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A b s t r a c t

IInnttrroodduuccttiioonn::  Aldosterone is a potent mineralocorticoid. It plays a key role in mediating
adverse myocardial remodeling with pressure overload. The aims of this study were
to compare the serum levels of aldosterone in well controlled and uncontrolled cases
of long standing essential hypertension and correlate these levels to the
echocardiographic findings of these patients. 
MMaatteerriiaall  aanndd  mmeetthhooddss::  Eighty subjects were enrolled in the study: 30 well controlled
hypertensives, 30 uncontrolled hypertensives and 20 subjects matched for age and
sex as a control group. 
RReessuullttss::  There was a significant elevation of serum aldosterone level in hypertensive
patients which was especially marked in uncontrolled hypertensives compared to the
control group. There was a significant positive correlation between aldosterone level
and hypertension duration, mean systolic and mean diastolic blood pressure. There
was a significant positive correlation between aldosterone level and posterior wall
thickness in well-controlled hypertensives and a significant correlation with posterior
wall thickness in uncontrolled hypertensives. Aldosterone levels were significantly
significant correlated with septal wall thickness only in uncontrolled hypertensives. 
A significant negative correlation between aldosterone level and fractional shortening
percentage, ejection fraction percentage and E/A ratio of left ventricle in controlled
and uncontrolled hypertensives was demonstrated. Aldosterone level increase was
associated with hypertrophic changes, relative impairment of systolic functions and
disturbed diastolic functions that were more significant in uncontrolled hypertensives. 
CCoonncclluussiioonnss::  Aldosterone receptor blockers should be considered, in the treatment
of hypertension to avoid the adverse effects of remodeling on systolic and diastolic
function of left ventricle.

KKeeyy  wwoorrddss:: aldosterone, hypertension.

Introduction

Aldosterone is a potent mineralocorticoid that promotes sodium
retention and elevation of arterial pressure [1]. Within the myocardium
aldosterone acts via mineralocorticoid receptors to enhance extra cellular
matrix and collagen deposition. Independent of its effect on blood pressure,
aldosterone may also play an important role in cardiac hypertrophy [2].

The two key pathological processes in left ventricular hypertrophy (LVH)
are hypertrophy of the myocyte and fibrosis of the interstitium. The fibrosis
occurs as a result of an increase in the extra cellular matrix and more
specifically from an increase in the concentration of collagen type I and III
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[3]. There is primary fibrosis as well as secondary
reparative fibrosis following myocyte necrosis [4].
The cumulative end effect is distortion of tissue
structure and an increase in myocardial stiffness,
which has a pathological significance in the
development of diastolic dysfunction, as a substrate
for ventricular arrhythmia and ultimately in the
development of systolic dysfunction [5].

Although, left ventricular hypertrophy may cause
clinical heart failure due to diastolic dysfunction,
progressive adverse remodeling may also lead to
ventricular dilatation, pump failure a consequent
poor prognosis [6].

Recent studies have shown that aldosterone
probably acting through mineralocorticoid receptors
can induce apoptosis [7]. Chronic pressure overload
due to hypertension is a major cause of heart failure
[6]. Pressure overload leads to increased myocyte
apoptosis that may contribute to myocardial failure.
Myocardial failure is associated with apoptotic
death of cardiac myocytes and degradation of the
interstitium matrix [8].

In addition, it has been shown that activation of
matrix metalloproteinase (MMP), which degrade
most components of the interstitial matrix,
precedes left ventricular dilatation in high salt
hypertension [9]. Mineralocorticoid receptors affect
MMP activity while angiotensin converting enzyme
(ACE) inhibition suppresses MMP activation and
prevents left ventricular remodeling and
dysfunction [10].

Thus it is possible that aldosterone, acting via
mineralocorticoid receptors, is involved in
mediating at least some of the cellular events
observed in pressure overload induced myocardial
failure [11].

The aims of this study were to compare the
serum levels of aldosterone in well controlled and
uncontrolled patient with essential hypertension
and correlate these levels to echocardiographic
findings in these patients.

