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ADRENAL-CORTICAL HYPERFUNCTION

Primary Disciplinary Field(s): Endocrinology, Internal Medicine, Pathology

1. Core Definition

Adrenal-cortical hyperfunction refers specifically to the pathological state characterized by the

excessive and inappropriate production of hormones secreted by the adrenal cortex, the outer

layer of the adrenal glands. The adrenal cortex is crucial for synthesizing three main classes of

steroid hormones: glucocorticoids (primarily cortisol), mineralocorticoids (primarily

aldosterone), and adrenal androgens. When the regulatory mechanisms governing the secretion

of these hormones fail, or when autonomous tumor growth occurs, the resultant hypersecretion

leads to a spectrum of distinct clinical syndromes. The specific symptoms and ultimate diagnosis

depend critically upon which class of hormone is being over-produced, leading to conditions like

Cushing's syndrome (glucocorticoid excess) or primary hyperaldosteronism (mineralocorticoid

excess).

This condition disrupts the delicate balance of the hypothalamic-pituitary-adrenal (HPA) axis, which

normally regulates cortisol production via the release of Adrenocorticotropic Hormone (ACTH) from

the pituitary gland. In the case of hyperfunction, this negative feedback loop is often overridden or

distorted, leading to supraphysiological levels of hormones that exert profound effects on

metabolism, cardiovascular function, fluid and electrolyte balance, and immunity. As observed in

epidemiological data, adrenal-cortical hyperfunction, particularly its most common

presentations, is frequently observed in people in their thirties and forties, though the etiology can

vary significantly across age groups, especially when distinguishing between pituitary-dependent

and adrenal-dependent causes.

While the term encompasses the overproduction of all cortical steroids, clinical practice usually

differentiates between the three main syndromes. Uncontrolled excess of cortisol leads to the

catabolic and immunosuppressive state known as Cushing's syndrome. Excess aldosterone

causes hypertension and severe electrolyte disturbances, and excess androgens can lead to

virilization and hirsutism, particularly in female patients. Recognition of these specific hormonal

imbalances is fundamental to accurate diagnosis and targeted treatment, as the therapeutic

strategies for mitigating mineralocorticoid excess are fundamentally different from those used to

treat glucocorticoid excess.

2. Etiology and Historical Development

The understanding of adrenal physiology and pathology began in earnest in the 19th and early

20th centuries, though the most significant advancements related to hyperfunction occurred after
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the discovery and synthesis of steroid hormones. A pivotal moment was the description of the

syndrome of glucocorticoid excess by Harvey Cushing in 1932, establishing Cushing's syndrome

as the prototype of adrenal-cortical hyperfunction resulting from excess cortisol. Later, in 1955,

Jerome W. Conn identified the clinical presentation of primary hyperaldosteronism, often referred

to today as Conn's syndrome, caused by aldosterone-producing adenomas. These historical

delineations allowed clinicians to separate conditions based on the specific hormone driving the

pathology.

Etiologically, adrenal-cortical hyperfunction can be classified as either ACTH-dependent or ACTH-

independent. The most common ACTH-dependent cause of Cushing's syndrome is Cushing's

disease, defined as a pituitary adenoma that autonomously secretes excessive ACTH, stimulating

the adrenal cortex to overproduce cortisol. Rarer ACTH-dependent cases include ectopic ACTH

production, typically secreted by non-pituitary tumors such as small cell lung carcinomas, which

results in profound and rapidly developing cortisol excess.

Conversely, ACTH-independent hyperfunction originates directly within the adrenal glands

themselves. This category includes unilateral adrenal adenomas (benign tumors) that

autonomously secrete cortisol or aldosterone, known respectively as cortisol-producing adenomas

or aldosterone-producing adenomas. More rarely, bilateral adrenal hyperplasia or malignant

adrenocortical carcinomas can also lead to hyperfunction, often presenting a more severe and

aggressive course. The identification of the specific underlying cause--whether pituitary or adrenal,

benign or malignant--is the most critical step in determining the appropriate surgical or

pharmacological intervention required for effective management of adrenal-cortical

hyperfunction.

