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Blood pressure time load formation in patients with arterial
hypertension without metabolic syndrome
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Abstract. Relevance. The study of the daily dynamics of blood pressure in arterial hypertension both on the basis of the
daily index and on the basis of the time load is a relevant task, since, these indicators are associated in the literature with stable
changes in the neurohumoral regulation of the cardiovascular system in arterial hypertension . The aim of the study was to
compare data of the time load in patients with arterial hypertension , depending on the nocturnal blood pressure profile, with
integrative indicators of the activity of the cardiovascular system in the form of a Circadian index, a structural point of blood
pressure, double product. Materials and Methods. The study included 72 patients who were treated at the City Clinical Hospital
No 13 in Moscow and signed a voluntary consent to participate in the research and the processing of personal data. Inclusion
criteria: arterial hypertension. Exclusion criteria: metabolic syndrome, secondary forms of arterial hypertension and concomitant
pathology. Depending on the daily index (DI>10% and DI<10%) patients were divided into 2 groups: 1 group (N= 32): patients
with arterial hypertension without nocturnal decrease in blood pressure (non-dippers and night-pickers100%); Group 2 (N
= 40): patients with arterial hypertension who had a nocturnal decrease in blood pressure (dippers and over dippers 100%).
All patients and members of the control group (N=15) underwent daily monitoring of blood pressure (24-hour Arterial Blood
Pressure Monitoring). The data were statistically processed to determine the 5% level of significance of differences (p<0.05)
(Student’s test). In the comparative analysis of integrative indicators at day and at night, a variance analysis was applied. Results
and Discussion. As a result of the study, it was found that the values of Circadian Index for blood pressure vary depending on the
type of night decrease in blood pressure and the blood pressure time load, while daily index and structural point of blood pressure
remain on the same level as a reflection of the hemodynamic allostasis existing in both groups. Conclusion. Reflection of the
allostatic load on hemodynamics is change of values of double product and of the structural point of blood pressure compared
with the control group. These changes are not associated with the peculiarities of the nocturnal blood pressure profile in patients
with hypertension without metabolic syndrome.

Key words: arterial hypertension, AH without metabolic syndrome, blood pressure profile, allostasis, circadian index for
blood pressure
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Introduction

A feature of the phenotypic course of arterial
hypertension (AH), in addition to the presence or
absence of the formation of metabolic syndrome,
is the different dynamics of the nocturnal decrease
in blood pressure (BP), which, according to the
literature, is based on sympathicotonia at night in
patients with AH [1, 2]. The degree of night decline is
determined on the basis of the rate of night decrease
in blood pressure, designated as the daily index (DI).
In our work, a simpler gradation is applied in the form
of the presence or absence of a nighttime decrease
in blood pressure (DI>10 % and DI<10 %). Since all
patients received adequate antihypertensive therapy
that reached the target values, registration in both
groups of load time in percentages for systolic BP and
diastolic BP can be regarded as constancy in change,
that is, as a state of hemodynamic allostasis. If the
assumption is correct, then in addition to the load of
time in % in the presence of hemodynamic allostasis,
other integrative indicators of the cardiovascular
system will be changed. The purpose of the study was
to compare the data on the time load in% in patients
with hypertension, depending on the night profile of
blood pressure with the integrative indicators of the
activity of the cardiovascular system in the form of
the circadian index (CI), the structural point of BP
(SPBP), the double product (DP). The relevance of
the study is due to the fact that the existence of the
organism in conditions of allostasis is the cause of
its accelerated aging [3].

CARDIOLOGY

Materials and methods

The study included 72 patients who were treated
and examined at the City Clinical Hospital No 13 in
Moscow with the voluntary signing of an informed
consent (WMA Declaration of Helsinki — Ethical
Principles for Medical Research Involving Human
Subjects, 2013). The study approved by the Ethics
Committee of the Institute of Medicine, RUDN
University (protocol code 10 and date of approval:
20.06.2019).

