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Abstract. Arterial hypertension with comorbid chronic obstructive pulmonary disease: relationship between
tolerance to physical exercise and structural and functional state of the heart. Burtniak T.Z., Potabasniy V.A.,
Fesenko V.1. The aim of the study was to establish the relationship between tolerance to exercise, oxygen saturation,
and structural and functional cardiac status in patients with hypertension in combination with COPD. This study
included 120 patients with primary arterial hypertension of stage I-1l, grade 1, 2, and 3 in combination with COPD of
grades 2 and 3 and clinical groups A, B, C, D, consisting group 1, group 2 — 30 patients with primary hypertension,
and group 3 — 30 patients with COPD; group 4 — 30 practically healthy people representative by age and sex. Research
methods included general clinical examination (collection of complaints, anamnestic data) and instrumental research
methods: electrocardiography (ECG), echocardiography, measurement of ambulatory blood pressure (BP) profile
(ABPM), spirometry, pulsoxymetry (SpQ,), 6-minutes walking test (6MWT). On examination of 120 patients with stage
I-II, grade 1 hypertension was established in 19 (15.8%), grade 2 was in 83 (69.2%) and grade 3 was in 18 (15%)
patients, respectively. COPD in clinical group A was diagnosed in 10 (8.3%), B—in 51 (42.5%), C—in 18 (15%) and D
- in 41 (34.2%) patients, respectively. The most common was AH stage 2 with COPD in clinical group B — 35 (29.2%)
cases and D — 31 (25.8%) cases. The 24-hour average systolic BP (SBP) in patients of the main group was 165
[144,;178] mmHg, and the diastolic BP (DBP) was 103 [94;111] mmHg. The daytime average SBP was 160
[140,;180] mmHg, and the DBP was 105 [93;117] mmHg accordingly. The night-time average SBP was 165
[155;175] mmHg, DBP — 100 [95;105] mmHg, heart rate (HR) — 83 [76,;88] minutes, respiration rate (RR) — 21
[19;24] minutes. Decreases in index of chronotropic reserve (ICR) and the index of inotropic reserve (IIR) and load
index indicate an increase in myocardial oxygen demand during exercise. There was an inverse correlation of IIR with
SBP at rest (r=—0.42; p<0.05) and a direct correlation with age (r=0.28; p<0.05), which is significantly different from
the control group. A direct correlation was found between the double product (DP) before and after exercise (r=0.43;
p<0.05), which indicated an increase in consumption of oxygen by the myocardium. We found a direct correlation
between left atrium (LA) and the ratio of expiratory volume per 1 sec (FEV)) to the forced lung capacity (FEV) —
FEV/FVC (r=0.32; p<0.05), which indicates the effect of the severity of bronchial obstruction on the level of left
ventricular (LV) overload in patients with hypertension combined with COPD. The inverse correlation between
thickness of the posterior wall of the LV (RVWT) and FEV/FVC (r=-0.32; p<0.05) indicates the contribution of
disorders of bronchial patency and intrathoracic pressure with the level of BP to the development of concentric
remodeling and LV hypertrophy. The inverse correlation between SV and COPD Assessment Test (CAT) (r=-0.32;
p<0.05) indicates an additional effect of COPD clinical severity on central hemodynamics in patients with
hypertension. This relationship between the ventilatory and hemodynamic parameters is confirmed by the inverse
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correlation of HR and FVC (r=-0.33; p<0.05)), left ventricular internal dimension (LVEDD) of LV and CAT
(r=—-0.24; p<0.05)), stroke volume (SV) and Modified British Medical Research Questionnaire (mMRC) (r=—0.42;
p-00.05), CAT and pack years (r=0.33; p<0.05), inverse correlation between CAT and mMRC and FEV, FVC and
FEV/FVC (r=-0.40;p<0.05 and r=-0.45; p<0.05), respectively. Linear regression analysis showed that changes in
SV LV, LVEDD and SpO;, were dependent predictors of patient’s worsening state according to CAT (p<0.05). The
direct correlation was established between the desaturation (ASpO,) and ADP (r=0.48) and the inverse of ASBP (r= -
0.29), 6MWT (r=-0.45), ICR (r=-0.34) and IIR (r=-0.29), which indicates a pronounced effect of hypoxemia on hemo-
dynamics in patients with hypertension in combination with COPD. Comprehensive determination of cardiorespiratory
reserve by 6-minute walk test, pulse oximetry and ambulatory blood pressure monitoring in patients with hypertension
in combination with COPD makes it possible to establish disadaptation of the body to physical activity due to
hypoxemia, decrease in the index of chrono- and inotropic reserves, which is an indication for administering appro-
priate therapy. In patients with hypertension combined with COPD, the degree of desaturation, stroke volume, end-
diastolic parameters of the left ventricle, maximal size and volume of the left atrium, as well as remodeling of the left
heart sections in the concentric direction can be considered as independent predictors of prognosis. The 6-minute walk
test with desaturation can be used as an additional method of personalizing rehabilitation measures in patients with
hypertension in combination with COPD.

