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Abstract

v

After the first cases of primary aldosteronism
were described and characterized by Conn, a
substantial body of experimental and clinical
evidence about the long-term effects of excess
aldosterone on the cardiovascular system was
gathered over the last 5 decades. The prevalence
of primary aldosteronism varies considerably
between different studies among hypertensive
patients, depending on patient selection, the
used diagnostic methods, and the severity of
hypertension. Prevalence rates vary from 4.6 to
16.6% in those studies in which confirmatory
tests to diagnose primary aldosteronism were
used. There is also growing evidence indicating
that prolonged exposure to elevated aldosterone

concentrations is associated with target organ
damage in the heart, kidney, and arterial wall,
and high cardiovascular risk in patients with pri-
mary aldosteronism. Therefore, the aim of treat-
ment should not be confined to BP normalization
and hypokalemia correction, but rather should
focus on restoring the deleterious effects of
excess aldosterone on the cardiovascular system.
Current evidence convincingly demonstrates
that both surgical and medical treatment strate-
gies beneficially affect cardiovascular outcomes
and mortality in the long term. Further studies
can be expected to provide better insight into the
relationship between cardiovascular risk and
complications and the genetic background of pri-
mary aldosteronism.

Introduction

v

After the first cases of primary aldosteronism
(PA) were described and characterized by Conn, a
substantial body of experimental and clinical
evidence about the long-term effects of excess
aldosterone on the cardiovascular system was
gathered over the decades [1-4].

Elevated aldosterone levels promote excessive
renal sodium retention, impair endothelial func-
tion, increase oxidative stress, and reduce vascu-
lar compliance. Experimental studies in animal
models have demonstrated that inappropriate
aldosterone levels for sodium status can produce
extensive renal damage [5]. Evidence was obtained
in uninephrectomized and stroke-prone sponta-
neously hypertensive rats, in which aldosterone
produced intrarenal vascular damage, glomerular
injury and tubulointerstitial fibrosis [5-7].
Several experimental investigations in salt-fed
animals documented profibrotic and pro-hyper-
trophic effects of aldosterone independent from
the arterial BP level and the circulating plasma

volume [3,4]. It has been documented that abso-
lute aldosterone excess in patients with PA has
been associated with a higher risk of heart, vas-
cular, and kidney damage regardless of the blood
pressure (BP) and results in increased total car-
diovascular risk (© Fig. 1) [5]. Like in patients
with essential hypertension (EH), in patients
with PA total cardiovascular risk can be stratified
into various categories, based on the BP level,
cardiovascular risk factors, asymptomatic organ
damage, and presence of metabolic diseases and
symptomatic cardiovascular disease [8].

Prevalence of PA

v

The prevalence of PA varies considerably between
different studies among hypertensive patients,
depending on patient selection, used diagnostic
methods, and severity of hypertension [9-13].
Several cross-sectional and prospective studies
in unselected hypertensive populations have
shown that the prevalence of PA is much higher
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than previously believed and varies significantly between studies,
ranging from 4.6 to 16.6% when confirmatory tests to diagnose PA
were used [9].

The prevalence of PA has been shown to be similar in normoten-
sive subjects and patients with stage 1 hypertension (1.99%),
but was significantly higher in stages 2 (8.55%) and 3 (13.5%) of
the disease [14]. This was confirmed by the PAPY study showing
an increase in PA patients with grade 1 (7.2%) to grade 3 (19.5%)
hypertension [15].

Although there is still debate, it has been commonly agreed that
resistant hypertension is the condition with the highest probabil-
ity of PA detection. In a large group of patients with resistant
hypertension, the diagnosis of PA was established in 11.3% in the
total study population when a confirmatory test was used [16].
This suggests that the prevalence of PA in patients with resistant
hypertension is lower than that reported in the previous smaller
studies [16]. In the RESIST-Pol study, the diagnosis of PA in patients
with resistant hypertension was made in 15.7% of subjects [17].
Taken together, many methodological factors may be responsible
for the wide variation in the prevalence of PA in patients with
hypertension, because the prevalence data depend on patient
selection, assays used and on drugs that interfere with renin
and/or aldosterone measurements, affecting the diagnostic
accuracy of both screening and diagnostic tests [9-13,18-20].

Blood Pressure Profile

v

Large community-based studies have shown that serum aldos-
terone and renin levels, as well as the aldosterone/renin ratio
(ARR), may influence BP and may predispose to hypertension in
the general population [21,22].

Available data evaluating circadian BP profile in patients with PA
are inconsistent. Mansoor et al. found no differences in ambula-
tory daytime, night-time, and nocturnal decline between hyper-
tensive patients with PA and control hypertensive patients
without PA on ambulatory blood pressure measurement (ABPM)
[23]. In contrast, Zelinka et al. documented a significantly
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smaller night-time decline in systolic BP in all forms of PA com-
pared to the control group while only the night-time fall in dias-
tolic BP was significantly lower only in the patients with bilateral
hyperplasia, compared to control group. There was no difference
in the BP profile between aldosterone producing adenoma (APA)
and bilateral adrenal hyperplasia (BAH) [24]. In a recent study,
Ceruti et al. evaluated ABPM patterns in patients with secondary
hypertension due to adrenal disease and the prevalence of non-
dipping in patients with PA, EH, and normotensive controls was
51.5,34.2, and 15 % respectively. The results of the study revealed
that the BAH group showed a greater and significantly higher
prevalence of nondippers (58%), compared to the APA group
(38%) [25]. More recent studies also found that daytime, night-
time and 24-h systolic and diastolic BP were significantly higher
in resistant hypertensive patients with PA, compared to those
without PA. So it has to be concluded that ABPM is necessary to
identify aldosterone effects on cardiovascular outcomes [26].
The nondipping pattern of the BP during the night has been
reported as a feature of patients with PA and resistant hyperten-
sion in the RESIST-Pol study. Patients with PA were character-
ized by higher systolic clinic, systolic daytime, and both systolic
and diastolic night-time BP levels, as well as by a less pronounced
nocturnal fall of systolic and diastolic BP and a higher frequency
of nondipping diastolic BP (54.8 vs. 33.3%), compared to those
without PA (© Fig. 2) [17].