Exclusion criteria: metabolic syndrome and
secondary forms of arterial hypertension, concomitant
pathology that can change the nature of the course of
arterial hypertension in patients. Inclusion criteria: the
same second stage of the arterial hypertension. A feature
of the course of hypertension, in addition to the presence
or absence of the formation of metabolic syndrome, is
the different dynamics of the night decrease in blood
pressure. All patients underwent 24-hour arterial blood
pressure monitoring (ABPM) daily blood pressure (BP)
monitoring (TM-2430, AnD, Japan). Data ABPM were
processed using the computer program EZDoctor 2.7.
The degree of night decrease is determined on the basis
of the rate of night decrease in blood pressure daily index
(DI). In our work, a simpler gradation was applied in the
form of the presence or absence of a nighttime decrease
in blood pressure daily index (DI>10 % and DI<10 %).
Using this criterion, 2 groups of patients were formed:
1 group (N = 32): patients with arterial hypertension
with nocturnal decrease in blood pressure (non-dippers
and night pickers100 %); Group 2 (N = 40): patients

283



Zotova T.Yu., Lukanina A.A., Blagonravov M.L. Bectauk PYITH. Cepus: Meguuuna. 2021. T. 25. Ne 4. C. 282—289

with arterial hypertension who had a nocturnal decrease
in blood pressure (dippers and overdippers100 %). All
patients with arterial hypertension received adequate
therapy that reached the target values (mainly two
groups of drugs were used). To analyze hemodynamic
parameters, a control group (N= 15) aged 25 to 69 years
was introduced into the study. The main indicators of
the clinical and laboratory characteristics of the groups
are presented in the Table 1.

Table 1
Clinical and laboratory features of the analyzed group of patients
Indicator Group 1 (N=32) | Group 2 (N=40)
Age, years 58,25+4,05 59,5+3,03
Men,% 50 37,5
Women,% 50 62,5
BMI, kg/m2 26,6510,39 26,8510,4
WC, cm 91,741,33 911,15
Duration of hypertension, 1235412 1234115
years
HbA1c, (6)% 6 % 57 %
Creatinine, (64—104) mmol/I 83,9+3,9 82,9+2,11
Urea, (3—9) mmol/I 6,25+0,5 5,95+0,42
MAU, (0,3) mg/I 0,60,01 0,5+0,002
IRl (2—25) mkED/ml 26,6510,39 26,8510,4
EF% 63,7+0,26 63,4540,16

Note: BMI — body mass index, WC — waist circumference,
MAU — microalbuminuria, IRl — immunoreactive insulin,
EF — ejection fractions.

The exclusion of metabolic syndrome was carried
out on the basis of an analysis of indicators: waist
volume (WC), body mass index (BMI), glycated
hemoglobin (HbA1c,%).

The obtained data of ABPM were processed
using a linear analysis according to the developed
methodology, the following indicators were calculated:
average blood pressure and heart rate, BP time load as a
percentage of increased blood pressure. The possibility
of using an average value (M+m) is due to the fact that
hemodynamic parameters are the subject of regulation
of cardio-vascular functional system (CVS). In the
paper are also studied the parameters that allow to
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assess the integrative features of the regulation of the
cardiovascular system. These are: circadian indices
CI (CI=day BP/night BP for SBP, DBP) and structural
blood pressure point (SPBP (DBP/SBP) — indirectly
reflecting the conditions of tissue perfusion)), double
product (DP (DP = HRxSBP/100)) indirectly reflects the
need for myocardium in oxygen (gradation of need in
oxygen: 75 or less— above average, 76—89 — average,
90 or higher — below average). All data were analyzed
for statistically significant differences at 5 % significance
level using the nonparametric Mann-Whitney U-test and
the Fisher angular transform for percentage shares.
The use of non-parametric criteria does not allow
determining the power of the study. Homogeneity of
the groups when comparing hemodynamic indicators
was estimated on the basis of the coefficient of variation
of the indicator (standard deviation/ average value of
the indicator): with its value less than 0,3; the group
is regarded as homogeneous. For the analysis of the
BP time load, the dynamics of the SPBP, the DP, a
variance analysis was used with the determination of the
median indicator and a quartile assessment of the range
of oscillations (25—75 %), as well as the determination
of the minimum and maximum indicator.

Results and discussion

In the comparative analysis of the daily dynamics
of blood pressure, obtained on the basis of the analysis
of ABPM according to the linear analysis, first of all, it
should be noted that the groups were homogeneous in
hemodynamic indicators (blood pressure and heart rate):
the coefficient of variation did not exceed 30 % (Table 2),
which allows for further comparison of groups.

