ISSN 1607-419X
ISSN 2411-8524 (Online)
VIK 577.112.6:616.12-008.331.1-055.1

The relationship between N-terminal

pro B-type natriuretic peptide and indicators
of daily monitoring of blood pressure

in middle-aged hypertensive men

with chronic heart failure

N.N. Kryukov, I.V. Gubareva Corresponding author:
Irina V. Gubareva,

Samara State Medical University,
Samara State Medical University, Samara Russia 13 Aksakov street, Samara,

443030 Russia.

Phone: +7(846)276-35-14.

Fax: +7(846)276-35-14.

E-mail: irigub@rambler.ru

Received 3 February 2016,
accepted 17 June 2016.

Abstract

Objective. To study the association between N-terminal pro B-type natriuretic peptide (NT-proBNP)
and diurnal blood pressure (BP) profile in middle-aged men with arterial hypertension (HTN) and chronic
heart failure (CHF). Design and methods. We surveyed 550 men from 40 to 50 years, 420 subjects
were included in the study and were divided into groups: 1% group — patients with HTN without CHF
(n = 180); 2™ group — patients with HTN and CHF (n = 86); 3" group — patients with CHF without
HTN (n=74). The control group consisted of healthy men with normal BP without CHF (n = 80). NT-
proBNP (fmol/ml) and 24-hour BP monitoring were performed in all patients. Results. NT-proBNP
was lower in patients with HTN 2 and 3 degree in comparison with patients with HTN 1 degree with-
out CHF (group 1). It was not found in hypertensive patients with CHF (group 2). NT-proBNP was
higher in patients with HTN 1 degree in the 1* group in comparison with patients with HTN 1 degree in
the second group and lower in patients with HTN 2 and 3 degree in the first group, in comparison with
patients with HTN 2 and 3 degree in the 2" group. There was an inverse correlation between NT-
proBNP and HTN degree in the 1% group (r =—0.624; p=0.023). Conclusions. The decrease in plasma
level of NT-proBNP in hypertensive patients is associated with the increase in BP. Natriuretic peptides
are involved in the circadian rhythm of BP, and their level is associated with the HTN degree and «load
pressure». NT-proBNP was the highest in «non-dippers» and «night-peakers» and differed significantly
from «over-dippers» and patients with unchanged circadian BP profile.
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Pesrome

Leab ucciaenoBaHuss — ONpPEAEIUTh B3aUMOCBSI3H MeXIy N-TepMUHAJIbHBIM MPOMO3TOBBIM
Hatpuityperrndeckum nentugaoM (NT-proBNP) u mokazarensmMu cyTOYHOTO MOHUTOPUPOBAHHS ap-
TepuanbHoro napineHus (AJl) y My>X4uH cpeaHero Bo3pacTta ¢ aprepuayibHou runeprensuecii (Al)
U XpOHHYECKON cepaeuHoil HemocTaTouHoCThio (XCH). Martepuasbl 1 MeToabl. OOCIeq0BaHbI
550 myxuun ot 40 1o 50 net, u3 Hux 420 narUeHToB OBUTH BKIIOYEHBI B UCCIICIOBAHUE U pacIpeee-
HbI Ha Tpynmsl: 1 rpynna — mamuerTsl ¢ AI' 6e3 XCH (n = 180); 2 rpynna — manuenTsi ¢ AI' u XCH
(n = 86); 3 rpynma — naruenTsl ¢ XCH 6e3 AI' (n = 74). ['pymnima KOHTPOJIsE — 30pOBBIE MYKUYHUHBI
¢ HopmasbHBIM AJl, 6e3 XCH (n = 80). Onpenensmu NT-proBNP (¢pmosb/mir), TpoBOaUIN CYTOUHOE
mouutopupoBanue AJl. Pesyabrarbl. NT-proBNP Ob11 cTarucTHuecku 3HAUMMO HIDKE Y TIAIMEHTOB
co Al 2-i1 u 3-ii cteneHu B cpaBHeHHMH ¢ Juniamu ¢ Al 1-if crenenu B rpynne manueHToB 6e3 XCH
(1 rpynma). B rpynme nanmentoB ¢ AI' u XCH (2 rpynma) Takoi 3aKOHOMEPHOCTH HE HAaOII0aI0Ch.
NT-proBNP Bbiie y nanuentoB ¢ Al' 1-i cTenenu B nepBoil rpynie no CpaBHEHHUIO ¢ MAallUEHTaMU
¢ Al Toi1 5)xe cTerneHn BO BTOPOM TPYIIIE U CTATUCTUYECKN 3HAYUMO HUKE y manueHToB ¢ Al 2-it u 3-i1
CTEIIEHU B IEPBOM IPyMIIE IO CPABHEHUIO ¢ maruenTamu ¢ Al Toii ke cTernenu Bo Bropoii rpyrie. Kop-
PENIALIMOHHBIN aHAIN3 JaHHBIX B IpymIe 1 mokasaj CTaTUCTUYECKU 3HAYMMYI0 00paTHYIO B3aUMOCBA3b
NT-proBNP u crenenu Al (r = —0,624; p = 0,023). 3akaiouenne. CHHKEHUE TIA3MEHHOTO YPOBHS
NT-proBNP y nanuentoB ¢ A" accounrpoBaHO ¢ MOBBINIEHUEM €€ cTeneHu. HarpuilypeTtnueckue
MEeNTHIbI yYaCTBYIOT B GOPMUPOBAHUU CYTOUHOTO puTMa A/Jl, ¥ UX ypOBEHb 3aBUCUT HE TOJIBKO OT CTe-
nienu AT, HO 1 OT «Harpy3ku gaBiaeHueM». NT-proBNP Ob1u1 Hanbosee BrICOK B rpyIinax «non-dipper,
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«night-peaker» 1 cTaTUCTUYECKU 3HAYMMO OTIIMYAJICS OT MOKa3aresiel y NalueHTOB C HEM3MEHEHHBIM
cytouHbIM npoduiieM AJl u npopunem «over-dipper».
KiroueBble cjioBa: aprepuaibHas TMIEPTEH3Us, HATPUHYpEeTHUECKHUE NENTUIbI, CYTOUHOE MOHHU-

