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INTRAVENOUS LASER THERAPY IN A COMPREHENSIVE
APPROACH TO THE CORRECTION OF RISK FACTORS
OF ARTERIAL HYPERTENSION

Introduction. According to Akl C et al. by 2025, the number of peo-
ple with arterial hypertension (AH) will increase by 15-20% and reach
1.5 billion people. Since hyperuricemia (HU) is closely related to other
AH risk factors, there is a need to study the relationship between HU and
other AH risk factors. Objective of this work is to develop rational ap-
proaches to modifying individual AH risk factor using intravenous laser
therapy (IVLT).

Materials and methods. The study included 184 people: Group 1
(n = 30) — normotensive individuals without HU; Group 2 (n = 52) —
normotensive patients with HU; Group 3 (n = 48) — patients with essen-
tial AH (stage I, 1-2 degree) without HU; Group 4 (n = 54) — patients
with essential AH (stage I, 1-2 degree) with HU. Patients in Group 3 and
4 were divided into subgroups according to the treatment regimens: 3A
(n = 24), 4A (n = 26) (standard antihypertensive therapy (AHT)) and 3B
(n = 24), 4B (n = 28) (combination treatment with AHT and IVLT). The
IVLT course was performed with a wavelength of 635 nm, a power of
1.5 mW, a radiation power density of 0.2 W/cm?, a fluence of 0.2 J/cm?,
an exposure of 900 seconds, the course — daily, with a total of 10 proce-
dures.

Study results. The association between the level of uric acid (UA),
systolic blood pressure (SBP), diastolic blood pressure (DBP), endothe-
lial dysfunction (ED), left ventricular myocardial dysfunction, excess
increase in arterial wall stiffness, and poikilocytosis in the study groups
was established. The use of IVLT in combination with AHT allows to
achieve a statistically significant (p < 0.05), compared to AHT reduction
in SBPd by 4.2%, DBPd by 2.4%, DBPn by 2.5%, time index (T1) SBPd
by 5.1%, TI DBPd by 2.7%, Tl SBPn by 19%, rate of morning rise
(RMR) SBP by 33.8%, RMR DBP by 31%, early morning blood
pressure surge (EMBPS) SBP by 17.3%,

EMBPS DBP by 12.8%, puilse wave velosity (PWV) by 4.1%, mani-
festations of endothelial dysfunction by 1.4%, myocardial dysfunction
by 4.5%, poikilocytosis by 2.9%, uric acid level by 3.1% in patients with
AH. In AH and HU comorbidity, addition of ILT to AHT allows to
achieve an additional reduction in SBPd by 9.3%, DBPd by 7.4%, SBPn
by 11,5%, DBPn by 2.7%, Tl SBPd by 18.8%, TI DBPd by 18.9%, TI
SBPn by 1.8%, Tl DBPn by 8,7%, RMR SBP by 25.8%, RMR DBP by
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28.5%, EMBPS SBP by 8.2%, EMBPS DBP by 6.0%, PWV by 13.4%,
endothelial dysfunction by 3.5%, myocardial dysfunction by 18.8%,
poikilocytosis by 5.7%, uric acid level by 11.6% compared to AHT. In
patients with normal blood pressure and HU values, the use of IVLT can
reduce DBPM, EDVD, poikilocytosis, and UA level parameters (p <
0.05).

Conclusions. The presence of direct correlations of average strength
between HU and endothelial dysfunction, systolic diastolic dysfunction,
excessive increase in arterial wall stiffness, and poikilocytosis was
found. The use of IVLT in normotensive and hypertensive patients with
AH with an effective method of UA level correction, excessive arterial
wall stiffness, myocardial dysfunction, ED and poikilocytosis.

Keywords: intravenous laser therapy, IVLT, arterial hypertension
risk factors, hyperuricemia, endothelial dysfunction, arterial wall stiff-
ness, systolic and diastolic dysfunction, poikilocytosis.
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BUKOPUCTAHHSI HMU3bKOIHTEHCHUBHOI BHYTPIILIHBO-
BEHHOI JIABEPHOI TEPAIIIi Y KOMILUIEKCHOMY IIAXOI
IO KOPEKIIi ®AKTOPIB PHU3UKY APTEPIAJIBHOI
T'IIEPTEH3IL

Beryn. 3a manammu Akl C et al. o 2025 poky KilbKicTh JHOIEH 3
aprepianbHOIO Tineprensiero (Al') 36impmuTees Ha 15-20 % Ta mocsrae
1,5 mupn gonoBik. Tak sk rinepypukemis (I'Y) TicHO noB’s13aHa 3 iHIIH-
MU (pakTopamu pm3uKy AL, icHye HEOOXiqHICTh BUBYUTH B3a€MO3B’SI3KU
Mix ['Y Ta inmmmu paxropamu pusuky Al

MeTtor0 poOoTH € PO3pOOKa paIliOHATBHUX MiIXOAIB 10 MOAudiKamii
okpemux QaxropiB puznky Al' 3 BUKOPHUCTaHHSM BHYTPIIIHHOBEHHOT
naszepHoi teparii (BJIT).

