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Reward-related neural activation during social media exposure
in young women with non-suicidal self-injury: evidence for a
continuum of severity in the reward network
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Individuals with non-suicidal self-injury (NSSI) may be particularly vulnerable to social media exposure, yet the extent to which this
vulnerability is linked to altered reward processing remains unclear. To address this gap, we investigated social media-related
reward processing in NSSI by recruiting ninety-one young women, divided into three groups: a clinical group (NSSI with borderline
personality disorder), a subclinical group (NSSI without co-occurring disorders), and a healthy control group. While undergoing
functional magnetic resonance imaging (fMRI), participants received positive and negative comments on their own Instagram
photos in a naturalistic task simulating real-life social media interactions. Clinical participants rated positive comments as less
pleasant and negative comments as more unpleasant than controls. Coherently, they showed blunted activation in core reward
regions such as the nucleus accumbens, caudate, and medial frontal cortex when receiving positive vs negative feedback.
Subclinical participants reacted similarly to clinical participants to negative feedback but similarly to controls to positive feedback
and presented intermediate activation in most regions, bridging the pattern observed in controls and patients. Results highlight
reward system dysfunction as central to NSSI pathology, with both clinical and subclinical groups showing altered processing of
social media-based feedback. Subclinical participants showed selective vulnerability to negative feedback, while clinical participants
showed impaired sensitivity to both positive and negative feedback. These findings reflect a continuum of severity mapped on the
reward system, highlighting potential intervention targets and emphasizing the need to address social media interactions in NSSI
treatment.
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INTRODUCTION
Non-suicidal self-injury (NSSI), defined as the deliberate, self-inflicted
destruction of one’s body tissue without suicidal intent [1, 2], is an
increasingly prevalent and concerning phenomenon, particularly
among adolescents and young adults [3]. Global prevalence
estimates in youth range from 18% to 23%, with higher rates in
females [4] Extensive research indicates that NSSI is associated with
a range of negative physical and psychological outcomes and is one
of the strongest risk factors for suicidal ideation and attempt
[1, 2, 5–10]. Beyond the personal burden, NSSI also entails
substantial health care and economic costs [11], becoming a
pressing concern for public health and a priority for research [12].
Social factors are central to the onset and maintenance of NSSI.

Individuals struggling with NSSI often perceive low social support
[13] and experience impaired social functioning, including
difficulties in establishing and maintaining interpersonal relation-
ships [14, 15]. Accordingly, a significant portion of individuals with
NSSI endorse interpersonal motives, such as communicating

distress or seeking support [16], and interpersonal conflicts are
consistently identified as proximal triggers for NSSI episodes
[17–19]. However, these findings stem from studies analysing
offline social interactions, while emerging evidence suggests that
the social dynamics in online environments, particularly in social
media platforms, may also influence the risk and maintenance of
NSSI [20–22].
Over the past two decades, social media has become a

normative part of everyday life, even more so for young people
[23, 24]. Individuals with NSSI are particularly vulnerable, often
turning to social media to seek connection and support [25].
However, increased exposure to social media can also heighten
the risk of exposure to cyberbullying [26], unfavorable social
comparisons [27], and self-harm content [28, 29], all of which
could be potential triggers for NSSI [30]. Indeed, exposure to social
media platforms has been significantly associated with an
increased risk of NSSI among adolescents [31, 32], both in
psychiatric [33, 34] and community samples [35, 36], particularly
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among women [31, 37]. Nevertheless, the neural mechanisms
underlying these associations remain unknown.
Growing evidence suggests that aspects of social media use,

such as the opportunity to receive social approval through Likes or
positive comments, activate the brain’s reward system [38–41].
This system is associated with processing pleasure and motiva-
tional stimuli and is formed by structures like the ventral
tegmental area (VTA), the ventral (e.g., nucleus accumbens; NAcc)
and dorsal (e.g., caudate nucleus and putamen) striatum, and the
ventro-medial prefrontal (e.g., medial orbitofrontal; mOFC) cortex
[42]. Activation in these regions is often experienced as a positive
emotion that reinforces the action that triggered it [43], therefore
the positive emotions that may result from receiving Likes and
positive comments on social media can foster addictive tenden-
cies [44]. Young people who recurrently engage in NSSI may be
particularly vulnerable, as they tend to use social media as a
substitute for natural social rewards [45, 46], and already display
addictive behavioral patterns (for NSSI conceptualized as an
addiction, see [47, 48]). However, no previous study has examined
how social media exposure may affect the reward system in youth
with NSSI.
To address this gap, we designed a novel social reward task that

