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Primary aldosteronism and cardiovascular risk. Review
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Primary aldosteronism (PA) is a common cause of
secondary hypertension associated with excess cardio-
vascular morbidity [1]. Primary aldosteronism is under-
diagnosed because it does not have a specific, easily
identifiable symptom, and clinicians may be poorly
informed about the disease [2]. Primary aldosteronism
is the most common and treatable cause of secondary
hypertension [3] and is associated with excessive and
autonomous production of aldosterone. Three char-
acteristic features of PA are high blood aldosterone,
depressed renin level, and hypertension [4]. Hypoka-
lemia was initially considered the main feature of PA;
however, recent studies have shown that hypokalemia
is present in only 28 % of patients with PA [5].

The most common causes of PA are bilateral idio-
pathic hypertrophy (BIH) (60 % of cases) and aldoste-
rone-producing adenomas (APA; called Conn's syn-
drome) (35% of cases, although these percentages
change over time) [6]. Rare causes of PA are unilateral
hyperplasia, familial hyperaldosteronism (types |—IV),
aldosterone-producing carcinoma, and ectopic aldo-
sterone production [1]. Previously, PA was thought to
be a rare cause of mild to moderate hypertension (<
1 %) and hypokalemia was one of the main diagnostic
criteria, but recent studies have shown that PA may be
the most common cause of secondary hypertension.
hypertension [1].

Primary aldosteronism is now thought to be a factor
in 5—10% of all hypertensive patients. Both PA and

resistant hypertension (RH) are high-risk phenotypes
associated with increased cardiovascular morbidity and
mortality compared with non-PA and non-RH patients
[7]. Some studies have shown that the prevalence of PA
depends on the severity of hypertension; the higher the
degree of hypertension, the higher the prevalence of PA
[8]. Primary aldosteronism can occur in 20 % of patients
with RH [9].

In recent years, researchers have identified many
genetic abnormalities underlying sporadic and famil-
ial forms of PA, and as such are useful markers for
improved diagnosis and treatment in the future [10].
Recent advances in the understanding of PA, espe-
cially regarding APA, emphasize the significant role of
somatic mutations [11]. Somatic mutations present in
most APA are generally responsible for autonomous
overproduction of aldosterone. Often, the same muta-
tions are found in patients with BIH and familial hyper-
aldosteronism (FH). There are several types of FH, each
associated with different genetic mutations [12].

Most of the mutations found in patients with PA are
located in genes encoding ion channels and pumps. New
knowledge about the genetic mutations associated with
the pathogenesis of PA may lead to the development of
new pharmacological treatments targeting the mutat-
ed proteins [13], while understanding the mutations
that occur in FH may improve the diagnosis of positive
patients in the early stages of the disease, to the appear-
ance of symptoms or cardiovascular complications [1].
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In recent years, numerous studies have shown that
patients with PA have a high rate of cardiovascular
(CV) events [14—16]. Patients with PA are more likely
to experience myocardial infarction, heart failure, or
stroke, and have a higher prevalence of atrial fibrilla-
tion (AF) independent of blood pressure (BP) [17, 18].
Compared with age-, sex-, and BP-matched essential
hypertensive patients, patients with PA often demon-
strate significant left ventricular hypertrophy (LVH) [19,
20] and increased aortic stiffness [21]. The pathogen-
esis is unclear and may be related to excessive blood
aldosterone concentrations, independent of BP, with
increasing evidence that long-term exposure to high
aldosterone levels may promote fibrosis and inflamma-
tion of the arterial wall and/or cardiac myocytes [22].

Aldosterone may also cause endothelial dysfunc-
tion by increasing oxidative stress [23]. Thus, excess
aldosterone is associated with increased myocardial
fibrosis, myocardial hypertrophy, and arterial stiffness
[24]. A meta-analysis based on 12 case-control stud-
ies concluded that PA is significantly associated with
subclinical arteriosclerosis and arterial stiffness based
on comparison of CV markers including carotid intima-
media thickness (CCA-IMT), flow-mediated dilation
(FMD), nitroglycerin-mediated dilation (NMD), aortic
pulse wave velocity (aortic-PWV), augmentation index
(ALX), ankle-brachial index (ABI) and the prevalence of
carotid plaques in patients, especially with PA [14].

Investigators reported increased CCA-IMT and aor-
tic-PWV in patients with PA. In addition, compared to
normotensive controls, patients with PA had increased
ALX scores and decreased FMD, which was associated
with increased aortic stiffness and impaired endothe-
lial dysfunction [25]. According to data from the Ger-
man Conn Syndrome Registry, cardiovascular mortality
and morbidity are more common in patients with PA
than in patients with comparable essential hyperten-
sion [26]. However, overall mortality was reported to be
not significantly different from hypertensive controls,
although cardiovascular mortality was the leading
cause of death in PA (50% vs. 34% in hypertensive
controls) [26].

