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PREVALENCE OF MAIN RISK FACTORS AND CYTOKINE PROFILE
IN PATIENTS WITH ACUTE CORONARY SYNDROME AND DIFFERENT
SERUM MYOSTATIN LEVELS
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PACITPOCTPAHEHHOCTDb OCHOBHbBIX ®AKTOPOB PHCKA
1 IIATOKMHOBBIA ITPO®WJIb Y IIAIIUEHTOB C OCTPBIM
KOPOHAPHBIM CUHAPOMOM U PASHBIM YPOBHEM
MHUOCTATUHA CbIBOPOTKH KPOBHU

A.P. Axmaoszanoea*, A1.B. Xoeaega, /I.FO. Cocrhun, A.B. Cobones, E.H. Boponosa

Ilepmckuii 20cyoapcmeenbiii MeOUUUHCKULL yHusepcumem umeny axaoemuxa E.A. Bazuepa,
Poccutickasn Qeoepauus

Objective. To study the prevalence of the main risk factors and the value of proinflammatory cytokines in
patients with acute coronary syndrome (ACS) depending on the determined level of serum myostatin.

Materials and methods. 120 patients with ST elevation ACS (STE-ACS) and non-ST-segment elevation ACS
(NSTE-ACS), hospitalized in the cardiology department of the regional vascular center were examined.
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In 86 patients, the level of serum myostatin and proinflammatory cytokines was determined on the 5th day of
the development of acute coronary syndrome.

Results. Patients were divided into two subgroups depending on the level of serum myostatin which was
determined: group 1 — with a lower level of myostatin, group 2 — with a higher level of myostatin. Group 1
(serum myostatin level from 0.038 to 0.084 ng/ml) consisted of 23 patients (16 males). Group 2 (serum
myostatin level from 0.137 to 0.630 ng/ml) contained 21 patients (14 males). The main risk factors for
cardiovascular diseases such as family history of early development of cardiovascular diseases, smoking,
dyslipidemia, obesity, arterial hypertension and type 2 diabetes mellitus were assessed.

The levels of pro-inflammatory cytokines were determined. Tumor necrosis factor alpha (TNF-alpha) and
interleukin 18 (IL-18) levels were significantly higher in patients with higher myostatin levels. Correlation analysis
revealed a relationship between serum myostatin concentration and TNF-alpha level (= 0.34; p = 0.0016).
Conclusions. No differences in the prevalence of risk factors in patients with ACS and different myostatin
levels, except for smoking were revealed in the study, the frequency of smoking was higher in the group with
higher myostatin levels. Greater activity of pro-inflammatory cytokines TNF-alpha and IL-18 was revealed in
patients with higher levels of myostatin, as well as a significant correlation between the level of myostatin and
TNF-alpha.

Keywords. Myostatin, proinflaimmatory cytokines, acute coronary syndrome.

Hexp. M3y4nTh pacnpoCcTpaHEHHOCTb OCHOBHBIX (PAKTOPOB PUCKA M 3HAYEHHUA NMPOBOCTIAINTENBHBIX LIUTO-
KHMHOB Y ITALMEHTOB C OCTPBIM KOPOHAPHEIM CMHAPOMOM (OKC) B 3aBUCHMOCTH OT ONPEAEIAEMOTO YPOBHA
CBIBOPOTOYHOT'O MUOCTATHHA.

Martepuanst u Meroasl. O6cnenosaHo 120 narmentos ¢ OKC ¢ nogpemom (OKCnST) 1 6€3 morbeMa cermeH-
12 ST (OKCOnST), roCIUTaIM3UPOBAHHBIX B OTAENEHUAE KAPAUONOTHH Ha 623€ PETMOHAIBHOTO COCYAUCTOIO
1ieHTpa. V 86 MAIMEHTOB U3 TOCTUTATM3UPOBAHHBIX ObUT OMPE/ICTCH YPOBEHD CBIBOPOTOYHOTO MUOCTATUHA U
IPOBOCHATUTE/IBHBIX LIATOKUHOB Ha 5-€ CYTKU PA3BUTHA OCTPOI'O KOPOHAPHOIO CHHAPOMA.