Material and methods

Eighty subjects were prospectively enrolled into
this study which was approved by the local ethical
committee. They were divided into three groups;
group (A) consisted of thirty patients with history
of controlled essential hypertension as a result of
effective treatment in the form of diuretics,
angiotensin converting enzyme inhibitors or both
but not aldosterone inhibitors with a duration of
hypertension ranging from between ten and
fifteen years, group (B) consisted of thirty patients
with history of uncontrolled essential hypertension
who had either ineffective or neglected treatment
and group (C) which consisted of twenty control
patients who had no history of hypertension
(normotensive) and were matched for age and sex.

Controlled hypertension was defined as blood
pressure <140/90 mm Hg while uncontrolled
hypertension was defined as blood pressure
≥140/90 mm Hg. The blood pressure was measured
three times on three successive days under the
same conditions to confirm the diagnosis.

Exclusion criteria were: diabetes mellitus,
dyslipidemic patients, patients with renal
impairment, patients with congenital, rheumatic or
ischaemic heart disease as proven by clinical
examination, resting twelve leads ECG or echo
Doppler study. All exclusion criteria were chosen
due to their potential effect on cardiac function.

Five milliliters of venous fasting blood (overnight
fasting) was taken from each subject participating
in the study. Samples were taken after thirty
minutes of lying down and divided into two
aliquots, the first was left to clot. Serum after
separation was stored at –70°C for determination
of serum aldosterone by radio immunoassay [12].
The second aliquot was placed in EDTA and
centrifuged at room temperature then frozen
immediately at –70°C for determination of plasma
rennin activity (PRA) by radio immunoassay [13].
Both kits were supplied from Dia Sorin (Stillwater,
Minnesota, 55082-0285, USA).

The three groups of patient had echocardiography
Doppler studies to assess systolic and diastolic
functions by transthoracic resting study using 
3.5 mega hertz transducer and Sigma 44 echo
Doppler machine.

Combined two dimensional short axis view and
M mode examination from left lower parasternal
position view were used to measure left ventricular
end diastolic diameter and end systolic diameter
from leading edge to leading edge as according to
American Heart Association instructions.

Fractional shortening percentage was calculated
according to the formula:

LV EDD – LV ESD × 100
FFSS%% = ––––––––––––––––––––––

LV EDD

Ejection fraction was calculated according to the
formula:

LV EDV – LV ESV × 100
EEFF%%  = ––––––––––––––––––––––

LV EDV

Left ventricular inflow pattern was detected
using combined two-dimensional four-chamber
view and pulsed wave Doppler examination from
apical position at the mitral valve level. Additionally
we measured: E wave (velocity at early mitral
inflow) A wave (velocity of mitral inflow at atrial
systole) and E/A ratio [14].
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Results were expressed as mean ± SD. Data was
statistically analyzed using SPSS package for
Windows, version 7.5. One-way analysis of variance
was used when the means of more two variables
were being compared. A correlation matrix test was
used to study the relationship between two
continuous variables. Student t-test was used to
compare two means and Chi-square test was used
to compare frequency between two categorical
variables.

Results

The study demonstrated an elevation of serum
aldosterone level in hypertensive patients in both
controlled and uncontrolled hypertensive groups
compared to the control group. This elevation was
more significant in the uncontrolled group (P<0.05).
Similar findings were observed with plasma rennin
activity (PRA) (Table I).

Compared to the control group echocardiography
of the well controlled hypertensive group revealed
a significant increase in left ventricular wall
thickness (P<0.05), an insignificant increase in
septal wall thickness (P>0.05), a significant decrease
in fractional shortening % (P<0.05), a significant
decrease of ejection fraction % (P<0.05), and 
a highly significant decrease in E/A ratio (P<0.001)
(Table II).

Compared to the control group echocardiography
of the uncontrolled hypertensive group revealed 
a significant increase in the left ventricular posterior
wall thickness (P<0.001), a significant increase in
septal wall thickness (P<0.05), a highly significant
decrease in fractional shortening (P<0.001) and 
a highly significant decrease in E/A ratio (P<0.001)
(Table III).

