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Abstract 
Negative self-referential bias (NSB) is a core feature of 
depression, yet its neural correlates and relevance for relapse 
remains unclear. This study examined whether behavioral and 
neural markers of NSB predict relapse following prophylactic 
psychotherapy. In a two-year prospective fMRI study 
embedded within a randomized trial of Mindfulness-Based 
Cognitive Therapy and Well-being-focused Cognitive 
Therapy, remitted depressed outpatients completed a self-
referential encoding task before and after treatment and were 
followed longitudinally. NSB predicted greater depressive 
symptoms but not relapse. In contrast, greater frontal default 
mode network and salience network reactivity during negative 
self-referential processing predicted relapse. Whole-brain 
analysis identified elevated prefrontal activation and 
somatosensory deactivation as relapse biomarkers, with 
treatment-related attenuation of somatosensory deactivation 
predicting lower relapse risk. Somatosensory deactivation 
emerged as the strongest overall predictor of relapse. These 
findings suggest that relapse vulnerability reflects not only 
exaggerated prefrontal negative self-processing but also 
insufficient recruitment of somatosensory systems supporting 
embodied self-experience.   

Keywords: Depression; fMRI; Self-Reference; Relapse; 
Sensory Deactivation; Negative Self 

Introduction 
Major Depressive Disorder (MDD) is among the most 
prevalent psychiatric conditions (Kessler et al., 2012) and a 
leading cause of disability worldwide (Herrman et al., 2022). 
MDD is highly recurrent; over half of individuals diagnosed 
with MDD experience multiple episodes, developing a more 
chronic course of illness (Burcusa & Iacono, 2007; Eaton et 
al., 2008; Monroe & Harkness, 2011).  

Given its recurrent nature, elucidating the cognitive and 
neural mechanisms underlying depression vulnerability is 
critical. Vulnerability has long been linked to negative self-
referential bias (NSB), whereby individuals engage in self-
criticism, preferentially endorsing negative over positive 
traits (Brockmeyer et al., 2015; LeMoult et al., 2017; 
Pyszczynski et al., 1987; Watkins & Teasdale, 2004) —a bias 
associated with greater symptom severity (Bradley & 
Mathews, 1983; Gotlib et al., 2004; Timbremont & Braet, 
2004). 

At a neural level, the dorsal nexus hypothesis (Sheline et 
al., 2010) posits that excessive self-criticism and rumination 
in depression stem from resting-state hyperconnectivity of 
dorsal medial prefrontal cortex with three large-scale brain 
networks: the Default Mode Network (DMN), the Central 

Executive Network (CEN), and the Salience Network (SN). 
Critically, frontal DMN regions such as dmPFC support 
evaluative self-referential processing, the appraisal of self-
relevant information for personal meaning and affective 
significance, which is functionally distinct from the 
autobiographical self-reference associated with posterior 
DMN regions such as precuneus(Buckner & Carroll, 2007; 
Lemogne et al., 2012). In parallel, SN regions including the 
anterior cingulate cortex contribute to assigning personal 
meaning to negative information and sustaining attention 
toward affectively relevant content (Burklund et al., 2014; 
Disner et al., 2011; Jiang, 2024). Frontal DMN and SN 
regions therefore represent the most theoretically motivated 
targets for paradigms probing self-critical evaluation.  

Empirical evidence confirms prefrontal 
hyperconnectivity in active depression (Bertocci et al., 2023; 
Chou et al., 2023; Lemogne et al., 2010; Sabbah & Northoff, 
2025; Sheline et al., 2009) and recurrent episodes (Bertocci 
et al., 2023; Dunlop et al., 2023; Hamilton et al., 2012). In 
addition to connectivity abnormalities, prior work has 
implicated altered task-related activation in frontal regions 
including medial prefrontal cortex, DLPFC, and anterior 
cingulate cortex during self-referential processing in 
depression, suggesting these regions also support dysphoric 
self-focus during task performance (Li et al., 2017; Lou et al., 
2019; Nejad et al., 2013). Yet, the extent to which 
abnormalities across these systems support dysphoric self-
referential bias that promotes episode return remains unclear. 

