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HEART RATE VARIABILITY PARAMETERS IN PATIENTS WITH
ARTERIAL HYPERTENSION IN DEPENDENCE ON THE TYPE OF
DAILY BLOOD PRESSURE PROFILE

Gorantla S. G. B. K., Petrenko O. V., Martynenko O. V.
V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

Violation of functioning of the autonomic nervous system is an important factor in the formation and
progression of arterial hypertension (AH). Abnormal nocturnal blood pressure (BP) reduction is regarded as
an independent prognostic factor for cardiovascular complications in patients with AH. One of the possible
factors that determine the violation of BP circadian rhythm can be imbalance of different parts of autonomic
nervous system.

The aim of our study was to study heart rate variability (HRV) in patients with AH, dependently of BP
profile. 72 patients with AH were examined. Average age was 57 + 11 years.

All patients underwent ambulatory BP (ABPM) and ECG monitoring. To define the daily profile the
nocturnal BP dip was quantified and for HRV evaluation the frequency analysis method was used. HRV
changes in patients with AH present with reduced total power and with a violation in the ratio of the powers
of very low, low and high frequencies, enhanced sympathycotension and influence of humoral factors.
Violations of systolic BP (SBP) daily profile was mainly characterized by an increase in the power of low
frequency waves, which indicates an intensification of sympathetic and decreased parasympathetic influences.
Violations of diastolic BP (DBP) daily profile were mainly characterized by a relative increase in the power
of very low frequency waves. The obtained results showed that in the management of patients with AH it is
important not only to control the circadian SBP and DBP profiles, but the evaluation of HRV also.

KEY WORDS: heart rate variability, arterial hypertension, ambulatory blood pressure monitoring,
circadian blood pressure profile

ITIOKA3HUKHU BAPIABEJIBHOCTI CEPIIEBOI'O PUTMY Y TAIIE€HTIB 3
I'MMEPTOHIYHOIO XBOPOBOIO 3AJIEZKHO BIJ{ TUITY 1OBOBOI'O MTPO®LIIO
APTEPIAJIBHOI'O TUCKY

TI'opanmana C. I. b. K., Ilempenxo O. B., Mapmunenko O. B.
XapkiBchKUH HarioHAEHUH yHIBepcuTeT iMeHi B. H. Kapasina, M. Xapki, Ykpaina

[Nopymennst GyHKIIOHYBaHHSI BEr€TaTUBHOT HEPBOBOI CUCTEMH € BaXKJIMBUM (hakTopoM y (pOpMyBaHHI Ta
nporpecyBanHi rinepToniynoi xBopoou (I'X). HenocratHe abo HajgmipHe HiYHE 3HMDKCHHS apTepiajlbHOTO
THCKY (AT) po3risiiaeTscst SIK HE3aIEKHUH TPOTHOCTHYHMU (DaKTOp CEpLEBO-CYJMHHUX YCKIAaTHEHb Y
nanienTiB 3 ['X. OJHAM 3 MOXKIIMBHX YMHHHMKIB, SKi BU3HAYAIOTh MOPYIICHHS nMpkagHoro putMy AT moxe
Oyrn naucOanaHc BereTaTHMBHOI HEPBOBOI cHCTeMH. Llijll0 HAmIOro JOCHIIPKCHHS OyJIO BHBYCHHS
ocoOJIMBOCTEH TOKa3HMKIB BapiabenpHOCTI cepueBoro putMmy (BCP) y mamientiB 3 I'X. O6ctexeno 72
MaIfieHTa 3 TIMepPTOHIYHOK XBopoboro. CepenHiit Bik 57 + 11 pokie. BeiM mamieHTaM mpoBoguiiocs 1000Be
mownitopyBanHs AT i EKI'. [ns BuszHaueHHs 1o6oBux mpodinie cucromigyHoro AT (CAT) Ta miactomigHoro
AT (HAT) pospaxoByBanu ctyninb HiuHoro 3HwwkeHHS AT. [lns oninku BCP BukopucToByBanmcs Meroan
YaCcTOTHOTO aHaii3y. 3Minu noka3HukiB BCP y mamienTis 3 ['b momsirarots y 3HMKEHHI 3arajbHOI MOTYXHOCTI
CIIEKTpa 3 MOPYLIICHHSAMH B CHIBBIIHOIICHHAX IMOTY)XHOCTEH My’K€ HHU3bKHX, HU3BKHX Ta BUCOKHX YacCTOT,
TIOCWJICHHI CHUMITATMKOTOHMHU Ta BIUIMBY T'yMOpPalbHHX (akTopiB. Pe3ynpraTu mokaszaiw, IO MOPYIICHHS
no6osoro npodimo CAJl npu 3HWKEHHI 3arajbHOI MOTY)KHOCTI CIIEKTpa B OCHOBHOMY XapaKTepH3YIOThCS
30UTBIICHHSAM TIOTYKHOCTI HU3BKHMX dacToT BCP, 1m0 cBiUNTh MPO MOCHICHHS CHMIIATHYHHUX Ta 3HWKCHHS
MapacUMIIATHYHUX BIUTMBIB, a nmoboBoro mpodimo JAT — y BiZHOCHOMY 30iTBIIEHHI MOTYXXKHOCTI IyXKe
HI3bKMX dYacToT BCP, mo cBimunTh Nmpo MNOCHICHHS T'yMOpAJbHHMX BIUIMBIB. Pe3ynbTaTH IMOKa3yroTh
BJIUBICTH B HiarHOCTHUII Ta KOoHTpoJi ['b moboBux mpodinis ve Timpku CAJL, ane i JJAT, 1onoBHIOIOYH 1X
OLIiHKOIO ToKa3HKKiB BCP.

