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Aldosterone facilitates cardiovascular damage by increasing blood pressure and through different mechanisms that are independent
of its effects on blood pressure. In this respect, recent evidence involves aldosterone in the pathogenesis of metabolic syndrome.
Although this relationship is complex, there is some evidence suggesting that different factors may play an important role, such
as insulin resistance, renin-angiotensin-aldosterone system, oxidative stress, sodium retention, increased sympathetic activity,
levels of free fatty acids, or inflammatory cytokines and adipokines. In addition to the classical pathway by which aldosterone
acts through the mineralocorticoid receptors leading to sodium retention, aldosterone also has other mechanisms that influence
cardiovascular tissue remodelling. Finally, overweight and obesity promote the adrenal secretion of aldosterone, increasing the
predisposition to type 2 diabetes mellitus. Further studies are needed to better establish therapeutic strategies that act on
the blockade of mineralocorticoid receptor in the treatment and prevention of cardiovascular diseases related to the excess of
aldosterone and the metabolic syndrome.

1. Introduction

Prevalence of hypertension and obesity is increasing around
the world, and data from NHANES III show that hyper-
tension increases parallel to a rising body mass index [1].
An increase in abdominal obesity, also when only moderate
overweight exits or even if there is no overweight, plays a
key role on cardiometabolic diseases [2]. This increase in
abdominal obesity is associated with carbohydrate and lipid
metabolism disorders and with elevation of blood pressure
levels. On the contrary, a rising subcutaneous adiposity does
not seem to be accompanied by any systemic complication
of obesity [3]. Most studies link abdominal obesity and
cardiometabolic disorders with the inflammatory status and
oxidative stress that lead to the development of insulin
resistance [4, 5]. Insulin resistance also plays a major role
in the development of metabolic syndrome and type 2 di-
abetes mellitus [6]. Moreover, hypertension usually occurs
at the same time with other risk factors: insulin resistance,
central obesity, dyslipidemia, and carbohydrate disorders, to
constitute the so-called cardiometabolic syndrome.

Aldosterone may lead to cardiovascular damage through
different mechanisms that are independent on its hemody-
namic effects on blood pressure. Thus, many recent stud-
ies involve aldosterone in the pathogenesis of the cardi-
ometabolic syndrome [7]; although this relationship is com-
plex and it is not well established, there is some evidence
that different factors could act on it: insulin resistance, renin-
angiotensin-aldosterone system, oxidative stress, sodium
retention and volume overload, increased sympathetic activ-
ity, levels of free fatty acids, or inflammatory cytokines
and adipokines. Renin-angiotensin-aldosterone system has
been linked with obesity-related hypertension [8], and it is
also involved in the association among obesity, metabolic
syndrome, dyslipidemia, insulin resistance, chronic kidney
disease, and hypertension [9]. The classical genomic pathway
by which aldosterone acts through the mineralocorticoid
receptors are related to sodium retention and volume ex-
pansion. But, in addition, aldosterone has nongenomic
mechanisms too, acting on cardiovascular tissue remodeling
and on central nervous system, and then taking part in the
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development of cardiometabolic syndrome, insulin resis-
tance and hypertension.

2. Genomic and Nongenomic Effects of
Aldosterone (Figure 1)

The role of aldosterone on gene transcription and conse-
quently on the protein synthesis has been better known
since the introduction of molecular biology techniques [10].
Genomic mechanism of action of aldosterone has been
traditionally divided into two distinct phases [11–13]. In the
first phase, an early (from 30 minutes onwards) activation
or inactivation of different genes takes place; these genes can
modulate the activity of sodium and potassium transporters,
mainly the Na/K-ATPase, the sensitive to thiazides Na/Cl
cotransporter, and the epithelial sodium channel [14, 15].
Different proteins, such as SGK-1, CHIF, Ki-Ras, GILZ, or
NDRG2, act in this phase [16–19]. By contrast, aldosterone,
in its later phase (from 3 hours), directly modulates the
expression levels of various sodium and potassium trans-
porters, leading to a net increase in sodium reabsorption and
potassium secretion.

