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Abstract

Background. Inter-arm difference in blood pressure (BP) and orthostatic BP response are significant
prognostic factors in hypertensive patients, especially in the elderly ones. However, data on their
prevalence, predictors and clinical associations remain contradictory. The aim of our study was
to investigate inter-arm difference and orthostatic response and to establish their clinical associations in
the very elderly hypertensive patients. Design and methods. We enrolled 67 hypertensive subjects
older than 80 years (mean age 84.1 + 3.1 years, 25,5 % male, mean clinic brachial systolic BP (SBP)
134.8 £23.2 mm Hg) in a cross-sectional study. Simultaneous bilateral brachial BP measurements were
performed using oscillometric validated cuff-based device in sitting position and then 2 minutes after
standing up. Central pulse waveform characteristics and arterial stiffness parameters were estimated
by BPLab Vasotens system (Petr Telegin, Russia). Results. The median of inter-arm difference in SBP
(IADSBP) was 4,00 (2.50, 9.00) mm Hg. IADSBP was > 10 mm Hg in 25.4 % participants. Compared
to others, those with JADSBP > 10 mmHg had significantly higher body mass index (31.39 + 5.73 vs
28.48 + 4.1 kg/m?, p < 0.05), waist circumference (116.3 + 13.6 vs 107.7 + 11.2 cm, p < 0.05) and
pulse wave velocity in aorta (11.65 = 1.46 vs 10.75 = 1.71 m/s, p < 0.05). A positive correlation
between IADSBP and augmentation index was revealed (r=0.277, p < 0.05). Patients with asymptomatic
orthostatic hypotension (22,4 % participants) had higher levels of brachial SBP and pulse pressure while
central BP and markers of arterial stiffness did not differ from those without orthostatic hypotension.
Conclusions. Significant IADSBP is associated with increased arterial stiffness and abdominal obesity in
the very elderly hypertensive patients, whereas there is no evidence of interrelation between orthostatic

response and arterial stiffness in these patients.
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Pe3rome

