The extracted parameter estimates
of the significant peak voxel revealed significantly re-
duced insular activation to CT-optimal touch in BPD
patients compared to HCs (t[79] = 2.50, pcor = 0.04, d =
0.54; see Fig. 4a). The parameter estimates for CT-
optimal touch negatively correlated with interpersonal
problems across both groups (r[79] = −0.39, pcorB =
0.001) and in BPD patients (r[48] = −0.34, pcorB = 0.045;
see Fig. 4b) but not in HCs (r[29] = −0.28, pcorB = 0.39).
A mediation analysis using group (HC, BPD) as a
predictor, parameter estimates of the significant peak
voxel as a mediator, and interpersonal problems as the
outcome measure further supported this result by re-
vealing a significant partial mediation effect (B = 0.08,
p = 0.02) of the posterior insula activity on the relation
between group and interpersonal problems. There were
no significant habituation effects, or group differences
for the amygdala and striatal areas or when comparing

Fig. 2. At baseline, BPD patients (n = 55) reported significantly
higher symptom severity (BSL-23 scores, a), childhood trauma
experiences (CTQ scores, b), interpersonal problems (IIP
scores, c), and social touch aversion (STQ scores, d) compared
to HCs (n = 31). In the boxplot, the line dividing the box and

the black dot represents the median and mean of the data. The
ends represent the upper/lower quartiles and the extreme lines
represent the highest and lowest values excluding outliers.
BPD, borderline personality disorder; HC, healthy control.
***p < 0.001.
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touch versus no touch and social versus nonsocial
touch.

The mixed-design ANOVA with group as between-
subject factor (HC, BPD) and velocity (CT optimal, CT
suboptimal) and sociality (social, nonsocial) as within-
subject factors revealed no group effect nor an interaction
effect with group (all p values >0.16) but a significant
effect of velocity (F[1,80] = 78.00, p < 0.0001, ηG2 = 0.22).
As expected, CT-optimal touch (HC: 7.01 ± 1.80, BPD:
6.50 ± 2.17) was rated more comforting than CT-
suboptimal touch (HC: 4.00 ± 1.61, BPD: 4.47 ± 1.90)

in both groups (all p values <0.0001) (see Fig. 4c). There
was no significant difference between social and non-
social touch in BPD patients or HCs (F[1,80] = 0.001, p =
0.97, ηG

2<0.01). A significant interaction was found
between sociality and velocity (F[1,80] = 24.00, p < 0.0001,
ηG

2 = 0.01). Data inspection suggested that CT-
suboptimal touch was rated as more comforting when
applied by brush (4.87 ± 1.61) than by hand (4.40 ± 1.96),
while CT-optimal touch was rated as more comforting
when applied by hand (6.89 ± 2.10) than by brush (6.50 ±
1.99). To summarize, BPD patients displayed blunted

Fig. 3. a BPDpatients (n = 51) showed a significantly lower TI across
social networkmembers thanHCs (n = 31), i.e., fewer comfort zones
of social touch. b Comparison of touch allowance maps between
HCs and BPD patients via two-proportion z tests. Reduced touch
allowance in BPD patients (in red) was not limited to specific body
regions and most pronounced for female friends and family
members/parents. c Touch allowance maps for HCs and patients

with BPD. The coloring represents the proportion of the sample
reporting a body part as an acceptable touch zone for the respective
social networkmember. In the boxplot, the line dividing the box and
the black dot represent the median and mean of the data. The ends
represent the upper/lower quartiles and the extreme lines represent
the highest and lowest values excluding outliers. BPD, borderline
personality disorder; HC, healthy control. ***p < 0.001.
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posterior insular activity in response to CT-optimal touch
compared to HCs. This reduced neural response was
significantly associated with the severity of interpersonal
problems and the diminished insula reactivity partially
mediated the relationship between group and interper-
sonal problems. Interestingly, comfort ratings during
touch did not differ between BPD patients and HCs.

Moderation by Symptom Severity and Childhood
Trauma
There were no significant moderation effects of

symptom severity (BSL-23 scores) or childhood trauma
(CTQ scores) on baseline groups differences.

