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ABSTRACT

Grief is a universal yet multifaceted emotional response to loss,
profoundly affecting psychological and biological systems. This
review aims to examine the neurobiological mechanisms underlying
grief, with a particular focus on prolonged grief disorder, a condition
characterized by persistent, maladaptive grief symptoms that extend
beyond culturally normative grieving periods. This narrative review
synthesizes recent findings on the neurobiology of grief. Hormonal
dysregulation, such as elevated oxytocin and cortisol levels, plays a
significant role in the physiological response to grief. Epigenetic
modifications of stress-related genes further contribute to individual
variability in grief responses. Neural alterations are observed in key
brain regions associated with memory, emotion regulation, and
attachment, including the amygdala, hippocampus, and prefrontal
cortex. Dysfunction of the hypothalamic-pituitary-adrenal axis,
coupled with disruptions in the default mode network and reward
systems, have been implicated in the persistence of pathological
grief symptoms. These neurobiological disruptions reflect the
interplay among emotional processing, cognitive regulation, and
the stress response during grief. By improving our understanding
of the biological basis of maladaptive grief responses, these findings
provide a foundation for developing targeted therapeutic interventions
and guiding future research to better address the needs of

individuals experiencing prolonged grief.

1 Introduction

one. In this process, the brain must update its

expectations and emotional responses, moving

Grief is a natural and adaptive process that
enables individuals to cope with the emotional
pain of losing a loved one [1]. It is often described
as a journey or learning experience in which the
brain gradually adapts to the absence of a loved

from an attachment-based anticipation of reunion
to the painful realization of loss. Initially,
individuals may experience acute grief characterized
by intense emotional pain and longing for the
deceased [2]. Over time, many people begin to
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adapt as their brains form new neural connections
that help them cope with their loss [3].

However, in some cases, grief can become
prolonged and impair daily functioning, leading
to a condition now recognized as prolonged grief
disorder (PGD). PGD is officially recognized in
the Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition, Text Revision (DSM-5-TR)
and International classification of diseases, 11th
revision (ICD-11) as a distinct clinical condition.
In the DSM-5-TR, it is defined as a persistent
and pervasive grief response lasting at least 12
months in adults (or 6 months in children), with
symptoms such as intense yearning, emotional
numbness, identity disruption, and social or
occupational impairment [4]. Similarly, the
ICD-11 classifies PGD as a disorder of persistent
and disabling grief beyond 6 months, characterized
by profound longing and difficulty adapting
to loss [5]. These criteria distinguish PGD from
normal bereavement, post-traumatic stress disorder
(PTSD), and major depressive disorder (MDD),
all of which involve grief-related distress but
exhibit distinct neurobiological features [6].
This condition reflects a failure of the adaptive
mechanisms of the brain to reconcile the loss,
potentially leading to further psychological
distress [3].

While grief has traditionally been studied
through psychological and sociocultural lenses,
recent advances in neuroscience have begun
to unravel the biological underpinnings of this
complex phenomenon [3]. Emerging research
suggests that grief is not solely a psychological
phenomenon, but involves distinct neurobiological
mechanisms that influence emotional processing,
cognitive function, and stress regulation [7]. This
review synthesizes current findings to provide an
integrated understanding of the neurobiology of
grief, distinguishing normal grief from pathological
manifestations such as PGD.
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2 Methodology

A systematic search was conducted using PubMed
and Scopus, focusing on studies published in
peer-reviewed journals. The search query included
the term “prolonged grief disorder” in combination

77 "

with the terms “neurobiology”, “neuroanatomy”,
“neuroimaging”, “hormones” with the Boolean
term AND with. The articles were selected based
on relevance, recentness, and methodological
rigor. The search was restricted to human studies,
and only peer-reviewed articles were considered.
Additional studies were identified through citation
tracking of key papers.

The inclusion criteria were as follows:
(1) Neuroimaging studies assessing grief-related
brain function or structure; (2) Neuroendocrine
studies examining cortisol, oxytocin, or
inflammatory markers in bereaved individuals;
(3) Comparative studies of PGD, normal grief,
and other psychiatric disorders (e.g., PTSD,
MDD); (4) Longitudinal or cross-sectional studies
examining changes in grief-related neurobiology
over time; (5) Clinical trials investigating phar-
macological or psychotherapeutic interventions
targeting grief-related neurobiological processes;
and (6)Reviews.