AKTyajabHOCTb. Paznmuuus aprepuansHoro nasieHust (AJ]) Mexay pykamMu U opTocTaThyeckas
peakuus AJl cyliecTBEHHO BIUSIOT Ha MPOTHO3 MALUEHTOB ¢ apTepuanbHoi runeprensueit (Al') u nmo-
TEHI[MAJIbHO UMEIOT BaKHOE KIMHUYECKOE 3HAYEHME Yy JIIOAEH MOXKUIIOr0 BO3PACTa, OJHAKO JaHHBIE
0 pacmpoCTPaHEHHOCTH, MPEAUKTOPaX M KIMHUYECKHUX acCOIMALUAX dTUX (PEHOMEHOB MPOTUBOpE-
yuBel. Llesb ucciieqoBanusa — usydeHue paznnuuil AJl Mexay pykaMu, OpTOCTaTUUYECKON peakun
Y X TIPEIUKTOPOB Y 00bHBIX A" 04eHBb MOKMIIOTO Bo3pacTa. MaTepuaJibl U MeTobl. B monepeunoe
WCClleIoBaHNe OBUTH BKITIOUEHBI 67 manueHToB ¢ JedeHoit Al' B Bo3pacte 80 neT u crapiie (CpeaHuii
Bo3pacT — 84,1 + 3,1 rona, 25,5 % MyXuuH, cpelHUN YPOBEHb KIMHUYECKOTO CUCTOIMYECKOro AJl
(CAJ]) — 134,8 £ 23,2 MM pT. cT.). AJ] OBLTO U3MEPEHO OCIIIITIOMETPHYECKIM METOIOM, OJTHOBPEMECH-
HO Ha 00enx pykKax, B IOJOXKEHUU CUJIs, C MOCIENYIOINM onpeaeneHuemM A/l yepes3 2 MUHYTHI 11oce
IIepexo/ia B BEPTUKAIBHOE MOJIOKEHHUE. ISl OLIEHKHM IapaMeTpOB LEHTPAIBHON IYJIbCOBOW BOJIHBI
W apTepHaJbHON PUTHIHOCTH HCIIONb30Basach cucrema «BPLab Vasotens» (OOO «Ilerp Teneruny,
Poccust) B pexxume oducHoro mmeperns. Pedyasrarbl. Mennana pazmmumii (A) CAl Mexay pykamu
coctaBmuia 4,00 (2,50; 9,00) mMm pt. cT. Jons manuentoB ¢ A CAJ] > 10 mMm pt. cT. coctaBmia 25,4 %.
[MocenHMe XapaKTepr30BaJICh CYIIECTBEHHO OOIBITMMHE HHICKcaMu Macchl Tena (31,39 £+ 5,73 npotus
28,48 + 4,1 kr/m?, p < 0,05) u okpykHOCTBIO Tasmuu (116,3 + 13,6 mpotus 107,7 £ 11,2 cm, p < 0,05)
B CpPaBHEHMH ¢ TlarueHTamu ¢ MeHbien acummerpueid CAJl. CkopocTh pacipoCcTpaHeHUs MyJIbCOBOM
BOJIHBI ObIJIa 3HAYMMO BBITIE y TarieHToB ¢ Oonbmeit A CAJl: 11,65 + 1,46 npotus 10,75 £ 1,71 m/c (p
<0,05). belna BeisiBIIEHA TONOKUTENbHAS KOppersiiyst BenndruHbl A CAJ[ ¢ MHAEKCOM MPUPOCTa B a0pTE
(r=20,277, p < 0,05). Y marueHToB ¢ 6ecCUMITOMHOI opTocTtarndeckoi runorensueit (OI) (22,4 %
Bcex OONBHBIX) OTMEUEHBI Oosiee Bhicokue ypoBHU CAJl ¥ IyJTCOBOTO JIaBJICHUS B TICUEBOM apTEPHH;
ripu 3toM ypoBHU CAJl B aopTe U mapameTpbl apTepuaIbHOW PUTHAHOCTH 3HAUMMO HE OTIMYAJIKChH
OT TakoBbIX y narueHToB 0e3 OI. 3akarouenue. Yeenuuenue paznuanii CAJl Mex 1y pykaMu y O4eHb
TIOXKHJIBIX TTAIIIEHTOB aCCOIIMMPOBAHO C HAIMYHEM a0IOMHHAIBHOTO OXKHPEHHS M O0JIee BRIPAKEHHOM
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apTepHaHBHOﬁ PUTHIHOCTBIO. 3HaYMMBbIC KIMHHUYCCKHE MPCOAUKTOPBI OpTOCT&TH‘lCCKOfI pcakunuun AZ[
YCTAaHOBHUTD HC YAJIOCh. IIo Bceit BUIHUMOCTH, B JIaHHOM IpyImnIic nmainucHTOB (I)GHOMCHLI opTocCTaruyc-
CKOH Tumo- u TUIICPTCH3UH HC aCCOLIMUPOBAHELI C MapaMETpaMu apTepHaJleoﬁ PUTUOHOCTHU.

KiroueBble ciioBa: apTcepuajibHadg ruliCpTCH3UsA, OPTOCTATUYCCKAs T'MITIOTCH3US, pA3JIMIUA apTCPU-
AJIBHOT'O OABJICHUSA MCXKAY pPYKaMU, OUCHb ITOXUJIBIC JIMLA

Ll yumupoesanusa: Kobanasa K. J]., Komoeckas FO. B., Awipagyn A., Eocosa H. E. Pasnuuus medicoy pykamu u opmo-
cmamuyeckue USMeHeHUs apmepuaIbHO20 0AsLeHUs 6 NIEYe6oll apmepul y O4elb NONUCUTLIX NAYUEHMOE C apMePUaIbHOl
eunepmen3ueti Ha pone meoukamenmosnou mepanuu. Apmepuanvrasn cunepmensus. 2016;,22(1):52—60. doi: 10.18705/1607-

419X-2016-22-1-52-60.