Pedepar. ApTtepiasbHa rinmepren3iss 3 KOMOpPOiTHMM XPOHIYHMM OOCTPYKTHBHUM 3aXBOPIOBAHHSM JIereHb:
B3a€MHUIi 3B’I30K Mi’K TOJEPAHTHICTIO 10 (Pi3NYHOr0 HABaHTAKeHHS i CTPYKTYPHO-PYHKUHIOHAJILHUM CTAHOM
cepus. Byprusk T.3., [loradamHniii B.A., ®ecenko B.I. Memoro docnioswcennsa 6yno ecmanogumu 83aEmM036 A30K Midc
monepaHmuicmio 00 DI3UUHO20 HABAHMAICEHHS, CAMYPAYIEIO KPOBI KUCHEM Md CIMPYKIMYPHO-(DYHKYIOHATbHUM CIMAHOM
cepys y nayienmie 3 apmepianvHoro 2inepmensicio (Al)) y no€OHanui 3 XPOHIYHUM OOCMPYKIMUBHUM 3AX60PIOBAHHAM Ne2eHb
(XO3J1). Lo oocnioxcenns exmoueno 120 nayicumis 3 AI' I-1l cmaoii 1, 2 ma 3 cmynens y noeonanni 3 XO3JI 2 i 3 cmynens
ma xainiynumu epynamu A, B, C, D, aki ckianu epyny 1; epyna 2 — 30 nayienmis 3 ecenyianvuoro AI' ma epyna 3 — 30
nayienmie 3 XO3JI; 4 epyna — 30 npakmuyno 300posux 0Cib, penpe3enmamueHux 3a 6ikom ma cmammio. Memoou
00CIONCEHHST BKIOUANU 3A2ANHOKIHIYHE 0bCcmedicenHs (30ip ckape, aHAMHeCMuUYHI 0aHi) ma IHCMPYMEHMAIbHI Memoou
docrnioxcenns: enexkmporapoiozpagito (EKT), exoxapoioepadghito (ExoKT), ogicue sumiprosanns apmepianorozo mucky (AT)
ma tioeo 0obosuti monimopune (AMAT), cnipomempiio, nynvcoxcumempiio (SpO2), mecm 6-xeununnoi x0066u (6-XT3X).
Ob6cmesicero 120 ocio 3 A" Il cmaoii, A" 1 cmynenst ecmanoenena 6 19 (15,8%), 2 cmynens —y 83 (69,2%) i 3 cmynens —y
18 (15%) nayienmie 6ionogiono. XO3JI kniniunoi epynu A diaenocmosana 6 10 (8,3%), B—y 51 (42,5%), C—y 18 (15%) i D
—y 41 (34,2%) nayicuma gionosiono. Hauibinew nowupenumu 6y AI' 2 cmynens 3 XO3JI kniniunoi epynu B — 35 (29,2%)
sunaokie ma D — 31 (25,8%) eunaook. Cepednvooobosuii cucmoniunuti AT (CAT) y nayicumie ocHo8HOI epynu cmaHosus
165 [144;178] mm pm. cm., a oiacmoniunuit AT ([AT) — 103 [94,111] mm pm. cm. Cepeonvooennuii CAT cmanosus 160
[140;180] mm pm. cm., a JJAT — 105 [93;117] mm pm. cm. gionogiono. Cepeonvoniunuti CAT — 165 [155;175] mm pm. cm.,
AT — 100 [95,105] mm pm. cm., YCC 83 [76; 88] x6., Q[ 21 [19;24] x6. 3nuodicenns iHoeKcié XpoHOMPONHO20 pe3epsy
(IXP) ma inomponnozo peszepsy (IIP) ma inoexcy HasanmasicenHst ceiouams npo nioguUueHHsi NOMpeou Miokapod 6 KUCHI npu
@isuunomy nasanmaoicenni. Hasiena 36opomus kopensyis IIP 3 CAT y cnoxoi (r=—-0,42; p<0,05) ma npsma Kopensyis 3
sixom (r=0,28; p<0,05), wo 0ocmosipHO GIOPIZHAEMbCA i) NOKAZHUKIE KOHMPOJILHOL epynu. Busieneno npsmy Kopeusyiio
midic noositinum 0ooymkom (IL/]) 0o i nicia nasammasicenns (r=0,43; p<0,05), wo 6xasye Ha 3pPOCMAHHA CRONCUBAHHSL
Mmiokapoom xkuckio. Buseunu npsimy kopensayiro mixe JIIT i ODBI1/DXKETT (r=0,32; p<0,05), wo modice cgiouumu npo eniue
supaicenocmi OpoHXianbHOI 0bcmpykyli Ha piseHb nepednasanmavicennss JILL y nayieumie 3 A" y noeounanni 3 XO3JI.
36opomusa  kopenayis mixc 8ionocHoro moswuroro cminku JILI (BTCIILL) i ODBI/DXKETT (r=-0,32; p<0,05) éxazye Ha
6HECOK NOPYULEHb OPOHXIATLHOT NPOXiOHOCMI | 6HYMPIUHLOZPYOHO20 mucky 3 pighem AT, y po36umox KOHYeHmMpUuuHo20
pemodentosarnna i cinepmpodii JILLI. 3sopomus xopenayia mixc yoaprum 06 'emom (YO) i mecmom oyinku XO3JI (TOX)
