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THE ROLE OF PHYSICAL ACTIVITY IN THE TREATMENT
OF PATIENTS WITH ARTERIAL HYPERTENSION AND
OBESITY

The study aimed to assess the impact of physical activity on the
dynamics of neurohumoral and cardio hemodynamic indicators in
patients with arterial hypertension and concomitant obesity under
different pharmacotherapy regimens.

Materials and Methods: Two hundred patients with stage 1l
arterial hypertension grade 2 and obesity grade I-II were examined
using clinical-anamnestic, anthropometric, biochemical, automated
immunological analysis, spectrophotometric and instrumental
methods. Per the research objective, patients underwent a re-
evaluation after six months of prescribed treatment. Non-
pharmacological treatment included dietary therapy aimed at weight
correction, with recommendations to increase physical activity
primarily through brisk or moderately brisk walking for at least 45
minutes daily. Pharmacological treatment followed the European
recommendations in 2018, involving dual antihypertensive therapy.
The combination included perindopril and amlodipine. Patients who
achieved target BP levels within 3 months of treatment continued to
receive the prescribed therapy. For the rest of the patients, a third
antihypertensive drug, indapamide, was additionally prescribed. In
addition to assessing the achievement of target blood pressure levels
after 6 months and at interim stages of the study, patients' adherence
to recommendations regarding expanding physical activity was
evaluated. Patients were divided into groups with sufficient and
reduced physical activity accordingly. Statistical analysis of the
obtained data was conducted using the SPSS 17 software package
(IBM), Microsoft Office Excel-2003. The data are presented as mean
values + standard deviation. Significance was established at the level
of p<0.05 in all cases.
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Results of the study: Patients who achieved target blood pressure
levels on dual antihypertensive therapy and had sufficient physical
activity after six months of treatment differed significantly from
patients with low physical activity levels. They exhibited lower values
of the pulse wave velocity in the carotid artery and abdominal aorta, a
considerably higher degree of endothelium-dependent vasodilation,
lower values of end-systolic and end-diastolic diameters, left
ventricular mass, a lower E/e” ratio, and showed better dynamics in
metabolic and pro-inflammatory indicators. Additionally, they had a
higher level of antioxidant protection. Patients who reached the target
blood pressure levels on three-component antihypertensive therapy
and engaged in sufficient physical activity after six months displayed
significant differences compared to patients with low physical activity.
These differences included a more substantial reduction in the pulse
wave velocity in the carotid artery, an increase in endothelium-
dependent vasodilation, lower indicators of carbohydrate metabolism,
reduced levels of pro-inflammatory and pro-oxidant activity, lower
levels of leptin, and a more pronounced increase in adiponectin.

Conclusions: Physical activity is a crucial factor influencing the
treatment outcomes for patients with arterial hypertension and obesity
across different antihypertensive therapy regimens. Irrespective of the
chosen antihypertensive therapy option, physical activity positively
impacted cardiovascular remodelling, the dynamics of metabolic and
pro-inflammatory indicators, and the equilibrium within the oxidative
stress-antioxidant protection system and activity of the renin-
angiotensin-aldosterone system.

Keywords: arterial hypertension, obesity, physical activity,
antihypertensive therapy.
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POJIb ®I3UYHOI AKTUBHOCTI Y JIKYBAHHI XBOPHX
HA APTEPIAJIBHY I'NMEPTEH3IIO 3 OKUPIHHAM

Meta po6oTH — OLIHUTH BIUTHB (Di3MYHOT aKTUBHOCTI HA JHHA-
MIKy HEWpOryMOpaJbHUX Ta KapAiOreMOAMHAMIUYHHMX TOKAa3HUKIB Y
XBOPHX Ha apTepiabHY TIIEPTEeH3IIO0 i3 CYIMYTHIM OKUPIHHAM B YMO-
BaX Pi3HUX CXeM (papMaKoTeparTii.