Marepiaau i meToau. Y nociipkeHHs 0yio BkiodeHo 184 ocobu: 1
rpyna (n = 30) — HopMoTeH3uBHI ocobu 6e3 I'Y; 2 rpymna (n = 52) HOp-
MoTeH3uBHI namieHTH 3 ['Y; 3 rpyma (n = 48) mamieHTH 3 €CeHIIATBHOIO
AT (I cragist, 1-2 crymine) 6e3 I'Y; 4 rpyna (n = 54) mamieHTH 3 eceHIli-
anpHO®O AT (I cranis, 1-2 crymine) 3 ['Y. Ilanientn 3 ta 4 rpynu Oymu
PO3MOAINICHI Ha MIATPYIH Y BiAMOBIMHOCTI IO cXeM JiKyBaHHS: 3A (n =
24), 4A (n = 26) (cranmaptHa aHTUTiepTeH3uBHa Teparis (AI'T)) ta 3b
(n = 24), 4B (n = 28) (kombinoBaHe mikyBauHss AI'T Ta BHyTpillIHBOBCH-
Ha jasepHa teparmis (BJIT)). Kypc BJIT npoBoauiu 3 JOBKHHOK XBHITI
635 HM, OTYXHicTh 1,5 MBT, IIIJIBHICTD MOTY)KHOCTI BUIIPOMIHIOBAaHHS
0,2 BT/CMZ, ¢dmoenc 0,2 ﬂ)K/CMZ, ekcriosuttiero 900 cek, Kypc — II0JIeH-
HO, 3arajibHOIO KiTbKicTIO 10 mpomenyp.

Pe3ynbTaTn mocaimkeHHsi. BCTaHOBIICHO HAsSBHICTH acoLiaIlii Mix
piBHem cedoBoi kucioTu (CK), CHCTONIYHOTO apTepiallbHOIO THCKY
(CAT), niacromiynoro aprepianbHoro THcky ([IAT), enmoremianbHOIO
mucoynkuiero (EN), nucdyHkuiero Miokapy JIiBOTO IUTyHOYKaA, TIOHA -
HOPMOBHM ITiIBUIIEHHSM XOPCTKOCT] apTepiajbHOI CTIHKH, MOHKUIONN-
TO30M Yy JOCHipKyBaHuX rpymnax. Buxopuctanus BJIT y moemnanHi 3
AI'T 103BOJISIE€ OCATTH CTATUCTHIHO 3Ha4nMMimmoro (p < 0,05), mopiBHA-
HO 13 AI'T 3umxkenns CATxa na 4,2 %, JJIATn va 2,4 %, JIATH Ha 2,5%,
ingexcy vacy (I4) CATn na 5,1 %, I4 JATx va 2,7 %, I4 CATH Ha
19 %, mBuakocti pankoBoro migiomy (LIPIT) CAT nHa 33,8%, LHIPIT
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Introduction

According to Akl C et al. by 2025, the number

JAT na 31%, Benmuunuu pankosoro migiiomy (BPIT) CAT ma 17,3%,
BPIT JAT na 12,8%, mBunkocti mymascoBoi xsmii (ILIIX) ma 4,1%,
mposiBM  eHpoTtemianpHoi auchynknii Ha 1,4 %, cucromomiacToNYHOT
mucyHKil Ha 4,5%, molkinonuTo3y Ha 2,9 %, piBHS Ce40BO KUCIOTH
Ha 3,1 % y manientiB 3 AI'. [Ipu xomop6ignocti A" Ta I'Y nonaBaHHsS
BJIT no AI'T no3Bomroe pocsrtu jponaTtkoBoro 3HmwkeHHs CATxa Ha
9,3%, IATn na 7,4 %, CATu na 11,5 %, JATH Ha 2,7 %, I4 CATx Ha
18,8 %, 14 JATnx na 18,9 %, I4 CATH na 1,8 %, [4 JJATH Ha 8,7 %,
HIPIT CAT Ha 25,8 %, IIPII IAT na 28,5%, BPII CAT Ha 8,2 %, BPII
JAT nHa 6,0 %, IOITX nHa 13,4 %, eanoreniansHOi quchyHKmii Ha 3,5 %,
cucroyoiacToniyHoi aucdynkuii Ha 18,8 %, moiikimonuTo3y Ha 5,7 %,
piBHA cedoBoi kucnotd Ha 11,6 % y mopiBasHHI 3 AI'T. V mamieHTis 3
HOopManbHUMM 3HaueHHAMU AT Ta I'Y 3actocyBanns BJIT nosBosisie
sam3ut nokasHuku JIMAT, E3BJ/I, moiikimommurosy, pisas CK (p <
0,05).