Vulnerability may stem from more than aberrant 
prefrontal processing alone. Emerging research implicates 
abnormal sensorimotor activity as an additional candidate 
vulnerability factor (Farb et al., 2011, 2022; Ray et al., 2021; 
Seth & Friston, 2016). Sensorimotor systems may support a 
more embodied representation of present-moment experience 
(Farb et al., 2007). Consistent with this view, prior analysis 
from the current cohort implicated both interoceptive and 
sensory deactivation, including the somatosensory cortex, 
insula, and visual cortex, with future relapse vulnerability 
(Farb et al., 2022). Related functional connectivity findings 
have likewise highlighted sensorimotor dysfunction as a 
potential predictor of MDD recurrence (Ray et al., 2021).  

The present study integrated indicators of NSB, prefrontal 
and sensorimotor processing, and the impact of prophylactic 
intervention in a single prospective study of MDD 
vulnerability. We operationalized NSB via patterns of both 
behavioral self-endorsement and neural (fMRI) activity—

5379
In G. Boleda, I. Dautriche, M. Maldonado, C. Saldana and T. Torrent (Eds.), Proceedings of the 48th Annual Conference of the Cognitive
Science Society ©2026 the author(s). This work is licensed under a Creative Commons Attribution 4.0 International License (CC BY).



searching for indicators of future depression vulnerability in 
remitted individuals undergoing prophylactic psychotherapy. 

We hypothesized that greater NSB would predict future 
relapse (primary hypothesis), higher depressive symptoms, 
and lower decentering, a measure of psychological distancing 
(secondary hypothesis). We also hypothesized that relapse 
would be predicted by dysphoric self-referential brain 
activity, indexed by greater activation for negative than 
positive traits within frontal regions of the DMN and SN, as 
well as by stronger functional connectivity between these 
regions (primary hypothesis). Finally, we hypothesized that 
non-relapsers would exhibit treatment-related reductions in 
somatosensory inhibition during self-referential processing, a 
dynamic biomarker reflecting changes in relapse 
vulnerability (secondary hypothesis). 

We conducted a prospective neuroimaging trial of 
prophylactic psychotherapy aimed at reducing depression 
relapse vulnerability. Participants underwent fMRI scanning 
before and after the intervention and were followed for two 
years. Self-referential processing was assessed using the Self-
Referential Encoding Task (SRET) a validated paradigm 
(Derry & Kuiper, 1981) for measuring trait endorsement 
patterns and corresponding neural activations. 

Methods 
Fully remitted participants were randomized to receive eight 
group sessions of either Mindfulness Based Cognitive 
Therapy (MBCT) (Segal et al., 2012) or Cognitive Behavior 
Therapy with a Well-Being focus (WB-CT) (Fava, 2016) 
before entering a 2-year follow-up period. Participants 
completed fMRI and self-report assessments both before and 
after treatment. All provided informed consent under a 
protocol approved by the institutional review board at the 
Centre for Addiction and Mental Health (CAMH), and the 
study was pre-registered on the Open Science Framework 
(https://osf.io/s4n8j).  

Participants 
Eligibility criteria required that remitted depressed 
participants (1) did not currently meet a diagnosis of Major 
Depressive Disorder (MDD) according to DSM-IV criteria, 
(2) scored ≤12 on the Hamilton Depression Rating 
Scale (HRSD-17), (3) had ≥1 previous episode of MDD, (4) 
were between 18 and 65 years of age, (5) English speaking, 
and could provide informed consent. Excluded participants 
were (1) confirmed of a current diagnosis of Bipolar 
Disorder, Substance Abuse Disorder, Schizophrenia, or 
Borderline Personality Disorder, and (2) currently receiving 
psychotherapy or practicing meditation > once per week or 
yoga > twice per week. 

The neuroimaging subsample did not differ from the parent 
trial sample on demographic or clinical variables (Farb et al., 
2018; Segal et al., 2019). A final sample of 81 participants 
completed both baseline and post-intervention scans and with 
adequate behavioral task variance. 

