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Abstract: This article examines the role of the stress hormone Cortisol in modulating brain
structure and function within the context of stress and the nervous system. Cortisol, produced
via activation of the Hypothalamic–Pituitary–Adrenal axis (HPA) in response to stress, exerts a
range of acute and chronic effects on neural circuits, cognitive processes, and emotional
regulation. In the short term, cortisol may support adaptive responses to stress by enhancing
alertness and memory consolidation; however, persistent elevation of cortisol levels is
associated with structural brain changes, particularly in key regions such as the Hippocampus,
Prefrontal cortex (PFC) and Amygdala, and with impaired cognitive function, mood disorders
and increased risk of neurodegenerative disease. A review of current literature highlights
mechanisms by which cortisol impacts neuronal plasticity, dendritic architecture,
neuroinflammation and connectivity within brain networks. Methodological issues in human
research—such as measurement of cortisol, imaging techniques, and controlling for
confounders—are addressed. A hypothetical research design is proposed for investigating
cortisol’s effect on functional connectivity in young adults exposed to chronic psychosocial
stress, employing salivary cortisol assays, fMRI resting-state scans, and cognitive assessments.
Expected outcomes include associations between higher cortisol reactivity and reduced
connectivity in PFC networks, along with poorer executive performance. The findings
underscore the importance of integrative approaches combining endocrinology, neuroimaging
and cognitive neuroscience to understand the neurobiological consequences of stress. The
article concludes by discussing implications for stress management, prevention of brain
dysfunction, and potential interventions aimed at modulating cortisol dynamics to preserve
brain health. Keywords: cortisol, brain, hippocampus, prefrontal cortex, amygdala, stress,
nervous system, neuroplasticity, cognitive function, neurodegeneration.
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Introduction

The hormone cortisol is central to the body’s response to stress and plays an integral role in the
regulation of the nervous system. When an individual encounters a stressor, the hypothalamus
releases corticotropin-releasing hormone (CRH), which stimulates the pituitary to release
adrenocorticotropic hormone (ACTH); in turn, the adrenal glands secrete cortisol. This cascade,
part of the hypothalamic–pituitary–adrenal (HPA) axis, prepares the organism for a “fight-or-
flight” reaction: mobilizing energy, increasing alertness, and modulating immune responses.
While acute cortisol responses can be adaptive, facilitating rapid behavioural and physiological
adjustment to challenge, prolonged or repeated activation of the HPA axis leads to sustained
high cortisol levels, which can compromise brain function and the integrity of neural circuits.
The brain regions most vulnerable to elevated cortisol include the hippocampus, prefrontal
cortex, and amygdala—each of which underpins memory, executive control, emotional
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regulation and stress reactivity. For example, the hippocampus is heavily involved in the
consolidation of new memories and in regulating the HPA axis via negative feedback. Studies
show that chronically high cortisol may lead to hippocampal volume reduction, impaired
neurogenesis and disrupted memory performance. The prefrontal cortex governs decision-
making, cognitive flexibility, attention and inhibitory control; cortisol’s impact on PFC may
therefore underlie the executive dysfunction and attentional deficits observed in people exposed
to chronic stress. The amygdala, key in emotional processing and fear responses, may also
undergo functional and structural changes under high cortisol exposure, contributing to altered
emotional reactivity and increased anxiety.
In the context of the nervous system and stress, it is critical to understand how cortisol
influences neural plasticity, connectivity and behaviour. Mechanistic insights have emerged
from both animal and human studies, indicating that cortisol affects dendritic architecture,
synaptic function, neurotransmitter systems and glial-cell activity. Moreover, neuroimaging
studies demonstrate altered functional connectivity patterns associated with cortisol levels,
particularly in stress-related tasks or resting-state networks. Yet, important questions remain
about how cortisol’s acute versus chronic effects differ, and how individual vulnerability (e.g.,
age, genetic traits, early life adversity) modulates the brain’s response to cortisol. This article
seeks to synthesise current evidence on cortisol’s role in brain structure and function, evaluate
the methodological landscape of this research, and propose directions for empirical
investigation.

Literature Review

A robust body of literature links elevated cortisol levels to adverse brain outcomes. In a
systematic review of associations between endogenous and exogenous cortisol and brain
activity, Harrewijn et al. found that higher endogenous cortisol during psychological stress
correlated with increased activation in the anterior cingulate cortex and middle temporal gyrus,
decreased activity in the ventromedial prefrontal cortex, and altered amygdala and hippocampal
responses. Similarly, Ouanes & Popp (2019) reviewed cortisol’s relation to cognition and
dementia, concluding that elevated cortisol is associated with poorer memory, language,
processing speed and executive function; high CSF cortisol was observed in mild cognitive
impairment and Alzheimer’s disease. Furthermore, studies on neurobiological implications of
chronic stress indicate that persistently elevated cortisol contributes to neurodegeneration,
neuroinflammation, and decreased neuroplasticity—especially affecting hippocampal and
prefrontal regions. Research investigating stress response in different age groups has found
differential effects: for instance, an imaging study showed that higher perceived stress in
adolescents correlated with increased volume in certain emotion-regulation regions, whereas in
adults higher perceived stress was correlated with decreased volume in the orbitofrontal cortex,
insula and amygdala. Collectively, these findings support a model wherein cortisol affects both
brain structure and function, and thereby impacts cognition and emotion. However,
methodological limitations remain, such as heterogeneity in cortisol measurement (saliva vs
blood vs CSF), cross-sectional rather than longitudinal designs, modest sample sizes, and
confounding factors (sleep, medication, early adversity). As such, while the evidence is
compelling that cortisol influences the nervous system under stress, refined research designs are
needed to elucidate causality and individual differences.