approximates real-life social interactions on social media by using
personalized stimuli derived from participants’ own Instagram
profiles. This highly ecological, innovative approach was applied
to a large sample of young women divided into three groups with
different levels of clinical severity: (i) a clinical group with NSSI and

borderline personality disorder (BPD), (ii) a subclinical group with
NSSI but without BPD or other disorders, and (iii) a healthy control
group. Given prior research suggesting that NSSI is associated
with reward system alterations independently of BPD [49, 50], we
predicted that the three groups would show distinct patterns of
neural activation when processing social rewards vs social
punishments. More specifically, we hypothesized that participants
in the subclinical group would show intermediate reward-related
activity, bridging the pattern observed in healthy controls and
BPD patients, which might reflect a continuum of severity.
Additionally, we hypothesized that reward-related neural activity
would be differentially associated with Instagram addiction in
each group, providing a more nuanced understanding of the
complex interaction between social media use, reward processing,
and NSSI.

MATERIALS AND METHODS
Participants
We recruited 91 participants, divided into three groups. Two groups
presented recurrent and recent NSSI (engagement in NSSI on ≥ 5 days in
the past year), but one was clinical and the other subclinical. The clinical
group (NSSI + BPD) included 31 women with BPD, recruited from the
Hospital of Igualada and the Hospital de la Santa Creu i Sant Pau
(Barcelona, Spain), where they were receiving psychological and/or
psychiatric treatment. The subclinical group (NSSI) included 27 women
without BPD or other psychiatric disorders, recruited from the community,
and not receiving psychological or psychiatric treatment in the past two

Fig. 1 Flow-chart illustrating the recruitment process for the three groups.
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years. The third group was a healthy control group (HC), which included 33
women with no history of NSSI, other psychiatric disorders, or
psychological/psychiatric treatment. All participants were women, aged
18–30, with an active Instagram account. General exclusion criteria
included psychotic, bipolar, or neurological disorders, substance intoxica-
tion/withdrawal, claustrophobia, cognitive impairment, and illiteracy. The
recruitment process is shown in Fig. 1.
Participants in the three groups were matched by age and social media

use (see Table 1 for sociodemographic, clinical and NSSI characteristics of
the sample). We specifically recruited an entirely female sample because
BPD [51] and NSSI [52] are more commonly expressed in women than
men, and because the negative effects of social media on NSSI are more
pronounced in females [31]. All participants underwent the MINI-
International Neuropsychiatric Interview [53] and the Diagnostic Interview
for Borderlines-Revised (DIB-R) [54] to confirm (for the NSSI + BPD group)
or discard (for the NSSI and HC group) current diagnosis of BPD and/or
other psychiatric disorders.
All participants signed an informed consent form and received monetary

compensation for their participation in the study. All procedures were
approved by the Research Ethics Committee at Bellvitge University
Hospital [PR074/23 (CSA PR9/2023)] and the study was conducted in
accordance with the Declaration of Helsinki.

Measures and procedures
Self-report. Participants first completed the Borderline Personality Ques-
tionnaire (BPQ [55]), the Depression Anxiety Stress Scales (DASS-21 [56])
and the Non-Suicidal Self-Injury Disorder Scale (NSSID-S [57]) to assess
clinical symptoms and NSSI features. Then, they completed the Instagram
Addiction Scale (IAS [58]) and a series of other questionnaires related to
social functioning (see supplementary material).