BucHoBkH. BecraHoBneHa HasiBHICTD MPSIMUX KOPEISIIIMHUX 3B SI3KIB
cepenHboi cuii Mk ['Y Ta eHiorenianbHO0 TUC(HYHKILIE, CUCTONOI-
aCTOJIYHOI0 TUC(YHKLIE0, TOHaTHOPMOBHM ITiJIBUIIEHHSIM >KOPCTKOCTI
aprepiabHOI CTIHKH, moiKinonuro3oM. Bukopucranus BJIT y Hopmo-
TEH3WBHUX Ta TiEpPTEH3WBHUX MalieHTiB 3 ['Y 3 epekTuBHUM MeTOnOM
kopekuii piBas CK, moHagHOPMOBOI KOPCTKOCTI apTepiaabHOI CTIHKH,
cucroyofiacToniyHoi AucyHkuii, EJ] Ta mOHKIIOMUTO3Y.

Kaio4oBi ci10Ba: HU3bKOIHTCHCHBHA BHYTPIIIHHOBEHHA JIa3epHA Te-
parist, (haKTOpH pU3HKY apTepialbHOI TillepTeH3il, TinepypuKeMis, CHI0-
TenianpHa AUCQYHKIIS, KOPCTKICTh apTepialbHOi CTIHKH, CUCTOJIOAIAC-
TOJIYHA AUCQYHKIIiS, TOMKIIOHTO3.

ABTOp, BiAnoBinaabHuii 3a sucryBanus: LS709@ukr.net

randomized,  single-center,  blind, placebo-
controlled study, which was conducted on

of people with arterial hypertension (AH) will
increase by 15-20% and reach 1.5 billion people
[1]. In 2017, the European ESC/ESH Association
added hyperuricemia to the existing risk factors of
AH [2]. Since HU is closely related to other risk
factors of AH, there is a need to further study the
relationship  between AH, HU, endothelial
dysfunction (ED), systolic dysfunction, arterial wall
stiffness, and changes in red blood cell
morphology.

Since the 60s of the 20th century, low-intensity
laser therapy, as a method of world physiotherapy,
is used in almost all areas of preventive medicine
and rehabilitation due to the evidence-based effect
of non-specific photobiomodulation. During this
period, the world literature has formed an evidence
base for the safety of using low-intensity laser light,
and further research expands the indications for its
use. Studies, conducted on practically healthy
individuals, demonstrate the protective effect of
radiation with a wavelength of 660 nm [3]. A

practically healthy women and was approved by the
Canadian Bioethics Commission SHIELD, revealed
a high efficiency of photobiomodulation using a
wavelength in the range of 400-470 nm to correct
the effects of photoaging. The results indicate that
photobiomodulation is not only effective, but also
safe and painless [4].

The use of combined treatment regimens that
complement standard therapy with physiotherapy
methods is becoming increasingly evident,
including in the primary prevention of AH.

The objective of this work is to evaluate the
effectiveness of intravenous laser therapy (IVLT) in
modifying individual risk factors of AH.

Materials and methods

184 people were selected to form research
groups: Group 1 (n = 30) — normotensive
individuals without HU; Group 2 (n = 52) —
normotensive patients with HU; Group 3 (n = 48) —
patients with essential hypertension (stage I, 1-2
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degree) without HU; Group 4 (n = 54) — patients
with essential AH (stage I, 1-2 degree) with HU.
The presence of AH was confirmed by blood
pressure measurement at a family physician's
appointment followed by daily blood pressure
monitoring (DBPM). The absence or presence of
HU was confirmed by performing a biochemical
study to determine the level of uric acid (UA) in the
blood serum. HU was considered the level of UA >

400 umol/l (6.8 mg/dl), which corresponds to the
threshold of UA crystallization in the human body
without taking gender into account [5]. Patients in
Group 3 and 4 were divided into subgroups
according to the treatment regimens: 3A (n = 24), 4A
(n = 26) (standard AHT according to national
protocols) and 3B (n = 24), 4B (n = 28) (combination
treatment with AHT and ILT) (Table 1).