Compared the control group the well controlled
hypertensive group showed a significant increase

in post wall thickness and septal wall thickness
(P<0.05), a significant reduction in fractional
shortening (P<0.05), a highly significant reduction
in ejection fraction (P<0.001) and a significant
reduction in E/A ratio (P<0.05).

In the well controlled hypertensive group (A)
there was a non significant correlation (P>0.05)
between serum aldosterone level, age, sex and
septal wall thickness. There was a significant
positive correlation (P<0.05) between serum
aldosterone level, duration of hypertension, mean
systolic blood pressure, mean diastolic blood
pressure, serum plasma rennin activity and posterior
left ventricular wall thickness. However, there was
a significant negative correlation (P<0.05) between
serum aldosterone level, fractional shortening
percentage and ejection fraction percentage. There
was a negative significant correlation (P<0.001)
between serum aldosterone level and E/A ratio
(Table IV).

In the uncontrolled hypertensive patients 
(group B), there was a non significant correlation
(P>0.05) between serum aldosterone level and age
and sex. There was a significant positive correlation
(P<0.05) between aldosterone level, duration of
hypertension, mean systolic blood pressure, mean
diastolic blood pressure, serum plasma rennin
activity, septal wall thickness and posterior wall
thickness. There was a significant negative
correlation (P<0.05) between serum aldosterone
level and fractional shortening percentage. There
was a highly significant negative correlation
between aldosterone level and ejection fraction
percentage and E/A ratio (Table V).

Discussion

In this study we have demonstrated that serum
aldosterone levels were elevated in pressure
overload. This would be consistent with the
hypothesis that aldosterone plays a key role in

Group (A) – well controlled hypertensive patients, group (B) – uncontrolled hypertensive patients, group (C) – non-hypertensive patients, M.S.B.P.
– mean value of systolic blood pressure, M.D.B.P. – mean value of diastolic blood pressure

TTaabbllee  II..  The clinical and biochemical characteristics for all subjects participated in the study (mean ± SD)

PPaarraammeetteerrss GGrroouupp  ((AA))  GGrroouupp  ((BB)) GGrroouupp  ((CC))

Age [years] 52.1±8.3 49.6±9.8 56.2±8.9

Sex
• males 16 18 10
• females 14 12 10

Duration of H.T.N. [years] 12.3±2.3 12.4±1.2 –

M.S.B.P. [mm Hg] 121.2±5.3 168.6±9.7 123.5±6.3

M.D.B.P. [mm Hg] 77.1±4.2 115.3±3.8 78.6±5.2

Serum aldosterone [ng/dl] 10.1±3.2 11.6±5.9 3.8±1.2

Serum plasma renin activity [ng Al/ml] 1.6±0.3 1.9±0.1 0.9±0.2
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TTaabbllee  IIII..  Echo findings of group (A) (well controlled hypertensive patients)

PPaarraammeetteerrss PPWW  SSeepptt.. FFSS%% EEFF%% EE//AA

Mean 1.06 5.6 30.9 58.58 0.88

Standart deviation 0.12 20.57 5.14 6.54 0.18

Variance 0.01 42.31 26.39 42.81 0.03

T test with normal 0.004 0.16 0.003 0.002 4.03

P <0.05 >0.05 <0.05 <0.05 <0.001

PW – posterior wall thickness, Sept. – septal thickness, FS% – percent of fractional shortening, EF% – percent of ejection fraction

TTaabbllee  IIIIII..  Echo findings of group (B) (uncontrolled hypertensive patients)

PPaarraammeetteerrss PPWW  SSeepptt.. FFSS%% EEFF%% EE//AA

Mean 1.19 1.24 26.59 51.05 0.9

Standart deviation 0.08 0.09 3.37 6.33 0.21

Variance 0.007 0.008 11.35 40.01 0.05

T test with controlled 0.0001 0.18 0.002 0.0003 0.37
P <0.05 <0.05 <0.05 <0.001 <0.05

T test with normal 2.5 1.09 2.84 2.84 3.28
P <0.001 <0.05 <0.001 <0.001 <0.001

TTaabbllee  IIVV..  Echo findings of group (C) (non hypertensive control groups)