Primary aldosteronism occurs mainly in patients
aged 20 to 60 years. There are no pathognomonic
symptoms in PA patients. The three hallmarks of PA are
high blood aldosterone, low/suppressed renin levels,
and hypertension. Arterial hypertension in patients
with PA is usually moderate or severe. A study by the
Mayo Clinic in the United States showed that the mean
BP in patients with PA was 184/112+8/16 mmHg [4].

Other studies have shown that a higher prevalence of
PA is observed in patients with higher BP [27]. Thus,
PA was diagnosed in 20.9 % of patients with «resistant
hypertension» [28]. In addition, patients with APA have
higher aldosterone levels and higher BP than patients
with BIH [4]. Hypokalemia is recognized as the main
feature of PA, but occurs in only 28 % of the total PA
population [29]. The prevalence of hypokalemia was
reported in 48 % of patients with APA and 17 % of
patients with BIH [27]. Thus, normokalemic hyperten-
sion is currently the most common manifestation of
the disease.

Other symptoms associated with PA include head-
aches, vision problems, fatigue, muscle cramps, muscle
weakness, numbness, frequent urination, and thirst.
Some of these symptoms are directly related to hypo-
kalemia. For example, polyuria results from a renal
concentration defect caused by hypokalemia.

For many years, PA was considered a rare cause of
hypertension, and screening was limited to patients
with hypertension and hypokalemia, which were con-
sidered the main features of PA. Recent studies have
clearly shown that PA is the most common cause of
secondary hypertension with a prevalence of 5—10%
in hypertensive patients [30]. Hypertension in patients
with PA is usually moderate to severe, and hypoka-
lemia occurs in 28 % of patients with PA [29]. Thus,
a normokalemic hypertensive patient should not be
excluded from PA screening [31, 32], and the degree of
hypertension should be taken into account during PA
screening. In addition, a certain group of young people
(aged < 35 years) have persistent and significant hypo-
kalemia but are not hypertensive. APA may be present
in these cases. The absence of arterial hypertension is
probably the result of the early onset of the disease, its
short duration and effective mechanisms of preven-
tion of arterial hypertension [4]. In addition, a review
[32] highlighted that PA is very common in mild to
moderate hypertensive, prehypertensive and even
normotensive populations. Thus, screening for PA is
a challenging task.

According to the Endocrine Society’s Clinical Prac-
tise Guidelines [33], it is recommended to consider
PA in patients with sustained BP>150/100 mmHg,
confirmed on separate days, RH, Bp < 140/90 mmHg,
requiring four or more anti-hypertensive medications,
hypertension with spontaneous or diuretic-induced
hypokalemia, hypertension with an adrenal mass,
hypertension with sleep apnoea, hypertension and
a family history of early onset hypertension or stroke at
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a young age, hypertension with a first-degree relative
who has primary aldosteronism.

Regardless of these factors, PA is known to be
associated with higher cardiovascular morbidity and
mortality than essential hypertension [34, 35] and is
still largely underdiagnosed [36]. Currently, less than
1% of adults diagnosed with primary hypertension
are screened for PA [37]. Early detection and specific
treatment can reduce the risk of cardiovascular dis-
eases. Thus, it is necessary to improve the degree of PA
screening [38]. Increasing awareness and knowledge of
PA among primary care physicians who have the initial
contact with the hypertensive patient is crucial [39].
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ABSTRACT

Primary aldosteronism (PA), a significant and curable
cause of secondary hypertension, occurs in 5—10 % of
hypertensive patients, with prevalence dependent on
the severity of hypertension. The main etiologies of PA
include bilateral idiopathic hypertrophy (BIH) and aldo-
sterone-producing adenoma (APA), while less common
causes include unilateral hyperplasia, familial hyperal-
dosteronism (FH) types I—IV, aldosterone-producing
carcinoma, and ectopic aldosterone synthesis. This
condition, characterized by excessive secretion of aldo-
sterone, leads to increased reabsorption of sodium and
water along with potassium loss, culminating in the dis-
tinct clinical signs of elevated aldosterone, suppressed
renin, and hypertension. It should be noted that hypo-
kalemia is present in only 28 % of patients with PA and
is not the main indicator. The association of PA with an
increased risk profile for cardiovascular disease, regard-
less of blood pressure level, is notable. Patients with PA
show an increased rate of cardiovascular events com-
pared to patients with essential hypertension, adjusted
for age, sex, and blood pressure level. Despite its preva-
lence, PA often remains undiagnosed, highlighting the
need for enhanced screening protocols. The diagnostic
process for PA involves a three-pronged assessment:
the aldosterone/renin ratio (ARR) as the initial screen-
ing tool, followed by confirmatory and subtype tests.
A positive ARR requires confirmatory testing to rule
out false positives. Examination to detect PA should
be carried out in patients with arterial hypertension:
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moderate (> 160—179/100—109 mmHg) or severe
(>180/110 mmHg); resistant to treatment; with idio-
pathic or diuretic-induced hypokalemia; with an acci-
dentally diagnosed tumor of the adrenal glands; if first-
generation relatives are diagnosed with PA, or family
history indicates early onset of arterial hypertension, or
cerebrovascular disorders at a young age (< 40 years);
with accompanying obstructive sleep apnea.
Keywords: primary aldosteronism, hypertension,
cardiovascular risk in primary aldosteronism, screening.