Experimental paradigm. Participants took part in an fMRI-compatible
Social Incentive Delay (SID) task, recently developed to investigate social

media-related reward processing [59]. This task is a social variant of the
well-established Monetary Incentive Delay task (MID) [60–62] and was
previously used with a healthy sample in an electroencephalography study
[59]. Upon recruitment, participants were informed that the study aimed to
examine the impact of social media on mental health. After consenting,
participants authorized the researcher to follow their personal Instagram
account and select 15 of their photos (avoiding selfies, pets, or other
people’s photos) to be shown during the experiment, along with other
participants’ photos, simulating an Instagram-like feed. Each photo would
receive four comments, which participants were told were from other
young volunteers who either “liked” or “disliked” the images. However, the
comments were, in fact, written by the researchers and most were
intentionally generic, including emojis for realism, while others were
specifically tailored to participants’ photos to enhance credibility.
The experiment took place approximately one week after authorization,

allowing participants time to believe their photos had been genuinely
evaluated. The task was composed of 120 trials across four runs, totaling
about 35min. During each trial, a photo from either the participant’s or
another participant’s Instagram account was displayed, followed by a delay
and a visual cue indicating the trial condition: reward (with a circle) or
punishment (with a square). A reward cue meant that participants could
earn a positive comment, while a punishment cue meant they could avoid
a negative comment based on their performance. Then, a target (white
square) appeared, and participants responded as quickly as possible to
“win”. Reaction times determined the outcome, and dynamic timing
adjustments ensured a 60% “win” rate.
Feedback was given in two phases. In Feedback Phase 1, participants

were informed whether they won or lost, setting the stage for further
feedback. In reward trials, a Like with 1 indicated a win and the receipt of a
positive comment, while a Like with 0 signified a loss and the omission of a
positive comment. In punishment trials, a Dislike with 0 indicated a win
and the omission of a negative comment, and a Dislike with 1 signaled a
loss and the receipt of a negative comment. After a brief delay, Feedback
Phase 2 displayed a speech bubble with the corresponding comment or

Table 1. Between-group differences in variables related to sociodemographics, clinical severity, NSSI, and social media use.

HC (N= 32) NSSI (N= 27) NSSI+ BPD
(N= 29)

F/x2 test Post-hoc comparison

Sociodemographic

Age
M (SD)

22.9 (3.61) 23.1 (2. 62) 23.6 (2.78) 0.41

Clinical Severity

Borderline Symptomatology
M (SD)

20.3 (10.5) 39.8 (15.0) 51.5 (10.8) 50.62**** NSSI+ BPD >NSSI >HC

Depression, Anxiety, and Stress Symptoms
M (SD)

13.6 (11.8) 28.8 (12.8) 37.4 (11.0) 31.32**** NSSI+ BPD >NSSI >HC

NSSI Features

Use of Severe NSSI
(e.g., Skin-Cutting)
N (%)

10 (37.04) 15 (57.69) 10.15* NSSI+ BPD >NSSI

Age of Onset
M (SD)

14.1 (2.59) 13.3 (3.32) 0.88

No. of methods
M (SD)

5.22 (2.69) 6.16 (2.29) 1.82

Social media

Instagram Addiction
M (SD)

30.2 (8.12) 33.4 (11.9) 31.1 (7.52) 0.87

Weekly Social Media Use
N (%)

11.94

5–10 h 7 (21.9) 5 (18.5) 8 (28.1)

11–20 h 9 (28.1) 10 (37.0) 4 (14.3)

21–30 h 4 (12.5) 3 (11.1) 8 (28.6)

31–40 h 3 (9.4) 1 (3.7) 2 (7.1)

>40 h 0 (0.0) 2 (7.4) 0 (0.0)

For severe use NSSI, data is missing from 3 BPD patients, therefore reported values are based on data from 26 out of the 29 patients that are included in the
final sample. p ≤ 0.05*, p <0.01**, p <0.001***, p <0.0001****.
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left it empty if no comment was warranted. In addition, 8 catch trials were
introduced semi-randomly throughout the experiment (2 catch trials per
run; approximately every 11–13 trials to avoid predictability), where
instead of responding to the target, participants had to select the cue
presented at the beginning of the trial (see Fig. 2 and supplementary
information about details on the paradigm).
After the fMRI task, participants rated on a scale from 1 (not at all) to 10

(very much) how much they liked receiving Likes and positive comments,
and how much they disliked receiving Dislikes and negative comments on
both their own and others’ photos. After completing all post-scanner
questions, participants were fully debriefed and thanked for their
participation. During debriefing, participants were asked to verify whether
they believed they were receiving real feedback or whether they
suspected that they had been deceived. All participants believed the
cover story.

