
What is the Extent of The Evidence for The Neurobiological Corre-
lates of Self-Blame, Shame, and Guilt Relevant to Sexual Assault Sur-
vivors?

Yuktha Puvvaladasu1

Received June 23, 2026
Accepted September 21, 2026
Electronic access October 31, 2026

Background: Sexual assault (SA) is a pervasive global issue with profound and long-lasting psychological sequelae for
survivors. Beyond the well-documented psychological sequelae such as post-traumatic stress disorder (PTSD), depression,
anxiety, and suicidal ideation, SA survivors frequently experience self-blame, shame, and guilt. These psychological constructs
act as significant barriers to recovery. In spite of evidence suggesting a neurological basis for these constructs, no review has
consolidated this literature within the context of SA survivorship. This scoping review addressed the research question: What is
the extent of evidence on the neurobiological correlates of self-blame, shame, and guilt in sexual assault survivors?
Methods: Following Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for Scoping
Reviews(PRISMA-ScR) guidelines, Google Scholar, PubMed, and APA PsycNet were systematically searched for peer-
reviewed studies published in English between 2000-2026 examining the neurobiological correlates of self-blame, shame, and
guilt. The initial search produced 89 records. Following title, abstract, and full-text screening, 11 sources were included,
consisting of eight task-based functional MRI studies, one structural and resting-state MRI study, one positron emission
tomography study, and one systematic review.
Results: Neurobiological patterns emerged across all three constructs, with the prefrontal cortex, anterior cingulate cortex, and
anterior temporal lobe most consistently implicated, alongside neural differences between the constructs.
Conclusions: Significant gaps exist in neurobiological research within SA populations. Understanding these correlates is critical
for developing targeted interventions, and treatments to improve recovery outcomes for SA survivors. Future research should
prioritize the neurobiology of self-blame, shame, and guilt within SA populations.
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Background

Sexual assault (SA) can be defined as nonconsensual sexual
experiences ranging from unwanted sexual contact to physi-
cally forced penetration (Gilmore et al., 2014)1. It continues
to be a critical and pervasive issue, with a nationally represen-
tative survey finding that the reported rates of sexual assault
during early adulthood is 24.6%, while women are more than
2 times more likely to experience unwanted sexual contact,
and 13 times more likely to be raped (Mumford et al., 2020)2.

Experiencing sexual assault is a form of trauma that can
lead to varied reactions in survivors including feelings of
shock, anger, disbelief, fear, powerlessness, and a lack of
control (Serrano-Rodrı́guez et al.,2025)3. In the period dis-
tal to the trauma, survivors may also experience intrusive
thoughts, dissociation, and nightmares (Serrano-Rodrı́guez et
al., 2025)3. While some survivors experience a decline in
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these symptoms over time, others continue to grapple with the
long-term psychological effects of SA.

Multiple types of psychopathology are associated with the
experience of SA survivors. Post-traumatic stress disorder
(PTSD) stands out as one of the most common. and devas-
tating consequences. Research has shown that PTSD is more
prevalent in rape survivors compared to non-sexual trauma
survivors (Nöthling et al., 2022)4. In fact, SA survivors have
a higher risk of developing PTSD compared to survivors of
other trauma types, highlighting the profound psychological
impact of SA (Breslau et al., 2013)5. Given the severity
and persistence of PTSD in SA survivors, the two are widely
viewed together in research and clinical contexts.

Beyond these psychological consequences, SA survivors
experience self-blame, shame, and guilt. Existing research
suggests that these constructs are not simply emotional, but
involve changes in neural correlates (Piretti et al., 2023)6.
In a population study of 4529 adults, severe violence expo-
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sures including child sexual abuse, and adult rape were asso-
ciated with trauma-related shame, and guilt (Aakvaag et al.,
2016)7. Self-blame was examined in a community sample of
1863 female adult SA survivors, and was linked to negative
social reaction, and drinking (Ullman et al., 2014)8. Unlike
broader post-traumatic outcomes like PTSD, depression, and
suicidal ideation, these constructs are self-directed emotional
responses that shape how survivors interpret the assault, and
view themselves in its aftermath. These constructs are of rel-
evance to SA survivorship, as victim-blaming attitudes, and
stigmatizing social responses can be internalized by survivors
impeding disclosure, and help-seeking behavior (Kennedy &
Prock, 2018)9. Because self-blame, shame, and guilt are dis-
tinct in their self-evaluative dimensions, they may implicate
different neurobiological pathways. Treating them as inter-
changeable or subsuming them under general post-traumatic
distress risks obscuring differences in their neural correlates.

