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Abstract Pseudohyperaldosteronism is characterized by a

clinical picture of hyperaldosteronism with suppression of

renin and aldosterone. It can be due to endogenous or

exogenous substances that mimic the effector mechanisms

of aldosterone, leading not only to alterations of elec-

trolytes and hypertension, but also to an increased

inflammatory reaction in several tissues. Enzymatic defects

of adrenal steroidogenesis (deficiency of 17a-hydroxylase
and 11b-hydroxylase), mutations of mineralocorticoid

receptor (MR) and alterations of expression or saturation of

11-hydroxysteroid dehydrogenase type 2 (apparent miner-

alocorticoid excess syndrome, Cushing’s syndrome,

excessive intake of licorice, grapefruits or carbenoxolone)

are the main causes of pseudohyperaldosteronism. In these

cases treatment with dexamethasone and/or MR-blockers is

useful not only to normalize blood pressure and elec-

trolytes, but also to prevent the deleterious effects of pro-

longed over-activation of MR in epithelial and non-

epithelial tissues. Genetic alterations of the sodium channel

(Liddle’s syndrome) or of the sodium-chloride co-trans-

porter (Gordon’s syndrome) cause abnormal sodium and

water reabsorption in the distal renal tubules and hyper-

tension. Treatment with amiloride and thiazide diuretics

can respectively reverse the clinical picture and the renin

aldosterone system. Finally, many other more common

situations can lead to an acquired pseudohyperaldostero-

nism, like the expansion of volume due to exaggerated

water and/or sodium intake, and the use of drugs, as con-

traceptives, corticosteroids, b-adrenergic agonists and

FANS. In conclusion, syndromes or situations that mimic

aldosterone excess are not rare and an accurate personal

and pharmacological history is mandatory for a correct

diagnosis and avoiding unnecessary tests and

mistreatments.
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1 Introduction

Aldosterone is the main mineralocorticoid, whose action is

regulated by the renin angiotensin system, by 11-hydrox-

ysteroid dehydrogenase type 2 (HSD2) and by the miner-

alocorticoid receptor (MR). The epithelial effects of

aldosterone are involved in the regulation of electrolyte and

water balance and consequently of blood pressure. Several

studies have also stressed the non-epithelial effects of

aldosterone, playing a central role in the inflammatory

processes. These effects are mediated not only by genomic

mechanisms, involving the MR and 11-HSD2 (for example

in hippocampus, heart, vessels and mononuclear leuco-

cytes) [1], but also by non-genomic pathways through not

yet clarified mechanisms [2].

All the substances that mimic aldosterone action can

induce a pseudohyperaldosteronism, leading not only to

alterations of electrolytes and hypertension, but also to an

increased inflammatory reaction in several tissues. These

clinical situations are linked to endogenous or exogenous

factors [3], as reported in Table 1.
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2 Endogenous Causes of
Pseudohyperaldosteronism

2.1 Deficiency of 17a-Hydroxylase

and of 11b-Hydroxylase

The prevalence of these rare forms of congenital adrenal

hyperplasia is about 1/1,000,000.

The deficiency of 17a-hydroxylase (OMIM 202110) is

characterized by severe hypertension at birth, hypokalemia,

glucocorticoid deficiency, pseudohermaphroditism in male

and the lack of development of puberty in both sexes. The

enzyme defect blocks the synthesis of cortisol and andro-

gens in the adrenal fasciculata and reticularis and the

synthesis of sex steroids in the gonads (Fig. 1). The con-

sequent hypocortisolism stimulates ACTH, inducing

secretion of deoxycorticosterone (DOC) by glomerulosa.

Increased DOC acts like a mineralocorticoid, binding MR

and causing plasma volume expansion, hypertension, sup-

pression of renin and aldosterone. It is worth of note that

17a-hydroxylase is not involved in the synthesis of

aldosterone, but ACTH mediated increase of DOC sup-

presses renin and aldosterone synthesis [4].

