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Abstract. Chronic stress is increasingly recognized as a major contributor to 

endocrine dysfunctions that predispose individuals to diabetes mellitus. The physiological 

stress response, mediated primarily through the hypothalamic–pituitary–adrenal (HPA) axis 

and the sympathetic–adrenomedullary system, induces hormonal and metabolic changes 

that are adaptive in the short term but harmful when prolonged. Sustained activation of these 

pathways leads to hypercortisolemia, dysregulation of insulin secretion, peripheral insulin 

resistance, and alterations in glucose metabolism. This article explores the biological 

mechanisms linking chronic stress and endocrine imbalance to diabetes mellitus, 

emphasizing neuroendocrine interactions, inflammatory mediators, and psychosocial 

determinants. Understanding these links provides a foundation for integrated prevention and 

therapeutic strategies targeting both metabolic and psychological health. 
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INTRОDUСTIОN 

The interaction between stress and endocrine regulation represents one of the most 

complex and critical interfaces in human physiology. Stress is a universal biological 

response designed to help the body cope with external or internal challenges, whether 

physical, psychological, or emotional. While acute stress responses are adaptive and short-

lived, chronic stress exerts detrimental effects on multiple organ systems, particularly the 

endocrine and metabolic systems. Persistent activation of the HPA axis, sympathetic 

nervous system, and associated hormonal cascades can lead to a pathological state of 

neuroendocrine imbalance, setting the stage for disorders such as diabetes mellitus. 
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Diabetes mellitus, especially type 2 diabetes, has traditionally been associated with 

obesity, sedentary lifestyle, and genetic predisposition. However, emerging research 

highlights stress as a nontraditional but potent etiological factor. The repeated or prolonged 

activation of stress pathways affects glucose metabolism through hormonal dysregulation, 

inflammation, and oxidative stress. As such, understanding the mechanisms through which 

stress induces endocrine dysfunction is crucial for preventing and managing diabetes in the 

modern era, where psychological stress has become a pervasive component of daily life. 

MАTЕRIАLS АND MЕTHОDS 

The body’s stress response involves a well-coordinated interaction between the 

central nervous system and the endocrine glands. The HPA axis and the sympatho-adrenal 

system are the two primary mediators of this response. When stress is perceived, the 

hypothalamus releases corticotropin-releasing hormone (CRH), which stimulates the 

pituitary gland to secrete adrenocorticotropic hormone (ACTH). ACTH, in turn, triggers the 

adrenal cortex to produce cortisol, the primary stress hormone. Concurrently, the 

sympathetic nervous system activates the adrenal medulla to release epinephrine and 

norepinephrine. 

While these hormones help the body respond to acute challenges — increasing blood 

glucose, enhancing cardiovascular output, and mobilizing energy reserves — chronic 

activation becomes maladaptive. Elevated cortisol levels over time disrupt feedback 

inhibition within the HPA axis, leading to persistent hypercortisolemia, altered circadian 

rhythm of cortisol secretion, and downstream metabolic disturbances. This sustained 

endocrine activation forms the biochemical foundation of stress-induced metabolic 

disorders, including diabetes. 

Cortisol is a glucocorticoid hormone that plays a central role in maintaining glucose 

homeostasis. Under normal conditions, cortisol promotes gluconeogenesis in the liver, 

ensuring adequate energy supply during fasting or stress. However, chronic elevation of 

cortisol — as seen in prolonged stress — exerts multiple diabetogenic effects. It stimulates 

hepatic glucose production, inhibits glucose uptake in peripheral tissues, and promotes 

lipolysis and proteolysis, all of which elevate blood glucose levels. 
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High cortisol also antagonizes insulin action, leading to peripheral insulin resistance. 

Adipose tissue becomes less responsive to insulin, while skeletal muscle glucose uptake 

declines. Over time, pancreatic β-cells attempt to compensate by secreting more insulin, but 

chronic overwork leads to β-cell exhaustion, impaired insulin secretion, and eventual 

hyperglycemia. This process closely mirrors the pathophysiological progression of type 2 

diabetes [2]. 

Furthermore, cortisol modulates appetite and fat distribution, favoring central obesity, 

which is a known risk factor for insulin resistance. This dual influence — on both hormonal 

and metabolic levels — makes cortisol one of the key mediators linking stress to diabetes 

mellitus. 

RЕSULTS АND DISСUSSIОN 

In addition to cortisol, catecholamines (epinephrine and norepinephrine) released 

during stress play a vital role in metabolic regulation. Acute activation of the sympathetic 

nervous system enhances glycogenolysis and lipolysis, providing rapid energy for “fight-

or-flight” responses. However, chronic sympathetic stimulation elevates resting glucose and 

lipid levels and impairs insulin signaling pathways [3]. 

Norepinephrine acts on hepatic and adipose tissues to increase glucose and free fatty 

acid availability, while epinephrine suppresses insulin secretion from pancreatic β-cells. 

This imbalance results in hyperglycemia and decreased glucose tolerance. Moreover, 

sustained sympathetic activation contributes to vascular dysfunction and hypertension, 

further compounding the metabolic burden and increasing the risk of diabetic complications 

such as neuropathy and nephropathy. 

Long-term exposure to stress disrupts the regulatory feedback mechanisms of the 

hypothalamus and pituitary gland. The continuous secretion of CRH and ACTH reduces the 

sensitivity of hypothalamic receptors to inhibitory feedback from cortisol, resulting in HPA 

axis hyperactivity. Over time, this leads to altered circadian patterns of cortisol release, 

flattened diurnal variation, and abnormal hormonal rhythms [5]. 

This dysregulation extends beyond cortisol. Chronic stress affects other 

hypothalamic–pituitary axes — such as the thyroid and gonadal axes — thereby influencing 

metabolic rate, reproductive hormones, and energy expenditure. Hypothyroidism induced 
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by chronic stress can decrease basal metabolic rate, reduce glucose utilization, and worsen 

insulin resistance. Additionally, low sex hormone levels, particularly testosterone in men 

and estrogen in women, have been linked to impaired glucose control. The cumulative effect 

of these alterations is a profound shift in endocrine homeostasis that predisposes individuals 

to diabetes mellitus. 

Stress-induced hormonal changes also activate inflammatory pathways. Chronic 

elevation of cortisol and catecholamines initially suppresses immune function but, 

paradoxically, prolonged exposure leads to a state of low-grade systemic inflammation. 

Elevated levels of cytokines such as interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-

α), and C-reactive protein (CRP) disrupt insulin receptor signaling and contribute to insulin 

resistance [6]. 

СОNСLUSIОN 

The relationship between chronic stress, endocrine dysfunction, and diabetes mellitus 

is intricate yet undeniable. The HPA axis, the sympathetic nervous system, and 

inflammatory mediators form a biological continuum through which psychological 

experiences are translated into metabolic pathology. Chronic hyperactivation of stress 

pathways alters cortisol dynamics, disrupts insulin secretion, induces insulin resistance, and 

promotes systemic inflammation — all of which converge to increase the risk of diabetes. 

Effective prevention and management of diabetes thus require recognizing stress as a 

core physiological factor, not a secondary contributor. Addressing psychological well-

being, restoring hormonal balance, and promoting healthy coping strategies are as vital as 

pharmacological and dietary interventions. Future research should focus on developing 

integrated care models that unite endocrinology, neuroscience, and psychology — moving 

from treating symptoms to addressing the neuroendocrine roots of metabolic disease. 

In the broader perspective, combating stress-induced endocrine disorders represents 

not only a medical but a societal challenge — one that demands attention to both the mind 

and the metabolism as inseparable elements of human health. 
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