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The purpose of the study was to examine the in-
dicators of carbohydrate, energy and adipokine me-
tabolism in acute myocardial infarction patients with
or without type 2 diabetes mellitus.

Materials and methods. A total of 134 patients
with ST-segment elevation acute myocardial infarction
in the presence or absence of type 2 diabetes mellitus
aged 58.97 + 7.92 years were examined in the Gov-
ernment Institution “L. T. Malaya Therapy National In-
stitute of the National Academy of Medical Sciences
of Ukraine” and Kharkiv Railway Clinical Hospital No.
1 of the “Center of Healthcare” branch of Public Joint
Stock Company “Ukrainian Railway”. The main group
(group 1) included 74 patients with acute myocardial
infarction and type 2 diabetes mellitus. The compari-
son group (group 2) was represented by 60 patients
with acute myocardial infarction without type 2 diabe-
tes mellitus. The control group was composed of 20
otherwise healthy individuals. Serum concentrations
of insulin, adropin, irisin, fatty acid binding protein 4
and C1g/TNF-related protein were measured by en-
zyme-linked immunosorbent assays.

Results and discussion. It was found that the
levels of glucose, insulin, HOMA-IR index were in-
creased in acute myocardial infarction patients with or
without type 2 diabetes mellitus when compared with
the control group (p<0.05). In acute myocardial infarc-
tion patients with type 2 diabetes mellitus, the serum
levels of adropin, irisin and C1q/TNF-related protein
were significantly lower, while the fatty acid binding
protein 4 levels were higher as compared to those in
the control group (p<0.05). Acute myocardial infarc-
tion patients with type 2 diabetes mellitus demonstrat-
ed significantly lower serum concentrations of adropin
and C1q/TNF-related protein in comparison with acute
myocardial infarction patients without type 2 diabe-
tes mellitus (p<0.05). Negative correlations between
blood glucose and adropin (r = -0.499, p<0.001), iri-
sin (r = -0.495, p<0.001), fatty acid binding protein 4
(r = -0.518, p<0.001), between HOMA-IR and adro-
pin (r = -0.304, p<0.02), fatty acid binding protein 4
(r=-0.429, p = 0.001), as well as positive correlations
between blood glucose levels and C1g/TNF-related
protein (r = 0.435, p = 0.001) were revealed in acute
myocardial infarction patients. In acute myocardial in-
farction patients with type 2 diabetes mellitus, nega-
tive correlations were found between blood glucose
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and adropin (r = -0.504, p<0.001), irisin (r = -0.520,
p = 0.03), C1g/TNF-related protein (r = -0.546,
p<0.001); between blood insulin and adropin
(r =-0.361, p = 0.017), irisin (r = -0.396, p = 0.01),
C1q/TNF-related protein (r = -0.361, p = 0.018); be-
tween adropin and HOMA-IR (r = -0.508, p = 0.001),
C1q/TNF-related protein (r = -0.436, p = 0.003), as
well as positive correlation between blood glucose
and fatty acid binding protein 4 (r = 0.508, p = 0.007);
between blood insulin and fatty acid binding protein
4 (r = 0.501, p = 0.001); between HOMA-IR and fatty
acid binding protein 4 (r = 0.516, p<0.001).

Conclusion. Characteristics of adropin, irisin, fat-
ty acid binding protein 4 and C1q/TNF-related protein
serum levels are evidence of violated energy and
adipokine metabolism in both diabetic and non-dia-
betic patients with acute myocardial infarction. Rela-
tionships between adropin, irisin, fatty acid binding
protein 4 and C1q/TNF-related protein could indicate
involvement of these markers in carbohydrate metab-
olism.

Keywords: adipokine, carbohydrate metabo-
lism, acute myocardial infarction, energy homeosta-
sis, type 2 diabetes mellitus.

The relevance of the work to scientific pro-
grams, plans, topics. This paper is a part of the
scientific-research works “Ischemic heart disease in
polymorbidity: pathogenetic aspects of development,
course, diagnostic and improvement of treatment”
(No. 0118U000929), and “Prediction of the course,
improvement of diagnosis and treatment of ischemic
heart disease and arterial hypertension in patients
with metabolic disorders” (No. 0120U102025).

Introduction. Type 2 diabetes mellitus (DM) is
one of the most common diseases worldwide. Glob-
ally, an estimated 462 million individuals are affected
by type 2 DM, corresponding to 6.28% of the world’s
population [1]. The prevalence of this disease has in-
creased significantly worldwide in recent years and its
increase of 9.9% is expected by 2045 [2]. Diabetes in-
fluences the functionality and quality of life resulting in
significant morbidity and premature mortality [3]. Type
2 DM is associated with two-fold higher in-hospital
and long-term mortality rates as well as with a higher
risk of recurrent cardiovascular events, and also it is
a common comorbidity in acute myocardial infarction
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(AMI) [4]. According to the World Health Organization,
the death rate from coronary heart disease (CHD)
was 8.9 million cases around the world in 2019 [5].