The groups had gender differences, but no
differences were established for the rest of the indicators
(Table 1). Metabolic syndrome was excluded on the
basis of HbA1c,%, BMI, WC. Levels of creatinine,
urea and microalbuminuria (Uria) made it possible
to exclude hidden forms of secondary hypertension
and complications of hypertension in the form of
nephrosclerosis. The level of FV in % allows to exclude
in both groups the presence of HF and its effect on
hemodynamic parameters.
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Table 2
Comparative analysis of the dynamics of hemodynamic parameters
Indicator ?,3 :ﬁrso)l C(;,:lclquz; ((;':lozli‘%)z
Average daily SBP, mmHg 12041,87 | 139,6+2,2* | 134,0+1,47
Average daily DBP, mmHg 76,2+1,55 | 79,5¢2,19 | 78,15+1,17
Average daily HR, b/m 76,2+1,80 | 76,08+2,7 | 70,45£1,16
Daily CV for SBP 0,06 0,09 0,06
Daily CV for DBP 0,08 0,15 0,09
Daily CV for HR 0,09 0,2 0,1
SBP circadian index,% 1,184£0,04 | 1x0,01* 1,2+ 0,03 -
DBP circadian index,% 1,2+0,02 1,02+ 1,2+ 0,02-
0,02*

HR circadian index% 1,180,071 | 1,15+ 0,02 | 1,2+ 0,02
Time index of the SBPR% 22,9+3,21 | 60,945,71* | 57,8+ 3,9*
Time index of the DBP,% 18,4+2,78 | 42,7+ 5,8* 38,4+

2,91*

Note: *p=<0.05- the reliability of the difference with the control
group; CV- coefficient of variation; - p<0.05- the reliability of
the difference between groups.

Data of the Table 2 demonstrate the presence of
a clinical effect from the ongoing antihypertensive
therapy on average per day — the average values of
SBP were significantly increased only in 1 group of
patients compared with the control group. There were
no differences between the groups on hemodynamic
indicators. However, an analysis of the time load
factor in% for SBP and DBP indicates the presence of
hemodynamic load on the cardiovascular system for
both groups. A decrease in CI (Table 1) indicates that
the changed profile of nocturnal blood pressure is one

of the causes of this load. In this regard, a dispersion
analysis of the time load in% for SBP for both groups
of patients with hypertension (Fig.1, 2) separately for
day and night was carried out in order to establish the
effect of these changes on integrative hemodynamic
indicators. SBP was used, since this load was higher
in terms of its values compared to DBP.

The analysis of the presented figures 1, 2, 3, 4
allows us to confirm the earlier assumption about
the effect of the load time in% for SBP in the first
group of the study on the value of the CI (it was
reduced compared with the control group of Table
2). The time load in% for SBP in the second group of
patients occurs both at night and during the day at a
comparable level. The obtained results indicate that
the assessment of the average daily values of blood
pressure is not always an adequate method of analysis.
When selecting adequate therapy, it is advisable to
conduct an independent analysis of day and night blood
pressure values, regardless of the type of night decrease
in blood pressure. This is due to the fact that with
arterial hypertension there are ultradian rhythms in the
regulation of the activity of the cardiovascular system.
They reflect a violation of electrolyte metabolism in
hypertension [4, 5].

The conducted dispersion analysis of DP indicators
(Fig. 3) allows us to talk about the same decrease in
the level of metabolic processes in the myocardium in
both groups of patients, regardless of the formation of
the load during the day (day — night).

Fig. 1. Data of dispersion analysis on the SBP time load in patients of group 1

CARDIOLOGY
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Fig. 2. Data of dispersion analysis on the SBP time load in patients of group 2

Fig. 3. Variance analysis indicators for DP

Thus, the altered myocardial metabolism rate is
a common indicator for patients with hypertension
without metabolic syndrome compared with the control
group (90.29+1.39 versus 75.2+2.25 in the control
group). Dispersion analysis of SPBP indicates a possible
common mechanism for the formation of a decrease in
cellular metabolism in patients of both groups. This is a

change in the conditions of perfusion. It should be noted
that the value of the SPBP «leaves» for the characteristic
for the control group value of the SPBP, close to the
golden ratio (control 0.62, golden ratio 0.618).