Nevertheless, apart from the classical mechanisms men-
tioned above, aldosterone also has nongenomic or nonclassi-
cal effects, which are independent on the mineralocorticoid
receptor and therefore are insensitive to the effect of min-
eralocorticoid receptor antagonists such as spironolactone.
These nongenomic effects of aldosterone (not requiring
signaling through the classical pathway including gene acti-
vation, transcription, and protein synthesis) were described
by Wehling et al. in 1992 [20]. These effects take place
quickly (in seconds) and occur in various tissues from
both epithelial and nonepithelial origin, such as vascular
smooth muscle cells, endothelial cells, cardiac myocytes,
kidney cells, and colonic epithelial cells, as well as in cell
lines of human mononuclear leukocytes [21]. The nonge-
nomic effects include: regulation of intracellular cations,
cell volume, redox status, metabolic signaling, and vascular
endothelium-dependent relaxation [22]. In the last years, it is
becoming increasingly clear that these nongenomic and not
hemodynamic effects of aldosterone constitute an important
part of the mechanisms by which aldosterone contributes
to the pathogenesis of metabolic syndrome and resistant
hypertension [22–24].

Elevated levels of aldosterone, in association with obesity
and insulin resistance, promote nongenomic inflammation
and oxidative stress, which advance the development of
resistant hypertension through a number of mechanisms [9].
In this way, it has been demonstrated that aldosterone can
inhibit the endothelium-dependent relaxation by decreasing
nitric oxide bioavailability (a consequence of increased re-
active oxygen species generation). In addition, perivascular
fibrosis induced by aldosterone reduces vascular compliance
and increases arterial stiffness, and an increased Na/H
interchange stimulates vascular smooth muscle cell prolif-
eration [25, 26]. These actions potentiate the elevation of
blood pressure levels that occurs as consequence of classical
effects of aldosterone (salt retention and volume expansion),
causing severe hypertension that is resistant to treatment

unless an appropriate mineralocorticoid receptor antagonist
(such as spironolactone or eplerenone) is used as part of the
therapeutic strategy.

3. Aldosterone and Insulin Resistance

In the last years, we have learnt more about the actions
of aldosterone. At present, we know that it plays a role
in the pathogenesis of the metabolic syndrome [23] and
that elevated levels of aldosterone take part directly in the
pathogenesis of insulin resistance and endothelial dysfunc-
tion, facilitating a vascular remodeling that ultimately can
lead to resistant hypertension in association with obesity
and metabolic syndrome. The effects of aldosterone on
cardiometabolic syndrome are independent on the action
of angiotensin II. Thus, in primary hyperaldosteronism,
where low plasma renin activity and angiotensin II levels
are found, there are higher levels of plasma glucose and
higher prevalence of cardiometabolic syndrome than in
essential hypertension [27]. Patients with primary hyper-
aldosteronism have more cardiovascular events than those
with essential hypertension [28].

Our group demonstrated that patients with primary
hyperaldosteronism have a greater intima-media thickness
and that it was related to plasma levels of aldosterone
and aldosterone/plasma renin activity ratio [29]. In addi-
tion, plasma levels of aldosterone are associated with car-
diometabolic syndrome; Fallo et al. [30] showed that patients
with primary hyperaldosteronism had higher levels of plas-
ma glucose and prevalence of cardiometabolic syndrome
than those with essential hypertension. Fallo et al. [31]
confirmed that the excess of aldosterone has a negative effect
on the glucose metabolism; this may explain at least in
part the higher number of cardiovascular events that we
can observe in primary hyperaldosteronism compared with
essential hypertension. In the same way, it is demonstrated
that there is an improvement in insulin resistance and
that plasma glucose and insulin levels decrease in patients
surgically treated of an aldosterone-producing tumor [32].
Similar results have been found with mineralocorticoid
receptor blockers in cases of idiopathic hyperaldosteronism.
Colussi et al. [33] performed a comparison between patients
with essential hypertension and normotensive subjects and
showed that a direct relationship exists between levels of
aldosterone and insulin resistance or hyperinsulinism; the
authors suggest that in hypertensive patients this relationship
may contribute both to the persistent elevated blood pressure
levels and to an increased cardiometabolic risk. Other two
large studies have also indicated that plasma levels of al-
dosterone but not renin are associated with metabolic
syndrome [34, 35].

