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Evaluation of structural-functional changes of the left ventricular

myocardium in patients with arterial hypertension and obesity
by the level of irisin

0. V. Shaparenko, P. H. Kravchun, P. P. Kravchun, O. I. Kadykova*, H. V. Lisova

Kharkiv National Medical University, Ukraine

The aim was to evaluate the structural and functional changes of the left ventricular myocardium according to the data of
echocardiography in patients with arterial hypertension combined with obesity by the level of irisin.

Materials and methods. 105 patients were divided into 2 groups for participation in the study: the 1 group consisted of patients with
arterial hypertension with concomitant obesity with concomitant obesity (n = 70), the group 2 — patients with arterial hypertension and
normal body weight (n = 35). The control group consisted of 25 practically healthy persons. All participants of the study underwent
irisin level measurement by an enzyme-linked immuno-sorbent assay and an echocardiographic examination with subsequent
computer processing of the results using the software package Statistica 6.0 (StatSoft Inc., USA).

Results. In patients with arterial hypertension and obesity, hypoirisinemia (irisin level <1.19 + 0.03 ng/ml) was associated with
an increase in the end-diastolic and systolic volumes by 31.57 % (r = -0.44; P < 0. 05) and 20.70 % (r = -0.53; P <0.05), sizes —
by 43.54 % (r = -0.36; P < 0.05) and 40.44 % (r = -0.62; P < 0.05) and decrease in the ejection fraction by 16.59 % (r = 0.41;
P <0.05), (P <0.05).

Conclusions. Decrease in the content of serum irisin leads to structural and functional changes in the left ventricular myocardium
in the form of myocardial contractility reduction and increase in both the cavity and size of the left ventricle, and can play a
role in the pathogenesis of obesity in patients with arterial hypertension.

CTpyKTypHO-PYHKLIiOHaAbHI 3MiHWM MioKapAa AiBOro LUAYHOUKa
y XBOpUX Ha apTepianbHy rinepTeH3ito Ta 0XXUPIHHA 3a piBHEM ipUCUHY

0. B. LWWanapeHko, M. I. KpasuyH, M. . KpasuyH, O. |. Kapukosa, I. B. AicoBa

MeTta po6oTH — OLHWTM CTPYKTYPHO-CDYHKLIIOHaMBHI 3MiHM Miokapaa NiBOro LWyHO4Ka 3a AaHUMK exokapgiorpadii y XBopux Ha
apTepianbHy rinepTeHsito B NOEAHAHHI 3 OKMPIHHAM 32 PIBHEM IPUCHHY.

Marepianu Ta meTogu. Y gocnigeHHi B3snm yyacTs 105 oci6, skux noginunu Ha 2 rpynu: 1 —XBopi Ha apTepiarbHy rinepTeHsito 3
CynyTHIM OkupiHHAM (n = 70), 2 — XBOpi Ha apTepiarbHy rinepTeHsito 3 HopManbHo Macoto Tina (n = 35). KonTponbHa rpyna — 25
NPakTUYHO 300POBMX OCID. Y BCiX y4aCHWKIB JOCTIKEHHS BU3HAYUIM PIiBEHb IPUCKHY iIMYHO(PEPMEHTHUM METOLOM i BUKOHANN
exokapaiorpaciyHe AOCHIMKEHHS 3 HACTYMHUM KOMM KOTEPHUM OMpaLitoBaHHSIM Pe3ynbTaTiB 3a AONOMOrOK MPOrpamMHOro NakeTa
Statistica 6.0 (StatSoft Inc., CLUA).

PesyniktaTti. Y XBOpYX Ha apTepianbHy rinepTeHsito Ta OXUpiHHS rinoipucuHeMis (piBeHb ipucuHy <1,19 + 0,03 Hr/mn) acouito-
Banacs 3i 36inbLUeHHSM KiHLEeBWX JiacToniyHoro Ta cuctonivHoro o6’emie Ha 31,57 % (r = -0,44; p < 0,05) i 20,70 % (r = -0,53;
p < 0,05), poamipie — Ha 43,54 % (r = -0,36; p < 0,05) i 40,44 % (r = -0,62; p < 0,05) Ta 3MeHLLeHHAM dpaKkLii Buknay Ha 16,59 %
(r=0,41;p<0,05), (p <0,05).