Thus, the analysis of the results of the study
suggests that violations of the cardiovascular system
of patients with arterial hypertension without metabolic

Fig. 4. Variance analysis indicators for SPBPs
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syndrome occur at different levels of regulation and
allows us to regard this condition not as homeostasis,
but as allostasis [4—9]. For the first time, B.S. McEwen
and P. Sterling reported on the existence of allostasis in
psychoemotional [10—12]. In the future, the concept
of biomarkers in allostasis, including hemodynamic,
as a reflection of the effects of stress on the body
was developed [13—16]. The absence of metabolic
syndrome in patients with arterial hypertension in this
study allows us to associate the identified changes in the
regulation of the cardiovascular system with indicators
characterizing the features of hemodynamics in patients
with hypertension, and not with other biomarkers of
allostasis. This is a change in the nocturnal profile of
blood pressure, leading to a decrease in CI, as well as
a change in the conditions of perfusion (SPBP) and
myocardial metabolism (DP). The basis of these changes
is the formation, including the time load in % for SBP
and DBP on the basis of altered neurohumoral regulation
of the cardiovascular system with the formation of
sympathicotonia at night (group 1), a change in the
activity of renin-angiotensin proteins — aldosterone
system (group 2). This allows us to consider this state
of hemodynamics in arterial hypertension without
metabolic syndrome as a state of hemodynamic
allostasis, despite the ongoing antihypertensive therapy.

Conclusion

1. Hemodynamics in arterial hypertension without
metabolic syndrome exists within the framework of
hemodynamic allostasis, which forms a BP time load
(in %) in patients of groups 1 and 2.

2. The study of night and day dynamics of the SBP
time load (in %) in patients of groups 1 and 2 allows us
to conclude that in group 1 the pressure load is higher
at night, which is associated with changes in the CI for
blood pressure. The SBP time load (in %) is significantly
higher compared to the control group in the second group,
but exists more evenly during the day.

3. Reflection of the allostatic load on
hemodynamics is change of values of DP and of SPBP
compared with the control group. These changes are not
associated with the peculiarities of the nocturnal blood

CARDIOLOGY

pressure profile in patients with hypertension without
metabolic syndrome.
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Harpy3ska BpeMeHeM apTepuasibHOro fiaBjieHUs y NalmMeHToB
C apTepuanbHON runepTeH3vuen 6e3 MeTabonMyeckoro CMHgpoma

T.}O. 3oToBa g’ A.A. JlykanuHa —, M.JI. biiaronpaBoB

Poccuiickuil yHUBEpCUTeT ApyKObl HapoaoB, 2. Mockea, Poccuiickas ®edepayus
P zotovat@mail.ru