Marepianu i meromam: KiiHiKO-aHAMHECTHYHI, aHTPOIIOMETPH-
9Hi, OI0XIMiYHi, aBTOMATH30BaHi METOIU IMYHOJIOTIYHOTO aHaIi3Yy,
CIIEKTPO(QOTOMETPHYHI, IHCTPYMEHTaJIbHI, METOJI! BUKOPHCTAIH JIJIS
obcrexxenns 200 xBopux Ha Al II craxii 2 crymens 3 oxxupiaasam [-11
cTynens. BilnmoBigHO 10 MEeTH JOCHIIHKEHHS MallieHTH OyJiH JI01at-
KOBO 0OCTeXeHi yepe3 6 MiCALIB MiCas MPU3HAYSHOTO JIIKyBaHHS. B
AKOCTI HEMEIMKaMEHTO3HOTO JIIKyBaHHS XBOPUM NPH3HAYAIH JI€TO-
TEeparito CIpsIMOBaHy Ha KOPEKIIiF0 MacH TiJia Ta peKOMEHTyBaJH 30i-
JIbIIEHHS (PI3MYHOT aKTUBHOCTI NEPEBaYKHO 32 PaXyHOK XOAIHHS [IIBH-
JKUM ab0 TIOMIpPHO IIBHIKMM TEMIIOM HE MEHIIe HiX 45 XBWIMH 3a
n00y. 3rinrHo 3 €Bponelickkumu pekoMmeHnanisiMu 2018 poky menn-
KaMEHTO3HE JIIKyBaHHS pO3MOYMHAIN 3 NPU3HAYCHHs NO/BIIHOI aH-
THUTINIEPTEH3UBHOI Teparlii, 110 BKIII0Yana KOMOIHAII0 TEPHHAOTIPUITY
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Ta amJIoauMiHy. [amienTH, sSKi JOCSTIIH IUTHhOBUX IMOKA3HUKIB apTepi-
AIFHOTO THCKY 4epe3 3 MiCAIl JIIKyBaHHs, MPOIOBKYBAIN OTPUMY-
BaTH NIPU3HAUEHY Teparrito. PemTi 1o1aTkoBo MpH3HaYaBcs TPETil aH-
TUTINIEPTEH3UBHAN TIpenapar — iHganamin. Kpim oniHroBaHHS g0CAT-
HEHHsI LTbOBUX DIBHIB apTepiabHOTO THCKY 4yepe3 6 MicsliB i Ha
MIPOMDKHMX eTarax JOCHIDKEHHs OLHIOBAJIM JOTPUMAHHS Malli€H-
TaMH PEKOMEHAALIN 1010 PO3MIMPEeHHS (hi3MIHOT aAKTHBHOCTI, BiAIIO-
BiJTHO JIO IIbOTO TAIIEHTIB MOAUISUTH HA TPYITH 3 JIOCTATHBOIO Ta 3HH-
KEHOI0 (i3MYHOI0 aKkTHBHICTIO. CTaTHCTHUHY OOpOOKY OTpUMaHMX
JaHHUX TPOBOIIIIM 32 JONOMOTOI0 MAaKeTa CTATHCTHYHOTO HPOrpaM-
Horo 3abe3neueHHs “SPSS 177 (IBM), Microsoft Office Exel-2003.
JaHi ipeAcTaBIeH] K cepeHi 3HAYeHHS + CTaHIapTHE BiIXUIICHHS.
3HaunMicTh BcTaHOBIIEHA Ha piBHI p < 0,05 y BCiX BHIaaKax.

PesyabTaTn gocaimxenns. [lamienTy, ski TOCATIIN UTFOBUX TIO-
Ka3HHKIB apTepiajbHOTO THCKY Ha TOJBIIHIIM aHTUTINEePTEH3UBHIH Ta
MaJIi JIOCTaTHIO (Pi3NUHy aKTHBHICTb, Yepe3 6 MICSIiB JIIKyBaHHS BiJi-
PI3HSUINCA BiJ| MALIIEHTIB 13 HU3bKUM piBHEM (Hi3MYHOT aKTHBHOCTI JI0-
CTOBIPHO HM)KYMMH NOKa3HUKAMH IBUIKOCTI ITYJICOBOT XBUIIi B COH-
Hilf apTepii Ta uepeBHiil a0pTi 1 TOCTOBIPHO BUILUM CTYIICHEM €HJIO-
Temi3anexHol Ba3oauIaTallli, MEHIIMMH [TOKa3HUKaMHU KiHIIEBOIia-
CHIONIYHOTO Ta KiHIIEBOCHCTONIYHOTO diaMeTpa JIBOTO IUTyHOYKA,
MacH MiOKap/ia JTiBOTO IIUTyHOYKa, HYYKYHM CITiBBiTHOIIEeHH:IM E/e” Ta
MaJi Kpamly TUHAMIKy MEeTa0ONIYHMX 1 MpOo3analbHUX ITOKa3HHKIB,
OLITBIIIIA TIOKa3HUK aHTHOKCUIAHTHOTO 3axucTy. [lamienTn, siki mocs-
raJIy LUTbOBUX ITOKa3HUKIB apTepiajIbHOrO TUCKY Ha MOTPilHIA aHTH-
rifepTeH3uBHIN Teparrii Ta Maji JOCTaTHIO ()i3MYHY aKTHBHICTb, de-
pe3 6 MiCsILiB JOCTOBIPHO BiAPI3HSUIUCS BiJ] NALIIEHTIB 13 HU3bKOIO (i-
3MYHOK) AKTHUBHICTIO OUIBINNM 3HMKCHHSIM MIBUIKOCTI IyJIBCOBOT
XBHJI B COHHIM apTepii, MiIBUIICHHAM CTYIICHS CHIOTEIIH3aIeKHOT
Ba30MJIaTaLlli, HIDKYMMH [TOKa3HHUKAMHU BYTJICBOJHOTO OOMiHY, IpO-
3aMaibHOI Ta MPOOKCHIAHTHOI aKTHBHOCTI, JISNTHHY Ta OLTBIINAM ITijI-
BHUIICHHSIM aJIUIIOHEKTHHY.

