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[1porHo3yBaHHs nepebiry cepLeBoi HEAOCTATHOCTI € aKTyaslbHUM 3aBAaHHSIM CyHacHoi MEANYHOI Hayku. 3 ypaxyBaHHIM
3POCTaHHS MOLIMPEHOCTI 3axBOPIOBaHHS 3 BIKOM NALIEHTIB, HEOOXIgHO BPaxoByBaTy HASIBHICTb KOMOPOIAHOI naTtosniorii.
MeTtoro pobotu 6y/10 BUBYEHHS B3GEMO3B'A3KY MK FEHHUMM MOIMOP@I3Mamu B-aApeHOPELIENTOPHOI CUCTEMM 3 HETOKCU-
4YHum 3060m (H3) 1a nepebirom CH. Matepianv i metogn. Beboro 285 nauieHtis 3 CH Ha 1/1i MicnsiH@apKTHOro KapAiock-
71epo3y 6y/m BK/IIOHEHI B AOC/IAKEHHS. 3 Hux y 158 (55,42%) nauieHTis 6ysia KOMOPOIAHO HECrpusT/mBa naTosioris -
H3. l'eqotunysaHHs 4 ronimopismis (Gly389Arg reHa Bl1-aapeHopeuentopa, reH Ser49Gly reHa B1-agpeHopeyentopa
(B1-AP), GIn27Glu rena B2-AP Ta Ser275 reHa cyboanHnui B3-G-6i/ika npoBoAnn 3a JOMOMOror0 MoJiiMepasHoI S1aHLio-
rosoi’ peakuii (MJIP). [eHeTuyHMIt Ta enigemionoridHmy aHasi3 rnpoBoAWIM 3a AOMOMOroK MporpamMHOro 3abesrneyeHHs
SNPStats. HasBHicTe G-anens nosimopgiamy Serd9Gly reHa B1-AP noB'a3aHo 3i 36i/IbLLIEHHSM LWBUAKOCTI po3BuTKy H3
(Mogenb peecnBHoi crnaakosocTi, y° = 3,719, p = 0,039). Mu BusiBnm TEHACHLIHO A0 36ibIIEHHS LWBMAKOCT PO3BUTKY
H3 (Ha 5,9%) 3a HassHOCTI nonimopgiamy anensa C reHa Ser275 GNB3 (peuecusHa Mogenb CraAKoBocTi, y° = 3,452,
p = 0,068).1-AP rioB'si3aHO 3i 36i/bLUEHHSIM WBUAKOCTI po3suTkKy NTG (Mogens peuecnsHoi crnagkoBocTi, y°2 = 3,719,
p = 0,039). Mu BusiBu/m TEHAEHUIO A0 30iNbLUEHHS WBUAKOCTI po3sutky HTI (Ha 5,9%) 3a HasiBHOCTI rosiMopgismy
anens C reqa Ser275 GNB3 (peuecusHa Mogens cnaakoBocTi, y° = 3,452, p = 0,068). Pu3uK po3suTKy CUHAPOMY "Hu3b-
KOro TpuyioATUPOHIHY" y xBopmx Ha BY, wwo npauroe Ha 1/ HTT, 36inbLyeTscs B romosurotax (G / G) BignoBigHo A0 ro-
nimopgpiamy Serd49Gly (¢, 145A> G) reHa B1-AP (BigHowenrHs warciB (OR) = 9,19 (3,69-22,90), r = 0,044). Y nauieHTiB
i3 CH, wo npoTikae Ha 171i H3, npm HasBHOCTI ronimMop@ismy anenabHoro G GIn27Glu (¢, 79C> G) reHa [B2-AP, pu3uk jo-
CSrm1 KOMOIHOBaHOI' KiHLEBOI TOYKmM rpoTsirom 4Box pokiB (OR = 3,05 (1,10-8,43) 36i/bLLy€eTbCS B rOMO3UIOTHOMY CTaHi,
a OR - 3,38 (1,47-7,82) y rereposurot, ripu p = 0,008), pusnk Takox 36i/bLLyeTbCs y rereposnrotHux (G / C) nauieHTis
i3 Gly389Arg (¢, 1165G> C) nonimopeizm reqa B1-AR y npucytHocti H3 (OR = 2,09 (1,00-4,37), p = 0,046). BcraHossie-
HO, YO BPOKEHI reHETUHHI BIAMIHHOCTI B LL/ISXax [B-aapeHopeLenyii Moy Tb 6yTv noB’a3aHi 3 PO3BUTKOM HETOKCUYHOIO
306a Ta BigaaneHnM nepebirom cepLeBoi HeA0CTaTHOCTI.