AHHOTanMs. AKmyanbHoCmb. V3yueHne CyTOYHOW JUHaMHUKH apTepUalbHOTO JaB/ieHus TIPH apTepraIbHON TUIIepTOHNH
Kak Ha OCHOBe CyTOYHOI'O WHZEeKCa, TaK ¥ Ha OCHOBe BPEMEeHHOW Harpy3KH sIB/ISIeTCS aKTya/IbHOU 3a/jaueil, MOCKO/IbKY 3TH
TIOKa3aTe/y B JINTePaType CBSI3bIBAIOT CO CTAOM/IbHBIMU M3MEeHeHHsIMH HeMpPOTryMOpabHOW Peryisiliii CepiedHO-COCYAUCTON
CHCTeMbl TIPH apTepyanbHON rurnepreH3ud. Llenbro nccieoBaHust IBUJIOCH COMOCTaB/IeHNe JaHHBIX BpEMEeHHOW HarpyskH y
TaLMeHTOB C apTepHabHOM TUTepTeH31el B 3aBUCHMOCTH OT ITPOQU/Ist HOUHOTO apTepHabHOTO [aB/eH s C MHTer paTUBHBIMU
TI0Ka3aTessiMi aKTUBHOCTH CepP/IeUHO-COCYAMCTON CHCTEMBI B BU/ie IIMPKaJHOTO MHAEKCA, CTPYKTYPHOM TOUKH apTepHaIbHOTO
JlaBJieHys1, IBOMHOTO TIpou3BefieHrsl. Mamepuaabl u memodsl. B vicciiefoBanye BK/IIOUeHbI 72 MaljieHTa, KOTOpbie MPOXOAUIN
neuerue B [opozckoit kmHuueckoi 6ompHuLe Ne 13 1. MOCKBBI ¥ TTOAMICANHU JOOPOBOLHOE COIIaCHe Ha yyacTHe B UCCe-
[IOBaHUM M 06pabOTKy MepcoHanbHbBIX JaHHBIX. KpUTepru BK/IIOUeHNS: apTepyuabHas runepreHsus. Kpurepyuu NCK/TFOYeH s
MeTaboMuueCcKUil CUHPOM, BTOPHUHBIE (YOPMBI apTepUa/IbHOM TUITePTeH3UH U COMYTCTBYIOIas MaToIOTHsl. B 3aBHCUMOCTH OT
cytouHoro uagekca (D1>10 % u DI<10 %) nauueHTb ObUTH pasziesieHsl Ha 2 Tpymmbl: 1 rpynma (N=32) — malueHTsI ¢ apTe-
pUabHOM TUMepTeH3uel 6e3 HOUHOTO CHYDKEHHS apTepralbHOTO JIaB/ieHus (He JUrephl U HauT-mivkepel 100 %); 2-51 rpyrma
(N=40) — nar1eHTbI C apTepPUAIbHON TUIIePTEeH3MeH, Y KOTOPBIX B HOUHOE BpeMsi Hab/Iio/1aioCh CHUXKEHNE apTepUaibHOTO
naenenus (aummepsl v oBepgurnepsl 100 %). Y Bcex nmaljieHTOB U YIeHOB KOHTPOJIBHOM rpymnel (N=15) npoBoausics exxkeHeB-
HBII MOHUTOPUHT apTepHasbHOTO /laB/ieHus (24-4acoBOW MOHUTOPHHT apTepHabHOTO JaBieHus ). JaHHble ObIM 06paboTaHbl
CTAaTUCTUYUECKH C orpefesieHreM 5 % ypoBHs 3HauMMoCTH pasmuni (p<0,05) (xputepuii CtbiofeHTa). [Ipu cpaBHUTENIBHOM
aHasM3e UHTETPATUBHBIX MMOKa3aTesiel JHeM M HOUbIO TIPUMEHSICS TUCTIePCUOHHBIN aHam3. Pe3yabmambt u 06cyscoeHue.
B pe3synbrare ncciefoBaHus ObIJIO YCTAHOB/IEHO, UTO 3HAaYeHUs! LIUPKAJIHOTO MHAEKCAa apTepHabHOTO JAaBIeHUs] MEHSIOTCS
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B 3aBUCUMOCTH OT THIIa HOUHOTO CHVDKEHHSI apTePUabHOTO IaBlIeHUs U BpEMEHHOUM Harpy3Ky apTepHalbHOTO JaB/ieHuUs,
B TO BpeMsI KaK CyTOYHBINA UHJEKC M CTPYKTYPHasi TOUKA apTePUabHOTO JAABIEHUS OCTAOTCs HEM3MEHHBIMU, UTO OTpa’kaeT
reMOJIMHaMHWYeCKHH aijioCTa3 MpY apTepyuaibHOM TUIepTeH3H, CYIeCTBYIOLUM B 06eux rpyrmmnax. Bbigoodb. OTpaxeHreM
aJIJIOCTaTHYeCKOW Harpy3Ky Ha TeMOAWHAMUKY SIBIIETCS] U3MEHeHHe 3HaUeHUH JBOMHOTO NPOU3BE/IeHUs U CTPYKTYPHOM TOUKU
apTepUanbHOTO JaBIEHUS TI0 CDABHEHUIO C KOHTPOIBLHOM IPYIION. ITU U3MEHEHUs He CBsi3aHbI C 0COOEHHOCTSMH HOYHOTO
npou/Isi apTepPUaBLHOTO JIaB/IeHNs y TIALMEHTOB C apTePUasIbHOMN rurepTeH3rel 6e3 MeTaboIM4ecKoro CHHAPOMA.

KiioueBble cj10Ba: apTepranbHas runeprensus, AT’ 6e3 MeTabo/IMueckoro CHHAPOMa, MPoGU/Ib apTepHaIbHOTO 1aB/IeHuS,
ayiIoCTas, MPKAJHBIM UHAEKC apTePHa/IbHOTO J1aB/IeHUs

Bxknapg aBTopoB. Bce aBTOpBI BHEC/IM CBOI BKJIa/| B 3TO MCC/Ie[0BaHKe: KOHLIeNTyanu3atusi, Metogonorus — T.3.; mporpaMMHoe
obecrieueHue, aHanu3s, uccienoBanve — A.JI.; KOHTpobL — M.B.; HanKcaHue, NOJTrOTOBKA YepHOBUKA pykKonucu — T.3.,
HarucaHue u pefjaktupoBanue — M.B., T.3.; yrnpaBrieHre TpoeKToM U TipuB/ieueHre GuHaHcrupoBaHusi — M.B. Bce aBTopsl
TIPOYMTAN U COIVIACUINCH C TIpe/iCTaB/IeHHOM Bepcuell pyKOITUCH.
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