Investigation of DBT Effects
Symptom Severity, Interpersonal Problems, and
Touch Aversion
After 4 weeks of a residential DBT program, BPD

symptom severity showed significant improvement
(t[36] = 6.14, p < 0.0001, d = 1.06), with a decrease from a
high (2.10 ± 0.82) to a moderate symptom load (1.22 ±
0.83; see Fig. 5a). Out of 37 patients with longitudinal
data, 15 (41%) were classified as responders and 22 (59%)
as nonresponders. Interpersonal problems decreased
after treatment in BPD patients (t[36] = 2.83, p = 0.01, d =
0.43, see Fig. 5b). However, there were no significant
changes in social touch aversion (t[36] = 0.25, p = 0.40, d =

Fig. 4. a At baseline, patients with BPD (n = 50) compared to HCs
(n = 31) showed significantly reduced responses to CT-optimal
touch in the right posterior insular cortex (MNI: 40, −4, 2).
b Insula activity for CT-optimal touch correlated negatively with
severity of interpersonal problems in BPD patients and across both
groups. c Both HCs (n = 31) and patients with BPD (n = 51) rated
CT-optimal touch as more comforting than CT-suboptimal touch.

In the boxplot, the line dividing the box and the black dot represent
the median and mean of the data. The ends represent the upper/
lower quartiles and the extreme lines represent the highest and
lowest values excluding outliers. A Bonferroni-Holm correction
was applied to adjust for multiple comparisons. BPD, borderline
personality disorder; HC, healthy control; MNI, Montreal Neu-
rological Institute. *p < 0.05; ***p < 0.001.
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0.03; see Fig. 5d) after treatment. To summarize, although
4 weeks of a residential DBT program was associated with
a reduction in BPD symptom severity and an improve-
ment in interpersonal problems, it did not impact social
touch aversion in BPD patients.

Comfort Zones of Social Touch
The total TI did not improve after treatment within

BPD patients (t[36] = 1.21, p = 0.88, d = −0.12; see Fig. 5c).
A statistical comparison usingMcNemars tests confirmed
no significant differences between the pre- and post-
treatment touch allowance maps. Likewise, a multilevel
model with repeated measures, including the nine social
network members, group, and time (pre, post) as cate-
gorical fixed effect factors, showed no significant effect of
time (with pre as reference category) or an interaction
effect of time and group on the total TI (all p values >0.18,
see online suppl. Table 6). To summarize, similar to touch

aversion, comfort zones of social touch did not improve
after 4 weeks of a residential DBT program within BPD
patients.

fMRI Touch Task
Interestingly, a comparison of pre- and post-treatment

fMRI data of BPD patients revealed a significant change
in the response to CT-optimal versus CT-suboptimal
touch in the right anterior (MNI: 50, 10, −2; t[26] =
5.34; pFWE = 0.04) and posterior insula cortex (MNI:
42, −16, −4; t[26] = 5.58; pFWE = 0.02). However, these
changes in BPD patients were not significantly different
from HCs, suggesting that these changes may be time
dependent. Furthermore, we detected no significant
treatment-related changes for other contrasts or regions,
or any effects on amygdala and striatum habituation.
There was no significant treatment-related effect on
comfort ratings of touch stimuli (all p values >0.55). To

Fig. 5. Four weeks of DBT were associated with a significant
decrease in BPD symptom severity (BSL-23 scores, a) and in-
terpersonal problems (IIP scores, b) in BPD patients (n = 37).
However, there were no significant changes in comfort zones of
social touch (total TI, c) and social touch aversion (STQ scores, d).

In the boxplot, the line dividing the box and the black dot represent
the median and mean of the data. The ends represent the upper/
lower quartiles, and the extreme lines represent the highest and
lowest values, excluding outliers. BPD, borderline personality
disorder. **p < 0.01; ***p < 0.001.
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summarize, after 4 weeks of a residential DBT program,
anterior and posterior insula activity showed alterations
in response to touch within BPD patients; however, these
changes appear to be time dependent. Notably, comfort
ratings of touch remained unchanged.

Moderation by Treatment Response and Changes in
Symptom Severity
Moderation analyses revealed that treatment-

associated differences (pre vs. post) for social touch
aversion (STQ total score), comfort zones of social touch
(total TI), comfort ratings for touch stimuli, and neural
responses to touch versus no touch were not significantly
influenced by changes in BPD symptom severity (BSL-23
mean scores) or treatment response (responder, n = 15 vs.
nonresponder, n = 22).

Discussion

This study aimed to investigate the neurobiological
underpinnings of altered touch processing and its po-
tential link to social dysfunctions in BPD. At baseline,
BPD patients reported a significantly more negative at-
titude toward and significantly reduced comfort zones of
touch for most social network members and body re-
gions. Importantly, BPD patients showed decreased ac-
tivation to CT-optimal versus CT-suboptimal touch in
the posterior insular cortex, which was significantly as-
sociated with more severe interpersonal problems. Thus,
our findings point to a biological signature of the highly
complex and debilitating social dysfunctions associated
with BPD. Neither the behavioral ratings nor the neural
responses significantly changed after 4 weeks of a resi-
dential DBT program despite significant improvement in
overall BPD symptoms indicating trait-like disturbances
in touch processing in BPD.