Both diabetic and non-diabetic patients with el-
evated serum glucose levels were at increased risk
for developing AMI complications [6, 7]. The mech-
anisms of early and late AMI complications develop-
ment in diabetic patients are not well understood and
still the subject of comprehensive discussion. Various
pathophysiological pathways of AMI development and
course are currently studied. One of these ways is the
examination of energy and adipokine homeostasis.

Biomarkers of energy homeostasis (adropin and
irisin) and adipokine system (fatty acid binding protein
4 (FABP4) and C1g/TNF-related protein (CTRP3))
are involved in the regulation of carbohydrate metab-
olism and associated with cardiovascular diseases
[8-11]. The effect of energy and adipokine homeosta-
sis markers on carbohydrate metabolism in diabetic
patients with AMI needs to be studied in a separate
patient cohort.

The purpose of the study was to examine the
indicators of carbohydrate, energy and adipokine me-
tabolism in AMI patients with or without type 2 DM.

Materials and methods. The study was con-
ducted from September 1, 2018 to December 31,
2020. A total of 134 patients with ST-segment eleva-
tion AMI (STEMI) in the presence or absence of type 2
DM aged 58.97 + 7.92 years hospitalized in the inten-
sive care unit of Government Institution “L. T. Malaya
Therapy National Institute of the National Academy
of Medical Sciences of Ukraine” and Kharkiv Railway
Clinical Hospital No. 1 of the “Center of Healthcare”
branch of Public Joint Stock Company “Ukrainian
Railway” were enrolled in the study. The main group
(group 1) included 74 patients with AMI and type 2 DM
with a mean age of 59.42 + 7.66 years. The compar-
ison group (group 2) was represented by 60 patients
with AMI without type 2 DM aged 58.42 + 8.25 years.
Control indicators of biochemical and enzyme-linked
immunosorbent assays were obtained from 20 other-
wise healthy individuals.

The study was carried out in compliance with
the basic provisions of the “Rules of ethical princi-
ples of scientific medical research with human par-
ticipation”, approved by the Declaration of Helsinki
(1964-2013), ICH GCP (1996), EEC Directive No. 609
(dated 24.11.1986), Orders of the Ministry of Health
of Ukraine No. 690 (dated 23.09.2009), No. 944 (dat-
ed 14.12.2009), No. 616 (dated 03.08.2012). All the
participants were informed about the goals, organiza-
tion, methods of examination and signed an informed
consent to participate in the completely anonymous
study.

STEMI was diagnosed based on clinical, instru-
mental and laboratory data, according to the criteria

148

proposed by the Expert Consensus of the European
Society of Cardiology [12]. Diagnosis and treatment of
type 2 DM was performed according to the American
Diabetes Association and the European Association
for the Study of Diabetes (2018, 2019) [13, 14].

The inclusion criteria were the presence or ab-
sence of type 2 DM in patients with STEMI.

The exclusion criteria were type 1 DM, non-ST-
segment elevation myocardial infarction (NSTEMI),
COVID-19, autoimmune diseases, pituitary and hy-
pothalamic diseases, thyroid disease, symptomatic
hypertension, valvular heart disease, chronic heart
failure (CHF) FC IV to myocardial infarction, chronic
obstructive pulmonary disease, severe liver and renal
dysfunction, severe anemia, malignancy.

All diagnostic tests were carried out in the Bio-
chemical Department of the Central Research Lab-
oratory of Kharkiv National Medical University. Blood
serum samples were collected from the patients on
day 1 and stored at -80 °C. Serum concentrations
of insulin, adropin, irisin, FABP4, CTRP3 of patients
were measured by enzyme-linked immunosorbent
assay using an analyzer “Labline-90” (Austria) with
commercial test reagents “Human insulin” (Monobind
Inc., Lake Forest, USA), “Human adropin (AD)” (Elab-
science, Houston, USA), “Human Fibronectin type
[l domain-contact protein 5 (FNDC5)” (Elabscience,
USA), “Human Fatty Acid Binding Protein 4 (FABP4)”
(Elabscience, USA), Human CTRP3 (Aviscera Bio-
science Inc., Santa Clara, USA) following the manu-
facturers’ instructions, respectively. Fasting capillary
blood glucose level was determined by glucose oxi-
dase method. Insulin resistance (IR) was calculated
by the Homeostatic Model of Insulin Resistance As-
sessment (HOMA-IR).

