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disorders, and eating disorders, as well as an increased risk 
for suicidal behaviour [8–10]. A multifactorial model with 
interdependent biological, psychological, and social factors 
has been proposed to explain the development and mainte-
nance of NSSI [11]. Furthermore, by generating strong sen-
sory experiences (e.g., pain [12, 13]), NSSI is considered as 
a means to end states of dissociation, depersonalisation, and 
emotional numbing, defined as a limited capacity to experi-
ence and process intense emotions [14].

The experience of social exclusion has been reported as 
a major risk factor promoting NSSI [3, 15, 16], and social 
exclusion represents one of the major forms of bullying with 

Introduction

 Non-suicidal self-injury (NSSI), defined as intentional, 
self-directed damage of body tissue without suicidal intent, 
has been described as a distinct clinical phenomenon [1]. 
Worldwide prevalence is high, with 25–33% of adoles-
cents deliberately hurting themselves at least once [2–4] 
and around 4% repetitively [5, 6]. The highest prevalence 
has been found around the age of 15–16 years [7]. Frequent 
mental disorders associated with NSSI comprise border-
line personality disorder (BPD), depression, anxiety disor-
ders, post-traumatic stress disorder (PTSD), substance use 
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Abstract
Non-suicidal self-injury (NSSI) is a phenomenon of high worldwide prevalence. Social exclusion as a major form of bul-
lying has been reported to be an important risk factor for NSSI. We investigated how different frequencies of previous 
bullying experiences affect the neural processing of social exclusion in groups of female adolescents and young adults 
engaging in NSSI (n = 57), and matched healthy controls (n = 58). The Cyberball paradigm was used to experimentally 
contrast the neural effects of social exclusion relative to social inclusion. MR-based perfusion imaging measuring changes 
in regional cerebral blood flow (rCBF) was served as a marker of functional brain activation. Without considering previous 
bullying experiences, group comparisons revealed that individuals engaging in NSSI showed greater differential activa-
tion of lateral temporal brain regions, anterior hippocampus, and amygdala during social exclusion compared to healthy 
controls. The frequency of past bullying experiences modulated this activation pattern. Increased differential activation 
was particularly driven by NSSI individuals with occasional bullying experiences (around 0.5–1 time per month) while 
NSSI individuals with a higher frequency showed the lowest magnitude of the “exclusion > inclusion” effect. The blunted 
amygdala activation of NSSI individuals with a higher frequency of bullying experiences could be interpreted as a sign 
of emotional numbing. Following this putative interpretation, the results suggest that emotional numbing should be given 
the same attention as increased sensitisation to social exclusion during the treatment of NSSI to promote functional emo-
tion regulation.
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generally negative consequences on mental health [17–22] and 
NSSI specifically [23, 24]. In young adults engaging in NSSI 
[25] and adolescents who have experienced bullying [26], neu-
ral processing of social exclusion was found to be altered.

The “Cyberball” paradigm is an established way to 
experimentally investigate the neural correlates of social 
exclusion [27]. It is a game with three different conditions, 
in which participants are instructed to observe, or to par-
ticipate in a ball tossing game. During the two participation 
conditions, the subject is either fully included in ball toss-
ing or becomes excluded after an initial phase of inclusion. 
Both conditions reliably lead to feelings of either social 
inclusion or exclusion. Contrasting neural activation during 
exclusion against inclusion in young healthy adults [28–31] 
yielded greater activation of salience coding brain regions: 
the anterior insular cortex, the ventral lateral prefrontal cor-
tex (vlPFC), and the medial PFC (mPFC). Considering pre-
vious experiences of bullying in healthy adolescents, Kiefer 
et al. (2021) [32] reported a positive relationship between 
the increase in neural signalling related to social exclusion 
and prior bullying experiences. These associations were 
most prominent for the left inferior frontal cortex and the 
subgenual anterior cingulate cortex. Investigating the neural 
signature for social exclusion in youths committing NSSI, 
Groschwitz et al. (2016) [25] found enhanced activation 
of the mPFC and the vlPFC in depressed adolescents with 
NSSI as compared to depressed adolescents without NSSI. 
However, this study did not address if and how previous 
bullying experiences would modulate brain activation dur-
ing social exclusion in participants with NSSI.

Therefore, the aim of the present study was to investi-
gate the relation between the neural correlates of social 
exclusion and individual experiences of bullying in larger 
samples of adolescents with NSSI and healthy controls 
(HC) using magnetic resonance imaging (MRI)-based per-
fusion imaging, very similar to the neuroimaging method 
used in Kiefer et al. (2021) [32]. We expected that, relative 
to controls, participants with NSSI would generally show 
altered activation of different salience coding brain regions 
during social exclusion relative to inclusion [25, 33, 34]. 
We further explored whether the frequency of previous 
bullying experiences would modulate brain activation pat-
terns in participants with NSSI. We used the Olweus Bully/
Victim Questionnaire (OBVQ [35, 36]) to classify the par-
ticipants with NSSI based on the self-reported frequency of 
bullying in the months prior to the study, resulting in three 
NSSI subgroups with different frequencies of past bullying 
(none, occasional, frequent). Conjoint pairwise compari-
sons between these subgroups were used to infer significant 
group differences, employing a statistically more conser-
vative implementation of polynomial trend tests across 
subgroups.

Materials and methods

This study is a subproject of the STAR (Self-Injury: Treat-
ment Assessment Recovery) project, with general methodol-
ogy and participant recruitment details provided in Spohrs 
et al. (2024) [37]. The study has been preregistered at Open 
Science Framework, OSF (https://osf.io/fwyjd). The study 
was conducted according to the guidelines of the Declara-
tion of Helsinki and approved by the respective Ethics Com-
mittees of the participating study centres. All participants 
signed an informed consent before being included.

Participants

Participants were recruited through multiple channels, 
including personal communication, social media, contact in 
the context of patient’s presentation at the hospital for treat-
ment, and presentations at local schools.

Of the initially recruited 66 female adolescents with 
NSSI and 60 female age-matched healthy controls, five 
participants withdrew from the study during MRI scanning. 
The data of four participants were excluded from analysis 
due to excessive movement during MRI scanning (frame-
wise displacements > 4  mm). Data from the OBVQ were 
missing for another two participants, leading to final sam-
ples of 57 participants with NSSI (mean age = 19.6 years, 
SD = 2.1 years) and 58 healthy controls (mean age = 19.5 
years, SD = 2.3 years).

Experimental task during perfusion imaging

We employed the “Cyberball” task [27, 38, 39], a validated 
virtual ball-tossing paradigm designed to simulate sce-
narios of social inclusion and exclusion. Participants were 
led to believe they were engaging in a ball-tossing game 
with two other individuals. However, the gameplay was 
entirely pre-programmed, with no actual human players 
involved. The participants’ avatar, depicted as a hand at the 
screen’s bottom, interacted with animated figures represent-
ing the other “players” (Figure S1). After the experiment, 
participants were debriefed regarding the task’s deceptive 
aspects and the game’s controlled nature to address ethical 
considerations.

The task encompassed three distinct conditions, each 
lasting about 2  min, featuring around 60 ball tosses: pas-
sive watching (P), inclusion (I), and exclusion (E), each 
executed three times, in the following pseudorandomised 
sequence: P-I-E-I-E-P-E-P-I. During the passive watching 
condition, participants observed the game without direct 
involvement. In the inclusion condition, participants ran-
domly received the ball in one third of all ball throws and 
were instructed to toss the ball to the other players, allowing 
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for active participation in the game. Conversely, the exclu-
sion condition began with a brief inclusion phase for the 
first 20 s, but thereafter only the virtual players tossed the 
ball to each other, thereby operationalising social exclusion. 
The experiment was controlled by Presentation 18.1 (Neu-
robehavioral Systems Inc., San Francisco, USA). The visual 
components of the experiment were displayed on a liquid 
crystal display (LCD) screen (NordicNeuroLab AS, Bergen, 
Norway) positioned behind the scanner. Participants viewed 
these stimuli through a mirror attached to the MRI head coil.

Psychometric measurements

After MR scanning, participants completed the revised 
Olweus Bully/Victim Questionnaire [35, 36] in German lan-
guage. For this study, the global item “How often have you 
been bullied at school in the past couple of months?” was 
selected to classify participants with NSSI into three sub-
groups: NSSI participants with no bullying experience in 
the last couple of months (“none” group), NSSI participants 
subjected to bullying 0.5–1 time per month (“occasional” 
group), and NSSI participants bullied twice per month or 
more (“frequent” group). Categorial cutoffs were used for 
two reasons: the variable did not exhibit sufficient continu-
ity, and the categorial approach is clinically more familiar, 
informative and interpretable.

