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Background: Gratitude, a positive emotional response to perceived benefits, has evolved
from a philosophical concept to a subject of rigorous neuroscientific inquiry. Emerging
evidence suggests deliberate gratitude practices can structurally and functionally remodel
the brain.

Objective: This review synthesizes contemporary neuroimaging, psychophysiological, and
behavioral research to examine the mechanisms by which gratitude practices induce
neuroplastic changes that promote happiness and resilience.

Methods: A narrative review of literature from 2000-2024 was conducted using PubMed,
PsycINFO, and Google Scholar. Search terms included "gratitude neuroscience,”
"neuroplasticity AND gratitude,” "gratitude intervention fMRI," and "gratitude well-being."
Included studies employed fMRI, EEG, hormonal assays, or longitudinal intervention
designs.

Results: Neuroimaging studies consistently identify a gratitude network involving the
medial prefrontal cortex (mPFC), anterior cingulate cortex (ACC), and ventral striatum.
Longitudinal interventions (e.g., journaling, letters) demonstrate increased activity and
connectivity within this network, coupled with reduced amygdala reactivity to threat.
Psychophysiological data show downregulation of the HPA axis and increased vagal tone.
Behavioral outcomes include sustained increases in subjective well-being, prosocial
behavior, and resilience.

Discussion: Daily gratitude practice acts as a form of cognitive-emotional training that
strengthens reward and social connection pathways via Hebbian plasticity. These practices
may confer resilience by modulating stress-response systems. While promising, limitations
include heterogeneous methodologies and a need for more longitudinal neuroimaging
studies. Gratitude training presents a scalable, low-cost adjunct to clinical and wellness
programs.
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1. Introduction: From Ancient Virtue to

Modern Neuroscience

Gratitude has been revered across civilizations and
epochs—from Stoic philosophers like Seneca who called
it "the greatest virtue" to religious traditions that
position thankfulness as fundamental to spiritual life [1].
Yet only in the last two decades has this profound
human experience moved decisively from the domain of

Correspondence:
Hanieh abdolahzadeh Delkhosh
E-mail: hanyeh.abz_1360@yahoo.com

moral philosophy and theological contemplation into
the rigorous arena of empirical science [2].
Contemporary psychology defines gratitude
operationally as both a transitory emotional state—a
warm appreciation for a specific benefit received—and
as a stable dispositional trait characterized by a
consistent tendency to notice and appreciate positive
aspects of life [3]. This scientific conceptualization has
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enabled researchers to measure, manipulate, and trace
the biological footprints of gratitude with increasing
precision.

The central question animating this field is
deceptively simple: can the deliberate, repeated practice
of feeling and expressing thankfulness durably alter the
functional architecture of the human brain to foster
lasting happiness? The answer appears to reside in the
brain's fundamental property of neuroplasticity—its
lifelong capacity to reorganize synaptic connections,
structural morphology, and functional networks in
response to repeated experience and training [4]. Just as
learning a musical instrument strengthens auditory-
motor circuits, or mindfulness meditation thickens
prefrontal regions involved in attention, gratitude
practice may serve as a specific form of cognitive-
affective training that selectively strengthens neural
pathways supporting positive emotional valuation,
social bonding, and stress resilience [5].

This review synthesizes the converging evidence
from multiple scientific strata—social psychology,
cognitive neuroscience, psychoneuroendocrinology,
and clinical intervention studies—to construct a
comprehensive model of how gratitude "rewires" the
brain. We argue that consistent gratitude practice is not
merely a psychological exercise but a potent self-
directed neuroplastic intervention. It systematically
trains the brain's attentional filters to scan for positives
rather than threats, strengthens circuits that assign
reward value to social connection and simple pleasures,
and enhances top-down regulation of negative
emotional responses [6]. The resulting neurobiological
shifts create a positive feedback loop, making grateful
thinking more automatic and accessible, thereby laying
a stable foundation for enhanced subjective well-being
and psychological resilience that can buffer against life's
inevitable adversities [7]. This review will examine the
defining neural correlates of gratitude, document
evidence for experience-dependent plasticity, explore
downstream physiological and behavioral benefits, and
critically discuss the implications and future directions
for this promising field of study.

