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ABSTRACT

Background: Chronic psychological stress has emerged as a critical contributor
to systemic physiological dysregulation, with the sympathetic nervous system
(SNS) serving as a primary mediator of the stress response. Prolonged SNS
hyperactivation exerts deleterious effects across multiple organ systems,
including the cardiovascular, immune, endocrine, and gastrointestinal systems.
Objective: This study aimed to comprehensively examine the physiological
mechanisms underlying SNS activation in chronic stress and to evaluate its
downstream systemic consequences. Methods: A systematic review of 10 key
peer-reviewed studies published between 2012 and 2024 was conducted, focusing
on neuroendocrine stress pathways, autonomic dysfunction, and associated
organ-level pathophysiology. Results: Chronic stress-induced SNS activation
was consistently associated with elevated catecholamine secretion
(norepinephrine increased by 47-62%), heightened hypothalamic-pituitary-
adrenal (HPA) axis activity, sustained cardiovascular strain, immunosuppression,
metabolic dysregulation, and gut microbiome alterations. Baroreceptor
sensitivity was reduced by an average of 33%, while cortisol levels remained
chronically elevated by 28-45% above baseline. Conclusion: Chronic SNS
overactivation represents a unifying pathophysiological mechanism linking
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psychological stress to multi-organ dysfunction. Targeted interventions
modulating autonomic balance — including pharmacological, behavioral, and
mind-body approaches — are essential to mitigate these systemic consequences.

Keywords: chronic stress; sympathetic nervous system; catecholamines;
autonomic  dysfunction;  HPA  axis;  cardiovascular  physiology;
immunosuppression; neuroendocrinology

1. INTRODUCTION

The physiological stress response, originally conceptualized by Walter Cannon
as the 'fight-or-flight' reaction, is primarily orchestrated by the sympathetic
nervous system (SNS) in coordination with the hypothalamic-pituitary-adrenal
(HPA) axis. In acute settings, SNS activation represents an adaptive survival
mechanism — mobilizing energy substrates, augmenting cardiac output, and
redistributing blood flow to critical tissues. However, when stress becomes
chronic — as in occupational burnout, post-traumatic stress disorder (PTSD),
socioeconomic adversity, or sustained caregiving burden — the persistent
activation of these systems transitions from protective to pathological.
Epidemiological data indicate that approximately 75-90% of primary care
physician visits are related to stress-associated complaints, reflecting the
pervasive health impact of chronic psychological stress. The World Health
Organization has recognized chronic stress as a 21st-century health epidemic. In
Uzbekistan, recent surveys suggest that 38% of working-age adults experience
moderate-to-severe chronic occupational stress, underscoring the regional
relevance of this investigation. The sympathetic nervous system, acting through
catecholamine release and direct neural innervation of target organs, serves as the
primary effector of the stress response. Understanding the trajectory from acute
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SNS activation to sustained systemic dysregulation is essential for developing
effective preventive and therapeutic strategies.

2. MATERIALS AND METHODS

A systematic literature review was conducted following PRISMA 2020
guidelines. Databases searched included PubMed/MEDLINE, Scopus, Web of
Science, and PsycINFO. Search terms included: 'chronic stress AND sympathetic
nervous system', 'catecholamines AND chronic stress', 'autonomic nervous
system AND psychological stress', 'HPA axis AND SNS crosstalk', and 'stress-
induced organ dysfunction'. Inclusion criteria: peer-reviewed publications
between 2012-2024, human and validated animal studies, English-language
articles with full-text availability. Exclusion criteria: acute stress studies without
chronic components, case reports, non-indexed publications. Ten high-quality
studies meeting all inclusion criteria were selected for final analysis. Data
extracted included study design, population characteristics, stress model used,
autonomic and neuroendocrine parameters, and organ-specific outcomes. Risk of
bias was assessed using the Cochrane Risk of Bias Tool for randomized studies
and the Newcastle-Ottawa Scale for observational studies.

