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Abstract
Background. Obesity is associated with the changes in energy homeostasis (irisin and
adipokine) and the adipokine system (FABP 4 and CTRP 3) and the impact on the development
and course of cardiovascular diseases. The purpose of the study was to investigate the
time course of markers of energy homeostasis, adipokines and carbohydrate metabolism
and their relationship in patients with acute myocardial infarction with the presence and
absence of comorbid pathology. Materials and methods. The study involved 189 patients
with acute myocardial infarction with and without obesity. The control group included
20 healthy subjects. Adropin, irisin, FABP 4, CTRP 3, insulin were determined by enzyme-
linked immunosorbent assay. Results of the study. All groups of patients during the
observation were found to have a decrease in the levels of glucose, insulin, HOMA index
(p<0.05). An increase in adropin, irisin and CTRP 3 and a decrease in FABP 4 in all groups
of patients compared with patients by 1–2 days (p<0.05) were determined on day 10. The
relationship between carbohydrate metabolism and adropin, irisin, FABP 4, CTRP 3 in all
groups of patients on days 1–2 was revealed. Conclusions. Our findings indicate that the
markers of energy homeostasis and adipokine system influence the state of carbohydrate
metabolism in patients with acute myocardial infarction with concomitant obesity was
determined.
Key words: adipokines, carbohydrate metabolism, acute myocardial infarction, energy
homeostasis, obesity.
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Introduction
Coronary artery disease is known to be one

of the most common cardiovascular diseases in
Western Europe and Ukraine [2]. Obesity is a
significant factor that causes the adverse course
of acute myocardial infarction (AMI) [19]. It is
believed that pathological obesity is a chronic
systemic inflammatory process [11; 17]. Many
adipokines and peptides, which are involved in
glucose and lipid metabolism, formation of insulin
resistance (IR), and inflammatory reactions, are
synthesized in the adipose tissue. The role of
adropin, irisin, fatty acid binding protein 4 (FABP 4)
and C1q/TNF-Related Protein (CTRP 3) in
development of acute myocardial infarction in
patients with or without obesity has not been

studies in detail [5–9]. Adropine and irisin affect
homeostasis of glucose and lipids, play an
important role in prevention of insulin resistance,
dyslipidemia associated with obesity [1; 3; 4; 10].
Recent studies have found a close relationship
between the markers of energy homeostasis and
the adipokine system and many major chronic
diseases, including obesity, type 2 diabetes, and
cardiovascular disease [12–16; 18]. Thus, further
study of energy homeostasis and adipokines may
reveal new diagnostic aspects of the treatment
of CVD-associated obesity.

2. Purpose, subjects and methods
2.1. The purpose of the work was to study

the time course of energy homeostasis (adropin
and irisin), adipokine system (FABP 4 and CTRP 3),
carbohydrate metabolism in development of acute
myocardial infarction, as well as to investigate
the relationship between the components of
energy homeostasis, adipokines and carbohydrate
metabolism in patients with and without obesity.
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2.2. Subjects and Methods
The study was performed within the period

of 01 September 2018 and 31 December 2019.
The study involved 189 patients, including
30 women (15.9 %) and 159 men (84.1 %), who
were undergoing in-patient treatment in the
infarction department of Kharkiv City Clinical
Hospital No. 27 (clinical center of the academe
member L.T. Malaya Department of Internal
Medicine No. 2, Clinical Immunology and
Allergology of Kharkiv National Medical University
of Ministry of Health of Ukraine), at the Department
of Resuscitation and Intensive Care of the State
Institution L.T. Malaya National Institute of
Therapy of the National Academy of Medical
Sciences of Ukraine and in cardiology department
No. 1 of Kharkiv Clinical Railway Hospital of
the Health Care Center of the Public Joint Stock
Company Ukrainian Railways. All patients were
divided into the following groups: group 1 included
69 overweight patients (OW) (including 58 men,
11 women from 40 to 70 years), group 2 consisted
of 60 patients with AMI with concomitant obesity
(among them 46 men, 14 women from 42 to
70 years). The comparison group consisted of
60 patients with AMI without obesity (55 men,
5 women from 40 to 70 years). The control group
included 20 healthy subjects (7 men and 14 women,
aged 47 to 60 years).