The deficiency of 11b-hydroxylase (OMIM 202010)

is characterized by a clinical picture of pseudohyper-

aldosteronism, masculinization in female and precocious

puberty in both sexes [5]. The synthesis of aldosterone

and cortisol is blocked, resulting in an excessive pro-

Table 1 Causes of pseudohyperaldosteronism

Endogenous causes

Deficiency of 17a-hydroxylase and 11b-hydroxylase

Apparent mineralocorticoid excess syndrome (AME)

Liddle’s syndrome

Cushing’s syndrome

Insensitivity to glucocorticoids (Chrousos syndrome)

Aldosterone-secreting adrenocortical carcinoma

Geller’s syndrome

Gordon’s syndrome

Exogenous causes

Corticosteroids with mineralocorticoid activity

Hypersodic diets

Water intossications

Licorice, grapefruit

Carbenoxolone

Contraceptives

Some progestins

Particular causes of hypertension

Sclerosis of juxtaglomerular apparatus (diabetic

microangiopathy and/or of the elderly)

FANS

B-Adrenergic agonists

Aging

Low-renin essential hypertension

Autonomic dysfunction

Partial/total nephrectomy or removal of renal tissue

Fig. 1 Alterations of

steroidogenesis in 17a-
hydroxylase and 11b-
hydroxylase deficiency. 17a-OH
17a-hydroxylase, 3b-OH-DH
3b-hydroxysteroid
dehydrogenase, 21-OH

21-hydroxylase, 11b-OH 11b-
hydroxylase, 17b-OH-DH 17b-
hydroxysteroid dehydrogenase,

Aro aromatase
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duction of DOC and adrenal androgens, stimulated by

increased ACTH levels (Fig. 1).

In both diseases the treatment with glucocorticoids alone

or associated with MR-receptor blockers normalizes the

secretion of ACTH and DOC, and reactivates the renin

aldosterone system. Other medical and/or surgical treat-

ment should be established according to the deficiency or

the excess of sex steroids.

2.2 Apparent Mineralocorticoid Excess Syndrome

(AME)

A genetic or acquired defect of 11-HSD2 impairs the inacti-

vation of cortisol to cortisone at the level of renal tubular cells

and other classical target tissues. Consequently, cortisol can

bind MR, producing a sodium and water reabsorption, hypo-

kalemia and suppression of renin and aldosterone synthesis.

Moreover, MR also being expressed in mononuclear leuco-

cytes and vascular cells, its prolonged activation can induce

systemic inflammation, endothelial dysfunction and increased

cerebro- cardio-vascular risk [1, 6, 7]. Among congenital

forms, about 50mutations of the 11-HSD2gene site havebeen

identified and associated to different phenotypes of the disease

and different therapeutic responses; recently epigenetic

mechanisms have also been proposed tomodulate the enzyme

activity, influencing hypertension incidence [8].

Treatment with dexamethasone and/or MR-blockers is

useful also in this syndrome.

2.3 Liddle’s Syndrome

This rare disease (OMIM 177200) is related to a mutation

of the epithelial sodium channels (ENaC) gene in the distal

renal tubules. The mutations affect the beta and gamma

subunits of the sodium channel, interfering with the ubiq-

uitylation and degradation of channel by the ubiquitin-li-

gase Nedd4. This alteration leads to the constitutive

expression and impaired degradation of ENaC channels,

producing sodium and water reabsorption, volume expan-

sion, hypertension, hypokalemia and suppression of renin

and aldosterone [9]. The prevalence of the syndrome is

unknown and its transmission is autosomal dominant.

Treatment with amiloride or triamterene can reverse the

clinical picture reactivating the renin aldosterone system.

2.4 Cushing’s Syndrome

Cushing’s syndrome is frequently associated with hyper-

tension, which may be caused by many mechanisms, as for

example activation of renin angiotensin system, increased

peripheral and renovascular resistance, reduced activity of

the nitric oxide pathway and increased cardiac output [10].