Randomization, Masking, and Intervention 
Eligible patients were randomized in blocks of four, using 
computer generated quasi-random numbers, to receive eight 
weekly group sessions of either MBCT or WB-CT. 
Randomization was performed by the study coordinator via a 
randomization table; investigators were blind to group 
allocation during the intervention and follow-up assessment 
periods. Details of the prophylactic psychotherapy 
interventions are reported elsewhere (Farb et al., 2018) 

Assessment and Outcomes 
The primary outcome was time to relapse, defined as meeting 
DSM-IV criteria for a major depressive episode. Following 
treatment, participants entered a 2-year follow-up period 
during which relapse status was monitored every two months 
confirmed using SCID and HRSD-17 scores ≥16. Residual 
symptoms, lingering depressive symptoms after clinical 
remission, and decentering, reflecting psychological distance 
and perspective-taking (Segal et al., 2019), were also 
examined longitudinally across the follow-up interval.  

Functional Magnetic Resonance Imaging Task 
Participants completed the SRET during fMRI at baseline 
and post-treatment, consisting of two 80-trial runs of the self-
referential bias task, interleaved with a dysphoric mood 
induction task  (Farb, 2010; Farb et al., 2011, 2022). On each 
trial, participants viewed a cue (self, other, or case) paired 
with a trait word (positive or negative) and made a yes/no 
response for endorsement. In the self condition, participants 
judged whether the adjective described themselves; in the 
other condition, they judged whether the adjective described 
another person; and in the case condition, they made a non-
self-referential perceptual judgment about the word (i.e., 
whether the word was presented in upper- or lowercase 
letters). Thus, the self and other conditions indexed 
evaluative processing, whereas the case condition served as a 
non-evaluative comparison. Unlike our prior report in this 
cohort, which focused on neural responses related to 
dysphoric mood induction, the present study focuses on self-
referential encoding and its relation to relapse vulnerability. 
The present analyses focused on behavioral and neural 
responses during the SRET conditions. Each fMRI session 
included two blocks of 48 task trials and 32 fixation trials. 
fMRI acquisition and preprocessing parameters were 
performed using a standardized pipeline. Briefly, functional 
images were spatially smoothed with an 8 mm FWHM 
Gaussian kernel, and first-level SPM models applied a 180 s 
high-pass filter and included motion regressors, CSF signal, 
framewise displacement, and aCompCor components as 
nuisance covariates. 

SRET endorsement patterns were analyzed to derive 
participant-level positive and negative self-endorsement 
rates. Endorsement rates for positive and negative words 
were separately calculated as the proportion of “yes” 
responses across all valid trials of the corresponding valence. 
NSB was quantified as the behavioral index ratio of negative 
to positive endorsement rates at baseline and post-
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intervention. To mitigate the influence of outliers, self-
referential bias scores were winsorized at the 5th and 95th 
percentiles. 

Statistical Analysis  
Positive and Negative Endorsement Neural Activity 
Whole-brain, voxel wise analyses were conducted on 
participants (N = 81) who completed both fMRI scanning at 
pre- and post-intervention with adequate behavioral task 
variance. At the first level, event-related general linear 
models in SPM12 modeled the self, other, and case 
conditions, each crossed with positive and negative valence. 
Standard motion parameters and global CSF signals were 
included as nuisance regressors (Birn, 2012; Kong et al., 
2012). Contrast images for each Condition × Valence 
combination were generated for each participant and session. 
At the second level, these contrasts entered a mixed factorial 
model with within-subject factors of time (baseline, post-
intervention), condition (self, other, case), and valence 
(positive, negative). Positive and negative endorsement rates 
were included as between-subject covariates to account for 
individual differences in endorsement bias. Exploratory 
conjunction analyses tested two opposing endorsement-
related neural response profiles: (1) self-criticism: regions 
associated with decreases in positive endorsement and 
increases in negative endorsement, and (2) self-affirmation: 
regions associated with increases in positive endorsement 
and decreases in negative endorsement. Conjunction analyses 
were performed by thresholding each component contrast at 
p=√.005, yielding a conjoint significance level of p =.005, 
with cluster extent k=400. Modelling self-criticism and self-
affirmation in separate covariate models (as opposed to a 
single model with both covariates) did not meaningfully alter 
the observed response pattern. 