Statistical analysis
Three participants were excluded from the original sample due to poor
data quality. Specifically, one was excluded because she failed multiple
attention checks (e.g., 6 out of 8 catch trials), another because her mean
reaction time was significantly slower than everyone else’s ( > 3 SD above
the group mean), and the third because of excessive head movement in
the scanner (18.15mm). All other participants met more stringent head
motion criteria ( ≤ 4.5 mm). The final sample included in the analysis

consisted of 32 participants in the HC group, 27 in the NSSI group, and 29
in the NSSI + BPD group (total N= 88).

Behavioral data
A three-way mixed ANOVA with Photo Type (Own vs Other) and Cue Type
(Reward vs Punishment) as within-subjects factors and Group (HC vs NSSI
vs NSSI + BPD) as between-subjects factor was used to analyze each of the
following dependent measures: mean reaction times, win rates, and
accuracy on catch trials. Trials with exceedingly short or long reaction
times ( ± 3 SD from each participant’s mean RT) were removed [63].
In addition, a two-way mixed ANOVA with Photo Type (Own vs Other) as

within-subjects factor and Group (HC vs NSSI vs NSSI + BPD) as between-
subjects factor was employed to analyze post-scanner ratings. All p-values
reported are Greenhouse–Geisser corrected, and effect sizes are reported
as partial eta squared values (η2p). Further simple effect analyses were
conducted if ANOVAs displayed a significant interaction. All statistical
analyses were conducted in R (v4.2.1) [64].

fMRI data
Image acquisition and preprocessing. Blood oxygen-level dependent fMRI
was performed on a 1.5 T Phillips Achieva scanner at Hospital Universitari
d’ Igualada, using an echo-planar sequence with the following parameters:
repetition time (TR)= 3 s, echo time (TE)= 50 milliseconds, 163 volumes
for each run (first 4 volumes discarded to ensure magnetization steady-

Fig. 2 Schematic representation of the Social Incentive Delay task. A Reward trials. B Punishment trials. C Catch trials. D Liking ratings for
positive comments as a function of Photo-Type and Group. E Disliking ratings for negative comments as a function of Photo-Type and Group.
Notice that the NSSI group liked the positive comments as much as the HC group but disliked the negative comments as much as the NSSI+ BPD group.
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state), 25 oblique slices per volume, (slice thickness = 4mm, 112 × 112
matrix). Slices were collected consecutively, using ascending slice
acquisition. The fMRI data was preprocessed and analyzed with Statistical
Parametric Mapping software (SPM12) using standard procedures.

fMRI modeling and analysis. Differences between groups in the Win vs
Loss contrast at Feedback Phase 1 were initially studied at the whole-brain
level. Then, interactions between Group, Outcome, and Cue Type were
modelled in a full factorial design and studied in pre-determined regions of
interest (ROI), such as the left and right NAcc and mOFC (complete
description of the preprocessing and analysis can be found in the
supplementary material). To control for medication in BPD patients, we
repeated all analyses with medication load as a covariate (see
supplementary material for this variable).

RESULTS
Self-report
Between-group differences in self-report variables related to
clinical severity, NSSI and social media use are summarized in
Table 1 (for measures relating to social functioning, see Table S1 in
supplementary material). As expected, the NSSI group scored
higher than the HC group and lower than the NSSI + BPD group
on borderline symptomatology (BPQ) and depression, anxiety and
stress (DASS) symptoms, confirming its subclinical status. In
addition, the three groups did not differ in self-reported measures
of Instagram addiction or weekly social media use (see Table 1),
suggesting that any potential differences in brain activity cannot
be attributed to differences in social media addiction between
groups.