Pesyabrarel. [[aUMEHTOB PA3AEIIM HA IBE MOATPYINIL B 3aBUCHMOCTH OT OIPEAEIAEMOIO YPOBHA CHIBOPO-
TOYHOI'0 MUOCTATHHA: TPyITy 1 — ¢ 601e€ HU3KUM YPOBHEM MUOCTATUHA, IPyHIy 2 — C 00JIEE BLICOKUM YPOB-
HeM MUOCTaTuHA. [pyminy 1 (yposens ceisopoTodnoro muocraruta ot 0,038 go 0,084 Hr/mim) cocrasumm 23 ma-
1peHTa (M3 HuX 16 Mykuus). Ipyrmy 2 (YpoBeHb ChIBOPOTOYHOrO Muoctatna ot 0,137 go 0,630 Hr/mi) —
21 manyieHT (M3 HUX 14 MyxunH). BbUM OlIEHEHBl OCHOBHBIE (DAKTOPBI PUCKA CEPAEYHO-COCYAUCTBIX 3a0071€-
BAHMIL: HACTEACTBEHHAA OTATOMEHHOCTD IO PAHHEMY Pa3BUTHIO CEPACYHO-COCYAUCTBIX 3a00/IEBAHNM, KyPEHHE,
JUCTAIUEMYS, OKUPEHUE, APTEPUATbHAS TUIIEPTEH3UA ¥ CAXAPHBIN UA0ET 2-TO TUIIA.

OnpegeneHs! YpOBHY IPOBOCIAINTENBHBIX IMTOKUHOB. YPOBHH (DaKTOPa HEKPO3a onyxomu anbda (PHO-a)
u unrepneiikuna 18 (IL-18) 6buii ZOCTOBEPHO BBILIE Y IALUEHTOB C O0JIEE BBICOKUM YPOBHEM MUOCTATUHA.
I10 ZAHHBIM KOPPENALMOHHOIO AHAIM3A BBIABICHA B3AMMOCBA3b MEKY KOHLIEHTPALMEH MUOCTATHHA ChIBO-
potku 1 ypoaeM PHO-a (= 0,34; p = 0,0016).

BoiBozbl. B nccneoBanny He BBIABICHO PA3INYMI 10 PACIPOCTPAHEHHOCTH (DAKTOPOB PHCKA Y ITALIUEHTOB
¢ OKC 1 pasHBIM YPOBHEM MUOCTATHHA, 3d UCKIIOYCHUEM KyPEHNA, YACTOTA KOTOPOI'O ObLIA BBIIIE B IPYILIIE
¢ 60J1ee BHICOKUM YPOBHEM MHUOCTATHHA. 3a(PUKCUPOBAHA OOJbIIAA AKTMBHOCTb IPOBOCIANUTENBHBIX IIUTO-
kuHoB ®HO-o 1 IL-18 y manueHTos ¢ 6071ee BLICOKUMY YPOBHAMU MUOCTATHHA, A TAKKE JOCTOBEPHAA KOP-
perAnyg Mexay yposHeM Muoctatnia 1 PHO-ao.

Kirouessie c10Ba. MUOCTATHH, IIPOBOCTIAIATENBHBIE IIUTOKUHBL, OCTPBIN KOPOHAPHBIN CHUHAPOM.

INTRODUCTION marily by skeletal muscle, although small

amounts of myostatin are also produced by

Myostatin (growth differentiation fac-  the myocardium and adipose tissue [1]. It is

tor 8) is a member of the superfamily of the  gecreted primarily by skeletal muscles, al-
transforming growth factor-B whose pri-  though small amounts of myostatin are also
mary target is myoblasts. It is secreted pri-  produced by the myocardium and adipose