Associations of Self-Referential Bias and Depression 
Vulnerability Survival analyses were conducted to 
investigate whether NSB predicted relapse risk. Mixed-
effects models examined associations between NSB, residual 
symptoms and decentering, adjusting for age, gender, past 
depressive episodes, and antidepressant medication (ADM). 
Additional linear mixed-effects models assessed whether 
baseline, and post-treatment NSB predicted residual 
symptoms and decentering over the follow-up period, 
controlling for the prior timepoint value, time, past episodes, 
age, and ADM. Variance Inflation Factor values for all 
covariates were below 5 and above 0.2, indicating no 
multicollinearity concerns. 

Dysphoric Self-Referential Activity and Connectivity 
within frontal DMN and SN and Relapse Vulnerability 
Dysphoric self-referential activity was quantified using 
region of interest (ROI)-based extraction from a priori 
anatomical masks derived from the Harvard–Oxford cortical 
atlas. The frontal DMN was defined as a dorsomedial 
prefrontal cortex (dmPFC) mask created by combining the 
superior frontal gyrus and paracingulate gyrus. The frontal 

SN ROI was defined as the anterior cingulate cortex (ACC), 
using the anterior portion of the cingulate cortex from the 
Havard-Oxford atlas. For each participant and session, 
contrast images for Self-Negative and Self-Positive 
conditions were extracted and median activation values were 
computed within each ROI. The median was used as a robust 
summary measure to reduce the influence of extreme voxel 
values within the mask; this approach was preregistered. 
Dysphoric self-referential activity was indexed as the Self-
Negative minus Self-Positive difference within each ROI, 
yielding separate frontal DMN and frontal SN metrics. 

Functional connectivity between frontal DMN and SN 
was estimated using ROI-based correlations of denoised 
voxelwise BOLD time-series. For each participant and 
session, voxelwise time series were extracted from the 
anatomically defined dmPFC and ACC masks across the full 
task runs,  mean-centered, band-pass filtered, and denoised 
by standard motion parameters and global CSF signal (Birn, 
2012; Kong et al., 2012). Between-network and within-
network connectivity were quantified as the mean Fisher z–
transformed correlation between all frontal DMN and SN 
voxels.  

Dysphoric self-referential activity and connectivity 
measures were entered into mixed-effects models comparing 
relapsers and non-relapsers, controlling for ADM, past 
episodes, residual symptoms, and their interaction with time. 
Cox proportional hazards models further tested whether 
frontal DMN and SN dysphoric self-referential activity 
predicted relapse, adjusting for baseline and post-treatment 
residual symptoms, ADM, and past episodes. Preregistration 
deviations are detailed on the Open Science Framework 
(https://osf.io/s4n8j). Briefly, preregistration deviations 
included replacing the endorsed-only contrast with the Self-
Negative > Self-Positive contrast due to insufficient endorsed 
trials, using a priori anatomical ROIs rather than participant-
specific functional-anatomical intersections, adopting the 
Self > Case contrast for later whole-brain analyses following 
sensitivity analyses, and not entering interoceptive 
dysfunction variables separately because they loaded onto the 
residual symptoms factor. 
 
Static and Dynamic Neural Markers of Relapse 
Vulnerability during Self-referential processing Whole-
brain static and dynamic neural markers were derived from 
the Self > Case contrast. First-level models estimated self, 
other, and case conditions collapsed across valence, and 
resulting contrasts were entered into second-level analyses to 
distinguish static vulnerability markers from dynamic 
treatment-related changes. 

Static markers were identified from the Relapse > Non-
Relapse and Non-Relapse > Relapse contrasts within a 2 
(Time: baseline, post-intervention) × 2 (Relapse status: 
Relapse, Non-relapse) × 2 (Treatment: MBCT, WB-CT) 
mixed factorial model. Thus, “static” refers to stable 
between-group differences in self-referential processing 
between relapsers and non-relapsers across assessment 
timepoints. Dynamic markers were identified using a 
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conjunction analysis isolating regions showing consistent 
increases among non-relapsers across both time points (non-
relapse growth) and regions where increases were greater in 
non-relapsers than relapsers at post-intervention session. 
Thus, “dynamic” refers to treatment-related changes in neural 
activity associated with non-relapse. Whole-brain results 
were thresholded at p<.005, cluster extent k=400, and FDR 
corrected at p<.05. 