TOPUPOBAHUC apTCPUATILHOT'O JaBJICHUA

Js yumuposanus: Kproxos H. H., I'y6apesa U. B. Ocobennocmu 63aumoceasi mesicoy N-mepmutaibHbIM BPOMO3206bIM
Hampuil-ypemuyeckum nenmuoom u NOKA3ameisiMu Cymo4Ho20 MOHUMOPUPOBAHUS. APMEPUATLHO20 OAGNEHUSL Y MYAHCHUH
cpeonezo 803pacma ¢ apmepuaibHol cunepmensueli U XpOHUUeCcKol cepOeuHol HedoCmamoyHoCmolo. Apmepuanvhas
eunepmensus. 2016,22(3):263-273. doi:10.18705/1607-419X-2016-22-3-263-273

Introduction

Arterial hypertension (HTN) is still one of
the most significant health and social problems.
Numerous clinical and epidemiological studies
demonstrated the importance of early HTN
diagnosis and effective control of blood pressure
(BP) for cardiovascular risk reduction [1, 2].
HTN is associated with the development of chronic
heart failure (CHF), at least, in 80 % of cases [3].
CHF incidence is increasing by an average of
1.2 per 1,000 per year. The incidence of CHF is
higher in men aged from 40 to 59 years and in
women aged 70 to 89 years compared to other age
groups [4].

One of the main tasks in the last decade is
the search of universal and accessible screening
laboratory and instrumental predictors of CHF in
HTN patients without clinical evidence of
heart failure. Natriuretic peptides (NUP) play
an important role in the regulation of structure
and function of the cardiovascular system and
cardiovascular risk. Brain NUP (BNP) and its
precursor (NT-proBNP), being the markers of
myocardial stress, are recommended by the
European Society of Cardiology (ESC) and the
Russian Society of Cardiology (RSC) [5, 6] for the
CHEF screening. However, their pathophysiological
role in the development of HTN and CHF with
preserved left ventricular ejection fraction (LVEF)
is not fully understood [7-9].

The purpose of our study was the evaluation of
the relationship between NT-proBNP and indicators
of ambulatory BP monitoring in middle-aged men
with HTN and CHF.

Design and methods

The study was performed at the Department
of Internal Medicine, Samara State Medical
University. Our own clinical and laboratory data
of HTN in-patients were analysed. All patients

provided written informed consent to participate in
the study.