Table 1 — General characteristics of the studied groups

Grou
Indicator, unit P
1 2 3 4
Quantity n=30 n=52 n=48 n=>54
Age, years 48 +5.5 49+4.9 49+5.1 51+4.8
Gender, male, n (%) 16 (53) 24 (49) 23 (48) 25 (49)
i 1 0,
::IZ ;ZE?;Z”Q to SCORE scale (%) |4 5010.25 1.49/0.38 1.92/0.50 3.43/0.91
TC, mmol/l 4.47 +0.826 4.67+0.932 4.62+0.612 5.98 + 0.721%%°
TC LDL, mmol/l 3.11+0.730 3.33+0.615 3.61+0.515 4.29 + 0.526%%°
TG, mmol/l 0.62+0.232 0.89 +0.212 1.26 +0.321 1.68 + 0.241%*°
BMI, kg/m? 225+ 4.45 23.2 + 3.32° 23.8+ 4.88 23.2+4.29
UA, pmol/l 298.5+18.25 | 457.3+12.54** | 365.8 + 15.62™° | 498.5 + 18.3113°
GFR, ml/min/1.73m° 106.2 +21.32 | 110.5+22.12 109.4 + 20.54 112.4 +18.35
SBPd, mm Hg 1204+524 | 132.3+6.36" | 146.2+5.32° | 152.3+7.48"%°
DBPd, mm Hg 74.2+4.25 82.5 + 4.65 92.4+2.36™° 96.4 + 5.29%*°
HbAL*, % 4.8 +0.58 4.6 +0.71° 45 +0.62 5.0 +0.68
Capillary blood glucose, mmol/l 3.8+0.75 3.9+0.86° 4.1+0.87 4.0+0.82
Hemoglobin, g/l 131.2 £6.85 128.4 +7.22° 130.1+£7.89 125.3+9.62
Red blood cells, 10/ 4.2+0.89 4.4 +0.77 4.8 +0.83 4.7 +0.92

Notes:

L_ reliability of differences compared to the Group 1 indicator (p < 0.05);

2
3
4
5

— reliability of differences compared to the Group 1 indicator (p < 0.05);
— reliability of differences compared to the Group 3 indicator (p < 0.05);
— reliability of differences compared to the Group 3 indicator (p < 0.05);
— reliability of differences compared to the Group 2 indicator (p < 0.05);

TC — total cholesterol; LDL — low density lipoproteins; TG — triglycerides; BMI — body mass index; GFR — glomerular

filtration rate

All patients and individuals in the comparative
group provided informational consent to participate
in the study in accordance with the Helsinki
Declaration of the World Medical Association
"Ethical Principles for Medical Research Involving
Human Subjects".

Laboratory blood tests (clinical, lipidogram,
creatinine, uric acid, glucose) were performed
according to standard methods using a semi-
automatic  analyzer RT-9800. Blood smear
microscopy describing the morphology of elements
was performed using Nikon SMZ-2 2B light

microscope (Japan). The number of poikilocytes
was calculated using Goryaev chamber.

Daily blood pressure monitoring was performed
in all groups for 24 hours using the oscillometric
method with the (ABMP-50) HEACO apparatus. A
test with reactive hyperemia to determine
endothelium-dependent vasodilation (EDVD) was
performed using ultrasound device SonoScape
S6Pro and sphynomanometer Little Doctor LD-
SO13. The criteria of vasomotor endothelial
dysfunction were the absence of an increase in the
diameter of the brachial artery by more than 10% in
response to a test with reactive hyperemia or the

© Sumy State University, 2020

© CyMCbKuiA fiepXkaBHuiA yHiBepcuTeT, 2020



Ye. L. Kovalenko, O. K. Melekhovets

EUMJ, 2020;8(1):43-51

appearance  of  vasoconstriction.  Standard
echocardiographic examination was performed
using the ultrasound machine SonoScape S6Pro.
The myocardial function of the left ventricle was
determined using a non-invasive echocardiographic
test with the determination of Tei index.

