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TNF-ALPHA AND SERUM GALECTIN-3 IN NON DIABETIC
PATIENTS WITH HEART FAILURE WITH PRESERVED LEFT
VENTRICULAR EJECTION FRACTION

Bolotskykh A. V., Rudyk Yu. S., Udovychenko M. M, Lozik T. V.
GI «National Institute of Therapy n.a. L.T. Malaya NAMS of Ukraine», Kharkiv, Ukraine

Insulin resistance (IR) leads to structural abnormalities in the heart. Purpose of the study is to investigate
the levels of serum Gal-3 levels (sGal3), THF-alpha (TNF-a), Nt-proBNP, HOMA index and insulin and their
relationships in non-diabetic patients with heart failure with preserved left ventricular ejection fraction
(HFpEF). Forty five non-diabetic patients (27 males and 18 females; mean age 60.4.1+9.7 years) with HFpEF
were examined. Patients with diabetes mellitus were excluded. The serum sGal3, TNF-alpha, Nt-proBNP and
insulin levels measured in serum by ELISA, according to manufacturer's instructions. Homeostasis Model
Assessment (HOMA) index was calculated as a measure of IR at fasting state (IR=fasting glucose x fasting
insulin/22.5).The echocardiographic parameters were measured with M- and B-mode and calculated
following the American Guidelines of Echocardiography Society. Continuous variables are expressed as
median (25th, 75th percentile). For nonparametric Spearman's correlation analysis and Mann-Whitney U test
were used. All statistical tests were 2-tailed, and p < 0.05 was considered statistically significant.

It was found, that IR often occurs in non-diabetic patients with HFpEF. The sGal3, TNF-alpha and insulin
are significantly increased in HFpEF patients with IR and without T2DM our study shows an association of
the IR, TNF-alpha and sGal3 with echocardiographic parameters in the non diabetic with HFpEF. This fact
may indicate the influence of IR on fibrogenesis process and thus facilitate the processes of myocardial
remodeling.

KEY WORDS: insulin resistance, tumor necrosis factor alpha, galectin -3, fibrosis, heart failure with
preserved ejection function

@OHII-AJIb®A TA PIBEHb CHUPOBATKOBOTI'O 'AJIEKTUHY-3 ¥ XBOPHUX 3 CEPHEBOIO
HEJOCTATHOCTIO 31 3BEPEXKEHOIO CUCTOJIIYHOIO @ YHKIIETO JIIBOT'O
INJIYHOYKA BE3 IIYKPOBOT' O JIABETY

boromcvkux I'. B., Pyoux IO. C., Yoosuuenxo M. M., Jlozix T. B.
IV «Hauionanshuii incturyt Teparii iM. JI.T. Manoi HAMH VYkpainm», M. XapkiB, YkpaiHa

IncyninopesucrentHicts (IP) mpu3BomuTh 100 CTPYKTYpHHX MOpPYIIEHb cepiil. MeTta JOCHiIKEeHHS:
BuBunTH piBHI cupoBaTKoBOro rajekriny-3 (cl'an-3), ®HII-ansga, Nt-proBNP, iHcymniny ta ingekcy HOMA
Ta TXHBOTO B3aEMO3B'A3KY Yy MAIIE€HTIB 3 CEPIICBOI0 HEMOCTATHICTIO 31 30epexeHor (paxitiero Bukuny (CH-
3®B) 6e3 mykpoBoro miadery.