Knro4yoBi cnoBa: cepLeBa HeAOCTaTHICTb, HETOKCUYHUI 3006, CUHOPOM «HU3LKOIO TP MOATUPOHIHY», MPOrHO3.

Predicting the course of heart failure (HF) is an urgent task of modern medical science. Given the increasing prevalence
of the disease with age, it is necessary to take into account the presence of comorbid pathology. The aim of the re-
search was to study the relationship between gene polymorphisms of the p-adrenoceptor system with non-toxic goiter
(NTG) and the HF course. Materials and methods. The total of 285 patients with HF against the background of post-
infarction cardiosclerosis were included into the study. Of these, 158 (55.42%) patients had a comorbidly unfavorable
pathology - NTG. Genotyping of 4 polymorphisms (Gly389Arg of the B;-adrenoreceptor gene, Ser49Gly gene of the f3;-
adrenoceptor (B;-AP) gene, GIn27Glu of the B,-AP gene and Ser275 of the Bs- G-protein subunit gene was performed
usingpolymerase chain reaction (PCR). Genetic and epidemiological analysis was performed using the SNPStats software.
The obtained results. The presence of the G-allele of the Ser49Gly polévmorphism of the B;-AP gene is associated with an
increase in the rate of NTG development (recessive heredity model, y* = 3.719, p = 0.039). We found a tendency to the
increase of NTG development rate (by 5.9%) in the presence of the allele C polymorphism of Ser275 gene GNB; (reces-
sive model of heredity, ¥ = 3,452, p = 0,068). The risk of "low triiodothyronine” syndrome development in patients with
HF, running against the background of NTG increases in homozygotes (G / G) according to the polymorphism Ser49Gly
(¢, 145A> G) of the B1-AR gene (odds ratio (OR) = 9.19 (3.69-22.90), g = 0.044). In patients with HF, which runs
against the background of NTG, with the presence of the G allele polymorphism GIn27Glu (c, 79C> G) of the p2-AP
gene, the risk of reaching a combined endpoint within two years (OR = 3.05 (1.10-8.43) increases in a homozygous
state and OR= 3.38 (1.47-7.82) in heterozygotes, at p = 0.008), the risk also increases with heterozygous (G / C) pa-
tients with the Gly389Arg (c, 1165G> C) polymorphism of the B1-AR gene in the presence of NTG (OR = 2.09 (1.00-
4.37), p = 0.046). Conclusion. Congenital genetic differences in B-adrenoceptor pathways may be associated with the
development of non-toxic goiter and the long-term course of heart failure.

Key words: heart failure, non-toxic goiter, low triiodothyronine syndrome, prognosis.

Predicting the heart failure course (HF) is an urgent
task of modern medical science. Given the increasing
prevalence of the disease with age, it is necessary to
consider the presence of co-morbid pathology [1]. In our
country, the number of patients with thyroid gland (TG)
pathology is growing [1]. Non-toxic goiter (NTG) is the

most common TG pathology [2]. One of the factors caus-
ing NTG development is genetic polymorphisms, includ-
ing the B-adrenoreception system (B8-ARs) [3].

There is little information in the literature concerning
the influence of B-ARs gene polymorphisms on NTG de-
velopment, but there are many contradictory data about

* To cite this english version Pyvovar S.M., Rudyk Yu.S., Lozyk T.V., Galchinska V.Yu., Bondar T.M. Association of f-adrenoreception
system gene polymorphisms and non-toxic goiter in patients with heart failure. // The Medical and ecological problems. - 2019. - Vol 23,
Ne 5-6. - P. 30-35.

30



MNpobnemu ekonorii Ta meguuUmHH

their association with HF. This encourages new research
in this field.

The aim of the research was to investigate the inter-
action of B-ARs gene polymorphisms with NTG and HF
course.

