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Abstract.The aim of the study was to determine the associations of plasma
aldosterone content in patients with stage Il hypertensive disease with the indices of
instrumental methods of investigation. A total of 120 patients with stage I
hypertensive disease were examined (defined according to the recommendations of the
European Society of Hypertension, 2023, as well as the Clinical protocol of primary
and specialized medical care for patients with hypertensive disease, 2024) with and
without concomitant chronic coronary disease (defined according to invasive
coronaroventriculography data) and frequent ventricular extrasystole (verified
according to Holter electrocardiogram monitoring data). The mean age of the examined
patients was 57,3+0,9 years. Echocardiography was performed in all patients. Four
groups of patients were distinguished (30 in each): the first group — patients with
hypertensive disease without concomitant chronic coronary disease and ventricular
extrasystole, the second — patients with hypertensive disease and frequent ventricular
extrasystole, the third — patients with hypertensive disease and concomitant chronic
coronary disease, the fourth — patients with hypertensive disease and concomitant
chronic coronary disease and frequent ventricular extrasystole. The aldosterone content
in EDTA plasma of blood was determined by enzyme immunoassay using the
commercial kit “Aldosterone ELISA” (“DiaMetra”, Italy) in accordance with the
manufacturer’s instructions. Statistical analysis of the obtained results was performed
using methods of variational statistics with the use of Microsoft Excel (2019) and
Statistica 12.0 (Statsoft, USA). Using the method of variational statistics it was found
that the plasma aldosterone content in the examined cohort of patients (n=120) is in the
range of 42,8-285,0 pg/mL, the mean value is 158,1+£55,5 pg/mL (the median of the
index is 152,5 pg/mL, the interquartile range is 116,5 and 204,5 pg/mL). In order to
perform analytical comparisons, the aldosterone index was dichotomized according to
the median. The rounded value of the median of the marker (153,0 pg/mL) was taken
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to distinguish groups with a relatively low (RLL) (<£153,0 pg/mL) and relatively high
content (RHL) (>153,0 pg/mL) of the marker in the general cohort of patients. It was
found that a relatively high plasma aldosterone content is associated with a marked
increase in cases of chronic coronary disease and cases of verified obstructive chronic
coronary disease (occlusion or subocclusion of at least one coronary artery according
to coronaroventriculography data). It has been shown that a relatively high plasma
aldosterone content is associated with signs of worsening diastolic filling of the left
ventricle (an increase in the absolute and relative size of the left atrium and a decrease
in the end-diastolic size and end-diastolic volume of the left ventricle) and with an
increased frequency of cases of aortic valve calcification.

Keywords: aldosterone, hypertension, echocardiography, chronic coronary
disease, premature ventricular contractions, cardiac remodelling
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ACOHOIAIIA BMICTY AJIBJJOCTEPOHY B IIVIAZMI Y ITAIIIEHTIB
I3 TIIMEPTOHIYHOIO XBOPOBOIO II CTAJII 3 HOKA3SHUKAMU
IHCTPYMEHTAJIBHUX METOJAIB JOCJII?KEHHA