Oo6cTexeno 45 manienTiB (27 4oioBikiB 1 18 xiHOK, cepeHiii Bik - 60,4 + 9,7 poky) 3 CH-3®B. ITauientu
3 IYKpOBUM JiaberoM Oynu BukiroueHi. CupoBaTkoBi kKoHueHTparii clan-3, ®HII-ansgpa, Nt-proBNP Ta
IHCYJIiHY BU3HA4aJIacsi 3 BUKOPUCTaHHIM Habopy peakTuBiB «ELISA» BiamoBimHO A0 iHCTPYKIii BUPOOHUKA.
I'omeocratnunmii iHnexc 1P (HOMA-IR) pospaxoByBanu 3a dopmynoro: HOMA-IR = rmoko3a HaTiie
(MMonb / 1) x incynin Hatme (MKE/L / mur) / 22,5). Exokapaiorpacgivni napamerpu BumiptoBaiucs B M- i B-
PEeKUMaXx i pO3paxoBYBaIUCS 3T1THO 3 pEKOMEH/IaiIMU AMEPUKaHCHKOT0 €XOKapAiorpadiyHOro TOBapuCTBa.
OTpuMaHi AaHi TpencTaBiIeH] y BUMNIAAI MEAiaHu 1 iHTEpKBaPTIIBLHOIO po3maxy (25-i 1 75-i mpoueHTwmi).
[Ipu mopiBHAHHI BUOIPOK BHKOPUCTOBYBalM Hemapamerpuunuii kputepiii U Tectr Manna -Yitni. s
BCTaHOBJICHHSI B3a€MO3B'SI3KY KIJIbKICHUX O3HAaK BHOIPKOBHX JaHHMX 3aCTOCOBYBAJIM PAHIOBUH KOe(ilieHT
kopensii Cripmena (rs). CTATUCTUYHO 3HAYYIIUMH BBAXKAIHMCS BiIMIHHOCTI TAaHUX 1 KOPEJAIIS MK JTaHUMU
mpu p < 0,05.

Byno BcranoBieno, mo IP gocute wacto 3ycrpivaerscs y marientiB 3 CH-3®B HaBiTh 0e3 HasBHOCTI
IYKPOBOro miabery 2 THIy. Y XOi HAIIOTO JOCTiIKEHHS BUABJICHO AOCTOBIpHA acomiais IP, pisais ®HII-
anb(da, TaJekTiHy-3 1 exokapiiorpadidHux mapameTpiB cepus y maiientiB 3 CH-3®B 6e3 mopymieHb
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ByrJIeBoJHOro oominHy. Lle Moxke cBimuntu npo BrumB IP Ha nporiecn ¢pubporeHesy i TAKUM YHHOM CIIPUSITH
IpolecaM peMoJIeTI0OBaHHA MiOKapa.

K/TIO4YO0BI CIIOBA: iHCYTiHOPE3UCTCHTHICTh, (haKTOp HEKPO3y MyXJIMH ajb(a, TajaekTiH-3, ¢hiopos,
ceplieBa HEJJOCTATHICTD 13 30epeKEHOI0 CHCTONIYHOI (DYHKIIIEIO JIIBOTO NITYHOYKA

OHO-AJIb®A U YPOBEHb CBIBOPOTOYHOI'O 'AJIEKTHUHA-3 Y TAIIMEHTOB
C CEPJIEYHOI HEJJOCTATOYHOCTHIO C COXPAHEHHOM ®PAKIIUEN
BBIBPOCA BE3 CAXAPHOI'O IUABETA

bonomckux A .B., Pyoux IO. C., Yooseuuenxko M. M., Jlo3uk T. B.
I'Y «Hanumonaneuuii uHCTUTYT Tepanuu uM. JL.T. Manoit HAMH Vkpauns», r. XapbkoB, YKkpauHa

WncynnnopesucrentHocTs (MP) mpuBOOuUT K CTPYKTYPHBIM HapylieHusM cepana. Llenb mcciemoBaHust:
W3yuuts ypoBHH chiBOpoTO4HOro ranekrtuna-3 (cl'an-3), ®HO-anbda, Nt-proBNP, uHCynnHa n uHOekca
HOMA u ux B3auMOCBSI3H y AIIMEHTOB C CEPICYHON HEIOCTATOUHOCTRIO C COXPAaHEHHOM (pakiuei BEIOpoca
(CH-C®B) 6e3 caxapnoro nuadera.