BucHoBku. 3MeHLIEHHS! BMICTY B CUPOBATLL KPOBI ipUCUHY NMPU3BOANTL A0 CTPYKTYPHO-(DYHKLIOHANBHUX 3MiH Y MioKapai
NIBOTO LWNYHOYKA, SIK-OT 3MEHLLEHHS Or0 30aTHOCTI 10 CKOPOYEHHS Ta 30iNbLUEHHS MOPOXHWH i PO3MIPIB MIBOrO LLYHOYKa,
MOXe Bigirpatv porib y NaToreHesi OXMPIHHSA Y XBOPUX Ha apTepianbHy rinepTeHsito.

CTpPyKTYpHO-YHKLMOHAAbHbIE H3MEHEHNA MUOKapAa A€BOr0 YKeAyAOUKa
y 60AbHbIX apTepuaAbHON rUNEepPTEH3UEN U OXKUPEHUEM NO YPOBHIO MPUCHHA

A. B. WanapeHko, M. I. KpasuyH, M. M. KpasuyH, 0. U. KapbikoBa, A. B. AecoBas

Llenb paGoTbl — OLEHNTL CTPYKTYPHO-PYHKLIMOHABHbBIE M3MEHEHUS MMOKApAa NEBOTo JKeryao4ka no AaHHbIM 3xokapavorpadum
y BorbHbIX apTepuanbHON rMNepTeH3Nel B COYETaHNM C OXUPEHUEM MO YPOBHIO MPUCHHA.

Marepuans! u metogbl. B uccnegoeanum npuHsnu yyacte 105 naumeHToB, KOTOPbIX NOAENWUNN Ha 2 rpynnbl: 1 — BonbHble
apTepuanbHoii rMNepTeH3unei ¢ ConyTCTBYOLLMM OxmpeHneM (n = 70), 2 — BonbHble apTepuarnbHON runepTeH3nelt ¢ HopmarbHOM
maccovi Tena (n = 35). KoHTpornbHyto rpynny cocTaBunm 25 npakTUyecky 340pOBbIX ML, Y BCEX y4aCTHUKOB UCCNEA0BaHNs onpe-
[enuni ypoBeHb MpMUCHa UMMYHOEPMEHTHBIM METOAOM, MPOBENW 3XOKapanorpadmyeckoe UccnesoBaHne ¢ nocnenyoLen
KOMMbOTEPHOM 0BpaboTKON pesynsTaToB C NOMOLLbLIO MporpaMMHoro naketa Statistica 6.0 (StatSoft Inc., CLUA).

Pesynktathl. Y 60nbHbIX apTepuanbHOi TMNepTeH3nen 1 OXUpeHneM runonpucuHemust (ypoeeHs npncuHa <1,19 + 0,03 Hr/mn)
accoLmmpoBarnack € yBenMYeHNeM KOHEYHbIX AMacToNMYeckoro u cuctonmnyeckoro o6bemos Ha 31,57 % (r = -0,44; p < 0,05) n
20,70 % (r=-0,53, p < 0,05), paamepoB —Ha 43,54 % (r =-0,36; p < 0,05) 40,44 % (r =-0,62; p < 0,05) n ymeHbLUEHWEM thpaKLmm
Bblbpoca Ha 16,59 % (r = 0,41; p < 0,05), (p < 0,05).
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Oleer HaAbHbl€ NCCAEAOBAHNA

BbiBoAbl. YMeHbLLeHVE CoAepXXaHnAa B CbIBOPOTKE KPOBU MPUCUHA NPUBOAUT K CprKTypHO-quHKLI,VIOHaJ'IbeIM M3MEHEeHN-
AM B MUOKapae NeBoro Xenyaoyka B BMAE YMEHbLUEHNA CrnocoBbHoCTH MWOKapAa K COKpaLleHNo 1 yBennveHusa nornocren
Y pa3MepoB NeBOro Xenyaoyka U MOXET Urpatb POrib B NaTtoreHe3e OXnpeHusa y 60mMbHbIX apTepmaanoﬁ I'MI'IEpTEHSI/IGI;I.

