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Abstract.

Chronic obstructive pulmonary disease is a classic example of a comorbid condition
characterized by a combination with coronary artery disease, arterial hypertension, and
metabolic syndrome.

The aim of the study was to investigate the features of the interrelationships between
the lipid spectrum and echocardiography parameters in patients with chronic obstructive
pulmonary disease, coronary artery disease and arterial hypertension.

Material and methods. 35 patients with chronic obstructive pulmonary disease and
comorbidity (57.14% male, 42.86% female) were examined. The average age was 57.0, the
middle duration of the disease was 10.02 [5.0—15.0] years. 23 patients had comorbidity with
coronary artery disease and arterial hypertension, 11 patients had diabetes mellitus type 2, 8
patients had coronary artery disease (cardiosclerosis, angina pectoris), 4 patients had 2nd
stage of arterial hypertension.

Results and discussion. Patients were divided into 3 groups: group B (12 patients),
group C (14 patients), group D (9 patients). In group B, 3 positive significant correlations of
aortic diameter with total cholesterol, low-density lipoproteins, very low-density lipoproteins
were revealed. In group C, there are 2 correlations with systolic pressure in pulmonary artery
- positive with low-density lipoproteins and negative with high-density lipoproteins, and
negative association between triglycerides and left ventricular diastolic volume. In group D,
the number of correlations increases to 6: correlations of low-density lipoproteins with right
atrium and right ventricle appear, as well as with left ventricular parameters. It was noted that
the increase of severity of chronic obstructive pulmonary disease and comorbidity with
arterial hypertension does not lead to increasing of the correlations number, but coronary
artery disease increases the number of correlations by half.

Conclusions: As the severity of the chronic obstructive pulmonary disease progresses,
the number of correlations between the lipid spectrum and the myocardium structural and
functional condition increases according to the echocardiography data.

Keywords: comorbidity, chronic obstructive pulmonary disease, echocardiography

Pesrome.

XpoHiuHe OOCTPYKTHBHE 3aXBOPIOBAHHS JIETCHb € KJIACHYHUM TPUKIAIOM
KOMOPOITHOTO CTaHy, IO XapaKTePU3YEThCS TOEIHAHHSIM IMIEMIYHOIO XBOPOOOIO ceprid,
apTepiasIbHOIO TIMEPTEH31€I0 Ta METAOOTIYHIM CHHIPOMOM.

Mertoto  focmiJKeHHsT OyJa0  BHBUEHHS  OCOOJIHMBOCTEH  B3Aa€EMO3B'S3KYy  MIXK

napamMeTpamMM JIMIHOTO CIEKTpa Ta eXOKapAiOCKOMii Yy Tali€HTIB 3 XPOHIYHUM



OOCTPYKTHBHMM 3aXBOPIOBAHHSM JIET€Hb, IIEMIYHOIO XBOpPOOOIO ceplLs Ta apTepiajbHOI0
rinepTeHsiero.

Marepianuii metomu. OOcCTexkeHO 35 TaIlll€eHTIB 3 XPOHIYHUM OOCTPYKTHBHUM
3aXBOPIOBaHHAM JIereHb 1 KoMopOinHoto martoinoriero (57,14% donosikiB, 42,86% XKIHOK).
Cepenniii Bik craHoBHB 57,0, cepeqHst TpUBAICTh 3axBoproBaHHs cTtanoBmia 10,02 [5,0-15,0]
POKiIB. 23 mamieHTH MaJd KOMPOiAHICTh 3 1IIEMIYHOI0 XBOPOOOIO Cepls Ta apTepialibHOO
rineprensieto, 11 mamieHTiB Manu IyKpOBUH niaber 2 THIly, 8§ MAI[iEHTIB XBOPI HA iMIEMIUHY
XBOPOOY cepiis (KapioCKIepo3, CTCHOKapIis), 4 MamieHTIB Maju apTepiajabHy TiIepTEH31TO.