The results obtained were processed using statis-
tical techniques and the computer program IBM SPPS
software, version 27.0, (IBM Inc., USA, L-CZAA-BKK-
MKE license, 2020). The Shapiro-Wilks test was used
to assess whether indicators of all patient groups
were normally distributed. Data were presented in the
conventional form (arithmetic mean (M) and standard
deviation (SD)). Significant differences between the
means of normally distributed numerical parameters
were statistically compared using one-way analysis of
variance (ANOVA) with Bonferroni correction for mul-
tiple comparisons. Correlations between parameters
were analyzed by the Pearson correlation coefficient
(r). A p value £0.05 was considered statistically sig-
nificant.

Results and discussion. Based on the study
analysis, it was found that the levels of glucose, insu-
lin, HOMA index were significantly increased in AMI
patients with or without type 2 DM when compared
with the control group (p<0.05) (Table 1).
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Table 1 — The state of carbohydrate, energy and adipokine metabolism in AMI patients with or without type 2 DM

AMI patients with | AMI patients without Control group
A type 2 DM, type 2 DM, n=20 ’ Significance,
ndicators n=74 n=60 (p)
1 2 3
Gl day 1 : ;
ucose on aay 1,
S ueos 11.23+4.57 7.1242.45 4758034 |1 <0.001 <0.001
e 0.031
' 2 3
Insulin on day 1, 32.5110.56 26.65+7.82 5.97+1.92 0.001  <0.001
ulU/mL
- <0.001
2 3
HOMA-IR on day 1 17.17+11.16 8.51+4.54 1.20£0.38 |1 <0.001  <0.001
2 - 0.002
| 2 3
Qg/ﬁrﬁm on day 1, 13.65£5.12 16.92£6.12 23.5812.56 0.002  <0.001
- <0.001
- 2 3
Irisin on day 1, 1.86+0.43 2.22+0.93 5.97+2.1 1 0.107  <0.001
ng/mL
e <0.001
2 3
FABP4 on day 1, 10.53+2.01 9.76£2.07 502¢1.92 |1 0095  <0.001
ng/mL
- <0.001
2 3
S;ipl_e’ on day 1, 226.06+52.11 272.31422.32 325.97+42.22 |1 <0.001  <0.00f
e <0.001

The adropin serum levels were by 19.33% and
42.11% lower in AMI diabetic patients on day 1 as
compared to those in AMI non-diabetic patients and
the control group (p<0.05), respectively. The irisin se-
rum levels were significantly by 16.22% and 68.84%
less in AMI patients with type 2 DM on day 1 in com-
parison to those in non-diabetic AMI patients and the
control group (p<0.05), respectively. The measured
adropin serum levels on day 1 in AMI patients with-
out type 2 DM were found to be by 28.24% lower
compared to those of the control group (p<0.05), and
the irisin serum levels were significantly by 62.81%
less as compared to those of the control individuals
(p<0.05) (Table 1).

In diabetic AMI patients, the FABP4 serum lev-
els on day 1 were significantly by 7.89% and 2.1
times higher compared with non-diabetic AMI pa-
tients and the control group (p<0.05), respectively,
while the serum concentrations of CTRP3 on day 1
were significantly by 16.98% and 30.65% lower com-
pared with AMI non-diabetic patients and the control
group (p<0.05), respectively. The FABP4 serum lev-
els were significantly by 1.94 times higher in AMI pa-
tients without type 2 DM as compared to those of the
control group (p<0.05). The serum concentrations of

CTRP3 in non-diabetic AMI patients were significantly
by 16.46% less as compared to those of the control
group (p<0.05) (Table 1).

Analyzing the results of energy and adipokine
metabolism components, correlations between blood
glucose and adropin (r = -0.499, p <0.001), irisin
(r =-0.495, p <0.001), FABP4 (r =-0.518, p < 0.001),
CTRP3 (r = 0.435, p = 0.001); between HOMA-IR
and adropin (r = -0.304, p <0.02), FABP4 (r = -0.429,
p = 0.001) were revealed in AMI patients.

In AMI patients with type 2 DM, correlations
were found between blood glucose and adropin
(r = -0.504, p <0.001), irisin (r = -0.520, p = 0.03),
FABP4 (r = 0.508, p = 0.007), CTRP3 (r = -0.546,
p <0.001); between blood insulin and adropin
(r =-0.361, p = 0.017), irisin (r = -0.396, p = 0.01),
FABP4 (r = 0.501, p = 0.001), CTRP3 (r = -0.361,
p = 0.018); between adropin and HOMA-IR (r=-0.508,
p = 0.001), FABP4 (r = 0.516, p <0.001), CTRP3
(r=-0.436, p = 0.003).