(r=-0,32; p<0,05) sxasye na O0odamxkosuii énus KiiniyHoi msaxckocmi XO3JI na yenmpanoHy 2eMOOUHAMIKY 8 NayicHmis 3
Al Leil 83a6M038’A30K MidHC BEHMUIAYIHUMU A 2eMOOUHAMIYHUMU NAPAMEmpPamu NiOmeepoNCyEMbCs 360POMHBLOIO
xopenayicto YCC i DIKEJI (r=—-0,33; p<0,05)), xinyeso-diacmoniunum posmipom (KI[P) JILII i TOX (r=—-0,24; p<0,05)),
YO i mooughixosanoro wixanoro saouwxu (MMJIP) (r=—0,42; p<0,05), TOX i mpusanicmio nauxo-poxie (r=0,33; p<0,05),
360pomuboio kopenayieto misie TOX ma mMJIP ma nokasnuxamu ODBI, @IKEJI ma ODBI/DIKET (r=—0,40; p<0,05 ma
r=-0,45; p<0,05) 6ionogiono. Jlinitinuii peepecivinuil ananiz noxazae, wo sminu YO JIII, KJP JIIII ma SpO, ¢
He3aeHCHUMU NpeOuKmopamu nocipuienns cmasy nayienma 32iono 3 TOX (p<0,05). [Ipsma Kopensyis 6cmano6iena misc
decamypayicio (ASpO;) ma AL (r=0,48) ma 36o0pomus 3 ACAT (r=-0,29), 6-XT3X (r=-0,45), IXP (r=-0,34) ma IIP (r=-
0,29), wo ceiduums npo BUPAdNCEHUL 6NAUB 2INOKCeMIi Ha cmaH cemoouHamixu 8 nayienmis 3 Al y noeounanni 3 XO3J1
Komnnexcrne eusnauennst kapoiopecnipamophozo pes3epgy 3a mecmom O-X8UIUHHOL X00bOu, NyIbCOKCUMempIEio ma
amoby1amopHumM 00008UM MOHIMOPYBAHHAM apmepianbHo2o MUcky 8 nayieumie 3 AI'y noeonanni 3 XO3JI 0ae moxcnugicmo
8CTMAHOBUMU 0e3a0anmayito OpeaHizmy 00 QI3UUHUX HABAHMANCEHb 34 PAXYHOK INOKCeMil, 3MeHIeHHs IHOeKCi6 XpoHo- ma
iHOMPONHO20 pe3epeis, Wo € NOKA3AHHAM Ol NPUHAYeHHs 8i0no6ionoi mepanii. ¥V nayienmie 3 Al y noeonanni 3 XO3J1
pieenb Oecamypayii, yoapruii 06°em, KiHYe80-0iadCMONiuHi napamempu 16020 UWLIYHOUKA, MAKCUMATbHULL pO3MIp i 00 'em
J1I6020 nepedcepost, a MAKOIC PeMOOETIOBAHHSL TGUX GIOOINI6 CEpYsl Y KOHYEHMPUUHOMY HANPIMKY MOICYMb PO3ISAOAMUCS 8
SAKOCMI  HE3aNeNCHUX  npeduxmopise  npoenoszy. Tecm  6-XGUIUHHOT X00bOU 3  GUBHAYEHHAM Oecamypayii MOJCHA
BUKOPUCMOBYBAMU 5IK 000AMKOBULL MEeMOO nepconanizayii peabinimayiunux 3axo0ie y nayieumie 3 Al y noeonanni 3 XO3J1.
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The modern trend in the development of internal
medicine and family medicine clinics is the study of
comorbid conditions. Comorbidity should be under-
stood as a combination of several diseases, which
includes the development of new pathogenetic
mechanisms, the appearance of the clinical picture,
complications and course, which is not characteristic
of the underlying disease [12]. Among the comorbid
conditions arterial hypertension (AH) and chronic
obstructive pulmonary disease (COPD) occupy
significant place in the practice of therapist and
family doctor. Even a separate subspecialty —
cardiopulmonology developed. The combination
of cardiovascular and bronchopulmonary patho-
logy in the general population leads to unfa-
vorable prognosis and disability [14, 17]. COPD is
diagnosed in every fourth patient with hyper-
tension between the age of 25 and 64 years, so
early diagnosis, treatment and rehabilitation of a
patient with a combination of hypertension and
COPD is required [1, 3, 4].

