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Abstract

Introduction. One of the common adverse complications that may occur in patients with type 2 diabetes
mellitus (T2DM) after acute myocardial infarction (AMI) is the development and progression of chronic
heart failure (CHF). Currently, it remains relevant to study biomarkers of energy homeostasis that are
involved in the pathogenesis of CHF in T2DM patients.

Aim. To predict the development of CHF in patients with T2DM using a generalized linear mixed model (GLMM).
Materials and methods. A total of 74 patients with T2DM were examined after ST-segment elevation
AMI (STEMI). Serum concentrations of adropin, fatty acid binding protein 4 (FABP4) and C1q/TNF-related
protein 3 (CTRP3) were measured using enzyme-linked immunosorbent assays. Fasting blood glucose
levels were determined by the glucose oxidase method. Serum high-density lipoprotein (HDL) levels were
analyzed by the peroxidase enzymatic method. Low-density lipoprotein (LDL) levels were estimated by the
Friedewald formula. The GLMM was applied to construct a predictive model of CHF in patients with T2DM.
Results. The study has revealed decreased serum adropin and CTRP3 levels and increased FABP4 levels
in T2DM patients after STEMI. A predictive model of CHF development in patients with T2DM has been
developed. The fixed effects of the model were represented by two univariate (adropin and CTRP3 on day
1) and two bivariate indicators (adropin and FABP4 on day 10, glucose on day 1 and 10), as well as the
random effects were represented by five univariate indicators (acute heart failure, diastolic blood pressure
on day 1, heart rate on day 10, LDL on day 1 and HDL on day 1). The accuracy of predicting the occurrence
of NYHA functional class Il within a year in patients with T2DM was 61.5%, while that of NYHA functional
class III was 89.6%. The overall accuracy of the model was 79.7%.

Conclusions. Thus, the level of adropin on day 1 has been found to be a strong negative prognostic
factor, while the combined effect of the adropin and FABP4 levels on day 10 - a positive prognostic
factor. The combined effect of blood glucose levels on day 1 and 10, as well as a negative effect of CTRP3
concentration on day 1 has been shown. The option of using energy metabolism biomarkers in the model
has indicated the importance of studying these parameters in T2DM patients.

Keywords: energy metabolism, heart failure, myocardial infarction, type 2 diabetes mellitus

INTRODUCTION

Diabetes mellitus (DM) is a risk factor for the
occurrence and progression of chronic heart failure (CHF).
Among the preconditions for the development of CHF
are alterations in the extracellular matrix, resulting in
myocardial fibrosis. DM also causes disturbances in lipid
and carbohydrate metabolism, leading to an increase in the
myocardial need for fatty acid oxidation and a decrease in
glucose oxidation [1]. Changes in energy metabolism that
affect the cardiomyocyte contractile function are extremely

KniniyHa Ta npodinakTuyna meaunuHa, Ne 2(40)/2025

important in the pathogenesis of heart failure (HF). Once
the contractile performance of the heart is impaired,
a decrease in the mitochondrial oxidative function occurs,
that is reversed by an accelerated production of adenosine
triphosphate via the glycolysis pathway [2]. Therefore,
understanding the metabolic fates characteristic of diabetic
patients will help to slow the progression of HF. Particular
attention is paid to patients with diabetes and reduced or
preserved left ventricular ejection fraction, since mortality
rates for this patient cohort are higher as compared to
those among patients without diabetes [3]. The cause of
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the onset and progression of HF in patients with acute
myocardial infarction (AMI) is the loss of cardiomyocytes
due to cell death, replacement by non-contractile fibrotic
scar tissue and alterations in neurohumoral processes
[4]. It has been proven that adipokines, in particular
Clg/TNF-related protein 3 (CTRP3), could be involved
in the pathogenesis of HF [5]. The study has indicated that
low serum adropin levels in combination with any level of
N-terminal pro-B-type natriuretic peptide (NT-proBNP)
and the use of sodium-glucose cotransporter 2 (SGLT2)
inhibitors were independent predictors for the development
of HF with preserved ejection fraction [6]. Therefore, the
study on adipokine metabolism is of interest to scientists.
Diabetic patients after AMI are at a higher risk of adverse
complications. The use of prognostic models in clinical
practice will help to identify type 2 diabetes mellitus
(T2DM) patients who require careful monitoring during
treatment for preventing subsequent potential complications
[7]1. To reduce the myocardial necrosis area, improve
myocardial viability and accelerate the processes of cardiac
healing are also critical issues in the treatment of patients
after AMI to prevent the HF occurrence [8]. Currently,
scientists are constantly searching for new biomarkers that
could be involved in the pathogenesis of HF. Studying
metabolic mechanisms underlying the development of HF
in patients with T2DM after AMI continues to be one of the
particularly interesting scientific fields of concern addressed.
Examining the changes that occur in biomarkers of energy
metabolism may provide a new therapeutic approach for
timely correction of impaired cardiac energy metabolism
and enhancement of the myocardial contractile performance.

