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ABSTRACT 
Aldosterone is one of the components of the renin-angiotensin system.  There are 
theoretical elements and clinical evidence of its relationship with heart diseases.  
Numerous bibliographic references were reviewed with the objective of des-
cribing the main characteristics of aldosterone and its relationship with these 
diseases. It has traditionally been thought that the action of aldosterone was 
restricted both, to the reabsorption of sodium and water, and to the excretion of 
potassium at the renal level. In recent years it has been shown to play a major role 
in many processes of the pathogenesis of coronary artery disease and cardiac and 
vascular remodeling. 
Key words: Renin-angiotensin system, Aldosterone, Coronary artery disease, Ven-
tricular remodeling, Vascular remodeling, Heart Failure 
 
Aldosterona: sus implicaciones en las enfermedades del corazón 
 
RESUMEN 
La aldosterona constituye uno de los componentes del sistema renina-angio-
tensina-aldosterona. Existen elementos teóricos y evidencia clínica de su relación 
con las enfermedades del corazón. Se revisaron numerosas referencias bibliográfi-
cas con el objetivo de describir las principales características de la aldosterona y 
su relación con estas enfermedades. Tradicionalmente se ha pensado que la ac-
ción de la aldosterona se restringía tanto a la reabsorción de sodio y agua, como a 
la excreción de potasio a nivel renal. En años recientes se ha demostrado que 
desempeña una función primordial en muchos procesos de la patogenia de la 
enfermedad arterial coronaria y los remodelados cardíaco y vascular. 
Palabras clave: Sistema renina-angiotensina, Aldosterona, Enfermedad arterial co-
ronaria, Remodelación Ventricular, Remodelación vascular, Insuficiencia cardíaca 
 
 
 
INTRODUCTION 
 
The basic scheme of the renin-angiotensin-aldosterone system (RAAS) was 
established more than 50 years ago. Its activation starts with the release of 
the synthesized renin in the juxtaglomerular apparatus of the kidney. This 
enzyme acts on the angiotensinogen, one globulin of hepatic origin, consist- 
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ing of 14 amino acids, and transforms it into a deca-
peptide, the angiotensin I, which becomes the octa-
peptide angiotensin II, by the action of the angio-
tensin-converting enzyme (ACE), which is also res-
ponsible for the degradation of bradykinin, a potent 
vasodilator. When activating AT1 receptors, the 
angiotensin II stimulates the aldosterone synthesis 
as one of the final products of this enzymatic chain1. 

Although the origin of renin is always renal, its 
precursor, prorenin, can also be synthesized in the 
liver, suprarenals, the aorta, heart and testicles. The 
angiotensinogen can be produced in other tissues 
different from the liver. The evidence that the funda-
mental components of RAAS are found in various 
territories in which angiotensin II is synthesized 
demonstrates the existence of local systems. They 
have been located in the heart, vessels, kidney, 
suprarenals, pancreas, central nervous system, 
reproductive system and the lymphatic and adipose 
tissues. Local systems appear to be independently 
regulated but can interact with the circulating sys-
tem and they are involved in processes such as cell 
growth, extracellular matrix formation, vascular 
proliferation, endothelial function and apoptosis. 
Therefore, they play an important function in the 
pathophysiology of cardiovascular disease and 
probably in the mechanism of action of RAAS inhibi-
tors drugs. Recently, the existence of this fully func-
tional system within some cells (myocytes, fibro-
blasts and cells of the smooth vascular muscle) has 
been proved, which has been called intracrine or 
intracellular RAAS. In the synthesis of angiotensin I, 
in these intracellular systems, cathepsin could par-
ticipate and its step to angiotensin I is, at times, 
mediated by the kinase. Its physiological role is 
poorly understood, but may be important to under-
stand cardiovascular diseases and suggest new 
therapeutic strategies1. It has been described that in 
the cardiac fibroblasts, the intracellular RAAS is 
activated by high concentrations of glucose and it is 
involved in the extracellular matrix formation; thus, 
the originated angiotensin II also stimulates the 
formation of aldosterone2. 