Parameter estimates from all significant ROIs were 
entered into mixed-effects models comparing relapsers and 
non-relapsers, while controlling for ADM, past episodes, 
residual symptoms, and their interaction with time. To 
identify optimal neural thresholds for relapse prediction and 
treatment response, receiver operating characteristic curve 
analyses were conducted using the cutpointr package(Thiele 
& Hirschfeld, 2021). Cox proportional hazards models tested 
whether static and dynamic markers, separately and jointly, 
predicted relapse, adjusting for baseline and post-treatment 
residual symptoms, ADM, and past episodes. 

Results 
Participants who relapsed reported higher residual depressive 
symptoms (d = .59) and fewer days well (d = -1.10) than non-
relapsers, with no other demographic or clinical differences 
observed. 

Self-Referential Patterns of Relapse Vulnerability 
We first characterized behavioral and whole-brain neural 
correlates of self-referential bias at the task level. Figure 1. 
shows neural activity correlates of self-criticism (Panel A) 
and self-affirmation (Panel B). Self-criticism was associated 
with higher activations in a broader set of prefrontal and 
posterior regions, including orbitofrontal/insula, cerebellum, 
left dorsolateral prefrontal cortex, left posterior cingulate 
gyrus, and left lateral occipital cortex, whereas self-affirming 
responses were linked to posterior somatosensory regions. 
Higher residual symptoms were positively associated NSB (b 
= .10, 95% CI [.06, .14]), while both Time (b = -.07, 95% CI 
[-.12, -.01]) and Decentering (b = -.04, 95% CI [-.08, -.01]) 
were negatively associated with NSB. However, no 
significant associations between NSB and relapse status were 
observed. 

 

 
 

Figure 1: Neural activity correlates of self-affirmation and 
self-criticism response. Panel A shows self-criticism 

response clusters (red). Panel B shows self-affirmation 
response clusters (blue). 

Frontal DMN–SN Dysphoric Self-Referential 
Activity and Connectivity as Markers of Relapse 
Vulnerability 
Greater dysphoric self-referential activity within frontal 
DMN and SN regions was associated with relapse status 
(DMN: b = .32, 95% CI [.09, .55]; SN: b = .36, 95% CI [.09, 
.63]). Relapsers showed higher baseline dysphoric activity in 
both networks compared with non-relapsers (DMN: b = .32, 
95% CI [.08, .56; SN: b = .36, 95% CI [.09, .63]). A Relapse 
× Time interaction was observed for frontal DMN activity 
only (b = -.32, 95% CI [-.64, -.01]). However, frontal DMN 
and salience network dysphoric activity did not 
independently predict relapse risk in survival analyses. 
Functional connectivity within or between DMN and SN was 
not associated with relapse status. 
 
Static Markers of Relapse Vulnerability and 
Dynamic Markers of Treatment Response 
Figure 2 illustrates whole-brain differences in self-referential 
activity by relapse status. Relapsers exhibited greater 
activation in the left subgenual cingulate (b = .74, 95% CI 
[.28, 1.20]) and right lateral occipital cortex (b = .61, 95% CI 
[.28, .95]), as well as greater deactivation in the right 
postcentral gyrus (b = -.34, 95% CI [-.57, -.11]), compared 
with non-relapsers. Survival analyses indicated increased 
relapse risk associated with elevated subgenual cingulate 
activity (HR = 1.81, 95% CI[1.20, 2.72]), elevated lateral 
occipital activity (HR = 2.07, 95% CI[1.12, 3.84]), and 
greater postcentral deactivation (HR = .26, 95% CI[.12,.58]). 
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Figure 2: Static neural markers of relapse vulnerability 

during self-referential processing. Panel A shows group-
level activation maps by relapse status with higher in red, 

and lower activation in blue. Panel B presents mean 
activation within each region of interest across time.   