In a study of 116 patients with type 2 DM, adropin
serum levels were reduced, particularly in overweight/
obese diabetic individuals. Adropin serum levels were
negatively correlated with fasting plasma glucose
[15]. In a study of 392 participants, diabetic patients
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had lower serum adropin levels and higher degrees
of coronary atherosclerosis angiographic severity. In
addition, low adropin levels were identified as an in-
dependent predictor of clinically significant coronary
atherosclerosis in both diabetic and non-diabetic pa-
tients [16]. Low adropin serum levels were found in
AMI patients compared to those in patients with stable
angina [17].

Patients with type 2 DM were revealed with low-
er irisin serum levels compared to healthy individuals
[18]. Scientists suggest that irisin plays an essential
role in glucose utilization and lipid metabolism, and
therefore irisin is a promising pharmacological target
for the treatment of diabetes and its complications
[19]. Lower irisin serum levels were reported in AMI
implying that irisin production may depend on myo-
cardial blood supply [20].

It was demonstrated that high circulating FABP 4
concentrations predicted the incidence of metabolic
syndrome and type 2 DM, both of which are associated
with increased risks of cardiovascular disease (CVD)
and mortality [21]. Significantly elevated FABP4 levels
were demonstrated at early hours after onset of AMI
and were greatly increased in out-of-hospital cardiac
arrest survivors, probably due to rapid lipolytic release
of FABP4 from epicardial fat tissue by adrenergic
overdrive, which is a characteristic of acute CVD [22].

Patients with obesity and type 2 DM had signifi-
cantly lower plasma CTRP3 concentrations in com-
parison with healthy subjects, and plasma levels of
CTRP3 were strongly associated with glucose metab-
olism, chronic inflammation, and insulin resistance.
Correlation analysis revealed significant negative cor-
relations between plasma CTRP3 concentrations and
fasting plasma glucose, 2-h plasma glucose, fasting
insulin, HOMA-IR [23]. CTRP3 is currently regarded
as a novel antiapoptotic, proangiogenic, and cardio-
protective adipokine, the expression of which is sig-
nificantly suppressed after myocardial infarction [24].

Conclusions

1. Decreased serum concentrations of adropin,

irisin, CTRP3 and increased levels of FABP4
in both diabetic and non-diabetic patients
with AMI indicate a violation of energy and
adipokine metabolism.

2. The significant correlations between carbo-

hydrate, energy and adipokine metabolism in
AMI patients with or without type 2 DM have
been revealed.

Perspectives of further research. The planned
direction is to study adropin, irisin, FABP4, CTRP3 se-
rum levels in the dynamics among AMI patients with
or without type 2 DM.
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B3AEMO3B’A30K MIXK BIOMAPKEPAMU BYIMEBOAHOIO, EHEPTETUYHOIO

TA AOUMOKIHOBOIO OBMIHY Y NMALIEHTIB HA TOCTPUW IHOPAPKT MIOKAPOA

TA LYKPOBWUWN OIABET 2 TUMNY

Komentox M. 1O.

Pe3tome. Memoro pocnigxeHHst 6yno JocniguTn NoKasHUKN BYrMEBOOHOMO, EHEPreTUYHOro 1 aannokKiHO-

BOro oOMiHY y XBOpPUX Ha rocTpul iHapKT Miokapaa 3a YMOB HasiIBHOCTI Ta BiACYTHOCTi LIyKpOBOro aiabety
2 Tumny.

Mamepian ma memodu. byno obctexeHo 134 nauieHTiB Ha rocTpui iHpapkT Miokapaa 3 enesauieto cer-

MeHTy ST 3a YMOB HassBHOCTi Ta BiACYTHICTIO LlyKpoBOro giabety 2 tuny Bikom 58,97+7,92 pokiB y [lepxas-
Hin ycTaHoBi «HauioHanbHOMY iHCTUTYTI Tepanii iMeHi J1.T. Manoi HauioHaneHOT akagemii MeanyHux Hayk
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YKpaiHu» Ta XapKiBCbKil KNiHiYHi nikapHi Ha 3anisHu4YHoMy TpaHcnopTi Ne1 dinii «LleHTp 0XOpoHM 340pOoB’si»
My6niyHoro akuioHepHoro ToBapucTea «YKpaiHCbka 3anisHunusi». MepLuy rpyny cknanu 74 XBopux Ha rocTpum
iHdbapKT Miokapaa Ta uykposun giabet 2 Tuny. [lo gpyroi rpynu (rpyna nopiBHSAHHSA) yBinLwno 60 nauieHTamun Ha
rocTpui iHcbapKT Miokapaa 3 BiICYTHICTIO LlyKpoBoOro giadety 2 tuny. KoHTponbHy rpyny cknanu 20 npakTUyHO
300poBUx ocib. BuaHavyeHHs1 BMICTY iHCYNiHy, agponiHy, ipiciHy, Oinka, wo 38’a3ye xupHi kucnotn 4 (FABP 4)
Ta C1g/TNF-acouinosaHoro 6inka (CTRP 3) y cupoBartui kpoBi nauieHTiB npoBeaeHo iMyHODEPMEHTHUM Me-
TOOOM.