BucnoBkn. ®i3nyHa aKTUBHICTH € BXIIMBUM (PaKTOPOM IIOKpa-
[IaHHSA AWHAMIKA JIKYBaHHS Y XBOPUX Ha apTepialibHy TilepTeH31I0 i3
CYIyTHIM O>KHPIHHSIM B YMOBaX Pi3HUX CXeM aHTUTINEePTEeH3UBHOT Te-
parii. He3anexxHo BiJ| BapiaHTa aHTHTINEPTEH3UBHOI Tepartii Gpi3ndHa
AKTHUBHICTh MIO3UTUBHO BILIMBAJIA Ha IOKa3HUKH CEPIIEBO-CYMHHOTO
PEMO/IEIIOBaHHS, TMHAMIKY METa0OJIIuHUX Ta Mpo3anajbHUX MOKa3-
HHKIB, TUCOANAaHC CUCTEMH OKCHJIATUBHOTO CTPECY — AaHTHOKCHJIAHT-
HOTO 3aXHCTY Ta aKTHBHICTh PEHIH-aHTI0TEH3UH-aJIbI0CTEPOHOBOT CH-
CTEMH.

KorodoBi cioBa: aprepianbHa TinepreHsis, oXupiHHS, (izndHa
AKTUBHICTb, AHTUTINIEPTEH3UBHA TEPAITis.

Aemop, sionosioanvnuii 3a 1ucmyeannsn: Barenmuna I[lcapvosa, kageopa enympiunvoi meouyunu, Cymcoruil
oeparcasnuil ynigepcumem, m. Cymu, Yrpaina

e-mail: valentinapsareva27@gmail.com

INTRODUCTION / BCTYII

Obesity is a serious health issue worldwide,
primarily because it is closely associated with [1]-
adverse cardiovascular consequences [1]. A well-
established link exists between obesity and high

blood pressure (BP), with obesity identified as the
cause in 65-78% of cases of primary hypertension
The mechanisms through which obesity
induces arterial hypertension (AH) are complex and
involve excessive activation of the sympathetic
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nervous system, stimulation of the renin-
angiotensin-aldosterone system (RAAS), changes
in adipose tissue cytokines, insulin resistance, and
structural and functional changes in the kidneys [1,
2]. Insulin resistance (IR) is closely related to AH.
IR and AH are considered typical representatives of
“civilization diseases” emerging in the modern
environment due to excessive food consumption
and insufficient physical activity [3].

The increase in visceral fat leads to the
formation of a pro-inflammatory oxidative
environment, contributing to insulin resistance.
Normal lipolysis in human adipose tissue is
inhibited by insulin, but in individuals with IR, this
process is accelerated, leading to increased release
of free fatty acids into the bloodstream [4]. IR
caused by increased adipose tissue and obesity has
systemic consequences for other tissues, such as the
kidneys, significantly influencing blood pressure
regulation [5]. Insulin resistance at the level of
skeletal muscle tissue worsens glucose utilization
through its impact on the endothelium, involving
vessel dilatation, reduced vessel relaxation, and
remodelling, thereby complicating the pathological
process.

Reducing body mass index (BMI), consistently
increasing physical activity, psychofunctional self-
control, behavioural psychotherapy, and healthy
eating are currently the main principles in
combating obesity and preventing cardiovascular
diseases [6]. Despite the extensive research
conducted in this direction over the past two
decades, it is challenging to identify the
physiological and behavioural factors that regulate
energy balance [7]. The global cardiology
community recommends physical exercise as a
cornerstone of non-pharmacological therapy for
hypertension. Maria LM Régo and colleagues have
described the benefits of physical exercises in
lowering BP levels and cardiovascular risk factors,
improving physical fitness, body composition,
quality of life, and reducing mortality risk. The
authors found that physical exercises alleviate
sympathetic hyperactivity, positively affecting AH
and cognitive functions. Despite the broad
spectrum of advantages, adherence to physical
exercises is challenging among hypertensive
individuals [8].

Weight reduction is a primary goal in the
treatment of obesity-related hypertension, but few
achieve  success  solely  through non-
pharmacological treatment. Additionally, there are
limited available medications that safely and

effectively ensure adequate long-term weight loss
[1]. In addition to weight reduction strategies,
patients with AH and obesity should receive
specific recommendations for treating high BP.

The study aimed to assess the impact of
physical activity on the dynamics of neurohumoral
and cardio hemodynamic indicators in patients with
arterial hypertension and concomitant obesity
under different pharmacotherapy regimens.