Introduction

Differences in blood pressure (BP) between the
right and the left arm and orthostatic response of BP
are the factors that have a significant impact on the
prognosis of patients with arterial hypertension (HTN),
and it was also stated in 2013 ESH/ESC Guidelines
for the management of arterial hypertension [1].
Clinical measurement of BP is recommended
to be conducted on both arms simultaneously in
order to exclude the possible impact of short-term
BP variability. Further readings of the arm with
higher BP should be used. Differences of systolic BP
(SBP) exceeding 10 mm Hg are considered relevant;
there is evidence that such differences increase the
risk of adverse cardiovascular outcomes [2]. Data
on the prevalence of such differences and predictors
(aorta and great vessel diseases were exclusion
criteria) is inconsistent.

Elderly age is considered to be a factor associated
with higher prevalence of orthostatic hypotension
(OH) [3]. For instance, TILDA study showed that
OH prevalence in the general population is 6.9 %,
whereas among persons over 80 years old it is almost
three times higher (18.5%) [4]. Due to this fact it is
recommended to measure BP in elderly persons after
1 and 3 minutes of staying in upright position. OH is
determined as SBP decrease by more than 20 mm
Hg or diastolic BP (DBP) decrease by more than
10 mm Hg after 3 minutes of standing [1]. OH was
shown to be associated with higher mortality and
higher prevalence of cardiovascular events [5-7].
The phenomenon of orthostatic hypertension has
received less attention than OH, although recent
evidence has showed it can also be associated
with unfavourable prognosis and the increase
of'ischemic stroke risk, increase of silent stroke and
left ventricular hypertrophy prevalence [8].
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It is assumed that both phenomena are associated
with arterial stiffness.

Thus, measurement of clinical BP in both
arms and during the tilt-test in elderly persons can
provide very important and clinically valuable 1
nformation. For this reason clinical relationships
of phenomena associated with BP differences
between the arms and orthostatic BP response are
of special interest.

Therefore, the objective of this study is
the investigation of arm-to-arm BP differences,
orthostatic response and their predictors in elderly
patients with HTN.

Design and methods

Patients aged 80 years and older were enrolled in
this cross-sectional study. Excluded were patients
with left ventricular ejection fraction <40 %, aortic
stenosis, clinical and sonographic signs of aorta or
brachiocephalic vessels atherosclerotic lesions that
could lead to the differences in BP between the arms,
persistent atrial fibrillation, decompensated diabetes
mellitus, chronic heart failure higher than NYHA
functional class II with stages IIb or III according
to Strazhesko-Vasilenko, glomerular filtration rate
under 30 ml/min/1.73m2, severe chronic diseases,
amputations of extremities.

BP was measured with a validated oscillometric
device with two cuffs, that enabled simultaneous BP
measurement in both arms. The measurement was
carried out twice with 1-minute interval in sitting
position according to the common rules of BP
measurement [ 1]. An average of two measurements
was taken. The SBP difference between the arms
was calculated as an absolute difference between
SBP in the right and left arms. In the arm with higher
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BP, an additional BP measurement was carried out
2 minutes after the tilt-test.

For the assessment of central pulse wave and
arterial stiffness parameters, an office BP measurement
was conducted using the BPLab Vasotens system
(00O “Peotr Telegin”, Russia). All arterial stiffness
markers (aortic pulse wave velocity (PWV),
aortic augmentation index, reflected pulse wave
transmission time, arterial stiffness index) were
standardized against the heart rate.

Echocardiography was carried out with the
device Vivid 7 (General Electrics, USA) according
to the standard protocol. Left ventricular ejection
fraction was evaluated according to Simpson
method, left ventricular mass index (LVMI) was
calculated as left ventricular mass according to ASE
formula indexed to the patient's body surface area
(according to DuBois).