The ILT course was performed using a sterile
light guide with a diameter of 500 microns daily,
with a total of 10 procedures. ILT mode: the
wavelength is 635 nm, output power of the light
guide 1.5 mW, the power density in continuous
mode is 0.2 W/cm?, fluence in 0.2 J/cm? the total
radiation dose is up to 180 J/cm? exposure time is
900 sec.

Statistical processing of the obtained research
results was carried out using the statistical analysis
software package Windows 10-Office Professional
Plus in accordance with the license agreement with
Microsoft (Agreement ID: V0731528). Spearman's
rank correlation coefficient is used to identify and
evaluate the strength of relationships between two
sets of comparable quantitative indicators. To
calculate the dynamics of changes in parameters,
the method of calculating the Delta percent using
the Percentage Change Calculator was used. To
compare two independent samples by the level of
any quantitatively — measured  feature, a
nonparametric statistical criterion — the Mann —
Whitney U-test was used. To evaluate the
differences between the two dependent samples the

Wilcoxon test was used. The data in the tables is
presented as: M + SD. Relative risk (RR) is
calculated as the ratio of absolute risks in the
groups of exposed and non-exposed persons.

Study results

In order to establish correlations between the
studied risk factors, Spearman's rank correlation
coefficient was calculated in the studied groups: in
Group 2, a direct relationship of average strength
between the level of UA and SBP (r = 0.49, p<
0.05), DBP (r = 0.35, p < 0.05), pulse wave velocity
(PWV) (r = 0.58), myocardial dysfunction (r =
0.64), poikilocytosis level (r = 0.42) and the inverse
relationship of average strength with endothelial
dysfunction (r = -0.52) (p< 0.05 for all) was
revealed.

In Group 3, a direct relationship of average
strength between the level of UA and SBP (r =
0.32, p<0.05), DBP (r =0.29, p < 0.05), PWV (r =
0.34), myocardial dysfunction (r = 0.47),
poikilocytosis level (r = 0.69) and the inverse
relationship of average strength with endothelial
dysfunction (r = -0.35) (p< 0.05 for all) was
similarly found.

In Group 4, in the presence of AH and HU, a
similar orientation of correlations with a high level
of confidence (p < 0.001) was found in the pairs
UA — DBP, UA — endothelial dysfunction (EDVD)
(Table 2).

Table 2 — Level of correlation (r) between modified risk factors of arterial hypertension in patients

with AH and HU

z % A 8

>

Indicator S 0 o 2 2 § 3

-] [t =

(@]

[a
Uric acid + 0.22! 0.17° 0.15 -0.35* 0.34* 0.41!
SBP 0.48° + 0.61* 0.12 -0.32? 0.24* 0.311
DBP 0.33! 0.82! + 0.10° -0.241 0.38! 0.34!
Tei Index 0.47* 0.28* 0.22° + -0.35¢ 0.31! 0.64!
EDVD -0.63° 0.37* 0.28° 0.252 + 0.39* 0.21*
PWV 0.68! 0.34! 0.32! 0.20 -0.421 + 0.17?

Poikilocytosis 0.69" 0.19° 0.16° 0.31° -0.21! 0.16° +

Notes:T — p < 0.05; 2— p > 0.05; °— p < 0.001.

Thus, the most pronounced associations are In order to assess the relative risks of ED, left
established between HU and poikilocytosis, ventricular systolic dysfunction, excessive increase
endothelial dysfunction and increased arterial wall in arterial wall stiffness and poikilocytosis, as well

stiffness. as the occurrence of AH in the presence of HU in
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Group 2, the risk ratio (RR) was calculated in
relation to Group 1 after 6 months (Table 3).

Based on obtained results, a significant
association (greater than 3.0) was found between
HU and PWV (5.97), Tei Index (5.39), EDVD
(4.48), AH (4.62) (p < 0.05).). Poikilocytosis has a
relatively lower (3.62), but also a significant

probability of association with HU in AH. The
presence of HU in normotensive patients is
associated with the occurrence of AH (a steady
exceedence of SBP > 139 mm Hg and DBP > 89
mm Hg) over a six-month observation period with
RR 4.62.