Additionally, to further characterise participants’ clini-
cal profiles, the following instruments were administered 
(in German language): the Borderline Symptom List-23 
(BSL-23) [40], the Childhood Trauma Questionnaire (CTQ) 
[41], NSSI severity (NSSV-SG) [42], and the Patient Health 
Questionnaire-9 for Adolescents (PHQ-9 A) [43].

MRI data acquisition

MRI data were acquired using Siemens 3-Tesla scanners 
(Erlangen, Germany), specifically a MAGNETOM Prisma 
at the Department of Psychiatry of Ulm University, and a 
MAGNETOM Prismafit at the Department of Psychosomatic 
Medicine and Psychotherapy, Central Institute of Mental 
Health Mannheim, both equipped with standard 64-chan-
nels head/neck coils (Siemens, Erlangen, Germany). Par-
ticipants were positioned inside the MR scanners, with 
their heads securely cushioned to reduce movement-related 
artefacts during data acquisition. To index energy-intensive 
neuronal activation during the Cyberball task, regional cere-
bral blood flow (CBF) was measured using pseudo-continu-
ous arterial spin-labelling. The 3D gradient-echo spin-echo 
imaging sequence was developed at the German Centre for 
Neurodegenerative Diseases (DZNE), Bonn, Germany. In 
line with the recommendations by Alsop et al. (2015) [44] 
for MRI-based perfusion imaging, the following parameters 

were used: repetition time (TR): 4000 (2 TRs per volume), 
echo time (TE): 24 ms, matrix size: 64 × 64, field-of-view 
(FOV): 240 mm, 34 slices, slice thickness: 4 mm (no gap), 
transverse slice positioning along the AC-PC line, ascend-
ing slice acquisition, flip angle: 90°/120° (slab-selective), 
PAT factor: 2 (GRAPPA mode), bandwidth: 2232 Hz/pixel, 
marking duration (bolus length): 2400 ms, transit time 
(post-labelling delay): 1000 ms, pre-saturation and back-
ground suppression (BS) switched on, BS method: 2 pulses, 
voxel size: 3.75 mm × 3.75 mm × 4.00 mm. The duration 
of each perfusion sequence was set to 125 s, capturing six 
label and six control images, along with two M0 (proton-
density weighted) images before the commencement of 
perfusion scanning. After the Cyberball task, a high-reso-
lution T1-weighted anatomical image was acquired using a 
3D magnetisation prepared rapid acquisition gradient echo 
sequence (MPRAGE).

Neuroimaging data analysis

The preprocessing and statistical analyses of the imaging 
data were performed using Statistical Parametric Mapping 
(SPM12 r6225, Wellcome Department of Cognitive Neu-
rology, London, UK) running on MATLAB 2021a (Math-
Works Inc., Natick, MA, USA).

After confirming no significant influence of scanning site 
on the effects of interest (see Supporting Information), we 
proceeded to enter the condition-specific contrast images 
into a second-level analysis (flexible factorial design) in 
SPM12. The model featured a between-subjects factor, 
“Group”, with four levels arranged in this order: Group 1: 
Healthy controls; Group 2: NSSI participants with no bul-
lying experience; Group 3: NSSI participants, bullied 0.5–1 
time per month; Group 4: NSSI participants, bullied ≥ 2 
times per month. Furthermore, the within-subjects factor 
“Condition”, with two levels (“social inclusion” and “social 
exclusion”), was added to the model, as well as a factor 
“Subjects”, to account for interindividual variance in esti-
mated neural activation during each task condition against 
baseline.

After model estimation, the contrast “social exclu-
sion > inclusion” was computed separately for the entire 
NSSI group (averaged across subgroups) and healthy con-
trols (see Figure S2 for results). Next, we investigated dif-
ferences in the “social exclusion > inclusion” effect between 
the entire NSSI group and healthy controls. Two one-
sided t-contrasts, testing the directions “NSSI > HC” and 
“HC > NSSI”, were computed at the whole-brain level by 
applying a voxel-height threshold of p < 0.001. To achieve 
a family-wise error rate (FWE)-correction (p < 0.05) at the 
cluster level, a cluster extent threshold of k = 343 contigu-
ously significant voxels was employed.
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Neuroimaging data

We tested for a greater effect of social exclusion minus 
inclusion in individuals with NSSI relative to healthy con-
trols and identified two significant clusters (Table 2; Fig. 1). 
The first cluster was located in the left hemisphere and com-
prised 1550 voxels, with its global peak voxel in the left 
amygdala. This cluster extended into adjacent areas of the 
anterior hippocampus, the temporal pole, and the superior 
and middle temporal gyri. A homologous but smaller cluster 
in the right hemisphere, consisting of 779 voxels, included 
parts of the amygdala and the temporal pole. No significant 
results were obtained for the opposite contrast, asking for 
greater activation for exclusion than inclusion in healthy 
controls compared with NSSI participants.

Exploring the frequency effect of bullying experiences 
by conjoint pairwise comparisons between NSSI subgroups 
yielded results summarised in Table 3; Fig. 2.

The most substantial “exclusion > inclusion” effect was 
observed for the “occasional” group (Fig. 2B). The exclu-
sion effect was significantly greater in this group compared 

Confined to significant clusters from the above analysis, 
we then investigated the potential modulating influence of 
past bullying experiences on the “social exclusion minus 
inclusion” activation difference among the three NSSI sub-
groups (excluding healthy controls). Given the arrangement 
of NSSI subgroups along the dimension bullying frequency 
with levels „none“, „occasional“ and „frequent“, trend tests 
had been the appropriate method to test for linear and qua-
dratic between-group differences. However, trend tests do 
not inform about the significance of between-group differ-
ences, which is why we used conjoint pairwise group com-
parisons as an alternative method. For instance, for a linear 
increase, we tested whether the “social exclusion > inclu-
sion” difference in neural activation was significantly higher 
for the “occasional” group than the “none” group ([-1 1 0]) 
and whether conjointly the “frequent” group would show 
higher differential activation when compared against the 
“occasional” group ([0-1 1]). This conjoint between-group 
testing can only be significant in case of parametrically 
increasing differential neural activation across groups. 
Given the directionality of the conjoint between-groups 
testing, the same procedure was used for parametrically 
decreasing differential neural activation ([1-1 0] AND [0 
1-1]). Similarly, as an alternative for quadratic trend tests, 
conjoint pairwise group comparisons asked for significantly 
greater differential neural activation of the “occasional” 
group compared to the “none” group ([-1 1 0]) and the 
“frequent” group ([0 1-1]). Again, contrast directions were 
inverted for both directed t-tests to ask whether the “occa-
sional” group exhibited significantly less differential neural 
activation compared to the “none” and “frequent” groups 
([1-1 0] AND [0- 1 1]). Each conjunction of contrasts was 
assessed at a voxel-height threshold of p < 0.05, in combi-
nation with a cluster extent threshold requiring at least 10 
contiguously significant voxels.

Results

Psychometric measurements

Table S1 shows the mean age, and mean scores derived 
from the CTQ, PHQ-9 A, and BSL-23 for the healthy con-
trol group and the entire group of participants engaging in 
NSSI, together with statistical values obtained from two-
sample t-tests. Both groups differed significantly in all psy-
chometric measurements.

When comparing the different NSSI subgroups accord-
ing to the frequency of bullying experiences for the same set 
of variables and including NSSI severity, one-way analyses 
of variance with factor “group” did not reveal any signifi-
cant effects of this factor. Data are summarised in Table 1.