Materials and methods

The protocol of this prospective cohort study was ap-
proved by the local Ethics and Deontology Committee of
the Therapy Institute. All study procedures with patients’
participation were performed in compliance with the ethi-
cal standards of the Helsinki Declaration. Patients were
enrolled into the study during their hospitalization at the
heart disease department due to HF decompensation.

The study included 285 patients with HF (82 women and
203 men) of the Caucasian race. Criteria for involvement:
signed informed consent, history of myocardial infarction
(MI), verified diagnosis of HF-1I-IV FC by NYHA. Exclusion
criteria: not signing the informed consent, hemodynamically
significant valvular cardiac defects, HF of other aetiology
than cardiac infarction induced cardiosclerosis, thyroid sup-
pressive treatment, clinical hypothyroidism, thyrotoxicosis,
inflammatory diseases, other serious pathologies (tumors,
tuberculosis) that could complicate treatment or reduce the
life expectancy.

The control group consisted of 55 healthy individuals
(without CHD, HF, thyroid pathology), 18 women (32.7%)
and 37 men (67.3%) among them. The mean age was
57.00 [52.00 - 65.00] years. Statistical analysis revealed
no significant difference in the frequency distribution by
sex and age between the control group and the HF pa-
tients (table 1).

Diagnosis of HF and treatment of patients were per-
formed in compliance with the recommendations of the
European Society of Cardiologists [4].

To determine the serum thyroid stimulating hormone
(TSH) (normal range - 0.3—4.0 mIU/L), free T3 (T3¢
(normal range - 2.5-5.8 pmol/l) and free T4 (T4s) (normal
range - 10-25 pmol/l) the reagent kits (“TSH- ELISA”,
“Ta-ELISA” and “Ts+ELISA” from “Hema”, Ukraine) were
used. Enzyme-linked immunosorbent assays were per-
formed with an Immunochem-2100 semi-automatic en-
zyme-linked immunosorbent analyzer (High technology,

USA). 63 patients were diagnosed with “low triiodothyron-
ine syndrome” (LTS) at Ts¢ level <2.07 pmol / L at normal
T4 and TSH levels [5].

Patients were monitored for 2 years, taking into ac-
count the events of re-hospitalization (RH) for the HF de-
compensation (or intravenous administration of loop diu-
retics as prescribed by a cardiologist). Mortality was con-
sidered. The combined endpoint (CEP) was defined as a
combination of death and hospitalization (or intravenous
diuretics administration).

The first group included 127 (44.56%) patients with
HF without NTG. The second group included 158
(55.42%) patients with HF in combination with NTG. The
diagnosis of NTG was established by the ultrasound
study (ultrasonography). During ultrasonography, the size
of thyroid gland was assessed, the presence of focal
formations - their localization, size, echogenicity (diffuse
nodes: normal, hyper- and hypogenic; anechogenic
cysts), internal structure (homo- or heterogeneous); bor-
ders (clear and smooth or fuzzy, irregular contours), the
nature of calcificates (micro- or macro- calcificates), vas-
cularization of the entire pulp, and focal changes (color
Doppler studies). Groups of patients did not differ by sex
and age.

The total of 4 polymorphisms were selected in 3
genes. Table 1 presents the specific primers for genotyp-
ing. The laboratory staff did not know which group the
patients belonged to; 10% of all the DNA samples were
genotyped repeatedly for quality control. Blood for mo-
lecular genetic studies was collected in VACUTEST
vacutainers with K3EDTA. DNA was isolated from the
whole blood using the "DNA sorb-B" ("Amplisens", RF)
reagents kit. The isolated DNA was stored before amplifi-
cation at minus 20° C for no more than 3 months. Geno-
typing of polymorphic sites in B4-adrenoreceptor (f1-AR)
genes (rs1801253; c¢.1165G> C; p.Gly389Arg), P2-
adrenoreceptors  (B2-AR)  (rs1042714; ¢.79C> G;
p.GIn27Glu) and the G-protein Bz.subunit gene (GNa3)
(rs5443; c.825C> T; p.Ser275 =) was performed by
means of the real-time polymerase chain reaction (PCR
RT) using “Sintola” reagent kits according to the manu-
facturer's instructions.