Self-blame refers to the attribution of the cause of a trau-
matic event to one’s own actions, assuming the responsibil-
ity of the event, and hindering recovery (Sáez et al., 2020)10.
Trauma survivors irrationally believe that they caused the
events or they could have taken steps to avoid the suffering.
This reinforces negative thoughts about one’s identity, trap-
ping survivors in cycles of self-blame. Shame and guilt are
self-conscious emotions arising from the awareness and eval-
uation of oneself against societal standards (Tangney et al.,
2007)11. Shame functions as an internalized feeling of being
damaged, and broken. Survivors feel worthless and tainted
from the event. Shame becomes a negative evaluation of one’s
entire self. It triggers behavioural changes like social isola-
tion, and withdrawal driven by perceived rejection by oth-
ers (Leary, 2015)12. Guilt involves distress from a negative
moral evaluation of a specific behavior, often perceived as a
transgression or a failure, that had an impact on others or self
(Kudinova et al., 2022)13.Trauma survivors often experience
significant guilt as they feel it is their own behavior and action
that led to the event. Whereas feelings of guilt are confined
to the event, becoming a judgement of one’s behavior in that
event, feelings of shame overwhelm one’s entire identity.

Trauma-related self-schema refers to the set of beliefs
through which SA survivors may interpret the assault and its
consequences for their sense of self. This framing is consistent
with the cognitive model of PTSD, which proposes that nega-
tive appraisals of trauma and its consequences contribute to a
persistent sense of current threat (Ehlers & Clark, 2000)14.
Within this framework, self-blame reflects an attribution of
responsibility to the self, whereas shame and guilt are com-
monly classified as self-conscious moral emotions. Under the
widely used distinction between evaluations of the self and
evaluations of behavior, shame involves a negative appraisal
of the whole self, whereas guilt concerns a specific action or
behavior (Tangney et al., 2007)11. Although all three con-

structs involve self-referential processing, their dominant ap-
praisals differ: responsibility attribution in self-blame, global
self-evaluation and perceived social evaluation in shame, and
behavior-specific moral appraisal in guilt. At the neural level,
self-referential processing has been linked to the default mode
network, social cognition particularly to the medial prefrontal
cortex and temporoparietal junction, and moral cognition to a
distributed network that may contain distinguishable cognitive
and affective components (Lanius et al., 2020; Van Overwalle,
2008; Bzdok et al., 2012)15–17. These general findings do not
establish distinct neural patterns for self-blame, shame, and
guilt in SA survivors. Instead, they provide a theoretical basis
for examining whether these constructs have partially overlap-
ping but distinguishable neurobiological correlates.

While neurobiological research on self-blame, shame, and
guilt exists, it is predominantly in populations that do not in-
clude SA survivors. Moreover, the studies that examine these
constructs in SA survivors simply focus on the psychological
mechanisms rather than the neurobiological underpinnings.
Understanding the neurobiology of these constructs would
help to develop treatments that are better suited for treating
SA victims, as these constructs only worsen recovery after the
event.

Despite growing evidence suggesting the profound role of
self-blame, shame, and guilt in SA recovery and the associated
neurobiological correlates, consolidation of such literature in
the context of sexual assault survivorship is yet to be seen.
A scoping review was the most relevant methodology for this
area since literature in this area is quite limited. This scoping
review was conducted to systematically map existing research
and identify existing gaps in this area. Therefore, the follow-
ing research question was formulated: What is the extent of
the evidence for the neurobiological correlates of self-blame,
shame, and guilt relevant to sexual assault survivors?

Methods

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses Extension for Scoping Reviews (PRISMA-
ScR) framework was used as the methodological framework
for this scoping review.18 A scoping review was used to syn-
thesize existing evidence, and identify current gaps in research
within this field and topic.

A formal review protocol was not registered and does not
exist for this research project since it was conducted as an in-
dependent student research project.

To be included in the review, articles needed to examine the
psychological and/or neurobiological dimensions of shame,
guilt, or self-blame as constructs. This included participants
of any age, gender, or ethnicity, which includes both clini-
cal groups such as sexual assault survivorship, PTSD pop-
ulations, individuals with trauma-related disorders, as well
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as non-clinical/control populations used as healthy controls
for neuroimaging. A broad range of populations were in-
cluded due to the lack of ample existing literature encompass-
ing solely sexual assault survivor populations. To be included,
empirical studies had to examine self-blame, shame, or guilt
as a clearly defined construct, either through a named mea-
surement instrument or as an explicit experimental condition
linked to a neurobiological outcome. Mention of a construct
only in the introduction or discussion was not sufficient for in-
clusion. Studies were not required to use a validated measure,
but the construct had to be a direct focus of the study. Peer-
reviewed journal articles, including empirical studies, and sys-
tematic reviews, were included. Systematic reviews were in-
cluded to map broader neurobiological patterns across a lim-
ited, and heterogenous evidence base. When systematic re-
views, and primary studies had overlapping evidence, find-
ings were interpreted accordingly to avoid double-counting.
Studies published in the English language between 2000-2026
were included to ensure the feasibility of the review, and their
relevance to modern neuroimaging methods.

