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Abstract:Cortisol is a glucocorticoid hormone produced by the adrenal cortex and plays an
essential role in stress adaptation, glucose metabolism, blood pressure regulation, immune
modulation, and energy homeostasis. Dysregulation of cortisol secretion can lead to significant
endocrine and metabolic abnormalities. The aim of this study was to analyze the pathophysiological
role of cortisol excess and deficiency in metabolic and endocrine disorders. A literature-based
analytical approach was used to evaluate the hypothalamic-pituitary-adrenal axis, glucocorticoid
receptor signaling, carbohydrate and lipid metabolism, muscle and bone effects, immune regulation,
and cardiovascular consequences. The analysis shows that chronic cortisol excess promotes insulin
resistance, hyperglycemia, visceral adiposity, dyslipidemia, muscle wasting, hypertension, and
osteoporosis, whereas cortisol deficiency may lead to hypoglycemia, hypotension, fatigue, weight
loss, and impaired stress tolerance. Cortisol dysregulation therefore affects multiple organ systems
and can significantly alter metabolic homeostasis. Accurate assessment requires interpretation of
clinical findings together with appropriate biochemical testing of the hypothalamic-pituitary-
adrenal axis. Understanding the mechanisms of cortisol action is essential for the diagnosis and
management of disorders such as Cushing syndrome and adrenal insufficiency.
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Introduction

Cortisol is the principal endogenous glucocorticoid in humans and is synthesized in the zona
fasciculata of the adrenal cortex. Its secretion is regulated by the hypothalamic-pituitary-adrenal
axis. Corticotropin-releasing hormone from the hypothalamus stimulates adrenocorticotropic
hormone secretion from the anterior pituitary, which in turn stimulates cortisol production by the
adrenal glands.

Cortisol secretion follows a circadian rhythm, with concentrations generally highest in the early
morning and lower during the night. Physical and psychological stress can significantly increase
secretion.

At the cellular level, cortisol enters target cells and binds to intracellular glucocorticoid receptors.
The hormone-receptor complex then translocates to the nucleus and regulates the transcription of
multiple genes involved in metabolism, inflammation, vascular tone, and stress responses.

Under physiological conditions, cortisol helps maintain adequate blood glucose during fasting and
stress. However, chronic excess disrupts metabolic homeostasis.

The aim of this study was to analyze the endocrine and metabolic consequences of cortisol
dysregulation and to explain the mechanisms linking abnormal glucocorticoid action with systemic
disease.

Materials and Methods

This study was prepared as a qualitative literature-based analytical review. Scientific publications
and standard endocrinology references concerning cortisol physiology, glucocorticoid receptor
signaling, Cushing syndrome, adrenal insufficiency, insulin resistance, adipose tissue metabolism,
bone turnover, and cardiovascular complications were analyzed.
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The review focused on the hypothalamic-pituitary-adrenal axis, hepatic glucose production, insulin
sensitivity, protein catabolism, fat redistribution, vascular effects, immune regulation, and bone
metabolism.

No original patient data were used. The Results section represents a synthesis of established
physiological and clinical evidence.

Results

The analysis demonstrated that cortisol has major effects on carbohydrate metabolism. In the liver,
glucocorticoids promote gluconeogenesis and increase the availability of substrates required for
glucose production. Cortisol also antagonizes insulin action in peripheral tissues, particularly
skeletal muscle and adipose tissue.

Chronic cortisol excess therefore reduces glucose uptake and increases hepatic glucose output. This
combination can produce insulin resistance and hyperglycemia.

In individuals with additional metabolic risk factors, prolonged glucocorticoid excess may
contribute to the development of secondary diabetes mellitus.

Cortisol also affects protein metabolism. It promotes proteolysis in skeletal muscle, providing
amino acids for hepatic gluconeogenesis. Chronic excess can therefore result in muscle weakness
and reduced muscle mass.

The proximal muscles are often particularly affected in hypercortisolism.Adipose tissue responses
are more complex. Cortisol can stimulate lipolysis in some regions while promoting fat
accumulation in others. Chronic excess is characteristically associated with central or visceral
adiposity, facial rounding, and increased fat deposition in the dorsocervical region.

At the same time, peripheral limb fat and muscle mass may decrease.

Visceral adiposity further worsens insulin resistance and cardiovascular risk.

Cortisol has significant cardiovascular effects. It increases vascular responsiveness to
catecholamines and contributes to maintenance of blood pressure. Chronic excess may therefore
promote hypertension.

Glucocorticoids can also influence renal sodium balance indirectly and may increase cardiovascular
burden.