For many years, aldosterone was considered a 
hormone dedicated to renal control in its function of 
minerals excretion, which explains the term "miner-
alocorticoid" used to describe this hormone. The 
discovery of numerous mineralocorticoid receptors 
(MR) in extrarenal places and research on fibrino-
genic and proinflammatory effects of this hormone 
have expanded the knowledge of the capabilities of 
aldosterone in its direct involvement in the patho-

genesis of hypertension (HT), heart failure, chronic 
kidney disease and metabolic syndrome3,4. 
 
 
ALDOSTERONE  
 
Synthesis 
In the aldosterone synthesis intervenes the aldoste-
rone synthetase. This enzyme is stimulated by the 
adrenocorticotropic hormone, endothelin-1, vaso-
pressin, potassium, magnesium, atrial natriuretic 
peptide, dopamine and serotonin (Figure). Once 
activated, it acts on secondary metabolites of choles-
terol, as it is the case of 11-deoxycorticosterone, cor-
ticosterone and 18-OH corticosterone, from which 
aldosterone is synthesized. 

  
Effects 
The aldosterone, final product of RAAS, is a hor-
mone (mineralocorticoid) secreted by the glomeru-
lar area of the adrenal gland cortex, which was 
synthesized and characterized in 1953.  

Halfway of the 1990s, it was demonstrated the fact 
that aldosterone acted mainly in epithelial cells of 
the distal convoluted tubule, the collecting tubule, 
the distal colon and the salivary and sweat glands, 
where it produces stimulation of sodium (Na) and 
water reabsorption, as well as potassium (K) excre-
tion. The reabsorption of water and sodium causes 
an increase in blood pressure, by expanding the 
extracellular volume. These effects are mediated by 
aldosterone joining MR, encoded in the NR3C25 
gene. However, after cloning the molecule of MR, in 
1987, it was shown that these were also found in 
other tissues such as the vascular endothelium, the 
cells of the smooth muscle tissue of the middle layer 
of the blood vessels, cardiac tissue (miocardiocytes, 
fibroblasts and macrophages), kidney (podocytes 
and mesangial cells), adipocytes, monocytes and 
brain6-8. 

 
Genomic and non-genomic effects  
The activation of MR (mediates genomic effects) by 
aldosterone promotes multiple deleterious effects at 
renal, cardiac and vascular levels, including en-
dothelial dysfunction, hypertension, neurohormonal 
activation, cardiovascular and renal remodeling 
(hypertrophy, fibrosis and apoptosis), decreased of 
arterial adaptability and stimulates the expression of 
cell adhesion molecules; also, it promotes platelet 
activation, of the activator's inhibitor of plasminogen 
type I (prothrombotic effect), oxidative and pro-
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arrythmic  stress and  proinflammatory effects9-13. 

Moreover, the activation of the central MR pro-
duces an increase of the sympathetic tone in the 
kidneys, the heart, the smooth muscular cells of the 
vascular layer, and the vasopressin release and 
decreased sensitivity of the baroreceptors. In addi-
tion, when activating the MR, the aldosterone regu-
lates the expression of the angiotensin-converting 
enzyme in the miocardiocyte, which suggests the 
existence of a positive feedback mechanism that 
activates the RAAS14. 

All these effects are called genomic because they 
depend on the transcription and translation of the 
MR. On the other hand, aldosterone produces rapid, 
independent effects of transcription and translation 
of MR (non-genomic effects), which may be medi-
ated by the G-protein coupled to the 30 receptor and 
the activation of the epithelial growth factor recep-
tor7. 

These effects have been described in the cells of 
the smooth vascular muscle and other tissues in 
which aldosterone induces a rapid increase of Na 
influx and intracellular calcium concentration; the 
first, by incrementing the cotransporter activity of 
Na-K-Cl2, the Na-H exchange and inhibiting the Na/K 
pump-dependent on adenosine triphosphate (ATP-
[ATPase]), and the second through voltage depend- 

 
ent channels, and the activity of the complex adeno-
sine monophosphate to the cyclic monophosphate 
(cAMP)-protein kinase A, phospholipase C, phospha-
tidylinositol 3-kinase, and diacylglycerol. Likewise, 
aldosterone induces rapid phosphorylation of ex-
tracellular signals into cells of the smooth vascular 
muscle, endothelial, renal, where it promotes mito-
genic and profibrotic phenotype and stimulates the 
transcription of the epithelial growth receptor7,15,16.  