Papers were excluded if they included non-human subjects
such as animals to maintain relevance to human neurobiology.
Papers were excluded if self-blame, shame, and guilt were not
explicitly addressed. Studies that did not report or synthe-
size neurobiological evidence concerning self-blame, shame,
or guilt were excluded. Editorials, opinion pieces, conference
abstracts, case reports, government reports, books, preprints,
unpublished theses, and dissertations were excluded to main-
tain credibility and high peer-review standards. Pre-2000 pub-
lications and non-English studies were also excluded. Stud-
ies were considered relevant to sexual assault survivorship if
they examined the neurobiology of self-blame, shame, or guilt
in sexual assault survivors or investigated the neurobiological
correlates of one of these constructs in a clinical or healthy
population.

The following electronic databases were searched: Google
Scholar, PubMed, APA PsycNet. These databases were se-
lected to ensure a comprehensive search of relevant and ex-
isting literature within the fields of neurobiology and trauma.
Google Scholar served as the primary search platform because
of its broad interdisciplinary coverage across psychology, neu-
robiology, and trauma. PubMed was utilized for its cover-
age of biomedical, neuroscience, and neuroimaging literature,
while APA PsycNet was selected for its extensive coverage
of psychological, and behavioral literature. These databases
were searched systematically for relevant papers that were
published between January 2000 and April 2026.

Comprehensive search strings were created for each
database respectively to ensure precise and relevant search re-
sults. For Google Scholar a Boolean keyword search was con-
ducted. For PubMed, Medical Search Headings (MeSH) and
title/abstract tags (tiab) were employed. For APA PsycNet,

descriptors (DE) and Boolean operators were used. Multiple
search strings were created for each database and a filter was
applied to only include studies published from 2000 onwards.
The most recent search was conducted on April 6th 2026, and
all articles collected up to that date were considered for inclu-
sion.

The selection of sources of evidence was conducted through
a two-stage review process. Initially, by using the search strat-
egy in the three databases, studies were included upon screen-
ing of the titles and abstracts. Studies that did not explore
self-blame, shame, or guilt in any context at this point were
excluded. The initial search resulted in the collection of 89
sources. In the second stage, the studies were screened based
on the inclusion and exclusion criteria. The full texts were
screened by excluding articles that did not meet the eligibility
criteria or were not relevant to the research question. This fi-
nal review resulted in a total of 11 papers which became the
included studies for this review.

Data was charted independently. A data-charting form was
developed on Excel to ensure systematic and organized data
collection of all 11 sources. The data charting process was
iterative being continuously updated along the process. Orig-
inally, six articles were charted as a pilot trial helping refine
the categories of data collection. Due to there being no other
reviewers, upon completion of the data charting I did an ex-
amination to ensure data accuracy.

Primary variables included study characteristics (author,
year, and country) and population demographics (sample size
and specific type of trauma exposure). The psychological fo-
cus was strictly categorized by the emotional construct inves-
tigated: shame, guilt, self-blame, or a combination of these
constructs. Furthermore, data was sought regarding neurobio-
logical correlates. In cases where specific biological data was
unavailable, the primary psychological or social focus of the
study was documented to ensure a comprehensive mapping of
the existing literature. A quality assessment of the selected
studies was not performed.

Results

Among the 11 included evidence sources, 10 were empiri-
cal studies and one was a systematic review. Three sources
examined self-blame, three examined shame, and five exam-
ined guilt. One study addressed both shame and guilt but was
placed under the shame category to avoid duplicate counting
(Michl et al., 2014)19. Of the empirical studies, eight used
task-based functional MRI, one used a combination of struc-
tural and resting-state MRI, and one used positron-emission
tomography. Sample sizes ranged from 8 to 95 participants,
with a median of 22, and the studies spanned seven countries.
Only one empirical study directly examined a focal construct
in sexual assault survivors (Berman et al., 2018).20 One sys-
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Table 1 Google Scholar Final Search Strategy

Search 1 (“shame” OR “guilt” OR “self-blame”) AND (“neurobiology” OR “neuroimaging” OR “fMRI” OR
“neural correlates”)

Search 2 (“shame” OR “guilt” OR “self-blame”) AND (“neurobiological” OR “brain” OR “HPA axis” OR
“cortisol” OR “amygdala”)

Search 3 (“shame” OR “guilt” OR “self-blame”) AND (“neurobiology” OR “neural”) AND (“treatment” OR
“therapy” OR “intervention”)

Search 4 (“sexual assault” OR “sexual violence” OR “rape”) AND (“shame” OR “guilt” OR “self-blame”) AND
(“neurobiology” OR “neuroimaging” OR “trauma”)