Table 1
Characterization of polymorphisms under study
A i - d ' " N~ " . .
Gene Polymorphism Base substitution mino-acl 5-3(F)- n 3-5'(R)-primers for polymerase chain
substitution reaction
F:
B1-AR rs1801253 .1165G>C Gly389Arg cecegacttcegeaaggecticeag
R: gactgctctgctgcgecgegcaggge
F:
B1-AR rs1801252 c.145A>G p.Ser49Gly ctegtigetgectecegecagegaa
R: gcccecgagecgcetgtctcageagtg
F:
B2-AR rs1042714 c.79C>G p.GIN27Glu tgegecggaccacgacgteacgeag
R:aaagggacgaggtgtgggtggtggg
F:
GNBs rs5443 c.825C>T p.Ser275= agageateatctgeggeatcacgte
R: gtggccttctccectcagtggeecgee

For genotyping of the Ser49Gly polymorphism of the
B1-AR gene (rs1801252; c.145A> G; p.Serd9QGly),
TagMan SNP  Genotyping Assay (Assay ID
C_8898508_10) and Universal PCR Master Mix (Ref.
4304437) (Thermo Fisher Scientific, USA) were used in
compliance with TagMan® Universal PCR Master Mix
USER GUIDE (Applied Biosystems by Life Technolo-
gies). Amplification was performed using CFX96 Touch
(BioRad) Real-Time PCR Products Detection System.
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CFX Manager Software was used for allelic discrimina-
tion. All the polymorphisms under study were in Hardy-
Weinberg equilibrium. This eliminated the probability of a
genotyping error.

Statistical processing was performed using IBM®
SPSS® Statistics, 20.0 software packages (free-
download full Version). Genetic and epidemiological
analysis was carried out using the SNPStats online soft-
ware program.
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Results and discussion

The study has demonstrated that the of the Ser49Gly
polymorphism G-allele presence in the 31-AR gene is as-
sociated with the increased rate of NTG development
(recessive heredity model, X2 = 3.719, p = 0.039). There
was also a tendency to increase the rate of NTG devel-

opment (by 5.9%) in the presence of C allele of the
Ser275 gene polymorphism GNps (recessive model of
heredity, X2 = 3.452, p = 0.068). There were no statisti-
cally significant differences found for other polymor-
phisms under study (table 2).

Table 2
Interaction between -ARs and NTG genes polymorphisms in patients with HF
Model Without NTG With NTG o
of heredity Genotype (n=127) (n = 158) OR (95% Cl) HWE
1 2 3 4 5 6 7
Polymorphism of Ser49Gly gene B4-AP (n= 285)
co. GIG 92 (71.9%) 119 (75.8%) 1.00
dominant AG 33 (25.8%) 38 (24.2%) 0.90 (0.52-1.55) 0.11
A/A 3(2.3%) 0 (0%) 0.00 (0.00-NA)
. GIG 92 (71.9%) 119 (75.8%) 1.00
D t 0.5
ominan AIG-AIA 36 (28.1%) 38 (24.2%) 0.83 (0.49-1.42)
G/G 125 (97.7%) 157 (100%) 1.00 0.44
Recessive AG ’ ’ 0.039
A/A 3(2.3%) 0 (0%) 0.00 (0.00-NA)
Over- GIG-AIA 95 (74.2%) 119 (75.8%) 1.00 0.78
dominant AIG 38 (24.2%) 11 (17.5%) 0.93 (0.54-1.60) '
Log-
additive 0.77 (0.46-1.27) 0.31
Monimopdiam Ser275 rena GNB; (n= 284)
co. c/c 65 (51.2%) 84 (53.5%) 1.00
dominant cIT 48 (37.8%) 65 (41.4%) 1.03 (0.62-1.69) 0.19
T 14 (11%) 8 (5.1%) 0.44 (0.17-1.12)
. c/c 65 (51.2%) 84 (53.5%) 1.00
D t 0.65
eminan CIT-T/T 62 (48.8%) 73 (46.5%) 0.90 (0.56-1.44)
. C/C-CIT 113 (89%) 149 (94.9%) 1.00 1
R .
eoessive TIT 14 (11%) 8(5.1%) 0.44 (0.18-1.08) 0.068
Over- C/C-TIT 79 (62.2%) 92 (58.6%) 1.00 059
dominant CIT 48 (37.8%) 65 (41.4%) 1.14 (0.70-1.85) '
Log-
additive - - - 0.81 (0.56-1.17) 0.26

Notes: AIC- Akaike Information Criterion; HWE - Hardy-Weinberg equilibrium.