However, Matrozova et al. [36] in their large series did
not find differences in carbohydrate or lipid metabolism
between a group of 460 cases of primary hyperaldosteronism
and a control group of 1363 patients with essential hyper-
tension. Similar findings were obtained from the subanalysis
of the Trial of Preventing Hypertension Study [37], with
no evidence of higher levels of aldosterone in patients with
metabolic syndrome.
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The relationship between aldosterone and insulin re-
ported by different studies is also supported by experimental
evidences; different mechanisms by which aldosterone may
induce insulin resistance have been suggested: effects of
hypokalaemia on pancreatic beta-cells, direct effects of aldos-
terone on insulin receptors, activation of hepatic neogluco-
genesis, and effects on Na/glucose cotransporter [38]. In
addition, it has been suggested that human adipocytes can
produce a mineralocorticoid releasing factor that promotes
the production of aldosterone [39]. Some data support that
aldosterone can have a negative effect on the structure and
function of the pancreatic beta-cells, due to an increase in
inflammation and oxidative stress [23] and to a decrease
in insulin sensitivity in human adipocytes [40]. It is also
possible that hyperinsulinemia may lead to higher levels of
aldosterone [41]; these higher levels of aldosterone may also
be related to the association between insulin resistance and
the amount of body fat. Fatty acids and adipokines have
an important role in the development of insulin resistance
[42] and both stimulate the production of aldosterone [43].
Experimental studies also show that adipocytes promote the
secretion of aldosterone in the adrenal glands [41].

4. Renin-Angiotensin-Aldosterone
System and Obesity

Upregulation of renin-angiotensin-aldosterone system, char-
acterized by higher levels of plasma renin activity and al-
dosterone, has been described in patients with visceral
obesity [44]; this improves when patients lose weight [45].
This abnormal regulation of renin-angiotensin-aldosterone
system in obesity may result from a primary increase in
the production of renin-angiotensin-aldosterone system
components or may be the consequence of an alteration in
the atrial natriuretic peptide system [46].

The key role of renin-angiotensin-aldosterone system in
the regulation of systemic blood pressure and electrolyte ho-

meostasis has been well recognized for many years. In ad-
dition, in the last decade, its presence in a wide variety of
tissues has been described, such as adrenal glands, kidneys,
brain, heart, or blood vessels; this suggests the existence of a
local renin-angiotensin-aldosterone system that would act as
a regulator of several functions in different organs [42]. Local
renin-angiotensin-aldosterone system has also been involved
in structural and functional pathologic changes that can take
place in different organs, by modulating gene expression,
growth, fibrosis, and possibly the inflammatory response
[43].

Recently, many data support the presence of a local
renin-angiotensin-aldosterone system in the adipose tissue
too, which may have an important role in the physiolog-
ical regulation of this tissue and may have also a role in
the pathophysiology of obesity and of obesity-related
hypertension. Several studies support this hypothesis. The
expression of angiotensinogen in human adipose tissue has
been demonstrated by studies with cultures of adipocytes
and preadipocytes [47]. The expression of angiotensinogen
seems to be regulated by free fatty acids, glucocorticoids,
and possibly by tumor necrosis factor-alpha [48]. However,
although the effects of insulin in the hepatic expression of
angiotensinogen are well established, its role in the adipose
tissue is controversial.

It has been proven that production of angiotensin
II increases during the differentiation process of human
preadipocytes. Crandall et al. [49] identified angiotensin
II receptors in adipocytes, although the function of these
receptors is not established. Angiotensin II may also act on
other different cell systems that we can find in the adipose
tissue: endothelial cells, smooth muscle cells, sympathetic
nerve fibers, lymphocytes, or mononuclear cells. We may
then hypothesize that angiotensin II released by adipocytes
could have a role in the physiology and pathophysiology
of the adipose tissue and even of other tissues closely
related to adipocytes. Several studies have found a direct
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relationship between plasma levels of angiotensinogen and
body mass index in different populations [50]. Plasma renin
activity and angiotensin-converting enzyme have also been
correlated positively with body mass index in obese patients
[50]. There is much evidence to suggest that angiotensin
II modulates the effects of insulin [51]. Renin-angiotensin-
aldosterone system activation may inhibit the metabolic
effects of insulin in the PI3 kinase pathway and at the same
time may facilitate its proliferative effects via the MAP kinase
pathway [48]. Subjects with insulin resistance constitute
a high risk group of patients; some evidence supports a
therapeutic approach with AT1 receptor blockers in this
group of patients; in experimental models with increased
density of AT1 and AT2 receptors (what leads to the de-
velopment of hypertension and hyperinsulinemia), it has
been shown that these effects may be avoided in the short
and longterm by blocking AT1 receptors [52]. Similarly,
in an experimental model of metabolic syndrome the
treatment with angiotensin-receptor blockers can inhibit
the development of hyperinsulinemia, hypertension, obesity,
heart hypertrophy, and atherosclerosis [51]. Some clinical
trials involving angiotensin-converting enzyme inhibitors
and angiotensin-receptor blockers showed an improvement
in carbohydrate metabolism in hypertensive subjects. Addi-
tionally, endothelial dysfunction (predictor of cardiovascular
morbimortality) may also be improved by blocking AT1
receptors [51]. Nevertheless, more studies are needed to con-
clude whether obesity and hypertension are both associated
with changes in the genetic expression of renin-angiotensin-
aldosterone system and to clarify the activity of renin-
angiotensin-aldosterone system on adipocytes [53].