Search 5 (“PTSD” OR “trauma survivors”) AND (“shame” OR “guilt” OR “self-blame”) AND (“neurobiology” OR
“neural correlates” OR “fMRI”)

Search 6 (“sexual assault survivors” OR “rape survivors”) AND (“shame” OR “guilt” OR “self-blame”) AND
(“treatment” OR “recovery” OR “psychotherapy”)

Figure. 1 Prisma 2020 Flow Diagram of the Study Selection Process

tematic review was treated as a secondary evidence source and
its findings drawn from a primary study were not counted as
independent evidence (Eder-Moreau et al., 2022).21

Self-blame:

Lythe et al. (2015) conducted a functional magnetic resonance
imaging(fMRI) study studying neural patterns of self-blame in

major depressive disorder (MDD). The study showed that dur-
ing self-blame relative to other blame connectivity between
the right superior anterior temporal lobe(RSATL),subgenual
cingulate cortex, and adjacent septal region (SCSR) was
higher for recurring MDD participants than stable MDD. The
hyperconnectivity of RSATL-SCSR was associated with the
recurrence of depressive episodes.22

Berman et al. (2018) conducted a magnetic resonance
imaging (MRI) study of the neural underpinnings of self-
blame, and its association with PTSD in female SA survivors.
Self-blame was negatively correlated with gray matter volume
(GMV) in the lingual gyrus and adjacent intracalcarine cor-
tex. Self-blame had a strong positive correlation with PTSD
symptom severity.20

Eder-Moreau et al. (2022) conducted a systematic review to
examine neurobiological changes in females with PTSD. Self-
blame was correlated with reduced GMV in the lingual gyrus.
Greater activation was observed in the medial prefrontal cor-
tex when negatively viewing one’s own self and qualities.21

Shame:

Lloyd et al.(2021) conducted an fMRI study of military and
public safety-related PTSD compared to civilian moral injury
(MI) exposed controls. The PTSD group showed increased ac-
tivation in the right posterior insula, dorsal anterior cingulate
cortex, and left dorsolateral prefrontal cortex during MI recall.
Higher shame rating were negatively correlated with activity
in the dorsomedial prefrontal cortex.23

Pulcu et al. (2014) conducted an FMRI study examining
amygdala reactivity to shame in remitted major depressive dis-
order(MDD) patients relative to healthy controls. The remit-
ted MDD population displayed greater amygdala and posterior
insula activation to shame relative to guilt.24

Michl et al. (2014) conducted an fMRI study to observe
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Table 2 Characteristics and Neurobiological Findings of the 11 Included Evidence Sources
No. Study and

Setting
Design Sample Trauma

Exposure
Construct Measure/Induction Modality Threshold Principal Neurobiological

Findings
Limitations Relevance to

SA
Survivorship

1 Berman et al.
(2018) 20; Israel

Cross-
sectional
neuroimag-
ing

62 women: 38
SA-exposed, 24
controls

Adult SA;
with/without
PTSD

Self-
blame

SA self-blame
ratings and
trauma
measures

Structural
MRI (VBM);
resting-state
fMRI

p < .05
FDR; β =
−.603, p <
.001

Higher self-blame
associated with decreased
bilateral lingual-gyrus and
intracalcarine GMV.
Lingual-gyrus connectivity
with left anterior temporal
fusiform differed by PTSD
status; inversely linked to
intrusion symptoms.

Cross-sectional;
modest sample;
women only;
causality
unclear

Direct: only
study in adult
SA survivors

2 Lythe et al.
(2015) 22; United
Kingdom

Prospective
cohort
(˜14-month)

95 participants:
56 remitted
MDD (31 stable,
25 recurrent), 39
controls

No trauma
required

Self-
blame

Moral-sentiment
task: self-blame
vs. other-blame

Task-based
fMRI with
PPI

p = .005
uncorrected;
p = .05 FWE

Recurrent MDD showed
increased connectivity
between right superior ATL
and subgenual
cingulate/septal region, right
TPJ, and ventral putamen
during self-blame.
Classification accuracy
75%.

MDD not SA;
not
assault-related;
modest
subgroups;
classifier not
validated

Indirect:
self-blame
connectivity
may inform
SA research

3 Lloyd et al.
(2021) 23;
Canada

Cross-
sectional
clinical-
control

46 participants:
28 PTSD, 18
moral-injury
controls

Moral
injury;
mixed
trauma

Shame Moral-injury
recall with
state/trait shame

Task-based
fMRI;
between-
group

Cluster p <
.05 FDR;
min 10
voxels

PTSD group showed
increased right posterior
insula, dACC, left
postcentral gyrus, and left
dlPFC during recall. State
shame negatively associated
with dmPFC and right
superior frontal activity.