43



ORIGINAL STUDIES

tissue [1]. Myostatin inhibits skeletal muscle
development and regulates fibroblast pro-
liferation in skeletal muscle, ie. the proper-
ties of the extracellular matrix [2], and also
affects the structure and function of ten-
dons [3]. The role of myostatin in influenc-
ing the cardiac muscle or myofibroblasts in
coronary heart disease (CHD) and myocar-
dial infarction (MI) is less clear. Recent stud-
ies in transgenic animals have shown that
long-term overexpression of myostatin in
the mouse heart reduces ejection fraction
(EF) and stroke volume, increases end-
systolic and diastolic volumes, induces the
development of fibrosis and a decrease in
heart weight, whereas the removal of my-
ostatin has the opposite effect — it leads to
myocardial hypertrophy [1]. In mice, Sarina
Lim et al. found significant differences in
outcomes between myostatin-null and wild-
type mice after ML The myostatin-null
group had better EF recovery, less myocar-
dial collagen deposition, and lower mortal-
ity. The researchers hypothesized that low
myostatin levels are associated with better
cardiac function after MI, possibly by limit-
ing the extent of fibrosis [4].

There are isolated studies concerning
the concentration of myostatin in the se-
rum after myocardial infarction in humans.
The study by Oliveira et al. [5] included 102
patients with MI and showed a decrease in
the concentration of myostatin, compared
to that in healthy people. Mortality among
patients with lower concentrations of se-
rum myostatin was higher than among pa-
tients with less reduced levels.
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Thus, there are quite contradictory data
on the direction of changes in myostatin con-
centration in the post-infarction period in the
experiment and in clinical observations. Ob-
viously, additional studies are needed to study
the relationship between the myostatin level
and the course of the disease in patients with
acute coronary syndrome.

The aim of the study was to investigate
the prevalence of major risk factors and the
significance of proinflammatory cytokines
in patients with acute coronary syndrome
depending on the determined level of se-
rum myostatin.

MATERIALS AND METHODS

A total of 120 patients with acute coro-
nary syndrome with and without ST elevation
were examined, hospitalized in the Cardiol-
ogy Department at the Regional Vascular
Center of the S.N. Grinberg City Clinical Hos-
pital (RVC SN. Grinberg City Clinical Hospi-
tal) from 2019 to 2021.

The inclusion criteria for the study were:
diagnosis of acute coronary syndrome ac-
cording to the clinical guidelines of the Rus-
sian Ministry of Health and the recommenda-
tions of the European Society of Cardiology';
age 30-90 years; voluntary informed consent
of the patient to participate in the study. Ex-
clusion criteria were non-coronary heart dis-
ease, malignant neoplasms, kidney and liver
diseases with impaired function, blood dis-
eases, acute infectious diseases, the presence
of heart failure stage IIB-III and functional
class III-1V before hospitalization.
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Examination and treatment of patients
was carried out in accordance with the Clini-
cal Guidelines of the Russian Ministry of
Health, Guidelines of the European Society of
Cardiology’, in force at the time of the study.

All patients underwent collection of
clinical and anamnestic data; physical exami-
nation with measurement of blood pressure
(BP), heart rate (HR), height and weight with
calculation of body mass index (BMI), waist
circumference (WC) and hip circumference
(HC) with calculation of the WC / HC ratio.

Standard laboratory testing included a
complete blood count; follow-up of bio-
chemical markers of cardiocytolysis (Tro-
ponin I-high sensitive, creatine phos-
phokinase-MB  (CPKMB)); urea content,
blood creatinine with calculation of the
glomerular filtration rate (cGFR); aspartate
aminotransferase (AST), alanine aminotrans-
ferase (ALT), total bilirubin, glucose, blood
lipids (total cholesterol (TC), low-density
lipoprotein (LDL), very low-density lipopro-
teids (VRDL), high density lipoproteins
(HDL), triglycerids (TG) with calculation of