The diagnosis of AMI was defined made in
accordance with the Order of the Ministry of Health
No.455 of 02.07.2014 "Unified clinical protocol
of emergency, primary, secondary (specialized)
and tertiary (highly specialized) medical care and
medical rehabilitation of patients with acute
coronary syndrome with ST wave elevation based
on clinical, electrocardiographic and biochemical
criteria". Obesity was identified according to the
classification based on the body mass index
(BMI), developed by the US National Institutes
of Health and approved by the WHO. The
treatment of obesity was carried out under the
European recommendations of 2018 [19].

Exclusion criteria were type 2 diabetes,
autoimmune diseases, diffuse connective tissue
diseases, pituitary and hypothalamic diseases,
thyroid disease, symptomatic hypertension, heart
valve disorders, CHF IV FC to myocardial
infarction, chronic obstructive pulmonary disease,
marked renal impairment, severe anemia, cancer.

Adropin, irisin, FABP 4, CTRP 3 contents
were evaluated by enzyme-linked immunosorbent
assay using a set of reagents Human adropin
(AD) (Elabscience, Houston, USA), Human
Fibronectin type III domain- containing protein 5

(FNDC5) (Elabscience, USA), Human Fatty acid
Binding Protein 4 (FABP 4) (Elabscience, USA),
Human CTRP 3 (Aviscera Bioscience Inc, Santa
Clara, USA) according to the specified instructions
for analysis. Insulin content was determined by
enzyme-linked immunosorbent assay using the
Human Insulin Reagent Kit (Monobind Inc, Lake
Forest, USA). Glucose levels were examined by
the glucoxidant method in capillary blood on an empty
stomach. Assessment of insulin resistance (IR) was
performed by calculating the HOMA index.

 Mathematical computer processing of
research results was performed using "IBM SPPS
Statistics 27.0" (IBM Inc., USA, license No.
L-CZAA-BKKMKE) and Microsoft Office Excel
software. The mean value (M), standard deviation,
probability and significance level (p) were
calculated. For all groups of patients, the indicators
did not have a normal distribution according to
the Shapiro-Wilk test. Independent comparisons
were performed using the nonparametric Mann–
Whitney U-test. Differences were considered
significant at a level of statistical significance
p <0.05. To assess the relationships between the
parameters, we used the method of correlation
analysis with calculations of Spearman's
correlation coefficients (with a distribution that
differs from normal) [20].

The design of the study was approved by the
Ethics Commission of Kharkiv National Medical
University (Minutes No.2 of 2 April 2018). All
patients who participated in the study signed a
voluntary informed consent to participate.
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3. Results and discussion
The results of the study of carbohydrate

metabolism on days 1–2 in patients with acute
myocardial infarction with and without obesity are
presented in  Fig. 1. The levels of glucose, insulin,
IR HOMA index in patients with overweight
(OW) and obesity on day 10 did not have a
significant difference when compared with the
patients with AMI without OW and obesity
(p<0.05). The patients with AMI, depending on
the presence and absence of OW and obesity,
were shown to have a decrease in glucose, insulin,
IR HOMA index in the time course of observation
(p<0.05) (Table 1).

The results of the study of markers of energy
homeostasis and adipokines in patients with AMI
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depending on the presence and absence of obesity
within 1–2 days of observation are presented in
the Fig. 2. The content of adropin on day 10 was
lower in patients with AMI with OW compared
with the patients with AMI on day 10, but no
significant difference was found (p=0.085). The
level of adropin on day 10 was lower by 11.13 %
in obese AMI patients compared with AMI
patients without the signs of OW and obesity on
day 10 (p=0.000). An increase in adropin on day 10
was found in patients with AMI with obesity by
29.56 %, AMI with OW by 21.88 % and AMI
without signs of OW and obesity by 24.76 %
compared with patients on days 1–2 (p = 0.000).

The level of irisin on day 10 was significantly
lower in patients with AMI with OW by 9.94 %
(p=0.026), by 27.56% with obesity (p=0.000) when
compared with the patients with AMI. There was
a significant increase in the level of irisin for
10 days in patients with AMI with OW by 47.12 %,
by 33.73 % of AMI with obesity, by 40.54 %
with AMI when compared with patients with AMI
with or without OW and obesity on days 1–2
(p=0.000) (Table 2).