Statistical analysis was carried out in the
GraphPad Prism program, version 5.00 for Windows.
Quantitative variables are given as averages with
standard deviations (M + SD) in case of normal
distribution of the parameter or as median with
the interquartile range [Me (the 25th percentile, the
75th percentile)] in case of abnormal distribution.
Discrete variables are given in absolute (n)
and relative (%) values. For the comparison of

parameters of the central and peripheral pulse
wave, arterial stiffness and other signs in tertiles of
the peripheral SBP, one way analysis of variance
ANOVA was used combined with additional
Bonferroni test if multiple comparisons were
required; in case of abnormal distribution Kruskal—
Wallis test with subsequent Dunn test was used. In
order to find differences in two groups, unpaired
t-test was used in case of normal distribution,
otherwise medians were compared using Mann-
Whitney test. For the correlation analysis, Pearson
and Spearman coefficients were used for normal and
abnormal parameter distribution, respectively. For
the assessment of distribution normality D’ Agostino-
Pearson test was used. Differences in average values
and correlations were considered statistically
significant at significance level p < 0.05.

Results

Patient data

We enrolled 67 patients aged 80 and over
(Table 1). All patients received combined
antihypertensive therapy including an angiotensin-
converting enzyme inhibitor or angiotensin receptor
blocker, a beta-blocker, a thiazide-type diuretic.
SBP in the sitting position in the arm with the
maximum level ranged from 102 to 201 mm Hg,

Table 1

CLINICAL AND DEMOGRAPHICAL DATA
OF EXAMINED PATIENTS AND CARDIOVASCULAR RISK FACTORS (n =67)

Category Value
Male, n (%) 17 (25.4%)
Age, yr 84.1£3.1
Smoking, n (%) 4 (6%)
BMI, kg/m? 29.2+4.7
Obesity I-11I degree, n (%) 20 (29.85%)
AO*, n (%) 57 (85.1%)

Dyslipidaemia**, n (%)

56 (83.6%)

Fasting plasma glucose, mmol/L

6.28 (5.68.7.23)

SBP, mm Hg 134.8 +23.2
DBP, mm Hg 73.1+11.8
eGFR, ml/min/1.73 m* 52.76 £ 15.52
GFR 45-60 ml/min/1.73 Mm%, n (%) 27 (40.3 %)
GFR 30-45 ml/min/1.73 M% n (%) 12 (17.9%)

CHF I-11 FC, n (%)

52 (77.6%)

DM, n (%)

21 31.3%)

Note: BMI — body mass index; AO — abdominal obesity; SBP — systolic blood pressure; DBP — diastolic blood
pressure; eGFR — estimated glomerular filtration rate; CHF — chronic heart failure; FC — functional class; DM — diabetes
mellitus; AO* — abdominal obesity (waist circumference: men > 102 cm; women > 88 cm); ** — low-density lipoprotein
cholesterol > 3.0 mmol/L, and/or high-density lipoprotein cholesterol: men < 1.0 mmol/L, women < 1.2 mmol/L, and/or
triglycerides > 1.7 mmol/L, and/or total cholesterol > 4.9 mmol/L

-

55



DBP— from 46 to 93 mm Hg. Based on clinical BP
measurement on the brachial artery, controlled HTN
(SBP < 150 mm Hg and DBP < 90 mm Hg) was
found in 47 patients (70 %), isolated SBP increase —
in 16 (24 %) patients; isolated DBP increase was not
found. Uncontrolled HTN in terms of both SBP and
DBP was found in 4 patients (6 %).

Average clinical SBP on the brachial artery was
134.8 + 23.2 mm Hg, clinical DBP on the brachial
artery — 73.1 + 11.8 mm Hg. Average pulse pressure
(PP) on the brachial artery equaled 61.8 + 19.3 mm
Hg. Mean heart rate was 67.5 + 7.8 bpm.

For the analysis of the association between
BP and studied parameters, the patients were
divided in tertiles depending on their SBP level in
sitting position: tertile I included readings from
94 to 127.4 mm Hg, tertile II — from 127.5 to
140.9 mm Hg; tertile III — from 141 to 175 mm
Hg. Patients in the subgroups differed by their
body mass index (BMI) and waist circumference
(WC), and maximum values were found in
patients with the highest SBP level (Table 2). No
statistically significant differences in the lipid
profile parameters were found.