3. Key Clinical Manifestations: Glucocorticoid Excess (Cushing's Syndrome)

The overproduction of glucocorticoids, primarily cortisol, leads to Cushing's syndrome, a disorder

characterized by severe metabolic and structural changes due to the pervasive catabolic actions of

the hormone. One of the hallmark presentations is the redistribution of fat, resulting in central

obesity, characterized by truncal weight gain, a "buffalo hump" (fat pad in the upper back), and a

moon face (facial plethora). These changes are often accompanied by significant loss of muscle

mass in the extremities, contributing to generalized weakness and fatigue, which severely impacts

the patient's quality of life and mobility.

Furthermore, cortisol excess profoundly affects skin integrity and wound healing. Patients

frequently present with thin, fragile skin that bruises easily, along with characteristic wide, purplish

striae (stretch marks) that typically appear on the abdomen, thighs, and breasts. The catabolic

effect extends to bone tissue, increasing the risk of osteoporosis and pathological fractures,

especially in the vertebrae and ribs, often leading to chronic pain and reduced stature. These
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physical manifestations, combined with the often insidious onset of the disease, make early

diagnosis challenging but crucial for preventing irreversible skeletal damage.

Beyond physical signs, glucocorticoid hyperfunction causes significant metabolic derangements.

Chronic high cortisol levels antagonize insulin action, leading to insulin resistance and often frank

type 2 diabetes mellitus or impaired glucose tolerance. Hypertension is extremely common,

resulting from increased sensitivity to catecholamines and mineralocorticoid-like activity of cortisol.

Psychological symptoms are also prominent, ranging from irritability, anxiety, and depression to

severe psychosis, reflecting the neurocognitive impact of persistent cortisol elevation on brain

function. In severe, untreated cases, opportunistic infections become a major risk due to cortisol's

potent immunosuppressive effects, highlighting the systemic danger posed by uncontrolled

glucocorticoid excess.

4. Key Clinical Manifestations: Mineralocorticoid Excess

(Hyperaldosteronism)

Hyperaldosteronism, defined by the excessive secretion of aldosterone, primarily affects the

cardiovascular system and electrolyte balance, often leading to significant morbidity. Aldosterone

acts on the distal tubules and collecting ducts of the kidney, promoting sodium reabsorption and

potassium excretion. The resultant retention of sodium and water leads directly to volume

expansion and treatment-resistant hypertension, which is the most common presentation of this

disorder. This secondary hypertension significantly increases the risk of stroke, myocardial

infarction, and chronic kidney disease if left unmanaged.

A key biochemical feature of mineralocorticoid hyperfunction is hypokalemia (low potassium

levels) resulting from excessive urinary excretion of potassium. While not all patients with

hyperaldosteronism present with hypokalemia, its presence is highly suggestive of the diagnosis.

Hypokalemia is responsible for many of the associated neuromuscular symptoms. Severe

potassium depletion can lead to muscular weakness, fatigue, paresthesias (tingling or numbness),

and severe muscle cramping. The source content noted that nerve injuries could present due to

too much aldosterone; this relates specifically to the neuromuscular symptoms and cardiac

arrhythmias caused by profound hypokalemia affecting nerve and muscle cell depolarization.

Clinically, primary hyperaldosteronism (e.g., Conn's syndrome caused by an adrenal adenoma) is

distinguished from secondary hyperaldosteronism (often caused by conditions activating the renin-

angiotensin-aldosterone system, such as renal artery stenosis). The diagnosis of primary

hyperaldosteronism is typically confirmed by finding a low plasma renin activity coupled with an

elevated plasma aldosterone concentration, resulting in a high Aldosterone-to-Renin Ratio

(ARR). Timely identification of primary hyperaldosteronism is critical, as it is one of the few

reversible causes of hypertension, often treatable effectively through surgery (adrenalectomy) or
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mineralocorticoid receptor antagonists.

5. Diagnostic Procedures

Diagnosing adrenal-cortical hyperfunction requires a multi-step approach, beginning with

biochemical confirmation of hormonal excess, followed by localization of the source. For suspected

Cushing's syndrome, initial screening tests aim to confirm cortisol hypersecretion, circumventing

the body's normal circadian rhythm of cortisol release. Standard screening tools include the 24-

hour urinary free cortisol (UFC) measurement, the late-night salivary cortisol test, and the low-dose

dexamethasone suppression test (LDDST). Failure to suppress cortisol after administration of a

low dose of dexamethasone confirms autonomous cortisol production, indicating hyperfunction.

