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To study changes in blood concentrations of metabolic hormones and adipocytokines in people aged
25-44 years with electrocardiographic (ECG) signs of ischemic changes in the myocardium.

This study was a part of a cross-sectional survey of a random sample of Novosibirsk population aged
25-44 years. The study included 1363 people divided into two groups: group 1, subjects with ECG
signs of ischemic changes in the myocardium and group 2, subjects without ECG changes. Blood
serum concentrations of adipocytokines and metabolic hormones were measured by multiplex assay
on a Luminex MAGPIX flow-through fluorometer.

The group with ECG signs of myocardial ischemia had higher blood concentrations of adiponectin,
resistin, glucagon, and interleukin 6 (IL-6) than in the comparison group. A multivariate logistic
regression analysis showed that the glucagon concentration was associated with the presence of ECG
signs of myocardial ischemia (OR, 1.019; CI, 1.018-1.034; p=0.017).

In young people aged 25-44 years, higher blood concentrations of glucagon are associated with the
presence of ECG signs of myocardial ischemia.
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Introduction

Numerous biologically active substances called
adipocytokines are produced by adipose tissue.
These molecules influence a range of physiological
and pathological processes, including vascular tone,
inflammation, smooth muscle cell migration, and
endothelial function. All

ced by adipocytes and non-adipose cells (mono-

adipocytokines produ-
cytes/macrophages, smooth muscle cells, endothelial
cells, etc.) are a wide range of various biomolecules,
such as metabolic hormones (adiponectin, resistin,
leptin, insulin, glucagon, c-peptide, glucose-dependent
insulinotropic peptide, glucagon-like peptide-1), and
pro-inflammatory cytokines (interleukins (IL-1p, IL-
6, IL-8), monocyte chemoattractant protein 1 (MCP-
1); tumor necrosis factor alpha (TNF-a), lipocalin-2,
molecules of the complement system (adipsin) and
vascular hemostasis (plasminogen activator inhibitor 1
(PAL-1)) [1].

Being endogenous biologically active mediators of
inflammation, adipocytokines regulate intercellular
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and intersystem interactions, determine cell survival,
stimulation, or suppression of growth, as well as cell
differentiation, functional activity, and apoptosis. These
biomolucules coordinate the immune, endocrine and
nervous systems in normal conditions and in response
to pathological effects [2].

Investigation adipocytokines and their effects is an
important area in modern medicine. Despite the high
global prevalence of cardiovascular diseases (CVDs),
the incidence of CVDs to increase in young people
due to the increased prevalence of cardiovascular
risk factors (smoking, obesity, diabetes mellitus,
and arterial hypertension) compared to the elderly
persons [3-5]. There is increasing evidence that
adipocytokine imbalance is associated with the risk of
cardiometabolic diseases and their complications. The
role of adipocytokines as prognostic and diagnostic
markers of cardiovascular diseases is also discussed
[6-9].

The objective of this study was to examine changes

in the blood levels of metabolic hormones and
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Central illustration. Metabolic Blood Hormones in Young People
With Electrocardiographic Signs of Ischemic Myocardial Changes

Blood serum tests (concentrations of adiponectin,
resistin, leptin, insulin, glucagon, C-peptide,
glucose-dependent insulinotropic peptide, glucagon-like
peptide-1, IL-1p, IL-6, IL-8, MCP-1, TNFaq, lipocalin-2;
adipsin, PAI-1) were performed by multiplex
analysis using a Human Metabolic Hormone V3
panel (MILLIPLEX, Germany).
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A cross-sectional study of a random sample
of the Novosibirsk population aged 25-44 years
was conducted (n = 1363).
Survey, anthropometric measurements, anamnestic
data collection, ECG, etc., were carried
out during the screening. Blood serum was tested
for the concentrations of adipokines and inflammation
markers by multiplex analysis using

a Human Metabolic Hormone V3 panel

(MILLIPLEX, Germany).

) Glucagon
T Adiponectin
7 Resistin
* Interleukin 6

adipocytokines in young people aged 25-44 years
with electrocardiographic (ECG) signs of myocardial
ischemia.