AHoTanisi. Metoto poO0OTH OyJI0 BU3HAUMTHU acollialli BMICTY allbJOCTEPOHY B
mia3Mi y TAILIEHTIB 13 TINEePTOHIYHOIO XBopobOorw II cramii 13 mokasHuKaMu
IHCTPYMEHTAJILHUX ~ METOMIB  gochipkeHHs. OOctexxeno 120  mamieHTiB 13
rinepToHiuHOI0 XBopoOoto II cTanii (Bu3Hauanu 3a pekomenaamismMu European Society
of Hypertension, 2023, a Takos KitiHiYHIM POTOKOJIOM MEPBUHHOT Ta CIIEIiaTi30BaHOT
MEIMYHOI IOTIOMOTH Talli€EHTaM 3 TIMEePTOHIYHOI0 XBOopoOoto, 2024) 3/Ta 6e3 CymyTHIX
XPOHIYHOT KOPOHApHOi XBOpOOW (BU3HAYEHOI 3a JaHUMHU 1HBA3UBHOI KOPOHAPO-
BeHTpuKyjorpadii) Ta 9acToi NUIYHOYKOBOI EKCTPACHCTONIl (Bepu(piKOBaHOI 3a
JAHUMHU  XOJTEPIBCbKOTOMOHITOPYBAHHS — elieKTpokapaiorpamu). CepeaHiii  BIK
o0cTeX)eHUX XBOpHUX cTaHOBUTH 57,3+0,9 pokiB. Exokapaiorpadis nmposeneHa BCIM
nauieHtaM. BuaineHo votupu rpynu xBopux(nmo 30 y KOXHIH): mepiia rpyna —
MALIE€HTH 13 TIIEPTOHIYHOIO XBOPOOOIO O€3 CYNMyTHIX XPOHIYHOT KOPOHAPHOI XBOPOOU
1 IUTYHOYKOBOI €KCTPAaCUCTOJII, Apyra — MAaIl€EHTH 13 TIIEPTOHIYHOI XBOPOOOIO 1
YacTOI0 IUTYHOYKOBOK €KCTPACUCTOJIEID, TPETSs — MALI€HTH 13 TINEPTOHIYHOIO
XBOPOOOIO Ta CYMyTHHOIO XPOHIYHOIO KOPOHAPHOIO XBOPOOOIO, YETBEPTA — MAIIEHTH
13 TIMEPTOHIYHOIO XBOPOOOI0 Ta CYMyTHIMH XPOHIYHOK KOPOHAPHOIO XBOPOOOIO 1
94aCTOI0 IIUTYHOUKOBOIO eKcTpacucToiero. Bmict anbnoctepony B EJITA-muma3mi kposi
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BU3HAUAIM IMyHO(EPMEHTHUM METOJOM 3 BHUKOPHCTAHHAM KOMEPIIHHOTO Habopy
«Anpaocrepon IDA» («DiaMetra», Irtamis) BiAmoBIAHO 10 IHCTPYKII (ipMHu-
BUpoOHUKa. CTaTUCTUYHUN aHaANI3 OTPUMAHUX PE3yJbTaTIB MPOBOJUIIHU 32 JOMOMO-
rOI0 METOJIB BapialliiHOT CTATUCTUKU 3 BUKOpUCTaHHAM mporpamu Microsoft Excel
(2019) 1 Statistica 12.0 (Statsoft, USA). 3 BHKOpPHCTaHHSM METOJAY BapialiiHOi
CTaTUCTUKHU 3’SCOBAHO, IO BMICT albJOCTEPOHY B IUIa3Mi B OOCTEXEHIM KOTOpTi
namieHTiB (N=120) 3naxoauThesa y aiama3oni 42,8-285,0 nr/mi, cepeaHe 3HaAYCHHS
cTaHoBUTH 158,1+55,5 nr/mn(meniana mokaszHuka - 152,50r/mi, iHTEpKBapTUIBHUAN
po3max — 116,5 1 204,5 nr/mu). {06 mpoBoANTH aHATITUYHI TOPIBHSAHHS MOKa3HUK
aJIbIOCTEPOHY JUXOTOMI30BaHO 3a MeAiaHo0. OKpyTiieHe 3HAaU€HHS MeliaHu MapKepy
(153,0nr/mu1) B35TO 151 BUAUIEHHS Iy 3 BiiHOCHO HU3bkUM (BHB) (<153,0 nir/mu) 1
BIIHOCHO BUCOKHMM BMicToM (BBB) mapkepy (>153,0 nr/mi) B 3araibHiii KOroprti
MAalI€HTIB. 3’4COBAHO, LIO BIJJHOCHO BHCOKHI BMICT aJbJOCTEPOHY B ILIa3Mi
acoliiioBaHU# 13 3HAYHUM 3POCTaHHSAM BUNAAKIB XPOHIYHOI KOPOHAPHOI XBOPOOH 1
BUIAJIKIB BEpHU(IKOBAHOI OOCTPYKTHUBHOI XPOHIYHOI KOPOHAPHOI XBOPOOU (OKITIO3is
abo cyOokro3iss xoya O O/HIE]T KOpOHapHOi aprtepli 3a JaHUMU KOPOHApPOBEH-
pukynorpadii). IlokazaHo, 1m0 BiJIHOCHO BHCOKHH BMICT ajbJOCTEPOHY B ILJIa3Mi
ACOIIIOETHCS 3 O3HAKAMM TOTIPIIECHHS 11aCTOJIIYHOTO HATOBHEHHS JIIBOTO HMUTYHOYKA
(3011bIIEHHST aOCOTIOTHOTO 1 BITHOCHOTO PO3MIpY JIIBOTO IMepeAcep/is 1 3MEHIIEHHS
KIHIIEBO-/11aCTOJIIYHOTO POMIPY 1 KIHIIEBO-/11aCTOJIIYHOI0 00’ €My JIIBOTO IIJTYHOUYKA) Ta
301JIBIIICHHSIM YAaCTOTH BUMAJIKIB KalblU(iKaIlli aOpTaJIbHOTO KJIAMaHy.