Modest sample;
mixed traumas;
correlational;
not SA-specific

Indirect:
trauma-
related
shame; not
SA-specific

4 Pulcu et al.
(2014) 24; United
Kingdom

Cross-
sectional
case-control

39 participants:
21 remitted
MDD, 18
controls

No trauma
required

Shame Moral-sentiment
task: shame and
guilt

Task-based
fMRI; shame
vs. guilt

p = .005
uncorrected;
p = .05 FWE

Remitted MDD showed
increased right amygdala
and right posterior insula
responses to shame vs. guilt
compared with controls.

Modest sample;
MDD not SA;
induced
emotions may
differ

Indirect:
distinguishes
shame from
guilt neurally

5 Michl et al.
(2014) 19;
Germany

Within-
participant
pilot

14 healthy
adults (7F, 7M)

No trauma
required

Shame
(pri-
mary);
guilt also

Written
scenarios:
shame, guilt,
neutral

Task-based
fMRI; shame
vs. neutral,
guilt vs.
neutral

p < .05
FDR;
fixed-effects

Shame vs. neutral:
increased ACC,
parahippocampal, frontal
activity. Guilt vs. neutral:
increased fusiform, middle
temporal, amygdala, insula.
Partially distinguishable.

Very small
sample;
fixed-effects;
not SA-specific

Indirect:
compares
shame/guilt
patterns; not
SA-specific

6 Takahashi et al.
(2004) 25; Japan

Within-
participant
experimental

19 healthy
adults (10M, 9F)

No trauma
required

Guilt Sentence-based
judgments:
guilt,
embarrassment,
neutral

Task-based
fMRI;
guilt+embarrassment
vs. neutral

p < .001
uncorrected
with extent
criterion

Guilt+embarrassment vs.
neutral: increased mPFC,
left posterior STS, visual
cortex. Embarrassment vs.
guilt: increased right ATL,
bilateral hippocampus,
visual cortex.

Small sample;
contrast
confounded by
embarrassment;
uncorrected

Indirect:
candidate
guilt regions;
not
SA-specific

7 Green et al.
(2010) 26; United
States

Within-
participant
connectivity

25 healthy
adults (12M,
13F)

No trauma
required

Guilt Written
statements: guilt
or indignation

Task-based
fMRI with
PPI; guilt vs.
indignation

p = .01
uncorrected;
p = .05 FWE

Guilt: increased
connectivity between right
superior ATL and subgenual
cingulate/septal region.
Indignation: connectivity
between ATL and lateral
orbitofrontal cortex.

Modest sample;
imagined
actions; not
trauma-related

Indirect: guilt
connectivity
may guide
SA research

8 Gilead et al.
(2016) 27; Israel

Within-
participant
autobio-
graphical
recall

19 healthy
adults (14F)

No trauma
required

Guilt Recall of guilt,
pride, anger, joy
events

Task-based
fMRI; self-
conscious vs.
basic
emotions

p < .001;
min 74
voxels (p <
.05
corrected)

Self-conscious emotions
represented across
mPFC-to-dACC and lateral
dorsal prefrontal regions.
Guilt represented more
dorsally within mPFC than
pride.

Small sample;
combined
contrasts; not
SA-related

Indirect:
neural
organization
of guilt; not
SA-specific

9 Wagner et al.
(2011) 28;
Switzerland

Within-
participant
autobio-
graphical
fMRI

15 healthy
women

No trauma
required

Guilt Autobiographical
recall: guilt,
shame, sadness,
neutral

Task-based
fMRI; guilt
vs. shame
and sadness

p < .001
uncorrected;
min 10
voxels

Guilt vs. shame/sadness:
increased right lateral
orbitofrontal and
paracingulate/dmPFC
activity. Right OFC
positively associated with
trait guilt.

Small
women-only
sample;
uncorrected; not
SA-related

Indirect:
distinguishes
guilt from
related
emotions

10 Shin et al.
(2000) 29; United
States

Within-
participant
PET study

8 healthy men No trauma
required

Guilt Personalized
guilt-provoking
script-driven
imagery

PET
measuring
rCBF; guilt
vs. neutral

Uncorrected
voxelwise
PET; no
whole-brain
correction

Guilt imagery: increased
rCBF in bilateral anterior
temporal poles, ACC, left
anterior insula/IFG;
decreased rCBF in posterior
left insula.

Very small
men-only
sample; older
PET;
uncorrected

Indirect:
early guilt
evidence;
limited SA
applicability

11 Eder-Moreau et
al. (2022) 21;
multiple settings

Systematic
review

56 MRI studies
of women with
PTSD

Mixed
trauma
including
sexual

Self-
blame
(sec-
ondary)

Review:
structural,
task-based,
diffusion,
resting-state
MRI

Systematic
synthesis; no
single
comparison

N/A;
thresholds
varied

Reduced lingual-gyrus
GMV associated with
self-blame; increased mPFC
during negative
self-evaluation.
Lingual-gyrus finding
derived from Berman et al.
(2018).