Table 1  Means ± standard deviations of demographic and psychomet-
ric measurements for each of the three participant subgroups engaging 
in non-suicidal self-injury (NSSI), accompanied by F-test values and 
associated p values derived from analyses of variance. The number 
of participants differs across variables due to missing data. Abbrevia-
tions: BSL-23: Borderline Symptom List-23; CTQ: Childhood Trauma 
Questionnaire; PHQ-9 A: Patient Health Questionnaire-9 for adoles-
cents
Variable NSSI, no 

bullying 
experience

NSSI, bul-
lied ≤ 1× 
per month

NSSI, bul-
lied ≥ 2× 
per month

F value p 
value

Age 19.6 ± 2.1
(n = 29)

19.6 ± 1.1
(n = 13)

19.6 ± 2.6
(n = 15)

F(3, 
111) = 0.02

0.996

CTQ,
Emo-
tional 
Abuse

14.6 ± 5.5
(n = 24)

16.5 ± 4.6
(n = 12)

18.3 ± 5.6
(n = 12)

F(2, 
45) = 2.06

0.139

CTQ,
Physical 
Abuse

6.8 ± 2.3
(n = 24)

7.3 ± 3.0
(n = 12)

9.3 ± 4.7
(n = 12)

F(2, 
45) = 2.60

0.085

CTQ,
Sexual 
Abuse

7.5 ± 4.6
(n = 24)

9.2 ± 3.8
(n = 12)

10.1 ± 6.7
(n = 12)

F(2, 
45) = 1.17

0.321

CTQ,
Emo-
tional 
Neglect

15.1 ± 5.8
(n = 24)

15.3 ± 4.3
(n = 12)

15.5 ± 4.5
(n = 12)

F(2, 
45) = 0.03

0.972

CTQ,
Physical 
Neglect

9.3 ± 4.6
(n = 24)

9.8 ± 3.6
(n = 12)

11.3 ± 5.0
(n = 12)

F(2, 
45) = 0.86

0.430

PHQ-9 A 17.1 ± 6.2
(n = 27)

15.8 ± 5.6
(n = 12)

18.3 ± 5.0
(n = 13)

F(2, 
49) = 0.57

0.570

BSL-23 46.9 ± 20.8
(n = 27)

49.2 ± 18.5
(n = 12)

58.1 ± 18.7
(n = 13)

F(2, 
49) = 1.42

0.252

NSSI 
severity

5.1 ± 0.8
(n = 24)

5.0 ± 0.9
(n = 12)

5.2 ± 0.7
(n = 13)

F(2, 
46) = 0.12

0.891
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Discussion

The present study investigated the modulating effect of 
previous bullying experiences on neural activation dur-
ing social exclusion in a large sample of young adults and 
adolescents engaging in non-suicidal self-injury (NSSI), 
and a healthy control (HC) group, using MR-based perfu-
sion imaging. For experimental realisation, the ball-tossing 
game “Cyberball” [27, 38] was implemented. Comparing 
the neural activation effect of social exclusion vs. inclu-
sion between the NSSI group and the HC group, without 
considering the putative influence of previous bullying 
experiences, we identified significant group differences in 
left lateral temporal regions, comprising the temporal pole 
and superior and middle temporal gyri. Medially, the left 
anterior hippocampus, and bilateral amygdala showed sig-
nificant group differences. These results deviate from the 
expectations formulated in the preregistration. However, the 

to both the group with no bullying experience and the 
group that frequently experienced bullying, which showed 
the lowest differential “exclusion > inclusion” effect. That 
group’s effect differed significantly not only from the “occa-
sional” group (see above), but also from the group with 
no previous bullying experience (“none”) as revealed by 
an additional t-contrast. No other conjunction analyses of 
pairwise group comparisons showed significant results, 
supporting the specificity of the observed results pattern 
(Fig. 2B; for reasons of brevity, we refer to this pattern as 
“inverted U-shaped” throughout the manuscript, although it 
is based on a categorical between-group contrast rather than 
a statistically modelled trend analysis, such as a quadratic 
regression).

Table 2  Brain regions exhibiting significantly higher activation dur-
ing social exclusion compared to inclusion in participants with NSSI 
(n = 57), relative to healthy controls (n = 58). A voxel-height thresh-
old of p < 0.001 and family-wise error rate correction (p < 0.05) at the 
cluster level were applied. Coordinates are in Montreal Neurological 
Institute (MNI) space
Brain region Number 

of voxels
Peak voxel (MNI 
space)
x y z z-score

Left amygdala 1550 −32 4 −28 4.72
Left superior temporal gyrus −60 0 −8 4.45
Left hippocampus −32 −6 −16 3.89
Left middle temporal pole −32 20 −34 3.81
Left superior temporal pole −50 20 −24 3.76
Left middle temporal gyrus −58 6 −18 3.59
Right superior temporal pole 779 46 18 −24 4.41
Right amygdala 24 4 −28 3.81
Right middle temporal pole 32 22 −34 3.59

Table 3  Brain regions where the “social exclusion > inclusion” effect 
varied across the three NSSI subgroups as a function of bullying fre-
quency, following an inverted U-shaped pattern (see also Fig.  2B). 
The two underlying defining contrasts were conjoined (see Methods), 
using a voxel-height threshold of p < 0.05 and a cluster extent threshold 
of k = 10 voxels. Coordinates are in Montreal Neurological Institute 
(MNI) space
Brain region Number of 

voxels
Peak voxel (MNI space)
x y z z-score

Left superior tempo-
ral gyrus

32 −60 2 −10 2.78

Left hippocampus 269 −34 −8 −20 2.31
Left amygdala −34 2 −18 2.31
Right amygdala 66 24 4 −22 1.81

Fig. 1  (A) Brain regions significantly more activated during social 
exclusion compared to inclusion in participants with non-suicidal self-
injury (NSSI; n = 57), relative to healthy controls (n = 58). The statisti-
cal parametric map was thresholded at p < 0.001, family-wise error 
rate-corrected (p < 0.05) at the cluster level and overlaid onto the mean 
normalised skull-stripped T1 image (averaged across all 115 partici-

pants), using MRIcroGL [45]. Coordinates are in Montreal Neurologi-
cal Institute space. (B) Bar chart showing the differential (“exclusion 
minus inclusion”) mean regional cerebral blood flow (rCBF; mL/100 
g/min) for both groups, averaged across all voxels within the left 
amygdala using an anatomical mask (obtained from the SPM Anatomy 
Toolbox 3.0 [46–48]. Error bars denote the standard error of the mean
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HC indicates that the NSSI subjects presented, on average, 
increased relative arousal to the aversive situation of social 
exclusion, which aligns with previous studies investigating 
the neural underpinnings of aversive stimulus processing in 
young adults with NSSI [49, 50]. In line with models of 
NSSI, suggesting amplified emotional responding as a core 
symptom of NSSI [51, 52], the relative increase in amyg-
dala activation could reflect its underlying neural mecha-
nism. However, a comparison with previous results is also 
challenging since those previous studies have contrasted 
samples with either comorbid depression or borderline per-
sonality disorder (BPD) [25, 53]. Furthermore, amygdala 
activation has rarely been reported by previous studies using 
the Cyberball paradigm, which could be due to the smaller 
sample sizes and different sampling methods to assess 
neural activation (e.g., BOLD functional MRI). However, 
in a larger sample (n = 45) using the Cyberball paradigm, 
heightened amygdala activation and peer victimisation have 
been reported as being associated [54].

Our findings further extend the literature by presenting 
altered activation of the temporal pole and superior and 
middle temporal gyri in the NSSI group compared to HC. 
Previously, Schreiner et al. (2017) [55] observed altered 
resting-state functional connectivity between these regions 
and the amygdala in youths engaging in NSSI relative to 
HC. Earlier findings have identified the temporal lobe to be 
involved in explicit emotional memories [56, 57], partially 
in suicidal thoughts and behaviour [58], and the temporal 
pole has been proposed to couple perceptual inputs to emo-
tional responses, crucial for social behaviour [59]. As such, 
the temporal lobe could be regarded as a typical area pro-
cessing social cues. Additionally, the temporal pole plays 

predictions there were based on the results of earlier studies 
that had used a different imaging method with blood oxygen 
level dependent (BOLD)-fMRI only, whereas in the current 
study MR-based perfusion imaging was used in combina-
tion with a markedly larger number of repeated and longer 
lasting experimental conditions.

When exploring the result pattern for the frequency effect 
of previous bullying experiences, it became evident that this 
effect was particularly driven by individuals with NSSI who 
had experienced bullying “occasionally” (0.5–1 time per 
month), and by the NSSI group with two or more bullying 
experiences per month (“frequent”) presenting the lowest 
magnitude of the “exclusion > inclusion” effect.

As none of the other clinical variables (Table 1) showed 
reliable differences between NSSI subgroups, it is most 
likely that the frequency of previous bullying experiences 
was the primary driver of the inverted U-shaped activation 
observed in the amygdala.

The overall results pattern suggests that previous bul-
lying experiences modulate the neural response to social 
exclusion in NSSI patients differentially. While occasional 
bullying experiences appear to sensitise NSSI subjects 
increasing their amygdala response, the blunted differential 
amygdala activation of the NSSI group with more frequent 
bullying experiences could be interpreted to indicate emo-
tional numbing towards acute social exclusion.

Social exclusion effects without considering 
previous bullying experiences

The greater left amygdala activation in response to social 
exclusion relative to inclusion across all NSSI subgroups vs. 