Although some findings regarding renin-angiotensin-
aldosterone system in the adipose tissue may be controver-
sial, its implication in the physiology and pathophysiology of
this tissue has been confirmed by several functional studies.
The influence of angiotensinogen in the development and
metabolism of the adipose tissue has been shown in different
in vitro and in vivo studies. In vitro functional studies have
shown that adipocytes produce angiotensinogen and that a
rising adiposity may lead to elevation of plasma renin activity
[54]. In addition, levels of angiotensinogen and angiotensin
II are elevated in abdominal obesity [55]. Obesity, mainly
when associated to metabolic syndrome, is accompanied by
a raised sympathetic nervous system activity [46]. This fact
constitutes an important factor that increases renin secretion
in the kidneys. At the same time, angiotensin II increases
sympathetic nervous system activity. And both systems,
when activated, lead to an absence of inhibition of the heart
natriuretic peptides (which have important biological effects
on plasma volume) [28].

4.1. Sympathetic Nervous System and RAAS. Hyperactivity
of the sympathetic nervous system plays a key role in the
development of different metabolic disorders and hyperten-
sion in the cardiometabolic syndrome [56]. The presence
of visceral fat (more importantly than peripheral fat) may
constitute a major cause of this adrenergic enhancement;
the later would be more important in obese subjects than
in those with a normal weight, regardless of the presence

or absence of hypertension [57]. The augmented levels of
angiotensin II in obese patients have been related to the
activation of the sympathetic nervous system; however, the
physiological mechanisms to explain this relationship are not
well established. It seems clear that in central obesity there
is an impaired function of baroreceptors and baroreflexes
and that this activates compensatory mechanisms to bring
back the adrenergic status, such as hyperinsulinism or in-
creased secretion of free fatty acids or leptin [58, 59]. Low
plasma levels of both grhelin and adiponectin lead to a
hyperstimulation of the sympathetic nervous system; the
infusion of both at the central nervous system in mice
reduces the activity of the sympathetic nervous system and
counteracts the positive effects of leptin [60].

On the other hand, it has been hypothesized that aldos-
terone may be a nexus between adiposity and sympathetic
nervous system, since it has been shown that aldosterone
carries out central actions on adrenergic receptors in various
animal models [61]. Although angiotensin II contributes
significantly to obesity-related hypertension, more studies
are needed to determine whether this is mediated by ac-
tivation of the sympathetic nervous system, by direct effects
on the kidneys or by stimulating the secretion of aldosterone.

In addition, central activation of mineralocorticoid re-
ceptor can modulate salt intake [62] and the onset of
hypertension mediated by the sympathetic nervous system
[63]. Recently, Kontac et al. [64], by applying intraneural
electrodes, demonstrated that there is a reversible sympa-
thetic hyperactivation in hypertensive patients with primary
hyperaldosteronism, which could accelerate target organ
damage in these subjects. An increase in plasma levels of
angiotensin II causes a hypothalamic neuronal activation (in
the supraoptic and paraventricular nuclei) and a vasopressor
effect mediated by neural activation of the sympathetic
nervous system (through secretion of oubaoin) [65]. Central
blockade of renin-angiotensin-aldosterone system could play
a key role in reducing this proadrenergic status; in this
respect, it has been observed that the blockade of miner-
alocorticoid receptor in in vitro studies (by intraventricu-
lar brain infusion of an aldosterone-synthetase inhibitor)
restores the sympathetic hyperactivity and saline infusion-
related hypertension [66]. These and other studies support
the hypothesis that the activation of mineralocorticoid
receptor in the brain may increase sympathetic activity, at
least in part by activation of cerebral renin-angiotensin-
aldosterone system. Neurohormonal blockade of peripheral
effects of aldosterone with appropriate blockers such as
spironolactone may diminish sympathetic activation in
hypertensive subjects [67] and patients with cardiometabolic
syndrome. This could lead to new therapeutic strategies
in patients with overactivation of nervous system and in
metabolic syndrome.