AIM

To predict the development of CHF in patients with
T2DM using a generalized linear mixed model (GLMM) to
improve the quality of diagnostic modalities for these patients.

MATERIALS AND METHODS

Data from a prospective cohort study of 74 patients
with T2DM were analyzed based on the results of
examinations and treatment in the Cardiology Department
of the State Institution «L. T. Malaya National Therapy
Institute of the National Academy of Medical Sciences of
Ukraine», and Kharkiv Railway Clinical Hospital No. 1
of the branch «Center of Healthcare» of Public Joint
Stock Company «Ukrainian Railway». The cause of HF
in diabetic patients was the first-time acute myocardial
infarction with ST segment elevation (STEMI).

Age > 45 years, first-time acute STEMI, cases of
acute HF were specified as inclusion criteria for predicting
HF in T2DM patients. All 74 patients met these criteria.
Cases of identified severe comorbidities (type 1 diabetes
mellitus (DM), non-ST-elevation myocardial infarction
(NSTEMI), recurrent myocardial infarction, autoimmune
diseases, New York Heart Association (NYHA)
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functional class I and IV CHF, chronic obstructive
pulmonary disease, bronchial asthma, heart valve disease,
symptomatic hypertension, severe liver and kidney
dysfunction, severe anemia, bleeding), severe acute
respiratory syndrome-related coronavirus 2, malignancy,
inability to provide written informed consent were
excluded from the present study.

Joint recommendations of the American Diabetes
Association and the European Association for the Study of
DM were used to diagnose and manage T2DM [9]. The
study followed the recommendations of the European
Society of Cardiology [10] for the diagnosis and treatment
of STEMI patients. Patients with acute and chronic HF
were diagnosed and managed according to the European
[11] and American recommendations [12] and in
compliance with the NYHA functional classification II-III
due to post-infarction cardiosclerosis.

All the patients were informed about the voluntary and
anonymous participation and signed an informed consent
form prior to the study. Diagnostic tests were provided by the
Biochemical Department of the Central Research Laboratory
of Kharkiv National Medical University. Blood samples were
collected on the 1% and 10™ day of observation and stored
at-20 °C until thawing for assay.

Serum high-density lipoprotein (HDL) cholesterol
was measured by the enzymatic peroxidase method using
an assay kit HDL Cholesterol liquicolor (Germany).
Low-density lipoprotein (LDL) levels were estimated by
the Friedewald formula. Fasting glucose concentrations
were determined by the glucose oxidation method using the
«Glucose liquicolor» reagent kit (Human, Germany). Serum
levels of adropin, FABP4 and CTRP3 were measured by
enzyme-linked immunosorbent assay on a «Labline-90»
(Austria) analyzer using a commercial test system «Human
Adropin» (Elabscience, USA), «Human Fatty acid binding
protein 4» (Elabscience, USA) and «Human CTRP3»
(Aviscera Bioscience Inc, Santa Clara, USA), respectively,
according to manufacturers’ protocols. The basic principle
of the method used to quantify the levels of adropin, FABP4
and CTRP3 is the sandwich technique, consisting in an
antibody pair of the capture antibody and biotin-labeled
detection antibody binding to a captured target. The study has
determined normal ranges for adropin —23.58 + 2.56 pg/mL,
FABP4-5.02+1.92 ng/mL, CTRP3-325.97+42.22 ng/mL.

Statistical analysis of the findings was performed using
the licensed program «IBM SPPS Statistics, version 27.0»
(2020), license No. L-CZAA-BKKMKE. The examined
parameters concerning the distribution normality were
assessed according to the Kolmogorov-Smirnov criterion.
The following main statistical parameters were calculated:
mean (M) and the standard deviation (SD). Nominal
variables were presented as number and percentage. The
threshold significance level to test statistical hypotheses in
the study was 0.05. The GLMM was applied to construct
a prediction for the development of HF, since this statistical

KniniyHa Ta npodinakTuyna MegunuHa, Ne 2(40)/2025



JIOCJI/PKEHHS

model provided a high consistency in predicting the
HF development and testing new hypotheses based on
identification of correlations equal to mean values of
variables, their variances and covariances [13].