PPaarraammeetteerrss PPWW  SSeepptt.. FFSS%% EEFF%% EE//AA

Mean 0.95 0.91 35.41 65.21 1.38

Standart deviation 0.13 0.11 4.64 6.92 0.24

Variance 0.02 0.01 21.57 47.93 0.06

>0.05 – insignificant correlation, <0.05 – significant, <0.001 – significant correlation

TTaabbllee  VV..  The correlation of serum aldosterone levels to other clinical and biochemical characteristics and echo findings
of all subjects participated in the study

PPaarraammeetteerrss GGrroouupp  ((AA))  GGrroouupp  ((BB)) GGrroouupp  ((CC))

rr PP  rr PP rr PP

Age 0.25 >0.05 0.28 >0.05 0.23 >0.05

Sex 0.19 >0.05 0.2 >0.05 0.17 >0.05

Duration of H.T.N. 0.49 <0.05 0.58 <0.05 – –

M.S.B.P. 0.48 <0.05 0.51 <0.05 0.45 <0.05

M.D.B.P. 0.53 <0.05 0.58 <0.05 0.44 <0.05

S.P.R.A. 0.5 <0.05 0.58 <0.05 0.26 >0.05

PW 0.58 <0.05 0.75 <0.001 0.18 >0.05

Sept. 0.31 >0.05 0.62 <0.05 0.22 >0.05

FS% –0.61 <0.05 –0.76 <0.05 –0.26 >0.05

EF% –0.52 <0.05 –0.77 <0.001 –0.23 >0.05

E/A –0.75 <0.05 –0.79 <0.001 –0.17 >0.05
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mediating adverse myocardial remodeling with
pressure overload. Some of the adverse
cardiovascular effects that have been described
include, cardiac and vascular fibrosis, left ventricular
hypertrophy, congestive heart failure, hypertension,
endothelial dysfunction, reduced fibrinolysis and
cardiac arrhythmias [15].

Aldosterone promotes renal sodium retention,
potentiates the actions of angiotensin II, reduces
vascular compliance and may promote hypertension
through central nervous system mechanisms [16].
Aldosterone has long been known to mediate water
and electrolyte balance by acting on mineralocorticoid
receptors in the kidney but the recent studies have
demonstrated the presence of these receptors in non
classical locations, including the brain, blood vessels
and the heart [15].

Based on these data, aldosterone receptor
blockers should become increasingly relevant in the
treatment of essential hypertension [15]. Recent
studies advise the addition of low dose
spironolactone to the antihypertensive regimen for
subjects with resistant hypertension [17].
Spironolactone resulted in a 30% reduction in
mortality among patients with severe congestive
heart failure [15].

Many studies have shown that spironolactone
lowers high blood pressure, improves endothelial
dysfunction reduces left ventricular hypertrophy
and lowers the incidence of fatal arrhythmias [15].

However spironolactone, because of its
interaction with steroid receptors, is not without
side-effects, which include gynecomastia, breast
tenderness, menstrual irregularities and male
impotence [18].

As a result, eplerenon (INSPRA), a selective
aldosterone blocker, is currently being investigated
for its efficacy and side effects profile when
compared to spironolactone [18].

It has recently been reported that the selective
aldosterone antagonist, eplerenon, is a more
effective antihypertensive agent than the
angiotensin Π receptor blockers, in patients with
mild to moderate hypertension [18].

The study revealed an elevation of the serum
aldosterone levels in hypertensive patients which
was more marked in the uncontrolled cases
compared to the normotensive control group. The
study also demonstrated a significant correlation
between the serum levels of aldosterone and the
duration of hypertension, mean systolic blood
pressure and mean diastolic blood pressure in both
controlled and uncontrolled cases of hypertension.

These findings are in accordance with El
Gharbawy el al., 2001 [19], who concluded that the
hypertensive black Americans had an elevation of
the serum level of aldosterone when compared to
white patients with essential hypertension. Vason
et al., 2004 [20] reported that the serum

aldosterone level was directly related to blood
pressure in both sexes and Grim et al., 2005 [21],
who found that serum aldosterone levels were
correlated with the blood pressure, more
consistently and to a greater extent in the black
subjects.