Main Body
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Mechanisms of Cortisol Action on the Brain
Cortisol exerts its neural effects via binding to glucocorticoid receptors (GRs) and
mineralocorticoid receptors (MRs) widely distributed in the brain, including the hippocampus,
prefrontal cortex and amygdala. Activation of these receptors influences gene transcription,
neuronal metabolism, synaptic plasticity, and dendritic architecture. Prolonged cortisol
exposure increases oxidative stress, excitotoxicity and disrupts neurotrophic support (e.g.,
brain-derived neurotrophic factor, BDNF). Studies show cortisol can modulate microglial
activation and neuroinflammatory cytokine release, thereby affecting neural health and repair.
Cortisol also alters connectivity by influencing neurotransmitter systems—serotonin, dopamine,
noradrenaline—and by modulating neuronal network dynamics, for example via effecting
functional connectivity between hippocampus and precuneus. The net result is that cortisol’s
impact is not simply “more is worse” but depends on timing (acute vs chronic), concentration,
regional receptor expression and individual vulnerability (genetics, early adversity). For
instance, acute cortisol surge may enhance memory for a stressor event, but chronic elevation
erodes hippocampal integrity.
Structural and Functional Brain Changes Associated with Elevated Cortisol
Evidence from neuroimaging and neuropathological studies point to structural changes in key
brain areas when cortisol is elevated over time. High cortisol is associated with reduced
hippocampal volume and accelerated volume loss, especially in older adults or those with
Alzheimer’s pathology. MRI studies reveal altered white matter integrity and grey matter
density linked to prolonged exposure. Functional MRI studies show that higher cortisol levels
correlate with altered activity and connectivity: for example, increased anterior hippocampus to
precuneus connectivity in those with higher preschool cortisol reactivity. The systematic review
by Harrewijn et al. found altered activation in the amygdala, ventromedial PFC, and temporal
regions in relation to cortisol. The prefrontal cortex, responsible for executive functions, is
especially vulnerable—chronic cortisol exposure may reduce PFC volume and impair its
regulatory capacity over limbic regions, shifting control toward more automatic, habit-based or
emotionally reactive processing. The amygdala may show hypertrophy or hyperactivity in early
adversity or stress, contributing to heightened emotional reactivity, although findings vary with
age and stress history.
Cognitive, Emotional and Behavioural Consequences of Cortisol Dysregulation
Given the mechanisms and brain changes described above, elevated cortisol has substantial
consequences for cognition, emotion and behaviour. Memory impairment is among the most
consistent findings: hippocampal damage due to cortisol is linked to poorer episodic memory,
spatial memory and processing speed. Executive dysfunction is also common: impaired
planning, decision-making, inhibitory control and attentional shifts are observed in individuals
exposed to chronic stress. Emotional regulation is compromised—heightened anxiety,
depressive symptoms, irritability and mood lability are associated with dysregulated cortisol
levels. The shift in neural control toward the amygdala and away from the PFC may underpin
these patterns. Moreover, behavioural outcomes such as impulsivity, risk-taking, and reduced
cognitive flexibility have been noted in high-cortisol environments. The long-term implications
include increased vulnerability to neurodegenerative disorders: elevated cortisol is a risk factor
for cognitive decline and dementia, possibly via promotion of amyloid-β toxicity, oxidative
stress, and inflammation. It is crucial to emphasise that individual differences (age, sex,
resilience, genetics, early life adversity) moderate these outcomes. Some individuals show
resilience despite elevated cortisol, perhaps due to stronger feedback regulation of the HPA axis
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or protective lifestyle factors (exercise, sleep, social support). Understanding these moderators
is essential for targeted interventions.

Research Methodology

To investigate the impact of cortisol on brain function under stress conditions, a mixed-methods
longitudinal design is proposed. Participants: 120 healthy young adults aged 20-30 years, with
equal sexes, screened for major psychiatric or neurological disorders. Baseline assessment
includes measurement of salivary cortisol (morning and evening), perceived stress scale (PSS),
and cognitive battery (memory, executive functions, processing speed). At the same time, each
participant undergoes a resting-state functional MRI (fMRI) scan (10 minutes) and structural
MRI to capture volumetric and connectivity data. The cohort is divided into two groups: high-
stress (top tertile of PSS) and low-stress (bottom tertile). Over a 12-month follow-up,
participants repeat salivary cortisol sampling monthly and a second MRI/cognitive assessment
at 12 months. The key variables: (1) cortisol reactivity and basal levels; (2) changes in brain
functional connectivity (e.g., hippocampal–prefrontal networks); (3) changes in cognitive
performance over time. Statistical analyses: mixed-effects models will assess whether elevated
cortisol predicts decrease in functional connectivity and cognitive decline, controlling for age,
sex, sleep quality, and lifestyle factors (exercise, smoking). Mediation analysis will test whether
brain connectivity changes mediate the cortisol–cognition link. Ethics: informed consent,
confidentiality, minimal risks. This methodology permits exploration of temporal relationships
between cortisol dynamics, brain changes and cognitive outcomes in a normative sample. It
addresses prior gaps by using longitudinal imaging and repeated cortisol measures, and by
focusing on young adults (rather than solely older or clinical populations). Limitations include
potential attrition, limited age range, and reliance on salivary cortisol rather than CSF measures.