Pesynbmamu. Byno BCTaHOBNEHO, WO PiBHi rMOKO3K, iHCyniHy, iHaekcy HOMA 3pocTtanu y nauieHTiB Ha
rocTpun iHapKT mMiokapaa 3a YMOB HasiBHOCTI Ta BiACYTHOCTI LlyKpoBOro fiabety 2 Tuny npu 3icTaBneHHi i3
rpynoto kKoHTpornto (p<0,05). BctaHoBneHo BiporigHe 3HWXeHHS agponiHy, ipucmuHy Ta CTRP 3 Ta 3poctaH-
H FABP 4 y kpoBi XBOpuX Ha rocTpuii iHpapKT Miokapga Ha ¢oHi LlykpoBoro giabety 2 Tuny B NOpPIBHSAH-
Hi 3 rpynoto koHTponto (p<0,05). BusHayeHo 3HavyHe 3MeHLIeHHS KoHueHTpauii agponiHy Ta CTRP 3 y xBo-
pUX Ha rocTpun iHbapKT MiokapAa Ta LyKpoBun giabeT 2 Tuny NOPIBHAHO i3 NauieHTamMn Ha rocTpun iHapkT
MioKapda i3 BigCyTHiCTIO LykpoBoro fiabety 2 tuny (p<0,05). BuaHauyeHO 3BOPOTHIN KOPENALINHWUIA 3B’A30K
Yy XBOPUX Ha rocTpui iHpapKT miokapga MiX FroKo30t0 Kposi Ta agponiHom (r=-0,499, p<0,001), ipucuHom
(r=-0,495, p<0,001), FABP 4 (r=-0,518, p<0,001); mibxx HOMA T1a agponiHom (r=-0,304, p<0,02), FABP 4
(r=-0,429, p=0,001) Ta npsAaMun B3aeM0o3B’'si30Kk MiX rrtoko3oto Ta CTRP 3 (r=0,435, p=0,001). Y xBopux Ha ro-
CTpUWM iHapKT MioKapaa Ta LyKpoBuI giabeT 2 Tuny BUSIBNEHO 3BOPOTHI B3AEMO3B’A30K MiX IMHOKO30H0 KPOBI
Ta agponiHom (r=-0,504, p<0,001), ipucnHom (r=-0,520, p=0,03), CTRP 3 (r=-0,546, p<0,001); mix iHCyniHOM
KpoBi Ta agponiHom (r=-0,361, p=0,017), ipucuHom (r=-0,396, p=0,01), CTRP 3 (r=-0,361, p=0,018); mix agpo-
niHom Ta iHaekcom HOMA (r=-0,508, p=0,001), CTRP 3 (r=-0,436, p=0,003); npamMun KOpensayinHMn 38’30k
MiX rmntoko3oto kposi Ta FABP 4 (r=0,508, p=0,007); mix iHcyniHom kpogi Ta FABP 4 (r=0,501, p = 0,001); mix
inoekcom HOMA Ta FABP 4 (r=0,516, p<0,001).

BucHosku. OcobnusocTi 3MiH BMICTY agponiny, ipucuHy, FABP 4 ta CTRP 3 goBogsaTts npo avcbanaHc B
eHepreTM4YHOMYy Ta agMnokiHOBOMY roMeocTasi Npu rocTpomy iHgapKTi MiokapAaa 3a HasiBHOCTI Ta BifCyTHOCTI
LyKkpoBoro giabety 2 Tuny. Bzaemoss’sa3ok Mixk agponiHoM, ipucuHom, FABP 4 Ta CTRP 3 moxe CTBeppKyBaTy
Npo BMMMB LUMX MapKepiB Ha ByrneBogHWUN OOMiH.

KnrouoBi cnoBa: agunokiHv, ByrneBogHUNn obmiH, rocTpui iHpapkT Miokapaa, eHepreTU4HUIM romeocTas,
LyKpoBui giabet 2 Tuny.
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