K/TIO90BI C/IOBA: BapiabenbHICTh CEpIIEBOTO PUTMY, TillEpTOHIYHA XBOpoOa, T000Be MOHITOPYBAHHS
apTepiaJbHOTO THUCKY, JOOOBHHA MPOdislb apTepialbHOTO THCKY
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INOKA3ATEJIN BAPUABEJIBHOCTHU CEPJEYHOI'O PUTMA
Y HAIIMEHTOB C THITEPTOHUYECKOM BOJIE3HBIO B 3ABUCUMOCTH
OT TUITA CYTOYHOT O MTPO®NJISA APTEPUAJIBHOT' O TABJIEHUSA

TI'opanmana C. I'. b. K., Ilempenxo E. B., Mapmuinenko A. B.
XapbKOBCKUI HallMOHAIbHBIA yHUBepcuTeT uMenu B. H. Kapasuna, r. XapekoB, YkpanHa

Hapymienue (GyHKIIMOHMPOBAHMSI BEreTaTHMBHOW HEPBHOW CHCTEMBI SIBISICTCS BaKHBIM (DAKTOPOM B
(dhopMuUpOBaHMU M TporpeccupoBanuu runepronuueckoit 6onesnu (I'B). HemocraTouHoe wiam M30bITOUHOE
HOYHOE CHIDKEHHE apTepuanbHoro masieHus (AJl) paccmaTpuBaeTcsi KaKk HE3aBHCHUMBIN NMPOrHOCTUYECKHUN
(axTop cepaeYHO-COCYTUCTHIX OCIOKHEHUH y nanueHToB ¢ I'b. OHUM 13 BO3MOXKHBIX (haKTOPOB, KOTOPBIE
OIPEAECIIAIOT HapylIeHHe HUpKaaHoro purMa AJl, MoxeT ObITh AHMCOanaHCc BEreTaTUBHOW HEPBHOM CHCTEMBI.
Lenbro Hamero ucciea0BaHus ObUIO N3YYUTh OCOOCHHOCTH ITOKa3aTelie BapuadeIbHOCTH CEPJICYHOTO PUTMA
(BCP) y nmanuenros ¢ I'b. O0cnenoBano 72 marueHTa ¢ rUNepTOHNYECKOi Ooesnbto. Cpequuit Bozpact 57 +
11 ner. Becem mamueHtam npoBOAMNOCH cyTouHoe MonuTopupoBanue AJl m OKI. Jlns onpepeneHus
cyrounbix npoduieit cucromuueckoro A/l (CAJl) u muactommueckoro AJl (JIAJ]) paccuuThiBaiu CTEHCHB
HouHoro cHwxkenus AJl. Jlns ouenku BCP ucnonp3oBamuck METOABI YaCTOTHOTO aHanmu3a. M3MeHeHUs
nokazatened BCP y nanuentoB ¢ I'b cocroar B cHmkeHUH 0OIIeH MOIIHOCTH CHEKTpa ¢ HapyHICHHSIMHU B
COOTHOILEHUSIX MOIIHOCTEH OYEeHb HU3KHX, HU3KMX U BBICOKMX YacCTOT, YCWJIEHHUS CHUMIIATUKOTOHUU U
YCUJIEHUH BIIMSHUSI TYMOPaJIbHBIX (DaKTOpoB. Pe3ysbTarhl 1MokaszajiM, 4TO HapyIIEHHs CYTOYHOTO HPOduMIIs
CAJ] mpu cHWKEHHH OOIIEH MOIIHOCTH CIIEKTpa B OCHOBHOM XapaKTEPU3YIOTCSl YBEIMYCHHUEM MOITHOCTH
Hu3KUX yactoT BCP, 4T0o cBUIETENbCTBYET 00 YCHIICHHH CHMIIATUYECKUX U CHIDKCHHUH MapacuMIIaTHYECKUX
BIMSHUM, ¥ cyToyHOro npoduist JTAJl — B OTHOCHTEIHHOM YBEIMYEHUH MOIIHOCTH OYEHb HU3KHX YacTOT
BCP, 4ro cBuperenbcTByeT 00 YCHJICHHWHM T'yMOPAJbHBIX BIMSHHH. Pe3yinbTaThl MOKA3bIBAIOT Ba)KHOCTh