The studies evaluating the effects of surgical and medical treat-
ment of PA on BP level and BP profile are unequivocal. It has been
reported that both surgical and medical treatment of PA resulted
in marked BP decline and a normalized previously attenuated
nocturnal BP fall. A systematic review of retrospective and pro-
spective studies, comparing the long term effect of surgery and
medical treatment on the outcomes in patients with PA dis-
closed more pronounced effects on BP in surgically treated
patients [27,28]. Also another recent analysis showed that the
percentage of patients with normalization of blood pressure
ranged from 16 to 72 % in the 19 series after adrenalectomy, with
a pooled cure rate of 41% [28].
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Fig. 2 Daytime and nighttime blood pressure
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Target Organ Damage

v

There is growing evidence to suggest that prolonged exposure to
elevated aldosterone concentrations has a deleterious effect on
the cardiovascular system and is associated with target organ
damage independently from the BP (© Fig. 1). Therefore, the aim
of treatment should not be confined to BP normalization and
hypokalemia correction, but rather should focus on restoring the
deleterious effects of excess aldosterone on the cardiovascular
system.

Heart

v

Experimental studies demonstrated the presence of mineralo-
corticoid receptors (MR) in cardiomyocytes and their activation
by high aldosterone levels might contribute to myocardial
hypertrophy in PA, via mechanisms that include accelerated
fibrosis and modulation of ionic movements [29-31]. The detri-
mental effect of high aldosterone levels may also result from
interactions of aldosterone with other hormones including angi-
otensin II, endothelin, bradykinin, activation of inflammatory
cells and stimulation of fibroblast proliferation, and collagen
synthesis [29-31].

Structural and functional changes of the heart have been docu-
mented in patients with PA (© Fig. 3). Several cross-sectional
echocardiographic studies have reported an increase in the left
ventricular (LV) mass in patients with PA as compared to other
forms of hypertensive disease, being related to both increased LV
dimension and increased LV wall thickness [32-34]. Muiesan et
al. have reported that the frequency of inappropriate LV mass is
increased in patients with PA, even in the absence of LV hyper-
trophy, as defined by the current criteria. This observation
strongly suggests that elevated aldosterone contributes to an
increase in LV mass beyond the level needed to compensate for
the BP-related hemodynamic load [33]. Recent studies have
shown the importance of dietary sodium in determining the
degree of cardiac damage in patients with PA, indicating that a
high-salt diet is associated with greater LV mass [35].

Lately, Rossi et al. reported that KCNJ5 gene somatic mutation
affects cardiac remodeling in patients with PA and that patients
with APA carrying this mutation develop more pronounced LV
hypertrophy, compared to those with wild-type APA. Patients
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Fig. 3 M-mode echocardiography in a male patient with primary aldo-
steronism - increased left ventricular posterior wall and intraventricular
septum diastolic dimensions, left ventricular mass and left ventricular
mass index as well as relative wall thickness (0.44) — concentric left
ventricular hypertrophy. By courtesy of Dr P. Dobrowolski. ASE: American
Society of Echocardiography; EDV: End-diastolic volume; ESF: End-systolic
volume; EF: Ejection fraction; FS: Fractional shortening; Ind: Index; 1VSd:
Intraventricular septum diastolic; IVSs: Intraventricular septum systolic;
LVd: Left ventricular diastolic; LVIDs: Left ventricular dimension systolic;
LVIDd: Left ventricular dimension diastolic; LVPWd: Left ventricular poste-
rior wall diastolic; LVPWs: Left ventricular posterior wall systolic; SI: Stroke
index; SV: Stroke volume.

with such mutation also exhibit a lower chance of cure after
adrenalectomy [36].

In patients with PA, LV hypertrophy occurs in association with
an abnormal pattern of LV filling indicating the presence of dias-
tolic dysfunction, whereas systolic function is generally found to
be comparable with that of patients with EH [32].

All of these aldosterone-related cardiac abnormalities could
contribute to the increased cardiovascular risk observed in
patients with PA and could account for a greater incidence of
arrhythmia, CAD, and heart failure [5].

Most echocardiographic observations of cardiac changes after
treatment of PA are confined to short-term follow-up studies,
mostly after removal of adrenal adenoma. Initial observations
showed that, in patients with APA treated by adrenalectomy,
both LV mass and LV filling patterns were normalized one year
after surgery, whereas patients who were treated for a year with
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spironolactone showed no comparable LV hypertrophy regres-
sion [37-41]. A recent study has provided data on long term
echocardiographic follow-up, in a cohort of patients with PA
after either surgical or medical treatment. This 7 year lasting
study has demonstrated that patients treated either with adre-
nalectomy or spironolactone undergo a significant and compa-
rable decrease of LV mass, although the decrease is significant
only within the first year after surgery. In both treatment groups,
baseline LV mass was correlated with plasma aldosterone con-
centration, which was an independent predictor of changes of LV
mass after treatment [42]. These studies demonstrated that the
decrease in the LV mass obtained by treatment of PA is only par-
tially explained by blood pressure reduction, clearly supporting
arole of aldosterone that is independent from the hemodynamic
overload.