The pathogenesis, course and prognosis of arterial hyper-
tension (AH) are closely related to the presence of such
risk factors as the age of patients, sex, heredity, body
weight, alimentary factors (kitchen salt, micro- and macro
elements, coffee, alcohol), smoking, psychosocial factors,
socio-economic status, physical activity and the presence
of concomitant pathology, among which obesity occupies
a significant place [1].

Comorbid pathology attracts the attention of re-
searchers leading to our deepened understanding of its
pathogenesis that would improve diagnosis and treatment
for this cohort of patients and prevent the complications
development. Many issues regarding the mechanisms of
development and progression of cardiohemodynamics
disorders in AH and obesity have not yet been properly
determined. A promising important direction of modern sci-
ence is the study of metabolic active substances capable of
modulating total cardio-metabolic risk. Adipocytes produce
a number of factors that play an important role regulating
energy balance, tissue sensitivity to insulin action, immu-
nological response, blood vessel and left ventricular (LV)
myocardium state.

Recent researches have shown that irisin is also
secreted by adipocytes [2,3]. Irisin is a newly discovered
myokine secreted by skeletal muscle as a proteolytic cleav-
age product of the fibronectin type Ill domain-containing
transmembrane protein 5 (FNDCS). Irisin stimulates UCP1
expression leading to the browning of white adipocytes. This
transformation of adipocytes contributes to an increase in
both glucose tolerance and insulin sensitivity, reduction of
body weight and fat mass in mice [4,5].

The accumulated theoretical, experimental and clini-
cal study data on factors affecting the development of
cardio-metabolic disorders in patients with AH and obesity
are ambiguous and require further study in order to refine
the pathogenesis, optimize diagnosis, determine the prog-
nosis and course of comorbid pathology as well as clarify
and analyze pathogenetic mechanisms of factors interac-
tions in glucose metabolic disorders and heart remodeling
in patients with AH in combination with obesity. It will allow
to detect prognostic markers for cardio-metabolic risk in
patients with comorbid disorders.

The objective

The objective of the work is to evaluate the structural and
functional changes of the left ventricular myocardium ac-
cording to the data of echocardiography in patients with arte-
rial hypertension combined with obesity by the level of irisin.

Materials and methods

The study included 105 patients, 56 of whom were women
(53.33 %) and 49 were men (46.67 %). All patients were
divided into 2 groups: the 1 group consisted of patients with
arterial hypertension with concomitant obesity (n = 70),
the group 2 — patients with arterial hypertension and
normal body weight (n = 35). The average age of patients

in the 1st group was 66.43 + 1.26 years, and in the 2nd
group —65.18 + 1.42 years.

The control group consisted of 25 practically healthy
persons, including 16 women (64 %) and 9 men (36 %).
The average age of the control group was 59.7 + 3.27 years.

According to the Helsinki Declaration, all patients were
informed of a clinical trial and agreed to participate.

The participants of the study underwent irisin level
measurement by using the Irisin ELISAKIT test kit (China)
on the “Labline-90” immune enzyme analyzer (Austria)

Diagnosis was determined according to valid criteria.
To characterize obesity, the body mass index (Kettle index)
was calculated as follows: weight (kg)/height (m?).

All patients underwent general clinical and instrumental
examinations. Echocardiographic study was performed ac-
cording to the standard method on an ultrasound apparatus
RADMIR (Ultima PRO 30) (Kharkiv, Ukraine). The following
LV parameters were determined by M-mode: end-diastolic
size (EDS) (cm), end-systolic size (ESS) (cm), posterior
wall thickness (PWT) (cm), interventricular septal thickness
(IVST) (cm). The end-diastolic volume (EDV) and systolic
volume (ESV) (ml) were estimated by the Simpson method
(1991), after which the LV ejection fraction (EF) (%) was
calculated.