The use of ambulatory blood pressure monitoring
(ABPM) allowed us to evaluate the variability of
blood pressure (BP), the effectiveness of anti-
hypertensive therapy and to determine the predictors
of cardiovascular mortality. Disorder of the daily
profile of BP in patients with hypertension in
combination with COPD is characterized by the pre-
dominance of "non-dipper" and "night-peaker"
types, which increases the risk of damage to target
organs and adversely affect the prognosis [9]. A
direct correlation was found between hypoxemia, the
grade of BP elevation, sympathetic activity and a
correlation between a decrease in FEV,, desatu-
ration, and variability in the BP night profile [4, 18].
However, the question of the relationship between
exercise tolerance and hypoxemia in patients with
hypertension combined with stable COPD remains
unclear. The answer lies in the plane of study of the
cardiovascular system as a whole.

It is believed that impaired structural and func-
tional status of the heart in patients with hyper-
tension in combination with COPD is associated
with the development of left ventricular hypertrophy
(LV), its systolic, diastolic dysfunction and sub-
sequent involvement of the right ventricular, which
creates the basis for cardiac insufficiency, as a key
mechanism for reducing exercise tolerance [4, 15,
19]. It is believed that impaired structural and func-
tional status of the heart in patients with hyper-
tension in combination with COPD is associated
with the development of left ventricular hypertrophy
(LV), its systolic, diastolic dysfunction and sub-
sequent involvement of the right ventricle, which
creates the basis for the development of heart failure
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(HF) as a key mechanism for reducing exercise
tolerance [4, 15, 19]. The COSYCONET study [17]
demonstrated that one of five COPD patients had
cardiovascular pathology. The relationship between
the LV remodeling profile, the ejection fraction (EF)
stage and the chronic HF phenotype (CHF) was
established [7, 16].

The SCOTT study found that COPD patients
had a more pronounced desaturation during
physical activity due to hyperinflation, inadequate
cardiac output, and increased peripheral oxygen
extraction [11]. That is, the level of tolerance to
physical activity, as a criterion of the general
functional state, is determined as a whole by the
cardiorespiratory system [2]. Therefore, in the
combination of hypertension with COPD, it is
important to identify the leading mechanism that
limits the physical activity of the patient.
Transient hypoxemia in patients with COPD
associated with exercise, exacerbation, and in-
creased bronchial obstruction at night adversely
affect the cardiovascular system (CVS) [18].

The 6-minute walk test (6MWT) is the most
affordable, low-cost method of study that does not
require sophisticated equipment but correlates with
maximal physical activity and oxygen absorption
(maxVQO,) [2]. This test has a certain prognostic
value and implies increased risk of hospitalization
and mortality of patients with cardiovascular disease
(CVD) [6].

The aim of the study is to establish the relation-
ship between exercise tolerance, oxygen saturation,
and structural and functional cardiac status in patients
with hypertension in combination with COPD.

MATERIALS AND METHODS OF RESEARCH

The study included 120 patients with primary
arterial hypertension of stage I-1I, grade 1, 2, and 3
in combination with COPD of grades 2 and 3 and
clinical groups A, B, C, D; group 2 — 30 patients
with primary arterial hypertension of stage II gra-
de 2, and group 3 — 30 patients with COPD of grade
2 and clinical groups — B 15 (50%) patients and D —
15 (50%) patients and 30 practically healthy age-
and the sex- representative people. The mean age of
the patients in the main group was 58+7 years. The
duration of hypertension was on average 13 [8;19]
years, and COPD — 12 [6;19] years. Among the
smokers surveyed, 60 (50%) persons with a smoking
period of 26 [15;40] pack-years were found. The
study was carried out in the outpatient clinic
No 2CPMSH No 4 in Kryvyi Rih.

Criteria for inclusion in the study: primary
(essential) hypertension, COPD, voluntary consent
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to participate in the study according to the 2000
Helsinki Declaration.

Exclusion criteria are secondary AH, ischemic
heart disease, heart failure above grade I according
to the All-Ukrainian Association of Cardiologists
(2017) and II Class according to New York Heart
Association (NYHA), cerebral circulation disorders,
chronic kidney disease, diabetes mellitus.

Research methods included general clinical
examination (complaint collection, anamnestic data)
and instrumental research methods: electrocardio-
graphy (ECG), echocardiography, measurement of
ambulatory BP profile (ABPM), spirometry, pul-
soxymetry (SpO;), 6MWT. The stage and grade of
hypertension were determined according to the
recommendations of the European Society of
Cardiologists (2018) and the Ukrainian Association
of Cardiologists (2018) [4, 12]. ABPM was perfor-
med with the help of a portable monitor "Cardio-
tehnika-4000 AD". Daily average heart rate (HR),
average heart rate before and after exercise, daily
average SBP and DBP, daytime average systolic
(SBP) and diastolic (DBP) BP, night-time average
SBP and DBP were calculated. Threshold levels of
office BP - >140/90 mmHg; day ABPM -
>135/85 mmHg, night ABPM — >120/70 mmHg,
daily blood pressure — >130/80 mmHg.