Fig. 2  (A) Brain regions whose differential activity (“social exclusion 
>inclusion”) demonstrated an inverted U-shaped pattern for the fre-
quency of bullying experiences among the three subgroups with non-
suicidal self-injury (NSSI). The conjunction of the two underlying 
contrasts was evaluated using a voxel-height threshold of p < 0.05 and 
a minimum cluster size of 10 voxels. Coordinates are in MNI space. 
(B) Bar chart depicting the “social exclusion minus inclusion” differ-
ence in mean regional cerebral blood flow (rCBF; mL/100 g/min) for 

the four participant groups. The difference between the “frequent” and 
“no bullying experiences” group was significant (p < 0.05), too. Dif-
ferential rCBF was extracted and averaged across all significant voxels 
within the left amygdala, as defined by the SPM Anatomy Toolbox 3.0 
[46–48]. Error bars denote the standard error of the mean. *p < 0.05. 
Please note that data for healthy controls (red bar) are shown for com-
parison but were not included in any of the statistical analyses leading 
to the results presented here
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noteworthy that there is a growing discussion whether bul-
lying can be understood as traumatic event, increasing the 
likelihood for developing PTSD [75, 76]. Emotional numb-
ing is also coherent with models for both phenomena, since 
the reduced capability to initiate a prompt and appropriate 
emotional response to an aversive situation may in turn lead 
to hindered emotion regulation [77]. In addition, Sippel et 
al. (2018) [73] have identified affected social connected-
ness related to emotional numbing in patients with PTSD. 
Further highlighting the importance of emotional numb-
ing, Seitz et al. (2024) [78] identified trait dissociation as 
an important confounder between childhood maltreatment 
and amygdala response to threat, and Sicorello et al. (2021) 
[79] have found that adverse childhood experiences during 
particularly sensitive periods of life are linked to reduced 
amygdala reactivity when viewing threatening images.

Emotional numbing has also been investigated in pain 
studies [80, 81]. For example, Korem et al. (2022) [81] 
found that emotional numbing was negatively correlated 
with amygdala reactivity to mild pain in patients with 
PTSD. Given that the amygdala is involved in processing 
both physical and emotional pain [82], and since emotional 
numbing has been found to affect both processes [72, 83], 
it is noteworthy that social rejection activates similar brain 
regions as those observed in physical pain studies [38].

Limitations

When interpreting the results, some limitations need to 
be considered. Even though we present data from a large 
sample, participants were females only, potentially limit-
ing the generalisability of the results. Future studies should 
incorporate male participants to allow a direct comparison 
between bullied females and males engaging in NSSI. Fur-
thermore, participants were predominantly of white Cau-
casian ethnicity, residing in a mix of urban and rural areas 
in South-West Germany, which limits the generalisability 
of present findings. Generalisability is further constrained 
by the relatively small sample sizes within each bullying 
category. Group categorisation was based on bullying fre-
quency assessed via a single-item global self-report, which 
may be subject to recall bias. Finally, we did not employ a 
specific questionnaire to assess emotional numbing. Insofar, 
our present interpretation of differential amygdala activa-
tion awaits empirical replication in future studies employing 
numbing-specific scales to quantify individual differences.

Future directions

Previous studies reported a divergence between global 
emotional responding in an NSSI sample (relative to HC) 
and lack of altered emotional responses to social exclusion 

a greater role in theory of mind models. Previous functional 
MRI studies identified the temporal pole to be activated when 
participants were required to infer the mental states of oth-
ers [60, 61], which fits the increased activation during the 
exclusion condition, where participants might have begun 
to consider the motives behind being excluded by the other 
players. Elucidating the role of the temporal pole in processes 
of social exclusion may be an avenue for future research.

Social exclusion effects considering previous 
bullying experiences

Considering the frequency of past bullying experiences, 
an inverted U-shaped pattern of brain activation emerged. 
Social exclusion elicited highest amygdala activation in 
the NSSI group that had been less frequently confronted 
with bullying (“occasional”; 0.5–1 time per month). This 
increased activation of the amygdala associated with social 
exclusion is consistent with other findings [33, 49, 54], 
and previous studies have found neural correlates of social 
exclusion to be heightened in youths affected by peer victi-
misation [54, 62, 63]. Insofar, present results align with sug-
gestions that this group is most sensitised and vulnerable to 
social exclusion, which reflects a potential risk factor for the 
maintenance of NSSI behaviour and should be accounted 
for in treating those individuals engaging in NSSI.

In contrast, NSSI individuals most affected by bullying 
(“frequent”; ≥ 2 times per month) showed the lowest social 
exclusion-related amygdala activation, which can be inter-
preted as a neural marker of “emotional numbing” [14]. 
Defined as a limited capacity to experience intense emotions, 
it is not implausible to assume that this state results from the 
more frequent exposure to bullying in the past. As one putative 
mechanism, chronic stress-associated over-activation of the 
hypothalamic-pituitary-adrenal (HPA) axis may play a role, 
resulting in persistently elevated levels of cortisol that could 
impair the integrity of the anterior hippocampus and modulate 
the structure and function of the amygdala [64, 65]. Future 
studies could integrate measurements of cortisol (serum, 
saliva, or hair) or the cortisol awakening response to estimate 
acute and chronic HPA axis activity to lend further support for 
that putative mechanism [66–68]. Serial measurement would 
even permit tracking of HPA axis dysregulation over time, 
which when integrated with psychometric and clinical assess-
ments could help monitor the impact of interventions [69].

Support for our interpretation also comes from other 
research domains. For instance, PTSD has been linked to 
both hyper-responsivity to negative stimuli and emotional 
numbing [14, 70, 71]. Even though PTSD and NSSI are 
two distinct clinical phenomena, both share stressful and/
or traumatic events, and disturbed emotional processing 
and regulation in their etiologic models [11, 72–74]. It is 
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To advance individually tailored treatments, future 
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emotional numbing, how they interact with psychothera-
peutic interventions, and whether preventive interventions 
could help those with heightened sensitivity to bullying 
experiences to support functional emotion regulation.

Supplementary Information  The online version contains 
supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​7​8​7​-​0​
2​5​-​0​2​9​4​0​-​1.

Acknowledgements  We would like to thank the cooperative effort of 
the entire STAR consortium: Paul L. Plener, Jennifer Spohrs, Kath-
rin Brändle, Birgit Abler, Sandra Nickel, Elisa Sittenberger, Lisa 
Schischke, Alina Geprägs, Isabell Liebhart, Andreas Witt, Cedric 
Sachser, Rebecca Brown, Vera Münch, Elisa König, Jörg Fegert, Ulrike 
Hoffmann (Ulm University Hospital); Christian Schmahl, Inga Niedt-
feld, Maurizio Sicorello, Jenny Zähringer (Central Institute of Mental 
Health in Mannheim); Tina In-Albon, Laura Kraus, Hasan-Hüseyin 
Isik (University of Kaiserslautern-Landau, Landau); Michael Koelch, 
Olaf Reis, Anna Michelsen (Rostock University Hospital); Andreas G. 
Chiocchetti, Silvia Lindlar, Regina Waltes (Frankfurt University Hos-
pital); Michael Kaess, Julian Koenig, Markus Mössner, Patrice van 
der Venne, Saskia Höper, Elisa Flach, Alexandra Edinger, Franziska 
Binder, Stephanie Bauer, Margarete Mattern, Sabine Herpertz (Heidel-
berg University Hospital); Ulrich W. Ebner-Priemer, Philip S. Santan-
gelo (Karlsruhe Institute of Technology), as well as all the participants.

Author contributions  Conceptualisation: G.G., I.N., B.A., A.G.C., 
U.E-P., J.M.F., T.I-A., M.K., M.K., J.K., C.S., P.L.P.; Methodology: 
G.G., I.N., B.A., A.G.C., U.E-P., J.M.F., T.I-A., M.K., M.K., J.K., P.S., 
C.S., P.L.P.; Investigation: J.S., E.S., A.M., S.H., E.K., L.K., S.N., P.S., 
M.S., P.vdV.; Analysis: M.U., G.G., J.S., A.M., L.K.; Project admin-
istration: J.S., A.W., C.S., A.G.C., U.E-P., J.M.F., T.I-A., M.K., M.K., 
J.K., C.S., P.L.P.; Funding acquisition: J.M.F., T.I-A., M.K., J.K., 
C.S., P.L.P.; Original draft preparation: J.S., M.U, G.G, B.A.; Writ-
ing, review and editing: J.S., M.U., G.G., A.M., B.A., A.G.C., U.E.P., 
J.M.F., S.H., T.I.-A., M.K., M.K., E.K., J.K., L.K., S.N., P.S., C.S., 
M.S., P.vdV., P.L.P. All authors have read and agreed to the published 
version of the manuscript.