KuirouoBi cJjioBa: anbaocTepoH, TINEPTOHIYHA XBOpoOa, exokapaiorpadis,
XpOHIYHA KOpOHApHA XBOp0o0a, IITyHOYKOBA €KCTPACUCTOJIS, PEMOICTIOBAHHS CEPIIS

Statement of the problem. The role of aldosterone and its pathophysiological
action in hypertensive disease (HTN) are well known [1]. Epidemiological data show
that, in the general population, a higher concentration of aldosterone is associated with
higher blood pressure and a higher risk of developing HTN in the future [2].

Excess aldosterone leads to harmful metabolic and pathophysiological reactions
and may cause inflammatory, oxidative, and fibrotic changes in the heart, kidneys, and
blood vessels [3]. Increased systemic inflammation and subsequent ventricular fibrosis
provide substrates for re-entry, promoting the maintenance of electrical instability of
the myocardium [4].

The aim of the study isto determine the associations of plasma aldosterone levels
in patients with stage Il hypertension with indicators of instrumental research methods.

Researchobjectsandmethods. The study involved 120 Stage Il HTN patients
(defined according to the recommendations of the European Society of Hypertension,
2023 [5], as well as the Clinical Protocol for primary and specialized medical care for
patients with HTN, 2024 [6]) with/without a diagnosis of concomitant chronic coronary
disease (CCD) (defined according to invasive coronaroventriculography data) and
frequent premature ventricular contractions (PVC) (verified according to Holter
electrocardiogram monitoring data). The mean age of the examined patients is 57,3+0,9
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years. Echocardiography (EchoCG) was performed in all patients. 4 clinical groups of
patients with HTN were distinguished (30 patients in each): 1-st group — HTN patients
without concomitant CCD and PVC, 2-nd group — HTN patients with frequent PVC,
3-rd group — HTN patients with concomitant CCD, and 4-th group — HTN patients with
concomitant CCD and frequent PVC. The aldosterone content in EDTA plasma of
blood was determined by enzyme immunoassay using the commercial kit “Aldosterone
ELISA” (DiaMetra, Italy) in accordance with the manufacturer’s instructions.
Statistical analysis of the study results was carried out using variational statistics
methods using Microsoft Excel (2019) and Statistica 12.0 (Statsoft, USA).

Presentation of the main material.

Research results and their discussion.

Using the method of variational statistics it was found that the plasma aldosterone
content in the examined cohort of patients (n=120) is in the range of 42,8-285,0 pg/mL,
the mean value is 158,1+55,5 pg/mL (the median of the index is 152,5 pg/mL, the
interquartile range is 116,5 and 204,5 pg/mL). To perform analytical comparisons, the
aldosterone index was dichotomized according to the median. The rounded value of
the median of the marker (153,0 pg/mL) was taken to distinguish groups with a
relatively low level (RLL) (<153,0 pg/mL) and relatively high level (RHL) (>153,0
pg/mL) of the marker in the general cohort of patients.

In Fig. 1, an analysis of the frequency of registration of concomitant CCD in
patients with HTN depending on the plasma aldosterone content is presented, which
shows that the RHL of the index was associated with an increase in the frequency of
registration of CCD (66,7 %, n=40 versus 33,3 %, n=20, p=0,0003) and, conversely,
the RLL of the factor — with a decrease in the frequency of registration of concomitant
CCD in patients with HTN.

80.0

70.0 06.7

60.0

50.0

s SR -

RLL (<= 153,0 pg/ml) (n=60) RHL (> 153,0 pg/ml) (n=60)

Fig. 1. Frequency of chronic coronary disease in patients with hypertension
depending on plasma aldosterone levels (in %).
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Notes (here and after): 1.RLL —relatively low and RHL — relatively high plasma
aldosterone content, respectively.