Vessels

v

In patients with PA, the mechanisms that mediate the deleteri-
ous effects of aldosterone excess on functional and/or structural
abnormalities of the blood vessel wall are more pronounced
than in patients with EH. Studies performed so far have docu-
mented that patients with PA suffer from increased oxidative
stress and showed that PA is associated with endothelial dys-
function and that circulating aldosterone levels significantly cor-
related with endothelial function [43,44]. Recently Matsumoto
et al. reported that in patients with PA, endothelial function was
impaired in subjects with APA, compared with patients with
BAH and control EH subjects, and surgical treatment resulted in
the improvement of endothelial function in this subtype of PA
[45].

Recent studies demonstrated the deficiency of endothelial pro-
genitor cells in PA, which may contribute to increased arterial
stiffness and vascular damage [46]. Excessive amounts of aldos-
terone in patients with PA may also lead to perivascular leuko-
cyte infiltration and fibrinoid remodeling of vascular smooth
muscle cells [43]. Rizzoni et al. reported a pronounced fibrosis in
small resistance arteries being more evident than in BP-matched
patients with EH [47]. Total collagen and Type III vascular colla-
gen were significantly higher in PA, compared with EH, despite
the BP levels being comparable. Tunica media to internal lumen
ratio was significantly increased in PA and EH compared with
normotensive controls and was significantly greater in patients
with concentric LV hypertrophy [48]. It has been also reported
that in patients with PA, retinal arterioles assessed for the first
time in vivo by means of by scanning laser Dopller flowmetry,
were characterized by hypertrophic remodeling as compared
with patients with essential hypertension [49].

The intima media-thickness (IMT) was also found to be increased
in carotid arteries and in comparison with subjects with EH
carotid artery lesions were more frequent in patients with PA
[43]. Holaj et al. documented that these differences between
patients with PA and EH groups remained statistically signifi-
cant after adjustment for age and 24-h systolic BP. In the long-
term, spironolactone therapy in patients with PA exerted
significant effect on regression of IMT, which was comparable to
surgical treatment in patients with APA [50,51]. In addition, Lin
et al. reported higher IMT in APA patients with PA than in control
subjects with EH and, after a 12 month follow-up, significant
regression in IMT was observed [52]. Pulse wave velocity (PWV)
is regarded to be a reliable marker of arterial stiffness. Several

Prejbisz A et al. Aldosteronism and Cardiovascular Risk... Horm Metab Res

studies showed increased PWV values as compared to EH
patients and this difference was independent from BP levels on
office and ABPM [53,54]. It is of interest that, in contrast to sur-
gical treatment, medical treatment with spironolactone had no
effect on aortic stiffness indices, including PWV. One possible
explanation for this is that medical treatment was not sufficient
to decrease BP properly because the dose of spironolactone was
too low [43,54].

Kidney

v

Clinical studies indicate that PA is associated with renal compli-
cations that reflect the capability of elevated aldosterone levels
to induce kidney dysfunction beyond what could be expected
from BP elevation. Involvement of the kidney in PA deserves
attention, because structural renal damage may be associated
with unfavorable outcomes, such as progressive renal failure.
Also prolonged hyperfiltration observed in patients with PA
might have detrimental effect on kidneys. However, early
involvement of the kidney in PA is characterized by functional
changes that are largely reversible with treatment [5, 55, 56].
Previous studies reported a large variability in the prevalence of
overt renal damage in patients with PA. Renal failure and pro-
teinuria have been found to occur in 8-24% of subjects with PA
[5,55]. In the large multicenter cross sectional PAPY study, 24-h
microalbuminuria was significantly greater in patients with
both APA and BAH, compared to control patients with EH [57].
Important information has been obtained from 2 prospective
studies with short-term and long-term follow-up after treat-
ment. Ribstein et al. documented a significant decrease in uri-
nary albumin excretion after adrenalectomy in 25 patients with
adrenal adenoma who were followed up for 6 months. The
authors concluded that PA was associated with relative hyperfil-
tration, unmasked after the elimination of excess aldosterone,
resulting in the decrease in albumin secretion [58]. Sechi et al.
reported in a long-term study that in 50 patients with PA, albu-
minuria was higher at baseline in patients with PA than in those
with EH. In the follow-up lasting on average 6.4 years, microal-
buminuria was more likely to subside to normal levels after
treatment than to progress to overt proteinuria [59]. In addition,
the restoration of normal albumin excretion was more frequent
in patients with PA than in those with EH and this effect was
independent of BP. These 2 prospective studies have consistently
indicated that PA is characterized by partially reversible renal
dysfunction. In The German Conn'’s Registry lower GFR levels in
untreated patients with PA, compared with age, BMI and gen-
der-matched hypertensives, were found. Although the absolute
difference was small (3 ml/min), it proved to be highly signifi-
cant because of the large number of subjects studied. Regression
analysis showed that age, male gender, low potassium and high
aldosterone concentrations were independent predictors of
lower GFR [60].

This finding contrasts with those of studies showing no differ-
ence in GFR or the presence of increased GFR in patients with PA
compared with EH matched for age, gender, severity and dura-
tion of hypertension. The main reason for this difference is prob-
ably related to the differences in the retrospective control
cohorts [58-60].