O6cnenoBano 45 manueHTOB (27 MYX4YuHBI U 18 »KeHIMWH, cpemnHuil Bospact — 60,4 + 9,7 roma) ¢
CH-COB. TlamueHTsl ¢ caxapHbIM quabeToM ObUTH UCKIIOUEHBI. CHIBOPOTOUHBIC KOHIEHTparmu cl'an-3,
®HO-ans¢a, Nt-proBNP u uHCynHMHa, ompenensiach ¢ HCIONb30BaHHEM Habopa peakTnBoB «ELISA» B
COOTBETCTBHH C MHCTpYyKUUel npousBomurens. [ 'omeocratuueckuii naaekc P (HOMA-IR) paccuutbiBanu
mo ¢popmyine: HOMA-IR = riroko3a Hatomak (MMOJIB/JT) X MHCYJIHMH Hatomak (MKEm/mi) /22,5). Dxokap-
nrorpaduuecKre napaMeTphl U3Mepsutuch B M - 1 B-pexxnmax ¥ pacCUUTHIBAINCH COMIACHO PEKOMEHIAIUSIM
AMepHKaHCKOro 3Xxokapauorpaduueckoro odmiectsa. IlonmydeHHble JaHHbBIE IPECTABICHBI B BUE MEIUAHBI
W HMHTEpKBAapTWIbHOrO pasmaxa (25-it m 75-ii npouentunu). [Ipu cpaBHEHHM BBIOOPOK HCIOJIB30BAIIH
Henapamerpudeckuit kpurepuit U TecT ManHa - YuTHU. J{7Is yCTaHOBIGHHUSI B3aUMOCBSI3U KOJTUYECTBEHHBIX
MPU3HAKOB BBIOOPOYHBIX JAHHBIX TPUMEHSJIM PAHTOBBIA KO3 ¢uuueHT koppensiuu CroupmeHa (rs).
CTaTHCTUYECKN 3HAUMMBIMH CUUTAJIMCH PA3JINYMUs JAHHBIX U KOPPENSIH MEXAY JaHHbIME Tipu p < 0,05.

YcranoBneno, uto WP noBonmbHO uacto Bcrpedaercs y manueHToB ¢ CH-COB naxe 0Oe3 Hamuuus
caxapHoro nuabera 2 Tumna. B xoze Halero ucciieioBaHusl BbIsIBIIEHA JOCTOBepHas accoupanys VP, ypoBreit
®HO-anbda, rarektuHa-3 u sxokapauorpaduyeckux mnapamerpoB cepana y nanueHtoB ¢ CH-COB 6e3
HapyUIEHHH yriIeBOAHOI0 0OMeHa. ITO MOXKET CBUJIETENBLCTBOBATH O BiusiHuU VP Ha mponecchl pudporenesa
U TakuM 00pa3oM CIIOCOOCTBOBATH MPOILIECCAM PEMOAEINPOBAHUS MUOKap/Ia.

K/TIOYEBBIE CJIOBA: MHCYIWHOPE3UCTEHTHOCTh, (DAKTOp HEKpo3a Omyxojei anb(da, TaJeKTHH-3,
¢ubpo3, cepedHast HeIOCTATOYHOCTh C COXPAHEHHOW CHCTOIMYECKON (QyHKIMEH JIEBOro )Kemy10uKa

INTRODUCTION

Heart failure (HF) is still a leading cause of
both morbidity and mortality in Western society
with increasing health care costs. Treatment of
these patients requires considerable resources,
part of which are spending on hospital care, and
given the demographic trend in Ukraine to
increase the proportion of the population in
older age groups, the issues of the new methods
development for prevention of progression,
early diagnosis and treatment of heart failure is
becoming very important [1]. It is known that
diabetes mellitus (DM) aggravates the clinical
course and prognosis of heart failure,
particularly due to coronary heart disease
(CHD). In recent years, the number of diabetic
patients, mainly the type 2, in Ukraine has been
increased considerably, and number of diabetic
patients is about 1.1 million. It is expected that

by 2025 the number of these patients reached
the level of 5 %, [2], and globally the
prevalence of diabetes is likely to increase from
371 million persons in 2013 to 552 million in
2030 [3]. This epidemic mainly refers to type 2
diabetes mellitus (T2DM), which is about 90-
95 % of all cases. Modern lifestyle,
environment and genetic factors, especially the
interaction of the latter two, which influence the
development of such an epidemic of diabetes,
are closely associated with increased
development and prevalence of obesity. Insulin
resistance (IR) is a characteristic feature of
obesity and type 2 diabetes mellitus and
impacts the heart in various ways.