Analysis of the differences between blood
pressure in the right and in the left arm

Median of SBP differences (A) between the arms
was 4.00 (2.50, 9.00) mm Hg, DBP — 3.00 (2.00,
5.00) mm Hg, PP — 4.00 (1.50, 8.00) mm Hg. A

Arterial Hypertension / Arterial’naya Gipertenziya / AprepuaasHas

from 0 to 24 mm Hg, PP— from 0 to 32 mm Hg. The
proportion of patients with A SBP > 10 mm Hg was
25.4% (n=17). Patients with higher A SBP between
the arms were characterized by notably higher BMI
and WC values, whereas no relevant differences in
metabolic parameters were found (Table 3).

Statistically significant correlation of A SBP with
WC was found: r=0.2827 (p < 0.05).

Comparison of the pulse wave readings revealed
the differences between the subgroups in aortic
PWYV and the reflected wave transmission time. No
relevant differences of aortic augmentation index
between the subgroups were found (Table 3), as
well as there were no differences in parameters
characterizing the state of other target organs —
kidneys (glomerular filtration rate) and heart
(LVMI).

Analysis of relationships of the differences in
SBP and PP between the arms with the pulse wave
parameters demonstrated negative correlation
between the reflected wave transmission time
normalized to the heart rate of 75 bpm and the
differences of both SBP and PP between the arms. In
the latter case the correlation was stronger (r=-0.267,
r=-0.315;p<0.05,p<0.01, respectively). Positive
correlation between aortic augmentation index, also
normalized to the heart rate, and BP level differences
between the arms was found (r = 0.277 and 0.246,
p <0.05 for SBP and PP, respectively) (Table 4). No
relevant relationships of arterial stiffness parameters

SBP values varied from 0 to 30 mm Hg, DBP —  with BMI or WC were found.
Table 2
MAIN CLINICAL, DEMOGRAPHICAL AND LABORATORY PARAMETERS DEPENDING
ON THE TERCILE OF PERIPHERAL SYSTOLIC BLOOD PRESSURE
Category I tercile II tercile III tercile p-value
n=22 n=22 n=23

Male, n (%) 8 (36.4%) 4 (18.2%) 5(21.7%) 0.339
Age, yr 843+44 83.3+2.1 83.4+22 0.988
BMI, kg/m? 27.09 +3.69 2942 +£4.22 31.06 £ 5.34 <0.05%*
WC, cm 103.8+9.4 110.5+11.0 1152+ 13.9 <0.01%*
Triglycerides, mmol/L 1.46 +£0.84 1.56 £0.72 1.68 £0.62 0.422
Total cholesterol, mmol/L 5.11+1.62 5.43 +1.38 5.36+0.99 0.749
LDL cholesterol, mmol/L 3.58+0.91 3.41+£0.86 3.23+1.04 0.79
HDL cholesterol, mmol/L 1.37+0.36 1.11 £0.37 1.38 £ 0.58 0.358
eGFR, ml/min/1.73 m? 55.45+11.55 52.75+16.38 50.09 £ 18.15 0.526
SBP, mm Hg 113.8+£9.08 133.6 £4.0 151.7+10.5 <0.0001*

56

Note: BMI — body mass index; WC — waist circumference; HDL cholesterol — high-density lipoprotein cholesterol;
LDL cholesterol — low-density lipoprotein cholesterol; eGFR — estimated glomerular filtration rate; SBP — systolic blood
pressure; DBP — diastolic blood pressure; PP — pulse pressure; ¥ — statistically significant.
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Table 3
PATIENTS CHARACTERISTICS DEPENDING ON THE DIFFERENCE
IN SYSTOLIC BLOOD PRESSURE LEVEL BETWEEN THE ARMS
Category ASBP <10 mm Hg | ASBP>10 mm Hg p-value
(n =50) (n=17)