YUUTBHIBaHUS B TUarHoctuke u koHTpose I'b cyrounsix npoduieit ve Tonsko CAJl, Ho u JIAJl, nonomnHss ux
oleHKO# nmoka3aresneii BCP.

K/TFOYEBBIE CJIOBA: BapmaOenbHOCTh CEpACYHOTO PUTMA, THIIEPTOHHYECKas OONe3Hb, CYTOYHOE
MOHHUTOPHPOBAHHE aPTEPHUAILHOTO JAaBIICHUS, CYTOUHBIN MPOQHIb apTEPUATIBHOTO AABICHUS

with hypertension. One of the possible factors

that determine the violation of BP circadian
Arterial hypertension (AH) remains one of  rhythm can be imbalance of different parts of

the most worldwide health and social problem  autonomic nervous system.

due to its high prevalence, high risk of OBJECTIVE

complications and the lack of adequate blood

pressure (BP) control [1]. To study HRV particular qualities in patients
Autonomic dysfunction, along with heredity ~ with AH, dependently of BP profile.

?md endocrme—metgbohc 1rnbalancej~ is an ) CERIALS AND METHODS

important factor in the formation and

progression of the AH. Therefore, the study of 72 patients with AH were examined. The

autonomic regulation may be the key to  study involved 28 men (39 %) and 44 women

understanding the clinical and pathogenetic (61 %). Average age was 57 = 11 years.

features of hypertension. AH of stage I was diagnosed in 15 % of
At the present time to assess the state of the  patients, stage Il —in 67 %, stage III — 18 %. AH

autonomic nervous system (ANS) is widely  of 1 grade was determined in 36 % of patients,

used study of heart rate variability (HRV) [2—  grade 2 — 22 %, grade 3 — 14 %. Heart failure

3]. Studies in this area showed greater (HF) was diagnosed in 72% cases: HF stage I -

sympathetic drive in the early stages of AH, 39%, HF stage IIA — 33 %, I functional class

reduced HRV and increase very low frequency  (FC) of HF was determined in 22 % of patients,

effects on the heart thythm with the progression  II FC — 42 %, III FC — 8 %; coronary heart

of the disease [4-5]. disease (CHD) — 76 % of cases: stable angina
In accordance with the results of recent  (I-III FC) — 27 %, postinfarction cardiosclerosis

studies lack of adequate physiological nocturnal ~ (PICS) — 3 %.