4.2. Interactions between Renin-Angiotensin-Aldosterone Sys-
tem and Adipose Tissue. Aldosterone influences insulin
metabolism through different mechanisms in cardiovascular
and renal tissues, but also in adipose, muscle, and hepatic
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tissues. It is well known that visceral fat produces inflamma-
tory cytokines (adipokines) that take part in systemic inflam-
mation, oxidative stress, and insulin resistance [4]. Some
studies suggest that mineralocorticoid receptor in adipocytes
facilitate the expression of inflammatory adipokines and
stimulate the proadipogenic effect of aldosterone and gluco-
corticoids. In experimental studies, the inhibition of these
receptors reduces the expression of proinflammatory and
prothrombotic factors in the adipose tissue and increases the
heart and adipose tissue expression of adiponectin.

The adiponectin is a protein produced by the adipose
tissue that has beneficial effects on insulin resistance,
atherosclerosis, and inflammation. In humans, its levels
correlate indirectly with obesity, insulin resistance, diabetic
dyslipidemia, and hypertension [51]. This adipokine may be
the nexus between metabolic syndrome and cardiovascular
disorders. Fallo et al. [31] found lower levels of adiponectin
and a lower insulin sensitivity in primary hyperaldos-
teronism compared with hypertensive subjects with low
renin; a negative correlation was found between adiponectin
and insulin resistance HOMA index in both groups of
patients. A therapeutic approach based on correction of
adiponectin levels may improve the insulin sensitivity and
lead to a better vascular protection [68]. Furuhashi et al.
[69] demonstrated that the inhibition of renin-angiotensin-
aldosterone system by an angiotensin-converting enzyme
inhibitor or angiotensin-receptor blocker increases plasma
levels of adiponectin in hypertensive patients. Ronconi et
al. [70] found a higher incidence of metabolic syndrome in
primary hyperaldosteronism compared with essential hyper-
tension patients. They also analyzed two genetic adiponec-
tine polymorphisms that mark important differences in the
metabolic profile of patients.

In addition, the human adipose tissue produces a miner-
alocorticoid releasing factor not yet identified that stimulates
the adrenal production of aldosterone and glucocorticoids
[71]. Both hormones interact on the mineralocorticoid
receptor increasing adipogenesis and macrophage infiltra-
tion, which are two important factors in the development of
inflammation in the adipose tissue. The interaction among
fat, adrenal cortex, and aldosterone/glucocorticoids may be
defined as follows: a rising adiposity, mainly visceral adi-
posity, induces aldosterone and glucocorticoid production,
what in turn facilitates adipogenesis and inflammation of
the adipose tissue. A functional prorenin-renin receptor
has been described in human adipose tissue, with higher
expression levels in visceral than in subcutaneous fat [44].
This receptor may increase the local synthesis of angiotensin
II, leading to adipogenesis and adipocyte differentiation
[31, 72]. In vivo studies showed that patients with primary
hyperaldosteronism have low levels of adiponectin too,
and that it is associated to decreased insulin sensitivity
[72]. Losing weight decreases the levels of aldosterone and
improves insulin sensitivity both in subjects with normal
blood pressure and in hypertensive patients [73].

Finally, cardiovascular protective effects of mineralo-
corticoid receptor blockers have been described [31, 73].
These protective effects complement the effects of renin-
angiotensin-aldosterone system blockade, although the risk

of hyperkalaemia when using in combination with angi-
otensin-converting inhibitors or angiotensin II blockers must
be considered. Then, the use of drugs from both groups
(blocking both systems at the same time) appears to be a
promising therapeutic strategy in the treatment of several
disorders, such as resistant hypertension, cardiovascular dis-
ease, or chronic nephropathy, although more clinical studies
are needed.