In accordance with the recommendations for
diagnosis and treatment AH and CHF developed by
the RSC and the National Society of cardiovascular
failure [6, 10, 11], we examined 550 men aged
40-50 years, who were admitted to the Center of
Hypertension and Cardiology Department of the
private clinic “Road Hospital at the Railway Station
Samara of the Joint Stock Company “Russian
Railways”” within the period from October 2007 to
December 2013.

We included 420 patients divided into three
groups: Group 1 — HTN patients without CHF
(n=180); Group 2 — patients with HTN and CHF
(n = 86); Group 3 — patients with CHF without
HTN (n = 74). The control group included age-
matched healthy normotensive men without CHF
(n = 80).

Clinical characteristics of the patients and
echocardiography (EchoCG) data are presented in
Table 1. Data are presented as mean and error of the
mean (M £+ m). Groups were matching by gender
and age. Patients in group 2 had longer duration
of HTN than patients in the 1% group. Treatment
was comparable in both groups.

We included patients with HTN, CHF with
preserved left ventricular ejection fraction (LVEF
> 50%), CHF stage I I-1I functional class (FC),
who signed informed consent to participate in the
study.

Exclusion criteria were: age under 35 years
and older than 60 years; secondary HTN; ST-
elevation myocardial infarction, acute ischemic
stroke, cardiovascular interventions within
3 months before the inclusion; cardiomyopathy;
atrial fibrillation; significant valvular heart disease
(congenital or acquired); LVEF less than 50 %;
CHF II-III stage, CHF FC III and 1IV; thyroid
disease; cirrhosis of the liver; chronic kidney
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Table 1
GROUP CHARACTERISTICS
Parameter Control Group 1 Group 2 Group 3
Number of patients, n 80 180 86 74
Age, years 4423 +1.85 40.93 +1.08 48.02 +0.50 45.10+2.11
BMI, kg/m? 24.72 +£2.03 23.22 +4.02%*% 31.06 £ 3.02*#& 25.22 £ 4.05%#%&
SBP mm Hg 116.93 + 1.88 156.15 £ 1.61*& 160.08 + 1.88*% 115.55+1.94
DBP, mm Hg 73.89 £ 1.40 97.99 + (0.99*& 97.55 £ 0.97*& 74.70 £ 1.62
PP mm Hg 43.04 +1.26 56.94 £ 1.65*& 62.99 £ 1.39*#& 41.95+1.92
HR, min 66.20 £9.68 67.01 +8.75 66.85 + 8.11 69.32+9.79
Cholesterol, mmol/l 331+1.13 473 +£1.35 4.67+1.25 456 +1.16
B-PL, mmol/l 3.73+1.35 4.63 £ 1.53* 447+ 1.39% 3.84+1.07
TG, mmol/l 1.34 +0.68 1.49+0.79 1.54+0.67 1.43+0.46
GFR, . 129.33 £12.88 103.8 £ 23.47* 87.62 £17.31% 93.17 £ 16.15%*
ml/min/ 1.73 m?
HTN duration, years — 3.04 +0.46 6.33+£0.41 —
HTN duration, %
1 — 34% 25% -
2nd — 36% 40 % -
3rd — 30% 35% -
6-MWT, m 675.17 £ 8.08 613.14 £ 6.33 468.17 £6.15 422.13+9.15
CHF duration, years - - 479 £0.34 3.27+0.82
CHF FC, %
I - - 69 % 53%
II — - 31% 47%
FW, % 66.67 +£5.05 63.11 £5.17 55.38 £5.03 56.52 +6.04
iEDD, cm / m? 2.70 £0.04 2.67+0.03 2.73+£0.03 2.76 +£0.09
LVMMI, g / m? 93.38 £2.42 106.59 £ 2.64* 143.58 £ 3.65*& 111.71 + 4.49*
LVM, g 180.03 £ 6.56 212.68 £ 5.61** 293.54 £ 8.05*# | 212.97 £ 10.35*
RTI 0.33 +0.00 0.34+0.01* 0.38 £ 0.01% 0.34 +0.01
E max, m/s 75.20+3.19 65.11 £ 1.77** 46.66 + 0.98**&# 57.55 £3.71%*
A max, m/s 44.67 £ 1.51 45.33 £ 0.71% 5525 £ 1.34**%& | 5445+ 326%*&
E/A 1.68 +0.08 1.45 + 0.04%* 0.96 £ 0.05% 1.08 £ 0.08*
DT, mc 205.12+3.08 210.11 +£2.12 235.19£4.15%*% | 228.32 £ 3.08**