The problem of IR is extremely urgent
today. IR is decrease sensitivity or response-
veness to metabolic actions of insulin. Impaired
insulin-mediated glucose uptake is a uniformly
observed characteristic of the heart in these



states, although changes in upstream kinase
signaling are variable and dependent on the
severity and duration of the associated obesity
or diabetes mellitus. The understanding of the
physiological and pathophysiological role of
insulin resistance in the heart is evolving.

An important role in the IR syndrome
pathogenesis plays cytokines activation [4], and
imbalance of these factors (increasing of inter-
leukin (IL) -6, tumour necrosis factor (TNF) -a
and decreasing of IL-10, IL-4) are considered as
predictor of vascular complications. Proin-
flammatory cytokines are capable to modify
cardiovascular function through a number of
mechanisms that result in hypertrophy, dilation
of the left ventricle (LV) of the heart, myocar-
dial dysfunction, endothelial dysfunction,
cardiomyopathy and fibrosis [5]. Because of
this, in recent years, studies of pathophysiologi-
cal role of cytokines in the pathogenesis of car-
diovascular diseases which are not traditionally
associated with inflammation, particularly HF
various etiologies, are paid great attention [6].

To maintain high energy demands, the heart
is capable of using many metabolic substrates.
Although insulin signaling may directly
regulate cardiac metabolism, its main role is
likely the regulation of substrate delivery from
the periphery to the heart, excess lipid accumu-
lation in visceral adipose tissue. This actually
causes acquisition of diabetogenic properties. In
turn, visceral adipose tissue accumulates
macrophages that release inflammatory
cytokines, which can impair insulin sensitivity.

Thus, TNF-o increases the genes expression
involved in the de novo synthesis of free fatty
acids, which are responsible for insulin resis-
tance and DM further formation [7]. Clinical
studies confirm the connection between DM
and LV dysfunction, which occurs regardless of
hypertension or coronary artery disease presen-
ce. This coincides with the conclusions of the
authors, who have demonstrated the
relationship between the levels of proinflamma-
tory cytokines and the degree of LV remo-
delling in patients with underlying metabolic
disorders, including diabetes. [6].

Thus, changes in the myocardium in heart
failure and presence of T2DM are morpholo-
gically characterized by hypertrophy of cardio-
myocites and myocardial fibrosis due to a large
number of extracellular matrixes in the
interstitium of ventricular wall [8].

Recently in the literature a large number of
myocardial fibrosis markers were described, -
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but special attention has been paid in patients
with heart failure new biomarkers fibrosis -
galectin-3. Galectin-3 is a 26 kDa chimaera-
type galectin which is unique in that it is the
only member of the galectin family [9] with an
extended N-terminal domain constituted of
tandem repeats of short amino acid segments
(about 130 amino acids) linked to a single
C-terminal carbohydrate-recognition domain.
Whereas the C-terminal domain is responsible
for lectin activity, the presence of the N-termi-
nal domain is necessary for the full biological
activity of galectin-3 [10, 11].

Galectin-3 is found in a wide range of
species and tissues. Similar to other galectins,
galectin-3 lacks a secretion signal peptide for
classical vesicle-mediated exocytosis, so it is
localized primarily in the cytoplasm, in the
nucleus and mitochondria. When secreted into
the extracellular space (via a non-classical
secretory pathway that circumvents the
endoplasmic reticulum and Golgi complex.
Galectin-3 is involved in numerous pathological
processes such as growth, proliferation,
endogen inflammation and myocardial fibrosis.
[12-14].