The exclusion criteria were as follows:
(1) Studies without neurobiological data (e.g.,
purely psychological self-report studies); (2) Case
reports, letters, conference abstracts, or non-
peer-reviewed studies; (3)Studies focusing on
animal models rather than human participants;
and (4)Articles published in languages other than
English.

The final selection comprised 47 articles, which
were categorized into five primary domains:
Distinct Neural Signatures, Neuronal Circuits,
Hormonal and Neurochemical Alterations in
Grief, Epigenetics, and Promising Interventions

for PGD.
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3 Results and Discussion

Grief has profound effects on the brain, triggering
neurobiological changes that reshape how
individuals cope with loss. Dr. O'Connor
explained that grief is akin to a learning process,
where the brain adapts and rewires itself to
manage the absence of a loved one [2]. This
adaptation involves key brain regions, such as
the anterior cingulate cortex (ACC) and the
amygdala, which are associated with emotional
regulation and memory processing [8]. Grief
can also manifest physically, increasing stress
hormones and the heart rate, impacting overall
health. The attachment bonds formed during
relationships lead to lasting epigenetic changes
[9], making it difficult for the brain to fully accept
the loss. Neurochemical responses, including
oxytocin release, persist even after the person
is gone, reinforcing the pain of grief [10].
Furthermore, grief often manifests physically,
increasing stress hormones such as cortisol,
which can elevate the heart rate and negatively

impact overall health [11]. Understanding these
neurobiological mechanisms can help individuals
navigate grief more effectively and facilitate the
healing process. This knowledge highlights the
importance of supporting the natural ability of
the brain to adapt to loss while also addressing
the physical and emotional challenges that grief
presents.

3.1 Distinct neural signatures

Different stages of grief are associated with
varying levels of activity in specific brain regions,
reflecting the complex neurobiological processes
involved in emotional responses to loss. Grief
is a learning process that requires neural
adaptation [2]. Research has identified several
key areas that show distinct activation patterns
during grief. The key brain regions involved in
processing grief interact with one another to
shape the complex emotion of grief (see Table 1).
e Amygdala: This region is crucial for emotional

processing, particularly for fear and sadness.

During grief, activity in the amygdala increases,

Table 1 Stages of grief and activation patterns of key brain areas

Brain Area Acute Grief Prolonged Grief Disorder Acceptance
Amygdala Increased activity: heightened emotional  Increased activity: ongoing Decreased activity: emotional
distress (anxiety, sadness, fear) emotional intensity responses begin to stabilize
Prefrontal Underactive: difficulty regulating emotions, ~ Reduced activity: difficulty Gradual recovery: improved
Cortex cognitive dysregulation regulating emotions, cognitive  emotional regulation and
dysregulation persists decision-making
Hippocampus Underactive: difficulty forming/retrieving Further underactivity: memory- Improved function: memory
memories, confusion related distress remains retrieval becomes more stable
Nucleus Relatively low activity: emotional responses  Increased activity: craving-like  Decreased activity: reduced
Accumbens  are more acute response, reinforcing emotional attachment reinforcement,
attachment emotional processing stabilizes
Anterior Increased activity: heightened emotional =~ Reduced activity: difficulty More stable activity: improved
Cingulate and pain processing disengaging from grief-related  emotional processing and
Cortex thoughts regulation
Posterior Increased activity: processing emotional Sustained activity: ongoing Decreased activity: reduced
Cingulate memories and connecting to loss emotional and physical emotional connection to the past
Cortex connection to the deceased
Supramarginal Increased activation: heightened emotional ~ Sustained hyperactivation: Decreased activity: improved
Gyrus distress and difficulty integrating grief- associated with impaired cognitive processing of

related information

cognitive inhibition and
persistent grief symptoms

grief-related information
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intensifying emotional responses such as
anxiety, sadness, and distress. Increased
functional connectivity between the amygdala
and other brain regions has been observed,
indicating its role in emotional regulation
during grief [8, 12-15].