PE3IOME

MepBUHHMI aNbROCTEPOHIZM
Ta cepueBoO-CyAUHHNI pu3snkK. Ornag
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Minicmepcmea oxopoHu 300pos’s Ykpaitu, Kuig
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and the London School of Medicine, Royal Free Hospital,
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B ornagi po3rnaHyTo NepBMHHMIA anbaoCcTepoHism (MA)
AIK TOMIOBHY NPWYUHY BTOPWHHOI rinepTeHsii Ta cepue-
BO-CYAVHHWUIN puU3KK. [epBUHHUIN anbJOCTEPOHI3M MaE
micue B 5—10 % nauieHTiB 3 apTepianbHOIO rinepTeHsieto.
OcHoBHiI eTionoriyHi ynHHMKKM MA — aBoGiuHa igiona-
TUYHa rinepTpodisa Ta afeHOMa, WO NPOAYKYE anbaocTe-
pOH. [10 MeHLL NoWMpeHNX NPUYNH HanexaTb ogHo6IYHa
rinepnnasia HagHMPKOBOI 3a5103K, CIMENHWIA rinepanbao-
CTepoHi3m Tuny |—IV, KapumHOMa, Lo NPOAYKYE anbao-
CTePOH, Ta eKToMiYHa NPOoAyYKLiA anbaocTepoHy. Lien ctaH
XapaKTepu3yeTbCA HAAMIPHOIO CEKpeLIi€lo anbdoCTEPOHY,
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npw3BoAnTb 0 36iNblIeHHs peabcopObuii HaTpilo Ta Bogu
pa3oM i3 BTpaTolo Kanito, O 3aBepLUYETbCA YiTKUMN Kii-
HiYHMMM O3HaKamu MNiABULLEHOrO PIiBHA aNbJOCTEPOHY,
3HWKEHOrO pPIiBHA pPeHiHy Ta apTepiasibHOI rinepTeHsii.
lnokaniemia Tpannaetbca nuwe y 28% xsopux Ha [MA
i He HanNeXmnTb 0 OCHOBHUX MOKa3HWKIB. [leTanbHO po3-
MAHYTO 3B'A30K [1A 3 MiABWLLIEHMM PU3MKOM PO3BUTKY
CepLeBO-CYANHHMX 3aXBOPIOBaHb HE3aneXHo Bif, piBHA
apTepianbHOro TUcky. Y xsopux Ha A peecTtpytotb nig-
BULLEHY YacTOTy CepLeBO-CYAUHHMX MOAi MOPIBHAHO
3 MauieEHTaMKN 3 eCeHUianbHOK rinepTeHsielo 3 Nonpas-
KOO Ha BIiK, CTaTb i piBeHb apTepianbHOro Tucky. Monpwu
nowmpeHictb, MA 4acTo 3anMWwaeTbCcA HefiarHOCTOBa-
HMM, WO CBiAYUTL NPO NoTpeby B pPOo3WMpPEHUX NPOTO-
Konax cKpuHiHry. [iarHoctuka MA nepepbayae ouiHKy
BENNYMHM CMiBBIAHOLIEHHA aNbAOCTEPOH/PEHIH (noyat-
KOBWUI IHCTPYMEHT CKPUHIHFY), @ NOTiM — MpPOBEAEHHA
nigTBepaXyBanbHUX TecTiB. [Npn NopyLlieHHi cniBBigHO-
LEeHHA aNibAOCTEPOH/PEHIH CNil BUKOHATX NiATBEPOKY-
BaJIbHe TECTYBAHHS, W06 3anobirTn MOMUIIKOBUM pe3yrib-
TaTam. O6CTeXXeHHA Ha npegmeT BuABneHHA [MA cnig
NPOBOAMTWN B MaLUiEHTIB i3 apTepianibHOO rinepTeHsi€to:
nomMipHoto (> 160—179/100—109 MM pT.CT.) abo Tax-
Koto (>180/110 MM PT.CT.), PE3UCTEHTHOI A0 NiKyBaHHSA,
3 igionaTnMyHO abo CNPUYMHEHOI AiypeTKaMm rinoka-
niemi€to, BUMagKoBO AiarHOCTOBAHO MYX/IMHOK HaHNP-
KOBMX 3aJ103, AKLWIO Y POAUYIB NEpLIOro NOKomiHHA dia-
rHocToBaHo [1A, abo cimeliHWI aHaMHe3 BKa3ye Ha paHHE
BUMHWKHEHHSA apTepiasnibHOI rinepteHsii, abo Lepebpanb-
HO-CyAVHHI NOpYLeHHA B MosiogoMy Bili (<40 pokis), i3
CynyTHIM O6CTPYKTUBHIM arHOE CHY.

KniouoBi cnoBa: nepBNHHUIN aNbAoCTEPOHI3M, apTe-
pianbHa rinepTeHsisa, cepueBO-CYAMHHUA PU3UK MpU
nepBYHHOMY aflbAOCTEPOHI3Mi, CKPUHIHT.
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