The structural and functional state of the heart
was examined using Echocardiography by a
standard technique. The studies were performed on a
ZONAR Z.ONE PRO using a 3.5 MHz mechanical
sensor. The thickness of the posterior wall of the LV
(PWTD) and the interventricular septal (SWTD), left
ventricular internal dimension, end-diastole (LVEDD)
and index (LVEDVI), left ventricular internal
dimension end-systolic (LVESD), left ventricular
mass of the myocardium (LVM) (gram), left ven-
tricular mass index (LVMI)(g/m?), stroke volume
(SV) were determined. The relative wall thickness
(RVWT) was calculated (2*PWT)/LVEDD. Left
ventricular mass (g):=0.8*1.04*[(LVEDD+PWTD+
+SWTD)*-LVEDD’]+0.6. The dimensions were
established in accordance with the recommendations
of the American Society of Echocardiography (ASE)
and the European Echocardiography Association
(EEA) [2].

To quantify the adaptive capacity of patients the
double-product method (DP), or Robinson's index,
DP reserve index DP= (HR*SBP)/100 were used.
Chronotropic cardiac function was determined using
the index of chronotropic reserve (ICR, %):
ICR = (load HR - rest HR)x100%/rest HR. Ex-
pected maximum HR — (exp max HR, beats/min) =
= (208-0.7%age). Expected CR - (exp CR)=
= (exp max HR-HR)/HR. A chronotropic incom-
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petence (CI) was established at a level of XP <62%.
The state of inotropic cardiac function during
physical activity was determined by calculating the
index of inotropic reserve (IIR, %): IIR = (load
SBP - rest SBP)x100%/rest SBP. For analysis, the
average daily blood pressure and heart rate before and
after loading according to the ABPM data were used.

External respiration function was determined by
computer spirometry ‘“Pulmowind” “Sensorsystems”
LTD. The calculated expiratory volume per 1 sec
(FEV)), the forced lung capacity (FEV) and their
ratio (FEV/FVC) were calculated. According to the
Adapted Clinical Guideline 2019 and the GOLD
2019 Guideline, stratification of patients by COPD
severity changed from an isolated assessment of the
degree of bronchial obstruction by GOLD
(FEV/FVC and FEV, index) to a polyparametric
integral assessment of the degree of shortness of
breath, cough, amount of sputum, exercise tolerance
and risk of exacerbation or death of COPD. In accor-
dance with these parameters, according to the
GOLD 2019 guidelines, criteria for individual
COPD clinical groups were developed [8, 15].

The Modified British Medical Research Ques-
tionnaire (mMMRC) and the COPD Assessment Test
(CAT) were used to assess patients' symptoms.
Patients underwent standard pulse oximetry conti-
nuously while walking using a hand pulse oximeter,
with desaturation criteria of Sp0,<90% or >4%.
Analysis and statistical processing of the material as
performed using Excel (Microsoft Office 2016).
Mathematical and statistical analysis of the results of
the study was performed using the licensed program
STATISTICA (version 10.0) using determination of
mean values (M), standard deviation (SD), errors of
mean value (m), (M£SD), and the interquartile range
medians (Me [25-75%]). Univariate and stepwise
multivariate logistic regression analysis was
performed to determine the independent predictors
of the combined endpoint. Significant differences
were assumed to be p<0.05. All surveyed patients
consented to the processing of personal data.

RESULTS AND DISCUSSION

On examination of patients with AH of stages I-
I, grade 1 was established in 19 (15.8%), grade 2 —
in 83 (69.2%) and grade 3 — in 18 (15%) patients,
respectively. COPD in clinical group A was
diagnosed in 10 (8.3%), B —in 51 (42.5%), C —in 18
(15%) and D — in 41 (34.2%) patients, respectively.
The most common was grade 2 hypertension with
COPD in clinical group B — 35 (29.2%) cases and D
—31 (25.8%) cases.

The 24-hour average SBP in patients of the main
group was 165 [144;178] mmHg, and the DBP was
103 [94;111] mmHg. The daytime average SBP was
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160 [140;180] mmHg, and the DBP was
105 [93;117] mmHg in accordance. The night-time
average SBP is 165 [155;175] mmHg, DBP — 100

[95;105] mmHg, HR 83 [76;88] minutes, respiration
rate (RR) 21 [19;24] minutes.

Comparative clinical characteristics of the groups
is shown in table 1.

Table 1

Clinical characteristics of patients

Group 1 Group 2 _ Control group
Parameters (n=120) (n=30) Group 3 (n=30) (n=30)