Non-genomic effects also occur independent of 
the hemodynamic factors and play an important role 
in the mechanisms by which aldosterone contri-
butes to endothelial dysfunction, vasoconstriction, 
and resistant hypertension, cardiovascular and renal 
remodeling, inflammation, heart failure, insulin 
resistance and chronic kidney disease3,7,9,10,15-19.  

Uniquely, aldosterone, in the cells of the smooth 
vascular muscle, exerts its effect by two mechan-
isms: either by activating the G-protein coupled to 
the 30 receptor as well as by joining the MR and 
producing vasodilation, apoptosis and activation of 
the phosphoinositide 3-kinase enzyme; also it emits 
regulatory extracellular signals of kinases and 
phosphorylation of myosin light chains16.  

In contrast, the activation of endothelial cells by 
aldosterone from joining the MR reinforces vaso-
constriction and vasodilator response deteriorates. 

 
Figure. Synthesis and effects of aldosterone. ACTH: adrenocorticotropic hormone, ANP: atrial natriuretic peptide, ASI: 

aldosterone synthase inhibitors, ET-1: endothelin-1, MR: mineralocorticoid receptor, MRA: mineralocorticoid  
receptors antagonist 
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All of this confirms that aldosterone plays a fun-
damental function as cell regulator in the functioning 
of several organs, regardless of its effects on the 
kidneys, and it is directly involved in the genesis of 
several cardiovascular and renal diseases7,12.  
 
 
 
ALDOSTERONE AND CORONARY ARTERY 
DISEASE 
 
While a large number of experimental studies indi-
cate that aldosterone is an important stimulus for 
cardiovascular diseases in animal models, some 
data from clinical studies support its deleterious 
effects on the cardiovascular system through the 
activation of the MR. Likewise, the positive effects of 
spironolactone in patients with coronary artery 
disease (CAD) has been proved; however, there are 
insufficient randomized clinical tests.   

Two tests have evaluated the relationship be-
tween aldosterone levels and the risk of death or 
occurrence of acute ischemic episode in patients 
with CAD. For seven years Tomaschitz et al.20 ob-
served 3156 patients with demonstrated CAD by 
coronary angiography and they found that high 
aldosterone levels were independently associated 
with cardiovascular mortality. Ivanes et al.21 studied 
799 patients with CAD without heart failure, and they 
found that elevated aldosterone levels were strongly 
associated, and independently, with mortality, as 
well as the occurrence of acute ischemic events.     

Amano et al.22 conducted a prospective study on 
156 patients with CAD, to which was performed an-
gioplasty with implantation of bare metal stent and 
there was found that elevated levels of aldosterone 
at the time of the procedure are an independent 
predictor of intrastent restenosis. 

In addition, Rita et al.23 studied the progression of 
the carotid atherosclerotic plaque in 848 patients 
with no symptoms of cardiovascular disease, family 
history of this disease and absence of risk factors. 
They evaluated variables as: levels of plasma aldo-
sterone, age, sex, total cholesterol, systolic pressure, 
diabetes and smoking, and concluded that only 
aldosterone levels behaved as an independent pre-
dictor of plaque progression.  

However, future clinical studies are needed to 
prove that spironolactone produces beneficial ef-
fects in patients with CAD, in absence of myocardial 
infarction and heart failure, or preventing intrastent 
restenosis.  

ALDOSTERONE, CARDIAC REMODELING AND 
HEART FAILURE 
 
Cardiac remodeling is characterized by changes in 
the size, structure and function of the heart. It re-
presents an early and progressive response of this 
organ to ischemia, volume/pressure overload or 
mechanical damage caused by a progressive de-
crease in the cardiac function24. 

Preclinical studies have shown that the activation 
of the MR has a key role in the pathogenesis of the 
cardiac remodeling in patients with heart failure or 
after an acute myocardial infarction25,26. 

In patients with heart failure, the elevated plasma 
levels of aldosterone and its cardiac biosynthesis are 
increased due to the activation of the aldosterone 
synthetase enzyme. It has been shown that the high 
plasma levels are related to the mortality, in patients 
with heart failure; also, between the cardiac levels 
and left ventricular remodeling in patients with acute 
myocardial infarction. Although this increase may 
be an adaptive response to maintain blood pressure 
in the short term, the persistence of these elevated 
levels in patients with heart failure produces delete-
rious consequences on cardiovascular structures27. 