5. Aldosterone and Hypertension

There is a close relationship between aldosterone and hyper-
tension, so hypertension is always present when primary
hyperaldosteronism exists. In 1994 Gordon et al. [74]
suggested a high prevalence of primary hyperaldosteronism
when the aldosterone/plasma renin activity ratio was per-
formed as screening test in hypertensive patients previously
considered as cases of essential hypertension; this finding
supported primary hyperaldosteronism as the first cause of
secondary hypertension. However, subsequent studies [75,
76] did not confirm this high incidence and the suitability
of the ratio if no other studies are performed accompanying
the test. Beside the role of aldosterone in hypertension,
different studies have also examined the relationship between
the mineralocorticoid receptor activation by steroids other
than aldosterone, mainly cortisol, and hypertension. In this
respect, we have previously described that cortisol is the
steroid that stimulates the mineralocorticoid receptor in
patients with Cushing’s syndrome through a mechanism
involving the saturation of the enzyme 11-hydroxysteroid
dehydrogenase; in this case, a positive effect was observed
when plasma levels of cortisol were decreased using keto-
conazole; these mechanisms were also found to influence the
circadian blood pressure pattern in patients with Cushing’s
syndrome (loss of the normal day-night blood pressure
pattern) [77–79].

Aldosterone conducts its effects through regulation of
blood volume and sodium transport. But in addition
aldosterone has proven to be involved in changes in the
nervous or cardiovascular systems that facilitate the devel-
opment of hypertension or cardiovascular diseases. Directly
or indirectly, aldosterone has influence on the effects of
angiotensin II and consequently on the endothelium-
dependent vasorelaxation; this is associated to oxidative
stress on the vessel wall, leading to reduced availability of
nitric oxide. Treatment with spironolactone improves these
negative effects [80]. Aldosterone may play an important role
in the pathogenesis of cardiovascular diseases by releasing
reactive oxygen species, which could be independent on its
direct effects on angiotensin II [22]. Some studies suggest
that oxidative stress may activate the mineralocorticoid
receptor [81]. Aldosterone is involved in vascular damage
and synthesis of collagen, facilitating arterial stiffness. Both
angiotensin II and aldosterone lead to proliferation and
vascular and cardiac remodelling, and both cardiomyocytes
and fibroblasts express mineralocorticoid receptor with high
affinity for aldosterone and glucocorticoids. Thus, aldos-
terone may contribute to an abnormal cardiac remodelling
mediated by fibrosis and perivascular inflammation.
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Many studies suggest that increased levels of aldosterone
in association with obesity and insulin resistance lead not
only to sodium retention and volume expansion but also to
inflammation and oxidative stress, what at the same time
facilitates the development of metabolic syndrome and resis-
tant hypertension [4]. Prevalence of resistant hypertension
in patients with primary hyperaldosteronism is 17–22%,
higher than in the general hypertensive population. These
data suggest a relationship between levels of aldosterone
and resistant hypertension. Besides, resistant hypertensive
patients without primary hyperaldosteronism have higher
levels of aldosterone and high volume expansion [82].
Elevated levels of aldosterone and cortisol in the 24-hour
urine sample suggest that corticotropin may act as a common
stimulus since this hormone can increase the levels of
aldosterone in patients with resistant hypertension [35].
Although the mechanisms by which increased cortisol and
aldosterone coexist in resistant hypertension are not well
established, some options have been suggested; for example,
the enhancement of the sympathetic activity could stimulate
both the secretion of aldosterone and cortisol [83]. It has
also been described different factors secreted by adipocytes
that can increase adrenal secretion of aldosterone; these
factors may play a role as potential mediators in the obesity
and insulin resistance-related secretion of aldosterone and
cortisol [66, 84].

Aldosterone (both alone and in combination with
angiotensin II) promotes the development of resistant hyper-
tension by producing adaptative changes in cardiovascular,
renal and nervous systems. Therefore, aldosterone induces
a fast and adverse effect on both vascular smooth muscle
and skeletal muscle and enhances the enzyme nicotinamide
adenine dinucleotide phosphate oxidase, leading to an excess
of reactive oxygen species, redox imbalance, and oxidative
stress [8].