2. Methods

This narrative review synthesized peer-reviewed
literature published between 2000 and 2024. Electronic
databases (PubMed, PsycINFO, Scopus) were searched
using the following key terms in titles and abstracts:
"gratitude,” "neuroscience," "neuroimaging," "fMRIL"
"EEG," "neuroplasticity," "intervention," "well-being,"
"happiness,"” and "resilience." Boolean operators (AND,
OR) were used to combine terms. Reference lists of key
articles were hand-searched for additional sources.
Inclusion criteria were: (1) empirical studies
(experimental, longitudinal, or cross-sectional)

investigating the neural, physiological, or behavioral
correlates of gratitude; (2) studies employing gratitude
interventions with measurable outcomes; (3) reviews or
meta-analyses directly relevant to the neuropsychology
of gratitude. Exclusion criteria included non-English
publications, purely philosophical or theoretical articles
without empirical data, and studies where gratitude was
not a primary focus. The initial search yielded over 300
articles, which were screened by title and abstract.
Approximately 85 relevant full-text articles were
assessed, with 40 key studies integrated into this
synthesis to support critical arguments regarding
mechanisms and outcomes.

3. Results

3.1. The Functional Neuroanatomy of Gratitude

Neuroimaging studies have converged on a distinct
"gratitude network." Functional MRI (fMRI) studies
using paradigms where participants reflect on receiving
help or feel gratitude for personal benefits consistently
activate:

o Medial Prefrontal Cortex (mPFC) and Ventromedial
PFC (vmPFC): These regions are central to subjective
value coding, moral judgment, and self-referential
processing [8,9]. Their activation suggests gratitude
involves attributing positive value to the actions of
others and integrating this into one's self-narrative.

o Anterior Cingulate Cortex (ACC): The subgenual ACC,
in particular, is implicated in emotional appraisal,
social reward, and the regulation of autonomic
responses to emotion [10]. Its involvement links
gratitude to empathy and social bonding.

e Ventral Striatum / Nucleus Accumbens: As a core
hub of the mesolimbic reward system, activation here
confirms that experiencing gratitude is intrinsically
rewarding, likely mediated by dopamine release
[11,12].

e Temporo-Parietal Junction (TPJ]): Involved in
perspective-taking and theory of mind, TPJ activation
underscores the social-cognitive component of
gratitude—understanding the intent and effort of a
benefactor [13].

Notably, a key study by Fox et al. found that gratitude
ratings correlated with activity in the vmPFC and
nucleus accumbens, directly tying the subjective feeling
to reward circuitry activation [14].

3.2. Neuroplastic Changes from Practice
Longitudinal intervention studies provide evidence
for training-induced plasticity:
e Increased Network Connectivity: A 10-week
gratitude journaling study observed increased
functional connectivity between the vmPFC and
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striatum post-intervention, suggesting a strengthened
reward-valuation pathway [15].

e Amygdala Modulation: Regular gratitude practice is
associated with reduced amygdala reactivity to
negative emotional stimuli [16]. This may reflect a top-
down regulatory effect from the strengthened mPFC,
enhancing emotional control.

o Structural Changes: Preliminary voxel-based
morphometry (VBM) data suggests that individuals
with high dispositional gratitude may have greater
gray matter volume in the mPFC, though causal links
to practice need further study [17].

3.3. Psychophysiological and Biochemical Correlates
Gratitude practices impact systems beyond the
central nervous system:

e Autonomic Nervous System: Heart rate variability
(HRV) studies indicate that gratitude inductions and
dispositions are linked to increased high-frequency
HRYV, a marker of parasympathetic (vagal) dominance
and emotional regulation capacity [18,19].

e Hypothalamic-Pituitary-Adrenal (HPA) Axis: Daily
gratitude listing has been shown to lower levels of
salivary cortisol, the primary stress hormone,
compared to control groups [20].

¢ Inflammation: Some evidence links grateful affect to
lower levels of pro-inflammatory cytokines like IL-6,
suggesting a potential pathway to improved physical
health [21].

3.4. Behavioral and Psychological Outcomes

Meta-analyses of gratitude intervention studies
confirm robust, though moderate, effect sizes for well-
being:

e Enhanced Well-Being: Interventions (e.g., Three Good
Things journaling) significantly increase positive
affect, life satisfaction, and subjective happiness while
reducing depressive symptoms [22,23].