In our previous works, it has been demonstrated that
in NTG patients with HF the incidence of LTS is high [6],
which is likely to be attributed to a high risk of re-
hospitalization within 2 years due to HF decompensation
[6]. The analysis of B-ARs gene polymorphisms associa-
tion with the frequency of LTS development in patients

with HF course against the background of NTG was per-
formed. It is established that the risk of LTS development
in patients with HF, against the background of NTG, in-
creases in homozygotes (G / G) according to the
Ser49Gly polymorphism (c, 145A> G) of the B1-AR gene
(OR =9.19 (3.69-22.90), p = 0.044) (table 3).

Table 3
Associations of LTS frequency with polymorphisms of B-ARs genes in NTG in patients with HF
Ser49Gly polymorphism (c,145A>G) of 31-AP gene (n = 281)
Poly- Without NTG (n = 124) With NTG (n = 153)
morphism Mot | Nty OR (95 % Cl) WS | s OR (95 % Cl)
G/G 85 6 1,00 71 46 9.19
(3.69-22.90)
G/A 29 4 1.98 30 7 3.31
(0.62-7.52) (1.03-10.66)
AlA 3 0 0.00 0 0 -
p =0.044

We have previously demonstrated that the presence
of NTG in patients with HF causes a less favorable
course of heart pathology compared to patients without
NTG [6]. Thus, among patients with HF, running against
the background of NTG, there is a higher risk of re-
hospitalization (OR = 3.037 (1.85 - 4.99), p = 0.0001) and
a CEP (OR =2.53 (1.60 - 3.995), p = 0.001) [6].
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We have analyzed the association of the risk of
achieving CEP, within 2 years, with the genotype of the
B-ARs system in NTG in patients with HF. It is estab-
lished that patients with HF running against the back-
ground of NTG having allele G of the GIn27Glu (c, 79C>
G) polymorphism of the B2-AR gene have an increased
risk of achieving CEP within 2 years (OR = 3.05 (1.10-
8.43) in homozygous condition and OR = 3.38 (1.47-
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7.82) in heterozygotes, at p = 0.008) (table 4). The risk is
also increased in heterozygous (G / C) patients with the
Gly389Arg (c, 1165G> C) polymorphism of the B1-AR

gene in the presence of NTG (OR = 2.09 (1.00-4.37), p =
0.046).

Table 4

Correlation of CEP risk and 3-ARs gene polymorphisms in patients with HF

Gly389Arg (c,1165G>C) polymorphism of 3:-AR gene (n = 280)
Without NTG (n = 127) Witht NTG (n = 153)
Polymorphism Without CEP With CEP OR (95% Cl) Without CEP With CEP OR
(n=98) (n=29) ° (n=93) (n=60) (95% Cl)
1 2 3 4 5 6 7
G/G 53 20 1,00 52 30 © 816?3? 19)
2.09
G/C 31 9 0.76 (0.30-1.88) 35 26 (1.00-4.37)
cic 14 0 0.00 6 4 0 e 45)
p = 0.046
GIn27Glu (c,79C>G) polymorphism of 3,-AR gene (n = 284)
Without NTG (n = 127) Witht NTG (n = 157)
Polymorphism Without CCP With CCP OR (95 % CI) Without CCP With CCP OR
(n=97) (n = 30) ° (n=94) (n=63) (95 % Cl)
cic 36 13 1.00 52 18 0 41392032)
1.03 3.38
c/c 44 16 (0.43-2.45) 29 32 (1.47-7.82)
0.17 3.05
G/G 17 ! (0.02-1.41) 13 13 (1.10-8.43)
p = 0.008

No other statistically significant associations were
found for other polymorphisms under study.