Male, n (%) 14 (28) 3(17,6) 0,3209
Age, yr 83 (81; 86) 83 (81; 85) 0,6949
BMI, kg/m? 28,48 £ 4,11 31,39+ 5,73 <0,05*
WC, cm 107,7 £ 11,3 116,3+13,6 <0,05*
Total cholesterol, mmol/L 5,39+ 1,41 5,00 £ 1,06 0,3433
Triglycerides, mmol/L 1,39 (1,03; 2,14) 1,62 (0,91; 1,87) 0,6920
Fasting plasma glucose, mmol/L 6,1 (5,53;7,55) 6,6 (5,87;7,07) 0,5756
eGFR, ml/min/1.73 m? 53,41 £ 13,88 47,86 + 19,01 0,23
SBP, mm Hg 131,5+ 18,1 138,6 £ 15,7 0,1547
DBP, mm Hg 67,0+9.4 70,1 +£10,6 0,2524
PP, mm Hg 64,5+ 15,0 68,5+ 14,7 0,3444
SBP ao, mm Hg 122,8 £ 16,1 126,3 +12.5 0,4145
DBP ao, mm Hg 69,8 £9,6 71,5+10,7 0,5603
PP ao, mm Hg 51,0 (42,5; 64,0) 56,0 (47,5; 61,5) 0,4904
Alxao@HR 75 bpm, % 37,0 (26,0; 47,0) 41,0 (27,0; 49,0) 0,7404
PWYV in aorta, m/s 10,75 £ 1,71 11,65+ 1,46 <0,05%
RWTT@HR 75 bpm, ms 1312+17,6 121,0 £ 14,2 <0,05*
LVMI, g/m? 1252 £29,07 139,5 £25,53 0,1308

Note: A SBP — difference systolic blood pressure between the arms; BMI — body mass index; WC — waist
circumference; GFR — glomerular filtration rate; SBP — systolic blood pressure; DBP — diastolic blood pressure; PP —
pulse pressure; ao — aorta; Alxao@HR75 — aortic blood pressure augmentation index standardized against heart rate 75
beats per minute; RWTT — reflected wave transit time; PWV — pulse wave velocity; LVMI — left ventricular mass index;
* — statistically significant differences between the groups.

Table 4
CORRELATION OF THE ARM-TO-ARM DIFFERENCES IN BLOOD PRESSURE
WITH ARTERIAL STIFFNESS AND CENTRAL PULSE WAVE VELOCITY
Category A SBP A PP
r P r P

RWTT —0.267* <0.05 —0.315%* <0.01
PWVao 0.329 0.108 0.191 0.128
Alxao@HR75 0.277* <0.05 0.246* <0.05
SBPao 0.011 0.928 0.045 0.72

Note: ASBP/APP — difference systolic/pulse blood pressure between the arms; RWTT — Reflected wave transit time;
PWVao — pulse wave velocity in aorta; Alxao@HR75 — aortic blood pressure augmentation index standardized against
heart rate 75 beats per minute; SBPao — systolic blood pressure in aorta; r — correlation coefficient; * — statistically
significant differences between the groups.

Therefore, our data provide evidence of asso- a patient) increased in 26 patients (maximum
ciation of arm-to-arm SBP differences with anthro-  pressure increase was 27 mm Hg), and in 8 (11.9 %)
pometric signs of obesity and arterial stiffness of them — by more than 20 mm Hg; it did not

characteristics. change in 4 subjects and decreased in 37 patients
(maximum SBP decrease — 37 mm Hg). In
Blood pressure changes during tilt-test 15 persons (22.4 %) the decrease achieved more than

During the orthostatic test, the SBP on the 20 mm Hg. In all patients orthostatic SBP decrease
brachial artery (2 minutes after the tilt-test of >20 mm Hg was asymptomatic.

