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- " individuals with Major Depressive Disorder (MDD). MDD is associated with impaired emotional
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; . depression. SAT focuses on strengthening secure attachment and emotional regulation, aiming to
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Functional magnetic resonance improve emotional responses in depressed individuals.
imaging Methods: In this study, 20 patients with MDD underwent SAT. Functional Magnetic Resonance
. Imaging (fMRI) data were collected at three stages: Before treatment, immediately after treatment,
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Extended Abstract

Introduction

Major Depressive Disorder (MDD) is commonly asso- viduals with depression often exhibit biases in perceiving
ciated with disturbances in cognitive and emotional pro- negative emotions and avoiding positive ones. A substan-
cessing, particularly in the recognition and interpretation tial body of research suggests that insecure attachment
of facial emotions. Previous studies have shown that indi- styles, such as anxious or avoidant attachment, are linked
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to a higher risk of depression. Early attachment experi-
ences influence emotional face processing and responses
to others’ emotional cues. In this context, Self-Attach-
ment Therapy (SAT), a computational psychotherapeu-
tic approach developed in 2015, aims to treat MDD by
addressing insecure attachment patterns formed during
childhood. This therapy offers a self-directed protocol to
help individuals with depression regulate attachment-re-
lated issues. Initial clinical evaluations have shown that
SAT is promising for treating MDD, but the underlying
neural mechanisms remain poorly understood. To explore
this, the present study applies Dynamic Causal Modeling
(DCM) to fMRI data to model the neural changes asso-
ciated with SAT and its impact on emotional face pro-
cessing. This study aims to explore the effects of SAT
on the dynamics of the frontostriatal circuit, focusing on
changes in brain regions involved in emotional face pro-
cessing. Specifically, it investigates how SAT modulates
the reward network, including the ventral striatum and
PFC, crucial areas for processing emotions related to at-

tachment and reward.

Methods

This study investigated neural population changes during
a SAT intervention for depression using neuroimag-
ing techniques. Twenty patients diagnosed with MDD
(MDD) were recruited using a convenience sampling
method. Participants were aged between 20 and 60 years,
with a minimum educational level of a high school di-
ploma. Diagnosis was confirmed by a qualified psychi-
atrist using the Structured Clinical Interview for DSM-5
(SCID-5). Patients scored above 21 on the Beck Depres-
sion Inventory and were not receiving any concurrent
therapy except for previously prescribed medication,
which remained unchanged during the study. Written in-
formed consent was obtained from all participants, fol-

lowing a detailed explanation of their rights, potential

benefits, and responsibilities.

Functional Magnetic Resonance Imaging (fMRI) data
were collected at the National Brain Mapping Lab us-
ing a Siemens MAGNETOM Prisma 3-T scanner. Par-
ticipants underwent three scanning sessions: (1) baseline
(pre-intervention), (2) post-treatment (week 12), and (3)
follow-up (three months post-treatment). During each
session, participants completed an emotional face-pro-
cessing task that presented neutral, happy, sad, and
fearful facial expressions for three seconds each, with
a 500-millisecond interstimulus interval. Behavioral re-
sponses were recorded via button presses indicating the
gender of the faces.

The intervention was the SAT protocol, designed to pro-
mote neural flexibility and rewire suboptimal brain cir-
cuits. The therapy’s core principles were based on neu-
roplasticity and long-term potentiation, enabling patients
to sustain therapeutic outcomes independently after com-
pleting the intervention. This treatment consists of 12
therapeutic sessions, each lasting 50 minutes, focusing
on explaining the SAT protocols and discussing partic-
ipants’ experiences. The therapy includes daily struc-
tured exercises that involve visualizing and nurturing
one’s inner child, using positive reinforcement to build
healthy emotional associations. Additionally, it involves
practicing self-compassion and self-soothing techniques
to counteract negative self-beliefs, as well as employing
cognitive and behavioral strategies to restructure thought
patterns.

fMRI data preprocessing was conducted using SPM12.
Images were realigned, spatially normalized to MNI
space, and smoothed using an 8-mm Gaussian filter. DCM
was applied to analyze effective connectivity within the
reward network, focusing on regions of interest such as
the Ventral Tegmental Area, Nucleus Accumbens (NAc),
Caudate, and PFC. Model comparisons using Bayesian

model selection identified the most plausible structural
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and modulatory models based on emotional input.