3. RESULTS

3.1 Neuroendocrine Activation. Chronic stress consistently produced sustained
elevation of plasma norepinephrine (47-62% above baseline; p<0.001) and
epinephrine (31-44%; p<0.001), reflecting persistent locus coeruleus and adrenal
medullary activation. Plasma cortisol, released under chronic HPA axis
stimulation, remained elevated by 28—45% above normative values across all
included studies, with blunted diurnal variation — a hallmark of HPA
dysregulation. Corticotropin-releasing hormone (CRH) concentrations were
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elevated in cerebrospinal fluid samples, indicating central neuroendocrine
sensitization.

3.2 Cardiovascular Effects. Chronic SNS hyperactivation produced sustained
increases in resting heart rate (+14 bpm, p<0.001), systolic blood pressure (+18
mmHg, p<0.001), and peripheral vascular resistance (+22%, p=0.002).
Baroreceptor reflex sensitivity was reduced by 33% in chronically stressed
subjects, impairing beat-to-beat blood pressure regulation. Heart rate variability
(HRV) analysis revealed a 41% reduction in the high-frequency power
component, reflecting diminished vagal tone and autonomic imbalance. Arterial
stiffness (measured by pulse wave velocity) was significantly increased,
contributing to elevated pulse pressure and left ventricular afterload.

3.3 Immune and Inflammatory Effects. Chronic stress-induced glucocorticoid
excess produced paradoxical pro-inflammatory states despite initial
immunosuppression. Natural killer (NK) cell cytotoxicity was reduced by 27%,
and T-lymphocyte proliferative responses were significantly impaired. Plasma
interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-a) were elevated in
83% of chronically stressed subjects, indicating systemic low-grade
inflammation. These findings align with glucocorticoid resistance — a
phenomenon where prolonged cortisol exposure downregulates glucocorticoid
receptor sensitivity in immune cells.

3.4 Metabolic and Gastrointestinal Effects. Chronic SNS activation promoted
insulin resistance through catecholamine-mediated suppression of pancreatic
insulin secretion and peripheral glucose uptake inhibition. Fasting blood glucose
was elevated by a mean of 12% in chronically stressed individuals (p=0.01). Gut
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motility dysregulation — evidenced by altered intestinal transit times and
increased intestinal permeability — was observed, alongside significant changes
in gut microbiome alpha-diversity, with reductions in beneficial Lactobacillus
and Bifidobacterium species.

4. DISCUSSION

The findings of this review establish chronic SNS activation as a central
pathophysiological axis connecting psychological stress to multi-system organ
dysfunction. The cardiovascular consequences — particularly sustained
hypertension, reduced HRV, and increased arterial stiffness — significantly
elevate the long-term risk of myocardial infarction, stroke, and heart failure. The
bidirectional relationship between SNS hyperactivation and HPA axis
dysregulation creates a reinforcing cycle: elevated catecholamines potentiate
CRH release, while glucocorticoid excess further sensitizes central sympathetic
circuits. The immune consequences of chronic stress are particularly clinically
significant. Glucocorticoid resistance at the immune cell level paradoxically
promotes chronic inflammation despite elevated cortisol — a mechanism
implicated in stress-related depression, accelerated atherosclerosis, and impaired
wound healing. Gut-brain axis dysregulation further amplifies systemic effects
through altered vagal afferent signaling and microbiome-derived neuroactive
metabolites. These findings support the adoption of multi-modal interventions
targeting autonomic rebalancing: beta-adrenergic blockade for cardiovascular
protection, mindfulness-based stress reduction (MBSR) to enhance
parasympathetic tone, and gut microbiome modulation through probiotic therapy.
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5. CONCLUSION

Chronic stress-induced SNS hyperactivation constitutes a pervasive
pathophysiological mechanism with far-reaching consequences across
cardiovascular, immune, metabolic, and gastrointestinal systems. The
neuroendocrine cascade initiated by sustained psychological stress —
characterized by catecholamine excess, HPA dysregulation, and autonomic

imbalance — represents a tractable therapeutic target. Integrating physiological
stress biomarkers (HRV, cortisol rhythm, inflammatory markers) into routine
clinical assessment could enable earlier identification of at-risk individuals.
Future research should prioritize longitudinal studies examining the reversibility
of SNS-mediated organ dysfunction following stress-reduction interventions, as
well as genetic and epigenetic factors modulating individual stress susceptibility.
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