— .
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Table 5

COMPARATIVE ANALYSIS OF PATIENTS DEPENDING ON THE ORTHOSTATIC RESPONSE
OF SYSTOLIC BLOOD PRESSURE

Orthostatic decline Changes SBP  |Orthostatic increase
Category SBP >20 mm Hg |within £19 mm Hg| SBP>20 mm Hg | p-value
(n=15) (n=44) (n=28)

Male, n (%) 6 (40) 9(17.3) 2 (25) 0.323
Age, yr 84 (81; 86) 83 (81; 86) 83 (81.5; 86.3) 0.741
BMI, kg/m? 27.9 (24.5;29.8) 29.0 (26.1; 33.6) 27.3 (24.9; 28.7) 0.357
WC, cm 107.1+8.4 109.6 £12.7 1149 +16.8 0.367
Total cholesterol, mmol/L 553+1.11 533+1.34 4.65+1.48 0.410
LDL cholesterol, mmol/L 4.05+048 3.21+£0.79 3.19+0.89 <0.05%*
Triglycerides, mmol/L 1.17 (0.82; 1.77) 1.55 (1.04; 2.26) 1.45 (1.13;2.08) 0.252
Fasting plasma glucose, 6.70 (5.51;7.90) | 6.10(5.59;6.87) | 7.13(6.25;10.98) | 0.418
mmol/L
SBP, mm Hg 145.9 + 28.7 132.2+20.2 121.8£10.1 <0.05*
DBP, mm Hg 73.2+12.0 747+ 11.1 64.1+12.2 0.064
PP, mm Hg 72.7+24.7 58.8+17.5 57.6+8.3 <0.05%*
Central SBP, mm Hg 1252+11.8 122.6 £16.9 122.9+10.2 0.851
Central DBP, mm Hg 69.0 + 8.9 71.6 +£10.5 65.0+6.7 0.197
Central PP, mm Hg 57.0 (50.0; 63.0) 47.5 (41.8; 61.8) 53.3 (59.5; 63.8) 0.148
Alxao@HR 75 bpm, % 43.0 (36.0; 50) 36.0 (24.0; 47.5) 42.0 (24.8; 56.8) 0.240
PWVao, m/s 11.13+1.64 10.80 £ 1.78 11.63 £ 1.30 0.430

Note: BP — systolic blood pressure; BMI — body mass index; WC — waist circumference; LDL cholesterol — low-
density lipoprotein cholesterol; DBP — diastolic blood pressure; PP — pulse pressure; Alxao@HR 75 bts/min — augmentation
index in aorta, all indicators are standardized against heart rate of 75 beats per minute; PWVao — pulse wave velocity in

aorta; * — statistically significant differences between the groups.

The comparison of patient subgroups that were
formed according to OH or hypertension diagnosed in
patients (Table 5) showed that, in patients with
the greater SBP decrease the initial values of
peripheral SBP and PP were notably higher but the
central SBP levels did not differ. This can be an
evidence of possible association of the degree of
SBP decrease with its amplification. However, no
differences in the groups were found in other indirect
(augmentation index) or direct (PWV) parameters
of arterial stiffness.

Thus, no correlation of the orthostatic BP
response with the clinical parameters or arterial
stiffness characteristics was found.

Discussion

In the present study phenomena associated
with clinical BP measurement: OH, orthostatic
hypertension and SBP arm-to-arm differences were
studied in very old patients.
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SBP arm-to-arm differences of more than 10 mm
Hg may be an evidence of supraaortic artery lesions.
Initially ultrasound study was carried out to exclude
this factor.

The proportion of the patients with A SBP >
10 mm Hg constituted 25.4 %. The increase in SBP
arm-to-arm difference was associated both with
direct (PWV) and indirect (reflected pulse wave
transmission time, augmentation index, PP) signs of
arterial rigidity. In patients with differences between
the arms > 10 %, higher parameters of general and
abdominal obesity (BMI and WC) were found.

SBP differences between the arms > 10 mm
Hg are considered to be a specific (although not
sensitive enough) sign of supraaortic artery stenosis
and is independently associated with the development
of coronary heart disease in the future, increase of
stroke risk and cardiovascular mortality [2, 9, 10,
11]. Researchers from the Baltimore Longitudinal
Study of Aging assumed that the associations of
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the marked differences in BP level between the
arms with the cardiovascular risk were partially
due to arterial stiffness and, indeed, they proved
the association of the SBP arm-to-arm difference
with the carotid-femoral PWV [12]. A number of
studies demonstrated independent correlation of
the arm-to-arm differences in BP level of more than
10 mm Hg with the age, BMI, dyslipidemia, ankle-
brachial index, and HTN [12-14].