Material and methods

A cross-sectional study of a random sample of
the Novosibirsk population from 25 to 44 years old
was conducted in the Research Institute for Internal
and Preventive Medicine (a branch of the Institute of
Cytology and Genetics, Siberian Branch of Russian
Academy of Sciences). The sample was created using
the base of the Territorial Fund of Compulsory Medical
Insurance of 25-44-year-old individuals residing in
a Novosibirsk district typical in terms of production,
social, population and demographic, and transport
structures, and degree of population migration. A
random representative sample of 2,500 people was
created using a random number generator; the response
rate was 54%. The study included 1,363 people (654
males/709 females). The study was approved by
the local ethics committee of the Research Institute
for Internal and Preventive Medicine. All subjects
signed the informed consent for the examination and
processing of personal data.

The screening included a survey using a set of
validated questionnaires, including the Rose Angina
Questionnaire (RAQ); anthropometry (height, body
weight, waist circumference (WC), and hip circum-
ference (HC) with the calculation of the waist-to-hip
ratio, body mass index; history taking; the standard
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12-lead ECG interpreted according to the Minnesota
code, ultrasonography, etc.

Epidemiological methods for identifying the main
clinical manifestations of the disease were used during
the screening. ECG signs of myocardial ischemia were
determined according to the clinical and functional
criteria (the Minnesota code) confirmed by the results
of the survey based on the Rose Angina Questionnaire
[10]. ECG signs of myocardial ischemia were the
following: history of myocardial infarction (MI), major
focal MI according to ECG, typical exertional angina
(the Rose Angina Questionnaire), ischemic changes
on the ECG without left ventricular hypertrophy,
Q-QS waves in ECG at rest. Abdominal obesity (AO)
was established with WC more than 80 cm in female
patients and more than 94 cm in male patients.

All subjects with ECG signs of myocardial ischemia
(n=46) were included to the study (treatment group);
the remaining subjects made up the group without such
signs (control group), n=1317 (Table 1).

The tests were performed on blood serum. Blood
samples were taken from the ulnar vein on an empty
stomach in the morning. Blood tests were performed by
multiplex analysis using a Human Metabolic Hormone
V3 panel (MILLIPLEX, Germany) in a Luminex
MAGPIX system. The levels of adipokines and markers
of inflammation were determined: adiponectin, adipsin,
amylin, ghrelin, lipocalin-2, secretin, PAI-1, leptin,
resistin, interleukin-6 (IL-6), tumor necrosis factor
alpha (TNF-a), monocyte chemoattractant protein-1
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Table 1. Clinical characteristics of patients examined

significantly higher than subjects in the control group
(p<0.0S) (Table 2). There was a trend to higher blood