RESULTS

The study has revealed increased levels of adropin
and CTRP3 by 35.68% and 14.32%, respectively, in
diabetic patients on the 10" day of follow-up, as well as
28.49% decreased FABP4 levels as compared to the 1%
day (p<0.05). There were no fatal outcomes among AHF
patients during the follow-up period (Table 1).

A total of 138 parameters were measured in diabetic
patients on the 1% and 10" day of follow-up. The presence of

patients with NYHA functional class II-IIl HF in the sample
has made it impossible to construct statistically significant
correlations between y and the measured parameters. In that
case, principal component analysis was used to select only the
values with the highest degree of extraction at the first stage.
The number of the GLMM model possible variables, the list of
which is given in Table 2, has therefore considerably reduced.

The next stage was the sequential consideration
of all options for including or excluding the selected
variables from Table 2 into the number of fixed or random
model effects. The criteria for selecting a qualitative
statistically justified model were information criteria
(Akaike and Bayesian) as well as the total statistical
significance of the model and model variables.

Table 1
Main characteristics of the patients (n=74)
Characteristics Values: M+SD, n (%)

Age, years 59.42+7.66

Male 51 (68.9)

0,

S ) Female 23 3L1)
AHF, n (%) 14 (18.9)

Systolic BP on the 1% day, mm Hg

143.82+29.07

Systolic BP on the 10" day, mm Hg

130.62£12.14

Diastolic BP on the 1% day, mm Hg 83.76+£12.35
Diastolic BP on the 10" day, mm Hg 80.68+6.48
Heart rate on the 1* day, beats per minute 86.14+20.96
Heart rate on the 10" day, beats per minute 72.28+6.49
LDL on the 1% day, mmol/L 5.1+£1.39
HDL on the 1% day, mmol/L 1.13+0.32
Glucose on the 1% day, mmol/L 11.23+4.57
Glucose on the 10" day, mmol/L 7.91+£1.95
Adropin on the 1% day, pg/mL 13.6545.12
Adropin on the 10% day, pg/mL 18.52+3.82
FABP4 on the 1% day, ng/mL 10.53+£2.01
FABP4 on the 10" day, ng/mL 7.53+1.83

CTRP3 on the 1* day, ng/mL

226.06+52.11

CTRP3 on the 10" day, ng/mL

258.43+35.73

Note: AHF — acute heart failure, BP — blood pressure, CTRP3 — C1q/TNF-related protein-3, FABP 4 — fatty acid-binding protein-4,

HDL — high-density lipoprotein, LDL — low-density lipoprotein.

Table 2
Parameters selected for the GLMM
Parameter, units of measurement Correlation with y

Adropin on the 1% day, pg/mL 0.930
Adropin on the 10% day, pg/mL 0.868
CTRP3 on the 1% day, ng/mL 0.842
CTRP3 on the 10" day, ng/mL 0.870
FABP4 on the 1* day, ng/mL 0.883
FABP4 on the 10" day, ng/mL 0.729
Systolic BP on the 1% day, mm Hg 0.865
Systolic BP on the 10" day, mm Hg 0.821
Diastolic BP on the 1% day, mm Hg 0.877
Diastolic BP on the 10" day, mm Hg 0.879

Heart rate on the 1* day, beats per minute 0.915

Heart rate on the 10" day, beats per minute 0.914
Glucose on the 1% day, mmol/L 0.844
Glucose on the 10" day, mmol/L 0.775

LDL on the 1* day, mmol/L 0.735

HDL on the 1% day, mmol/L 0.871

AHF 0.717
KniniyHa Ta npodinakTuyna meaunuHa, Ne 2(40)/2025 107
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So, we tested all probable hypotheses and
combinations of variables until the best predictive accuracy
y of the statistically significant model and its independent
variables were found, namely, fixed effects, presented in
Table 3, and random effects, presented in Table 4.

The fixed (main) effects of the model are given by
two one-factor and two two-factor indicators (Table 3),
and the random effects are given by five one-factor
indicators (Table 4). The overall accuracy of the model
was 79.7%.

Table 3

Indicators expressing fixed GLMM effects

Parameters | Statistical significance, p | Coefficient in the GLMM, X
One-factor indicators
Adropin on the 1* day p=0.030 -0.159
CTRP3 on the 1% day p=0.008 -0.020
Two-factor indicators (combined impact of two-factor indicators)
Adropin on the 10% day and FABP4 on the 10" day p=0.034 0.017
Glucose on the 1% and 10" day p=0.018 -0.019
Table 4
Parameters expressing random GLMM effects
Parameters | Covariations
One-factor indicators
AHF 2.657
Diastolic BP on the 1% day 0.312
Heart rate on the 10" day 0.002
LDL on the 1* day 0.332
HDL on the 1% day 2.849