Note: BMI — body mass index; SBP — systolic blood pressure; DBP — diastolic blood pressure; PP — pulse pressure;
HR — heart rate; LDL — cholesterol; LA — left atrium; TG — triglycerides; GFR — glomerular filtration rate; AH —
hypertension; Test 6-MWT — six-minute walk test; CHF — congestive heart failure; FC — functional class; iEDD — indexed
end-diastolic dimension; LVMMI — left ventricular myocardial mass index; LVM — left ventricular mass; IRT — relative
thickness thickness; E/A — ratio of early diastolic filling velocity and filling during atrial systole; DT — deceleration time
of early diastolic blood flow of left ventricular filling; * — significant differences (p < 0.05) between the control group
and the studied groups; # — significant difference (p < 0.05) between the 1% and 2™ groups; & — significant difference
(p <0.05) in comparison with the third group.

disease stages 3—5; body mass index > 35 kg / m?;

diabetes mellitus.

HTN was the main cause of CHF (n = 86,
100%) in 1% group, while CHD was the main
cause in group 3 (n= 74, 100 %) — non-ST-eleva-
tion myocardial infarction, stable angina (verified
by coronary angiography).

NT-proBNP was evaluated by enzyme im-
munoassay (Biomedica, Austria) in fmol / ml,
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> 4.8 fmol / ml.

the recommended diagnostic threshold was

EchoCG study was performed in accordance
with the recommendations of the American Society
of Echocardiography (ASE), in a prone position,
after 10 minute of rest. Additional indicators were

calculated as following [12]: 1) left ventricular

myocardial stress (MS, g / cm?): MS = 0.334 x
P (ED) / LVPWT (1 + LVPWT / ED), where




MS — myocardial stress during systole (MSsist)
or diastolic (MSdiast), P — systolic or diastolic
blood pressure, respectively, ED — end-systolic or
diastolic LV dimension, respectively, LVPWT —
posterior wall thickness of the left ventricular
myocardium (regardless of local contractility
disturbances); 2) the midwall fractional
shortening/end-systolic stress (MFS %): MFS=
([EDD + IVSTD / 2 + LVPWT / 2] — [ESD +
inner shell]) / (EDD + IVSTD /2 + TLVPW / 2] x
100 %, where the EDD — end-diastolic dimension,
IVSTD — interventricular septum thickness in
diastole; LVPWT — posterior wall thickness
of left ventricular myocardium during diastole,
the inner “shell” = [(the EDD IVSTD +/ 2 +
LVPWTd/2)*— EDD? + ESD?]"* — ESD.

National recommendations on heart failure
management of the Russian Society of Cardiology
and Society of Heart Failure (fourth revision,
2013) and comments were used to assess CHF
stage [6].

Asymptomatic left ventricular dysfunction
(corresponds to I CHF stage):

* symptoms of CHF at rest and under usual load
are absent (see the definition of stage I);

* systolic dysfunction: LVEF < 45% and / or
end-diastolic dimension of LV> 5.5 cm (indexed
EDDLV > 3.3 cm / m?);

* diastolic dysfunction: IVST + LVPWT /2 >
1.3cmand/or LVPWT> 1.2 cm, and / or hypertro-
phic type Doppler spectrum transmitral flow (E/A
< 1.0), where IVST — interventricular septum
thickness, LVPWT — left ventricular posterior
wall thickness.

The index of the relative thickness (IRT) > 0.42
and sphericity index < 0.70.

Adaptive remodeling (corresponds to CHF
stage I1A):

* CHF symptoms (see the definition of the CHF
stage II);

* systolic dysfunction (see description of CHF
stage 1.);

« diastolic dysfunction (see the description
of CHF stage I and / or type of spectrum pseu-
donormal transmitral Doppler flow — E / A
>1.1and <2.0.);

* IRT > 0.30 and <0.42, and the index of
sphericity > 0.70.

Maladaptive remodeling (corresponds to
CHF 1IB stage):

* CHF symptoms (see the definition of the
CHF IIB stage);

* systolic dysfunction (see the description of
CHF I stage);

» diastolic dysfunction (see the description of
CHF I stage and restrictive type of transmitral
Doppler flow spectrum — E / A> 2.0);

* IRT < 0.30 and a sphericity index > 0.80.