Several studies have investigated the effect of the surgical and
medical treatment of PA on GFR. Ribstein et al. documented that
the increased GFR was reversed after the surgical and medical
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treatment of PA, a finding that has been subsequently confirmed
in larger cohorts of patients with PA and recent meta-analysis
[58,61]. In the study by Sechi et al. during the 6 months after
intervention, the mean GFR decreased by -13.6ml/min in
patients with PA, but only —2.1ml/min in patients with EH.
However, subsequent declines in GFR were similar in this study
in patients with PA and EH during a 9 year follow-up [59]. The
data from the German Conn’s Registry confirm this observation
and showed that GFR declined soon after treatment of PA and
remained relatively stable thereafter. Analysis of renal outcomes
in patients with PA who were treated by adrenalectomy or
spironolactone did not reveal a significant difference [60].
Taken together, these data suggest that effective treatment of
mineralocorticoid excess removes renal hyperfiltration, and may
uncover the real extent of renal damage associated with PA.

Other Cardiovascular Complications

v

An increasing body of information coming from longitudinal,
retrospective studies convincingly supports the presence of
greater prevalence of cardiovascular complications in patients
with PA, compared with those with EH (© Fig. 4) [5]. Milliez et al.
for the first time examined a large cohort of patients with APA
and BAH reporting a significantly higher rate of myocardial
infarction (4.0 vs. 0.6%), atrial fibrillation (7.3 vs. 0.6%) and
stroke (12.9 vs. 3.4%), in comparison with patients with EH [62].

More recent evidence obtained in a French cohort of 459 patients
with PA has indicated that patients with PA had significantly
higher prevalence of CAD (adjusted odds ratio 1.9), nonfatal
myocardial infarction (adjusted odds ratio 2.6) and atrial fibrilla-
tion (adjusted odds ratio 5.0). The risk associated with PA was
similar across different levels of serum potassium and plasma
aldosterone [63].

Also Catena et al. have documented that, at baseline, the preva-
lence of cardiovascular events was higher in PA than in EH (35
vs. 11%) with odds ratios of 4.93, 4.36, and 2.80 for sustained
arrhythmias, cerebrovascular events, and coronary heart dis-
ease, respectively. In addition, the prevalence of cardiovascular
complications was comparable in patients with APA and idio-
pathic disease, indicating that those with both subtypes are at
increased risk [64]. Likewise, in the retrospective study by
Mulatero et al., a significantly higher number of PA patients at
baseline experienced cardiovascular events, compared with
matched patients with EH [65].

The study by Turchi et al. evaluated global cardiovascular risk in
patients with PA and the results indicated that 53 % of PA patients
were at high CV risk, 33% were at very high CV risk and only a
small percentage of subjects was at low-intermediate risk. It has
been also documented that patients with PA presented a higher
global CV risk at the time of diagnosis, compared to control sub-
jects with EH [66].

Data from the German Conn’s Registry, representing the largest
cohort ever reported in literature, indicate that in patients with

Prejbisz A et al. Aldosteronism and Cardiovascular Risk... Horm Metab Res



Review

PA the prevalence of cardiovascular events (including angina
pectoris, myocardial infarction, chronic cardiac insufficiency
and coronary angioplasty) was 16.3%. Atrial fibrillation and
other atrial or ventricular arrhythmias occurred in 7.1 and 5.2%
respectively. Interestingly, a significant positive correlation was
evident between the serum aldosterone levels and the preva-
lence of comorbidities in all PA patients [67]. Although the
German study lacked a matched control group, the prevalence of
cardiovascular complications in PA patients was higher than that
reported in the literature for patients with EH of comparable
cardiovascular risk profile. A significant difference in the preva-
lence of cardiovascular comorbidities between normokalemic
and hypokalemic PA was demonstrated in this study also. The
hypokalemic variant was associated with higher morbidity than
the normokalemic variant regarding some cardiovascular (par-
ticularly angina pectoris and chronic cardiac insufficiency) but
not cerebrovascular events, which can be explained by the
higher aldosterone levels in the first group [67].

It should be noted that studies evaluating the impact of medical
and surgical treatment on morbidity and mortality in patients
with PA in the long term follow-up are equivocal. In the above
mentioned study by Catena et al., the authors also evaluated
long-term cardiovascular outcomes in patients with PA after
surgical or medical treatment and the primary end point
included MI, stroke, any type of revascularization procedure,
and sustained arrhythmias. During the follow-up, whose mean
duration was 7.4 years, cardiovascular outcome was not differ-
ent between patients with PA and EH and was comparable in PA
between patients with AHA and BAH. Further analysis indicated
that older age and longer duration of hypertension were inde-
pendently associated with a higher risk of a cardiovascular event
[64].

However in the study by Mulatero et al., patients treated for PA,
during median follow-up of 12 years, had a higher rate of events
(8.5 vs. 4.3% EH patients) and, in particular, arrhythmias and
stroke were more frequent in patients with PA. Age, the duration
of the hypertension and systolic BP were independently associ-
ated with the occurrence of all events [65].

Recent data from the German Conn’s Registry and a German
control cohort of subjects from a population-based survey
allowed the mortality of patients treated for PA to be assessed, as
well as enabling risk factors for the adverse outcomes to be iden-
tified. The study showed that cardiovascular mortality is
increased in patients treated for PA (50 vs. 34% in hypertensive
controls). However, after matching for age, gender, BMI, or BP,
the data showed that all-cause mortality in patients with PA
were not significantly different from matched hypertensive con-
trols [68].

In summary, current evidence convincingly demonstrates that
patients with PA are at a higher risk of cardiovascular events
than those with EH (© Fig. 4). Surgical and medical treatments
have a beneficial impact on the cardiovascular outcomes and
mortality in the long term follow-up.