Materials and methods

Clinical and anamnestic, anthropometric,
biochemical, automated methods of immunological
analysis, spectrophotometric, instrumental, and
statistical methods were used for the examination
of two hundred patients with stage 11 AH grade 2
and obesity grade I-11 (BMI 30-34.9 kg/m2 and
35.0-39.9 kg/m2, respectively) and abdominal
obesity according to IDF criteria (2005: waist
circumference > 94 c¢cm for men and > 80 cm for
women), absence of  proteinuria  (only
microalbuminuria is allowed), age 45-55 years.
Patients with secondary AH, stage Il1 AH grade 3,
obesity grade Ill, oncology, rheumatic diseases,
reduced glomerular filtration rate and proteinemia,
acute inflammatory processes, acute coronary
syndrome, severe rhythm and conduction disorders
were excluded from the study.

Clinical and anamnestic methods with office
measurement, home blood pressure monitoring,
and anthropometric methods were used to assess
clinical manifestations of AH, study etiological
factors of the disease, determine the degree of
obesity, and diagnose abdominal obesity. The
difference between SBP (systolic blood pressure)
and DBP (diastolic blood pressure) is evaluated as
pulse BP (blood pressure). The formula calculated
the average BP:

Average BP = 0.42 x (SBP — DBP) + DBP.

Fasting glycemia, glycosylated hemoglobin
(HbAlc), and glucose tolerance tests were
evaluated to determine the degree of carbohydrate
metabolism disorders. Insulin resistance was
determined according to the HOMA model:

HOMA-IR = Blood glucose [mmol/L] X Insulin
[WU/mL]/22.5.

The lipid profile was studied using Olvex
diagnosticum kits. Total cholesterol, triglycerides,
HDL (high-density lipoprotein), and LDL (low-
density lipoprotein) were determined. The
functional state of adipose tissue was assessed by
leptin and adiponectin indicators (leptin was
determined in blood serum using Leptin ELISA kits
(DRG Diagnostics, Germany, to determine the




adiponectin levels, the Avi Bion Human
Adiponectin (Acrp30) Elisa Kit (Ani Biotech Oy
Orgenium Laboratories Busines Unit,
Finland)used), the state of pro-inflammatory
activity — by the levels of interleukin-6 (IL-6) and
C-reactive protein (CRP), the activity of the renin-
angiotensin-aldosterone system and the phenotype
of AH (low-renin, high-renin) were assessed by the
content of aldosterone, by plasma renin activity
(PRA) and their ratio (ARR). The intensity of lipid
peroxidation was evaluated using
spectrophotometry: by  the levels of
malondialdehyde (MDA) and diene conjugates
(DC) — prooxidant activity, by the index of total
antioxidant protection — antioxidant capacity.

The morphofunctional properties of the heart
and blood vessels were evaluated on the "IMAGIC
Agile" ultrasound scanner (manufactured by
"Kontron Medical", France). The volumes of left
and right atria (LAV and RAYV, respectively), end-
systolic and end-diastolic diameters (LVESD and
LVEDD, respectively) of the left ventricle (LV),
diameters of LA and aorta (LAD and AD,
respectively) were evaluated. The thickness of the
posterior wall of the LV and the thickness of the
interventricular septum in the systole (TPWs and
TIVSs, respectively) and diastole (TPWd and
TIVSd, respectively) were measured. The relative
wall thickness of the LV (RWT) was calculated by
the formula:

RWT = (TPWd + TIVSd) / LVEDD

The ejection fraction (EF) was calculated by the
formula:

EF = (EDV - ESV)/ EDV,

where ESV and EDV are the end-systolic and
end-diastolic LV volumes, respectively.

Left ventricular mass (LVM) was determined
according to the Dereveux method:

LVM = 1,04 x [(TIVSd + TPWd + LVEDD)3—
(LVEDD)?] - 13,6.

The LV myocardial mass index (LVMI) was
calculated as the ratio of the LV myocardial mass
(LVM) to the surface area of the body (S):

LVMI=LVM/S

Where S was calculated according to the Du
Bois formula:

S =0,007184 x HO725 x W0425 |

Where H — height [cm], W — body weight [kg]

LV diastolic function was evaluated based on
the results of pulmonary artery blood flow and
transmitral diastolic blood flow in pulsed and tissue
Doppler modes with the determination of:
maximum early LV filling rate in spectral mode

(E), maximum late (atrial) filling speed (A), ratio
of maximal rates of early and late filling of LV at
spectral mode (E/A), time of isovolumic relaxation
of LV (IVRT), time of deceleration early diastolic
flow rate (DT), maximum early LV filling rate at
tissue mode (e”), mean pulmonary artery pressure
(AP) by Kitabatake, ratio of E and e” (E/e"). For
studying endothelial function, the degree of
endothelium-dependent vasodilation (EDVD) in
reactive hyperemia was determined in all patients
according to the method of Celermajer D.S. in the
modification of the method by lvanova O.V. [9,
10]. We measured the intima media thickness
(CIMT) of the carotid artery according to the
generally accepted method. The pulse wave
velocity (PWYV) in the carotid artery (cPWV) was
determined by the W-Track method; determination
of the PWV in the abdominal aorta (aPWV) was
performed using a phased sensor.