Brilla and Maisch 1994 [22] stated that pressure
overload of the heart and the growth of the
myocardium is the result of enlargement of cardiac
myocytes as an adaptation geometry caused by
ventricular loading.

Non-myocyte cell growth, including cardiac
fibroblast activation, may also occur and cardiac
fibroblast activation is responsible for accumulation
of type I and II collagen, the major fibrous
component of the myocardial collagen matrix, while
vascular smooth muscle cell growth accounts for
the medial thickening and increased resistance in
coronary vessels. This structural remodeling of the
cardiac interstitium represents a major determinant
of pathological hypertrophy and it accounts for
increased myocardial stiffness and cardiac
resistance. This leads to ventricular systolic and
diastolic dysfunction and ultimately the appearance
of symptomatic heart failure.

The pathogenesis of perivascular and interstitial
fibrosis involves the response to two types of
stimuli, a hormonal one mainly involving the rennin-
angiotensin-aldosterone system [23], and 
a haemodynamic stimulus, particularly high blood
pressure. Hypertension is invariably associated with
inflammatory call infiltration, either in the intimal
part of large vessels or is the adventitial region of
arterioles.

El Gharabawy et al., 2001 [19] concluded that left
ventricular size and geometry were correlated with
serum aldosterone in the obese black Americans,
but not in obese French Canadians. In patients with
hypertensive heart disease, myocyte hypertrophy
and myocardial vessel changes are present but
myocardial vascular hypertrophy, not myocyte
hypertrophy, determines myocardial stiffness [24].

Angiotensin converting enzyme inhibitors (ACE)
appear to delay myocardial fibrosis associated with
enhanced collagen degradation, irrespective of left
ventricular hypertrophy regression [24]. Aldosterone
may induce left ventricular hypertrophy in humans
as well as in experimental animals. Also,
angiotensin II and aldosterone may differentially
participate in causing hypertrophy in humans as well
as in experimental animals. Finally, angiotensin II
and aldosterone may differentially participate in
causing hypertensive target organ damage [25].

Further investigations are warranted to confirm
the results of our study and enforce our advice that
aldosterone antagonists should be considered as
one of the first line treatments of essential
hypertension to protect myocardial function in
hypertensive patients.
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In conclusion, serum aldosterone level increases
in pressure overload and aldosterone plays a role
in mediating adverse myocardial remodeling in
hypertensive patients. Aldosterone receptors
blockers may have an important role in controlling
hypertension and its complications on the heart.
Selective aldosterone antagonists with fewer side
effects than spironolactone must be subjected to
more studies so that hypertensive patients can
benefit from their myocardial protective effects.

Re f e r e n c e s
1. Genest J, Lemieux G, Davignon A, Koiw E, Nowaczynski W,

Steyermark P. Human arterial hypertension: a state of mild
chronic hyperaldosteronism. Science 1956; 123: 503-5.

2. Slight SH, Joseph J, Ganjam VK, Weber KT. Extra-adrenal
mineralocorticoids and cardiovascular tissue. J Mol Cell
Cardiol 1999; 31: 1175-84.

3. Jalil JE, Doering CW, Janicki JS, Pick R, Shroff SG, Weber KT.
Fibrillar collagen and myocardial stiffness in the intact
hypertrophied rat left ventricle. Circ Res 1989; 64: 1041-50.

4. Weber KT, Sun Y, Guarda E. Nonclassic actions of angiotensin
II and aldosterone in nonclassic target tissue the (heart):
relevance to hypertensive heart disease. Hypertension:
Pathophysiology, Diagnosis, and Management, vol. 2. 
New York: Raven Press 1995; 2203-22.

5. Weber KT, Brilla CG, Janicki JS. Myocardial fibrosis:
functional significance and regulatory factors. Cardiovasc
Res 1993; 27: 341-8.

6. Redfield MM, Jacobsen SJ, Burnett JC Jr, Mahoney DW,
Bailey KP, Rodeheffer RJ. Burden of systolic and diastolic
ventricular dysfunction in the community: appreciating
the scope of the heart failure epidemic. JAMA 2003; 
289: 149-202.