Conclusion

v

There is growing evidence indicating that prolonged exposure to
elevated aldosterone concentrations in patients with PA is asso-
ciated with target organ damage in the heart, kidney and arterial
wall, as well as with high cardiovascular risk, independently
from the BP level.
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Therefore a low threshold to initiate workup of PA should be
taken since early diagnosis and treatment have a substantial
impact on the cardiovascular outcomes and mortality in the
long term. Further studies may provide better insight into the
relationship between cardiovascular risk and complications and
the genetic background of PA.

Acknowledgements
v

AP and A] received the research project founded by the National
Science Centre, Poland (Project’s decision NCN DEC-2011/03/B/
NZ5/05325).

Conflict of Interest
v

The authors declare no conflict of interest.

References
1 Conn JW. Presidential address. . Painting background. II. Primary aldo-
steronism, a new clinical syndrome. J Lab Clin Med 1955; 45: 3-17
2 Kaplan NM, Victor RG. Primary aldosteronism. In: Kaplan NM, Vic-
tor RG (eds.). Kaplan’s clinical hypertension. Philadelphia: Wolters
Kluwer; 2015: 320-340
3 Funder JW, Carey RM, Fardella C, Gomez-Sanchez CE, Mantero F, Sto-
wasser M, Young WF Jr, Montori VM. Case detection, diagnosis, and
treatment of patients with primary aldosteronism: an endocrine
society clinical practice guideline. ] Clin Endocrinol Metab 2008; 93:
3266-3281
4 Connell JM, MacKenzie SM, Freel EM, Fraser R, Davies E. A lifetime of
aldosterone excess: long-term consequences of altered regulation of
aldosterone production for cardiovascular function. Endocr Rev 2008;
29: 133-154
5 Sechi LA, Colussi G, Di Fabio A, Catena C. Cardiovascular and renal
damage in primary aldosteronism: outcomes after treatment. Am ]
Hypertens 2010; 23: 1253-1260
6 Blasi ER, Rocha R, Rudolph AE, Blomme EA, Polly ML, McMahon EG.
Aldosterone/salt induces renal inflammation and fibrosis in hyper-
tensive rats. Kidney Int 2003; 63: 1791-1800
7 Rocha R, Chander PN, Khanna K, Zuckerman A, Stier CT Jr. Mineralocor-
ticoid blockade reduces vascular injury in stroke-prone hypertensive
rats. Hypertension 1998; 31: 451-458
8 Mancia G, Fagard R, Narkiewicz K, Redon J, Zanchetti A, Bohm M, Chris-
tiaens T, Cifkova R, De Backer G, Dominiczak A, Galderisi M, Grobbee
DE, Jaarsma T, Kirchhof P, Kjeldsen SE, Laurent S, Manolis A], Nilsson
PM, Ruilope LM, Schmieder RE, Sirnes PA, Sleight P, Viigimaa M, Waeber
B, Zannad F, Burnier M, Ambrosioni E, Caufield M, Coca A, Olsen MH,
Tsioufis C, van de Borne P, Zamorano JL, Achenbach S, Baumgartner H,
Bax JJ, Bueno H, Dean V, Deaton C, Erol C, Ferrari R, Hasdai D, Hoes
AW, Knuuti J, Kolh P, Lancellotti P, Linhart A, Nihoyannopoulos P, Pie-
poli MF, Ponikowski P, Tamargo JL, Tendera M, Torbicki A, Wijns W,
Windecker S, Clement DL, Gillebert TC, Rosei EA, Anker SD, Bauersachs
J, Hitij JB, Caulfield M, De Buyzere M, De Geest S, Derumeaux GA, Erdine
S, Farsang C, Funck-Brentano C, Gerc V, Germano G, Gielen S, Haller H,
Jordan J, Kahan T, Komajda M, Lovic D, Mahrholdt H, Ostergren ], Parati
G, Perk ], Polonia J, Popescu BA, Reiner Z, Ryden L, Sirenko Y, Stanton
A, Struijker-Boudier H, Vlachopoulos C, Volpe M, Wood DA. 2013 ESH/
ESC guidelines for the management of arterial hypertension: the Task
Force for the Management of Arterial Hypertension of the European
Society of Hypertension (ESH) and of the European Society of Cardiol-
ogy (ESC). Eur Heart ] 2013; 34: 2159-2219
9 Piaditis G, Markou A, Papanastasiou L, Androulakis II, Kaltsas G. Pro-
gress in aldosteronism: a review of the prevalence of primary aldo-
steronism in pre-hypertension and hypertension. Eur | Endocrinol
2015; 172: R191-R203
10 Rossi GP, Seccia TM, Pessina AC. Primary aldosteronism-part I: preva-
lence, screening, and selection of cases for adrenal vein sampling.
] Nephrol 2008; 21: 447-454
11 Calhoun DA. Is there an unrecognized epidemic of primary aldoster-
onism? Pro. Hypertension 2007; 50: 447-453 discussion 447-453
12 Kaplan NM. Is there an unrecognized epidemic of primary aldoster-
onism? Con. Hypertension 2007; 50: 454-458 discussion 454-458



13 Rossi GP. Prevalence and diagnosis of primary aldosteronism. Curr
Hypertens Rep 2010; 12: 342-348

14 Mosso L, Carvajal C, Gonzalez A, Barraza A, Avila F, Montero J, Huete
A, Gederlini A, Fardella CE. Primary aldosteronism and hypertensive
disease. Hypertension 2003; 42: 161-165

15 Rossi GP, Bernini G, Caliumi C, Desideri G, Fabris B, Ferri C, Ganzaroli C,
Giacchetti G, Letizia C, Maccario M, Mallamaci F, Mannelli M, Mattarello
M], Moretti A, Palumbo G, Parenti G, Porteri E, Semplicini A, Rizzoni D,
Rossi E, Boscaro M, Pessina AC, Mantero F. A prospective study of the
prevalence of primary aldosteronism in 1,125 hypertensive patients.
J Am Coll Cardiol 2006; 48: 2293-2300