OBJECTIVE

Purpose the study is to investigate the levels
of serum Gal-3 levels (sGal3), THF-alpha
(TNF-a), Nt-proBNP, HOMA index and
insulin and their relationships in non-diabetic
patients with heart failure with preserved left
ventricular ejection fraction (HFpEF).

MATERIALS AND METHODS

Forty five patients (27 males and 18 fema-
les; mean age 60.4.1 £ 9.7 years) with HFpEF,
I-IIT NYHA functional classes with EF > 45 %
of ischemic genesis without concomitant
diabetes mellitus type 2 (T2DM) were exa-
mined. All patients were divided into two
groups: 32 (71.17 %) patients with HFpEF and
IR and 13 (28.9 %) patients with HFpEF and
without IR. In control group were included 10
patients without HF, DM and IR (mean age 47.1
+ 9.5 years).

Functional status was determined using the
NYHA-FC and the 6 min walk distance. Body
weight was recorded in kilograms. Serum
concentrations of Gal-3, TNF-alpha, insulin and
Nt-proBNP were measured using an enzyme-
linked immunosorbent assay with mono- and
polyclonal antibodies according to manufac-
turer's instructions. Optical density measure-
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ments were performed on a semiautomatic
ELISA analyzer «Immunochem-2100». Serum
concentrations of glucose were measured by
glucose oxidase test according to manufac-
turer's instructions. Optical density measure-
ments were performed on a semiautomatic
biochemical analyzer CHEM-7. The sGal3 and
insulin were measured in serum by ELISA.
Homeostasis Model Assessment (HOMA)
index was calculated as a measure of IR at
fasting state (IR=fasting glucose x fasting
insulin/22.5). The upper limit of the HOMA-IR
was 2.77 [Wallace, 2004].

The echocardiographic parameters (left
ventricular end-diastolic and systolic volume
(LVEDYV and LVESV), inter ventricular septum
fractional thickening (IVSFT), inter ventricular
septum fractional thickening (IVSFT), left
ventricle posterior wall fraction thickening
(LVPWES), left ventricular ejection fraction
(LVEF), E/A ratio) were measured with M- and
B-mode echocardiography using Ultrasound's
Vivid Three with a 2.5-MHz probe (Japan) and
calculated following the American Guidelines
of Echocardiography Society.

All of the statistical analyses were perfor-
med with the Microsoft Excel 7.0 and SPSS
21.0 Inc. software package. The distribu-tion of
variables was analyzed with Kolmogorov-
Smirnov test. Nonparametric variables were
analyzed with Kruskal-Wallis test. To estab-

lished the relationship between quantities
parametric variables was used one-way analysis
of wvariance (ANOVA) and Spearman's
correlation analysis. Other differences were
determined by one-way ANOVA. All statistical
tests were 2-tailed, and p < 0.05 was considered
statistically significant.

RESULTS AND DISCUSSION

All enrolled patients provided written
informed consent. The exclusion criteria in the
study were: heart failure with reduced ejection
fraction < 45 %; type 1 and 2 DM, valvular
heart disease; recent (up to 10 days) episodes of
acute heart failure; acute coronary syndrome
within the previous 3 months; inflammatory
diseases in the acute stage; increase of thyroid
function; cancer. The study protocol was
approved by ethical committee of Government
Ilinstitution «L.T. Malaya Therapy National
Institute of the National Academy of Medical
Sciences of Ukraine». The baseline clinical
characteristics of examined patients are
displayed in table 1.

No statistical differences were detected in
age, sex, systolic and diastolic blood pressure
levels, heart rate, body mass index, 6-Minute
walk distance, ejection fraction of LV and index
E/A in Performance status scale scores and the
distribution of NYHA class between groups
(tab. 1).