DISCUSSION

The results obtained from the study have added to
international research results that have been undertaken in
recent years on the development of predictive models for
determining the risk of HF in diabetic patients. The Action
to Control Cardiovascular Risk in Diabetes trail analyzed
risk factors for HF in patients with T2DM over a median
follow-up of 4.9 years, identifying the main predictors of
increased risk for cardiac events (body mass index (BMI),
age, systolic and diastolic BP, creatinine, fasting plasma
glucose, HDL, QRS complex duration, history of AMI,
and coronary artery bypass grafting. After determining the
predictors, a model was constructed to predict the risk of HF
in T2DM patients in outpatient settings [14]. Another study
has found higher levels of NT-proBNP, troponin T, and
BMI as independent predictors of HF risk in T2DM patients
prescribed SGLT2 inhibitors therapy. The model was
designed to identify patients at high risk for HF [15]. The
Strong Heart Study has identified BMI, smoking, glycated
hemoglobin, albuminuria, and prior AMI as predictors of
HF in populations at high risk of diabetes [16]. A similar
cohort study was conducted to examine T2DM patients
without HF. The model included 9 variables: age, blood urea
nitrogen, coronary heart disease, atrial fibrillation, glycated
hemoglobin, systolic BP, blood albumin, chronic kidney
disease, and smoking history. High risk patients had a >5%
probability of hospitalization for HF within 5 years [17].

Biomarkers of energy homeostasis have been
examined demonstrating reduced serum adropin, CTRP3
and increased FABP4 levels in diabetic patients. Low
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adropin levels have been found in patients with prediabetes
after STEMI, that could be a reason for including serum
adropin levels in long-term prognosis for patients after
STEMI [18]. The study has shown reduced serum CTRP3
levels in patients with reduced left ventricular ejection
fraction, while patients with higher NYHA class have been
revealed with lower CTRP3 levels [19]. Circulating FABP 4
levels have been found to be independently associated with
hospitalization for HF in T2DM and potentially useful for
risk stratification to prevent hospitalization for HF. The study
has determined an association between FABP4 levels and
the occurrence of HF in patients with T2DM, that has been
considered significant in the stratification of HF risk [20].

The constructed statistical model with a high accuracy
of 89.6% predicted the probability of developing NYHA
functional class III HF within a year in diabetic patients
after AMI based on the measurement data on the 1% and
10" day. Qualitative analysis of the coefficients for fixed
GLMM factors has shown that the level of adropin on the
I** day was a strong negative prognostic factor, while the
combined effect of adropin and FABP4 levels on the 10%
day was a positive prognostic factor. The combined factor
of the blood glucose level on the 1% and 10 day, as well
as CTRP3 on the 1* day, has shown a negative effect. The
overall accuracy of the model was 79.7%.

CONCLUSIONS

1. Energy imbalance has been revealed in diabetic
patients based on the reduced levels of adropin and
CTRP3 and increased levels of FABP4.
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2. High prognostic values of the constructed model
have been detected, since the predictive accuracy of
developing NYHA functional class II HF within a year
in diabetic patients after AMI was 61.5%, and NYHA
functional class III HF — 89.6%. The overall accuracy
of the model was 79.7%. The highest level of the model
sensitivity has been identified specifically for the
prediction of NYHA functional class III HF, indicating the
prediction of worse HF course.

Perspectives for further research include the study
on the association between energy metabolism biomarkers
and the incidence of new adverse complications in
diabetic patients after AMI in the long term.
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Pe3rome

MOJENb NPOrHO3YBAHHSA XPOHIYHOI CEPLIEBOI HE[IOCTATHOCTI Y MAL|IEHTIB I3 LIYKPOBWUM JIABETOM 2 TUMY
Mapis 10. Kotentox', CeitnaHa . BokoBa?, Hapis B. [lemixoBa??, Hatanis [. lTaHTyxoBa'

XapKiBCbkiA HaLoHaNbHUA MEQUYHNIA YHIBEPCUTET, M. XapkiB, YkpaiHa
2HaByarnbHo-HayKoBMI MeauYHIA IHCTUTYT CYMCBKOTO IepXaBHOTO yHiBepcuTeTy, M. Cymu, YkpaiHa
STanniHHCLKWI TEXHOMOTIYHWIA YHIBEPCUTET, M. TanniHH, ECToHis

Beryn. OfHi€lo i3 YacTHUX HECTIPUATIMBUX YCKIaZAHEHbD, 110 MOXe 6yTH Y XBOpUX i3 LiykpoBUM AiabeTom (L) 2 Tumy
Ha TJi nepeHeceHoro rocrporo iH¢apkTy Miokapzaa (IIM) e po3BUTOK Ta mporpecyBaHHsI XpOHIYHOI cepleBoi
HepocTtaTHOCTI (XCH). HuHi 3a/MIIaeTbcsl aKTyaJbHUM BHBYEHHSI 6GioMapKepiB eHEpPreTUYHOro rOMeocTasy, sKi
6epyThb y4acTb y natoreHesi po3Butky XCH y xBopux i3 LI/l 2 Tumy.