2. Statistical difference between groups calculated using the y? test for
independent samples.

In Fig. 2, the frequency of verified obstructive CCD (occlusion or subocclusion
of at least one coronary artery according to coronaroventriculography data) in patients
with HTN depending on the plasma aldosterone content is analyzed. The obtained
results show that the RHL of plasma aldosterone is associated not only with cases of
CCD, but also with an increased detection of obstructive CCD in patients with HTN
(23,3 %, n=14 versus 56,7 %, n=34, p=0,0002). Thus, our data indicate that an increase
in plasma aldosterone content in patients with HTN can be considered not only as a
marker of a resistant course of the disease, but also as a marker of clinically significant
atherosclerotic vascular lesions, including in the coronary circulation.

60.0 56.7

50.0

40.0

30.0

200 A

10.0 A

RLL (<= 153,0 pg/ml) (n=60) RHL (> 153,0 pg/ml) (n=60)

Fig. 2. Frequency of registration of cases of obstructive chronic coronary disease
in patients with hypertension depending on the content of aldosterone in plasma (in %).

In Fig. 3, an analysis of the pattern of anatomical lesions of the coronary bed in
patients with HTN and concomitant CCD is presented, which showed only a trend
towards more severe changes in patients with RHL compared to RLL of plasma
aldosterone, which was primarily determined by an increased frequency of registration
of multivessel lesions (occlusion or subocclusion of 3 or more coronary arteries)
(37,5 % versus 25,0 %, p=0,33).
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20.0 175

RLL (<= 153,0 pg/ml) (n=20) RHL (> 153,0 pg/ml) (n=40)
Fig. 3. Frequency of registration of single-, double- and multi-vessel coronary
lesions depending on the content of aldosterone in plasma (in %).

In Table 1, the results of the analysis of EchoCG indices depending on plasma
aldosterone content are shown. As can be seen from the table, the RHL of the marker
Is associated with a decrease in the end-diastolic size (EDS) and end-diastolic volume
(EDV) of the left ventricle (LV) (50 mm versus 52 mm, p=0,03 and 123 versus 130
mL, p=0,03, respectively), an increase in the anteroposterior size of the left atrium (LA)
(42 versus 40 mm, p=0,04), and a decrease in the ratio of aortic diameter to LA (0,82
versus 0,86, p=0,04), respectively. There is also a clear trend in patients with RHL of
aldosterone towards a decrease in stroke volume (74 versus 78 mL, p=0,06) and a
decrease in the LA to EDS ratio (0,76 versus 0,78, p=0,08), which indicates an increase
in the relative size of the LA in these patients.

Tablel
Echocardiographic parameters in patients with hypertension depending on
plasma aldosterone content (in pg/ml)

RLL RHL
Echocardiography indicators (<=153 pg/ml) (>153 pg/ml) P
(n=60) (n=60)
LVEDD, mm 52 (49; 54) 50 (47; 52) 0,03
LVESD, mm 35 (33; 37) 35 (32; 36) 0,49
LVEDV, ml 130 (119; 140) 123 (112; 132) 0,03
LVESV, mi 51 (44; 58) 50 (43; 56) 0,47
SV, ml 78 (70; 82) 74 (67; 78) 0,06
LA AP, mm 40 (38; 43) 42 (39; 44) 0,04
LA AP /LVEDD 0,78 (0,75; 0,82) 0,76 (0,71; 0,80) 0,08
PWTd, mm 12 (11; 12) 12 (11; 12) 0,30
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RLL RHL
Echocardiography indicators (<=153 pg/ml) (>153 pg/ml) P
(n=60) (n=60)
IVSTd, mm 12 (12; 13) 12 (12; 13) 0,87
LVMI, g/m? 120 (115; 136) 118 (115; 132) 0,40
RWT, conditionalunits 0,46 (0,43; 0,50) 0,46 (0,43; 0,48) 0,67
Ao, mm 34 (32; 36) 34 (32; 37) 0,60
Ao /LA AP 0,86 (0,78; 0,94) 0,82 (0,75; 0,91) 0,04
RV AP, mm 26 (26; 27) 26 (25; 27) 0,54
RV AP /LVEDD 0,50 (0,48; 0,55) 0,51 (0,47, 0,54) 0,97
LVEF, % 61 (56; 64) 58 (56; 63) 0,38
E/A 0,89 (0,75; 1,10) 0,83 (0,74, 1,05) 0,57

Notes: 1.RLL and RHL — relatively low and relatively high aldosterone levels in
plasma, LVEDD and LVESD - left ventricular end-diastolic and end-systolic
diameters; LVEDV and LVESV - left ventricular end-diastolic and end-systolic
volumes of the left ventricle, respectively; SV — stroke volume; LA AP diameter —
anteroposteriordiameter of the left atrium; PWTd — posterior wall thickness of the left
ventricle in diastole; IVSTd — interventricular septal thickness in diastole; LVMI — left
ventricular mass index; RWT — relative wall thickness of the left ventricle; Ao diameter —
aortic root diameter; RV AP diameter — anteroposterior diameter of the right ventricle;
global LVEF (Simpson’s method) — global left ventricular ejection fraction calculated
by the biplane Simpson’s method; E/A ratio — ratio of early (E) to late (A) transmitral
flow velocity of the anterior mitral leaflet.