High
heterogeneity;
not pooled;
lingual-gyrus
not independent
of Berman et al.

Secondary:
broader
PTSD
context; no
independent
SA evidence

Note. SA = sexual assault; fMRI = functional magnetic resonance imaging; MRI = magnetic resonance imaging; PET = positron
emission tomography; PTSD = post-traumatic stress disorder; MDD = major depressive disorder; GMV = gray matter volume;
VBM = voxel-based morphometry; PPI = psychophysiological interaction; FDR = false discovery rate; FWE = family-wise
error; rCBF = regional cerebral blood flow; ACC = anterior cingulate cortex; dACC = dorsal ACC; dmPFC = dorsomedial
prefrontal cortex; dlPFC = dorsolateral prefrontal cortex; mPFC = medial prefrontal cortex; OFC = orbitofrontal cortex; STS =
superior temporal sulcus; TPJ = temporoparietal junction; ATL = anterior temporal lobe.

functional brain activity for specific emotions within a healthy
sample. Shame relative to neutral stimuli increased activation

in the medial and inferior frontal gyrus of the frontal lobe, and
the anterior cingulate cortex and parahippocampal gyrus in the

© The National High School Journal of Science 2026 | 5



temporal lobe.19

Guilt:

An fMRI study conducted by Takahashi et al. (2004) used a
healthy control to examine guilt, and embarrassment. Guilt
relative to neutral stimuli activated the medial prefrontal cor-
tex, orbitofrontal cortex, and anterior temporal lobe (ATL).
These are all regions within the cerebral cortex in the fore-
brain, thus guilt may be seen to be frontally-mediated.25

Green et al. (2010) conducted an fMRI study examin-
ing guilt-specific connectivity patterns. They found selective
functional integration between the right superior ATL and sub-
genual cingulate region when experiencing guilt. This was the
first study to provide evidence of selective functional integra-
tion, observing a connectivity pattern unique to guilt.26

An fMRI study conducted by Gilead et al. (2016) inves-
tigated the neural correlates of self-conscious emotions like
guilt, a negative self-conscious emotion. Guilt activated the
medial prefrontal cortex, dorsal anterior cingulate cortex, dor-
solateral prefrontal cortex, and dorsomedial prefrontal cor-
tex.27

Wagner et al. (2011) carried out an fMRI study to exam-
ine prefrontal activation during guilt relative to shame, and
sadness. Guilt produced greater activity in specific areas of
the right orbitofrontal cortex and paracingulate dorsomedial
prefrontal cortex. Brain regions implicated in emotional and
social processing such as the retrosplenial cortex, left anterior
insula, lingual gyri, and cerebellum were found to be guilt ac-
tivated as well.28

Shin et al. (2000) used positron emission tomography, and
script-driven imagery to induce guilt in the participants. Ac-
tivation increased in anterior paralimbic structures: bilateral
anterior temporal poles, and anterior cingulate gyrus. While
activation decreased in the left insular cortex.29

Looking across the empirical studies, frontal and cingulate
regions came up most consistently, though no single neural
pattern held across all three constructs. For self-blame, find-
ings pointed to anterior temporal and subgenual connectivity
alongside lower GMV in the lingual and intracalcarine cortex.
Shame was more associated with the posterior insula, amyg-
dala, anterior cingulate cortex, and frontal regions, while guilt
showed up more in medial, dorsomedial, and orbitofrontal ar-
eas, along with anterior temporal and subgenual connectivity.
Beyond that, the findings differed quite a bit in terms of which
specific regions were implicated, the direction of effects, and
the imaging methods, populations, and comparison conditions
used. Only one empirical study looked at a focal construct di-
rectly in sexual assault survivors, and none compared all three
constructs in this population. The evidence remains limited
and inconsistent across studies, and the patterns reported have
not been replicated in sexual assault survivor samples.

Discussion

Throughout the included studies, self-blame had a neural cor-
relate centered on the anterior temporal lobe, subgenual cin-
gulate cortex, and lingual gyrus. In a functional MRI study
by Lythe et al., there was a pattern between the RSATL and
SCSR that found hyperconnectivity between these regions
during self-blame relative to other blame. This can be associ-
ated with the recurrence of depressive episodes, implying self-
blame employs a neurobiologically distinct circuit impacting
long-term psychological outcomes.22 Using Structural MRI,
Berman et al. found a negative correlation between self-
blame and GMV in the lingual gyrus.20 While Eder-Moreau
et al. was a systematic review of women with PTSD, and also
found medial prefrontal cortex activation during self-blame.21

Berman et al. directly examined female SA survivors, finding
an association between assault-related self-blame, and lower
GMV.20 Across these studies, the implicated structures in self-
blame processing are the RSATL, SCSR, and lingual gyrus.
Notably, reduced GMV in the lingual gyrus was observed in
the only study directly involving SA survivors.