Discussion

HF is one of the most common causes of hospitaliza-
tion and death of patients. It is known that the course of
HF, its progression, is associated with comorbidities and
the dynamics of a number of biomarkers, hormones and
genetic factors [7]. NTG is a diffuse or nodal enlargement
of the thyroid gland, which is not due to an inflammatory
or neoplastic process and is not associated with impaired
gland function. According to the World Health Organiza-
tion , the United Nations Children's Fund and the Interna-
tional Council on lodine Deficiency, in the absence of io-
dine deficiency (ID), the prevalence of NTG is less than
5%; in mild ID the NTG incidence ranges from 5 to 20%;
in moderate ID the NTG develops in 20-30%; severe ID
raises the NTG incidence by> 30% [8]. Regular examina-
tions using sensitive imaging techniques demonstrate a
much higher incidence. In three prospective studies, the
detection rate of NTG by ultrasonography made 16-67%
[8]. Kharkiv and Kharkiv region, where our study was car-
ried out, belong to regions of Ukraine with mild ID.

Unlike sporadic NTG, caused in most cases by spon-
taneous recessive genome alteration, family NTG repre-
sents an autosomal dominant type of inheritance [8]. The
interaction of genes, or genes and various other factors
(i.e. the synergistic effects of multiple variants or poly-
morphisms and non-genomic factors) raises the complex-
ity of understanding the NTG pathogenesis and possibly
explains its genetic heterogeneity. Defects in genes that
regulate physiological processes in the thyroid gland can
lead to the development of NTG in terms of borderline or
overt ID.

Hypercatecholemia inherent in HF displays its effects
through the B-ARs system. B-AR are paired transmem-
brane proteins located on cells of the whole body, includ-
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ing cardiomyocytes, vascular smooth myocytes and ex-
tra-vascular parenchymal organs’ cells, including the thy-
roid gland (TG), liver [9]. Catecholamines, through B-AR,
regulate the thyroid function [9] and also the activity of
deiodinases, both in the gland itself and in the liver and
adipose tissue [9].

There are three subclasses of AP (B1, B2, Ba) [3]. B1-
and B2-AR effect catecholamines to stimulate intracellular
processes through a cytosolic G-protein, a heterotrimer
consisting of three subunits: o, f and y [10]. B1-AR only
activates G-protein (Gs). B2-AR, in addition, can also in-
hibit it (Gi), reducing the production of cyclic adenosine
monophosphate (cAMP), which may reduce the activity
of deiodinases [10]. There is evidence that the activity of
deiodinases may also depend on 3-AP polymorphisms
[10].

In our study, it was found that the presence of the G-
allele of the Ser49Gly polymorphism of the 1-AR gene is
associated with an increase in the rate of NTG develop-
ment (recessive heredity model, X2 = 3.719, p = 0.039).
The risk of LTS in patients with HF running against the
background of NTG grows in homozygotes (G / G) by the
Ser49Gly (c, 145A> G) polymorphism of the B+-AR gene
(OR =9.19 (3.69-22.90), p = 0.044). The B+-AR gene is
localized on chromosome 10924-26. There are two clini-
cally significant gene polymorphisms associated with sin-
gle-nucleotide substitutions: in position 49 (extracellular
N-terminal site) associated with the substitution of the
amino acid serine (Ser) with glycine (Gly) and in position
389 (intracellular carboxyterminal site) where arginine
(Arg) is substituted with glycine [3].

In vitro studies have shown that homozygotes with
Ser (AA genotype) have lower functional adenylate cy-
clase activity compared to the G allele carriers, but they
are more sensitive to adrenaline stimulation [11]. In an-
other study, no differences in basal adenylate cyclase
activity were detected, but high sensitivity to prolonged
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agonist exposure was confirmed. It is possible to assume
that allele G, which makes 1-AR less sensitive to adre-
nal stimulation, leads to a decrease in the activity of pe-
ripheral deiodinases (the incidence of LTS grows) and
the uptake of iodine in the thyroid gland (development of
NTG).

We found a tendency to increase the rate of NTG de-
velopment (by 5.9%) in the presence of the allele-C
polymorphism of the Ser275 gene GNps (recessive he-
redity model, X2 = 3.452, p = 0.068). G-proteins are ex-
pressed in all human cells. G-protein affects the classical
cAMP / protein kinase pathway [10]. The active form of
G-protein (Gs) in contact with the allosteric center of
adenylate cyclase activates the formation of cAMP. In its
turn, cAMP serves as a regulator of many enzymes activ-
ity. As a result of these and a number of other related
processes, the processes of iodide absorption in the thy-
roid gland, its transport and incorporation into thyroglobu-
lin structure are also activated. The most common is
C825T polymorphism of the B3 subunit (GNB3) gene [10].