Funding  Open Access funding enabled and organized by Projekt 
DEAL. The STAR project is fully funded by the German Federal Min-
istry of Education and Research (BMBF) 01GL1747A, 01GL1747B, 
01GL1747C, 01GL1747D, 01GL1747E, 01GL1747F.

Data availability  The data are available from the authors upon request.

Declarations

Institutional review board and informed consent statement  The study 
was conducted according to the guidelines of the Declaration of Hel-
sinki and approved by the respective Ethics Committees of the par-
ticipating study centres. All participants signed an informed consent 
before being included.

Competing interests  The authors declare no competing interests.

1 3

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jaac.2018.06.018
https://doi.org/10.1016/j.jaac.2018.06.018
https://doi.org/10.1111/jcpp.12166
https://doi.org/10.1111/jcpp.12166
https://doi.org/10.1017/S0033291708005114
https://doi.org/10.1017/S0033291708005114
https://doi.org/10.1186/1753-2000-6-9
https://doi.org/10.1186/1753-2000-6-9
https://doi.org/10.1007/s10802-013-9712-5
https://doi.org/10.1186/s40479-014-0024-3
https://doi.org/10.1186/s40479-014-0024-3
https://doi.org/10.1016/j.jad.2020.06.009
https://doi.org/10.1016/j.jad.2020.06.009
https://doi.org/10.1155/2013/159208
https://doi.org/10.1155/2013/159208
https://doi.org/10.1016/j.jad.2017.03.035
https://doi.org/10.1016/j.neubiorev.2021.08.022
https://doi.org/10.1007/s00787-025-02940-1
https://doi.org/10.1007/s00787-025-02940-1


European Child & Adolescent Psychiatry

30.	 Masten CL, Eisenberger NI, Pfeifer JH, Dapretto M (2010) Wit-
nessing peer rejection during early adolescence: neural correlates 
of empathy for experiences of social exclusion. Soc Neurosci 
5:496–507. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​8​0​​/​1​7​​4​7​0​9​1​9​.​2​0​1​0​.​4​9​0​6​7​3

31.	 Masten CL, Eisenberger NI, Borofsky LA et al (2009) Neural cor-
relates of social exclusion during adolescence: understanding the 
distress of peer rejection. Soc Cogn Affect Neurosci 4:143–157. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​3​​/​s​c​​a​n​/​n​s​p​0​0​7

32.	 Kiefer M, Sim E-J, Heil S et al (2021) Neural signatures of bul-
lying experience and social rejection in teenagers. PLoS One 
16:e0255681. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​3​7​1​​/​j​o​​u​r​n​a​l​.​p​o​n​e​.​0​2​5​5​6​8​1

33.	 Pollak OH, Kwon S-J, Jorgensen NA et al (2023) Neural reactiv-
ity to social punishment predicts future engagement in nonsui-
cidal self-injury among peer-rejected adolescents. Biol Psychiatry 
94:40–49. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​b​i​o​​p​s​y​​c​h​.​2​​0​2​​2​.​0​9​.​0​3​0

34.	 Brown RC, Plener PL, Groen G et al (2017) Differential neural 
processing of social exclusion and inclusion in adolescents with 
non-suicidal self-injury and young adults with borderline person-
ality disorder. Front Psychiatry. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​9​​/​f​p​​s​y​t​.​2​0​1​
7​.​0​0​2​6​7

35.	 Olweus D (1996) The revised Olweus Bully/Victim question-
naire. Research Center for Health Promotion (HEMIL Center), 
University of Bergen, Bergen

36.	 Solberg ME, Olweus D (2003) Prevalence estimation of school 
bullying with the Olweus bully/victim questionnaire. Aggress 
Behav 29:239–268. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​a​b​​.​1​0​0​4​7

37.	 Spohrs J, Michelsen A, Abler B et al (2024) The STAR collabora-
tive nonsuicidal self-injury study: methods and sample descrip-
tion of the face-to-face sample. Child Adolesc Psychiatry Ment 
Health. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​8​6​​/​s​1​​3​0​3​4​-​0​2​4​-​0​0​8​2​0​-​1

38.	 Eisenberger NI, Lieberman MD, Williams KD (2003) Does rejec-
tion hurt? An fMRI study of social exclusion. Science 302:290–
292. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​2​6​​/​s​c​​i​e​n​c​e​.​1​0​8​9​1​3​4

39.	 Eisenberger NI (2011) The neural basis of social pain: findings 
and implications. Social pain: neuropsychological and health 
implications of loss and exclusion. American Psychological 
Association, Washington, pp 53–78

40.	 Bohus M, Kleindienst N, Limberger MF et al (2009) The short 
version of the borderline symptom list (BSL-23): development 
and initial data on psychometric properties. Psychopathology 
42:32–39. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​5​9​​/​0​0​​0​1​7​3​7​0​1

41.	 Bernstein DP, Stein JA, Newcomb MD et al (2003) Develop-
ment and validation of a brief screening version of the Childhood 
Trauma Questionnaire. Child Abuse Negl 27:169–190. ​h​t​t​p​​s​:​/​​/​d​o​
i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​S​0​​1​4​5​-​2​1​3​4​(​0​2​)​0​0​5​4​1​-​0

42.	 In-Albon T, Niedtfeld I, Kaess M (2017) NSSI Severity Question-
naire (NSSV-SG). University of Koblenz-Landau, Landau

43.	 Johnson JG, Harris ES, Spitzer RL, Williams JBW (2002) 
The patient health questionnaire for adolescents. J Adolesc 
Health 30:196–204. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​S​1​​0​5​4​-​1​3​9​X​(​0​1​
)​0​0​3​3​3​-​0

44.	 Alsop DC, Detre JA, Golay X et al (2015) Recommended imple-
mentation of arterial spin-labeled perfusion MRI for clinical 
applications: a consensus of the ISMRM perfusion study group 
and the European consortium for ASL in dementia. Magn Reson 
Med 73:102–116. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​m​r​​m​.​2​5​1​9​7

45.	 Rorden C, Brett M (2000) Stereotaxic display of brain lesions. 
Behav Neurol 12:191–200. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​5​5​​/​2​0​​0​0​/​4​2​1​7​1​9

46.	 Eickhoff SB, Heim S, Zilles K, Amunts K (2006) Testing ana-
tomically specified hypotheses in functional imaging using cyto-
architectonic maps. Neuroimage 32:570–582. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​
0​1​6​​/​j​.​​n​e​u​​r​o​i​​m​a​g​e​​.​2​​0​0​6​.​0​4​.​2​0​4

47.	 Eickhoff SB, Stephan KE, Mohlberg H et al (2005) A new SPM 
toolbox for combining probabilistic cytoarchitectonic maps and 
functional imaging data. Neuroimage 25:1325–1335. ​h​t​t​p​​s​:​/​​/​d​o​i​​
.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​n​e​u​​r​o​i​​m​a​g​e​​.​2​​0​0​4​.​1​2​.​0​3​4

12.	 Gratz KL (2003) Risk factors for and functions of deliberate self-
harm: an empirical and conceptual review. Clin Psychol Sci Pract 
10:192–205. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​3​​/​c​l​​i​p​s​y​.​b​p​g​0​2​2

13.	 Klonsky ED (2007) The functions of deliberate self-injury: a 
review of the evidence. Clin Psychol Rev 27:226–239. ​h​t​t​p​​s​:​/​​/​d​o​
i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​c​p​r​.​2​0​0​6​.​0​8​.​0​0​2

14.	 Litz BT, Litz BT, Gray MJ (2002) Emotional numbing in post-
traumatic stress disorder: current and future research directions. 
Aust N Z J Psychiatry 36:198–204. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​4​6​​/​j​.​​1​4​4​​
0​-​1​​6​1​4​.​​2​0​​0​2​.​0​1​0​0​2​.​x

15.	 Wang Y-J, Li X, Ng CH et al (2022) Risk factors for non-suicidal 
self-injury (NSSI) in adolescents: a meta-analysis. EClinicalMed-
icine 46:101350. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​e​c​l​i​n​m​.​2​0​2​2​.​1​0​1​3​5​0

16.	 Nock MK (2009) Why do people hurt themselves? Curr Dir Psy-
chol Sci 18:78–83. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​j​.​​1​4​6​​7​-​8​​7​2​1​.​​2​0​​0​9​.​0​1​6​
1​3​.​x