BP reduction or excessive BP lowering at night Exclusion criteria ~ were secondary

regarded as an independent prognostic factor  hypertension, hemodynamically significant

for cardiovascular complications in patients  valvular heart disease, cardiomyopathy of any

INTRODUCTION
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genesis, heart failure stage I1I, FC IV by NYHA,
any acute condition (infection, trauma, surgery)
within the previous 3 months, chronic diseases
in stage of decompensation or exacerbation,
cancer, as well as any circumstances that hinder
the conduction of ABPM or Holter ECG
monitoring.

All patients underwent ABPM and Holter
ECG monitoring using a computer system
«Kardiosens» (HAI Medica, Ukraine) with the
oscillometric method of blood pressure
measurement.

The monitoring was performed in the
conditions of patient normal working day, the
cuff was placed at the non-dominant arm using
an appropriately sized cuff. According to
Ambulatory Blood Pressure = Monitoring
International Recommendations 2013 [6], blood
pressure was measured every 15 minutes during
the day and 30 minutes at night. Daytime and
night-time periods were defined based on a
diary, in which participants were asked to record
their activities and sleep times during the
monitoring session. Editing ABPM, in
accordance ~ Ambulatory Blood  Pressure
Monitoring International Recommendations [6]
if any value outside preset limits (see below)
was detected during a recording, that
measurement was rejected:

— Systolic blood pressure (SBP) > 250 or
<70 mm Hg,

— Diastolic blood pressure (DBP)> 150 or
<40 mm Hg,

— Pulse pressure (PP) > 150 or <20 mm Hg,

— Heart rate (HR)> 200 or < 20 per minute.

Also ABPM data series were considered
invalid for analysis in the following cases:

— Absence of > 30% of the scheduled
measurements,

— Lack of data for >2 consecutive hourly
intervals,

— If patient maintained an irregular rest-
activity schedule during consecutive 24-h
periods of monitoring,

— If the nighttime sleep span was < 6 h or
> 12 h[6].

To define the daily profile the nocturnal BP
dip was quantified as the relative decline in
mean BP from awake (daytime) to asleep (night-
time) periods, and was calculated for SBP, DBP
and PP separately using the following equation:
((mean awake BP — mean asleep BP) / mean
awake BP) x 100 %. Depending on the value of
this ration the following types of daily BP
profile were defined: «dipper» — physiological
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decrease in BP during the night — sleep-time
relative BP decline 10-20 %; «over dipper» — an
excessive fall in BP at night, sleep-time relative
BP decline > 20 %; «non dipper» — the lack of
BP reduction at night, sleep-time relative BP
decline < 10 %; «night-peaker» — night-time BP
more than during daily activity, sleep-time
relative BP decline < 0 [6].

HRV evaluation was carried out after
exclusion of artifacts and arrhythmias. From the
daily ECG record, 5-minute intervals were
allocated, in the morning, during rest period,
according to the patient diary. Frequency
analysis method was used, and included the
following parameters: total power (TP), low
frequency (LF) (0.04-0.15Hz), very low
frequency (VLF) (0.003-0.04 Hz) and high
frequency (HF) (0.15-0.4 Hz) components, the
ratio LF/HF (index of the sympathovagal
balance) [7]. Patients were divided into 4 groups
according to the type of daily SBP profile and 4
groups — according to the type of daily DBP
profile. For each group mean (M) and standard
deviation (sd) were calculated. HRV parameters
were compared in patients with pathological
types of BP daily profile o — non dipper, night-
picker and over dipper — with the physiological
type — dipper — in accordance with the selected
ABPM index, as well as in pairs in the groups of
SBP and DBP profiles, and in healthy subjects.
Software Statistical Package for Social Sciences
(SPSS) was used for data analysis. For variables
with asymmetric distribution in addition to M
and sd median (Me) and 25™ and 74" percentiles
were reported. Statistical significance of the
differences between the obtained results and
recommended standards was calculated based on
the t-test for the case of 2 different samples with
known standard deviations (TP, HF, LF) and for
the known population mean (LF/HF). Student's
t-test was reported for variables having normal
distribution (LF/HF), whereas Mann-Whitney’s
U-test was reported for variables having
asymmetric distribution (TP, HF, LF, VLF).