A 6-minute walk test should be used to estimate
CHF functional class (6-MWT, m) [6]:

* 426 to 550 m — 1 CHF FC;

* 300 to 425 m — 2 CHF FC;

* 150 to 300 m — 3 CHF FC;

* less than 150 m — 4 CHF FC.

Ambulatory BP monitoring was performed by
oscillometric method (BPLab, Nizhny Novgorod,
Russia). These devices were tested according to the
protocol of the European Society of Hypertension
(ESH) in 2001 and are recommended by the
European experts. BP monitoring started between
9 and 11 am, and lasted for at least 24 hours
(24.3 £0.7 hours). Daytime and nighttime intervals
were considered from 6:00 to 22:00 and from
22:00 to 6:00, respectively. During daytime
the intervals between measurements (from 7 to
23 hours) were 30 minutes, and at night (from 23 to
7 hours) BP was measured every 60 minutes. We
analyzed the degree of nocturnal BP reduction as a
percentage of the nighttime and daytime indicators.
The ratio was calculated by the formula (BPday —
BPnight) x 100 % / BPday. Based on the results the
following groups were formed: “dipper” (normal
physiological BP reduction in the range 10-20 %),
“non-dipper” (BP reduction 0-10 %), “night-
peaker” (overnight increase of BP), “over-dipper”
(blood pressure reduction over 20 %).

The database was created using spreadsheet
«MS Excel 7.0». Data analysis was performed
using the statistical package «Statistica 7.0» and
«SPSS 11.5». Statistical analysis was performed
using the methods of parametric and nonpara-
metric statistics [13]. The variable distribution
was evaluated, and most of the studied indica-
tors were distributed normally. In case of non-
normal distribution ranking method was applied.
Quantitative indicators in several groups were
compared using ANOVA and Kruskal-Wallis
test. U — test of Mann-Whitney-Wilcoxon was
used to compare 2 groups. Associations between
parameters were assessed using Pearson and
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Figure 1. NT-proBNP levels
in the studied groupsnm
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Figure 2. Plasma NT-proBNP level depending
on the degree of hypertension
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Spearman correlation analysis. The differences
and correlations were considered significant at
p-level 0.05.

Results and discussion

Plasma levels of NT-proBNP were the greatest in
group 3 (Fig. 1) in comparison with the control
group (p = 0.046), group 1 (p = 0.037) and group
2 (p = 0.046).

Inter-group comparison showed no difference in
plasma NT-proBNP level in patients of groups 1 and
2 (p =0.615) and the control group (p = 0.351).

The HTN duration did not impact on plasma
NT-proBNP level (r = 0.186; p = 0.537). NT-
proBNP level correlated with CHF duration
(r=0.287; p = 0.037) and CHF FC (r = 0.304;
p=0.027).

80

50
— 40
E
=
[=]
E 2
o
4
o
© 20
2
= a
-4

10 a

o
o
. — T
-10 o Median
Non-HTN 27 degree [ 25%-75%
1+ degree 3 degree T Non-Outiier Range
HTN degree
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There was no difference in plasma NT-proBNP
level depending on the HTN (Fig. 2) between the
groups.

We compared NT-proBNP levels in patients in
groups 1 and 2 with comparable HTN degree.
The results are presented in Table 2 [medians
and interquartile span, Me (25 %; 75 %)]. Plasma
NT-proBNP level was significantly lower in
patients with HTN 2nd and 3rd degree, compared
to subjects with HTN 1st degree among patients
without CHF (Group 1), as oppoased to the group
of patients with HTN and CHF (Group 2), where
such association was not found. NT-proBNP was
higher in patients with HTN 1st degree in the first
group compared to patients with comparable HTN
degree in the second group and was significantly
lower in patients with HTN 2nd and 3rd degree in

Table 2

NT-proBNP LEVELS DEPENDING ON THE HYPERTENSION DEGREE

Hypertension Group 1 Group 1 122
degree (n = 180) (n = 86) P
30.00* 2.75
1 (4.50; 35.60) (0.00; 27.75) 0.003
n=>6l n=22
1.75% 4.50
2 (0.50; 5.50) (1.00; 21.00) 0.034
n=065 n=234
3.20%* 9.20
3 (0.00; 5.00) (4.7, 34.02) 0.044
n=>54 n =30

Note: * — significant differences with the group of people with hypertension 1% degree.
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the first group compared with patients with
comparable HTN degree in the second group. In
the group 1, an inverse relationship between NT-
proBNP and HTN degree was found (r = —0.624;
p = 0.023). In group 2, there was no correlation
between these parameters (r = 0.151; p = 0.294).
In the group 2, NT-proBNP weakly correlates with
CHF FC (r=0.215; p = 0.049).