Behavioral
Participants liked the positive comments (F(1,85)= 77.47,
p < 0.001, η2p= 0.47, Fig. 2D) and disliked the negative ones
(F(1,85)= 30.85, p < 0.001, η2p= 0.26, Fig. 2E) significantly more
for their own photos than for others’. In addition, ratings of both
positive (F(2,85)= 3.81, p= 0.026, η2p= 0.08) and negative com-
ments (F(2,85)= 3.86, p= 0.025, η2p= 0.08) varied significantly
by group.
Specifically, the NSSI + BPD group rated the positive comments

as significantly less pleasant than the HC group, (t(59)=−2.87,
p= 0.006), whereas the NSSI group did not significantly differ
from the HC group, (t(57)=−1.03, p= 0.306). However, with
regards to the negative comments, both the NSSI (t(57)= 2.56,
p= 0.013) and NSSI + BPD groups (t(59)= 2.12, p= 0.038) rated
them as significantly more unpleasant than the HC group, with no
significant difference between the two NSSI groups (t(54)=−0.50,
p= 0.617). Ratings for Likes and Dislikes followed a similar pattern
(see supplementary material for all the behavioral results).
Importantly, the three groups did not significantly differ on

accuracy on catch trials (F(2,85)= 1.65, p= 0.198, η2p= 0.04).
Average percent accuracy exceeded 80% in all groups (HC:

89.5 ± 25.8; NSSI: 92.1 ± 22.6; NSSI + BPD: 84.4 ± 30.4), suggesting
that any potential differences in brain activity cannot be attributed
to attention differences between groups.

FMRI
Whole-brain analysis - win vs loss contrast (own photos). We
focused the analysis on participants’ own photos, but similar
results were found when considering all photos (own and
others, see supplementary information). As shown in Table 2,
the one-way ANOVA of the win vs loss contrast for own photos
revealed significant group differences in key regions of the
reward network, such as the NAcc, the caudate, the medial
frontal cortex, the hippocampus, and the anterior insula. Post-
hoc comparisons between groups are shown in Fig. 3. Results
revealed higher activity in the HC compared to the NSSI + BPD
group in most of the studied regions, with the NSSI group
presenting intermediate values (see supplementary results for
complete description). Importantly, these results were main-
tained even when controlling for medication load and even
when using alternative significance and cluster extent thresh-
olds (see supplementary material).

Region of interest (ROI) analysis. The full factorial design for
participants’ own photos revealed a significant 3-way Group X Cue
X Outcome interaction in the right NAcc, F(2,85)= 3.93, p= 0.023,
η2p= 0.08, and the right mOFC ROIs, F(2,85)= 3.70, p= 0.028,
η2p= 0.08, but not in the left NAcc, F(2,85)= 0.59, p= 0.555,
η2p= 0.01, or left mOFC ROIs, F(2,85)= 2.11, p= 0.127, η2p= 0.01,
suggesting that this triple interaction effect may be right-
lateralized. To dissect the triple interaction, we conducted
follow-up 2-way Group X Outcome interactions at each level of
cue (reward vs punishment). For reward conditions, the Group X
Outcome interaction was not significant either in the right mOFC,
F(2,85)= 0.79, p= 0.453, η2p= 0.02, or in the right NAcc ROIs,
F(2,85)= 1.94, p= 0.150, η2p= 0.04.
However, for punishment conditions, the Group X Outcome

interaction was significant in the right mOFC, F(2,85)= 4.78,
p= 0.011, η2p= 0.10, and marginally significant in the right NAcc
ROIs, F(2,85)= 2.38, p= 0.093, η2p= 0.05. As shown in Fig. 4, win
and loss outcomes in the punishment conditions evoked
differential activations in the right NAcc and right mOFC in the
three groups, with the HC and NSSI + BPD groups exhibiting a
complete opposite pattern, and the NSSI group maintaining an
intermediate profile between the HC and NSSI + BPD groups.
Specifically, for the HC group, activity was significantly higher for
wins relative to losses both in the right NAcc (t(31)= 2.04,
p= 0.049) and the right mOFC (t(31)= 2.22, p= 0.034), whereas
for the NSSI group, activity did not significantly differ between
wins and losses in neither of the two regions (right NAcc:
t(26)= 0.34, p= 0.735; right mOFC: t(26)= 0.59, p= 0.560). For the
NSSI + BPD group, the pattern was reversed, such that activity was
lower for wins relative to losses (significant at right mOFC:
t(28)=−2.22, p= 0.034, but not right NAcc: t(28)=−0.99,
p= 0.327).
Finally, for others’ photos, this 3-way interaction effect was not

significant in any of the studied areas (F(2,85) ≤ 1.58, p > 0.1).