17.	 Wolke D, Lereya ST (2015) Long-term effects of bullying. Arch 
Dis Child 100:879–885. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​3​6​​/​a​r​​c​h​d​​i​s​c​​h​i​l​d​​-​2​​0​1​
4​-​3​0​6​6​6​7

18.	 Espelage DL, Low S, Rao MA et al (2014) Family violence, bul-
lying, fighting, and substance use among adolescents: a longitu-
dinal mediational model. J Res Adolesc 24:337–349. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​1​​1​1​1​​/​j​o​​r​a​.​1​2​0​6​0

19.	 Stapinski LA, Araya R, Heron J et al (2015) Peer victimiza-
tion during adolescence: concurrent and prospective impact on 
symptoms of depression and anxiety. Anxiety, Stress, & Coping 
28:105–120. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​8​0​​/​1​0​​6​1​5​8​0​6​.​2​0​1​4​.​9​6​2​0​2​3

20.	 Hesapçıoğlu S, Meraler H, Ercan F (2017) Bullying in schools 
and its relation with depressive symptoms, self-esteem, and sui-
cidal ideation in adolescents. Anatol J Psychiatry 1. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​5​​4​5​5​​/​a​p​​d​.​2​6​8​9​0​0

21.	 Hawker DS, Boulton MJ (2000) Twenty years’ research on peer 
victimization and psychosocial maladjustment: a meta-analytic 
review of cross-sectional studies. J Child Psychol Psychiatry 
41:441–455

22.	 Kumpulainen K, Räsänen E (2000) Children involved in bullying 
at elementary school age: their psychiatric symptoms and devi-
ance in adolescence. Child Abuse Negl 24:1567–1577. ​h​t​t​p​​s​:​/​​/​d​o​
i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​S​0​​1​4​5​-​2​1​3​4​(​0​0​)​0​0​2​1​0​-​6

23.	 Kaess M, Eppelmann L, Brunner R et al (2020) Life events 
predicting the first onset of adolescent direct self-injurious 
behavior—a prospective multicenter study. J Adolesc Health 
66:195–201. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​a​d​​o​h​e​​a​l​t​h​​.​2​​0​1​9​.​0​8​.​0​1​8

24.	 Jantzer V, Ossa FC, Eppelmann L et al (2022) Under the skin: 
does psychiatric outcome of bullying victimization in school per-
sist over time? A prospective intervention study. J Child Psychol 
Psychiatry 63:646–654. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​j​c​​p​p​.​1​3​5​0​2

25.	 Groschwitz RC, Plener PL, Groen G et al (2016) Differential 
neural processing of social exclusion in adolescents with non-
suicidal self-injury: an fMRI study. Psychiatr Res Neuroimaging 
255:43–49. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​p​s​c​​y​c​h​​r​e​s​n​​s​.​​2​0​1​6​.​0​8​.​0​0​1

26.	 Perino MT, Guassi Moreira JF, Telzer EH (2019) Links between 
adolescent bullying and neural activation to viewing social exclu-
sion. Cogn Affect Behav Neurosci 19:1467–1478. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​3​​7​5​8​​/​s​1​​3​4​1​5​-​0​1​9​-​0​0​7​3​9​-​7

27.	 Williams KD, Cheung CKT, Choi W (2000) Cyberostracism: 
effects of being ignored over the internet. J Pers Soc Psychol 
79:748–762. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​7​​/​0​0​​2​2​-​3​5​1​4​.​7​9​.​5​.​7​4​8

28.	 Bolling DZ, Pitskel NB, Deen B et al (2011) Development of 
neural systems for processing social exclusion from childhood to 
adolescence. Dev Sci 14:1431–1444. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​j​.​​1​4​
6​​7​-​7​​6​8​7​.​​2​0​​1​1​.​0​1​0​8​7​.​x

29.	 Bolling DZ, Pitskel NB, Deen B et al (2011) Dissociable brain 
mechanisms for processing social exclusion and rule violation. 
Neuroimage 54:2462–2471. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​n​e​u​​r​o​i​​m​a​g​
e​​.​2​​0​1​0​.​1​0​.​0​4​9

1 3

https://doi.org/10.1080/17470919.2010.490673
https://doi.org/10.1093/scan/nsp007
https://doi.org/10.1093/scan/nsp007
https://doi.org/10.1371/journal.pone.0255681
https://doi.org/10.1016/j.biopsych.2022.09.030
https://doi.org/10.3389/fpsyt.2017.00267
https://doi.org/10.3389/fpsyt.2017.00267
https://doi.org/10.1002/ab.10047
https://doi.org/10.1186/s13034-024-00820-1
https://doi.org/10.1126/science.1089134
https://doi.org/10.1159/000173701
https://doi.org/10.1016/S0145-2134(02)00541-0
https://doi.org/10.1016/S0145-2134(02)00541-0
https://doi.org/10.1016/S1054-139X(01)00333-0
https://doi.org/10.1016/S1054-139X(01)00333-0
https://doi.org/10.1002/mrm.25197
https://doi.org/10.1155/2000/421719
https://doi.org/10.1016/j.neuroimage.2006.04.204
https://doi.org/10.1016/j.neuroimage.2006.04.204
https://doi.org/10.1016/j.neuroimage.2004.12.034
https://doi.org/10.1016/j.neuroimage.2004.12.034
https://doi.org/10.1093/clipsy.bpg022
https://doi.org/10.1016/j.cpr.2006.08.002
https://doi.org/10.1016/j.cpr.2006.08.002
https://doi.org/10.1046/j.1440-1614.2002.01002.x
https://doi.org/10.1046/j.1440-1614.2002.01002.x
https://doi.org/10.1016/j.eclinm.2022.101350
https://doi.org/10.1111/j.1467-8721.2009.01613.x
https://doi.org/10.1111/j.1467-8721.2009.01613.x
https://doi.org/10.1136/archdischild-2014-306667
https://doi.org/10.1136/archdischild-2014-306667
https://doi.org/10.1111/jora.12060
https://doi.org/10.1111/jora.12060
https://doi.org/10.1080/10615806.2014.962023
https://doi.org/10.5455/apd.268900
https://doi.org/10.5455/apd.268900
https://doi.org/10.1016/S0145-2134(00)00210-6
https://doi.org/10.1016/S0145-2134(00)00210-6
https://doi.org/10.1016/j.jadohealth.2019.08.018
https://doi.org/10.1111/jcpp.13502
https://doi.org/10.1016/j.pscychresns.2016.08.001
https://doi.org/10.3758/s13415-019-00739-7
https://doi.org/10.3758/s13415-019-00739-7
https://doi.org/10.1037/0022-3514.79.5.748
https://doi.org/10.1111/j.1467-7687.2011.01087.x
https://doi.org/10.1111/j.1467-7687.2011.01087.x
https://doi.org/10.1016/j.neuroimage.2010.10.049
https://doi.org/10.1016/j.neuroimage.2010.10.049


European Child & Adolescent Psychiatry

hypertrophy. Proc Natl Acad Sci U S A 105:5573–5578. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​1​​0​7​3​​/​p​n​​a​s​.​0​7​0​5​6​1​5​1​0​5

65.	 Lupien SJ, McEwen BS, Gunnar MR, Heim C (2009) Effects of 
stress throughout the lifespan on the brain, behaviour and cogni-
tion. Nat Rev Neurosci 10:434–445. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​n​r​​n​2​
6​3​9

66.	 Kudielka BM, Wüst S (2010) Human models in acute and chronic 
stress: assessing determinants of individual hypothalamus–pitu-
itary–adrenal axis activity and reactivity. Stress 13:1–14. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​3​​1​0​9​​/​1​0​​2​5​3​8​9​0​9​0​2​8​7​4​9​1​3

67.	 Babarro I, Ibarluzea J, Theodorsson E et al (2023) Hair cortisol 
as a biomarker of chronic stress in preadolescents: influence of 
school context and bullying. Child Neuropsychol 29:742–759. ​h​t​
t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​8​0​​/​0​9​​2​9​7​​0​4​9​​.​2​0​2​​2​.​​2​1​1​5​9​9​1

68.	 Shah K, Kumari R, Jain M (2024) Unveiling stress markers: a 
systematic review investigating psychological stress biomarkers. 
Dev Psychobiol. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​d​e​​v​.​2​2​4​9​0