Results

The proposed study is expected to yield the following results. Participants in the high-stress
group (with elevated cortisol baseline and reactivity) will show greater decline in resting-state
functional connectivity between the hippocampus and prefrontal cortex over the 12-month
period compared to the low-stress group. Structural MRI may reveal small but significant
decreases in hippocampal volume or grey-matter density in the high-stress group relative to
baseline, whereas the low-stress group remains stable. Cognitively, the high-stress group will
exhibit decline in episodic memory and executive function scores, while the low-stress group
shows stable or slight improvement due to practice effects. Mixed-effects analysis will
demonstrate that basal and reactive cortisol levels are significant predictors of connectivity
change (β coefficients significant at p < 0.05). Mediation models will show that brain
connectivity change partially mediates the association between cortisol and cognitive decline
(indirect effect significant via bootstrapping). Secondary analyses may reveal moderating
effects of exercise and sleep quality: participants with high cortisol but favourable lifestyle
factors may show attenuated brain and cognitive decline, indicating resilience. These results
support the hypothesis that cortisol dysregulation under chronic stress contributes to brain
network disruption, structural change and subsequent cognitive impairment in young adults.
Importantly, finding such effects in a non-clinical, young adult sample suggests the relevance of
cortisol impacts earlier in the lifespan than traditionally thought. The findings would thus
underscore the need for early stress-management interventions to preserve brain health.
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However, the results also caution that individual trajectories vary and that lifestyle and
psychosocial buffers can modify the adverse outcomes associated with elevated cortisol.

Conclusion

In conclusion, the hormone cortisol plays a pivotal role in linking stress and the nervous system,
with profound implications for brain structure, function and behaviour. While acute cortisol
responses are adaptive and essential for survival, chronic elevation of cortisol levels—whether
due to persistent psychosocial stress, early adversity, or dysregulated HPA axis functioning—
can undermine brain health. The evidence reviewed here demonstrates that elevated cortisol is
associated with structural changes in brain regions such as the hippocampus and prefrontal
cortex, functional connectivity alterations, impaired cognitive and executive performance,
heightened emotional reactivity and an increased risk of neurodegenerative processes.
Mechanistically, cortisol influences neural outcomes via receptor-mediated gene regulation,
effects on neuroplasticity, dendritic architecture, neurotransmitter systems and
neuroinflammatory processes. These neurobiological changes translate into measurable
differences in brain imaging metrics and are accompanied by decline in memory, attention, and
decision-making capacities. Longitudinal research, including the hypothetical study outlined
above, suggests that even in otherwise healthy young adults, elevated cortisol may precipitate
declines in functional connectivity and cognition, underscoring the importance of early
detection and intervention.
From a practical perspective, these findings carry important implications for public health and
clinical practice. Stress-management strategies—such as regular physical exercise, adequate
sleep, mindfulness, social support and cognitive-behavioural interventions—are likely to
mitigate cortisol dysregulation and thereby protect brain health. In addition, monitoring cortisol
responses and brain connectivity may in future help identify individuals at heightened risk of
cognitive decline or mood disorders. The role of resilience factors is crucial: individuals who
maintain healthy lifestyles and effective coping strategies appear less vulnerable to the harmful
effects of elevated cortisol. Thus, interventions should emphasise both reduction of stress
exposure and enhancement of resilience.
Importantly, limitations in existing research must be acknowledged. Many studies are cross-
sectional, sample older or clinical populations, and rely on single time-point cortisol
measurement or non-optimal imaging protocols. Future work must adopt repeated cortisol
sampling, longitudinal imaging, and integrative models of stress, lifestyle, genetics and brain
outcomes. The proposed methodology offers a template for such work, enabling clearer causal
inferences. Further, individual differences in cortisol sensitivity, receptor polymorphisms,
epigenetic factors and early developmental exposures should be more fully integrated.
In summary, the interplay between cortisol, brain and the nervous system is a compelling
example of how endocrine, neural and psychological processes converge to shape human
cognition and emotion. As our understanding deepens, the potential to use this knowledge to
safeguard brain health becomes real: by identifying at-risk individuals, tailoring stress-
reduction interventions, and promoting resilience, we may reduce the burden of stress-related
brain dysfunction. In an era of increasing psychosocial demands, recognising the
neurobiological cost of unmanaged stress—and acting to moderate it—may be one of the most
important steps toward preserving cognitive capacity and overall wellbeing.
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