Correlations
As shown in Fig. 5, the own win vs loss contrast estimate at the
NAcc was negatively correlated with Instagram addiction scores in
the NSSI (right: r=−0.40, p= 0.041; left: r=−0.50, p= 0.008) and
NSSI + BPD groups (significant at right: r=−0.49, p= 0.012; but
not left: r=−0.16, p= 0.440), but not in the HC group (right:
r= 0.04, p= 0.810; left: r= 0.14, p= 0.440). It also correlated with
DASS scores, but only in the clinical NSSI + BPD group (right:
r=−0.34, p= 0.075; left: r=−0.43, p= 0.022). BPQ scores did not
correlate with the win vs loss contrast estimates at the left or right
NAcc in any group, p > 0.10.

Table 2. Whole-brain results.

Brain Region MNI coordinates Z value ke

x y z

Medial Frontal Cortex 0 56 −6 6.64 301

Left NAcc −6 12 −14 5.20 8

Right NAcc 12 8 −18 5.02 4

Right Caudate 20 10 20 4.96 4

Left Hippocampus −22 −18 −20 5.04 9

Right Anterior Insula 34 22 −6 5.31 28

Z values indicate peak activations that are significant at p < 0.05, FWE-
corrected at the voxel level, and Ke represents the number of voxels within
each cluster that survive this FWE voxel-wise correction.
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DISCUSSION
This study examined the impact of social media exposure on the
reward system in young women with NSSI. Using a novel social

reward task that uses naturalistic stimuli to simulate interactions
on Instagram, we found that participants with NSSI showed
altered social reward processing compared to healthy controls. On

Fig. 3 Whole-brain Win vs Loss Contrast for participants’ own photos. Neural activations are shown at p < 0.001 for demonstrational
purposes, and voxels that survive the FWE correction (p < 0.05) are overlaid and shown in yellow. Notice the pattern in key regions of the
reward network (NAcc and Caudate); the contrast estimate decreases as clinical severity increases. Note. p < 0.1 *, p < 0.05**, p < 0.01 ***,
p < 0.001 ****.
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the one hand, the clinical group (NSSI + BPD) exhibited blunted
activity in key regions of the reward network (e.g., NAcc, medial
frontal cortex, caudate) when receiving social rewards vs punish-
ments, as well as a complete opposite pattern in the right mOFC
and NAcc when processing social punishments. On the other
hand, the subclinical participants (NSSI group) exhibited an
intermediate profile between the HC and NSSI + BPD groups
across all fMRI analyses, indicating a continuum of clinical severity
mapped onto the reward system. Finally, the neural signal in the
NAcc was negatively associated with Instagram addiction in the
NSSI groups but not in the HC group, suggesting that problematic
social media use in NSSI may be related to altered neural
processing of social rewards.
Blunted reward-system activity in the NSSI + BPD group when

receiving social rewards vs punishments is consistent with prior
research indicating an impaired discrimination between positive
and negative social situations [65] and a negative bias in decoding
social rewards in BPD [66]. Indeed, previous studies suggest that
BPD patients feel excluded even when they are socially included
[67, 68] and show attenuated positive affect in response to
positive social feedback [69–71].

Complementarily, the ROI analysis revealed that the blunted
reward-system activity observed in the whole-brain analysis for
the NSSI + BPD group may result both from reduced activation to
wins and increased activation to losses. In this group, increased
activity in the right mOFC and NAcc when receiving negative
comments (see Fig. 4) and higher ratings of these comments as
unpleasant (see Fig. 2E) may suggest that negative social feedback
is more engaging for this population. This aligns with previous
studies showing increased NAcc activity for highly engaging-
highly unpleasant experiences, such as near-misses in slot
machine games [72], supporting the role of this area in
invigorating behaviours with unpleasant outcomes. We propose
that this aberrant recruitment of reward regions in response to
negative social feedback may underlie social cognition deficits in
BPD, including attentional bias towards negative stimuli [73] and
updating of self-evaluations [74] and expectations of social
acceptance [75] with negative vs positive social feedback. More
importantly, this heightened activation may reinforce, rather than
diminish, behaviours that lead to unpleasant social outcomes,
potentially explaining why these patients struggle to learn from
negative social feedback [76].