Pesynbratn 1 obroBopenHs. Ilamientn Oynu posaineni Ha 3 rpynu: rpyma B (12
narientiB), rpyma C (14 mamienrtiB), rpyma [[ (9 mamienriB). Y rpyni B BusBieno 3
NO3UTUBHUX, BIPOTITHUX KOpENsiil JiamMerpa aopTd 3 3arajlbHUM XOJECTEPHHOM,
JIONPOTEiIaMi HU3BKOT MIITLHOCTI, JIIONPOTeifaMu ayxe HU3bKoi niisHoCTi. Y rpymi C €
2 Kopemslii 3 cepemHIM THCKOM B JIETE€HEBIM apTepii - MO3UTUBHHUMH 3 JIIOMPOTETHAMHU
HU3bKOI MIUTBHOCTI Ta HETaTMBHUMH 3 JIIOMPOTEIHAMH BHUCOKOI INITBHOCTI, a TaKOXK
HETaTUBHUN 3B'A30K MDK TPHUIIILEPHIAMH Ta MIaCTOJIIYHHUM 00'€éMOM JBOTO NUTYHOYKA. Y
rpymi D KiTBKICTh KOpemnsAiid 30UTbIIYEThCST 10 6: 3'SIBISIOTHCS KOPEJAIl JIMONPOTEIHIB
HU3BKOI MIUTPHOCTI 3 MapaMeTpaMd IMpaBOrO TMEpeicepAs Ta MUIYHOYKa, a TaKoX 3
napamMeTpamH JIiBOro nutyHouka. byno 3a3HadueHo, 10 KiIbKICTh KOpEJALiN 3pocTae y/Bivi 3a
YMOBHU KOMOPO1AHOCTI 3 IIEMIYHOIO XBOPOOOIO CepIis.

BucHoBku. [IporpecyBaHHSI XpOHIYHOTO OOCTPYKTHBHOTO 3aXBOPIOBAHHS JICTCHb Ta
MOETHAHHS 11 3 KOMOPOITHUMHU CTaHAMU TTPU3BOIUTH 10 30UIBIICHHS KiJTbKOCTI KOPEISIIHHUX
3B'SI3KIB MDK JIMIHUM CIEKTPOM Ta TOKa3HUKAaMHM €XOKapIiOocKoIlii, OCOOJMBO MpH
KOMOPO1IHOCTI 3 1IIEMIYHOI0 XBOPOOOIO cepIis.

KuarouoBi cioBa: kKoMopOiIHICTh, XpPOHIYHE OOCTPYKTHUBHE 3aXBOPIOBAHHS JICTCHD,

exokapaiorpadis

Pesrome.

XpoHuyeckasi 0OCTpyKTHUBHasi OO0JIE3Hb JIETKUX SBIISETCS KIACCHUYECKUM MPUMEPOM
KOMOpPOHMJIHOTO COCTOSHUSI, AaCCOLMUPYIOLIETOCs C MIIeMUYecKoil Ooye3Hbl0 cepaua,
apTepuantbHON TUIepTeH3uel 1 MeTab0IMYECKUM CHHIIPOMOM.

Llenpto wuccrnenoBaHus OBLIO U3YYEHHE OCOOCHHOCTEH B3aUMOCBSI3EH MEXITY
JUNUIHBIM CHEKTPOM M TapamMeTpaMH 3XOKAPJUOCKONUHU y MAIMEHTOB C XPOHUYECKOU
OOCTpYKTUBHOM OO0JIE3HBIO JIETKMX, WIIEMHYECKOW OOJE3HbIO cepiala W apTepuaIbHOMN
TUIIEPTCH3UEH.

Matepuan u metonel. O6cnenoBaHo 35 MAMEHTOB ¢ XPOHHYECKON OOCTPYKTHBHOU

00JIe3HBI0 JIETKUX M comyTcTBytomed mnartonoruedt (57,14% wmyxuun, 42,86% >KEHIIMH).



Cpennuit Bo3pact cocraBuwi 57,0, cpennsisi MpogobKUTeNbHOCTE 3a0oneBanus - 10,02 [5,0-
15,0] ner. ¥V 23 manueHTOB BBISABIEHA KOPOMIHOCTh C HUIIEMHYECKOW OOJE3HBIO cepala u
apTepuagbHOM TUnepTeH3uel, y 11 nmanueHToB ObUT caxapHbI AuadeT 2 Tuma, y 8 mariueHToB
OblTa WImeMuyeckas 00JIe3Hb cep/ia (KapauOoCKIepo3, CTCHOKAp/us), Y 4 MalueHToB Oblia
apTepuaibHas TUIIEPTEH3US.