16 Douma S, Petidis K, Doumas M, Papaefthimiou P, Triantafyllou A, Kartali
N, Papadopoulos N, Vogiatzis K, Zamboulis C. Prevalence of primary
hyperaldosteronism in resistant hypertension: a retrospective obser-
vational study. Lancet 2008; 371: 1921-1926

17 Florczak E, Prejbisz A, Szwench-Pietrasz E, Sliwinski P, Bielen P, Klisie-
wicz A, Michalowska I, Warchol E, Januszewicz M, Kala M, Witkowski A,
Wiecek A, Narkiewicz K, Somers VK, Januszewicz A. Clinical character-
istics of patients with resistant hypertension: the RESIST-POL study.
J Hum Hypertens 2013; 27: 678-685

18 Fischer E, Reuschl S, Quinkler M, Rump LC, Hahner S, Bidlingmaier M,
Reincke M. Assay characteristics influence the aldosterone to renin
ratio as a screening tool for primary aldosteronism: results of the
German Conn'’s registry. Horm Metab Res 2013; 45: 526-531

19 Pilz S, Kienreich K, Gaksch M, Grubler M, Verheyen N, Bersuch LA, Schmid
J, Drechsler C, Ritz E, Moosbrugger A, Stepan V, Pieber TR, Meinitzer A,
Marz W, Tomaschitz A. Aldosterone to active Renin ratio as screen-
ing test for primary aldosteronism: reproducibility and influence of
orthostasis and salt loading. Horm Metab Res 2014; 46: 427-432

20 Viola A, Monticone S, Burrello J, Buffolo F, Lucchiari M, Rabbia F, Wil-
liams TA, Veglio F, Mengozzi G, Mulatero P. Renin and aldosterone
measurements in the management of arterial hypertension. Horm
Metab Res 2015; 47: 418-426

21 Tomaschitz A, Maerz W, Pilz S, Ritz E, Scharnagl H, Renner W, Boehm
BO, Fahrleitner-Pammer A, Weihrauch G, Dobnig H. Aldosterone/renin
ratio determines peripheral and central blood pressure values over a
broad range. ] Am Coll Cardiol 2010; 55: 2171-2180

22 Vasan RS, Evans JC, Larson MG, Wilson PW, Meigs B, Rifai N, Benjamin
EJ, Levy D. Serum aldosterone and the incidence of hypertension in
nonhypertensive persons. N Engl ] Med 2004; 351: 33-41

23 Mansoor GA, White WB. Circadian blood pressure variation in hyper-
tensive patients with primary hyperaldosteronism. Hypertension
1998; 31: 843-847

24 Zelinka T, Widimsky J. Twenty-Four hour blood pressure profile in
subjects with different subtypes of primary aldosteronism. Physiol
Res 2001; 50: 51-57

25 Ceruti M, Petramala L, Cotesta D, Cerci S, Serra V, Caliumi C, Iorio M, De
Toma G, Ciardi A, Vitolo D, Letizia C. Ambulatory blood pressure mon-
itoring in secondary arterial hypertension due to adrenal diseases.
] Clin Hypertens (Greenwich) 2006; 8: 642-648

26 Pimenta E, Gaddam KK, Pratt-Ubunama MN, Nishizaka MK, Cofield SS,
Oparil S, Calhoun DA. Aldosterone excess and resistance to 24-h blood
pressure control. ] Hypertens 2007; 25: 2131-2137

27 Muth A, Ragnarsson O, Johannsson G, Wangberg B. Systematic review
of surgery and outcomes in patients with primary aldosteronism. Br
J Surg 2015; 102: 307-317

28 van der Linden P, Steichen O, Zinzindohoue F, Plouin PF. Blood pres-
sure and medication changes following adrenalectomy for unilateral
primary aldosteronism: a follow-up study. ] Hypertens 2012; 30:
761-769

29 Rossi GP. Cardiac consequences of aldosterone excess in human hyper-
tension. Am ] Hypertens 2006; 19: 10-12

30 Catena C, Colussi G, Marzano L, Sechi LA. Aldosterone and the heart:
from basic research to clinical evidence. Horm Metab Res 2012; 44:
181-187

31 Catena C, Colussi GL, Marzano L, Sechi LA. Predictive factors of left
ventricular mass changes after treatment of primary aldosteronism.
Horm Metab Res 2012; 44: 188-193

32 Milan A, Magnino C, Fabbri A, Chiarlo M, Bruno G, Losano I, Veglio F.
Left heart morphology and function in primary aldosteronism. High
Blood Press Cardiovasc Prev 2012; 19: 11-17

33 Muiesan ML, Salvetti M, Paini A, Agabiti-Rosei C, Monteduro C, Galbas-
sini G, Belotti E, Aggiusti C, Rizzoni D, Castellano M, Agabiti-Rosei E.
Inappropriate left ventricular mass in patients with primary aldo-
steronism. Hypertension 2008; 52: 529-534

34 Indra T, Holaj R, Zelinka T, Petrak O, Strauch B, Rosa ], Somloova Z,
Malik ], Janota T, Hradec ], Widimsky ] Jr. Left ventricle remodeling
in men with moderate to severe volume-dependent hypertension.
] Renin Angiotensin Aldosterone Syst 2012; 13: 426-434

Review

35 Pimenta E, Gordon RD, Ahmed AH, Cowley D, Leano R, Marwick TH,
Stowasser M. Cardiac dimensions are largely determined by dietary
salt in patients with primary aldosteronism: results of a case-control
study. ] Clin Endocrinol Metab 2011; 96: 2813-2820