The main pathogenetic mechanism is linked to the excess

of cortisol which saturates 11-HSD2 activity, allowing

cortisol to bind MR. A similar picture is also related to over

secretion of cortisol by adrenocortical carcinomas. In some

cases the disease is associated with secondary hyperal-

dosteronism due to a direct activation of the renin angio-

tensin system by glucocorticoids.

The effective treatment of hypercortisolism and the use

of MR-blockers can reverse the situation.

2.5 Other Endogenous Causes

of Pseudohyperaldosteronism

Chrousos syndrome is a rare familial or sporadic condition,

characterized by generalized, mostly partial, target-tissue

insensitivity to glucocorticoids, due to mutations in glu-

cocorticoid receptor (GR) gene. This condition leads to

compensatory increased secretion of ACTH, which stimu-

lates cortisol and/or DOC synthesis, leading to an AME-

like condition, associated with adrenal hyperandrogenism.

Treatment with dexamethasone can normalize ACTH

levels and adrenal steroids production [11].

The Geller’s syndrome is due to a mutation of MR that

alters its specificity and allows progesterone to bind MR,

causing severe hypertension particularly during pregnancy,

where progesterone levels are very high [12].

Gordon’s syndrome (also known as pseudohypoaldos-

teronism type 2—PHA2) is a rare genetic form of hyperten-

sion, characterized by hyperkalemia, normal renal function,

low renin and normal aldosterone levels. It is caused by an

increased activity of the thiazide-sensitive Na–Cl co-trans-

porter in the distal tubule, due to different mutations corre-

lated to different phenotypes. Mutations of at least four genes

have been identified, including WNK1 and WNK4 (members

of a family of serine-threonine kinases), associated to PHA2C

(OMIM 614492) and PHA2B (OMIM 614491) respectively,

and KLHL3 and CUL3 (components of the cullin/Ring E3

ligase ubiquitination pathway) associated to PHA2D (OMIM

614495) and PHA2E (OMIM 614496) respectively. Addi-

tional mutations in chromosome 1 have also been described,

associated to PHA2A (OMIM 145260).

The treatment is based on the administration of thiazide

diuretics and/or dietary sodium restriction, which effectively

improve hypertension and electrolytic alterations [13].

3 Exogenous Causes of Pseudohyperaldosteronism

3.1 Intake of Corticosteroids

with Mineralocorticoid Activity

Fludrocortisone or fluoroprednisolone can mimic the action of

aldosterone, causing plasma volume expansion, increase of

blood pressure and suppression of renin and aldosterone. This
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situation is usually the consequence of an excess of fludro-

cortisone intake in Addison’s disease or during inappropriate

use of inhalatory mineralocorticoids for rhinitis or asthma.

Treatment with glucocorticoids (for example prednisone or

prednisolone) for rheumatic diseases can also induce pseu-

dohyperaldosteronism by binding GR and/or MR.

3.2 Pseudohyperaldosteronism from Licorice,

Grapefruit and Carbenoxolone

Abuse of licorice is one of the most common causes of

exogenous hypertension. The main component of licorice

is the glycyrrhetinic acid that binds MR and blocks

11-HSD2 at the level of classical target tissues of aldos-

terone [14]. The syndrome is related not only to the com-

mon licorice products as sweetening, but also to laxatives

or ocular drops containing glycyrrhetinic acid [15].

High assumption of naringenin, a component of grape-

fruit, can also block 11-HSD2 [16].

Finally, carbenoxolone is a glycyrrhetinic acid derivate

with a steroid-like structure, able to bind MR and block

11-HSD2 [17]. It is usually used for the treatment of gas-

trointestinal ulcerations and inflammation.

3.3 Contraceptives

Other common situations associated with pseudohyperal-

dosteronism are the use of some particular contraceptives

in predisposed patients. Estrogens can retain sodium and

water by different mechanisms, causing increased blood

pressure values and suppressing the renin aldosterone

system. However, contraceptives usually cause hyperten-

sion through a secondary hyperaldosteronism due to the

stimulation of the synthesis of angiotensinogen.