Fig. 4 Group X Cue X Outcome interaction for participants’ own photos in the right NAcc (upper panel) and the right medial OFC (lower
panel) ROIs.
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Interestingly, current fMRI results reveal a continuum of
activation in reward-related regions (e.g., NAcc and caudate),
covering the spectrum from HC to NSSI + BPD, with the NSSI
group displaying an intermediate activation that bridges the
pattern observed in the other two groups. Notably, while
subclinical NSSI participants showed intermediate activation in
the NAcc and the caudate, they displayed similar activation to the
NSSI + BPD group in regions related to negative feedback
processing, such as the hippocampus and anterior insula
[77, 78] (see Fig. 3) and similar activation to the HC group in
regions related to positive feedback processing (e.g., medial
frontal cortex [79]). This may suggest that subclinical participants
with NSSI may have an impaired sensitivity to negative social
feedback, while their sensitivity to positive social feedback
remains intact. Behavioral data further support this notion, with
the subclinical NSSI group rating the negative comments as
unpleasant as the NSSI + BPD group, but the positive comments as
pleasant as the HC group (see Fig. 2D & E). Finally, self-report data
further support this selective vulnerability to negative feedback in
subclinical participants, with the NSSI group reporting similar
social punishment sensitivity as the NSSI + BPD group, and similar
social reward sensitivity as the HC group (see Table S1).
Taken together, our findings help better characterize the social

reward dysfunction associated with subclinical and clinical NSSI,
refining our understanding of NSSI behaviours with and without
comorbid BPD and helping to develop better-targeted interven-
tions for each group. While the cross-sectional nature of our study
can only allow us to describe the neural characteristics of the three
groups at a single time point, our findings may serve as a basis for

future longitudinal studies to explore whether there is a linear
developmental trajectory from NSSI to BPD and whether the
neural alterations observed in the NSSI group represent precursors
to those seen in BPD. Given prior research suggesting that NSSI
and BPD might represent a developmental continuum [65, 80, 81],
starting with an increased sensitivity to negative social feedback in
NSSI that may generalize to positive social feedback in BPD [81], it
may be interesting for longitudinal studies to use our fMRI
paradigm to identify whether and which individuals in the
subclinical group may eventually develop BPD.
Conclusively, this study used a more naturalistic experimental

task than previous studies, providing better insight into how a
healthy brain functions during real-life social media use and how
this may be altered in individuals with repetitive NSSI behaviours.
A potential limitation is that the negative comments we used were
of moderate intensity due to ethical concerns, potentially making
them less harsh than those encountered in real-life scenarios.
Negative comments in real-life social media interactions may lead
to stronger responses than those our study was able to elicit,
particularly among the NSSI groups. Also, since our study focused
on women and used Instagram-derived stimuli, findings may not
generalize to men or other platforms (e.g., Tik-Tok). Finally,
although we controlled for medication load in the fMRI analyses,
including BPD outpatients on psychotropic medication with
potential comorbid mental disorders (e.g., mood disorders) could
be a limitation.
Despite these limitations, our naturalistic design and inclusion of

three groups (for the only three-group studies to date, see
[49, 50, 81, 82]) make our study a pioneer in the field and a key

Fig. 5 Correlations between win vs loss contrast estimates (for participants’ own photos) and self-report measures of Instagram addiction and
clinical severity in the NSSI and NSSI+ BPD groups.
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step in identifying social reward alterations linked to NSSI,
independently of BPD. Results reflect a continuum of severity
mapped onto the reward system, with social media-related reward
processing alterations found in both clinical and subclinical popula-
tions with NSSI. Importantly, these neural alterations were linked to
depression, anxiety, and stress symptoms in the NSSI + BPD group,
and to problematic social media use in both NSSI groups, but not in
the HC group. While these associations between NAcc activation and
Instagram addiction severity are unique to the NSSI groups, this is not
sufficient to support that NSSI may serve as a vulnerability marker for
social media addiction. Indeed, these specific neural associations in
the NSSI groups may also be due to difficulties in emotion regulation
present in both NSSI [83] and social media addiction [84]. Taken
together, findings support dimensional approaches that emphasize
the continuum of mental health and illness (e.g., Research Domain
Criteria (RDoC) project [85]), and they offer a more nuanced
understanding of the impact of social media on mental health.
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