Once cortisol excess is confirmed, the next step involves measuring plasma ACTH levels to

differentiate between ACTH-dependent and ACTH-independent causes. Low ACTH suggests an

adrenal tumor (ACTH-independent), necessitating immediate adrenal imaging (CT or MRI). High or

normal ACTH suggests a pituitary source (Cushing's disease) or ectopic production (ACTH-

dependent). Further differentiation in ACTH-dependent cases often involves the high-dose

dexamethasone suppression test or petrosal sinus sampling to definitively locate the ACTH source

before surgical intervention is planned.

For diagnosing hyperaldosteronism, the primary screening tool is the measurement of the

plasma Aldosterone-to-Renin Ratio (ARR). If the ARR is elevated and the plasma aldosterone

concentration is high, confirmatory tests, such as the saline infusion test or oral sodium loading

test, are performed to ensure that aldosterone secretion remains autonomous despite attempts to

suppress it. Following biochemical confirmation, high-resolution CT imaging of the adrenals is

essential to distinguish between a unilateral adenoma (Conn's syndrome) and bilateral adrenal

hyperplasia, a distinction critical for surgical planning. Often, adrenal venous sampling (AVS) is

required to accurately lateralize the source of excess aldosterone production, especially in older

patients or those with equivocal imaging results.

6. Treatment and Management Strategies

Management of adrenal-cortical hyperfunction is highly dependent on the underlying etiology and

the specific hormone overproduced. For hyperfunction caused by localized, unilateral adenomas--

whether cortisol-producing or aldosterone-producing--the definitive treatment is usually unilateral

adrenalectomy. This surgical procedure, often performed laparoscopically, removes the source of

the autonomous hormone secretion, frequently resulting in a cure for Conn's syndrome and a

significant remission rate for Cushing's syndrome.

In cases of ACTH-dependent Cushing's disease (pituitary tumor), the first-line treatment is

transsphenoidal surgery to remove the pituitary adenoma. If surgery is unsuccessful or
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contraindicated, subsequent therapies include pituitary radiation or medical management.

Pharmacological options for treating Cushing's syndrome aim to inhibit cortisol synthesis (e.g.,

ketoconazole, metyrapone, or osilodrostat) or block the effects of glucocorticoids at the receptor

level (e.g., mifepristone). These drugs are vital for stabilizing patients pre-operatively or managing

persistent hypercortisolism post-surgery.

For patients with bilateral adrenal hyperplasia causing primary hyperaldosteronism, or for those

unfit for surgery, medical management is the standard of care. This involves the long-term use of

mineralocorticoid receptor antagonists, such as spironolactone or eplerenone, which block the

action of aldosterone, normalize potassium levels, and effectively control hypertension. Regardless

of the specific treatment path, careful monitoring of hormone levels, blood pressure, and

electrolytes is required to ensure long-term efficacy and prevent recurrence of the underlying

adrenal-cortical hyperfunction.

7. Significance and Impact

Adrenal-cortical hyperfunction represents a collection of serious endocrine disorders with profound

systemic consequences if left untreated. The sustained elevation of adrenal hormones places

enormous stress on the cardiovascular, metabolic, musculoskeletal, and psychological systems.

Untreated Cushing's syndrome, for instance, carries a significant mortality risk primarily related to

cardiovascular complications, thromboembolism, and uncontrolled infections. Similarly, primary

hyperaldosteronism, even when mild, causes disproportionately severe end-organ damage (heart,

kidney, brain) compared to essential hypertension of the same severity, due to the direct pro-

fibrotic effects of aldosterone.

The recognition that various disorders and ailments can present dependent upon the specific

chemical being over-produced emphasizes the necessity for accurate hormonal profiling during

diagnosis. For example, identifying an aldosterone-producing adenoma is paramount because its

surgical removal offers the potential for complete cure of hypertension and associated

cardiovascular risk. Moreover, early detection in the defined age demographic (thirties and forties)

is crucial, as chronic exposure to high hormone levels leads to irreversible tissue damage, such as

severe osteoporosis or diabetes, reducing quality of life even after hormonal control is achieved.

Therefore, heightened awareness and specialized diagnostic protocols are essential for mitigating

the severe long-term impact of adrenal-cortical hyperfunction.

Further Reading

Cushing's Syndrome (Glucocorticoid Excess) - NIH

Adrenal Cortex - Wikipedia

Primary Hyperaldosteronism (Mineralocorticoid Excess) - Comprehensive Review
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