Pesynbratsl u o0cyxxaenue. [larments! Oblu pasnenensl Ha 3 rpynmsl: rpynmna B (12
nanuenTos), rpynna C (14 nanuenTos), rpynna D (9 mauuenros). B rpynne B BoisiBieHsI 3
MOJIOKUTEIbHBIE JIOCTOBEPHBIE KOPPENAIMHM JUaMeTpa aopThl C OOLIMM XOJECTEPHUHOM,
JUMONPOTENHBI HU3KOU TIIOTHOCTH, JUIOMPOTEUHBI C OU€Hb HU3KOW MIIOTHOCTHIO. B rpymme
C umerorcs 2 KOppessiliU C CPEIHUMIABIECHUEM B JIETOYHOHAPTEPUH - MOJIOKUTEIBHBIE C
JUIMONPOTENHAMH HU3KOH IUIOTHOCTH M OTpPUIATEIbHBIE C JIMIONPOTEMHAMH BBICOKOM
IUIOTHOCTH, a TakXKe OTpHUIaTeNIbHAs CBSI3b MEXAY TPUIIIMLIEPUAAMH U JUACTOINYECKUM
00beMOM JIeBOTO Kenynodka. B rpymme D umciio koppemsiuil yBenuuuBaeTrcs 10 6:
HOSBISIOTCS KOPPEJSIUK JIMIIONIPOTEMHOB HU3KOW IJIOTHOCTH C MapaMeTpamMH MpaBbIX
npecepans U KelyJouKa, a TAKXKe ¢ IapaMeTpaMH JIeBOTO KelyJAo4yka. beijio oTMedeHo, uto
pyu  KOMOPOWIHOCTH XPOHHYECKOW OOCTPYKTUBHOW OOJE3HM JIETKHX C HIIEMHUYECKON
00JIe3HBI0 cep/ilia KOJIMYECTO KOPENSIUi YBeTUYMBAeTCA B J[Ba pasa.

BeBogsl. Ilo Mepe mporpeccMpoBaHUSl TSKECTH XPOHHYECKOH OOCTPYKTHBHON
0O0JIE3HH JIETKUX KOJHUYECTBO KOPPESIMA MEXKAY JUMHUIHBIM CIEKTPOM H CTPYKTYPHO-
(G yHKIIMOHAJIBHBIM COCTOSIHUEM MHOKap/ia YBEIHUHUBAETCS.

KiroueBblie cjioBa: KOMOPOUIHOCTh, XPOHUUYECKasi OOCTPYKTHBHAS 0OJIE3Hb JIETKHUX,

sXOKaparorpadpus

“The mind that opens to a new idea

never returns to its original size.”

Albert Einstein

Chronic obstructive pulmonary disease (COPD) is one of the current problems of

contemporary medicine due to the rapid increase in morbidity, disability and mortality rates

(more than 30% in 10 years), and high treatment costs and decline in the patient’s quality of

life [1-5]. COPD will have taken the third place among the mortality causes by 2030
according to WHO [2, 6].

At the end of the twentieth century, the number of patients with persistent

combinations of various diseases rapidly had increased. Those combinations were called

comorbidity [7, 8]. Comorbidity has become the main informational source for studying the

general mechanisms of the various diseases pathogenesis [9].



The prevalence of concomitant diseases is higher in COPD than in whole population
[10-12]. It attests that COPD is a classic example of a comorbid condition which is
characterized by a combination with coronary artery disease (CAD), arterial hypertension
(AH), and metabolic syndrome.

In recent years there has been a growing interest in studies of structural and functional
disorders of the myocardium using of echocardiography in COPD and comorbidity AH and
CAD [3, 13-16]. The possibility of early diagnosis of heart failure, both ventricles diastolic
dysfunction, using echocardiography is noted [17, 18]. However, a consensus about the nature
of the violations of the right and left ventricles of the heart and their relationship in COPD is
not found [19].

The results of studying the structural and functional parameters of the myocardium in
COPD using echocardiography testify the effect of pulmonary hypertension influence not
only on the right ventricle (RV), but also on the left ventricle (LV). It is so-called
"Interventricular interaction" which is caused by the anatomical and electrophysiological
connections of both ventricles.

Cardiac remodeling in COPD and cardiovascular comorbidity (CAD and AH) is
recognized as a universal process based on chronic systemic inflammation [11, 12, 20].
COPD is one of the most frequent causes of both ventricles diastolic dysfunction [15].

The achievements of modern network science in the field of molecular biology,
genome and molecular genetics made it possible to study the causes of comorbidity at the
organism, cellular, molecular, genetic levels. As well they permit to show the importance of
cellular networks between these components and to allocate a new discipline, network
medicine representing a perspective approach to understanding diseases from a network point
of view, reclassification of complicated syndromological diseases [21-24]. These
achievements allow selecting a special group of syntropic diseases with similar etiological
and pathogenetic mechanisms. The similarity between these diseases is determined by the
general predisposition genes. The modification of universal network processes at the
genomic, molecular and cellular levels leads to development of syntropic diseases. They are
manifested at the organ and organism levels by systemic chronic inflammation of target
organs. This creates new properties of various systems (emergence), which are difficult to
explain using only the signs of individual diseases and their components.

It is believed that network approaches will be used to integrate several genotypes to
study the pathogenesis of the disease and to resolve the problem of synthropy and
comorbidity in further studies of COPD genetics.