Age, years 58+7 5616 57+5 59+6
Sex, men/women (n) 55/15 19/11 20/10 22/8
Smoking duration, n 26 [15:40] 15 [9;20] 21 [7;31] 17[8;25]
Current smoker, n (%) 60 (50%) 18 (60%) 19 (63.3%) 16 (53.3%)
Duration of hypertension, years 13 [8:;19] 512;8] - -
Duration of COPD, years 12 [6;19] - 7 13;10] -
Exacerbations with hypertension per year, (n) 2.2 [2;3] 2 [153] - -
Exacerbations with COPD per year, (n) 2 [1;53] - 2 [152] -
CAT,b. 20 [12;32] - 19 [15;23] -
mMRC, b. 3 [3:4] - 2 [2;3] -
FEV,, % 48 [36:60] 92 [86;98] 50 [41;63] 90 [80;100]
FVC, % 58 [46;69] 96 [89;100] 66 [60;70] 95 [90;100]
FEV,/FVC 0.57[0.49;0.65] 0.80 [0.75;0.85] 0.62 [0.53;0.69] 0.83 [0.77;0.90]
HR, min. 83 [76; 88] 76 [68;82] 79 [76;84] 72 [70578]
RR, min. 21 [19;24] 15 [13;18] 18 [16;20] 16 [15;16]
24-hour average, mm Hg
SBP 165 [144;178] 152 [140;164] 130 [115;129] 119 [110;125]*
DBP 103 [94;111] 95 [90;105] 81 [75;87] 80 [75;85]*
Daytime average, mm Hg
SBP 160 [140;180] 159 [150;172] 128 [120;139] 125 [120;130]*
DBP 105 [93;117] 100 [905110] 84 [80;89] 83 [75;89]*
Night-time average, mm Hg
SBP 165 [155;175] 126 [121;132] 115 [110;120] 110 [105;115]*
DBP 100 [95;105] 79 [73;85] 65 [60;70] 60 [55;70]*

Note. *p<0.05

SBP at a rest was at 150 [140;160] mmHg. A
direct correlation was found between SBP before
exercise and HR after (r=0.30; p<0.05), reflecting a
positive response to exercise. SBP after loading —
170 [160;180] mmHg. The increase was 15 [8;25]
accordingly. When performing 6MWT, it was found
that SpO, before loading in the main group was 94
[92:96]%, and in the control — 97 [96;97]%, the
pulse respectively 80 [76;86]/min and 72 [70;77]/min
SpO; after loading — 88 [85;91]% and 99 [96;101]1%.
HR - 105 [93;114]/min and 90 [86;95]/min. The
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inverse correlation between CAT and O, saturation
to load was found (r= -0.28; p<0.05).

The resting DPs are 164 [91;250] and 126
[114;134], respectively. Post-load DPs were 193
[144;242] and 137.9 [130.2;142.5]. Increase in DP
(IDP) is 45 [19;72]. Load index 0.39 [0.13;0.66]
(Table 2). According to our study, a direct cor-
relation was found between HR and DP before
loading (r = 0.31; p<0.05) and HR and DP (r = 0.43;
p<0.05) after loading, indicating a change DP is due
to the difference of the HR, not the SBP. Studies
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have shown that desaturation has a significant
inverse correlation with FEV), initial oxygen satura-
tion, and a 6-minute walking distance, indicating a hig-
her degree of airflow obstruction and lower SpO, tole-
rance at rest, which is confirmed by less time walking.
It was found that the ICR was 0.19 [0.14; 0.26],
the inverse correlation between the HR before
loading and the ICR (r=-0.47; p<0.05), ICR and LA
(r=-0,24; p<0.05). ICR and RR (r=0.33; p<0.05).
There is an inverse correlation of IIR with SBP at
rest (r=—0.42; p<0.05) and a direct correlation with

age (r =0.28; p<0.05), which is significantly
different from the control group. Decreases in ICR
and IIR and load index indicate an increase in
myocardial oxygen demand during exercise. A low
increase in IIR in group 1 — 0.08 [0.05;0.12] indi-
cates a decrease in myocardial reserves and adaptive
capacity of the functional coronary reserve of the
organism, which exacerbates hypoxemia in patients
with combined pathology of AH and COPD. CI is
0.56 [0.42;0.65], indicating a decrease in cardiac
output due to tachycardia.

Table 2

Indicators of cardiorespiratory reserve in the main and control groups

Indicator Group 1 (n=120) Group 2 (n=30) Group 3 (n=30) Control group (n=30)

FEV,, % 48 [36;60] 92 [86;98] 50 [41;63] 90 [80;100]
FEV,/FVC 0.57 [0.49;0.68] 0.80 [0.75;0.85] 0.62 [0.53;0.70] 0.83 [0.77;0.90]
SpO., % before physical activity 94 [92;96] 97 [96;98] 95 [94;96] 97 [96;97]
SpO0,, % after physical activity 88 [85;91] 96 [94;97] 92 [90;95] 99 [96;101]
ASpO;, % -6 [-7;-5] -1 [-2;1] -3 [-4;-1] 2 [0;4]*
APD 45 [19;72] 24 [20;28] 29 [22;34] 15.1 [0.75;18.9]*
A SBP 15 [8;25] 17 [10;19] 19 [18;20] 20 [15;20]*
6MWT, m 290 [250;340] 403 [384;415] 386 [361;400] 450 [390;510]*
Load index 0.32 [0.25;0.37] 0.35[0.29;0.41] 0.38 [0.36;0.40] 0.40 [0.35;0.51]*
ICR, % 0.19 [0.14;0.27] 0.23 [0.18;0.27] 0.25 [0.21;0.29] 0.28 [0.25;0.35]*
IR, % 0.08 [0.05;0.12] 0.09 [0.08;0.11] 0.1 [0.09;0.12] 0.14 [0.10;0.15]*

Note. *p<0.05

An indirect correlation was found between SpO,
and HR (r=-0.31; p<0.05) between SpO, and RR
(r=-0.36; p<0.05), between SpO, and the average
DBP (r=0.62; p<0.05), between SpO, and the
average daytime DBP (r =-0.52; p<0.05), SpO, and
the average daytime DBP (r =-0.64, p<0.05 ), which
is explained by the response of peripheral vascular
resistance to exercise.

