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Understanding the impact of chronic stress on neuronal connectivity
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Introduction

Chronic stress has emerged as a significant public
health concern due to its pervasive influence on both
physiological and psychological health. Within the
realm of neuroscience, considerable attention has
been directed toward understanding how prolonged
exposure to stressors can alter brain structure and
function. Unlike acute stress, which may serve
adaptive purposes, chronic stress triggers a cascade
of neurobiological events that can lead to long-lasting
changes in brain connectivity. The hypothalamic-
pituitary-adrenal (HPA) axis plays a central role in
mediating stress responses through the release of
glucocorticoids, particularly  cortisol.  Sustained
elevations in cortisol can disrupt the delicate balance
of neurotransmitters, neurotrophic factors, and
synaptic activity, particularly in brain regions such as
the prefrontal cortex, amygdala, and hippocampus.
These regions form critical nodes in large-scale brain
networks that are essential for emotional regulation,
memory consolidation, and executive functioning. As
such, chronic stress has the potential to reshape
neuronal connectivity and reorganize functional brain
networks in ways that undermine cognitive and
emotional well-being [1].

At the cellular level, chronic stress has been shown to
induce dendritic atrophy and synaptic loss,

particularly in the hippocampus and medial prefrontal
cortex. These structural alterations are accompanied
by changes in synaptic efficacy, with reductions in
long-term potentiation (LTP) and enhancements in
long-term depression (LTD) being consistently
observed in stressed animal models. Such
impairments in synaptic plasticity compromise the
brain's ability to adapt to new information and
environmental demands. In contrast, the amygdala—
a region implicated in threat detection and emotional
processing—often exhibits increased dendritic
arborization and synaptogenesis under chronic stress
conditions. This divergence in structural plasticity
contributes to a shift in the functional balance
between emotion-driven and cognition-driven brain
regions, potentially leading to heightened anxiety and
impaired decision-making. Moreover, chronic stress
alters the expression of neurotrophic factors such as
brain-derived neurotrophic factor (BDNF), further
exacerbating neuronal vulnerability and reducing the
brain's capacity for repair and regeneration [2].

Functional neuroimaging studies in humans have
provided compelling evidence that chronic stress
alters large-scale brain network dynamics. One of the
most consistent findings is the disruption of the
default mode network (DMN), a network active
during rest and introspective tasks. Chronic stress has
been associated with hyperactivity in the DMN,
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which may underlie the ruminative thought patterns
commonly seen in anxiety and depression. At the
same time, the salience network (SN), which detects
and filters relevant stimuli, becomes hyper-
responsive, particularly in response to negative or
threatening information. This may result in a
heightened sensitivity to stressors and a reduced
ability to disengage from aversive stimuli.
Meanwhile, the central executive network (CEN),
which supports working memory and cognitive
control, shows reduced functional connectivity under
stress. The resulting imbalance among these three
core networks—the DMN, SN, and CEN-—can
impair the integration of cognitive and emotional
information, contributing to the development of
stress-related psychopathologies such as major
depressive disorder and generalized anxiety disorder

[31].

Structural connectivity, assessed through diffusion
tensor imaging (DTI), also reveals the profound
impact of chronic stress on white matter integrity.
Long-term stress exposure has been associated with
reduced fractional anisotropy in key white matter
tracts such as the wuncinate fasciculus, corpus
callosum, and cingulum bundle. These tracts
facilitate communication between limbic and
cortical regions, and their degradation under
chronic stress conditions may contribute to
emotional dysregulation and cognitive
inflexibility. Animal studies support these
findings, demonstrating myelin thinning and
oligodendrocyte  dysfunction in chronically
stressed rodents. Additionally, glial cells, which
play a crucial role in maintaining synaptic
homeostasis and facilitating neurotransmission,
show altered functioning under chronic stress.
Astrocyte reactivity and microglial activation are
commonly observed, suggesting a
neuroinflammatory component that may further
impair  synaptic  integrity and  network
coordination. Collectively, these micro- and
macrostructural changes underscore the brain’s
vulnerability to prolonged stress and highlight the

multifaceted nature of stress-induced network
reorganization [4].