All of the above emphasizes the urgency of studying the problems of pathogenesis,
comorbidity, synthropy, diagnosis, and treatment of COPD.



The aim: to investigate the relationships features between the lipid and
echocardiography parameters in COPD in frame of CAD and AH comorbidity.

Materials and methods: The study design was created according to the principle of
integrativity. This article presents the results of a study of lipid spectrum parameters (total
cholesterol, triglycerides (TG), high density lipoproteins (HDL), low density lipoproteins
(LDL), very low density lipoproteins (VLDL), atherogenicity coefficient (CA) and their
correlation with echocardiography parameters. The diagnosis of COPD was in accordance
with the criteria which were represented in the report of the working group GOLD (2018).
The lung function was studied by using a computer spirograph ‘Spirokom’. The ESC
recommendations (2013) were used to verify the diagnosis of AH and CAD.

The serum level of total cholesterol, TG, HDL, LDL and VLDL was determined by a
standard biochemical method, CA was calculated.

The study of the structural and functional state of the heart was carried out with the
help of echocardiography using the standard method with determination of the LV end-
diastolic volume (LV EDV), left ventricle end-diastolic dimensions (LV EDD), posterior wall
thickness in diastole (PWED), interventricular septum thickness (IVS thickness), LV mass
index (LV MI), ejection fraction (EF), pulmonary artery systolic pressure (PASP), aortic root
diameter (ARD), RV end-diastolic dimensions (RV EDD) using the apparatus of ultrasound
transthoracic examination of the heart Philips HDI - 11.

35 COPD patients with CAD and AH comorbidity were examined, 57.14% of them
were men and 42.86% - women. The average age was 57.0 [54.0-67.0] years and the disease
duration was 10.02 [5.0-15,0] years. 23 patients had CAD and AH comorbidity, 11 patients -
type 2 diabetes mellitus (DM), 8 patients - CAD (cardiosclerosis, stable angina pectoris), and
4 patients - 2nd grade AH.

The statistical analasis was performed bynonparametric methods of the Statistica 10
package. Kraskel-Wallis one-way variance analysis was used to determine the differences
between independent groups. The dependence between the variables was estimated using the
Spearman correlation coefficient (R). A cluster analysis of the obtained data was also carried
out; dendrograms (trees of variable) were constructed for graphical display of the results.

Study results and discussion.

COPD patients were divided into 3 groups: group B (12 patients), group C (14
patients), group D (9 patients). In group B: 8.33% didn’t have comorbidity, 16.6% - CAD,
58.33% - AH in combination with CAD (3 of them had postinfarction cardiosclerosis). In
group C: 21.43% of patients did not have comorbidity; 28.7% - CAD; 50% - AH in
combination with CAD. In group D: all patients had comorbidity, 22.22% - CAD and 77.78%
- AH in combination with CAD.



The signs of atherogenic dyslipidemia (an increasing level of atherogenic lipid
fractions and a decreasing level of anti-atherogenic fractions) were revealed in the whole
COPD patients, as well as in AH and CAD comorbidity (Table 1). A comparative analysis of
the lipid profile (Table 1) indicates a tendency for an increasing in LDL and CA in case CAD
comorbidity (in comparison with the group without CAD). These differences are especially
pronounced for total cholesterol and TG (p <0.05). AH comorbidity is also accompanied by a
tendency to increase total cholesterol, TG, VLDL, LDL and to decrease HDL.

Table 1

Comparative characteristics of the lipid profile depending on the presence of

comorbidity
COPD COPD COPD COPD with | COPD
withCAD withoutCAD | AH without AH
Total 6.20 6.20 5,70* 6,34 6,13
cholesterol, [4.80—6.45] [5,3-6,5] [4,80-6,40] [4,80—6,34] [5,45-6,78]
mmol/l
1.21 1,30 1,14 1,23 1,30
HDL, mmol/l
[1.12-1.37] | [1,15-1,37] [1,12-1,18] [1,12-1,37] [1,15-1,40]
2.76 2,78 1,69* 2,80 2,12
TG, mmol/l
[1.47-3.22] | [1,46-3,24] [1,55-2,70] [1,46-3,24] [1,53-2,99]
3.70 3,96 3,45 4,20 3,96
LDL, mmol/l
[3.04.22] [3,20—4,22] [2,44-3,68] [2,44-4,22] [3,21-4,39]
VLDL, 0.85 0,82 0,94 1,10 0,94
mmol/l [0.48-1.13] | [0,53-1,13] [0,48—1,10] [0,53—1,10] [0,30-1,45]
CA 3.47 3,55 3,55 3,55 3,35
[2.86—4.50] | [3,03-4,50] [2,554.,43] [2,60—4,50] [3,04-4,58]

Note: * - a significant difference between the indices in the COPD group with CAD and
without CAD (p <0.05).