External respiratory function in patients with
hypertension in combination with COPD was FEV;
48 [36;60]%, FVC 58 [46;69]%, FEV,/FVC 0.57
[0.49;0.68]. During Echocardiography (Table 3), a
significant increase in LVEDVI, RVWT, EF LV
compared to the control and comparison groups was
found. Concentric LV hypertrophy was most
pronounced when combined with hypertension and
COPD and was found in 26 (21.6%) patients,
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concentric remodeling was found in 40 (33.3%)
patients, eccentric hypertrophy in 11 (9.2%) patients.
In group 2, concentric remodeling was established in
11 (36.6%) patients, concentric LV hypertrophy in
10 (33.3%) patients, and eccentric LV hypertrophy
in 1 (3.3%) patients. In group 3, concentric remo-
deling was established in 5 (16.6%) patients. The
severity of LV hypertrophy in combined pathology
is significantly higher than in hypertension and
COPD without comorbidity, which is caused by
hypertrophy and dilation of the right ventricle. The
peculiarities of changes in the geometry of the LV in
the combined diseases depend on both the level of
blood pressure and the hypertrophy of the LV and
the severity of hypoxia [19].

We found a direct correlation between LA and
the FEV/FVC (1=0.32; p<0.05), which indicates the
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effect of the severity of bronchial obstruction on the
level of LV overload in patients with hypertension
combined with COPD. The inverse correlation
between RVWT and FEV,/FVC (r=-0.32; p<0.05)
indicates the contribution of disorders of bronchial
patency and intrathoracic pressure with the level of
BP to the development of concentric remodeling and
LV hypertrophy. The inverse correlation between
SV and CAT (r=-0.32; p<0.05) indicates an
additional effect of COPD clinical severity on

central hemodynamics in patients with hypertension.
This relationship between the ventilatory and
hemodynamic parameters is confirmed by the
inverse correlation of HR and FVC (r=-0.33;
p<0.05)), LVEDD of LV and CAT (r=-0.24;
p<0.05)), SV and mMRC (r=-0.42; p.00.05), CAT
and pack of years (r=0.33; p<0.05), inverse correla-
tion between CAT and mMRC and FEV,, FVC and
FEV//FVC (r=-0.40; p<0.05 and r=-0.45; p<0.05),
respectively.

Table 3
Structural and functional indicators of the heart according to Echocardiography
. Group 1 Group 2 _ Control group
Indicator (n=120) (n=30) Group 3 (n=30) (n=30)
LVEDD, sm 4.9 [4.5;5.1] 4.3 [4.2;4.4] 4.5 [4.4;4.6] 4.2 [4.1;4.3]*
LVEDDI, ml/m’ 2.3 [2;2.5] 1.9 [1.7;2.0] 2.1[1.9;2.2] 1.7 [1.6;1.8]*
LVESD, sm 3.2 [3.0;3.6] 2.9 [2.8;3.0] 2.9 [2.8;3.1] 2.7 [2.6;2.8]*
LVEDVi, ml 136 [119;179] 94 [90;98] 99 [96;104] 87 [77:97]*
LVESVi, ml 60 [54:89] 38 [37;41] 42 [40;44] 37.5 [31;44]*
LVEDVI, ml/m’ 84 [79;97] 52 [50;56] 58 [50;67] 53 [50;55]*
RVWT, sm 0.49 [0.46;0.52] 0.39 [0.35;0.46] 0.35 [0.30;0.41] 0.34 [0.23;0.40]*
SV, mm 65 [60;69] 54 [51;57] 60 [57;62] 50.5 [46;55]*
E/A 0.8 [0.69;0.9] 0.9 [0.7;1.2] 1.0 [0.8;1.3] 1.6 [1.4;1.8]*
EFLV, % 58 [5660] 60 [57;63] 61 [58;64] 67 [65;68]*
LVM, g 259 [196;301] 152 [134;170] 134 [122;153] 103 [93;113]*
LVMi , g/m’ 146 [115;180] 102 [87;118] 65 [53;79] 58 [48;73]*
Types of left ventricular geometry

Concentric remodeling of the LV, n (%) 40 (33.3%) 5 (16.6%) 11 (36.6%) -

Eccentric LV remodeling, n (%) -
Concentric hypertrophy of the LV, n (%) 26 (21.6%)

Eccentric LV hypertrophy, n (%) 11 (9.2%)

10 (33.3%) - -

1(3.3%) - -

Note. *p<0,05.