Patients are recommended a diet aimed at
decreasing BP to target values, correcting body
weight, and increasing physical activity to at least
45 minutes a day, mainly by walking at a fast or
moderately fast pace. Pharmacological treatment
was prescribed according to the European
guidelines for managing patients with AH 2018
[11]. The primary target indicators were blood
pressure values < 140/90 mm Hg; in the case of
good treatment tolerability, a further decrease to <
130/80 mm Hg is recommended. According to the
purpose of the study, patients were additionally
examined 3 and 6 months after the prescribed
treatment. BP level control, compliance with
recommendations for non-drug and drug therapy, as
well as drug tolerance were carried out every 2-4
weeks.

The data obtained was processed using the
statistical software package "SPSS 17" (IBM),
Microsoft Office Excel 2003. Data are presented as
means =+ standard deviation. Significance was set at
p < 0.05 in all cases. The Ethics Committee
approved the research protocol. All participants
were informed about the purpose of the study and
signed a written consent form.

Research results

After three months of dual antihypertensive
therapy (AHT), which included a combination of
the angiotensin-converting enzyme inhibitor
perindopril arginine (5-10 mg/day) and the calcium
channel blocker amlodipine (5-10 mg/day), 102
patients (51%) achieved BP targets and continued
to receive prescribed therapy. At the same time, 79
had sufficient physical activity, and 29 — were




partially reduced. The second re-examination of
patients was carried out six months after the
prescribed therapy started, during which, in
addition to BP levels, anthropometric, biochemical
and cardio-hemodynamic  parameters  were
assessed. The results of the dynamics of indicators
in the groups of patients with low and sufficient
physical activity showed that six months after
treatment, differences in the studied indicators were
noted for different degrees of physical activity. In
addition to the fact that patients with sufficient
physical activity had a significantly lower weight
(p=0.000) and a lower BMI (p=0.000), they had
better dynamics of indicators of the state of the
vascular wall, which was confirmed by a
significantly lower cPWV (p=0.001) and aPWV
(p=0.032), as well as a considerably higher degree
of EDVD (p=0.000) compared to patients with low
physical activity. Differences in indicators of the
structural and functional state of the myocardium
were also established in the studied groups: patients
with sufficient physical activity had significantly
lower LVEDD (p=0.033), LVESD (p=0.009) and
LVM (p=0.015), which characterize the degree of
heart remodelling, as well as significantly lower
than the ratio E/e” (p=0.033), which is considered
as an integral indicator of diastolic function. After
the treatment, patients with sufficient physical
activity had a significantly higher level of
antiatherogenic HDL (p=0.037), a lower blood
glucose level (p=0.015), lower pro-inflammatory
activity (the differences in IL-6 and CRP were
p<0.001 for both indicators) and more pronounced
antioxidant protection (p=0.000) compared to
patients with low physical activity. In addition,
with sufficient physical activity in hypertensive
patients with obesity, the imbalance of adipokines
was less pronounced than with low physical
activity, which was manifested by significantly
higher levels of adiponectin (p=0.000) and lower
levels of leptin (p=0.000). It was established that
without differences in aldosterone and PRA
indicators, patients with sufficient physical activity
had a significantly lower ARR (p=0.025) than
patients with low physical activity.

Three months after the start of the prescribed
therapy, 98 out of 200 patients did not achieve
target blood pressure levels with dual AHT. They
were additionally prescribed a third
antihypertensive drug — the thiazide-like diuretic
indapamide (2.5 mg/day). At this stage, patients

were recommended a fixed combination of
perindopril arginine, amlodipine, and indapamide
to improve adherence. Among patients who
required an additional prescription of a third
antihypertensive drug, groups with low and
sufficient physical activity were also selected (49
people in each group). Patients who achieved BP
targets on three-component AHT and had adequate
physical activity after six months significantly
differed from patients with low physical activity by
a more significant decrease in cPWV (p=0.008), an
increase in the degree of EDVD (p=0.003). Among
the indicators of heart remodelling, the only
difference was established according to TIVSs
(significantly lower than sufficient physical
activity, p=0.019) (Table 1).

With sufficient physical activity, significantly
more pronounced dynamics of insulin, HOMA-IR
and HbA1c levels were noted compared to patients
with reduced physical activity. It was confirmed by
substantially lower insulin, HOMA-IR and HbAlc
values in the group with sufficient physical activity
after the treatment (p<0.001 for all indicators).
Enough physical activity also affected the
dynamics of indicators of oxidative stress —
antioxidant protection, which was confirmed by
significantly lower levels of DC (p=0.001) and
higher levels of the overall antioxidant protection
indicator (p=0.000). Positive dynamics of pro-
inflammatory response indicators were noted in
patients with sufficient physical activity, confirmed
by significantly lower levels of IL-6 and CRP
(p<0.001 for both indicators) compared to patients
with insufficient physical activity. With sufficient
physical activity, the leptin level decreased to a
greater extent, and the adiponectin level increased
(p<0.001 for both indicators) compared to low
physical activity, confirming the decrease in the
severity of adipokine imbalance (Table 2).