Table 3 — Calculation of relative risks in normotensive patients with hyperuricemia

Indicator Relative risk Sensitivity Specificity R-level
PWV 5.97 0.867 0.684 p <0.05
EDVD 4.48 0.858 0.672 p<0.05
Tei Index 5.39 0.800 0.563 p<0.05
Poikilocytosis 3.62 0.721 0.623 p<0.05
AH 4.62 0.889 0.397 p<0.05

To evaluate the results of treatment in Group 2
after the course of IVLT, an analysis of DBPM
indicators was performed. On the background of a
decrease in the level of HU by 14.7%, a decrease in
the average daily blood pressure indicators was

revealed: SBPd — by 9.0%, DBPd-by 14.4%, TI
DBPd by 7.3%, PWV decreased by 20.5%, Tei
Index by 12.2%, poikilocytosis by 4.7% and EDVD
increase by 6.6% (Table 4).

Table 4 — Comparison of the studied parameters in Group 2 patients before and after the course of ILT

Indicator, unit

Group Il (n =52)

Before treatment After treatment A%
SBPd, mm Hg 132.3+6.36 120.4 + 5.251 9.0
DBPd, mm Hg 86.5 + 4.65 74.1+5.20" -14.4
SBPd, mm Hg 116.3 +5.32 114.7 + 4.48° -1.4
DBPn, mm Hg 76.1+3.24 745+ 4.73° -21
TI SBPd, % 12.8+4.35 8.6 + 4.28° 7.3
TI DBPd, % 17.5+5.34 10.2 + 4.52* 7.3
TI SBPn, % 8.4 +3.48 8.8+ 7.67° 0.4
TI DBPn, % 7.1+0.89 7.0+0.95 0.1
RMR SBP, mm Hg/h 5.4 +2.28 4.8+2.29° -11.1
RMR DBP, mm Hg/h 4.8+ 1.68 32+1.27° -33.3
EMBPS SBP, mm Hg 18.6 +4.21 19.2 + 3.422 3.23
EMBPS DBP, mm Hg 14.1 +2.38 12.4 +2.632 -12.1
PWV, m/s 7.8+0.94 6.2 +0.71* -20.5
EDVD, % 12.1+1.13 18.7+1.421 6.6
Tei Index 0.41 +0.021 0.36 +0.018" -12.2
Poikilocytosis, % 12.9 + 1.254 8.2+1.310" A7
UA, pumol/l 457.3 +12.54 390 + 19.34* -14.7
Notes:

! _ reliability of differences in comparison with the indicator before treatment (p < 0.05);
2 _ reliability of differences in comparison with the indicator before treatment (p < 0.05);

A% — difference between indicators before and after treatment

To identify the effect of IVLT on the course of
AH in hypertensive patients, the dynamics of
DBPM indicators in Group 3A patients receiving

standard antihypertensive therapy, and Group 3B
using standard antihypertensive therapy in
combination with a course of IVLT, was compared.
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When assessing the dynamics of indicators of
daytime and nighttime blood pressure in the group,
a decrease in SBPd by 7.9%, DBPd by 8.3%, and
DBPn by 12.4% was revealed. It should be noted
that when assessing the blood pressure load in the
daytime and at night, a statistically significant (p <
0.05) decrease in time index (TI) blood pressure
during the day is noticed. After treatment, Group
3A patients had a decrease in the morning rise of
SBP (rate of morning rise (RMR) SBP by 26.1%
and magnitude of the early morning blood pressure
surge (EMBPS) SBP by 18.8%), but no significant
reduction in these parameters of DBP was detect. It
should be noted that the treatment, performed in
Group 3A, was associated with a decrease in aortic

stiffness (a decrease in PWV by 7.8%) and a
decrease in poikilocytosis by 0.8%.

In Group 3B, a statistically significant decrease
in SBPd by 12.1%, DBPd by 10.7%, and DBPn by
14.9% was found after combination treatment with
AHT and IVLT. In contrast to Group 3A,
combination treatment in Group 3B was associated
with a decrease in all DBPM indicators, which were
responsible for the BP loading, the rage and value
of its morning rise (p < 0.05). After the course of
treatment in Group 3B, there was a decrease in
PWV by 11.9%, EDVD by 1.8%, Tei Index by
9.3%, uric acid level by 6.7%, and poikilocytosis by
3.7% (Table 5).