Table 1

Baseline Demographic and Clinical Characteristics
of the Study Population (Me [LQ; UQ]) (n=45)

Group 1 - Patients
Index

Group 2 - patients Control Group

with HFpEF and
without IR (n=13)

with HFpEF and IR
(n=32)

(n=10)

Sex (male / female). n (%)

8 (61.5 %)/5 (38.5 %)

19 (59.4%)/13 (40.6 %)

13 (38.7 %)/18 (58.1 %)

Age. years

64.0 [57.0; 66.0]

60.50 [54.25; 65.0]

50,5 [37.8; 55,3]

Duration of HF. years

4.0[2.5;12.5]

50[2.0;85]m

0

Systolic blood pressure. mm

Hg

160.0 [144.0; 170.0] ¢

170.0 [160.0; 179.0] m

117,5[110.5; 131,5

Diastolic blood pressure. mm

Hg

100.0 [90.0; 100.0] 4

100.0 [90.0; 100.0] m

78.0 [71.0; 80.0]

Heart rate. bpm

77.0 [61.0; 82.0]

73.50 [66.50; 84.75]

68.0 [64.3; 71,5]

Body mass index. kg/m2

29.86[28.91;31.18] ¢

30.68 [29.14; 34.03] m

25,8 [24,3; 27.,0]

6-Minute walk distance. m

348.0 [272.0; 387.0] ¢

355.00 [298.50; 388.0] m

582,5 [563.3; 600,3]

Performance status scale. score | 2.0 [2.0; 3.0] ¢ 3.0[2.0;3.0] m 0[0; 0]
NYHA class: II 7 (53.8%) 24 (75.0%) 0[0:0]
11 6 (46.2%)4 8 (25.0%)m ’

Ejection fraction of LV. %

58.0 [57.0; 60.5] #

61.5[57.25;63.75] m

65.5 [64,3; 68.5]

E/A

0.8 [0.8; 0.94] #

0.8[0.8; 0.90] m

1.6 [1.5; 1.6]

4 - significant difference between the Groupl and Control Group (p < 0,01)
m - significant difference between the Group2 and Control Group (p < 0,01)




IR was diagnosed in 32 (71.17 %) patients

with HFpEF patients without a history of

diabetes. In the group with HFpEF and IR the
level of glucose, sGal3, TNF-alpha and insulin
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were significantly higher compared to the
HFpEF patients without IR and controls (p <
0.01, p < 0.05, p < 0.05 and p < 0.0001
respectively) (tab. 2).

Table 2

Baseline Metabolic Profile of the Study Population (Me [LQ; UQ]) (n=45)

Index

Group 1 - Patients with
HFpEF and without IR
(n=13)

Group 2 - patients with
HFpEF and IR (n=32)

Control Group (n = 10)

Glucose. mmol/l

4.75 [4.08; 5.17]

6.08 [5.37; 7.03] *

4,35 [3,66; 4,62] m

Insulin. pIU/ml

7.99 [6.64; 10.29]

22.41[15.79; 41.11] *

8,3[5,5 11.3]m

HOMA-IR

1.56 [1.49; 2.18]

6.13[4.07; 11.5] #

1,39 [1,05;2,29] m

Gal-3. ng/ml

3.04 [2.45; 3.17]

3.32[2.82;3.76] *

2.38[2.25;2.73] m

TNF-alpha, pg/ml

3.21 [2.78; 4.44]

5.43[3.69; 6.82] *

2,98 [2.46;3.35] m

Nt-pro-BNP, pg/ml

207.0 [125.54; 309.76] ¢

125.39[110.93; 175.15]

125.09 [119,59; 262,82]

* - significant difference between the Groupl and Group 2 (p < 0,05)
4 - significant difference between the Groupl and Control Group (p < 0,01)
m - significant difference between the Group2 and Control Group (p < 0,01)

Glucose, insulin levels and index HOMA-IR
was modestly correlated with left ventricular
gjection fraction value (r=0.371; p < 0.05,
r=0.306; p < 0.05 and r=0.381; p < 0.01,
respectively) (tab. 3). BMI were modestly

population.

correlated with left ventricular ejection fraction

value and IVSFT measures (r=0.412; p < 0.01
and r=0.416; p < 0.01, respectively) (tab. 3),
also with serum TNF-alpha levels (r = 0.345, p
<0.05); (tab. 4) in the general HF-patients