Control Treatment o
Parameter group, group, p levels of amylin in the treatment group (p=0.054).
n=1317 n=46 Additionally, greater concentrations of lipocalin-2,
3733 39.08 ghrelin, pancreatic peptide (PP), glucose-dependent
Age, years [31.83;4192] [32.50;43.12] 170 insulinotropic polypeptide (GIP), and glucagon-
Malefemale, % R o oo 0222, like pept'lde-l (GLP-1), and lower concentrations of
polypeptide YY (PYY) (by 16%) and secretin (by 7%)
Waist circumference 85.5 84.0 0.427 were shown in the treatment group. However, statistical
(WC), cm [76.0;96.0] [76.6;95.0] L. .
Bod - 251 vasa significance was not achieved (Table 2).
(I;)Nﬁ;r’lisgs/ﬁzex [22.0 6;' 2896] [2234;2827] 0763 Table 3 displays the findings of the multivariate
Arterial hypertension logistic regression analysis (standardized by age and
(AH), % 18.8 239 Lk sex) examining the relationship between adipokines
Sustolic blood and the presence of ECG signs of myocardial ischemia.
stolic bloo
e (SBP) 119.5 117.5 0.572 Multivariate logistic analysis showed that the
p ’ [110.5; 129.5] [104.9; 134.4] : ) . .
mm Hg concentration of glucagon was associated with
Diastolic blood 78.5 782 Table 2. Blood concentration
pressll_ire (DBP), [71.5;86.5] [69.9;85.6] 0.648 of adipokines/metabolic hormones
mm
: Control group Treatment
Diabetes Parameters _ ’ group, p
mellitus (DM), % 24 22 0.703 n=1317 O
. S5.73 5.57 . . 37,0 109,0
Glycemia, mmol/L rg 3. 6041 [5.10;5.83] WlLe Adiponectin, pg/mL " 15 51407 [39,5;136,7] %018
Data are presented as a percentage (%) of cases Adipsin, pg/mL 11,6 [7,5;14,0] 12,1[8,4;14,1] 0,649
of th-e total nulpber of subjects per group, medians L o L 384,1 4614 0.48
and interquartile ranges (Me [25 %; 75 %]). ipocalin-2, ng/m [198,0; 1150,4]  [276,3; 1100,2] ,485
acrmton Sbibitor.1 214 211 0,557
(MCP-1), insulin, C-peptide, glucose-dependent in- ng/ml » o [13,0;31,7] [14,5;25,9] )
sulinotropic peptide (GIP), glucagon-like peptide-1 Resistin, ng/mL 1634 509,8 0,033
(GLP-1), glucagon, pancreatic polypeptide (PP), poly- esistin, ng/m. [25,4;597,5]  [157,7;753,1]
eptide YY (PYY). Amylin, pg/mL 6,2[3,5;142] 10,4[5,6;16,3] 0,054
pep
The data obtained were statistically processed using g}, o, pg/mL 34,1 [18,6; 88,4] 23 6661%5 0123
SPSS version 23.0. Clinical characteristics of patients Al
examined, and test results are presented as the medians Interleukin-6, pg/mL 1,2 [0,6;2,3] 1,9[0,9;6,9] 0,013
1 i th ile: th
and interquartile ranges (Me [25™ percentile; 75 TNF-, pg/mL 4,6[2,9;7,2] 41[27:68] 0,534
percentile]). Samples were compared using the Mann-
MCP-1, pg/mL 2E 231,3 0,862
Whitney U-test. A multivariate logistic regression ' P8 [161,3;318,5]  [145,3;321,4] ’
analysis was conducted, with the «presence of ECG Insulin, pg/mL [29643-3%%0 5 4633915318]2,5; 0,629
signs of myocardial ischemia» being the dependent : D ’
variable, in order to calculate the odds ratio (Exp B) Cp e_Ptlde’ ng/mL 08 [O’Z; 1,2] 0,7 [Ogl i1,6] 0,299
and 95% confidence interval (CI). The differences were Il;eptm’ n.g/mL 42 [;’9 é7’9] 48 [15’5;111’0] 0,881
L. .. . . ancreatic , ,
statistically significant with p value being less than 0.0S. polypeptide, pg/mL [23,0; 77,9] [24,4; 108,6] 0338
Polypeptide YY,
Results P;’ /’I'gip 1ae 57,0 [38,6;77,7] 48,2[28,3;652] 0,118
After comparing the two patient groups, we found  Secretin, pg/mL 22,0[15,0;66,4] 20,5[18,7;59,7] 0,700
that the young individuals in the treatment group had i?}iﬁf;gj()epiindent 26,3 293 0552
abnormal concentrations of certain adipokines and polypepti dg pg/mL [16,2; 51,5] [18,5; 56,6] )
. )
metabolic hormones compared to the control group Glucagon-like 280,8 400,83 0326
(Table 2). peptide-1, pg/mL [173,1;488,8]  [176,0;547,3]
Subjects with ECG signs of myocardial ischemia Glucagon, pg/mL 11,4[6,8;21,7] 16,4 [12,0;36,4] 0,021

had blood concentrations of adipokines, such as
adiponectin, resistin, glucagon, and IL6, statistically
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The data are presented as the medians
and interquartile ranges (Me [25 %; 75 %]).
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the presence of ECG signs of myocardial ischemia
(Exp (B) =1.019; 95% CI 1.018-1.034; p=0.017).

Discussion

Comparing the results between the two groups, we
observed a difference in the blood concentrations of
certain adipocytokines and metabolic hormones in
young people with ECG signs of myocardial ischemia
compared to the control group.