RESULTS AND DISCUSSION

SBP profile of «dipper» type was set in
39 % of patients, «non dipper» — 43 %, «night-
piker» — 10 %, «over dipper» — 8 %. DBP daily
profile of «dipper» type was defined in 36 % of
cases, «non dipper» — 29 %, «night-piker» —
4 %, «over dipper» — 31 %.

The total power of the HRV (TP) was lower
than the recommended values in all groups of
BP profile, except the group of non-dippers, in



which TP slightly exceeded the normal values
in both subgroups — SBP-non-dipper and DBP-
non-dipper (Table). Statistically significant
differences were found in comparison with the
recommended standards in all investigated
HRV domains. In all BP daily profile
subgroups, the power of the high-frequency and
low-frequency components were significantly
lower than the normal values. The lowest
values of HF and LF were observed in the

Series «Mediciney. Issue 33

group of SBP-night-pickers (Table). VLF
values in all groups were higher than normal, in
subgroups of SBP-dippers, SBP- and DBP-non
dippers, DBP-over dippers these differences
were statistically significant at the level of p <
0.05 (Table). The index of the sympathovagal
balance exceeded the recommended standards
also. Differences were found to be statistically
significant in all groups, except for DBP-night-
pickers and DBP-over diapers (Table).

HRY parameters in patients with AH dependently of BP daily profile, M + sd feole

TP HF LF VLF LF/HF

dipper 2612 +3728 118 = 140* 448 £480* | 1145+ 1104* | 447 +231*

non dipper 379443244 300+476* 684+788* 1551+1501* 3,19+1,68*
oo night-picker 2110+£2436 92+61* 356+330* 950+1130 3,5+1,38*

over dipper 2560+£2466 292+383* 448+321%* 864+575 3,56+2,26*

dipper 324044201 2124344% 612+£772% 1263+11774 3,52+41,45%

non dipper 3724+3300 277+479% 579+660* 1540+1644* 3,48+1,82*
P night-picker 2508+1619 147+£73% 4324+286* 1036618 3,03£2,05
over dipper 2396+2127 161£231* 4434+368* 1092+985%* 4,34+2,73
recommended 3466+ 1018 | 975+203 | 1170416 | 765+410 1.5-2.0

standards

When comparing HRV parameters in pairs
in the subgroups of BP daily profile types there
were no statistically significant differences in
TP. When comparing the physiological type of
BP daily profile — dipper — with pathological

TP, mc2, SBP profile

ones, the TP in the subgroup of SBP-non
dippers was statistically significantly higher
than that in the subgroup of SBP-dippers
(Figure 1).

TP, mc2, DBP profile
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Fig. 1. The total power (TP) of the HRYV, depending on the type of daily profiles of SBP and DBP
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When comparing HF in pairs in subgroups
of BP daily profile types, no significant
differences were found. When comparing the
pathological types of BP daily profile with the
dipper type in the groups of non-dippers and

HF, mc2, SBP profile
1200

over dippers a greater degree of scattering was
noted, and the HF value in the subgroup of
SBP-non dippers was significantly higher than
that in the subgroup of SBP-dippers at a level
of p <0.05 (Fig. 2).
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Fig. 2. The high-frequency component (HF) of the HRV, depending on the type
of daily profiles of SBP and DBP

When comparing the powers of LF and
VLF in pairs in the subgroups of BP daily
profile types, and comparing the values of

LF, mc2, SBP profile
3500

these parameters of pathological types of BP
daily profile with the type dipper, no
significant differences were found (Fig. 3, 4).
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Fig. 3. The low-frequency component (LF) of the HRV, depending on the type
of daily profiles of SBP and DBP
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Fig.4. The very low-frequency component (VLF) of the HRV, depending on the type
of daily profiles of SBP and DBP

The obtained results in general do not
differ from those presented by other authors
[8-9]. The analysis of our data confirms that
in patients with AH the total power of the
HRV decreases, primarily due to the HF
component. However, there appears to be no
data on HRV particular qualities in patients
with AH, dependently of BP profile. The
differences we found in HRV parameters in
patients with AH in groups of BP daily
profile types can be explained by the
predominance of the sympathetic branch of
regulation in the formation of pathological

types of SBP and humoral factors
predominance in the formation of
pathological types of DBP.
CONCLUSIONS

1. Changes in HRV in patients with AH
present with decreased total power with a
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