Emerging evidence also points to the role of stress-
related changes in neurochemical systems, including
dopamine, serotonin, and glutamate, which further
mediate the impact of chronic stress on brain
connectivity. Dysregulation of these neurotransmitter
systems disrupts reward processing, mood regulation,
and cognitive performance. For instance, chronic
stress reduces dopaminergic activity in the prefrontal
cortex and nucleus accumbens, impairing motivation
and executive function. Altered serotonergic
signaling contributes to mood disturbances and
increased anxiety, while excessive glutamatergic
transmission can lead to excitotoxicity and neuronal
damage. These neurochemical imbalances not only
affect local circuit dynamics but also propagate
across distributed brain networks, reinforcing
maladaptive patterns of connectivity. Importantly,
these alterations may be reversible, as interventions
such as mindfulness training, physical exercise, and
pharmacological treatments targeting stress pathways
have shown promise in restoring functional
connectivity and improving cognitive-emotional
outcomes. Understanding the precise mechanisms
through which chronic stress reshapes brain networks
offers a critical pathway for developing targeted
therapies to mitigate its long-term effects [5].

Conclusion

The impact of chronic stress on neuronal connectivity
and brain network organization is profound and
multifaceted, involving structural, functional, and
neurochemical alterations across various brain
regions and networks. Chronic stress impairs synaptic
plasticity, disrupts neurotransmitter balance, and
alters white matter integrity, leading to a
reconfiguration of brain networks that govern
emotion, cognition, and behavior. These changes not
only compromise mental health but also increase the
risk of developing psychiatric disorders. However,
the plastic nature of the brain offers hope for
recovery, especially when early interventions are
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implemented.  Continued research into  the
mechanisms of stress-induced neural changes and the
identification of biomarkers for early detection will
be essential for guiding therapeutic strategies. As our
understanding deepens, it becomes increasingly clear
that addressing chronic stress is not merely a
psychological necessity but a critical step toward
preserving and enhancing brain health.

References

1. Debnath M, Chakraborty S, Kumar YP, et
al. Ionophore constructed from non-covalent
assembly of a  G-quadruplex and
liponucleoside transports K+-ion across

biological membranes. Nat Commun.
2020;11(1):469.

El-Beyrouthy J, Freeman E. Characterizing
the Structure and Interactions of Model
Lipid Membranes Using Electrophysiology.
Membr. 2021;11(5):319.

Fang Y, Prominski A, Rotenberg MY, et
al. Micelle-enabled self-assembly of porous
and monolithic carbon membranes for
bioelectronic interfaces. Nat Nano Teco.
2021;16(2):206-13.

Hammel I, Meilijson I. Function suggests
nano-structure: electrophysiology supports
that granule membranes play dice. J R Soc
Interface. 2012;9(75):2516-26.

Yobas L. Microsystems for cell-based
electrophysiology. ] Micro Mec Micro.
2013;23(8):083002.

Citation: Kim D. Understanding the impact of chronic stress on neuronal connectivity and brain network

reorganization. Neurophysiol Res. 2025;7(1):182.


https://www.nature.com/articles/s41467-019-13834-7
https://www.nature.com/articles/s41467-019-13834-7
https://www.nature.com/articles/s41467-019-13834-7
https://www.nature.com/articles/s41467-019-13834-7
https://www.annualreviews.org/doi/abs/10.1146/annurev-biophys-083012-130312
https://www.annualreviews.org/doi/abs/10.1146/annurev-biophys-083012-130312
https://www.annualreviews.org/doi/abs/10.1146/annurev-biophys-083012-130312
https://www.nature.com/articles/s41565-020-00805-z
https://www.nature.com/articles/s41565-020-00805-z
https://www.nature.com/articles/s41565-020-00805-z
https://royalsocietypublishing.org/doi/abs/10.1098/rsif.2012.0161
https://royalsocietypublishing.org/doi/abs/10.1098/rsif.2012.0161
https://royalsocietypublishing.org/doi/abs/10.1098/rsif.2012.0161
https://iopscience.iop.org/article/10.1088/0960-1317/23/8/083002/meta
https://iopscience.iop.org/article/10.1088/0960-1317/23/8/083002/meta