Regardless of the option of antihypertensive
therapy, significantly (p=0.000) lower weight and
BMI were noted in patients with sufficient physical
activity after six months of complex treatment. At
the same time, patients with adequate physical
activity had better vascular remodelling (CIMT,
CIMT bifurcation, aPWV) and heart remodelling
(TPWd, EF, RWT, E/e’) values. Physical activity
positively affected the levels of lipid indicators and
carbohydrate metabolism, the antioxidant defence
system, pro-inflammatory activity and the
adipokines balance (Table 3).




Table 1 — Comparative assessment of cardiovascular remodelling indicators in groups after treatment using

three-component AHT

Indicators Low ph)r/]sizilgactlwty, SL;fSIc\lltle:; pr:h:yj;al p
CIMT [mm] 0,92 + 0,08 0,89 + 0,09 0.103
CIMT bifurcation [mm] 1,32+0,14 1,23+0,13 0.002
cPWV [m/s] 8,25+1,08 7,70+ 0,93 0.008
aPWV [m/s] 7,95+0,94 7,80+1,13 0.490
EDVD (%) 7,59 + 1,00 8,25+ 1,13 0.003
TIVSd [cm] 1,14+ 0,10 1,12 40,13 0.379
TIVSs [cm] 1,37 +£0,13 1,31+0,13 0.019
TPWd [cm] 1,14+ 0,14 1,11+0,16 0.440
TPWs [cm] 1,57 +0,33 1,54 + 0,41 0.710
LVEDD[cm] 5,02 + 0,29 5,12 + 0,43 0.177
LVESD[cm] 3,19 +0,22 3,22 +0,33 0.597
LVEF (%) 65,01 + 2,34 66,73 + 2,97 0.134
LVM [g] 261,25 + 50,10 266,27 + 81,30 0.714
LVMI [g/m2] 124,55 + 24,81 128,33 + 39,52 0.572
RWT 0,46 + 0,05 0,44 £ 0,05 0.072
?:'neri”ﬁ;]' r;’;':f:é@fake 1584+ 2,77 16,16 + 3,59 0.628
E [cm/s] 68,19 + 8,57 69,36 + 8,23 0.492
Alcm/s] 74,54 + 9,51 75,52 + 9,08 0.602
E/A 0,92+0,14 0,93+0,13 0.947
DT [s] 0,15 + 0,09 0,16 + 0,15 0.647
IVRT [s] 0,11 + 0,05 0,11+ 0,04 0.492
e’ [em/s] 11,88 + 2,16 12,56 + 2,43 0.143
E/e’ 5,89+1,09 570+ 1,22 0.438

Notes: p < 0,05: Significance of differences between groups with sufficient and low physical activity.

A —maximum late (atrial) filling speed; AP — artery pressure; DT — time of deceleration early diastolic flow rate;
E — filling rate in spectral mode; e’ — maximum early LV filling rate at tissue mode; E/A — ratio of maximal rates
of early and late filling of LV at spectral mode; E/e’ — ratio of E and e’; IVRT — time of isovolumic relaxation of
LV; EDVD - endothelium-dependent vasodilatation; EF — ejection fraction; CA — carotid artery; IMT — intima-
media thickness; LVM — left ventricular mass; LVMI — left ventricular mass index; PWV — pulse wave velocity
(CPWV - carotid artery, aPWV — abdominal aorta ); TIVSd — thickness of the interventricular septum (diastole);
TIVSs — thickness of the interventricular septum (systole); TPWd — thickness of the posterior wall of the left
ventricle in diastole; TPWs — the thickness of the posterior wall of the left ventricle in systole; LVEDD — end-
diastolic diameters; LVESD — end-systolic diameters; RWT — relative wall thickness
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Discussion.  Scientists  widely recommend
lifestyle modification as a first-line approach for
treating high blood pressure. Still, its effect on patients
who are potential candidates for the development of
resistant AH and already developed resistance to
antihypertensive therapy has yet to be thoroughly
studied. The evidence presented in a comprehensive
analysis of multicenter studies suggests that lifestyle
changes, such as increased physical activity, dietary
modification, and weight control, can contribute to
reducing both clinical and ambulatory blood pressure

levels and improving biomarkers associated with
cardiovascular risk. The recent discoveries affirm the
effectiveness of lifestyle modification when
combined with optimized drug therapy in lowering
blood pressure and enhancing cardiovascular risk
markers. It holds even for patients with resistant
hypertension [12—14]. Our study affirmed the positive
influence of heightened physical activity on the
dynamics of clinical, cardiodynamic, and
neurohumoral indicators in individuals with arterial
hypertension and concomitant obesity.