Bone metabolism is another important target. Excess glucocorticoid action suppresses osteoblast
activity, reduces bone formation, impairs calcium balance, and may increase bone resorption.
Long-standing hypercortisolism can therefore lead to osteoporosis and increased fracture risk.
Immune and inflammatory pathways are strongly influenced by cortisol. Physiological
glucocorticoid signaling limits excessive inflammation. However, chronic excess suppresses
immune responses and can increase susceptibility to infection.

Cortisol deficiency produces a markedly different clinical picture.

In primary or secondary adrenal insufficiency, inadequate cortisol levels reduce the body’s ability
to maintain glucose and blood pressure during stress.

Patients may develop fatigue, weight loss, weakness, hypotension, nausea, and hypoglycemia.

In primary adrenal insufficiency, mineralocorticoid deficiency may occur simultaneously, leading
to sodium loss, hyperkalemia, and volume depletion.

Primary adrenal insufficiency also causes elevated ACTH concentrations because negative
feedback is lost. Increased ACTH production may be associated with skin and mucosal
hyperpigmentation.

In secondary adrenal insufficiency, ACTH secretion is reduced because of pituitary or
hypothalamic dysfunction. Hyperpigmentation is therefore generally absent, and mineralocorticoid
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secretion may be relatively preserved because aldosterone is primarily controlled by the renin-
angiotensin system.

The analysis also showed that cortisol dysregulation can arise from several different mechanisms.
Cushing syndrome may result from ACTH-secreting pituitary adenomas, ectopic ACTH production,
adrenal cortisol-producing tumors, or exogenous glucocorticoid therapy.

Adrenal insufficiency may result from autoimmune adrenal destruction, infections, hemorrhage,
genetic disorders, pituitary disease, or suppression of the HPA axis by prolonged glucocorticoid
treatment.

Abrupt withdrawal of long-term exogenous glucocorticoids can therefore precipitate adrenal
insufficiency.

Discussion

The findings demonstrate that cortisol is not simply a “stress hormone” but a central regulator of
whole-body metabolic homeostasis.

Its effects on glucose metabolism are particularly important. Chronic hypercortisolism promotes
both hepatic glucose production and peripheral insulin resistance.

This creates a metabolic environment similar to type 2 diabetes, although the primary endocrine
abnormality is excessive glucocorticoid signaling.

The interaction between cortisol excess and visceral adiposity is also clinically significant.
Abdominal fat accumulation increases the release of free fatty acids and inflammatory mediators,
which can further worsen insulin resistance.

Thus, cortisol excess can create a self-reinforcing metabolic cycle.

Muscle catabolism contributes to the metabolic problem because skeletal muscle is one of the
major sites of insulin-mediated glucose disposal. Loss of muscle mass can further reduce peripheral
glucose uptake.

Bone disease represents another major complication. Glucocorticoid-induced osteoporosis may
develop gradually and can remain clinically silent until fractures occur.

For this reason, patients with chronic hypercortisolism require assessment of skeletal health.

The opposite endocrine state, cortisol deficiency, also demonstrates the importance of
glucocorticoids in normal physiology.

Patients with adrenal insufficiency may tolerate ordinary conditions relatively well but become
critically ill during infection, trauma, surgery, or other stressors because they cannot increase
cortisol appropriately.

This can result in adrenal crisis, characterized by severe hypotension, electrolyte abnormalities,
hypoglycemia, and circulatory collapse.

Diagnosis of cortisol disorders requires careful biochemical evaluation because random cortisol
values can be difficult to interpret.

Assessment depends on the suspected disorder.

In suspected Cushing syndrome, screening approaches may include late-night salivary cortisol, 24-
hour urinary free cortisol, or low-dose dexamethasone suppression testing.

In suspected adrenal insufficiency, morning cortisol measurement and ACTH stimulation testing
may be used.

ACTH concentration can help distinguish primary from secondary adrenal insufficiency.

Cortisol physiology also illustrates a broader endocrine principle: hormone concentration
alone does not determine biological effect. Receptor sensitivity, tissue-specific enzyme activity,
intracellular signaling, and circadian timing all influence glucocorticoid action.

Therefore, endocrine evaluation must consider both hormone secretion and tissue response.
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Conclusion

Cortisol is a major endocrine regulator of metabolism, cardiovascular function, immunity, bone
turnover, and stress adaptation.

Chronic cortisol excess promotes insulin resistance, hyperglycemia, visceral obesity, hypertension,
muscle wasting, immune suppression, and osteoporosis.

Cortisol deficiency produces fatigue, hypotension, weight loss, hypoglycemia, and impaired
physiological adaptation to stress.

Cushing syndrome and adrenal insufficiency therefore represent opposite but clinically important
forms of glucocorticoid dysregulation.

Accurate diagnosis requires integration of clinical findings with targeted biochemical testing of the
hypothalamic-pituitary-adrenal axis.

Understanding the mechanisms of cortisol action is essential for recognizing the systemic
consequences of adrenal and pituitary endocrine disorders.
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