Comparative analysis of echocardiography parameters (Table 2) revealed changes in

parameters of both ventricles, which are more pronounced in AH and CAD comorbidity.
Remodeling signs of the RV, RA and LV are also revealed. Changes in pulmonary blood flow
lead to an increase in PASP, a right heart strain, an increase in structural and functional
changes in the right heart, which are more pronounced in comorbidity. It should be noted that
the average value of IVS thickness exceeds the normal values in all groups of patients with
COPD, regardless of the presence of comorbidity, which is probably a manifestation of

interventricular interaction.



Table 2
Comparative characteristics of structural and functional data of the heart depending on

the presence of comorbid pathology

COPD COPD COPD with | COPD COPD with AH
without CAD | CAD without AH
LV EDV, 154.00 127.50 154.00 104.00# 165.00
ml [104.00-195.00] | [67.00-192.00] | [130.00-195.00] | [68.00-179.00] | [142.00-202.00]
LV EDD, 5.80 4.71% 5.89 4.80## 6.10
cm [4.80-6.21]0 [4.60-4.80] [4.92-6.32] 4.70-4.90] [5.80-6.43]
LV 4.40 3.60 4.50 3.80### 4.65
ESD,cm [3.65-4.90] [3.35-3.87] [3.82-4.92] [3.40-3.87] [4.40-5.10]
EF, % 63.00 64.00 63.00 64.00 63.00
[58.00-65.00] [61.00-65.00] [58.00-65.00] [60.50-65.50] [58.00-65.00]
PWED, 1.30 1.10** 1.30 1. 15#### 1.30
cm [1.10-1.30] [1.00-1.30] [1.10-1.40] [1.05-1.30] [1.20-1.40]
fvs 1.30 1.20%%* 1.30 1.25 1.30
thickness,
em [1.20-1.40] [1.10-1.20] [1.10-1.40] [1.15-1.35] [1.20-1.40]
LVMI, 86.00 77.00 86.00 76.00" 88.00
g/m? [76.00-96.00] [74.00-93.00] [76.00-96.00] [75.00-82.00] [84.00-96,00]
2.80 2.65 2.90 2.85 2.80
ARD, cm
[2.60-3.20] [2.50-3.00] [2.70-3.20] [2.70-3.10] [2.40-3.20]
MPAP, 29.50 27.00 35.50 28.50 32.00
mm Hg [26.00-38.00] [23.00-28.00] [26.50-38.00] [37.00-41.50] [25.00-38.00]
EDD RV, 3.80 3.05 4.00 3.25 4.01
cm [2.70-4.20] [2.40-3.70] [2.70-4.30] [2.55-3.65] [2.70-4.30]
ESD RV, 2.70 2.4QHHA% 2.90 2.40 2.90
cm [2.30-3.30] [2.30-2.50] [2.00-3.60] [1.75-3,10] [2.40-3.60]

* _ significant difference between the indicators in the group COPD with CAD and without CAD (p=0.0080),

** - significant difference between the indicators in the group COPD with CAD and without CAD (p=0.0346),

*** _ significant difference between the indicators in the group COPD with CAD and without CAD (p=0.0276),

w3k - significant difference between the indicators in the group COPD with CAD and without CAD (p=0.0511),

# - significant difference between the indicators in the group COPD with AH and without AH (p=0.0401),

## - significant difference between the indicators in the group COPD with AH and without AH (p=0.0001),

### - significant difference between the indicators in the group COPD with AH and without AH (p=0.0012),

###H - significant difference between the indicators in the group COPD with AH and without AH (p=0.0368),

~ - significant difference between the indicators in the group COPD with AH and without AH (p=0.0120)




The analysis of significant correlations with the lipid profile in the whole for the group
of COPD patients revealed a moderate positive relationship between TC and CRP (R=0.55),
which indicates the lipids participation in the systemic inflammation development. Significant
correlations between indices of lipid profile and echocardiogram were found, namely, TG and
LV EDV (R=-0.35), LDL and IVS thickness (R=0.41), ARD and TC (R=0.48), LDL
(R=0.36), VLDL (R=0.42), and CA (R=0.36) (Fig. 1).

ARD

IVS

CA

Fig.1. Relationships between lipidogram and echocardiographic indices

Significant correlations between ARD and total cholesterol (R=0.63), LDL (R=0.79),
VLDL (R=0.68), between HDL and body mass index (R=0.69), patients’ waist circumstance
(R=0.58) and between the level of bronchial obstruction reversibility with HDL (R=-0.62) and
CA (R=-0.62) were found in group B.