Table 2 — Comparative evaluation of biochemical indicators in groups after treatment using three-component

AHT
Indicators Low physical activity, Sufficient physical activity, p
n=49 n=49
Total cholesterol [mmol/L] 5,84 +0,43 5,76 + 0,46 0.395
Triglycerides [mmol/L] 2,04 £0,45 1,78+ 0,34 0.002
LDL cholesterol [mmol/L] 4,78+0,51 4,69+0,42 0.348
HDL cholesterol,[mmol/L] 1,04 + 0,09 1,07 +0,11 0.151
Blood glucose [mmol/L] 4,72+0,30 4,69 + 0,27 0.545
Insulin [pU/mL] 16,65 + 2,95 12,88 + 4,08 0.000
HOMA-IR 3,47 £0,64 2,69+ 0,85 0.000
HbALc (%) 4,87 +0,32 4,63+0,27 0.000
E)r;/r?qrsll/ll_z;ntioxidant protection 116+ 0,05 123006 0.000
MDA [nmol/mL] 31,56 + 3,11 32,13+ 1,75 0.266
DC [nmol/mL] 30,32 + 3,10 27,95 + 3,64 0.001
IL-6 [pg/mL] 111,34 £6,91 106,58 + 6,16 0.001
CRP [mg/L] 4,82 +0,79 4,28 + 0,61 0.000
Aldosteron [ng/dI] 15,35+ 1,70 15,03 £ 1,55 0.331
PRA |, ng/ml/hour 2,52+0,48 2,51 +0,44 0.910
ARR 6,39 £ 1,65 6,23+ 1,49 0.622
Adiponectin [ng/mL] 7,03+0,75 8,34+0,91 0.000
Leptin [ng/mL] 13,96 £ 2,21 11,58 +1,40 0.000

Notes: p<0,05: Significance of differences between groups with sufficient and low physical activity.

BMI — body mass index; HbAlc — glycated hemoglobin; HDL — high density lipoprotein; LDL — low-density
lipoprotein; CRP — C-reactive protein; IL-6 — interleukin 6; HOMA-IR — Homeostatic Model Assessment for
Insulin Resistance; MDA — malonic dialdehyde; DC — diene conjugates; PRA — plasma renin activity; ARR —

aldosterone-renin ratio




Table 3 — Comparative assessment of indicators after treatment in groups of patients depending on physical
activity and regardless of the AHT variant

. Low physical activity, | Sufficient physical activity,
Indicators P )r/1 _ 78 y r?:ylzz y p
Weight [kg] 98,13 + 8,58 91,43+9,18 0.000
BMI [kg/m2 ] 33,95 + 2,04 31,52 +2,41 0.000
Waist circumference [cm] 100,10 £ 6,28 99,49 + 7,06 0.534
Hip [cm] 106,36 + 12,54 108,54 + 6,87 0.114
Waist-to-hip ratio 1,03+ 0,84 0,92 +0,10 0.156
SBP [mm Hg] 126,68 £ 1,68 126,52 £1,71 0.508
DBP [mm Hg] 77,72 £ 1,03 77,57+ 1,03 0.308
Heart rate [bpm] 68,63 + 3,59 69,03 £3,17 0.404
Pulse BP [mm Hg] 48,96 + 1,94 48,95+ 1,94 0.970
Average BP [mm Hg] 98,28 £ 0,94 98,12 £ 0,96 0.257
CIMT [mm] 0,90 + 0,08 0,87 + 0,08 0.006
CIMT bifurcation [mm] 1,32+ 0,14 1,24+0,13 0.000
cPWV [m/s] 8,24+ 1,10 7,58 £ 0,89 0.000
aPWV [m/s] 7,96 + 0,96 7,63 +1,04 0.025
EDVD (%) 7,39 + 1,02 8,22+ 1,22 0.000
Total cholesterol [mmol/L] 5,79 +£ 0,47 5,70 £ 0,45 0.205
Triglycerides [mmol/L] 1,96 £ 0,41 1,84 £ 0,38 0,053
LDL cholesterol [mmol/L] 4,64 £0,58 4,57+ 0,56 0.398
HDL cholesterol, [mmol/L] 1,04 £ 0,09 1,07+0,11 0.011
Blood glucose [mmol/L] 4,74 £ 0,29 4,65+0,26 0.029
Insulin [pU/mL] 11,82 +4,07 12,82 £ 4,55 0.116
HOMA-IR 2,47+0,83 2,64 + 0,94 0.194
HbA1c (%) 4,88 +£0,32 4,73 +£0,37 0.004
E)r;/;rsll/lf]ntloxmant protection 118+ 0,07 1,28+ 0,08 0.000
MDA [nmol/mL] 30,83 + 3,46 31,05+ 2,63 0.598
DC [nmol/mL] 27,33+3.22 28,02+ 3,48 0.076
IL-6 [pg/mL] 110,83 £ 6,52 105,36 + 6,42 0.000
CRP [mg/L] 4,73 + 0,80 4,05 + 0,59 0.000
Aldosteron [ng/dl] 14,77 £2,79 14,15+ 3,01 0.146
PRA , ng/ml/hour 2,30 +£0,77 2,25+0,71 0.682
ARR 7,54 + 3,68 7,05 + 2,66 0.272
Adiponectin [ng/mL] 6,86 + 0,69 8,13 +0,87 0.000
Leptin [ng/mL] 13,63 £2,23 10,76 £ 1,68 0.000
TIVSd [cm] 1,14+ 0,10 1,09 +0,12 0.001
TIVSs [cm] 1,36+ 0,14 1,29+0,14 0.001
TPWd [cm] 1,13+0,12 1,09+ 0,14 0.033
TPWs [cm] 1,56 + 0,31 1,50 £ 0,35 0.157
LVEDD[cm] 5,02+0,30 4,97+ 0,37 0.374
LVESD[cm] 3,18+ 0,21 3,11+0,29 0.064
EDV [mL] 119,85 + 17,03 117,75 + 21,58 0.469
ESV [mL] 40,63 + 7,06 38,73+ 9,22 0.122
EF (%) 66,11 + 2,87 67,28 + 3,08 0.008
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Cont. Table 3