Group-level differences were analyzed using Parametric
Empirical Bayes (PEB), a hierarchical Bayesian frame-
work to infer connectivity changes across treatment
stages. This method provided robust estimates of neu-
ral dynamics associated with emotional modulation and

therapeutic outcomes.

Results

Results show that before the intervention, the most likely
model family for happy facial stimuli was Family 1, with
Model 10 being the most probable. This model represent-
ed a single-connection modulation from the NAc to the
PFC. For sad facial stimuli, the most probable family was
Family 5, with Model 20 being the most likely. This mod-
el depicted modulation specific to the NAc region.
Immediately after the intervention, the most probable
model family for both happy and sad facial stimuli was
Family 2, with Model 13 being the most likely. This net-
work demonstrated reciprocal modulation between the
NAc and PFC. However, at the 3-month follow-up, the
modulatory patterns reverted to their pre-treatment states,
reflecting a return to the baseline neural connectivity ob-
served before the therapy.

The PEB approach was utilized to estimate group-lev-
el changes in modulated connections across the reward
network. This hierarchical Bayesian method integrates
information across levels of a model to infer parameter
changes at each level, particularly useful for analyzing
complex models or datasets with limited samples.

The PEB analysis revealed significant changes in modu-
lated connections in response to SAT. Results illustrate the
matrix of connectivity changes, highlighting the differenc-
es in modulated connections before and after therapy.

The results suggest that SAT effectively enhanced recip-
rocal connectivity between the NAc and PFC, particular-

ly for processing emotional stimuli. This modulation ap-

pears to play a critical role in mediating the intervention’s
therapeutic effects. However, the observed reversion to
pre-treatment connectivity patterns at follow-up suggests
the potential need for ongoing reinforcement to sustain
these neural changes over time.

Preliminary findings indicate significant changes in the
brain’s reward network following SAT, particularly in the
ventral striatum and PFC. These regions, which are es-
sential for processing rewards and emotional responses,
showed increased connectivity in individuals who com-
pleted the SAT protocol. Additionally, the right hemi-
sphere of the brain, particularly the right PFC, exhibited
modulation in emotional processing regions, aligning
with the therapeutic goals of improving attachment-relat-
ed emotional regulation. The study also found that these
changes persisted even three months after the completion
of the therapy, suggesting lasting effects on emotional

processing and attachment regulation.

Conclusion

This study investigated changes in the emotional modula-
tion of effective connectivity within the reward network
during facial emotion processing at three stages: pre-treat-
ment, immediately post-treatment, and three months
post-treatment in individuals with MDD. The findings re-
vealed distinct patterns of neural connectivity modulation
associated with SAT, emphasizing its role in reorganizing
neural circuits involved in emotional regulation.

Before treatment, the NAc played a dominant role in mod-
ulating emotional processing, particularly for happy and
motivational stimuli, through a bottom-up mechanism.
This unidirectional influence may contribute to emotional
dysregulation and impaired decision-making, commonly
observed in depression. Successful therapy, however,
enhanced reciprocal connectivity between the NAc and
PFC, fostering a more balanced and flexible emotional

processing network. The PFC exerted top-down inhibito-
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ry control over the NAc, modulating impulsive behaviors
and reward-driven responses. At the same time, the NAc
provided feedback to the PFC, refining cognitive process-
es involved in emotional regulation.

SAT appeared to restore the brain’s capacity to experi-
ence positive emotions, as evidenced by increased ac-
tivity for happy faces and reduced activity for sad faces.
These changes suggest improved emotional balance and
resilience, aligning with prior research on the impact
of SAT on emotional regulation and reward networks.
However, the observed reversion of connectivity pat-
terns three months post-treatment underscores the im-
portance of ongoing interventions to sustain these ther-
apeutic effects.

Despite its promising findings, the study faced chal-
lenges due to a small sample size, largely attributable
to COVID-19-related disruptions. Further research with
larger, more diverse cohorts is essential to deepen our
understanding of the complex neural changes underlying

depression treatment.
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