3.4 Other Exogenous Common Causes

of Pseudohyperaldosteronism

An expansion of volume, due to exaggerated water and/or

sodium intake, can cause hypertension and induce suppression

of the renin aldosterone system. In surgical and neurosurgical

units the excess of fluid infusion can cause hypertension with

hyponatremia and hypokalemia due to blood dilution. It is also

very important to consider any other pathological conditions

associated to volume expansion, such as hypothyroidism.

4 Particular Causes of Hypertension with Low
Renin and Aldosterone

Hypertension with glomerulosclerosis is frequent in dia-

betic microangiopathy or in the elderly. This situation can

increase blood pressure despite that renin is low,

juxtaglomerular apparatus being sclerotic (secondary

hypoaldosteronism).

Prolonged use of FANS can increase blood pressure,

blocking the prostaglandin secretion.

Low-renin essential hypertension is very frequent and its

pathogenetic mechanism is still unknown. Some authors

have hypothesized a genetic higher sensitivity to aldos-

terone or sodium. This clinical condition is frequent in

African American hypertensive people or in subjects con-

suming high sodium diets, as for example in China. The

disease is characterized by suppression of renin angiotensin

system and by subnormal aldosterone levels: in these cases

the measurement of renin aldosterone ratio (ARR) is not

indicated, thus excluding primary aldosteronism.

5 Diagnosis and Management
of Pseudohyperaldosteronism in a Hypertensive
Patient

An accurate history must be always performed in patients

with hypertension, asking for water/sodium intake, use of

licorice, grapefruit juice, contraceptives, glucocorticoids,

not only by oral intake, but also by inhalator or topical use.

In pediatric hypertensive patients, sex hormone alterations

must be considered in case of ambiguous genitalia. Pseu-

dohyperaldosteronism should also be suspected in case of

familiarity, resistant hypertension, diabetes, aging and

hypokalemia.

In cases with aldosterone at the low levels of normal

range and suppressed renin, the differential diagnosis with

hyperaldosteronism should be considered, being primary

aldosteronism in some cases associated with these param-

eters [18]. This finding can support the theory that the

primary aldosteronism is a disease that evolves from a

situation of low renin essential hypertension in idiopathic

hyperaldosteronism and adrenal adenoma, as we suggested

in a previous study of our group [19, 20].

Biochemical exams should always include the evalua-

tion of renin, aldosterone, cortisol, sodium and potassium,

considering possible interfering drugs. Use of diuretics,

ACE-inhibitors, sartanics, MR-antagonists, b-blockers,
corticosteroids and contraceptives should be avoided for a

correct interpretation of the results in endogenous disease.

In patients affected by exogenous pseudohyperaldostero-

nism the diagnosis is done during the intake and it is

confirmed by the normalization of the clinical and bio-

chemical picture after the suspension of the substance for at

least one month to demonstrate their influence on the renin

aldosterone system. Finally, particular measurements

should be performed based on the history and the physical

examination, as for example the ratio of cortisol to corti-

sone and of THF ? 5aTHF/THE, the measurement of

234 C. Sabbadin, D. Armanini



glycyrrhetinic acid or of minor mineralocorticoids, like

DOC, corticosterone and 18-hydroxycorticosterone, speci-

fic genetic mutations and the morphological study of

adrenals and genitalia.

6 Conclusive Remarks

Syndromes that mimic aldosterone excess are not rare and

pseudohyperaldosteronism is a very important clinical sit-

uation not only for hypertension and/or endocrinology

specialists, but also for general doctors. The evaluation of

electrolyte balance and of renin aldosterone system should

always be considered, and an accurate history is mandatory

for correct diagnosis, avoiding unnecessary exams or

mistreatments.

The most important point to consider is that the

knowledge of a disease can lead to a correct diagnosis.

Compliance with Ethical Standards

Conflict of interest There are no conflict of interest and no financial

disclosure to disclose.

References

1. Armanini D, Strasser T, Weber PC. Characterization of aldos-

terone binding sites in circulating human mononuclear leuko-

cytes. Am J Physiol. 1985;248:E388–90.
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