Aldosterone causes endothelial dysfunction, 
significant HT, fibrosis, and cardiac and perivascular 
remodeling; as well as glomerulosclerosis and inter-
stitial fibrosis in the kidney. Before the development 
of fibrosis, aldosterone causes cardiac inflammatory 
and intracoronary lesions characterized by infiltra-
tion of monocytes/macrophages, focal ischemia, and 
necrotic changes, in addition to increased expres-
sion of proinflammatory molecules (cyclooxygenase-
2, osteoporine, protein 1, growth factor β1 and 
connective tissue), collagen, metalloproteases and 
NADPH oxidase. These changes facilitate progres-
sion to heart failure independently of blood pressure 
and levels of angiotensin II; however, they are 
attenuated significantly by the antagonists of MR. 
The expression of these receptors causes severe 
coronary endothelial dysfunction and dilated cardio-
myopathy, and it accentuates the MR error in the 
pathological hypertrophy28,29. 

The overexpression of aldosterone synthetase or 
MR in the cardiomyocytes alone does not induce 
fibrosis, suggesting that the presence of aldosterone 
is necessary but not sufficient, and other trigger 
factors (sodium, oxidative stress, angiotensin II, 
endothelin-1) are required to induce cardiac remod-
eling30. 
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CONCLUSIONS 
 
Aldosterone is one of the main regulatory factors of 
the cardiovascular diseases’ progression. The MR’s 
activation by aldosterone intervenes and aggravates 
pathophysiological processes, which are the target 
of therapeutic interventions in patients with coro-
nary artery disease and heart failure.  

 
 
REFERENCES 
 
1. Kumar R, Singh VP, Baker KM. The intracellular 

renin-angiotensin system: a new paradigm. 
Trends Endocrinol Metab. 2007;18:208-14. 

2. Singh VP, Le B, Khode R, Baker KM, Kumar R. 
Intracellular angiotensin II production in diabetic 
rats is correlated with cardiomyocyte apoptosis, 
oxidative stress, and cardiac fibrosis. Diabetes. 
2008;57:3297-306.  

3. Sowers JR, Whaley-Connell A, Epstein M. Narra-
tive review: the emerging clinical implications of 
the role of aldosterone in the metabolic 
syndrome and resistant hypertension. Ann Intern 
Med. 2009;150:776-83.  

4. Rhee SS, Pearce EN. Sistema endocrino y cora-
zón: una revisión. Rev Esp Cardiol. 2011;64:220-
31.  

5. Williams JS, Williams GH. 50th anniversary of 
aldosterone. J Clin Endocrinol Metab. 2003;88: 
2364-72.  

6. Messaoudi S, Jaisser F. Aldosterone and the min-
eralocorticoid receptor. Eur Heart J. 2011; 
13(Suppl B):4-9.  

7. Brown NJ. Contribution of aldosterone to cardio-
vascular and renal inflammation and fibrosis. Nat 
Rev Nephrol. 2013;9:459-69.  

8. Messaoudi S, Azibani F, Delcayre C. Aldosterone, 
mineralocorticoid receptor, and heart failure. Mol 
Cell Endocrinol. 2012;350:266-72.  

9. Funder JW. Reconsidering the roles of the miner-
alocorticoid receptor. Hypertension. 2009;53:286-
90.  

10. Zannad F, Gattis Stough W, Rossignol P, Bauer-
sachs J, McMurray JJ, Swedberg K, et al. Miner-
alocorticoid receptor antagonists for heart failure 
with reduced ejection fraction: integrating evi-
dence into clinical practice. Eur Heart J. 2012;33: 
2782-95.  

11. Rocha R. Aldosterone induces a vascular inflam-
matory phenotype in the rat heart. Am J Physiol 
Heart Circ Physiol. 2002;283:H1802-10.  

12. Connell JM, Davies E. The new biology of aldos-
terone. J Endocrinol. 2005;186:1-20.  

13. Pitt B, Stier CT, Rajagopalan S. Mineralocorticoid 
receptor blockade: new insights into the mech-
anism of action in patients with cardiovascular 
disease. J Renin Angiotensin Aldosterone Syst. 
2003;4:164-8.  