7. De Angelis N, Fiordaliso F, Latini R, et al. Appraisal of the
role of angiotensin II and aldosterone in ventricular
myocyte apoptosis in adult normotensive rat. J Mol Cell
Cardiol 2002; 34: 1655-65.

8. Condorelli G, Morisco C, Stassi G, et al. Increased
cardiomyocyte apoptosis and changes in proapoptotic
and antiapoptotic genes bas and bcl-2 during left
ventricular apoptosis to chronic pressure overload.
Circulation 1999; 99: 3071-8.

9. Nishikawa N, Yamamoto K, Sakata Y, et al. Differential
activation of matrix metalloproteinases in heart failure
with and without ventricular dilatation. Cardiovasc Res
2003; 57: 766-74.

10. Funck RC, Wilke A, Rupp H, Brrilla CG. Regulation and role
of myocardial collagen matrix remodeling in hypertensive
heart disease. Adv Exp Med Biol 1997; 432: 35-44.

11. Sakata Y, Yamamoto K, Mano T, et al. Activation of matrix
metalloapoptoses precedes left ventricular remodeling in
hypertensive heart failure: Its inhibition as primary effects
of angiotensin converting enzyme inhibitor. Circulation
2004; 109: 2143-9.

12. Young WF Jr. Pheochromocytoma and primary aldosteronism:
diagnostic approaches. Endocrinal Metab Clin North Am 1997;
26: 801-27.

13. Vallotton MB. Primary aldosteronism. Part I. Diagnosis of
primary hyperaldosteronism. Clin Endocrinol (Oxf) 1996;
45: 47-52.

14. Nishimura RA, et al. Assessment of diastolic function of
the heart, background and application of Doppler
echocardiography, physiological and pathological features.
Clinic Proc 1989; 64: 71-81.

15. Stier CT Jr, Koeing S, Lee DY, Chamla M, Forishman WH.
Aldosterone and aldosterone antagonism in cardiovascular
disease: focus on eplerenone. Heart Dis 2003; 5: 102-18.

16. Rocha R, Funder JW. The pathophysiology of aldosterone
in the cardiovascular system. Ann NY Acad Sci 2002; 970:
89-100.

17. Nishizaka MK, Zanan MA, Calhaun DA. Efficiency of low
dose spironolactone in subjects with resistant hypertension.
Am J Hypertens 2003; 16: 925-30.

18. Flack JM, Opainl S, Pratt H, et al. Efficiency and tolerability
of eplerenone and lasonton in hypertensive black and
white patients. J Am Coll Cardiol 2003; 41: 1148-55.

19. El-Gharbawy AH, Nadig VS, Kotchen JM, et al. Arterial
pressure, left ventricular mass and aldosterone in
essential hypertension. Hypertension 2001; 37: 845-50.

20. Vason RS, Jane C, Enans, Marten G, et al. Serum
aldosterone and the incidence of hypertension in
nonhypertensive persons. N Engl J Med 2004; 351: 33-41.

21. Grim CE, Cowley AW Jr, Hamet P, et al. Hyperaldosteronism
and hypertension: ethnic differences. Hypertension 2005;
45: 766-72.

22. Brilla CG, Maisch B. Regulation of the structural
remodeling of the myocardium from hypertrophy to heart
failure. Eur Heart J 1994; 15 (Suppl D): 45-52.

23. Nicoletti A, Michel JB. Cardiac fibrosis and inflammation:
interaction with haemodynamic and hormonal factors.
Cardiac Res 1999; 41: 532-43.

24. Brilla CG, Rupp H, Maisch B. Effects of ACE inhibitors
versus non-ACE inhibitors antihypertensive treatment on
myocardial fibrosis in patients with arterial hypertension.
Retrospective analysis of 120 patients with left ventricular
endomyocardial biopsies. Herz 2003; 28: 744-53.

25. Matsumura K, Fujii K, Oniki H, Oka M, Iida M. Role of
aldosterone in left ventricular hypertrophy in
hypertension. Am J Hypertens 2006; 19: 13-8.