Mathematical computer processing of results was car-
ried out with the help of the software package Statistica 6.0
(StatSoft Inc., USA). For comparative analysis of samples,
a standard program of correlation analysis was used to
calculate the arithmetic mean values: M = m, probability and
reliability (p). In the analysis of variables that were not distribu-
ted normally, the Mann-Whitney U-criterion was used for
independent samples. To estimate the relationship between
the samples, the correlation coefficient (r) was applied.

Results

In patients with AH and normal body mass, the level of irisin
was 1.91 £ 0.06 ng/ml, which was significantly lower than
that of the control group (3.10 £ 0.08 ng/ml) (P < 0.001). At
the same time, in patients with hypertension and obesity,
the level of irisin was 1.19 £ 0.03 ng/ml, which was signifi-
cantly lower than that of the control group (3.10 +0.08 ng/ml)
and in the patients with normal body weight (1.91 £0.06 ng/ml)
(P <0.001). Consequently, the content of irisin, according to
the study results, is important in the development of obesity
in patients with hypertension.

To determine the role of irisin in the structural and func-
tional reorganization of the LV myocardium, the patients with
AH and obesity were divided into subgroups depending on
irisinemia: the 1 subgroup — <1.19 + 0.03 ng/ml (n = 31),
the 2 subgroups —>1.19 + 0.03 ng/ml (n = 39) (Table 7).

EDV was 227.16 £ 2.19 ml and 155.44 + 2.34 ml in
the patients of subgroups 1 and 2, respectively, in the pa-
tients of subgroup 2 EDV was less by 31.57 % than in the pa-
tients of subgroup 1 (P < 0.05). ESV was 101.21 £ 1.34 ml
and 80.26 + 1.42 ml in the patients of subgroups 1 and
2, respectively, so ESV in the subgroup 2 patients was
20.70 % lower than the subgroup 1 patients (P <0.05). EDS
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was 7.28 £ 0.06 cm and 4.11 £ 0.07 cm in the patients of
subgroups 1 and 2, respectively. EDS was 43.54 % lower

Table 1. Structural and functional changes of the left ventricular myocardium
in patients with arterial hypertension and obesity depending on irisinemia (M + m)

in the subgroup 2 patients compared with the subgroup 1
(P < 0.05). In the patients of subgroups 1 and 2, the ESS
indices were 5.86 £ 0.05 cm and 3.49 £ 0.04 cm, respec-

Subgroups Subgroup 1, Subgroup 2,
Indexes (n=31) (n=39)

tively, and this index was 40.44 % lower in the subgroup Eg\\; ;:: fi: ;? : f: 2252:4+:2424 :g g:
2 patients compared with the subgroup 1 (P < 0.05). The - s om . zé+ o_oé s 1' ; +'0 0'7 <0'05
left atrial sizes were 4.77 £ 0.05 cm and 3.26 £ 0.07 cm in ESS’ o 5:86 ; 0:05 3:49; 0'.04 <0:05
the patients of subgroups 1 and 2, respectively; in the sub- EF. % 4932 + 0.61 59134073 <005
group 2 patients the left atrial size was 31.66 % smaller VST, om 14340.04 1424004 50,05
than in the patients of subgroup 1 (P < 0.05). The same Left atrium, cm 4774005 326 40,07 <0.05
trend was observed for of left ventricular myocardium mass Jr— 3.0840.02 3,0640,03 50.05
(MMLV): 284.56 + 6.6 g and 217.31 + 5.9 g in the patients MMLV, g 28456 + 6.60 217.31+5.90 <0.05

of subgroups 1 and 2, respectively, so this index was lower
by 23.63 % in the subgroup 2 patients compared with that
in the patients of subgroup 1 (P < 0.05). On the contrary,
EF was lower by 16.59 % in subgroup 1 patients than in
the patients of subgroup 2, and amounted t0 49.32+ 0.61 %
and 59.13 £ 0.73 % in the patients of subgroups 1 and 2
(P < 0.05), respectively.