In group C, there is a high positive correlation of CRP with total cholesterol (R=0.80)
and LDL (R=0.95) that attests to the involvement of lipid in the systemic inflammatory
process in COPD. There are negative correlations between the level of TG and ARD (R=-
0.54), positive correlations between ARD and total cholesterol levels (R=0.57) and VLDL
(R=0.55). Correlations in this group appear lipid and MPAP: between HDL and MPAP (R=-
0.55), between LDL and MPAP (R=0.67).

Positive correlations between LDL and PWED (R=0.71), between VLDL and RV
ESD (R=0.82) as well as correlations between TG and LV EDD (R=-0.70), HDL and LV
EDV (R=-0.88) were noted in group D.

In the whole group of COPD patients detected 7 positive correlations between lipid
profile and indicators of structural and functional state of the heart, of which 4 - ARD with
TC, LDL, VLDL, CA, 1 - LV EDV and TG, 1 - PWED with LDL and 1 - IVS thickness with



VLDL. There are 3 positive significant correlations of ARD with TC, LDL, and VLDL in
group B. There are 2 correlations with MPAP - positive with LDL and negative with HDL as
well as negative association between TG and LV EDV in group C. The correlation number
increases to 6 in group D: correlations of LDL with RA, RV and LV parameters appear.

Analysis of correlation in the group without CAD comorbidity revealed 2 correlations
between LDL and ARD (R=0.85) as well as LV EDD(R=-0.83).The number of significant
relationship increases with CAD comorbidity (5 correlations), namely, between total
cholesterol and CRP (R=0.50) indicating the lipids participation in systemic inflammation,
between ARD and total cholesterol (R=0.43) and VLDL (R=0.45), as well as between LDL
and IVS thickness(R=0.39), furthermore, weak positive correlation between VLDL and EF
(R=0.37), which hardly applicable.

In COPD patients without AH, there were 3 significant correlations between structural
and functional parameters of the heart and lipidogram indices: between HDL and LV EDV
(R=-0.68), between TG and EF (R=0.66), as well as LV EDD(R=0.70).

The number of correlations between lipid levels and echocardiographic data is
increased (5 correlations) in case COPD with AH comorbidity, namely, between TC and
ARD (R=0.51), LDL and IVS thickness (R=0.45), ARD (R=0.44) and RV ESD (R=0.54).

Therefore, lipids form a large number of correlations with various indices in case
COPD (anthropometry, spirometry, systemic inflammation, carbohydrate metabolism),
including 9 correlations with indicators of the structural and functional state of the heart. The
increase of COPD severity and AH comorbidity do not lead to an increase in the number of
correlations besides CAD where the number of correlations are increased in half. It is also
important to note close correlation links between the lipid profile indices and the parameters
of the structural and functional state of the heart. In general, the correlations were quite
expected indicating the lipids influence on remodeling RA, RV, LV and aorta, as well as the
development of pulmonary hypertension.

There is no doubt that there is interdependence between RV and LV, which is due
tothe commonality of the anatomical structure, blood supply, interventricular septum,
pericardium, the continuity of muscle syncytium, the overall effect of pressure, the chest
volume and elasticity. Compensatory hyperfunction is accompanied by the fibrosis
development, a violation of the diastolic filling of both ventricles, and then systolic
dysfunction. RV failure leads to a decrease in LV filling and a decrease cardiac output.

The obtained data indicate a certain order of the severity of the lipid and
echocardiography relationships in COPD. Apparently, these trends point out the processes of
adaptation and maladaptation of the body to hypoxia that occurs and progresses in COPD.



An increase in the correlations with the so-called comorbidity may be a consequence
of the synthropy between COPD, AH and atherosclerotic processes. AH in COPD is
considered as pulmogenic, it develops after several years of COPD, the pathogenetic basis of
AH is hypoxia [25]. Remodeling of the cardiovascular system similar to that at AH is
observed before its clinical manifestation. It is emphasized that even a slight increase in blood
pressure in COPD is a high additional risk of cardiovascular complications and target organ
damage [25].

In order to classify the obtained data, to establish hierarchical algorithms, the cluster
analysis (Fig.2) of the structural and functional state of the myocardium and lipid spectrum
was performed. Dendrograms were constructed for groups of patients with COPD as a whole,

as well as for group B, C, D.

Tree Diagram, single linkage, euclidean distances
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Fig.2. Cluster analysis of lipid spectrum and myocardium structural-functional state.