* ESC Guidelines for the Management of Patients with
Acute Myocardial Infarction without ST Elevation 2015.
Russian Journal of Cardiology 2016, 3 (131): 9-63. DOL
10.15829/1560-4071-2016-3-9-63; ESC Guidelines for the
Management of Patients with Acute Myocardial Infarction
with ST Elevation 2017. Russian Journal of Cardiology 2018;
23 (5): 103-158. DOL 10.15829/1560-4071-2018-5-103-
158; Clinical Guidelines of the Ministry of Health of the
Russian Federation. “Acute Myocardial Infarction without ST
Elevation of Electrocardiogram”. Russian Society of Cardiol-
ogy in Conjunction with the Association of Cardiovascular
Surgeons of Russia. M. 2020; Clinical Guidelines of the Min-
istry of Health of the Russian Federation. "Acute Myocardial
Infarction with ST Elevation of the Electrocardiogram." Rus-
sian Society of Cardiology in Conjunction with the Associa-
tion of Cardiovascular Surgeons of Russia. M. 2020.

the atherogenic coefficient (AC) and non-
high-density lipoprotein cholesterol).

In 86 patients, the level of serum
myostatin and proinflammatory cytokines
was determined on the 5th day of develop-
ment of acute coronary syndrome.

Blood sampling for the study was per-
formed from the cubital vein on an empty
stomach in the morning. Venous blood, ob-
tained without anticoagulants in vacuum
tubes with gel, was left to stand for 30 minu-
tes at room temperature until a clot is formed.
The tubes were then centrifuged for 10 min at
1500 rpm. The separated serum was trans-
ferred to clean Eppendorf tubes, frozen and
stored at -30 °C.

The concentration of myostatin was de-
termined by enzyme immunoassay using the
ELISA Kit for Myostatin (MSTN), USA, catalog
No: CEB653Hu.

Also, by the enzyme immunoassay
method, interleukin 6 (IL-6) was determined
using the Interleukin-6-IFA-BEST reagent kit
(A-8768) from ZAO Vector-Best (Russia)
(series 42), interleukin 18 (IL-18) using the
Interleukin-18-IFA-BEST reagent kit (A-8770)
from ZAO Vector-Best (Russia) (series 28), and
tumor necrosis factor alpha (TNF-o) using the
Alpha-TNF-IFA-BEST reagent kit (A-8756)
from ZAO Vector-Best (Russia) (series 65).

Instrumental diagnostic studies inclu-
ded electrocardiography (ECG); Holter ECG
monitoring (HM ECG); echocardiography
(EchoCG); chest radiography; selective
coronary angiography (CAG).

Electrocardiographic examination (Ni-
hon Kohden Cardiofax C ECG-2150, Japan)
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was performed in 12 standard leads upon
admission of patients to hospital and then
daily. To identify rhythm and conduction
disturbances, the presence and duration of
myocardial ischemia episodes, Holter ECG
monitoring was performed (Astrocard
Holtersystem-2f, AO MEDITEK; Russia).

Selective coronary angiography (CAG)
was performed by specialists from the De-
partment of X-ray Surgical Diagnostic and
Treatment Methods of the SN. Grinberg
Regional Vascular Centre of the City Clinical
Hospital using standard techniques and ra-
dial access.

All patients with acute coronary syn-
drome with persistent ST elevations
(STE-ACS) underwent emergency CAG with
subsequent reperfusion of the infarct-
related artery. The decision on the necessity
and urgency of CAG with possible percuta-
neous coronary intervention in patients
with NSTE-ACS was made after risk stratifi-
cation according to the GRACE’ Scale.