MeTa. CiporHo3yBaTu po3BUTOK XCH y xBopux i3 [I/] 2 Tuny 3a jonoMororo y3arajJbHeHOi JiHiiHOi 3MilaHoi MozeJi
(GLMM).

Marepiaau Ta metoau. O6¢cTexxeHo 74 xBopux i3 I/l 2 Tuny micas nepeHeceHoro 'IM i3 eneBanieto cermeHnTy ST.
BmicT agponiny, 6iyky, 10 3B’s13ye xkupHi kuciaoTu 4 (FABP 4) i C1q/TNF-3B’sa3ytounii 6isok 3 (CTRP3) BUsiBaeHO
3a A0MOMOrow iMyHopepMeHTHOro MeToAy. PiBeHb IVII0KO3M B KpOBi BU3HayaBCs IVIIOKOOKCUAAQHTHUM MeTOJOM
Harueceple. PiBeHb sinonporeiniB Bucokoi miineHocti (JINIBI) cupoBaTku KpoBi aHasidyBalu MepOKCUIA3HUM
depMeHTaTUBHUM MeToZAOM. Bwmict sinompoteifgiB Husbkoi mjinpHocTi (JIITHI) ouiHooBaam 3a ¢opmysoro
®pigeBanbaa. 15 nobynosu nporsoctuyHoi Mogeni XCH y xBopux i3 I/ 2 Tuny 3actocyBaau GLMM.

Pe3synbraTH. Y [ociifpkeHHI BU3HaueHO 3HMXKeHHs piBHIB agpomiHy i CTRP 3 Ta 36inpmenHs BMicty FABP
4 y xBopux i3 LI/l 2 Tumy micis STEMI. Po3po6sieHa mporHocTuyHa Mogesb po3BUTKy XCH y xBopux i3 LI/
2 Tumy. ®ikcoBaHi epekTH MoJesi HaBeJeHi JBoMa oAHOdakTopHUMHU (aaponiH Ta CTRP 3 Ha 1 fo6y) Ta gBOMa
ZABodaKTOpHUMHU Noka3dHUKaMu (agpomid i FABP 4 Ha 10 o6y, ritoko3a Ha 1 i 10 go6y), a BUunagkoBi ebeKTH —
’'ATbMa OAHOQAKTOPHUMM MNOKa3HUKaMHU (rocTpa cepleBa HeJOCTATHICTb, AiacTONIYHUM apTepiaJibHUM THCK
Ha 1 go6y, myabc Ha 10 po6y, JIIIHI wva 1 mo6y Ta JIIBIL Ha 1 go6y). ToyHicTh NMepenGavyeHHS BUHUKHEHHS
npoTsaroM poky Il yHkuioHanbHOro kiaacy 3a NYHA y xBopux i3 1I/] 2 Tuny ckiana 61,5%, Toi sk nepefdoadeHHs
I1I pyHknioHanbHOro Kaacy 3a NYHA - 89,6%. 3aranbHa ToYHiCTb Mofei ctaHoBUIA 79,7 %.

BucHoBkHu. OTXe, piBeHb aApomniHy Ha 1 [06y BHUCTyNa€e CHUJIbHUM HeraTUBHUM HPOTHOCTUYHUM (aKTOpOM,
a cniJIbHUY BIUIUB piBHIB afpominy i FABP 4 Ha 10 106y - HO3UTUBHUM NPOTHOCTUYHUM paKkTOopoM. CiIbHUH BILJIMB
piBHIB r1I0K03U B KpoBi Ha 1 i 10 #o6y, a Takoxk BMicT CTRP 3 Ha 1 106y - faroTh HeraTUBHUM eeKT. 3aCTOCYyBaHHS
y MozieJii 6ioMapKepiB eHEPTeTUYHOr0 06MiHY BKAa3y€ HAa BOXKJIMBICTh BUBUYEHHS iX ¥ XBopux i3 L[/l 2 Tumy.

Kawouosi csi106a: eHepreTHyHHUI 06MiH, cepiieBa HeLOCTATHICThb, iHPpapKT MioKap/Ja, yKpOBHii AiaGeT 2 THUIY
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