The studies [1; 12] show that adropin has a
significant effect on glucose and lipid homeostasis
and may play an important role in prevention of
insulin resistance, impaired glucose tolerance, and

Fig. 1. Carbohydrate metabolism in patients with acute myocardial
infarction depending with or without obesity on days 1–2 of observation

Table 1
Determining the time course of carbohydrate metabolism in patients

with AMI depending on the presence and absence of obesity

Note. n – the number of examined subjects, M±m – arithmetic mean ± standard deviation,
AMI – acute myocardial infarction, OW – overweight.
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dyslipidemia associated with type 2 diabetes or
obesity. The researchers found a significant
inverse correlation between adropin and glucose
levels, body mass index (BMI) and triglycerides
in patients with AMI. The study found that high
concentrations of irisin were associated with
greater reductions in blood glucose and insulinemia
after weight loss in obese subjects. Studies
showed a positive correlation between irisin and
BMI, glucose, triglycerides [3; 4; 13].

The content of FABP 4 on day 10 significantly
decreased in patients with AMI with obesity by
23.31 % compared with patients with AMI on
the 10th day (p<0.05). However, no significant
difference was found when comparing AMI
patients with OW and AMI patients on day 10
(p=0.326). There was a significant decrease in
the level of FABP 4 on day 10 in patients with
AMI by 20.90 %, with OW by 23.14 %, by 20.43 %
with obesity compared with the patients with AMI

Table 2
The changes in the markers of energy homeostasis and adipokines

in patients with AMI with or without obesity

Note. n – the number of examined subjects, M±m – arithmetic mean ± standard deviation,
AMI – acute myocardial infarction, OW – overweight.

Fig. 2. The markers of energy homeostasis and adipokines in patients
with AMI with or without obesity on days 1–2 of observation
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with or without OW and obesity on days 1–2
(p=0.000). The researchers [5; 6; 8] found that
FABP4 levels were significantly elevated in obese
patients compared to non-obese patients, and
serum FABP4 levels were positively correlated
with the waist circumference, blood pressure and
insulin resistance. According to the results of the
studies elevated FABP4 levels were associated
with obesity, insulin resistance, type 2 diabetes,
hypertension, cardiac dysfunction, and
atherosclerosis.

The concentration of CTRP 3 on the 10th day
significantly increased in patients with AMI with
OW by 7.48 % (p=0.001), by 9.32 % with obesity
(p=0.002) compared with the patients with AMI
on the 10th day. There was a significant increase
in the content of CTRP 3 on the 10th day in
patients with AMI by 7.44  %, with OW by 14.85 %,
with obesity by 13.37 % when compared with
AMI patients with the presence and absence of
OW and obesity on days 1–2 (p=0.000) (Table 2).
The relationship between CTRP 3 and coronary
artery disease can be explained by the effect of
CTRP 3 on various aspects of atherosclerosis,
such as inflammation and metabolic disorders.
CTRP3 levels negatively correlated with metabolic
risk factors, including waist circumference,
triglycerides and glucose levels, and the HOMA
index. For CTRP3, the biological function of the
metabolic regulator of glucose homeostasis was
determined. The study found a significant
reduction in CTRP 3 levels in acute coronary
syndrome with control subjects [7]. Adjusting
cardiovascular risk factors further enhances the
relationship between CTRP 3 and coronary artery
disease levels. In an experimental study, it was
found that the expression of CTRP3 in adipocytes
decreased significantly 1 day after AMI and

gradually recovered. Plasma CTRP3 levels
decreased significantly after AMI, reaching its
lowest level 3 days after AMI. The expression
or production of CTRP3 changes during cardiac
reconstruction after AMI [7].

Thus, there are statistically significant
disturbances in the regulation of the adipokine
response and energy homeostasis in patients with
AMI with concomitant obesity.

Conclusions
1. Decreased concentrations of adropin, irisin,

CTRP 3 and increased levels of FABP 4 on days
1-2 in patients with acute myocardial infarction
and obesity indicate a probable relationship with
carbohydrate metabolism and impaired energy
homeostasis and adipokine imbalance.

2. The changes of the indicators revealed the
changes in the system of energy homeostasis and
adipokine response and demonstrated the effect
of irisin, FABP 4, CTRP 3 on development of
AMI in obese subjects.

3. The results of the study indicate that the
presence of obesity in patients with AMI did not
affect the changes in the level of adropin during
observation.
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