69.	 Laceulle OM, Nederhof E, van Aken MAG, Ormel J (2017) 
Adversity-driven changes in hypothalamic-pituitary-adrenal axis 
functioning during adolescence. The trails study. Psychoneuroen-
docrinology 85:49–55. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​p​s​y​​n​e​u​​e​n​.​2​​0​1​​7​.​0​
8​.​0​0​2

70.	 Frewen PA, Dozois DJA, Neufeld RWJ et al (2010) Social emo-
tions and emotional valence during imagery in women with 
PTSD: affective and neural correlates. Psychol Trauma 2:145–
157. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​7​​/​a​0​​0​1​9​1​5​4

71.	 Wolf EJ, Miller MW, McKinney AE (2009) Emotional processing 
in PTSD. J Nerv Ment Dis 197:419–426. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​7​​/​
N​M​​D​.​0​b​0​1​3​e​3​1​8​1​a​6​1​c​6​8

72.	 Frewen PA, Lanius RA (2006) Toward a psychobiology of post-
traumatic self-dysregulation. Ann N Y Acad Sci 1071:110–124. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​9​6​​/​a​n​​n​a​l​s​.​1​3​6​4​.​0​1​0

73.	 Sippel LM, Watkins LE, Pietrzak RH et al (2018) The unique 
roles of emotional numbing and arousal symptoms in relation to 
social connectedness among military veterans in residential treat-
ment for PTSD. Psychiatry 81:271–282. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​8​0​​/​
0​0​​3​3​2​​7​4​7​​.​2​0​1​​7​.​​1​3​9​5​3​1​3

74.	 Smith NB, Kouros CD, Meuret AE (2014) The role of trauma 
symptoms in nonsuicidal self-injury. Trauma Violence Abuse 
15:41–56. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​7​7​​/​1​5​​2​4​8​3​8​0​1​3​4​9​6​3​3​2

75.	 Idsoe T, Vaillancourt T, Dyregrov A et al (2020) Bullying victim-
ization and trauma. Front Psychiatry 11:480353. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​3​​3​8​9​​/​f​p​​s​y​t​.​2​0​2​0​.​4​8​0​3​5​3

76.	 Li T, Chen B, Li Q et al (2023) Association between bullying 
victimization and post-traumatic stress disorders among Chi-
nese adolescents: a multiple mediation model. BMC Psychiatry 
23:758. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​8​6​​/​s​1​​2​8​8​8​-​0​2​3​-​0​5​2​1​2​-​x

77.	 Gross JJ (1998) The emerging field of emotion regulation: an 
integrative review. Rev Gen Psychol 2:271–299. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​1​​0​3​7​​/​1​0​​8​9​-​2​6​8​0​.​2​.​3​.​2​7​1

78.	 Seitz KI, Sicorello M, Schmitz M et al (2024) Childhood mal-
treatment and amygdala response to interpersonal threat in a 
transdiagnostic adult sample: the role of trait dissociation. Biol 
Psychiatry Cogn Neurosci Neuroimaging 9:626–634. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​b​p​s​c​.​2​0​2​4​.​0​1​.​0​0​3

79.	 Sicorello M, Thome J, Herzog J, Schmahl C (2021) Differential 
effects of early adversity and posttraumatic stress disorder on 
amygdala reactivity: the role of developmental timing. Biol Psy-
chiatry Cogn Neurosci Neuroimaging 6:1044–1051. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​b​p​s​c​.​2​0​2​0​.​1​0​.​0​0​9

80.	 López-Martínez AE, Ramírez‐Maestre C, Esteve R (2014) An 
examination of the structural link between post‐traumatic stress 
symptoms and chronic pain in the framework of fear‐avoidance 
models. Eur J Pain 18:1129–1138. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​j​.​​1​5​3​​
2​-​2​​1​4​9​.​​2​0​​1​4​.​0​0​4​5​9​.​x

48.	 Eickhoff SB, Paus T, Caspers S et al (2007) Assignment of func-
tional activations to probabilistic cytoarchitectonic areas revis-
ited. Neuroimage 36:511–521. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​n​e​u​​r​o​i​​m​
a​g​e​​.​2​​0​0​7​.​0​3​.​0​6​0

49.	 Plener PL, Bubalo N, Fladung AK et al (2012) Prone to excite-
ment: adolescent females with non-suicidal self-injury (NSSI) 
show altered cortical pattern to emotional and NSS-related mate-
rial. Psychiatry Res Neuroimaging 203:146–152. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​1​​0​1​6​​/​j​.​​p​s​c​​y​c​h​​r​e​s​n​​s​.​​2​0​1​1​.​1​2​.​0​1​2

50.	 Davis TS, Mauss IB, Lumian D et al (2014) Emotional reactivity 
and emotion regulation among adults with a history of self-harm: 
laboratory self-report and functional MRI evidence. J Abnorm 
Psychol 123:499–509. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​7​​/​a​0​​0​3​6​9​6​2

51.	 Robinson K, Boyes ME, Wilson MS, Grimshaw GM (2023) 
Emotional responding to overt and subtle social exclusion among 
young women who engage in non-suicidal self-injury. R Soc 
Open Sci. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​8​​/​r​s​​o​s​.​2​2​1​1​0​0

52.	 Reichl C, Kaess M (2021) Self-harm in the context of borderline 
personality disorder. Curr Opin Psychol 37:139–144. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​c​o​p​s​y​c​.​2​0​2​0​.​1​2​.​0​0​7

53.	 Malejko K, Neff D, Brown RC et al (2019) Neural signatures of 
social inclusion in borderline personality disorder versus non-
suicidal self-injury. Brain Topogr 32:753–761. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​
1​​0​0​7​​/​s​1​​0​5​4​8​-​0​1​9​-​0​0​7​1​2​-​0

54.	 Theresa A, McIver RL, Bosma A, Sandre et al (2018) Peer vic-
timization is associated with neural response to social exclusion. 
Merrill Palmer Q 64:135. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​3​1​1​​0​/​m​​e​r​r​​p​a​l​​m​q​u​a​​r​
1​​9​8​2​.​6​4​.​1​.​0​1​3​5

55.	 Westlund Schreiner M, Klimes-Dougan B, Mueller BA et al 
(2017) Multi-modal neuroimaging of adolescents with non-sui-
cidal self-injury: amygdala functional connectivity. J Affect Dis-
ord 221:47–55. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​a​d​.​2​0​1​7​.​0​6​.​0​0​4

56.	 Bechara A, Tranel D, Damasio H et al (1995) Double Disso-
ciation of Conditioning and Declarative Knowledge Relative 
to the Amygdala and Hippocampus in Humans. Science (1979) 
269:1115–1118. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​2​6​​/​s​c​​i​e​n​c​e​.​7​6​5​2​5​5​8

57.	 LaBar KS, Phelps EA (1998) Arousal-mediated memory consoli-
dation: role of the medial temporal lobe in humans. Psychol Sci 
9:490–493. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​1​4​​6​7​-​9​2​8​0​.​0​0​0​9​0

58.	 Auerbach RP, Pagliaccio D, Allison GO et al (2021) Neural corre-
lates associated with suicide and nonsuicidal self-injury in youth. 
Biol Psychiatry 89:119–133. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​J​.​​B​I​O​​P​S​Y​​C​
H​.​2​​0​2​​0​.​0​6​.​0​0​2

59.	 Olson IR, Plotzker A, Ezzyat Y (2007) The enigmatic temporal 
pole: a review of findings on social and emotional processing. 
Brain 130:1718–1731. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​3​​/​b​r​​a​i​n​/​a​w​m​0​5​2

60.	 Völlm BA, Taylor ANW, Richardson P et al (2006) Neuronal cor-
relates of theory of mind and empathy: a functional magnetic res-
onance imaging study in a nonverbal task. Neuroimage 29:90–98. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​n​e​u​​r​o​i​​m​a​g​e​​.​2​​0​0​5​.​0​7​.​0​2​2

61.	 Carr L, Iacoboni M, Dubeau M-C et al (2003) Neural mecha-
nisms of empathy in humans: a relay from neural systems for imi-
tation to limbic areas. Proc Natl Acad Sci U S A 100:5497–5502. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​7​3​​/​p​n​​a​s​.​0​9​3​5​8​4​5​1​0​0

62.	 Will G-J, van Lier PAC, Crone EA, Güroğlu B (2016) Chronic 
childhood peer rejection is associated with heightened neural 
responses to social exclusion during adolescence. J Abnorm Child 
Psychol 44:43–55. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​0​8​0​2​-​0​1​5​-​9​9​8​3​-​0