Table 3
Correlative relationship in HF-patients (n=45) (I)
Index SBP EFLV IVSFT LVPWFS E/A
r=0412; r=0.416;
BMI p<0.01 p<0.01
r=0.371;
Glucose - p <0.05 - - -
Insulin - r=0.306; - - -
p <0.05
r=0.359; r=0.316;
Gal-3 p<0.01 - - p<0.05
r=0.381;
HOMA-IR - <001 - - -
Table 4
Correlative relationship in HF-patients (n=45) (II)
Index Glucose Insulin HOMA-IR TNF-alpha
r=0.345;
BMI - - - p<0.05
r = 0.446; r=0.649; r=0.399;
Glucose } p<0.05 p <0.0001 p<0.05
Insulin r = 0.446; i r=0.959; i
p <0.05 p <0.0001
r=0.548;
Gal-3 - - - p <0.0001
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Serum galectin-3 levels were inversely
correlated with the ratio of peak transmitral
flow velocity (E/A) value (r =-0.316, p < 0.05);
a directly correlated with SBP (r = 0.359, p <
0.01), serum TNF-alpha levels (r = 0.548, p <
0.001). Conversely, the serum TNF-alpha levels
mildly correlated with glucose levels (r = 0.399,
p < 0.05). The increasing of sGal3 levels
associated with increasing TNFa levels (y’=
7.379, p=<0.05) (tab. 4).

Among the patients included in the 2nd

group (heart failure in combination with insulin
resistance) (tab. 5) left ventricular ejection
fraction value had a direct correlation with the
serum concentration of TNF-alpha (r = 0.362,
p < 0.05), HOMA index (r = 0.394, p <0, 05);
glucose (r = 0.401, p < 0.05). As a total group,
patients with heart failure and insulin
resistance had a direct association between the
TNF-alpha level and galectin-3 (r = 0.522, p <
0.01) (tab. 5).

Table 5
Correlative relationship in HF-patients with IR (n=32)
Index DBP EFLV IVSFT LVPWES Gal-3
r=0.523; r=0.521;
BMI p <0.01 p <0.01
Glucose r=0.363; r=0.401; i i
p <0.05 p <0.05 i

r=0.394; -
HOMA-IR - p<0.05 - -

r=0.362; r=0.552;
TNF-alpha p <0.05 p<0.01

In the 1st group of patients (heart failure
without insulin resistance) a strong inverse
correlation between galectin-3 levels and E/A
ratio (r = -0.899; p < 0.0001) was found. Also
elevated insulin levels were associated with

higher SBP and DBP values, but galectin-3
levels and index HOMA score had positive
correlation with IVSFT (= -0.721; p < 0.01)
(r=-0.645; p <0.05) and LVPWES (r =-0.714;
p <0.01) (r =-0.640; p < 0.05) (tab. 6).

Table 6
Correlative relationship in HF-patients without IR (n=13)
Index SBP DBP IVSFT LVPWES E/A
Insulin r=0.601; r=0.818; i
p <0.05 p <0.05 i i

r=0.645; r = 0.640;

HOMA-IR j j p <0.05 p <0.05 i

Gal-3 i i r=0.721; r=0.714; r=10.899;
p <0.01 p <0.01 p <0.0001

There are some changing in the heart
muscle caused by remodelling of morpho-
logical and anatomical structures of the heart,
and sympathoadrenal and renin-angiotensin-
aldosterone systems hyperactivity in HF. In
patients with heart failure to meet the increased
metabolic demands, which are increased in
cardiac output occurs due to stroke output
increasing, which leads to the development of
left ventricular eccentric hypertrophy.

Myocardial dysfunction due to diffuse, not
ischemic fibrosis associated with obesity [15],

hypertension [16], aging [17] and diabetes
mellitus [18].