These indicators form 2 clusters, which include different echocardiography and lipid
spectrum indicators. In the whole COPD patients, the first cluster included ARD, LV EDD,
RV EDD, RV ESD combined with CA and LDL. TG is relatively remote from these
indicators. The second cluster includes PWED, IVS thickness and HDL which are located at a
close distance from each other and further away from the VLDL. Total cholesterol is the most

distant from both clusters. It should be noted that the first cluster includes the RV and LV



functional parameters, and the second cluster - the PWED and IVS thickness. Both clusters
are combined with TG.

Cluster analysis of the indicators in groups B, C, D, that were differing by the severity
of the patients’ condition, were also carried out. In all groups, the structure of the
dendrograms is preserved — there are two clusters. However, the localization of TG varies
depending on the severity of the COPD and comorbidity. Thus, in group B TG, as well as TC
act as an autonomous indicator, in the group C the TG become a cluster-forming index in the
first cluster; in group D, the TG localize in the second cluster, i.e. move to the "structural"
cluster.Perhaps the reformatting of dendrograms depending on the severity of COPD reflects
the processes of adaptation and disadaptation.

The similarity of dendrograms in all groups (generally COPD, COPD of groups B, C,
D) reflects the unity of the Echo-CG and lipid spectrum networks. The lipids, especially TG,
whose role in clusters depends on the severity of the process are the "nodes" of this network.

Already detected genes — candidates let us suggest that hypertension and
atherosclerosis in patients with COPD and CAD are a manifestation of network links between
lipid metabolism and myocardium and allow us to consider these phenomena within the
framework of a single disease combining a phenom and a genom in diseasom.

This approach will allow us to search the drugs that affect the network metabolic
"nodes" as targets at the cellular and molecular levels. This will help to prevent
polypragmazy, which is unavoidable in comorbidity. Statins with their pleiotropic action
according to the numerous studies are discussed as such drugs [22]. The practitioner now has
a difficult task: to determine empirically the phenotypic features of the disease in each patient,
to estimate the results of routine accessible research methods, anatomical, pathophysiological
features, to evaluate their network interconnections, using the modern possibilities of the
network theory, to find the signs of synthropy and to choose a pleiotropic medicinal product
that will help to avoid polypragmazy, by affecting many links ("nodes", "hub") of the network
pathological process [12].

Conclusions.

1. Atherogenic dyslipidemia develops in case chronic obstructive pulmonary
diseasewith coronary artery disease and arterial hypertensioncomorbidity, and it accompanies
by echocardiography signs of myocardial remodeling. The revealed correlation reflects the
relationship between these indicators.

2.As the severity of the chronic obstructive pulmonary disease progresses, the
correlations number between the lipid spectrum and the myocardium structural and functional
condition increases according to the echocardiography data. In the whole group of patients

and in group B, there are lipid links with only left ventricle echocardiography data, in group C



the correlations with systolic pressure in pulmonary artery appears, in group D —with right

atrium’s, right ventricle’s, left ventricle’s data.

3. The accession of arterial hypertension and coronary artery disease is accompanied

by an increase the correlations number and their nature: in coronary artery disease there are

Slinks,

without it there are 2links, with arterial hypertension there are 5 correlations, without

last one there are 3 of them.

4. Correlation and cluster analyzes suggest that the obtained data reflect the

interactions of various nodes of the diseasome network and can be evaluated as signs of the

synthropy of chronic obstructive pulmonary disease, arterial hypertension and atherosclerosis.

10.

REFERENCES:

Mathers C.D. Projections of Global Mortality and Burden of Disease from 2002 to
2030. / C.D. Mathers, D.Loncar //PLoS Medicine. — 2006. - P. 209-224.

Global status WHO report on noncommunicable diseases 2010, accessed 09 April
2018,URL:http://apps.who.int/iris/bitstream/handle/10665/44579/9789240686458 en
g.pdf?sequence=1

Nekrasov A.A. Heart remodeling in patients with COPD / A.A.Nekrasov,
A.N.Kuznetsov, O.V.Melnichenko, [.S.Kruglova // Medical Almanac.-2011.-Ne3
(16).- P. 112—-115.

Huiard L. Cardiovascular morbidity and mortality in COPD / L. Huiard, P.Ernst,
S.Suissa // Chest.-2005.-128. — P. 2640-2646

Lange P. Cardiovascular morbidity in COPD: A study of the general population / P.
Lange, R. Mogelvang, J.L.Marott [at al] / COPD.-2010.- 7777(1).-P. 5-10.

Official web-site WHO, Programmes, Chronic respiratory diseases, COPD burden,
accessed 09 April 2018, URL: http://www.who.int/respiratory/copd/burden/en/

ChuchalinA.G.Chronic obstructive pulmonary disease and concomitant diseases /
A.G.Chuchalin // Pulmonology.-2008.-Ne2.- P.5-14.