2. Intergroup significance of the results between quantitative variables was
calculated using the H. B. Mann — D. R. Whitney U test.

Our data indicate that an increase in aldosterone content in patients with HTN is
associated with signs of worsening diastolic filling and relaxation of the LV, which is
determined primarily by an increase in the absolute and relative size of the LA and a
decrease in the EDS and EDV of the LV.

In Fig. 4, an analysis of structural-geometric remodeling of the LV in the general
sample of patients depending on plasma aldosterone content is presented. It
demonstrates that in both groups concentric LV hypertrophy (LVH) substantially
predominated (78,3 % (n=47) and 86,7 % (n=52), p=0,23). Eccentric LVH was
recorded in 21,7 % (n=13) and 13,3 % (n=8), respectively, p=0,23. Other variants of
LV remodeling were not identified in the examined cohort of patients. The obtained
data indicate the absence of a definite dependence of aldosterone content on the type
of structural-functional remodeling of the LV.
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RLL (<= 153,0 pg/ml) (n=60) RHL (> 153,0 pg/ml) (n=60)

13.3

217 =

78.3

® Concentric LVH m Eccentric LVH

Fig. 4. Frequency of registration of different types of structural and geometric
remodeling of the left ventricle depending on the content of aldosterone in plasma (in %).

Notes: 1. LVH — left ventricular hypertrophy, RLL and RHL — relatively low and
relatively high aldosterone levels in plasma.

2. The intergroup reliability of the difference % was calculated using the >
criterion for independent samples: p=0.23.

EAIl =AV =MV
120.0

100.0 100.0
100.0
80.0

60.0

40.0

200 10.0

e 21.7
3_3 = -

RLL (<= 153,0 pg/ml) (n=60) RHL (> 153,0 pg/ml) (n=60)

Fig. 5. Frequency of registration of aortic and mitral valve calcification depending
on the plasma aldosterone content (in %).

Notes: 1. AV — aortic valve; MV — mitral valve, RLL and RHL — relatively low
and relatively high aldosterone levels in plasma.

2. Significant intergroup difference % calculated by the %2 criterion for
independent samples is indicated.
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In Fig. 5, the results of the analysis of the frequency of aortic valve (AV) and
mitral valve (MV) calcification in the general cohort of patients with HTN depending
on plasma aldosterone content are presented. The obtained data demonstrate that the
RHL of the marker is associated with an increased frequency of AV calcification
(21,7 % (n=13) versus 6,7 % (n=4), p=0,02) and does not show such a dependence with
signs of MV calcification (10,0 % (n=6) versus 3,3 % (n=2), p=0,14). Therefore, it is
reasonable to consider that elevated aldosterone content in patients with HTN can be
regarded as a marker of AV calcification and of the subsequent development of its
stenosis.

In studies by other researchers, in young and middle-aged patients with Stage 11
HTN, high aldosterone content was associated with an increase in LA volume
indices [7]; in patients with Stage Il HTN and frequently recurrent atrial fibrillation, a
relatively high aldosterone content was associated with an increased frequency of
detection of moderate mitral and tricuspid regurgitation on EchoCG [8].

Conclusions. It was found that RHL of plasma aldosterone is associated with a
significant increase in cases of CCD and cases of verified obstructive CCD (occlusion
or subocclusion of at least one coronary artery according to coronaroventriculography
data).

It was shown that RHL of plasma aldosterone is associated with signs of
worsening diastolic filling of the LV (an increase in the absolute and relative size of
the LA and a decrease in the EDS and EDV of the LV) and with an increased frequency
of cases of AV calcification.

Prospects for further research.In the future, the study of associative
relationships between plasma aldosterone levels in patients with stage Il HTN and
indicators of instrumental research methods will allow for improved diagnostics and,
accordingly, treatment aimed at aldosterone, which will improve the prognosis of
cardiovascular diseases.
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