Our observation of a more negative attitude toward
social touch in BPD patients is consistent with previous
studies reporting that BPD patients exhibit lower needs
for touch, less enjoyment of positive touch, and decreased
importance of touch [27, 29]. Reduced comfort zones of
social touch in BPD patients were not limited to a specific
body region and were evident for all social network
members except the romantic partner and female and
male strangers. This could indicate that physical intimacy
with romantic partners is less affected by pathological
touch distortions, but given strong evidence that BPD
patients engage in dysfunctional romantic relationships
[48], a lack of significant difference for the romantic
partner and female andmale stranger might reflect ceiling

or floor effects, respectively. Interestingly, touch allow-
ance maps further indicate a reduced source effect in BPD
patients; that is, BPD patients treat family members and
friends more similarly to strangers than HCs, as previ-
ously reported in other mental disorders regarding dis-
gust in an interpersonal context [49]. By displaying
higher social touch aversion across social network
members and body regions, BPD patients may become
depleted of physical and mental health-promoting ben-
efits of interpersonal touch [50]. Previous studies have
shown that interpersonal touch can reduce feelings of
social exclusion [51] and loneliness [52], both central
social impairments in BPD patients.

In the fMRI touch task, BPD patients showed a sig-
nificantly reduced posterior insula response to CT-
optimal touch, which was associated with the severity
of interpersonal problems in BPD patients. This pattern
of results is clearly distinct from CT-unspecific changes
observed in anorexia nervosa [53] or MDD [31] patients.
The posterior insular cortex is a major projection region
of CT fibers, transmitting information about affective
properties of touch [23, 24]. Consequently, it plays a
central role in encoding emotional aspects of touch, not
only by processing somatosensory features but also by
integrating sensory perception and emotions [54]. Recent
evidence suggests that BPD patients not only display an
altered processing of pain [26] but also elevated soma-
tosensitive thresholds [27, 28]. It has been observed that
reduced perceived intensity of pleasant touch is linked to
higher BPD symptom load [27], while lower pleasantness
of touch did not correlate with BPD symptom severity.
Consistent with a recent study on affective touch in BPD
[28], our findings revealed no CT-specific differences in
touch comfort ratings in BPD compared to HC. Fur-
thermore, we did not observe selective group differences
for social relative to nonsocial touch, but this might reflect
a partial social component in the nonsocial condition as
another human still delivered the brushes. Taken to-
gether, our results indicate that altered processing of
affective somatosensory stimuli in BPD is not limited to
the perception of pain stimuli [26] but also involves CT-
optimal touch.

Importantly, the diminished activity within the pos-
terior insula was associated with interpersonal problems,
a cardinal symptom of BPD [7]. In MDD patients, higher
social touch aversion partially mediated the relationship
between depressive symptoms and interpersonal prob-
lems and this effect has been attributed to a negative
impact on social communication [55]. Similarly, atten-
uated insular processing of CT-optimal touch could
hinder everyday social communication in BPD, leading to
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more severe interpersonal problems. However, the rela-
tionship between depressive symptoms and interpersonal
problems in MDD patients was mediated to a greater
extent by an aversion to touch by less familiar people [55].
This further highlights the differences between MDD and
BPD as our results suggest a widespread negative attitude
toward social touch that notably affects members of the
inner social network. Interpersonal touch is crucial for the
development of the social brain [56, 57], and early ex-
periences of social touch during infancy can significantly
influence later attachment behavior [58]. We speculate
that an aberrant processing of CT-optimal touch, po-
tentially emerging early in social development, may have
led to altered tuning of social brain networks, subse-
quently affecting interpersonal behavior later in life.
Given that social dysfunctions are a complex multifac-
torial symptom of BPD, the dissociation of significantly
improved interpersonal problems and persistent behav-
ioral and neural disturbances in touch processing after
the therapy could be explained by improvements in other
domains like emotion regulation that also influence in-
terpersonal relationships. The lack of a significant
treatment effect, despite a reduction in symptom severity,
suggests that pathological touch distortions are a trait-like
aspect of BPD, similar to elevated pain and heat
thresholds, which persist after 12 weeks of DBT [59].