¢ Prosociality: Gratitude increases trust, willingness to
help others, and relationship satisfaction, reinforcing
social bonds [24,25].

e Improved Resilience: By  promoting  positive
reappraisal of stressors, gratitude builds psychological
resources, aiding recovery from adversity and trauma
[26,27].

4. Discussion: Integrating Mechanisms,

Implications, and Future Frontiers

The synthesized evidence compellingly supports a
neuroplastic model of gratitude. The core mechanism
can be described as experience-dependent synaptic
reinforcement within a cortico-striatal-limbic circuit.
When an individual engages in a gratitude practice—
such as savoring a past kindness or writing a thank-you

note—they repeatedly and deliberately activate the
mPFC (for valuation and self-processing), the ACC (for
social-emotional appraisal), and the ventral striatum
(for reward). According to Hebb's principle, this
synchronized firing strengthens the synaptic efficacy
between these nodes, making the entire network more
efficient and accessible with subsequent use [28].
Concurrently, the enhanced mPFC likely exerts
greater top-down inhibitory control over the amygdala,
the brain's alarm center, dampening its reactivity to
potential threats and negative stimuli [29]. This dual-
process model—augmenting positive reward signals
while attenuating negative threat signals—creates a
self-reinforcing cycle. The brain becomes progressively
tuned to scan the environment for opportunities for
gratitude, experiences such moments as more
rewarding, and is less derailed by stressors, thereby
fundamentally shifting an individual's emotional
baseline [30].

The implications of this model are substantial for
both public mental health and clinical  practice.
Gratitude interventions are remarkably accessible: they
are cost-free, scalable, and carry minimal risk of adverse
effects. This positions them as powerful preventative
tools and viable adjuncts to traditional psychotherapies
for conditions like depression and anxiety [31,32]. For
instance, integrating a "gratitude journal" into Cognitive
Behavioral Therapy (CBT) could directly counteract the
negative cognitive bias central to depression by training
a positive attentional bias. Furthermore, in an age of
digital distraction and social comparison fueled by social
media, gratitude training offers an evidence-based
antidote, potentially countering the detrimental effects
of envy and materialistic striving on well-being [33].

However, several critical limitations and unan-
swered questions must be acknowledged to guide future
research. First, the field suffers from a causality gap.
While cross-sectional studies show correlations be-
tween gratitude and brain structure/function, and lon-
gitudinal interventions show behavioral change, there is
a paucity of true longitudinal neuroimaging studies that
track the same individuals' brains before, during, and
after months of gratitude training to demonstrate causal
plastic change [34]. Second, individual differences are
likely crucial moderators. Factors such as genetic
predispositions (e.g., serotonin transporter polymor-
phisms), attachment styles, baseline levels of depression
or cynicism, and cultural background may significantly
influence who benefits most from gratitude practices
[35]. A "one-size-fits-all" approach is unlikely to be
optimal. Third, the question ofdosing and
delivery remains unresolved. Is journaling superior to
mental counting? What is the minimum effective dose?
Does the effect plateau? Research has yet to establish
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clear, evidence-based guidelines for clinical or personal
implementation [36].

Future research should prioritize several key direc-
tions. Longitudinal neuroimaging trials are the foremost
need, employing multi-modal imaging (fMRI, DTI for
structural connectivity) to map the trajectory of plastic
change [37]. Comparative efficacy studies are needed to
determine if gratitude has unique benefits compared to
other positive psychology interventions like mindful-
ness, loving-kindness meditation, or optimism training
[38]. Mechanistic psychoneuroendocrinology research
should further elucidate the pathways from grateful cog-
nition to systemic health benefits via inflammatory
markers and immune function [39]. Final-
ly, personalized intervention research should explore
how to tailor gratitude practices (type, frequency, fram-
ing) to individual differences in personality, neural base-
line, and life circumstances to maximize efficacy [40].

5. Conclusion

The science of gratitude reveals it to be far more than
a social courtesy or passive feeling. It is an active,
trainable skill that functions as a potent catalyst for
experience-dependent neuroplasticity. Through
consistent practice, individuals can literally sculpt their
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