Across the included studies, experiencing shame was as-
sociated with activity in the prefrontal cortex, anterior cingu-
late cortex, posterior insula, and amygdala. In a healthy sam-
ple, Michl et al. identified activity inthe medial frontal gyrus,
inferior frontal gyrus, anterior cingulate cortex, and parahip-
pocampal gyrus.19 Expanding on this, Lloyd et al. found
that shame during MI recall in PTSD populations elicited in-
creased activation in the right posterior insula and dorsal an-
terior cingulate cortex while state-shame ratings were nega-
tively correlated with dorsomedial prefrontal cortex activity.23

This may be relevant to theories of moral cognition and self-
referential processing. Pulcu et al. showed increased amyg-
dala and posterior insula activity as shame increased in remit-
ted MDD patients.24 Across these studies, the anterior cin-
gulate cortex, and prefrontal regions were most implicated
in shame-processing, while insula activity appeared in both
PTSD, and remitted MDD samples, and amygdala activation
was seen more specifically in remitted MDD populations.

Four of the guilt studies employed task-based functional
MRI, while Shin et al. used positron emission tomography.
Across the included studies, the key regions implicated during
guilt were the medial prefrontal cortex, orbitofrontal cortex,
anterior cingulate cortex, and anterior temporal lobe. Taka-
hashi et al. established guilt as being frontally-mediated, as
medial prefrontal cortex, orbitofrontal cortex, and anterior
temporal lobe activation was found.25 Wagner et al. estab-
lished greater orbitofrontal cortex activation, and dorsome-
dial prefrontal activity during guilt relative to shame and sad-
ness, highlighting these regions as neural markers of guilt.28

This pattern was further corroborated by Gilead et al., addi-
tionally finding dorsolateral and dorsomedial prefrontal cor-
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tex activation, furthering the prefrontal network as central for
guilt-processing.27 In Wagner et al. the left anterior insula,
lingual gyri, and cerebellum were found to be guilt-activated
as well.28 Shin et al. found anterior paralimbic activation,
aligning with the prefrontal pattern observed throughout the
studies and decreased activation in the left insular cortex.29

Green et al.. identified connectivity between the RSATL and
subgenual cingulate region, and adjacent septal region during
guilt relative to indignation.26 Thus, these findings suggest
a frontally-mediated neurobiological pattern in the prefrontal
cortex for guilt, although the studies did not establish a single
guilt-specific neural marker

The clearest overlap across the three constructs was in
frontal and cingulate regions, though what exactly was im-
plicated differed by construct. Self-blame was tied to anterior
temporal and subgenual connectivity alongside lingual gyrus
structure, shame came up more with the anterior cingulate cor-
tex, insula, and amygdala, and guilt was more often linked
to medial, dorsomedial, and orbitofrontal areas. Medial pre-
frontal findings could reflect self-referential processing within
the default mode network (Lanius et al., 2020)15, and ante-
rior temporal and temporoparietal findings may point to social
cognition and moral emotion processing (Bzdok et al., 2012;
Van Overwalle, 2008)16,17. Since the studies differed in popu-
lation, task, and imaging method, these connections should be
treated cautiously.

Sexual assault introduces factors that non-survivor studies
simply cannot account for. Coercion, stigma, victim blaming,
and negative social reactions can work their way into how sur-
vivors think about themselves (Ehlers & Clark, 2000)14, feed-
ing self-blame, deepening shame, and keeping guilt around
long after the event. PTSD and dissociation can further disrupt
how emotional and self-referential processing works. None of
this can be confirmed from the current evidence though, since
only Berman et al. actually examined a focal construct in sex-
ual assault survivors. What was found in MDD, moral injury,
PTSD, and healthy samples should not be read as standing in
for what happens neurobiologically in this specific population.

Limitations

Several limitations of this review require consideration. No
formal quality assessment of the included sources was con-
ducted. As this review aimed to map the available evidence
rather than evaluate it, included studies were not weighted
by methodological quality or risk of bias. Screening, selec-
tion, and data extraction were carried out by a single reviewer,
which raises the possibility of missed studies, extraction er-
rors, or inconsistent eligibility decisions.

The evidence base was also limited and heterogeneous.
Only 11 sources met the inclusion criteria, and just one em-
pirical study directly examined a focal construct in sexual as-

sault survivors. Variation in samples, neuroimaging methods,
construct measurement, and statistical thresholds makes direct
comparisons across studies difficult. The patterns identified
should therefore be read as preliminary rather than definitive.