. Low physical activity, | Sufficient physical activity,

Indicators n=78 n= 122 P
LVM [g] 260,70 + 52,83 243,58 + 70,47 0.067
LVMI [g/im2] 125,23 +£26,84 120,08 + 33,27 0.252
RWT 0,45+ 0,04 0,44 + 0,04 0.006
LAD [mm] 37,50 +£3,32 37,20 £ 3,04 0.512
AD [mm] 32,30+ 1,07 32,42+ 1,63 0.578
M I AP

[merinﬁg] ?;':firtibatake 15,87 £2.73 15,40 £ 328 0.298
RAV [mL] 37,07 +£3,91 37,74 £ 5,00 0.063
LAV [mL] 46,23 +£4,14 46,65 + 4,73 0.080
e’[cm/s] 11,89 +£2,04 12,01 +£2,74 0.073
E [cm/s] 69,27 + 8,51 69,37 + 11,86 0.948
A [cm/s] 75,42 £9,53 75,39 £10,93 0.986
E/A 0,93+0,13 0,94+0,19 0.725
DT [s] 0,15+ 0,08 0,14+0,10 0.736
IVRT [s] 0,11+0,02 0,11+£0,02 0.765
E/e’ 5,96 + 1,03 5,63+ 1,13 0.042

Notes: p < 0,05: Significance of differences between groups with sufficient and low physical activity.

BP — blood pressure; DBP — diastolic blood pressure; SBP — systolic blood pressure; A — maximum late (atrial)
filling speed; AP — artery pressure; DT — time of deceleration early diastolic flow rate; E — filling rate in spectral
mode; e — maximum early LV filling rate at tissue mode; E/A — ratio of maximal rates of early and late filling of
LV at spectral mode; E/e — ratio of E and e; IVRT — time of isovolumic relaxation of LV; EDVD - endothelium-
dependent vasodilatation; EF — ejection fraction; CA — carotid artery; IMT — intima-media thickness; LVM — left
ventricular mass; LVMI — left ventricular mass index; PWV — pulse wave velocity (cPWV — carotid artery, aPWV
—abdominal aorta ); RAV —right atrial volume; LAV — left atrial volume; TIVSd — thickness of the interventricular
septum (diastole); TIVSs — thickness of the interventricular septum (systole); TPWd — thickness of the posterior
wall of the left ventricle in diastole; TPWs — the thickness of the posterior wall of the left ventricle in systole;
LVEDD - end-diastolic diameters; LVESD - end-systolic diameters; EDV — end-diastolic volume; ESD — end-
systolic volume; RWT — relative wall thickness; LAD — left atrial diameter; AD — aortic diameter; BMI — body
mass index; HbAlc — glycated hemoglobin; HDL — high density lipoprotein; LDL — low-density lipoprotein; CRP
— C-reactive protein; IL-6 — interleukin 6; HOMA-IR — Homeostatic Model Assessment for Insulin Resistance;
MDA — malonic dialdehyde; DC — diene conjugates; PRA — plasma renin activity; ARR — aldosterone-renin ratio

CONCLUSIONS / BUCHOBKHA as the balance within the oxidative stress-

Physical activity plays a crucial role in antioxidant protection system and the renin-

enhancing treatment outcomes for patients with AH
and obesity under various antihypertensive therapy

angiotensin-aldosterone system.

For patients with hypertension and obesity, it is
strongly recommended to incorporate increased
physical activity into their routine. One such
activity is brisk or moderately paced walking for a

regimens.

Irrespective of the chosen antihypertensive
approach, engaging in physical activity has shown
positive effects on cardiovascular remodelling,
metabolic and pro-inflammatory indicators, as well

minimum of 45 minutes per day, aiming to improve
the overall effectiveness of the treatment.
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