Table 5 — Comparative characteristics of indicators in patients with arterial hypertension before and

after treatment

Studied groups
Indicator, unit Group 3A (n=24) Group 3B (n = 24)

Before treatment | After treatment | A;,% | Before treatment | After treatment | A3z%
SBPd, mm Hg 150.3+6.12 | 1385+5.08" | -7.9 152.4+7.21 | 134.0+5.11 | -12.1
DBPd, mm Hg 96.1 + 6.02 88.1+4.20" | -8.3 94.2 +521 84.1+4.12" | -10.7
SBPd, mm Hg 122.0+6.29 | 120.2+7.32* | -15 121.2+5.47 | 1102+5.32° | -9.1
DBPn, mm Hg 82.2 +6.37 72.0+5.02" | -12.4 80.4 +5.25 68.4+4.09" | -14.9
TI SBPd, % 50.4 + 3.65 26.4+381" | -24.0 48.3 + 4.41 19.2+1.82" | -29.1
TI DBPd, % 42.0+3.91 32.3+382" | -9.7 40.4 + 3.41 28.3+3.14% | -12.1
TI SBPn, % 53.4 £ 4.10 38.4+3.44 | -15.0 52.1+1.63 18.1+3.81' | -34.0
TI DBPn, % 39.5+2.72 27.6+3.30" | 11.9 37.2+291 25.1+2.44" | -12.1
RMR SBP, mm Hg/h 23.0 £2.90 17.1+1.61' | -25.7 21.5+3.22 87+1.91* | -59.5
RMR DBP, mm Hg/h 142 £2.31 12.2+1.43% | -14.1 13.1+2.11 7.2+1.80" | -45.1
EMBPS SBP, mm Hg 483+ 4.14 39.2+3.44" | -18.8 49.1+4.32 31.4+3.32" | -36.1
EMBPS DBP, mm Hg 275+2.24 25.2+210° | -84 29.2 +2.44 23.0+223" | -21.2
PWV, m/s 11.5+0.82 10.6+0.71' | -7.8 11.8+0.81 104+0.71" | -11.9
EDVD, % 9.4+1.12 9.8+0.91° 0.4 9.2 +0.62 11.0+ 051! 1.8
Tei index 0.42+0.040 | 0.40+0.041° | -4.8 0.43+0.022 | 0.39+0.024' | -9.3
UA, pmol/l 364.4+13.71 |351.24+11.26°| -3.6 | 365.8+12.20 |341.2+1127"| -6.7
Poikilocytosis, % 17.7+221 16.9+2.11° -0.8 18.8 +1.62 15.1 +1.32* -3.7

Notes:

! _ reliability of differences in comparison with the indicator before treatment (p < 0.05);
2 _ reliability of differences in comparison with the indicator before treatment (p < 0.05);

A% — difference between indicators before and after treatment

In Group 4A after treatment, a significant
decrease of SBPd by 4.5%, DBPd by 7.3%, DBPn
by 15.2% was revealed, the corresponding
dynamics was observed in the TI BP, EMBPS and
RMR BP indicators (p < 0.05). When studying the
dynamics of similar indicators of patients with HU
and AH who received AHT, a statistically
significant decrease in PWV by 8.5%, uric acid by

6.8%, Tei Index by 10.5% and an increase in
EDVD by 5.0% was found.

The dynamics of DBPM indicators after
treatment in Group 4B indicates a statistically
significant (p < 0.05) decrease in SBP and DBP
indicators at the daytime and nighttime. The use of
a combination of AHT and IVLT is associated with
a decrease in PWV by 21.9%, Tei index by 29.3%,
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uric acid level by 19.2%, poikilocytosis by 7.3%
and an increase in EDVD by 8.5%, (Table 6).
Discussion of the results
The established correlations confirm the status
of HU as an independent AH risk factor, both in
normotensive patients and in patients with AH. In
addition, the existence of statistically reliable direct

correlations between the BP level and PWV, Tei
Index, poikilocytosis and inverse correlations with
EDVD indicates that excessive increase in arterial
wall  stiffness, myocardial dysfunction and
endothelial dysfunction are significant risk factors
of AH.

Table 6 — Comparative characteristics of indicators in patients with arterial hypertension in
combination with hyperuricemia before and after treatment

Studied groups
Indicator, unit Group 4A (n = 24) Group 4B (n = 28)