Patients received therapy in accor-
dance with Clinical Guidelines” dual anti-

* ESC Guidelines for the Management of Patients with
Acute Coronary Syndrome without Persistent ST Elevation
2015. Russian Journal of Cardiology 2016, 3 (131): 9-63.
DOL 10.15829/1560-4071-2016-3-9-63; ESC Guidelines for
the Management of Patients with Acute Myocardial Infarc-
tion with ST Elevation 2017. Russian Journal of Cardiology
2018; 23 (5): 103-158. DOIL 10.15829/1560-4071-2018-5-
103-158; Clinical Guidelines of the Ministry of Health of the
Russian Federation. "Acute Coronary Syndrome without ST
Elevation of the Electrocardiogram." Russian Society of Car-
diology with the Participation of the Association of Cardio-
vascular Surgeons of Russia. Russian Society of Cardiology in
Conjunction with the Association of Cardiovascular Sut-
geons of Russia. M. 2020; Clinical Guidelines of the Ministry
of Health of the Russian Federation. “Acute Myocardial In-
farction with ST Elevation of Electrocardiogram”. Russian
Society of Cardiology with the Participation of the Associa-
tion of Cardiovascular Surgeons of Russia. M. 2020.
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platelet therapy, anticoagulant therapy (low
molecular weight heparins), beta-blockers,
mineralocorticoid — receptor — antagonists,
drugs from the group of angiotensin-
converting enzyme inhibitors or angio-
tensin II receptor antagonists, statins.

Statistical processing of the obtained
data was carried out using the Statistica
10.0 program (StatSoft, Inc, USA). The
Kolmogorov-Smirnov criterion was used to
determine the normality of the distribution
of features. To describe quantitative char-
acteristics, the median (Me) and quartiles
(Q,, Q,) were used. When assessing the sta-
tistical significance of differences (d) in
independent samples for quantitative
characteristics, the Mann — Whitney U-test
(U) was used. The reliability of differences
for qualitative characteristics was assessed
using the nonparametric XI table test ().
The relationship between the quantitative
characteristics under study was determined
using the correlation coefficient (r). The
correlation was considered statistically re-
liable at p < 0.05.

RESULTS AND DISCUSSION

The distribution pattern of myostatin
levels in patients differed from normal
(Figure). The distribution median was
0.1131 ng/ml, the interquartile range
(25-75 %) was 0.0835-0.134 ng/ml. To
study the characteristics of patients with
different levels of serum myostatin, two
subgroups were taken for analysis: the 1st
one included patients with low myostatin
levels (1st quartile), the 2nd - with high
(4th quartile).
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Fig. Histogram of Distribution of Myostatin Values
in Patients with ACS

Group 1 (level of serum myostatin from
0.038 to 0.084 ng/ml) consisted of 23 pa-
tients (including 16 men). Group 2 (level of se-
rum myostatin from 0.137 to 0630 ng/ml) —
21 patients (including 14 men). The average
age in Group 1 was 08 [58; 72] years, in
Group 2 — 60 [51; 69] years. There were no
statistically significant differences between
the groups in terms of gender and age. The
clinical characteristics of patients in both
groups are presented in Table 1.

As can be seen from Table 1, the fre-
quency of occurrence of the main risk
factors for cardiovascular diseases (ex-
cept smoking), concomitant diseases, and
the history of coronary heart disease did
not differ between the groups. Smokers
were more common in the group with
higher myostatin levels (p = 0.011). The
smoking index did not differ and was
25.0 [14.0; 39.0] in group 2 versus 27.0
[19.5; 28.5] pack-years in group 1, respec-
tively (p = 0.876). The groups were com-
parable in the structure of the final clini-

cal diagnosis: 11 patients in each group
were diagnosed with myocardial infarc-
tion, unstable cardiac angina was diag-
nosed in 12 people in group 1 and in 10
in group 2 (p =0.788).

Table 2 presents the values of the stud-
ied proinflammatory cytokines. The levels
of TNF-a and IL-18 were significantly
higher in patients of the 2nd group. The
values of IL-6 did not differ.

According to the correlation analysis, a
relationship was found between the con-
centration of serum myostatin and the level
of TNF-a (r=0.34; p = 0.0016).

In recent decades, much new data has
been obtained on various myokines and
their local and systemic effects [6]. In par-
ticular, it has been shown that myostatin
suppresses muscle tissue growth by reduc-
ing proliferation, myocyte differentiation,
and protein synthesis [7; 8].