Figures 3 and 4 show the diagnostic value of
NT-proBNP changes for the diagnosis of HTN 1*
degree compared to HTN 2—3rd degree in patients
without CHF. At the cut-oft 3.85 the sensitivity was
83 %, specificity — 71 %. The area under the curve
(ROC) was 0.81; model quality was very good.

Figure 3. Prediction model (ROC-curve)
of hypertension 1st degree compared
to hypertension 2-3 degree
in patients without chronic heart failure
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Figure 4. Sensitivity and specificity
of NT-proBNP change for the diagnosis
of hypertension 1st degree compared
to hypertension 2-3 degree in patients
without chronic heart failure
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Hyperactivation of tissue and circulating neu-
rohormonal systems is a crucial mechanism for
compensation at the certain stage of the cardiovas-
cular continuum. The role of neurohormones can
be represented as the balanced scales, reflecting the
balance of neurohormonal systems leading to “pos-
itive” (nitric oxide, NUP, prostacyclin, bradykinin
and others) and “negative” (rennin-angiotensin-
aldosterone system and sympathoadrenal systems,
endothelin, vasopressin) effects. Data in the role
of NUP in HTN are contradictory. No reliable data
exist on the difference in BNP levels in hyperten-
sive and normotensive patients. BNP level was
higher in presence of left ventricular hypertrophy:
BNP directly correlated with LV myocardial mass,
relative left ventricular myocardial wall thickness,
IVST and posterior wall thickness. Moreover,
in patients with HTN and diastolic dysfunction
BNP levels were increased: EchoCG indices of
LV diastolic function correlated with NUP levels
[14-17].

Belluardo P. 2006 challenged the common view
that the LV hypertrophy is associated with increased
NUP levels in HTN. He showed that the NUP
production decreases at the early stages of HTN
[18].

In addition, the importance of ANP and BNP in
BPregulation and increased risk of HTN has recently
been confirmed by C. Newton-Cheh (2009). In this
population-based study genetic variants of the ANP
and BNP gene were studied, in particular those
associated with increased concentration of plasma
ANP and / or BNP and lower BP and reduced HTN
risk. These findings are consistent with previous
experimental studies, which demonstrated the
development of HTN and LV hypertrophy in ANP
and NPR-A knockout mice [19].

Ramachandran C. M. has followed initially
normotensive men and women (1081 people)
for 4 years. As a result, increased BP of various
degree was reported in 36.2 % of men and 33.1%
women. HTN stages were defined according to
the classification of the Joint National Committee
(Joint National Committee, JNC) VI. HTN
occurred in 16.4 % men and 15.5 % women. After
adjustment for known risk factors, there was
a weak but statistically significant association
between increased plasma BNP levels and the
likelihood of BP elevation in men: odds ratio of
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CIRCADIAN PROFILE IN PATIENTS WITH ARTERIAL HYPERTENSION

Table 3

“dipper” “non-dipper” “night-peaker” | “over-dipper”
CI BP Group % % % %
Group 1 80 20 B B
SBP (n=180) (n=144) (n=1306)
Group 2 33 44 2 21
(n=86) (n=28) (n=138) (n=2) (n=18)
Group 1 80 20 B B
DEP (n=180) (n=144) (n=1306)
Group 2 21 51 14 14
(n=86) (n=18) (n=44) (n=12) n=12)

Note: CI BP — circadian index of blood pressure; SBP — systolic blood pressure; DBP — diastolic blood pressure.

1.15 for the transition to each stage according to
the JNC classification (p = 0.046). In women, such
associations were not observed (p = 0.82) [20].

Our results confirm the data by Holditch S.J.
et al. (2015) who showed that the decline in NUP
levels is associated with the HTN progression
and increased cardiovascular risk in HTN patients
[9].