Adiponectin is one of the main adipose tissue
cytokines. It is involved in various molecular and
cellular processes, including lipid metabolism, energy
regulation, immune response and inflammation, and
increases insulin sensitivity. Low levels of adiponectin
and high levels of leptin, as well as leptin/adiponectin
ratio, are traditionally considered as markers of CVDs
[11, 12]. Moreover, adiponectin levels are negatively
correlated with cancer, CVDs, and diabetes [13].
Although reduced adiponectin is a biomarker used for
the prediction of cardiovascular outcomes, there is a
paradox of high levels of both leptin and adiponectin in
the CVD pathogenesis [14]. The meta-analysis showed
that elevated baseline plasma adiponectin levels were
significantly associated with an increased risk of all-
cause and cardiovascular death in patients with CVDs
[7]. The blood levels of adiponectin were 11% higher in
patients with coronary artery disease (CAD) (without
diabetes) than in the control group. At the same time,
the blood concentration of resistin was 1.9 times higher
and the level of leptin was 2.7 times lower than in the
control group [9]. Thus, the role of adiponectin in the
pathogenesis of CVDs is controversial.

In our study, subjects with myocardial ischemia were
found to have high serum levels of adiponectin, but
the regression analysis showed no association of this
adipocytokine with ECG signs of myocardial ischemia.

Well-known adipocytokine leptin is an important
link between obesity and the development of CVDs.
The associations have been explored earlier between
the blood levels of leptin and stroke, chronic heart
failure, acute myocardial infarction (MI), CAD [15].
It was shown in a prospective study that the incidence
of CVDs was directly associated in male patients
with the blood levels of leptin and adiponectin and
the leptin/adiponectin ratio. At the same time, the
leptin/adiponectin ratio is the preferred marker of
a new-onset cardiovascular event [11]. We did not
observe differences in blood concentrations of leptin
between the groups.

Most studies show resistin as a potential factor
for insulin resistance and diabetes [16, 17]. Specific
nucleotide polymorphisms of the RETN gene encoding

ISSN 0022-9040. Kardiologiia. 2023;63(11). DOI: 10.18087/cardio.2023.11.n2492

Table 3. Logistic regression analysis of the associations
of adipokines and metabolic hormones with the odds
of having ECG signs of myocardial ischemia

95 % CI for
Parameters B ExpB Exp (B) P

Age 0,094 1,099  0,984-1227 0,093
Sex, male vs. -0,107 0,899  0,281-2,878 0,858
female

Adiponectin 0,001 1,001 0,998-1,004 0,563
Resistin 0,000 1,000 0,999-1,001 0,955
Glucagon 0,018 1,019  1,018-1,034 0,017
IL-6 -0,001 0,999  0,949-1,050 0,957

B, the non-standardized regression coeflicient;
Exp B, the odds ratio for a variable; CI, confidence interval.

resistin synthesis were shown to be associated with
obesity, insulin resistance, and diabetes mellitus [18,
19]. A positive correlation was also shown between
resistin levels and adipose tissue mass, as well as
higher serum levels of resistin in obese patients [17].
The involvement of resistin is also explored in various
pathological processes leading to CVDs, including
inflammation, endothelial dysfunction, thrombosis,
angiogenesis, and smooth muscle cell dysfunction [9,
20]. Elevated resistin levels may be a marker of ischemia
and myocardial damage in acute coronary syndrome
[21].

In our study, subjects with signs of myocardial
ischemia had blood concentrations of resistin 3 times as
high as in the control group (Table 2), which confirms
the negative role of resistin in the development of CAD.

Adipsin (factor D of the complement system) is
mainly produced by adipocytes, monocytes, and
macrophages. Its pathophysiological role in the de-
velopment of CVDs is not well understood. However,
in a study including 370 patients with coronary athero-
sclerosis, it was found that serum levels of adipsin
were directly associated with the adverse prognosis
(death and re-hospitalization) for patients with CAD
[22]. In our study, we did not find differences in the
concentrations of this adipocytokine in the study
groups.