Irrespective of the fact that T polymorphism is func-
tionally inactive, it leads to truncated (alternative) splicing
of exon 9 (GNB3) and ultimately to the truncated 33 sub-
unit of the G protein. This altered subunit raises a-
adrenergic activation and is associated with increased
activity of signaling pathways [10]. Thus, it is possible to
assume that due to the functionally less active C-allele
changes occur that reduce the sensitivity of thyroid gland
to hypercatecholemia in the conditions of initial 1D, which
ultimately lead to the development of NTG [10].

In patients with HF, running against the background
of NTG, in the presence of the allele-G polymorphism
GIn27Glu (c, 79C> G) of the B2-AR gene, the risk of CCP
increases for two years (OR = 3.05 (1.10-8.43) in the
homozygous state and OR = 3.38 (1.47-7.82) in het-
erozygotes, at p = 0.008). According to the literature, the
association of GIn27Glu B2-AR polymorphism with the
clinical HF course is rather ambiguous. Exercise load tol-
erance was studied in 2002 in patients with compensated
HF and it was found that patients with Arg16 / Glu27 had
greater endurance compared to the Gli16 / GIn27 poly-
morphism group [12]. The study found that a decrease in
exercise tolerance always precedes the HF decompensa-
tion [12]. Researchers studied the polymorphism of 32-
AR and B2-AR 5 'LC Arg19Cys in patients with idiopathic
dilated cardiomyopathy [13]. The analysis revealed that
Arg16 and GIn27 B2-AR polymorphism may be associ-
ated with a low risk of HF development.

At the same time, other scientists investigated 256
cases of HF in 2004, noting the B1-AR Arg389Gly, 2-AR
Arg16Gly, and GIn27Glu polymorphisms, but did not find
a significant correlation with HF. In two studies, the effect
of B2-AR gene polymorphisms on the risk of HF devel-
opment and progression was investigated. The Italian
study included 236 patients with HF and 230 healthy vol-
unteers. No associations were found between Arg16Gly,
GIn27Glu polymorphisms, and HF course. Another group
of researchers reported the results of a randomized trial
involving a large number of patients with ischemic and
idiopathic cardiomyopathy. No effect of the 16 and 27
polymorphism of the B2-AR gene was detected on the
risk of HF development and features of the HF course
[14].

In our previous work, taking into account the pres-
ence of LTS, it was found that the risk of re-
hospitalization increases with C / G polymorphism
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GIn27Glu of B2-AR gene (OR = 1.25 [0.85-1.82], p =
0.025, excessively dominant model of heredity) [16].

The risk of CEP also grows in heterozygous (G / C)
patients with HF by the Gly389Arg (c, 1165G> C) poly-
morphism of the B1-AR gene in the presence of NTG
(OR =2.09 (1.00-4.37), p = 0.046). The Arg389Gly poly-
morphism of the 31-AR gene encodes the substitution of
Gly with Arg389 [16]. In the Gly389 gene polymorphism,
B1-AR have low sensitivity to exogenous stimulation
(natural blockade) [16]. There is evidence of a prolonged
hospital stay in the patients-carriers of the Gly389 allele
of the Arg389Gly polymorphism who underwent cardiac
surgery [16].

Conclusion

The findings suggest that congenital genetic differ-
ences in B-adrenoreception pathways may be associated
with the development of nontoxic goiter and affect the
two-year course of heart failure.

The presence of the G-allele of the Ser49Gly poly-
morphism of the fi-adrenoceptors gene is associated
with an increase in the rate of nontoxic goiter develop-
ment.

The risk of developing “low triiodothyronine” syn-
drome in patients with heart failure, which runs against
the background of nontoxic goiter, increases in homozy-
gotes (G / G) by the Ser49Gly (c, 145A> G) polymor-
phism of the B1-AR gene.

Patients with heart failure running against the back-
ground of non-toxic goiter, carriers of the G allele in
GIn27Glu (c, 79C> G) polymorphism of the B2-AR gene,
have the risk of reaching a combined endpoint within two
years. The risk is also increased in heterozygous (G / C)
patients with the Gly389Arg (c, 1165G> C) polymorphism
of the B1-AR gene in the presence of non-toxic goiter.
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