At present, there are insignificant data about
myocardial energy and humoral supplying,
disruption of the mechanisms of their
interaction and regulation in heart failure.
There are evidences of the relationship of
functioning efficiency, coronary heart disease
(CHD) and hyperinsulinemia in heart failure
patients. The severity of the clinical mani-
festations in heart failure determined by the
insulin sensitivity of the myocardium and peri-



pheral muscle and insulin content in the blood.
In our study we demonstrated that increasing
the serum glucose, insulin levels and index
HOMA-IR was modestly correlated with left
ventricular ejection fraction value.

This is consistent with the results of recent
meta-analyzes, where association of increasing
insulin and glucose levels with increased risk
of cardiovascular disease in non-diabetic
patients was demonstrated [19, 20]. Moreover,
elevated of serum glucose and insulin levels
have pro-atherogenic properties [21], which
may be the prospect of further research.

Whereas increasing insulin and glucose
levels are a direct result of insulin resistance.
IR may facilitate to the development of athero-
sclerosis not only by increasing glucose and
insulin levels, but also through mechanisms
which include, dyslipidaemia, hypertension,
and inflammation [21, 22]. It is known that
IRS-1 is the main substrate cytoplasmic
enzymatic activity of the insulin receptor [23].
Interaction between TNF-a receptor and IRS-1
probably may inhibit the insulin signal
transduction pathway in a cell by decreasing
the tyrosine kinase activity of the insulin
receptor and phosphorylation of tyrosine. In
our study, it was found that the levels of TNF-
alpha are progressively increased. At the same
in our study the significantly higher TNF-alpha
levels were observed in HFpEF and IR patients
group compared with those without IR and
controls.

Hyperglycaemia, which leads to microangi-
opathy, reduces the number of capillaries per
unit area of the myocardium that leads to
ischemia, cardiomyocites apoptosis and acti-
vation of fibrogenesis. Wakasaki H et al.
demonstrated that increased activity of B-type
protein kinase-C (PKC-B), induced by hyper-
glycaemia, leads to myocyte necrosis and
fibrosis, which can be prevented by inhibition
of PKC-f [24].

In our study increasing galectin-3 levels
(marker of fibrosis) were founded in those
patients, whose insulin, TNF-a levels and index
HOMA were increased. Moreover, serum
galectin-3 levels was inversely correlated with
the ratio of peak transmitral flow velocity
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(E/A) value and had positive correlation with
SBP values.

Metabolic factors may also play a role in
the development of myocardial dysfunction;
hyperinsulinemia and insulin resistance, that
can be consequence of proinflammatory
cytokine activation, may all contribute to
myocardial fibrosis and myocardial dysfunc-
tion. Moreover, the deposition of advanced
glycation end products (AGEs) may result in
increased left ventricular stiffness and
consequently to diastolic dysfunction [25].

In addition, modest correlation serum
galectin-3 and TNF-a level was found in
general population of HF-patients and at the
presence  of  carbohydrate = metabolism
abnormalities in HF-patients. This dependence
increases with the progression of IR. That may
be due to increase of fibrosis degree in
enhanced inflammation and insulin resistance.

CONCLUSIONS

1. IR was diagnosed in 71.1 % HFpEF
patients without a history of diabetes.

2. Serum galectin-3, TNF-alpha and
insulin are significantly increased in HFpEF
patients with IR and without T2DM.

3. Serum galectin-3 levels were directly
correlated with SBP, and inversely correlated
with diastolic left ventricular dysfunction. With
increasing serum galectin-3 levels increases
diastolic dysfunction of the left ventricular
severity.

4. Our study shows an association of the
IR, TNF-alpha and sGal3 with echocar-
diographic parameters in the non diabetic with
HFpEF. This fact may indicate the influence of
IR on fibrogenesis process and thus influence
the processes of myocardial remodeling in
HFpEF patients.

PROSPECTS FOR FUTURE STUDIES

The study and analysis of the relationships
between changes in levels of immunological
inflammation, galectin-3, an index of insulin
resistance, parameters of intracardiac hemo-
dynamics in patients with heart failure of
different etiologies are promising.
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