Shirinsky V.S.Comorbid diseases as an important problem of clinical medicine / V.S.
Shirinsky, I.V.Shirinsky// Siberian medical journal.-2014.-29(1).- P. 7-12.

Marx P. Comorbidities in the diseasome are more apparent than real: what Bayesian
filtering reveals about the comorbidities of depression / P. Marx, P.Antal, B.Bolgar [at
al] // PLoSComput. Biol.-2017.-V. 13(6): €1005487

Putcha N. Comorbidities of COPD Have a Major Impact on Clinical Outcomes,
Particularly in African Americans // N. Putcha, M.K. Han, C.H. Martinez [at all] /
Chronic. Obstr.Pulm. Dis. —2014. — V. 1(1). P 105-114.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Barnes P.G. Systemic manifestation and comorbidities of chronic obstructive
pulmonare disease / P.G.Barnes, B.R.Celli // Eur. Respir. Rev. — 2013. - Vol.22.- P.
454-475.

Vertkin A.L.Comorbidity. /A.L.Vertkin, M.A. Rumuyantsev, A.S. Skotnikov//
Klinicheskayameditsina. —2012.-Ne10. - P.4-11.

Mamaeva M.G. Features of left and right heart remodeling in patients with COPD,
comorbid with ischemic heart disease / M.G. Mamaeva, 1.V. Demko, A.Yu.
Kraposhina , I.A. Solovieva // Modern problems of science and education.-2016.-Ne6
Andrea A.D. Echocardiography of the pulmonary circulation and right ventricular
function / A.D. Andrea, Nalije, E. Greening [et al] / Chest.-2014.- Vol. 5 (145).- P.
1071-1078

Freixa X. Echocardiographic abnormalities in patients with COPD at their first
hospital admission / X. Freixa, K. Portillo, C. Pare [ at al] // Eur. Resp. J. — 2013. -
Vol. 41.-4.-P. 784-791.

Macchia A. Unrecognised ventricular dysfunction in COPD / A. Macchia,
I.J.Rodriguez, L. Moncalvo [at al] // Eur. Respir. J. —2012.-Vol. 39(1).-P. 51-58
Gupta N.K. Echocardiographic evaluation of heart in chronic obstructive pulmonary
disease patient and its correlation with the severety of disease / N.K. Gupta,
R.K.Agraval, A.B.Srivastav, M.L.Ved // Lung India.-2011.- 28(2).- P. 105-109
Malerba M. Subclinical left ventricular diastolic dysfunction in early stage of chronic
obstructive pulmonary disease / M.Malerba, B.Ragnoli, M. Salameh [at al] // Biol.
Regul. Homeost.Agents.-2011.-25(3).-P. 443-451

Kozlov E.V. Structural and functional changes of cardiovascular system in patients
with arterial hypertension and chronic obstructive pulmonary disease / Kozlov E.V. //
Siberian medical review.-2016.- Ne. 3.- P.56-62

Istomina O. V. Optimization of diagnostics of endothelial dysfunction and
prognostication of course ofthe chronic obstructive pulmonary disease with comorbid
arterial hypertension: The manuscript ofdissertation on achievement of scientific
degree of Candidate of Medical Science in specialty 14.01.02 — internal diseases / O.
V. Istomina // Kharkiv - 2018.—17p.

FeschenkoJu.l. Chronic obstructive pulmonary disease: new shades of problem:
Monograph / Ju.l.Feschenko, Ju.B. Tchaikovsky, M. M. Ostrovsky, O.I.Deltsova, S.B.
Gerashchenko [at al]. // Ivano-Frankivsk. — SIMIK. - 2016.— 397p.

Goh R.I. Exploring the human diseasomenetwork / R.I. Goh, [.G.Choi // Briefings in
functional genomics.-2012.-V. 11, issue 6.- P. 533-542



23. Hobbs B.D. Integrative genomics of chronic obstructive pulmonary disease / B.D.
Hobbs, C.P.Hersh // Biochem. Biophys.Res. Commun. - 2014.-Vo0l.452(2).-P. 276-286

24. Lamontagne M. Genetic regulation of gene expression in the lung identifies CST3 and
CD22 as potential genes for airflow obstruction / M. Lamontagne, W.Timens, K. Hao
// Thorax.-2014.-Vol. 69(11) - P. 997-1004.

25. Akramova E.G. Complex ultrasound and functional examination of the cardiovascular
system in chronic obstructive pulmonary disease: The manuscript ofdissertation on
achievement of scientific degree of Doctor of Medical Science in specialty 14.01.13.

«Radiationdiagnostics, radiationtherapy». /E.G. Akramova // Moscow. - 2014. — 39p.