Before treatment|After treatment| A4,% |Before treatment|After treatment| A%
SBPd, mm Hg 153.2+547 | 146.2+6.04* | -46 | 151.3+6.07 | 130.4+4.27" | -13.9
DBPd, mm Hg 953+502 | 88.1+4.42° | -7.6 97.2+6.29 | 82.6+5.10" | -15.0
SBPd, mm Hg 1402 +4.41 |132.2+532* | -5.7 | 1425+464 |118.0+3.21' | -17.2
DBPn, mm Hg 92.3+203 | 78.2+437" | -152 | 90.4+3.27 | 742+3.33" | -17.9
TI SBPd, % 454+501 | 303+321" | -15.1 | 475+4.38 | 13.6+2.21' | -33.9
TI DBPd, % 383+4.32 | 29.3+2.24' | -9.0 401+427 | 122+217" | -27.9
TI SBPn, % 46.3+5.25 | 31.2+4.47" | -15.1 | 43.0+4.31 | 26.1+2.33" | -16.9
TI DBPn, % 36.4+427 | 242+237" | -12.2 | 39.7+3.37 | 18.8+244' | -20.9
RMR SBP, mmHg/h | 28.4+427 | 234+229' | -17.6 | 256+354 | 145+231" | -434
RMR DBP, mmHg/h | 18.1 +3.35 134+2" | -26.0 | 18.0+4.09 82+1.11* | -54.5
EMBPS SBP, mmHg| 56.2+8.04 | 42.2+4.07' | -25.0 | 54.2+532 | 36.2+4.14" | -33.2
EMBPSDBP, nmHg| 32.4+6.16 | 257+451' | 201 | 34.1+521 | 252+237" | -26.1
PWV, m/s 13.0+0.9 11.9+0.7% | -85 13.2+0.8 10.3+06* | -21.9
EDVD, % 8.5+0.9 135+1.4% | 50 8.7+0.09 17.2+15' | 85
Tei Index 0.57+0.043 |0.51+0.051"| -105 | 0.58+0.042 |0.41+0.032%| -29.3
UA, pmol/l 497.4+15.38 | 459.6+11.49 | -7.6 | 499.1+16.11 |403.2+17.41 | -19.2
Poikilocytosis, % 23.8+421 | 222+4.82° | -16 244+281 | 17.1+272' | 73
Notes:

1 — reliability of differences compared to the indicator before treatment (p < 0.05);
2 —reliability of differences compared to the indicator before treatment (p > 0.05);
A% — difference between indicators before and after treatment

Since the

calculation of

relative

risks

4.2%, DBPd by 2.4%, DBPn by 2.5%, T1 SBPd by

demonstrates the presence of an association
between HU and other AH risk factors, namely
myocardial dysfunction (RR 5.39), excessive aortic
wall stiffness (RR 5.97), ED (RR 4.48), it can be
assumed that HU has common pathogenetic
mechanisms with these factors. Moreover, the
presence of HU in normotensive patients is
associated with the occurrence of AH (a steady
exceedence of SBP > 139 mm Hg and DBP > 89
mm Hg) over a six-month observation period (p <
0.05).

The use of intravenous laser therapy in
combination with antihypertensive therapy allows
to achieve a more significant reduction in SBPd by

5.1%, T1 DBPd by 2.7%, T1 SBPn by 19%, RMR
SBP by 33.8%, RMR DBP by 31%, EMBPS SBP
by 17.3%, EMBPS DBP by 12.8%, PWV by 4.1%,
endothelial ~ dysfunction by 1.4%, systolic
dysfunction by 4.5%, poikilocytosis by 2.9%, uric
acid level by 3.1% in patients with hypertension
(p < 0.05). In AH and HU comorbidity, addition of
IVLT to AHT allows to achieve an additional
reduction in SBPd by 9.3%, DBPd by 7.4%, SBPn
by 11,5%, DBPn by 2.7%, Tl SBPd by 18.8%, TI
DBPd by 18.9%, Tl SBPn by 1.8%, TI DBPn by
8,7%, RMR SBP by 25.8%, RMR DBP by 28.5%,
EMBPS SBP by 8.2%, EMBPS DBP by 6.0%,
PWV by 13.4%, endothelial dysfunction by 3.5%,
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systolic dysfunction by 18.8%, poikilocytosis by
5.7%, uric acid level by 11.6% compared to
monotherapy with antihypertensive drugs. In
patients with normal blood pressure and
hyperuricemia, the use of intravenous laser therapy

Conclusions

The use of intravenous laser therapy in
normotensive patients with HU is an effective
method of correcting uric acid levels, endothelial
dysfunction and poikilocytosis.

The use of intravenous laser therapy in
combination with antihypertensive therapy allows

Prospects for future research

A promising direction of research development
is to establish the duration of the therapeutic effect
of intravenous laser therapy in patients with arterial
hypertension.
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can reduce indexes of DBPM, EDVD,
poikilocytosis, and the UA level (p< 0.05)
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excessive arterial wall stiffness, myocardial
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