The increase in plasma NT-proBNP level is
strongly correlated with the severity of CHF and is
caused by both the deterioration of intracardiac
hemodynamics and increased activity of the renin-
angiotensin-aldosterone and sympathoadrenal
systems. Our findings indicate a direct correlation
between CHF severity and NT-proBNP levels in
group 2, and greater NT-proBNP in higher CHF
FC (r=0.215; p = 0.049).

We assessed the ABPM parameters, including
systolic BP daily index (SBP) and diastolic blood
pressure (DBP), the time index, measurement in-
dex, hypertension square index. The majority of
patients in group 1 had biphasic rhythm (so called
“dipper” pattern) of both SBP and DBP (Table 3).
However, 20 % subjects demonstrated insuffi-
cient nocturnal decline of SBP and DBP (“non-
dipper”).

In group 2, according to the daily BP profile
the distribution was the following: based on SBP
pattern 33 % subjects were “dippers” and 44 %
patients were “non-dippers”. Up to 21 % subjects
demonstrated excessive nocturnal fall in BP (“over-
dippers”), while 2 % subjects were “night-peakers”.
The predominant patterns were “non-dippers”
(51%) and “dippers” (21 %). “Over-dippers” and
“night-peakers” were presented equally (14 %).
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The natural circadian BP rhythm changes under
the effects of exogenous and endogenous factors.
The exogenous factors include smoking, alcohol
consumption and high sodium consumption.
Daily fluctuations in BP caused by endogenous
rhythms are modulated by physical and mental
activity in accordance with sleep-wake cycle, are
age-dependent (in elderly persons over 70 years
old nocturnal BP reduction disappears or becomes
less evident) [21].

Along with the HTN progression nocturnal BP
drop becomes less pronounced, specific evening-
and-night and evening variants of circadian BP
rhythm develop. Pathogenesis of insufficient
nocturnal BP reduction is unclear. The leading
role is attributed to the sympathetic overactivity
and increase in blood volume due to circulation
redistribution. There is a linear correlation between
cardiovascular mortality and the degree of nocturnal
BP reduction: increase of ratio night / day (for SBP
or DBP) for each 5% is associated with increased
risk of death by 20%. Such association is still
observed when average 24-hour BP levels are
within normal values [22]. A number of long-term
prospective studies have confirmed that insufficient
nocturnal BP reduction leads to the organ damage:
increased LV myocardial mass index, severity
of microalbuminuria and greater incidence of
cerebrovascular events [23].

Correlation analysis of circadian BP profile
and EchoCG parameters showed a statistically
significant relationship between SBP circadian
profile and the left atrium (r =—0.307; p = 0.050),
LV myocardium mass index (r=—0.332; p=0.039),
MSsist/iEDV (r = 0.349; p = 0.034), the MFS



(r=0.392; p=0.013), E (r = 0.385; p = 0.047);
circadian DBP pattern and left atrium (r = —0.361;
p=0.022), LV myocardium mass index (r =—0.323;
p =0.044), the right ventricle (r =—0.326; p=0.040),
MES (r=0.390;p=0.014), MSsyst / iESV (r=0.329;
p = 0.047), where MSsyst — systolic myocardial
stress; iIESV — indexed end-systolic volume, the
MFS — the midwall fractional shortening / end-
systolic stress.

Several neurohormonal systems are involved in
circadian BP pattern formation, confirmed by
the correlations between BP level and plasma
renin activity, levels of norepinephrine and
angiotensin II. The role of vasoactive hormones is
undoubtedly important for BP elevation in the early
morning.

The role of the central mechanisms is confirmed
by the loss of circadian BP rhythm in stroke
survivors, as well as the strong relationship between
daily BP fluctuations and sleep-wake cycle in
shift-workers. The sympathetic nervous system,
in addition vasoconstriction of resistance vessels
resulting in an increase in total peripheral resistance
and increase in cardiac output, also leads to spasm
of renal blood vessels and RAAS activation. NUP
are physiological RAAS antagonists, and due to
their natriuretic and vasodilator effects they are
considered as “unloading” factors [24].

We assessed NUP level in 15 and 2™ groups
with various BP circadian patterns (Table 4, 5).

NUP level was the highest in “non-dippers”,
“night-peakers” and differed from patients with
normal circadian BP profile and “over-dippers”
(for both SBP and DBP). There was an inverse
relationship between NT-proBNP and circadian
SBP pattern (r =—-0.498; p = 0.035).