The above results were presented in the correlation
analysis that revealed a strong negative correlation between
irisin level and the EDV (r =-0.44; P <0.05), ESV (r=-0.53;
P < 0.05), FDS (r = -0.36; P < 0.05), FSS (r = -0.62;
P < 0.05), MMLV (r = -0.29; P < 0.05), whereas positive
correlation was found between irisin level and EF (r = 0.41;
P <0.05) and IVST (r = 0.36; P < 0.05).

Discussion

According to the results of our studies, the combined course
of AH and obesity was associated with a decrease in the se-
rum content of irisin. The association of the irisin level with
obesity was investigated by M. Belviranli and co-authors
who also obtained negative correlation between irisin and
insulin levels (r = -0.648; P < 0.05), HOMA-IR (r = -0.664;
P <0.05) [6]. While T. Kurdiova and co-authors found lower
levels of serum irisin in obese men than non-obese men and
increased expression of FNDC5 (irisin precursor protein)
mRNA in skeletal muscle and adipose tissue in obese men,
indicating that irisin secretion in these tissues is stimulated
in response to obesity [7]. Roca-Rivada A. and co-authors
found expression of FNDC5 mRNA in white adipose tissue
and involvement of adiponectin in irisin levels regulation
in obesity [2]. Liu J.J. and co-authors showed that irisin
levels were high in patients with non-diabetic obesity and
lower in patients with type 2 diabetes mellitus, indicating
that the regulation of irisin secretion may vary between
diabetics and nondiabetics. In addition, there were reports
about a mechanism that stimulates the compensatory
irisin secretion in response to a decrease in glucose / lipid
metabolism in patients with non-diabetic obesity [8]. These
studies show the complexity of the secretory response of
irisin, and, in particular, feedback mechanisms in tissues
other than skeletal muscle. It has previously been estab-
lished that irisin secreted in the blood increases insulin
resistance by increasing the expression of the uncoupling
protein 1 gene (UCP1) [9].

The role of irisin in human physiology remains largely
unknown despite recently published studies. High irisin
concentration causes a loss of ATP because of its un-
coupling properties and decreased irisin level protects
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myocardial cells from energy loss. Cardiac muscle cells
produce more irisin than skeletal muscle [4]. Recently,
a link between myocardial infarction and circulating iri-
sin concentration was suggested [10]. Aronis et al. [11]
demonstrated that circulating irisin levels do not predict
the development of acute coronary syndrome in healthy
individuals, however increased irisin levels prospectively
predict the development of major advanced cardiovascu-
lar outcomes in patients with established coronary artery
disease after percutaneous coronary intervention. Their
study was the first in evaluating the relationship between
circulating irisin levels and acute coronary syndrome in
human subjects, as well as clinical outcomes in patients
with established coronary artery disease. In a study with
animal models, Kuloglu et al. [12] showed that serum irisin
level was gradually decreased in the isoproterenol-induced
myocardial infarction.

Our study had some limitations. Firstly, this study had a
relatively small sample size of selected patients. Secondly,
it was a cross-sectional study. Irisin concentration was mea-
sured only on admission and without correction for potential
variability in the levels. Further large, multicenter follow up
studies are needed to confirm this relation.

Conclusions

Decrease in the content of serum irisin leads to structural
and functional changes in the left ventricular myocardiumin
the form of myocardial contractility reduction and increase
in both the cavity and size of the left ventricle, and can play
arole in the pathogenesis of obesity in patients with arterial
hypertension.

Prospects for further research. The study of the pe-
culiarities of structural and functional changes in the LV
myocardium in patients with hypertension and obesity as
well as the study of humoral factors influence on LV remode-
ling will allow optimizing the treatment tactics for this cohort
of patients and developing measures for the prevention of
complications.
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