14. Contra HS, Estrada LR, Chávez, AG, Hernández H. 
El sistema renina-angiotensina-aldosterona y su 
papel funcional más allá del control de la presión 
arterial. Rev Mex Cardiol. 2008;19:21-9.  

15. Christ M, Meyer C, Sippel K, Wehling M. Rapid 
aldosterone signaling in vascular smooth muscle 
cells: involvement of phospholipase C, diacyl-
glycerol and protein kinase C alpha. Biochem 
Biophys Res Commun. 1995;213:123-9.  

16. Grossmann C, Gekle M. New aspects of rapid al-
dosterone signaling. Mol Cell Endocrinol. 2009; 
308:53-62.  

17. Fuller PJ, Yao Y, Yang J, Young MJ. Mechanism of 
ligand specificity of the mineralocorticoid recep-
tor. J Endocrinol. 2012;213:15-24.  

18. Briet M, Schiffrin EL. Aldosterone effects on the 
kidney and cardiovascular system. Nat Rev Ne-
phrol. 2010;6:261-73.  

19. Briet M, Schiffrin EL. The role of aldosterone in 
metabolic syndrome. Curr Hypertens Rep. 2011; 
13:163-72.  

20. Tomaschitz A, Pilz S, Ritz E, Meinitzer A, Boehm 
BO, Marz W. Plasma aldosterone levels are asso-
ciated with increased cardiovascular mortality: 
the Ludwigshafen Risk and Cardiovascular Health 
(LURIC) study. Eur Heart J. 2010;31:1237-47.  

21. Ivanes F, Susen S, Mouquet F, Pigny P, Cuilleret 
F, Sautière K, et al. Aldosterone, mortality, and 
acute ischaemic events in coronary artery dis-
ease patients outside the setting of acute myocar-
dial infarction or heart failure. Eur Heart J. 2012; 
33:191-202.  

22. Amano T, Matsubara T, Izawa H, Torigoe M, Yo-
shida T, Hamaguchi Y, et al. Impact of plasma 
aldosterone levels for prediction of in-stent reste-
nosis. Am J Cardiol. 2006;97:785-8.  

23. De Rita O, Hackam DG, Spence JD. Effects of 
aldosterone on human atherosclerosis: plasma 
aldosterone and progression of carotid plaque. 
Can J Cardiol. 2012;28:706-11.  

24. Sutton MG, Sharpe N. Left ventricular remodeling 
after myocardial infarction: pathophysiology and 
therapy. Circulation. 2000;101:2981-8.  

25. Leopold JA. Aldosterone, mineralocorticoid re-
ceptor activation, and cardiovascular remodeling. 



Aldosterone: its implications for heart disease 

CorSalud 2016 Jul-Sep;8(3):177-182 182 

Circulation. 2011;124:e466-8. 
26. Zwadlo C, Bauersachs J. Mineralocorticoid recep-

tor antagonists for therapy of coronary artery 
disease and related complications. Curr Opin 
Pharmacol. 2013;13:280-6.  

27. Swedberg K, Eneroth P, Kjekshus J, Wilhelmsen 
L. Hormones regulating cardiovascular function 
in patients with severe congestive heart failure 
and their relation to mortality. CONSENSUS Trial 
Study Group. Circulation. 1990;82:1730-6.  

28. Brilla CG, Matsubara LS, Weber KT. Anti-aldos-
terone treatment and the prevention of myocar-

dial fibrosis in primary and secondary hyperal-
dosteronism. J Mol Cell Cardiol. 1993;25:563-75.  

29. Le Menuet D, Isnard R, Bichara M, Viengchareun 
S, Muffat-Joly M, Walker F, et al. Alteration of 
cardiac and renal functions in transgenic mice 
overexpressing human mineralocorticoid recep-
tor. J Biol Chem. 2001;276:38911-20.  

30. Bauersachs J. Aldosterone antagonism in heart 
failure: improvement of cardiac remodelling, en-
dothelial dysfunction and platelet activation. Eur 
J Clin Invest. 2004;34:649-52.  

 
 


	aldosterone-1
	aldosterone-2