Prefrontal Cortex: The prefrontal cortex is
responsible for higher cognitive functions such
as decision-making, emotional regulation, and
social behavior; it typically shows reduced
activity during grief. This reduction can lead
to difficulties in regulating emotions, making
decisions, and maintaining cognitive clarity.
The medial prefrontal cortex is involved
in self-referential thinking and emotional
regulation. Its activation occurs when individuals
process emotions related to their loss, indicating
its importance in managing grief responses
[12, 14-17].

Supramarginal gyrus: The supramarginal gyrus
plays a critical role in phonological processing
and verbal working memory, particularly
during language-related tasks. In grieving
parents, atrophy in the supramarginal gyrus
is linked to deficits in cognitive inhibition,
potentially contributing to intrusive thoughts
and difficulties disengaging from grief-related
memories [17].

Hippocampus: The hippocampus is involved
in memory formation and retrieval. During
the grieving process, the hippocampus often
becomes underactive, leading to difficulties in
both forming new memories and retrieving
old ones. This underactivity can result in
confusion, disorientation, and a distorted sense
of time. The emotional memories associated
with grief are stored in the hippocampus, which
can trigger strong emotional reactions when
recalling these memories. This interplay
between memory and emotion can exacerbate

feelings of sadness and longing, further
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complicating the grieving experience [18].

e Nucleus accumbens: The nucleus accumbens
is associated with reward processing. In
cases of PGD, the nucleus accumbens shows
increased activity. This activation suggests
that reminders of the deceased may trigger a
craving-like response, complicating the grieving
process by reinforcing attachment to memories
of the deceased [8, 12].

o Anterior cingulate cortex: The ACC is engaged
in regulating pain and emotional responses
to stress. It is often more active during grief,
reflecting the brain attempting to process
and manage the emotional pain associated
with loss. The ACC shows reduced activity
in individuals experiencing PGD, indicating a
difficulty in disengaging from grief-related
thoughts and emotions. This underactivity
can hinder effective emotional regulation,
leading to persistent feelings of sadness
and yearning. Conversely, those with non-
complicated grief may exhibit more robust
ACC activation, facilitating better emotional
processing and adaptation to loss [12, 16,
19, 20].

e Posterior cingulate cortex: The posterior
cingulate cortex plays a crucial role in grief
processing, particularly in the retrieval of
autobiographical memories, facilitating the
emotional connection to those memories,
and it processes both emotional and physical
sensations related to loss [12, 19, 20].

3.2 Neuronal circuits

Grief alters cognitive and emotional regulation
by disrupting the default mode network (DMN)
and reward systems, leading to persistent negative
emotions and difficulty in emotional processing
[21]. These disruptions are similar to those observed
in various psychiatric conditions, highlighting

the importance of these networks in maintaining
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emotional balance. Understanding these neural
disruptions can assist therapeutic strategies to
mitigate the impact of grief.

The DMN plays a central role in self-referential
processing and emotional regulation, and its
disruption is a hallmark of PGD. Studies show that
individuals with PGD exhibit hyperconnectivity
between the DMN and reward processing
regions, leading to persistent mental fixation on
the deceased [22]. PGD
reduced dopamine activity, leading to persistent

is associated with

craving and yearning for the deceased, similar
to addiction [23]. Alterations in the DMN have
been linked to emotional-cognitive disturbances,
such as those seen in MDD, where reduced
negative blood oxygenation level dependent
responses in the DMN correlate with depression
severity and negative emotions [21]. In contrast,
PTSD is characterized by hypoactivation of
whereas MDD
shows global DMN hypoactivity, contributing to

prefrontal inhibitory circuits,

rumination [24].

The DMN interacts with other networks such
as the central executive and salience networks,
which regulate its activity. Disruptions in
these interactions can lead to poorly regulated
information processing, a hallmark of many
neuropsychiatric disorders. The interplay between
the DMN and other networks is crucial for
emotional and reward processing, affecting
decision-making and emotional regulation [25].