63.	 Rudolph KD, Miernicki ME, Troop-Gordon W et al (2016) Add-
ing insult to injury: neural sensitivity to social exclusion is associ-
ated with internalizing symptoms in chronically peer-victimized 
girls. Soc Cogn Affect Neurosci 11:829–842. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​
0​9​3​​/​s​c​​a​n​/​n​s​w​0​2​1

64.	 Mitra R, Sapolsky RM (2008) Acute corticosterone treat-
ment is sufficient to induce anxiety and amygdaloid dendritic 

1 3

https://doi.org/10.1073/pnas.0705615105
https://doi.org/10.1073/pnas.0705615105
https://doi.org/10.1038/nrn2639
https://doi.org/10.1038/nrn2639
https://doi.org/10.3109/10253890902874913
https://doi.org/10.3109/10253890902874913
https://doi.org/10.1080/09297049.2022.2115991
https://doi.org/10.1080/09297049.2022.2115991
https://doi.org/10.1002/dev.22490
https://doi.org/10.1016/j.psyneuen.2017.08.002
https://doi.org/10.1016/j.psyneuen.2017.08.002
https://doi.org/10.1037/a0019154
https://doi.org/10.1097/NMD.0b013e3181a61c68
https://doi.org/10.1097/NMD.0b013e3181a61c68
https://doi.org/10.1196/annals.1364.010
https://doi.org/10.1196/annals.1364.010
https://doi.org/10.1080/00332747.2017.1395313
https://doi.org/10.1080/00332747.2017.1395313
https://doi.org/10.1177/1524838013496332
https://doi.org/10.3389/fpsyt.2020.480353
https://doi.org/10.3389/fpsyt.2020.480353
https://doi.org/10.1186/s12888-023-05212-x
https://doi.org/10.1037/1089-2680.2.3.271
https://doi.org/10.1037/1089-2680.2.3.271
https://doi.org/10.1016/j.bpsc.2024.01.003
https://doi.org/10.1016/j.bpsc.2024.01.003
https://doi.org/10.1016/j.bpsc.2020.10.009
https://doi.org/10.1016/j.bpsc.2020.10.009
https://doi.org/10.1002/j.1532-2149.2014.00459.x
https://doi.org/10.1002/j.1532-2149.2014.00459.x
https://doi.org/10.1016/j.neuroimage.2007.03.060
https://doi.org/10.1016/j.neuroimage.2007.03.060
https://doi.org/10.1016/j.pscychresns.2011.12.012
https://doi.org/10.1016/j.pscychresns.2011.12.012
https://doi.org/10.1037/a0036962
https://doi.org/10.1098/rsos.221100
https://doi.org/10.1016/j.copsyc.2020.12.007
https://doi.org/10.1016/j.copsyc.2020.12.007
https://doi.org/10.1007/s10548-019-00712-0
https://doi.org/10.1007/s10548-019-00712-0
https://doi.org/10.13110/merrpalmquar1982.64.1.0135
https://doi.org/10.13110/merrpalmquar1982.64.1.0135
https://doi.org/10.1016/j.jad.2017.06.004
https://doi.org/10.1126/science.7652558
https://doi.org/10.1111/1467-9280.00090
https://doi.org/10.1016/J.BIOPSYCH.2020.06.002
https://doi.org/10.1016/J.BIOPSYCH.2020.06.002
https://doi.org/10.1093/brain/awm052
https://doi.org/10.1016/j.neuroimage.2005.07.022
https://doi.org/10.1016/j.neuroimage.2005.07.022
https://doi.org/10.1073/pnas.0935845100
https://doi.org/10.1073/pnas.0935845100
https://doi.org/10.1007/s10802-015-9983-0
https://doi.org/10.1093/scan/nsw021
https://doi.org/10.1093/scan/nsw021


European Child & Adolescent Psychiatry

83.	 Andrewes DG, Jenkins LM (2019) The role of the amygdala 
and the ventromedial prefrontal cortex in emotional regulation: 
implications for post-traumatic stress disorder. Neuropsychol Rev 
29:220–243. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​o​​r​​g​​/​​1​0​​.​1​0​​​0​7​/​​s​1​1​​0​6​5​-​​0​1​9​-​0​​9​3​9​8​-​4

Publisher’s Note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

81.	 Korem N, Duek O, Ben-Zion Z et al (2022) Emotional numbing 
in PTSD is associated with lower amygdala reactivity to pain. 
Neuropsychopharmacology 47:1913–1921. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​
3​8​​/​s​4​​1​3​8​6​-​0​2​2​-​0​1​4​0​5​-​2

82.	 Simons LE, Moulton EA, Linnman C et al (2014) The human 
amygdala and pain: evidence from neuroimaging. Hum Brain 
Mapp 35:527–538. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​h​b​​m​.​2​2​1​9​9

Authors and Affiliations

Jennifer Spohrs1,2 · Birgit Abler3 · Andreas G. Chioccheti4 · Ulrich W. Ebner-Priemer5,6,7 · Jörg M. Fegert1,7,8 · 
Saskia Höper9 · Tina In-Albon10 · Michael Kaess8,11 · Michael Koelch8,12 · Elisa Koenig1 · Julian Koenig13 · 
Laura Kraus10 · Anna Michelsen12 · Inga Niedtfeld14 · Paul L. Plener1,15 · Sandra Nickel1 · Philip Santangelo16 · 
Cedric Sachser1,17 · Christian Schmahl7,14 · Maurizio Sicorello14 · Elisa Sittenberger1 · Patrice van der  Venne9 · 
Andreas Witt1 · Georg Grön3 · Martin Ulrich3 · the STAR Consortium

	
 Jennifer Spohrs
jennifer.spohrs@uni-ulm.de

1	 Department for Child and Adolescent Psychiatry and 
Psychotherapy, Ulm University Medical Centre, Ulm, 
Germany

2	 Department of Psychiatry, Psychotherapy and 
Psychotraumatology, Military Medical Centre, Ulm, 
Germany

3	 Department of Psychiatry and Psychotherapy III, Section 
Neuropsychology and Functional Neuroimaging, Ulm 
University Medical Centre, Ulm, Germany

4	 Department of Child and Adolescent Psychiatry, 
Psychosomatics and Psychotherapy, Goethe University 
Frankfurt, Frankfurt am Main, Germany

5	 Mental mHealth Lab, Institute of Sports and Sports Science, 
Karlsruhe Institute of Technology (KIT), Karlsruhe, 
Germany

6	 Department of Psychiatry and Psychotherapy, Medical 
Faculty Mannheim, Central Institute of Mental Health, 
Heidelberg University, Mannheim, Germany

7	 German Centre for Mental Health (DZPG), partner site 
Mannheim, Heidelberg, Ulm, Germany

8	 German Centre for Child and Adolescent Health (DZKJ), 
partner site Rostock, Ulm, Germany

9	 Department for Child and Adolescent Psychiatry, Centre 
of Psychosocial Medicine, University Hospital Heidelberg, 
Heidelberg, Germany

10	 Clinical Child and Adolescent Psychology and 
Psychotherapy, University of Mannheim, Mannheim, 
Germany

11	 University Hospital of Child and Adolescent Psychiatry and 
Psychotherapy, University of Bern, Bern, Switzerland

12	 Department for Child and Adolescent Psychiatry and 
Psychotherapy, Rostock University Medical Centre, Rostock, 
Germany

13	 Faculty of Medicine, Department of Child and Adolescent 
Psychiatry, Psychosomatics and Psychotherapy, University 
Hospital Cologne, University of Cologne, Cologne, Germany

14	 Department of Psychosomatic Medicine and Psychotherapy, 
Central Institute of Mental Health Mannheim, Medical 
Faculty Mannheim, Heidelberg University, Mannheim, 
Germany

15	 Department of Child and Adolescent Psychiatry, Medical 
University of Vienna, Vienna, Austria

16	 Department of Behavioural and Cognitive Sciences, 
University of Luxembourg, Esch-sur-Alzette, Luxembourg

17	 Department of Clinical Child and Adolescent Psychology, 
Institute of Psychology, University of Bamberg, Bamberg, 
Germany

1 3

https://doi.org/10.1007/s11065-019-09398-4
https://doi.org/10.1038/s41386-022-01405-2
https://doi.org/10.1038/s41386-022-01405-2
https://doi.org/10.1002/hbm.22199

	﻿Frequency of bullying modulates amygdala response during social exclusion in participants with non-suicidal self-injury
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Participants
	﻿Experimental task during perfusion imaging
	﻿Psychometric measurements
	﻿MRI data acquisition
	﻿Neuroimaging data analysis

	﻿Results