 
Dynamic analyses revealed that non-relapsers showed 
attenuated reductions over time in somatosensory and 
associative cortices relative to relapsers, indicating preserved 
engagement of these regions following treatment. Although 
longitudinal changes were observed, no significant treatment 
main effects, treatment-by-time effects, or post-intervention 
treatment effects within the non-relapse group were detected, 
suggesting that these longitudinal neural changes were 
observed across the intervention context.  

A combined survival model incorporated both static and 
dynamic ROIs, adjusting for ADM, past episodes, and 
baseline and post-treatment residual symptoms (Figure 3). 
Higher mean activation in the right postcentral gyrus (HR = 
.16, 95% CI[.05, .52]) and greater increases over time in the 
left supramarginal gyrus (HR = .12, 95% CI[.03, .51]) were 
associated with reduced relapse risk. 

Discussion 
We conducted a prospective neuroimaging investigation of 
prophylactic psychotherapy, aimed at clarifying how self-
referential processing contributes to relapse vulnerability. 
Greater NSB was associated with greater symptom burden 
and lower decentering both at post-treatment and across the 
two-year follow-up. Notably, endorsement patterns did not 
directly predict future depressive episodes. 

Self-criticism, which consisted of affirming negative 
traits and denying positive traits, engaged a broader set of 
prefrontal and posterior regions in the whole-brain analysis, 
including medial prefrontal, orbitofrontal/insula, posterior 
cingulate, and occipital regions, consistent with models 
linking depression to exaggerated self-focused and 
affectively salient processing (Lemogne et al., 2009, 2010, 

2012). This pattern included left DLPFC activation, a core 
node of the CEN, providing exploratory support for the third 
arm of the dorsal nexus hypothesis. DLPFC recruitment 
during negative self-referential processing may reflect 
increased cognitive control demands or compensatory 
regulatory effort in the face of dysphoric self-focus, 
consistent with accounts linking prefrontal control circuitry 
to the maintenance of negative attentional bias in depression 
(De Raedt & Koster, 2010; Johnstone et al., 2007). Within 
preregistered frontal DMN and SN regions, dysphoric self-
referential activity was elevated among relapsers compared 
with non-relapsers. However, these specific ROI measures 
did not independently predict time to relapse in survival 
analyses, suggesting that frontal dysphoric self-referential 
activity may reflect relapse-related group differences without 
robustly forecasting episode timing on its own. 

 

 
 
Figure 3: Integrated Cox Model of Static and Dynamic 
Neural Relapse Markers.  Hazard ratios are shown from the 
combined Cox regression model predicting relapse, 
incorporating both static neural markers and dynamic 
markers reflecting change over the intervention period.  

 
The divergence between behavioral NSB and frontal 

brain activity, where only frontal brain activity distinguished 
relapse status, may reflect the operation of partially distinct 
mechanisms underlying negative self-referential processing. 
Attentional bias toward negative self-relevant information, 
indexed behaviorally by endorsement rates, may primarily 
reflect a conscious, reportable tendency that tracks 
concurrent symptom burden without necessarily driving 
episode recurrence. By contrast, the neural activity patterns 
that predicted relapse, particularly sustained prefrontal 
recruitment during self-referential processing, may more 
closely reflect internal elaboration, an automatic 

5383



amplification and maintenance of negative self-relevant 
content that contributes more directly to relapse risk (Disner 
et al., 2011; Watkins & Teasdale, 2004). These distinctions 
suggest that behavioral and neural indicators of self-
referential bias are best understood as complementary rather 
than redundant markers of depression vulnerability. 

 Whole brain analyses further characterized relapse 
vulnerability, specifically implicating the left subgenual 
cingulate, a region consistently implicated in persistent 
depressive risk and targeted in therapeutic interventions 
(Benschop et al., 2022; Drevets et al., 2008; Mayberg et al., 
2005). Relapsers also showed greater activation in right 
lateral occipital cortex, a region more recently implicated in 
MDD as a site of perceptual disruption (Li et al., 2025; Wu 
et al., 2023), and whose baseline reactivity additionally 
predicted worsening residual symptoms across treatment- 
consistent with evidence that lateral occipital cortex 
hyperactivation reflects difficulty disengaging from negative 
emotional content in depression (Colich et al., 2017). 
Together, these findings align with attentional accounts of 
depression, where excessive engagement with negative 
schema-relevant information is maintained by prefrontal and 
posterior perceptual circuitry (De Raedt & Koster, 2010; 
Johnstone et al., 2007; Pizzagalli & Roberts, 2022). 