Assessment of cardiorespiratory reserve in patients
with combined pathology revealed a relationship
between impaired bronchial obstruction and indica-
tors of cardiorespiratory reserve, namely, a direct
correlation of FEV,; with ASBP (r=0.32), 6MWT
(r=0.44), ICR (r=0.25) and IIR (r=0.38). FEV|/FVC
with ASBP (r=0.27), 6MWT (r=0.35), ICR (r=0.32),
and IIR (r=0.20).
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The direct correlation was established between
the desaturation (ASpO,) and ADP (r=0.48) and the
inverse of ASBP (r=-0.29), 6MWT (r=-0.45), ICR
(r=-0.34) and IIR (r=-0.29), which indicates a pro-
nounced effect of hypoxemia on hemodynamics in
patients with hypertension in combination with
COPD (Table 4).
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Table 4
Correlation relationships of indicators of the main group
FEV, % | Tl | aspon% | AP asgp | MWD yer o | R, %

FEV,, % - 0.56 -0.55 -0.26 0.32 0.44 0.25 0.38
FEVI/FVC 0.56 - -0.41 -0.20 0.27 0.35 0.32 0.20
ASpOy, % -0.55 -0.41 - 0.48 -0.29 -0.45 -0.34 -0.29
APD -0.26 -0.20 0.48 - 0.52 -0.36 -0.46 -0.31
A SBP 0.32 0.27 -0.29 0.52 - -0.30 0.33 0.45
6-MWT, m 0.4 0.35 -0.45 -0.36 -0.30 - 0.35 0.47
ICR, % 0.25 0.32 -0.34 -0.46 033 0.35 - 0.30
IR, % 0.38 0.20 -0.29 -0.31 0.45 0.47 0.30 -

Linear regression analysis showed that changes
in SVLV, LVEDD, and SpO, were dependent pre-
dictors of patient’s state worsening according to
CAT (p<0.05) (Table 5).

The inverse correlation between IP before and
after loading and the size of the right atrium (1= -
0.26; p<0.05 and respectively r=-0.27; p<0.05), PD

and SWTD (r=-0,30; p<0.05), between the increase
in DP and PWTD (r=-0.29; p<0.05), the increase in
DP and LVESD (r=-0.24; p<0.05), which indicates
the systolic ability of the myocardium to respond to
exercise in hypoxemia in patients with hypertension
in combination with COPD.

Table 5
Results of multivariate analysis of CAT and load index
in patients with hypertension combined with COPD
CAT LOAD INDEX
sV LVEDD SpO, LVESD LVEDD
B -0.28 -0.264781 -0.292091 0.345957 0.326191
Stand.error B 0.11 0.112864 0.111937 0.118208 0.119097
B -0.30974 -0.17034 -0.07171 1527918 14.68884
Stand.error 0.123667 0.072609 0.027479 5.220673 5.363114
t (70) -2.50462 -2.34603 -2.6094 2.92667 2.73886
p 0.014491 0.021693 0.010996 0.004761 0.008007
R 0.281306389 0.264781409 0.292091175 0.345957 0.326190829
R2 0.0791332845 0.0701091944 0.0853172542 0.119686246 0.106400457
Correct R2 0.066518672 0.0573709642 0.0727873536 0.105713012 0.0922163372
F(1,73) 6.27314428 550384106 6.80909265 8.56539326 7.50137893
Standard error of 6.56820936 0.0216931012 0.0109964563 0.00476052566 0.00800726563
estimation
:(;‘lfaifog;efs(fr“;'l‘le y="75.4127- y=53.9682- y=97.3798- y=31.0387+ y=46.6937+
0.3097%x 0.1709"x 0.0717%x 15.2792% 14.6888*x

dependent variable
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The direct mean correlation was found between
the load index and RV size (r=0.25; p<0.05), bet-
ween the load index and the LVEDD (r=0.37;
p<0.05), the LVEDD (1=0.35; p<0.05) and SV
(r=0.26; p<0.05). According to the regression ana-
lysis, only the LVEDD and the LVEDD are indep-
endent indicators of load index, indicating the direct
effect of hypoxemia on LV remodeling under load
conditions at 6MWT. This, in turn, confirms the
relationship between exercise tolerance and struc-
tural and functional state of the heart.

CONCLUSIONS

1. Comprehensive determination of cardiorespi-
ratory reserve by the test of 6-minute walk, pulse
oximetry and ambulatory monitoring of blood pres-
sure in patients with hypertension in combination

with COPD makes it possible to establish disadap-
tation of the body to physical activity due to hypo-
xemia, decrease in the index of chrono- and
inotropic reserves, which is an indication for
administering appropriate therapy.

2. In patients with hypertension combined with
COPD, the degree of desaturation, stroke volume,
end-diastolic parameters of the left ventricle,
maximal size and volume of the left atrium, as well
as remodeling of the left heart sections in the
concentric direction can be considered as indepen-
dent predictors of prognosis.

3. The 6-minute walk test with desaturation can
be used as an additional method of personalizing
rehabilitation measures in patients with hypertension
in combination with COPD.
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