J. Dong et al. demonstrated in an ex-
periment an increase in fibroblast division
under the influence of myostatin, which may
result in muscle tissue fibrosis [9]. In the car-
diac muscle, this process can influence the
remodeling of cardiac sections in coronary
heart disease and heart failure. Animal ex-
periments have shown that in case of cardiac
pathology the level of myostatin production
in cardiac tissue increases several times [10).
In myocardial infarction, myostatin tran-
scription increases in cardiomyocytes located
around the damaged area [11], and the in-
crease in concentration persists in animals
after 8 weeks from the moment of MI [12]. In
clinical studies, myostatin levels were found
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Table 1
Clinical Performance of Patients
- Group 1, Group 2,
Characteristic Value = g 3 = I; 1 p

Sex (male / female), % 09.6/304 06.7/33.3 0.899
Age, years 08[58, 72] 00 [51; 69] 0.693
BMI, kg/m’ 28.7[24.8;31.2] 20.1[26.1;32.5] 0.148
Waist circumference (WC), cm 92 [86; 96] 95 [89; 103] 0.111
Hip circumference OxpyxuocTb 6¢aep (HC), cm 96 [90; 100] 103 [99; 106] 0.001
WC/HC, relative units 0.96 [0.90; 0.98] 0.96 [0.87; 1.02] 0925
Heart rate, bpm 74[70;74] 74 [68; 78] 0.239
SAP, mm Hg 130 [120; 140] 140 [130; 160] 0.205
DBP, mm Hg 80 [70; 90] 90 [80; 90] 0.307
Hereditary load for early development of cardiovascular 5/21.7 5/23.8 0871
diseases, abs./%

Smoking, abs./% 3/13 10/47.6 0011
Dyslipidemia, abs./% 21/913 20/95.2 0.243
Obesity, abs./% 8/34.8 6/28.6 0.637
AH, abs./% 19/82.6 20/95.2 0.196
Type 2 diabetes, abs./% 6/26.1 8/30.4 0.626
CAD H/O, abs./% 14/60.9 16/76.2 0.550
PC H/O, abs./% 5/21.7 10/47.6 0.182

Notice: MAP — systolic arterial pressure. DBP — diastolic blood pressure. AH — arterial hypertension. Dia-

betes — diabetes mellitus.

Table 2

Serum Interleukin Levels in Patients with Different Serum Myostatin Levels

(Me [Q5; Q)
- Group 1, Group 2,

Characteristic Value n=23 n=21 P
TNF-o, pg/ml 15[11;2.7] 3126, 34] 0012
IL-18, pg/ml 1754 [1339; 264.2] 2509 [187.9; 3004] 0.043
IL-6, pg/ml 53[1.6,9.5] 36[3.3, 73] 0991

to be increased in left ventricular myocardial
samples from patients suffering from ischemic
or dilated cardiomyopathy (DCM) [13].

The main source of myostatin in the
systemic circulation is skeletal muscle, but
in cardiac pathology, cardiac myostatin also
contributes to this indicator. This was
shown in an experiment on mice [14].
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It can be assumed that high production
of myostatin in patients with acute coro-
nary syndrome may lead to more pro-
nounced fibrosis processes in the myocar-
dium, systemic lipid metabolism disorders
and atherogenesis, as well as sarcopenia [0].

This study revealed greater activity of
proinflammatory cytokines TNF-a and IL-18
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in patients with higher myostatin levels, as
well as a significant correlation between
myostatin levels and TNF-o. It can be as-
sumed that elevated myostatin levels are
associated with metabolic imbalance and
systemic inflammatory response with hy-
perexpression of proinflammatory cyto-
kines [4; 15]. Our data are supported by the
results of experimental work, which
showed that tumor necrosis factor-alpha
(TNF-alpha) increases the expression of
myostatin [12].

STUDY LIMITATION

This study is limited by the sample size
of patients, further research in this direction
requires a larger sample size.

CONCLUSION

The study found no differences in the
prevalence of major risk factors in patients
with acute coronary syndrome and different
levels of myostatin, with the exception of
smoking, the frequency of which was higher
in the group with higher levels of myostatin.
Greater activity of proinflammatory cyto-
kines TNF-o and IL-18 was found in patients
with higher levels of myostatin, as well as a
direct relationship between the level of my-
ostatin and TNF-a..
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