In conclusion, the important role of aldosterone in the
pathogenesis of the metabolic syndrome, resistant hyper-
tension and cardiovascular diseases is increasingly evident.
Overweight and obesity favour the adrenal secretion of
aldosterone, what in turn is related to insulin resistance,
metabolic syndrome, and increased predisposition to type 2
diabetes mellitus. At present we know that the relationship
between renin-angiotensin-aldosterone system and insulin
resistance is influenced by complex mechanisms and that the
excess of aldosterone has negative effects on carbohydrate
metabolism, hypertension, and kidney disorders. Never-
theless, further studies concerning aldosterone and insulin
resistance are needed to better establish potential therapeutic
strategies. Finally, there is some evidence that support an
important role of mineralocorticoid receptor blockers in the
treatment of resistant hypertension and in the prevention of
cardiovascular diseases in patients with metabolic syndrome
and type 2 diabetes mellitus.
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[40] D. Kraus, J. Jäger, B. Meier, M. Fasshauer, and J. Klein,
“Aldosterone inhibits uncoupling protein-1, induces insulin
resistance, and stimulates proinflammatory adipokines in
adipocytes,” Hormone and Metabolic Research, vol. 37, no. 7,
pp. 455–459, 2005.

[41] D. Petrasek, G. Jensen, M. Tuck, and N. Stern, “In vitro effects
of insulin on aldosterone production in rat zona glomerulosa
cells,” Life Sciences, vol. 50, no. 23, pp. 1781–1787, 1992.

[42] V. J. Dzau, “Circulating versus local renin-angiotensin system
in cardiovascular homeostasis,” Circulation, vol. 77, 1, no. 6,
pp. I-4–I-13, 1988.

[43] . Min Ae Lee, M. Bohm, M. Paul, and D. Ganten, “Tissue
renin-angiotensin systems: their role in cardiovascular dis-
ease,” Circulation, vol. 87, 4, no. 5, pp. IV7–IV13, 1993.

[44] S. Engeli, R. Negrel, and A. M. Sharma, “Physiology and
pathophysiology of the adipose tissue renin-angiotensin sys-
tem,” Hypertension, vol. 35, no. 6, pp. 1270–1277, 2000.

[45] F. Fallo, G. Federspil, F. Veglio, and P. Mulatero, “The
metabolic syndrome in primary aldosteronism,” Current
Hypertension Reports, vol. 9, no. 2, pp. 106–111, 2007.

[46] R. Sarzani, F. Salvi, P. Dessı̀-Fulgheri, and A. Rappelli, “Renin-
angiotensin system, natriuretic peptides, obesity, metabolic
syndrome, and hypertension: an integrated view in humans,”
Journal of Hypertension, vol. 26, no. 5, pp. 831–843, 2008.

[47] S. Engeli, K. Gorzelniak, R. Kreutz, N. Runkel, A. Distler, and
A. M. Sharma, “Co-expression of renin-angiotensin system
genes in human adipose tissue,” Journal of Hypertension, vol.
17, no. 4, pp. 555–560, 1999.

[48] R. Cooper, N. McFarlane-Anderson, F. I. Bennett et al., “ACE,
angiotensinogen and obesity: a potential pathway leading to
hypertension,” Journal of Human Hypertension, vol. 11, no. 2,
pp. 107–111, 1997.

[49] D. L. Crandall, H. E. Herzlinger, B. D. Saunders, R. C.
Zolotor, L. Feliciano, and P. Cervoni, “Identification and
characterization of angiotensin II receptors in rat epididymal
adipocyte membranes,” Metabolism, vol. 42, no. 4, pp. 511–
515, 1993.

[50] S. Umemura, N. Nyui, K. Tamura et al., “Plasma angiotensino-
gen concentrations in obese patients,” American Journal of
Hypertension, vol. 10, no. 6, pp. 629–633, 1997.

[51] R. H. Eckel, S. M. Grundy, and P. Z. Zimmet, “The metabolic
syndrome,” Lancet, vol. 365, no. 9468, pp. 1415–1428, 2005.

[52] S. N. Iyer, M. K. Raizada, and M. J. Katovich, “AT1 receptor
density changes during development of hypertension in
hyperinsulinemic rats,” Clinical and Experimental Hyperten-
sion, vol. 18, no. 6, pp. 793–810, 1996.

[53] T. L. Goodfriend, D. L. Ball, B. M. Egan, W. B. Campbell,
and K. Nithipatikom, “Epoxy-keto derivative of linoleic acid
stimulates aldosterone secretion,” Hypertension, vol. 43, no. 2,
pp. 358–363, 2004.



8 International Journal of Hypertension

[54] G. H. Goossens, E. E. Blaak, and M. A. Van Baak, “Possible
involvement of the adipose tissue renin-angiotensin system in
the pathophysiology of obesity and obesity-related disorders,”
Obesity Reviews, vol. 4, no. 1, pp. 43–55, 2003.
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