Glucagon is a hormone produced by pancreatic a
cells and some intestinal cells. It is traditionally seen as
a major contributor to glucose homeostasis. Glucagon
increases glucose production in the liver and is an anti-
insulin hormone. Glucagon is known to participate in
the pathophysiology of heart failure due to inhibition
of cAMP formation and G-protein signaling [23]. Due
to the fact that glucagon can have a pleiotropic effect on
various cell types and organs through interaction with
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its receptor, its action includes a direct effect on the
cardiovascular system [24]. In a randomized trial aimed
at investigating the effect of glucagon on CAD, diabetes
mellitus, and relevant risk factors, glucagon was
positively associated with CAD (odds ratio 1.03; 95%
CI 1,0003-1,0500), that is with each increase in the
standard deviation of glucagon level, the probability of
developing CAD increased by 3%. Moreover, glucagon
was not associated with most cardiovascular risk factors
[25]. Adelaetal. [8] showed thatbloodlevel of glucagon
was 11% lower in patients with CAD (without diabetes)
than in the control group. In a study of mouse model
of atherosclerosis (ApoE—/-), high-dose glucagon
infusion significantly reduced the area and volume of
aortic plaque in animals with both indicators being
inversely proportional to and correlated with plasma
levels of glucagon. Thus, glucagon has a pronounced
atheroprotective effect due to its anti-inflammatory
properties [24]. Thus, the association of glucagon with
CAD is not well understood and the available data are
contradictory.

In our study, glucagon concentration was 30% higher
in subjects with ECG signs of myocardial ischemia
than the rest of the subjects, and the fasting blood
levels of glucose and insulin did not differ significantly
between the groups. Moreover, multivariate logistic
analysis showed that the concentration of glucagon was
associated with the presence of ECG signs of myocardial
ischemia. Thus, it is possible that pathological
changes in the myocardium trigger the compensatory
mechanisms of the body, including increasing the blood
levels of glucagon irrespective of glucose concentration.

Glucose-dependent insulinotropic  polypeptide
(GIP) and glucagon-like peptide-1 (GLP-1) are the
major human incretin hormones involved in glucose
homeostasis. GIP is produced by duodenal and
proximal jejunal cells [26]. Glucagon-like peptide 1
is a glucoregulatory hormone secreted by intestinal
enteroendocrine L-cells in response to food intake.
Activation of the GLP-1 receptor on beta cells induces
glucose-dependentinsulin secretion, thereby improving
the glucose sensitivity of beta cells. Moreover, GLP-1
has a glucagonostatic effect due to glucose-dependent
inhibition of glucagon release, contributing to the effect
of reducing plasma levels of glucose [27]. Multiple
GLP-1 receptor agonists are used in clinical practice
to treat obesity and type 2 diabetes mellitus, which
use the effects of GLP-1 on lowering plasma levels of
glucose and reducing body weight [28-30]. GLP-
1 receptor agonists also help reduce atherosclerosis
and CVDs by lowering blood pressure and blood lipid
levels. GLP-1R is expressed in many cell types, such
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as monocytes/macrophages, smooth muscle cells,
endothelial cells, and cardiomyocytes. Some studies
showed that protective properties against endothelial
dysfunction, anti-inflammatory effects on macrophages,
and antiproliferative effects on smooth muscle cells
can contribute to atheroprotection through GLP-1R
signaling [31]. When the effects of the GLP-1 receptor
agonist were examined in 96 patients with myocardial
infarction and without diabetes mellitus, it was
found that the administration of the GLP-1 receptor
agonist 30 minutes before stenting and for 7 days after
the intervention reduces the area of infarction and
improves the myocardial salvage index calculated as the
difference between the estimated risk zone for necrosis
and the ultimate area of infarction [32]. But the exact
mechanisms of the GLP-1 receptor effects are still
debated [27].

In our study, blood concentrations of the GLP-1
and GIP hormones were elevated 1.4-fold and 1.1-fold,
respectively, in subjects with ischemic myocardial
disorders, but statistical significance was not achieved.

Conclusion

It is obvious that adipocytokine imbalance is
associated with the risk of cardiometabolic diseases and
their complications. The major risk factors for CVDs
are arterial hypertension, obesity, and diabetes mellitus,
all of which are strongly associated with adipocytokine
imbalance. Increasing prevalence of these factors
is observed in young people worldwide [3-5]. Our
study in a young population of 25-44 years old in
Novosibirsk, we found higher blood concentrations
of the metabolic hormone glucagon in subjects with
ECG signs of myocardial ischemia. Moreover, logistic
analysis showed that the concentration of glucagon was
associated with the presence of ECG signs of myocardial
ischemia (Exp (B) =1.019; 95% CI 1.018-1.034;
p=0.017). The study was limited to a small number of
subjects with ECG signs of myocardial ischemia, since it
was conducted in the young population. These findings
should be examined in detail in large study groups to
confirm the predictive significance of glucagon and its
association with CAD.
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