Our results are consistent with the findings of
the Baltimore Longitudinal Study of Aging (n =
1045, average age — 66 + 13 years old), which
showed that in patients with considerable SBP
arm-to-arm difference (> 10%) carotid-femoral
PWV increased notably: 8.2+ 2 versus 7.3 + 1.3 m/s,
p <0.01 (like in our study, in which the difference in
average PWYV in the groups was 0.9 m/s), and BMI
and WC were relevantly higher in the group with
great SBP differences (31 + 6 versus 27 + 4 kg/m2,
p < 0.0001 and 100 + 14 versus 91 = 12 cm, p <
0.0001, respectively) [12]. Some authors assume
that extreme BP differences between the arms
may not only evidence the arterial stenosis but
also reflect endothelial dysfunction and significant
arterial rigidity leading to the failure of functional
compensation of normal differences in anatomical
organization of the right and left subclavian arteries
[12, 15].

OH is associated with increased risk of cereb-
rovascular disease, myocardial infarction and
increase in total mortality [7]. In elderly patients
OH contributes to the total mortality and is of
particular importance as a prognostic factor, since
many risk factors applicable to the total population
lose their predictive value in very old patients [16].
Many factors are involved in OH development, such
as the decreased baroreflex sensitivity, autonomic
nervous system impairment, arterial rigidity and
others [3].

Less attention is paid to the phenomenon of
orthostatic hypertension compared to OH, although
recent data showed that this type of orthostatic
response is also associated with unfavourable
prognosis and 2.5-fold increase in risk of ischemic
stroke. Orthostatic hypertension in elderly persons is
associated with the increased incidence of silent
strokes and left ventricular hypertrophy [8].
In elderly patients orthostatic hypertension is
associated with albuminuria independent of BP
level in the sitting position; moreover, treatment with

doxazosin caused the decrease of albuminuria and
orthostatic hypertension while the average daily BP
registered in the sitting position remained unchanged
[17]. Correlations of orthostatic hypertension with
such cardiovascular risk factors as age, HTN,
diabetes mellitus, and dyslipidemia were found
[8]. There are findings evidencing that orthostatic
hypertension can be considered as a prehypertension
marker and predictor of future HTN development
(relative risk is 2.17-4.74 depending on the gender
and race) as well as a marker of latent hypertension.
Due to the latter, orthostatic hypertension is of
particular importance. The involvement of arterial
stiffness in the pathogenesis of this condition in
elderly patients is evidenced by the fact that in
young patients during tilt-test the increase of DBP
and heart rate is registered, whereas in elderly
patients SBP increases more often. The correlation
of orthostatic BP response with the types of biphasic
rhythm was stated: in “over-dippers” orthostatic
hypertension is much more common, whereas in
“night-peakers” the OH prevails. There is an evident
U-shaped association between cardiovascular risk
and the type of orthostatic response [8]. Several
studies confirmed the correlation of orthostatic
response intensity with the BP level, and it
should be possibly considered in the context of
antihypertensive treatment optimization [3].

The prevalence of asymptomatic OH in our
study was 22.4%, of hypertension — 11.9%. The
prevalence of the first phenomenon did not differ
from the results of the previous findings (from
8.9 to 30% according to various data). Our findings
show that asymptomatic OH in very old patients is
associated with higher SBP and PP in the brachial
artery. Interpretation of higher SBP amplification in
patients with higher initial SBP in case of no
differences in arterial stiffness is problematic. The
exclusion of the drug-induced factor seems to be
possible, since all patients received beta-blockers —
drugs with the largest modifying effect on SBP
amplification [18].

No relevant clinical associations were found for
orthostatic hypertension.

Conclusions

Thus, the value of BP differences between
the arms and the type of orthostatic response may
potentially be of great clinical importance in elderly
persons. Pathophysiology of these conditions, their
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real contribution to the disease development, and
reference values have not been definitely determined
yet, so further research is required.
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