No “night-peakers” or “over-dippers” were
registered in group 1, we evaluated NUP levels in
patients with the same type of circadian BP
pattern in groups 12 (Tables 5, 6).

NT-proBNP was reduced in “non-dippers”
in group 1 compared to patients in group 2 and
compared to “dippers”.

Conclusions

1. NUP levels are useful for personalised
diagnosis and cardiovascular prognosis in patients
with hypertension and heart failure: decreased plasma
NT-proBNP levels in HTN patients are associated
with higher HTN degrees and increased risk of target
organ damage. In CHF patients, regardless of the
HTN degree, increased NUP indicates the degree
of myocardial dysfunction and CHF severity.

2. Clear relationship between plasma NT-proBNP
levels and LV structural parameters (left ventricular
myocardial mass index, relative wall thickness) and
diastolic LV filling (NT-proBNP and E: r = 0.252,
p=0.050; E/A: r=0.347,p=0.018) allows us to
consider NT-proBNP as a marker of left ventricular
remodeling and diastolic dysfunction in HTN.

Table 4

NT-proBNP LEVELS IN PATIENTS WITH HYPERTENSION DEPENDING
ON THE CIRCADIAN INDEX OF SYSTOLIC BLOOD PRESSURE

“dipper” “non-dipper” “night-peaker” “over-dipper”
Parameter m=172) (n="74) (m=2) (n=18)
NT-proBNE, 10.52 +2.44" 30.54 + 14317 4541 £ 34T 422 +134"
fmol / ml
Note: * — significant differences (p < 0.05) between the groups.
Table 5

NT-proBNP LEVEL IN PATIENTS WITH HYPERTENSION DEPENDING
ON THE CIRCADIAN INDEX OF DIASTOLIC BLOOD PRESSURE

“dipper” “non-dipper” “night-peaker” “over-dipper”
Parameter (ll — 162) (Il = 80) (n = 12) (n = 12)
NT-proBNF, 29.50 + 5.44" 32,71+ 14.3° 4435 + 5.64" 247 +0.88°
fmol / ml

Note: * — significant differences (p < 0.05) between the groups.
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Table 6

NT-proBNP THE FIRST AND SECOND GROUPS IN PATIENTS
WITH THE SAME DAILY PROFILE OF SYSTOLIC BLOOD PRESSURE

“dipper” “non-dipper”
Parameter Group 1 Group 2 Group 1 Group 2 pl1-2 p1’-2°
(n = 144) (n = 28) (n = 36) (n =38)
NTPoBNE | 9452107 | 3032151 | 322101 | 4046£439 | 0.038 | 0.001
fmol / ml

Note: p1-2 — the difference between 1st and 2nd groups with the daily profile “dipper”; P1'-2' — differences between

the 1*t and 2™ groups with the daily profile “non-dipper”.

Table 7
NT-proBNP LEVELS IN THE FIRST AND SECOND GROUPS
IN PATIENTS WITH THE SAME PROFILE OF DIASTOLIC BLOOD PRESSURE
“dipper” “non-dipper”

Parameter Group 1 Group 2 Group 1 Group 2 pl—2 | p1'-2’

(n = 144) (n =18) (n = 36) (n = 44)
NT-proBNE, 13.33+£3.06 | 18.24+4.45 28101 | 2924+3.76 | 0.051 | 0.006

fmol / ml

Note: p1-2 — the difference between 1st and 2nd groups with the daily profile “dipper”; P1'-2' — differences between

the 1*t and 2" groups with the daily profile “non-dipper”.

3.NUPare involved in the formation of circadian
BP pattern, and their plasma levels depend both on
HTN degree and the “load pressure”.
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HNHudopmanus 06 apTopax

Kproxos Huxomnait HukonmaeBiy — JOKTOp MEAUITHHCKUX
Hayk, npodeccop, 3aBeayoomuil kaheapoil BHYTPEHHUX
6onesneit 'BOY BIIO CamI’'MY Munsapasa Poccun, 3a-
CITy’KeHHbIN Aesitens Hayku Poccuiickoit denepanuy;

I'ybapeBa Upuna BanepreBHAa — KaHAMAAT MEIUITHH-
CKHUX HayK, TOUEeHT Kadeapsl BHyTpeHHHX Oonesneit [ BOY
BIIO CamI’'MY Munznpasa Poccun.
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