36 Rossi GP, Cesari M, Letizia C, Seccia TM, Cicala MV, Zinnamosca L, Kup-
pusamy M, Mareso S, Sciomer S, lacobone M, Mantero F, Pessina AC.
KCN]J5 gene somatic mutations affect cardiac remodelling but do not
preclude cure of high blood pressure and regression of left ventricu-
lar hypertrophy in primary aldosteronism. J Hypertens 2014; 32:
1514-1521 discussion 1522

37 Rossi GP, Cesari M, Cuspidi C, Maiolino G, Cicala MV, Bisogni V, Mantero
F, Pessina AC. Long-term control of arterial hypertension and regres-
sion of left ventricular hypertrophy with treatment of primary aldo-
steronism. Hypertension 2013; 62: 62-69

38 Gaddam K, Corros C, Pimenta E, Ahmed M, Denney T, Aban I, Inusah S,
Gupta H, Lloyd SG, Oparil S, Husain A, Dell’ltalia L], Calhoun DA. Rapid
reversal of left ventricular hypertrophy and intracardiac volume over-
load in patients with resistant hypertension and hyperaldosteronism:
a prospective clinical study. Hypertension 2010; 55: 1137-1142

39 Marzano L, Colussi G, Sechi LA, Catena C. Adrenalectomy is compa-
rable with medical treatment for reduction of left ventricular mass
in primary aldosteronism: meta-analysis of long-term studies. Am
] Hypertens 2015; 28: 312-318

40 Lin YH, Lee HH, Liu KL, Lee JK, Shih SR, Chueh SC, Lin WC, Lin LC, Lin
LY, Chung SD, Wu VC, Kuo CC, Ho YL, Chen MF, Wu KD. Reversal of
myocardial fibrosis in patients with unilateral hyperaldosteronism
receiving adrenalectomy. Surgery 2011; 150: 526-533

41 Lin YH, Wu XM, Lee HH, Lee JK, Liu YC, Chang HW, Lin CY, Wu VC, Chueh
SC, Lin LC, Lo MT, Ho YL, Wu KD. Adrenalectomy reverses myocardial
fibrosis in patients with primary aldosteronism. | Hypertens 2012;
30: 1606-1613

42 Catena C,Colussi G, Lapenna R, Nadalini E, Chiuch A, Gianfagna P, Sechi LA.
Long-term cardiac effects of adrenalectomy or mineralocorticoid
antagonists in patients with primary aldosteronism. Hypertension
2007; 50: 911-918

43 Widimsky ] Jr, Strauch B, Petrak O, Rosa J, Somloova Z, Zelinka T, Holaj R.
Vascular disturbances in primary aldosteronism: clinical evidence.
Kidney Blood Press Res 2012; 35: 529-533

44 Taddei S, Virdis A, Mattei P, Salvetti A. Vasodilation to acetylcholine in
primary and secondary forms of human hypertension. Hypertension
1993; 21: 929-933

45 Matsumoto T, Oki K, Kajikawa M, Nakashima A, Maruhashi T, Iwamoto
Y, Iwamoto A, Oda N, Hidaka T, Kihara Y, Kohno N, Chayama K, Goto C,
Aibara Y, Noma K, Liao JK, Higashi Y. Effect of aldosterone-producing
adenoma on endothelial function and Rho-associated kinase activ-
ity in patients with primary aldosteronism. Hypertension 2015; 65:
841-848

46 Wu VC, Lo SC, Chen YL, Huang PH, Tsai CT, Liang CJ, Kuo CC, Kuo YS, Lee
BC, Wu EL, Lin YH, Sun YY, Lin SL, Chen JW, Lin SJ, Wu KD. Endothelial
progenitor cells in primary aldosteronism: a biomarker of severity
for aldosterone vasculopathy and prognosis. ] Clin Endocrinol Metab
2011; 96: 3175-3183

47 Rizzoni D, Paiardi S, Rodella L, Porteri E, De Ciuceis C, Rezzani R, Boari GE,
Zani F, Miclini M, Tiberio GA, Giulini SM, Rosei CA, Bianchi R, Rosei EA.
Changes in extracellular matrix in subcutaneous small resistance
arteries of patients with primary aldosteronism. J Clin Endocrinol
Metab 2006; 91: 2638-2642

48 Muiesan ML, Rizzoni D, Salvetti M, Porteri E, Monteduro C, Guelfi D,
Castellano M, Garavelli G, Agabiti-Rosei E. Structural changes in small
resistance arteries and left ventricular geometry in patients with pri-
mary and secondary hypertension. ] Hypertens 2002; 20: 1439-1444

49 Gosk-Przybylek M, Harazny ], Binczyk E, Szymanek K, Prejbisz A, Szaflik
J, Kolodziejczyk-Kruk S, Pregowska-Chwala B, Makowiecka-Ciesla M,
Janas J, Kadziela J, Warchol-Celinska E, Ambroziak U, Bednarczuk T,
Toutounchi S, Narkiewicz K, Reincke M, Schmieder RE, Januszewicz A.
7d.11: Retinal Arteriolar Structure in Patients with Primary Aldoster-
onism. ] Hypertens 2015; 33 (Suppl 1): e103

50 Holaj R, Zelinka T, Wichterle D, Petrak O, Strauch B, Widimsky ] Jr.
Increased intima-media thickness of the common carotid artery in
primary aldosteronism in comparison with essential hypertension.
] Hypertens 2007; 25: 1451-1457