3.3 Hormonal and neurochemical alterations
in grief

Grief can be seen as a type of “learning process,”
where the brain struggles to reconcile the
memories of the deceased with the new reality
of their absence [2]. This conflict between the
familiar presence of the loved one and their
physical absence disrupts emotional regulation and
cognitive function. The brain finds it challenging
to adapt to life without the loved one, making
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grief an ongoing, dynamic process [3]. Moreover,
the concept of continuing bonds illustrates how
the attachment formed during the relationship
does not disappear with death. Instead, individuals
maintain emotional connections with the deceased,
further influencing the grieving process. These
enduring neural and emotional ties highlight
the complexity of grief and the lasting impact
of attachment on how the loss is processed [26].
As the body experiences stress from the
emotional pain of loss, the hypothalamic-
pituitary-adrenal (HPA) axis is activated, leading
to an increase in cortisol production. Unlike normal
grief, where cortisol levels decline over time,
individuals with PGD maintain elevated cortisol
levels, reflecting prolonged stress activation [27].
This distinguishes PGD from MDD, where
blunted HPA axis responses are more common
[28, 29]. Cortisol, known as the stress hormone,
significantly impacts the brain during grief.
During grief, elevated cortisol levels can have
profound effects on the brain and body [27].
Studies that
experiencing prolonged grief demonstrate altered

have shown individuals
diurnal cortisol slopes, where elevated cortisol
levels persist over time, unlike in normal grief,
where cortisol gradually normalizes [30, 31].
Elevated cortisol levels are associated with
memory impairments, cardiovascular strain,
increased immune vulnerability, and disrupted
sleeping patterns [32, 33]. These physical health
risks can complicate the grieving process and
affect long-term well-being. Thus, the hormonal
imbalance caused by cortisol during grief not
only affects emotional and cognitive functions
but also compromises overall health, making the
grieving process more challenging [28].
Furthermore, gender differences in cortisol
responses have been noted in grief studies. Men
typically exhibit greater cortisol reactivity, whereas
women demonstrate a blunted cortisol response,

likely modulated by estrogen and oxytocin

S Sage

journals.sagepub.com/home/BSA



interactions. These differences may influence
coping strategies, with women relying more on
social support networks, while men may be
prone to maladaptive stress responses [34].

The attachment neurobiology of the brain plays a
pivotal role in shaping our experience of grief.
When we form emotional bonds with loved ones,
neurochemical systems, particularly involving
oxytocin, solidify this attachment [35]. Upon loss,
the neural circuits in the brain associated with
these bonds become activated, leading to intense
emotional responses. Oxytocin plays a crucial
role in the attachment neurobiology of grief by
reinforcing emotional bonds and influencing the
experience of loss. This neuropeptide is associated
with social bonding and attachment, promoting
feelings of connection and security with loved
ones. Emerging evidence suggests that individuals
with PGD exhibit persistently elevated oxytocin
levels, which reinforce attachment bonds and
inhibit emotional detachment from the deceased
[35, 36]. This characteristic distinguishes PGD
from MDD, where oxytocin dysregulation occurs
without persistent attachment activation [37]. A
resting state functional magnetic resonance imaging
study emphasized that individuals with PGD
showed altered resting-state connectivity in regions
associated with self-referential thinking and
emotional regulation, particularly in the DMN.
Oxytocin administration led to changes in DMN
connectivity, suggesting that this neuropeptide
may influence grief-related rumination and
attachment processing [38]. Elevated oxytocin
levels correlate with increased nucleus accumbens

Table 2 Hormonal changes in grief
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activity, suggesting a neurobiological mechanism
for prolonged yearning [39] (Table 2).

Furthermore, interactions among the k-opioid
system, corticotropin-releasing factor (CRF), and
oxytocin have been shown to modulate grief
intensity. Increased x-opioid activity following
the loss of a partner is linked to negative
emotional states, dysphoria, and heightened stress
responses. The CRF system, which regulates stress
reactivity, is upregulated in grief, contributing
to increased distress and prolonged emotional
pain. The interplay between these systems
suggests that grief is not just an emotional
experience but a deeply embedded neurobiological
process that affects stress regulation and reward
processing [40]. The CRF-oxytocin system is
particularly active in maternal grief, where
loss-induced hormonal dysregulation leads to
persistent emotional pain [39, 40]. Brain imaging
has shown that oxytocin interacts with the reward
and stress networks in bereaved mothers, possibly
maintaining an internal representation of the
lost individual [41].