By contrast, deficits in self-affirmation were associated 
with aberrant somatosensory processing. Greater positive and 
lower negative trait endorsement recruited the posterior 
somatosensory cortex, and relapsers consistently showed 
greater deactivations in this region, with treatment-related 
attenuation of these deactivations in somatosensory-parietal 
regions characterizing the non-relapse trajectory. Reduced 
somatosensory activity during self-referential processing 
may reflect diminished access to bodily and sensory cues that 
ground self-experience in the present moment (Farb et al., 
2010, 2015), shifting self-evaluation toward more enduring, 
narrative forms of self-awareness that support rigid rather 
than flexible updating of self-relevant information (Farb et 
al., 2007, 2015).  

This interpretation aligns with broader theoretical 
accounts proposing that self-representation is grounded in 
embodied sensory experience and ongoing bodily signals, 
such that accessible interoceptive representations support 
moment-to-moment adaptation while reduced access 
contributes to dysregulated self-processing(Paulus & Stein, 
2010; Seth, 2013; Seth & Friston, 2016). Decentering, a 
construct linked to psychological distance and perspective 
taking (Segal et al., 2019), was negatively associated with 
depressive symptoms and self-critical endorsement but 
positively associated with self-affirmation, suggesting that 
greater somatosensory engagement over treatment may be 
expressed psychologically as an increased capacity to relate 
to self-relevant experience as contextual and changing, rather 
than as fixed evidence of negative self-worth. 

Our combined survival model suggests that 
somatosensory markers explained unique variance in relapse 
risk when static and longitudinal treatment-related neural 
markers were considered together. Higher right postcentral 

activation and greater increases in left supramarginal 
activation predicted lower relapse likelihood, even after 
adjusting for clinical covariates. The left supramarginal gyrus 
may be especially relevant as a dynamic marker because 
treatment-related attenuated deactivations were associated 
with lower relapse risk. This region has been implicated in 
multisensory integration and somatosensory feedback 
(Isernia et al., 2023; Proske & Gandevia, 2012), and has also 
been implicated in emotion processing and regulation in 
psychiatric populations (Gong et al., 2020; Madeira et al., 
2020). Accordingly, increased supramarginal engagement 
over treatment may reflect improved multisensory and 
embodied processing that supports self-affirmation and 
reduces vulnerability to relapse. In contrast, prefrontal 
markers, although predictive in isolation, no longer 
contributed significantly when somatosensory markers were 
included, suggesting that somatosensory markers may 
capture unique protective variance in this sample that is not 
fully accounted for by prefrontal indices alone. 

These findings have important clinical implications. 
Much of the treatment literature focuses on reducing 
prefrontal engagement with negative content, challenging 
self-critical thoughts, reducing rumination, or modulating 
subgenual activity. Our results suggest that strengthening 
access to somatosensory representations may be at least as 
relevant for relapse prevention. Both WB-CT and MBCT 
emphasize updating negative beliefs and cultivating 
embodied awareness (Fava, 2016; Segal et al., 2012), and the 
neural pattern observed here, stronger somatosensory 
engagement predicting reduced relapse risk, provides a 
mechanistic account for why embodied components of these 
interventions may be particularly relevant for long-term 
protection against recurrence.  

Limitations  
Several limitations should be noted. The absence of a healthy 
control group limits conclusions about disorder specificity. 
The sample was demographically homogeneous, restricting 
generalizability. Finally, psychiatric and medical 
comorbidities were not systematically assessed.  

Conclusions  
This study challenges the traditional prefrontal-centric view 
of depression vulnerability by demonstrating that relapse risk 
may depend as much on insufficient recruitment of 
somatosensory systems as on heightened negative evaluative 
processing. Interventions that enhance embodied awareness, 
sensory integration, and bottom-up updating may therefore 
represent promising targets for future treatment optimization. 
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