51 Holaj R, Rosa ], Zelinka T, Strauch B, Petrak O, Indra T, Somloova Z,
Michalsky D, Novak K, Wichterle D, Widimsky ] Jr. Long-term effect of
specific treatment of primary aldosteronism on carotid intima-media
thickness. ] Hypertens 2015; 33: 874-882

52 Lin YH, Lin LY, Chen A, Wu XM, Lee JK, Su TC, Wu VC, Chueh SC, Lin WC,
Lo MT, Wang PC, Ho YL, Wu KD. Adrenalectomy improves increased
carotid intima-media thickness and arterial stiffness in patients with
aldosterone producing adenoma. Atherosclerosis 2012; 221: 154-159

Prejbisz A et al. Aldosteronism and Cardiovascular Risk... Horm Metab Res




Review

53 Rosa ], Somloova Z, Petrak O, Strauch B, Indra T, Senitko M, Zelinka T,
Holaj R, Widimsky ] Jr. Peripheral arterial stiffness in primary aldo-
steronism. Physiol Res 2012; 61: 461-468

54 Strauch B, Petrak O, Wichterle D, Zelinka T, Holaj R, Widimsky ] Jr.
Increased arterial wall stiffness in primary aldosteronism in compari-
son with essential hypertension. Am ] Hypertens 2006; 19: 909-914

55 Catena C, Colussi G, Sechi LA. Mineralocorticoid receptor antagonists
and renal involvement in primary aldosteronism: opening of a new
era. Eur ] Endocrinol 2013; 168: C1-C5

56 Helal I, Fick-Brosnahan GM, Reed-Gitomer B, Schrier RW. Glomerular
hyperfiltration: definitions, mechanisms and clinical implications. Nat
Rev Nephrol 2012; 8: 293-300

57 Rossi GP, Bernini G, Desideri G, Fabris B, Ferri C, Giacchetti G, Letizia C,
Maccario M, Mannelli M, Matterello MJ, Montemurro D, Palumbo G, Riz-
zoni D, Rossi E, Pessina AC, Mantero F. Renal damage in primary aldo-
steronism: results of the PAPY Study. Hypertension 2006; 48: 232-238

58 Ribstein J, Du Cailar G, Fesler P, Mimran A. Relative glomerular hyper-
filtration in primary aldosteronism. ] Am Soc Nephrol 2005; 16:
1320-1325

59 Sechi LA, Novello M, Lapenna R, Baroselli S, Nadalini E, Colussi GL, Catena C.
Long-term renal outcomes in patients with primary aldosteronism.
JAMA 2006; 295: 2638-2645

60 Reincke M, Rump LC, Quinkler M, Hahner S, Diederich S, Lorenz R, Seufert
J, Schirpenbach C, Beuschlein F, Bidlingmaier M, Meisinger C, Holle R,
Endres S. Risk factors associated with a low glomerular filtration rate
in primary aldosteronism. ] Clin Endocrinol Metab 2009; 94: 869-875

61 Kuo CC, Wu VC, Tsai CW, Wu KD. Relative kidney hyperfiltration in
primary aldosteronism: a meta-analysis. ] Renin Angiotensin Aldos-
terone Syst 2011; 12: 113-122

Prejbisz A et al. Aldosteronism and Cardiovascular Risk... Horm Metab Res

62 Milliez P, Girerd X, Plouin PF, Blacher ], Safar ME, Mourad JJ. Evidence
for an increased rate of cardiovascular events in patients with primary
aldosteronism. ] Am Coll Cardiol 2005; 45: 1243-1248

63 Savard S, Amar L, Plouin PF, Steichen O. Cardiovascular complications
associated with primary aldosteronism: a controlled cross-sectional
study. Hypertension 2013; 62: 331-336

64 Catena C, Colussi G, Nadalini E, Chiuch A, Baroselli S, Lapenna R, Sechi LA.
Cardiovascular outcomes in patients with primary aldosteronism
after treatment. Arch Intern Med 2008; 168: 80-85

65 Mulatero P, Monticone S, Bertello C, Viola A, Tizzani D, Iannaccone A,
Crudo V, Burrello ], Milan A, Rabbia F, Veglio F. Long-term cardio- and
cerebrovascular events in patients with primary aldosteronism. J Clin
Endocrinol Metab 2013; 98: 4826-4833

66 TurchiF, Ronconi V, di Tizio V, Ceccoli L, Boscaro M, Giacchetti G. Primary
aldosteronism and essential hypertension: assessment of cardiovas-
cular risk at diagnosis and after treatment. Nutr Metab Cardiovasc
Dis 2014; 24: 476-482

67 Born-Frontsberg E, Reincke M, Rump LC, Hahner S, Diederich S, Lor-
enz R, Allolio B, Seufert |, Schirpenbach C, Beuschlein F, Bidlingmaier
M, Endres S, Quinkler M. Cardiovascular and cerebrovascular comor-
bidities of hypokalemic and normokalemic primary aldosteronism:
results of the German Conn’s Registry. ] Clin Endocrinol Metab 2009;
94:1125-1130

68 Reincke M, Fischer E, Gerum S, Merkle K, Schulz S, Pallauf A, Quinkler M,
Hanslik G, Lang K, Hahner S, Allolio B, Meisinger C, Holle R, Beuschlein
F, Bidlingmaier M, Endres S. Observational study mortality in treated
primary aldosteronism: the German Conn’s registry. Hypertension
2012; 60: 618-624



	Autoren: A. Prejbisz, E. Warchoł-Celińska, J. Lenders, 
A. Januszewicz
	Titel: Cardiovascular Risk in Primary Hyperaldosteronism
	DOI/Literaturangabe: DOI 10.1055/s-0035-1565124
Horm Metab Res
	ISSN: 0018-5043