3.4 Epigenetic changes

Epigenetic changes in the brain significantly
influence our perception of grief by altering
gene expression in response to loss [10]. When a
loved one dies, the brain undergoes epigenetic
modifications that can affect emotional and
cognitive processing, particularly in areas such
as the nucleus accumbens, which is involved in
attachment and reward pathways. These changes
can lead to heightened sensitivity to stress and

Hormone/Neurochemical Role in Grief

Effects

Stress hormone, elevated
during grief

Cortisol

Impairs cognitive function (e.g., memory, concentration), weakens
immune response, and disrupts sleep. Elevated levels contribute to

emotional dysregulation.

Oxytocin
and attachment

Involved in social bonding Higher levels are associated with yearning and difficulty in letting go
of the deceased. May enhance social support-seeking behavior.
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emotional pain, making it difficult for individuals

to adapt to their loss [42]. Furthermore, prior life

stressors can interact with these epigenetic
alterations, increasing vulnerability to health
issues and complicating the grieving process

[43]. Grief-related epigenetic changes can affect

several genes, particularly those involved in the

stress response and immune function. Some of
the key genes influenced by grief are shown in

Table 3.

e FKBP5: This gene plays a crucial role in
regulating the HPA axis and the stress
response of the body. Epigenetic modifications
of FKBP5 can lead to heightened cortisol
secretion, increasing susceptibility to prolonged
stress and psychiatric conditions, which are
common in complicated grief [42].

e Nr3cl: This gene encodes the glucocorticoid
receptor, a key component in the bodily
response to cortisol. Stress-related epigenetic
changes often result in the downregulation of
Nr3cl, reducing the ability of the body to
effectively regulate the stress response [43].

e Type 1 interferon-related transcripts: These
genes are involved in immune responses.
Differential expression patterns of these
transcripts have been observed between
individuals experiencing complicated grief
and those with more typical grief reactions,
highlighting alterations in immune function
in response to grief [10].

3.5 Promising interventions for PGD

Interventions for PGD must address the underlying

Table 3 Epigenetic alterations in grief

neurobiological, hormonal, and cognitive
mechanisms that sustain persistent grief-related
distress. Given the complex interplay among
attachment systems, stress regulation, and reward
processing, effective treatments should integrate
behavioral, cognitive, pharmacological, and
neuromodulatory approaches. Though it is
necessary to mention that most of the data are
explorative and preliminary.

Mindfulness-Based Cognitive Therapy (MBCT)
and Mindfulness-Based Stress Reduction have
emerged as promising interventions for regulating
maladaptive grief responses. MBCT has been
shown to modulate DMN activity, particularly
in the medial prefrontal cortex, reducing self-
referential rumination and excessive preoccupation
with loss [44, 45]. Mindfulness practices normalize
HPA axis function, leading to reduced cortisol
reactivity, which is often heightened in PGD [46].
MBCT enhances

emotional regulation, helping individuals shift

cognitive flexibility and

from persistent yearning to adaptive acceptance
of loss.

Social support plays a critical role in buffering
grief-related stress, influencing both psychological
resilience and neuroendocrine regulation. Group
therapy and bereavement support groups have
been linked to lower cortisol levels, suggesting
that social connection may attenuate prolonged
HPA axis activation [47]. Neuroimaging studies
indicate that strong social networks enhance
prefrontal regulatory control, improving emotional
modulation and cognitive reappraisal of grief-
related memories [48]. Expressive Writing and

Gene Function Epigenetic Changes

FKBP5 Regulates the hypothalamic-pituitary-adrenal DNA methylation changes lead to heightened cortisol
axis and stress responses secretion and increased vulnerability to stress

Nr3cl Encodes the glucocorticoid receptor critical for Downregulated expression reduces the ability of the

cortisol regulation

Type I Interferon-related Mediates immune responses
Transcripts

body to effectively regulate stress responses

Differential  expression  patterns observed in

complicated grief versus normal grief
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Narrative Therapy help individuals restructure loss
narratives, decreasing amygdala hyperreactivity
to grief-related stimuli [30].