Much of the available evidence came from healthy partici-
pants or clinical populations not selected on the basis of sexual
assault exposure, so extrapolating finding to SA survivorship
while possible is limited, and should be treated with caution.
Comparisons across these populations are possible because
self-blame, shame, and guilt involve self-referential, social,
and moral processing that is not exclusive to trauma contexts,
and the included studies can therefore point to potentially rel-
evant neural systems. That said, experimentally induced or
general moral emotions may not capture what survivors ex-
perience following sexual assault, where trauma is shaped by
coercion, stigma, victim blaming, post-traumatic stress, and
dissociation. Differences in trauma history, diagnosis, sex and
gender composition, medication use, and task design may all
influence neural responses in ways the current evidence can-
not account for. Findings from non-survivor populations can
therefore inform future directions but should not be taken as
direct representations of what occurs neurobiologically in sex-
ual assault survivors.

Conclusion

This scoping review aimed to map and synthesize the extent
of existing literature on the neurobiological correlates of self-
blame, shame, and guilt relevant to SA survivors. The findings
from this review illustrate indirect, heterogeneous evidence
implicating prefrontal, cingulate, temporal, insular, and visual
regions across mostly non-SA populations, with limited di-
rect evidence in SA survivors. However, there are significant
differences in brain regions from one construct to another. De-
spite growing research, significant gaps exist in neurobiology
research for SA populations especially. Since these constructs
hinder recovery, understanding these neural correlates may
ultimately inform the development of targeted interventions.
SA is a pervasive issue across the globe and the psychologi-
cal consequences are severe and long-lasting. Future research
needs to focus on these existing gaps of SA populations since
understanding these neural correlates may ultimately inform
the development of targeted interventions to help improve re-
covery for SA survivors.

References
1 A. K. Gilmore, R. L. Schacht, W. H. George, K. C. Davis, J. Norris, J. R.

Heiman. Verbal sexual coercion experiences, sexual risk, and substance
use in women. Journal of Aggression, Maltreatment & Trauma. Vol. 23,
pg. 725–739, 2014, https://doi.org/10.1080/10926771.2
014.933462.

© The National High School Journal of Science 2026 | 7

https://doi.org/10.1080/10926771.2014.933462
https://doi.org/10.1080/10926771.2014.933462


2 E. A. Mumford, S. Potter, B. G. Taylor, J. Stapleton. Sexual harassment
and sexual assault in early adulthood: national estimates for college and
non-college students. Public Health Reports. Vol. 135, pg. 555–559, 2020,
https://doi.org/10.1177/0033354920946014.

3 E. Serrano-Rodrı́guez, V. Luque-Ribelles, V. Hervı́as-Parejo. Psychoso-
cial consequences of sexual assault on women: a scoping review. Archives
of Sexual Behavior. Vol. 54, pg. 231–258, 2025, https://doi.org/
10.1007/s10508-024-03013-1.
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extension for scoping reviews (prisma-scr): checklist and explanation.
Annals of Internal Medicine. Vol. 169, pg. 467–473, 2018, https://
doi.org/10.7326/M18-0850.

19 P. Michl, T. Meindl, F. Meister, C. Born, R. R. Engel, M. Reiser, K.
Hennig-Fast. Neurobiological underpinnings of shame and guilt: a pi-
lot fmri study. Social Cognitive and Affective Neuroscience. Vol. 9, pg.
150–157, 2014, https://doi.org/10.1093/scan/nss114.

20 Z. Berman, Y. Assaf, R. Tarrasch, D. Joel. Assault-related self-blame and
its association with ptsd in sexually assaulted women: an mri inquiry.
Social Cognitive and Affective Neuroscience. Vol. 13, pg. 775–784, 2018,
https://doi.org/10.1093/scan/nsy044.

21 E. Eder-Moreau, X. Zhu, C. T. Fisch, M. Bergman, Y. Neria, L. Help-
man. Neurobiological alterations in females with ptsd: a systematic re-
view. Frontiers in Psychiatry. Vol. 13, 2022, https://doi.org/10
.3389/fpsyt.2022.862476.

22 K. E. Lythe, J. Moll, J. A. Gethin, C. I. Workman, S. Green, M. A. Lam-
bon Ralph, J. F. W. Deakin, R. Zahn. Self-blame–selective hyperconnec-
tivity between anterior temporal and subgenual cortices and prediction of
recurrent depressive episodes. JAMA Psychiatry. Vol. 72, pg. 1119–1126,
2015, https://doi.org/10.1001/jamapsychiatry.2015.
1813.

23 C. S. Lloyd, A. A. Nicholson, M. Densmore, J. Théberge, R. W. J.
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