However, future studies should test whether specifi-
cally targeting social touch processing in BPD can sig-
nificantly reduce symptom burden and improve inter-
personal functioning. Current DBT treatment ap-
proaches focus on mindfulness and interpersonal
effectiveness. Combining these elements, for instance, by
teaching patients how to mindfully perceive and engage
in touch, could be beneficial. For BPD patients experi-
encing severe difficulties with interpersonal touch and
interpersonal relationships, treatment should focus on
exercises that gradually introduce positive, controlled
touch interactions with members of the patient’s social
network, inside and outside the clinical environment,
ensuring that clear boundaries are respected. This ap-
proach could not only help BPD patients to identify
boundaries and achieve autonomy during touch expe-
riences but also facilitate cognitive reappraisal of touch,
which patients could then generalize to everyday situa-
tions. This idea aligns with the notion that traumatic
experiences may lead to a negative bias in the processing
of touch and altered cognitive appraisal of touch contexts
[60]. Disrupted oxytocin signaling in BPD [61] may
contribute to the impaired integration of sensory com-
ponents. Consequently, addressing pathological distor-
tions in touch processing through a combination of

cognitive reappraisal strategies and oxytocin augmenta-
tion therapy may be a promising treatment approach
for BPD.

Interestingly, the negative attitude toward and altered
neural response to touch were not significantly moderated
by trauma exposure in BPD patients. Similar to patients
with post-traumatic stress disorder, BPD patients report a
negative bias toward social stimuli [62]. However, they
display a distinct pattern of social dysfunctions [62].While
post-traumatic stress disorder patients tend to exhibit
increased automatic affective responses, BPD patients
demonstrate a negative appraisal of stimuli, potentially due
to impaired emotional regulatory control [13]. They not
only display hypersensitivity to negative social cues but
also a negative bias toward positive or neutral social
stimuli. Consequently, they often exhibit severe mistrust, a
heightened fear of rejection and abandonment, and dif-
ficulty distinguishing between social inclusion and ex-
clusion [3]. They alternate between extremes of closeness
and distance, as well as idealization and devaluation in
their social relationships [3]. Finally, although traumatic
experiences are highly common in BPD, it is important to
note that not all patients diagnosed with BPD have ex-
perienced trauma [2]. The abovementioned negative bias
toward neutral or positive social cues might be intrinsic
characteristics of BPD and not necessarily dependent on
the severity of childhood trauma. Therefore, the attenuated
processing of affective somatosensory stimuli in BPD may
represent a learned self-protective mechanism resulting
from at least subjectively perceived interpersonal chal-
lenges that increase the risk for future social dysfunctions.
In line with a previous study [28] and in reference to
Marsha Linehan’s statement on BPD patients having “no
emotional skin” [1], we propose that BPD patients exhibit
an impaired insula-mediated integration of sensory and
emotional-motivational aspects of touch as a result of a
learned psychological thickening of the skin to avoid being
hurt by potentially harmful interactions, which might not
be harmful to HCs. However, further studies are needed to
establish an empirical foundation for these speculations.
We further did not detect significantly altered amygdala
activation in response to touch, indicating that altered
touch processing in BPD is not significantly related to a
neural phenotype of threat hypervigilance [17, 32]. Like-
wise, BPD patients exhibited no significantly altered ac-
tivation in striatal regions in response to touch, which
supports the notion of a BPD-specific neural touch sig-
nature not overlapping with MDD [31].

The present study has some limitations.We recruited a
naturalistic cohort of BPD patients who presented with
comorbidities and were under psychotropic medication.
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These sample characteristics may have contributed to the
observed differences between BPD patients and HCs.
However, the present results are clearly distinct from a
previous study involving MDD patients receiving anti-
depressants [31], which represented the most common
class of psychotropic medication in our sample (see
online suppl. Table 2). Furthermore, the true touch-
related disturbances in BPD may even be under-
estimated in our study as the patients included had to be
stable enough to undergo DBT and tolerate the experi-
mental touch task. It is further conceivable that touch-
related treatment changes would have become evident
after the completion of all three DBT modules or longer
follow-up assessments as improvements in interpersonal
relations after DBT can occur time delayed [63]. How-
ever, future studies should probe specific touch-focused
interventions as we did not find significant changes in
DBT responders compared to nonresponders in the
present sample. Furthermore, our study lacks a waiting-
list patient group, which would help to disentangle time-
dependent effects. Finally, to probe the disorder speci-
ficity of the observed results, touch processing should be
directly compared between BPD patients and those with
other psychiatric conditions, such as MDD. Likewise,
context effects should be tested by exploring differences
in the neural response to touch from a familiar versus an
unfamiliar person in BPD patients.

To conclude, this study shows that trait-like disturbances
in touch processing and a disrupted insula-mediated in-
tegration of affective and sensory touch components may
constitute a clinically relevant biological signature of in-
terpersonal problems in BPD. As such, novel interventions
targeting the altered processing of affective somatosensory
stimuli may enhance long-term therapeutic outcomes by
facilitating social functioning in patients with BPD.
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