Grief-focused Cognitive-Behavioral Therapy
(CBT) has demonstrated effectiveness in helping
individuals adapt to loss. CBT encourages
individuals to replace maladaptive thoughts with
adaptive coping mechanisms, facilitating the
integration of loss into personal identity. Research
shows that CBT strengthens prefrontal executive
control, improving top-down regulation of limbic
structures such as the amygdala [49]. Randomized
controlled trials indicate that CBT reduces
intrusive grief thoughts and excessive longing,
which correlate with diminished nucleus
accumbens hyperactivity [50].

Pharmacological approaches for PGD primarily
target dysfunctional reward processing, HPA
axis dysregulation, and attachment neurobiology.
Given the heightened nucleus accumbens activity
in PGD, opioid receptor antagonists such as
naltrexone have gained attention as potential
treatments. Persistent attachment cravings in
PGD share neurobiological similarities with
addiction-like reward reinforcement, suggesting
that opioid antagonism could reduce maladaptive
yearning [8]. A randomized controlled trial
investigating naltrexone for PGD found that it
diminished grief intensity by interrupting the
neural feedback loop that sustains prolonged
attachment distress [51].

Oxytocin administration has been found to
modulate DMN activity, reducing grief-related
intrusive thoughts [38]. While oxytocin may
facilitate emotional healing, excessive oxytocin
signaling has been linked to reinforced attachment
distress, necessitating careful consideration of its
therapeutic use [40].

Given the prolonged cortisol elevation in
PGD, cortisol-regulating treatments have been
hypothesised as potential therapeutic options.

Brain Sci. Adv.

Metyrapone, an HPA axis modulator, has been
hypothesised to reduce prolonged stress responses
in treatment resistant depression by suppressing
excessive cortisol production [52]. An extrapolation
of this hypothesis can be tested for PGD.
Although selective serotonin reuptake inhibitors
are widely used for MDD, they have limited
efficacy in PGD and thus the rationale of
their use is for comorbidities or adjunct to
psychotherapy [53].

Emerging research suggests that grief-induced
neuroplasticity plays a pivotal role in long-term
adaptation to loss. Repetitive transcranial magnetic
stimulation has been shown to enhance prefrontal-
limbic connectivity, which may help counteract
the overactivation of grief-related circuits in
PGD [54].

By combining

cognitive interventions,

neuroplasticity-based therapies, and phar-
macological treatments, a more comprehensive
and personalized approach to PGD treatment can
be developed. Future research should prioritize
identifying individual biomarkers for treatment
thus

medicine approaches for grief disorders.

responsiveness, optimizing precision

4 Conclusion

The neurobiology of grief provides a compelling
framework for understanding the profound
psychological and physical impact of loss.
Hormonal changes, such as elevated oxytocin
levels, indicate the continued activation of
attachment systems in individuals with PGD,
reflecting their difficulty in emotionally adapting
to loss. Epigenetic modifications in stress-related
genes underline the long-term physiological
consequences of grief, influencing both stress
response and immune function. Neural disruptions
in key circuits, including the DMN and reward
systems, reveal how grief alters cognitive and
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emotional regulation, perpetuating the experience
of loss.

These findings highlight the potential of
biomarkers, such as oxytocin levels and epigenetic
markers, to predict vulnerability to PGD and
guide early intervention strategies. Moreover,
the interplay between neural mechanisms and
hormonal pathways underscores the importance
of integrated therapeutic approaches that address
both the psychological and biological dimensions
of grief. Future research should focus on
longitudinal studies to track the progression of
neurobiological changes over time and explore
interventions targeting these mechanisms to
alleviate the burden of pathological grief. By
advancing our understanding of the neurobiology
of grief, we can enhance the support and care
provided to those navigating the complex journey
of bereavement.
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