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Abstract. The aim of our research was to examine the risk factors for re-hospitalization in patients with acute 
myocardial infarction with concomitant diabetes mellitus (DM) 2 type or obesity. 

Materials and methods. The research involved examination of 262 patients with post-infarction cardiosclerosis 
in combination with type 2 DM or obesity. They were divided into groups: Group 1 included 96 patients who were not 
hospitalized for 12 months; comparison group 2 consisted of 166 patients who were hospitalized to an in-patient depart-
ment. The average age of the first group was 65.13±1.43 years, the comparison group – 63.47 ± 1.28 years. Patients were 
divided into 3 groups to assess the value of CTRP 3 in chronic heart failure (CHF): Group 1 included 80 patients with 
post-infarction cardiosclerosis without type 2 DM or obesity, Group 2 consisted of 74 patients with post-infarction cardi-
osclerosis with type 2 DM, Group 3 comprised 60 patients with post-infarction cardiosclerosis and obesity. The research 
included patients who were treated at the State Institution “L.T. Malaya National Institute of Therapy of the National 
Academy of Medical Sciences of Ukraine” and in the first cardiology department of Kharkiv Clinical Hospital or Rail 
Transport No.1 of the “Healthcare Center” branch of the Joint Stock Company “Ukrainian Railways”. Determination of 
cartonectin and adropin levels was performed by enzyme-linked immunosorbent assays using the commercial test system 
Human CTRP 3 (Aviscera Bioscience Inc, Santa Clara, USA) and Human Adropin (Elabscience Biotechnology, USA). 
Statistical processing of the obtained data was performed using the statistical software package “IBM SPPS Statistics 
27.0” and “GraphPad Prism software version 9.0.2”. For all types of analysis, the differences were considered statistically 
significant at p <0.05. One-factor analysis of variance was used to characterize the influence of factors on the indicators. 
The method of discriminant analysis was used to assess the occurrence of re-hospitalization. 

Results. The research revealed a decrease in CTRP 3 in the progression of CHF in patients with post-infarction 
cardiosclerosis in the presence and absence of concomitant type 2 DM or obesity. The effect of diastolic blood pressure, 
CHF, glucose, the presence of type 2 DM and obesity on the content of CTRP 3 and adropin was determined. Cartonectin 
has been shown to be a risk factor for re-hospitalization. An assessment scale for the likelihood of re-hospitalization in 
patients with post-infarction cardiosclerosis and concomitant type 2 DM or obesity has been developed. We analyzed 
clinical cases of re-hospitalization among patients with post-infarction cardiosclerosis in the presence of concomitant 
pathology. 

Conclusions: CTRP 3 has been shown to be associated with the progression of CHF in patients with post-in-
farction cardiosclerosis and comorbid pathology. The results indicate the effect of hypertension, CHF, type 2 DM and 
obesity on the content of cartonectin and adropin. As a result, it has been shown that cartonectin is a factor influencing 
the occurrence of re-hospitalization in patients with post-infarction cardiosclerosis in the presence of syntropic pathology. 
The proposed method allows to assess the likelihood of re-hospitalization in patients with post-infarction cardiosclerosis 
with comorbid pathology. 
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Introduction. Coronary heart disease (CHD) is 

an important problem in practical medicine, as it requires 
special measures to prevent such a disease with combined 
syntropic pathology [11]. At the same time, the primary 
measure is the statistical determination of cases of re-hos-
pitalization of patients to the hospital due to the available 
risk factors under conditions of polymorbidity. Recently, 
an important step in solving this problem has been the 
search for a set of risk factors  that can statistically deter-
mine  the number of re-hospitalizations among patients 
who have suffered an acute myocardial infarction (AMI) 
under conditions of polymorbidity. For example, it has 
been established that such indicators are factors that char-
acterize the occurrence of AMI and have a significant im-
pact on the development of late complications after 

myocardial infarction in the presence of diabetes mellitus 
(DM) 2 type and obesity [4]. 

Despite significant advances in modern medicine, 
CHD remains the most pressing medical and social prob-
lem, affecting all leading medical and demographic indi-
cators (morbidity, mortality, disability, life expectancy, 
hospitalization). One of the reasons for the high rates of re-
hospitalization is the presence of recurrent myocardial in-
farction and progression of heart failure in patients with 
myocardial infarction, indicating a lack of preventive ac-
tivity among patients and physicians, which should be 
aimed at preventing the development and progression of 
the disease, risk factors and daily medication. Refusal to 
take drugs in patients with post-infarction cardiosclerosis 
causes complications of this disease. Poor compliance with 
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drug therapy and insufficient correction of CHD risk fac-
tors after myocardial infarction have been shown to result 
in repeated hospitalizations for decompensation of chronic 
heart failure (CHF), recurrent myocardial infarction and 
fatalities. In AMI, the timing of medical care is known to 
play a crucial role. Unfortunately, most patients arrive at 
the hospital with a significant delay [5]. 

Adipokines and energy homeostasis are known to 
affect the course of AMI in concomitant pathology. 
C1q/TNF-related protein 3 (CTRP 3 or cartonectin) is an 
adipokine which is involved in the regulation of carbohy-
drate and lipid metabolism in patients with cardiovascular 
disease. It has cardioprotective properties and affects car-
diac function in patients with acute myocardial infarction 
and heart failure. The role of cartonectin in lipid metabo-
lism and inhibition of inflammation makes this molecule 
an important indicator as a risk factor for the occurrence 
and progression of CHD with concomitant type 2 DM or 
obesity. The results of further researches necessary to clar-
ify the interaction of cartonectin with other cellular and 
humoral factors of the inflammatory process may allow in 
practice to use cartonectin as a risk factor to determine re-
hospitalization in patients with post-infarction cardioscle-
rosis and syntropic pathology [3; 6].  

Rationale for the research. The main problem 
today is that there are no data on the assessment of the oc-
currence of re-hospitalization in the presence of risk fac-
tors in patients with a combined course of post-infarction 
cardiosclerosis, type 2 DM and obesity. 

The purpose of the research: to identify risk 
factors that affect the risk of re-hospitalization in patients 
with post-infarction cardiosclerosis and comorbid pathol-
ogy. 

Materials and methods. The research involved 
examination of 262 patients, including 54 women (20.6%) 
and 208 men (79.4%), who were hospitalized to the inten-
sive care unit of the State Institution “L.T. Malaya Na-
tional Institute of Therapy of the National Academy of 
Medical Sciences of Ukraine” and in the first cardiology 
department of Kharkiv Clinical Hospital or Rail Transport 
No.1 of the “Healthcare Center” branch of the Joint Stock 
Company “Ukrainian Railways”. Patients were divided 
into 3 groups to assess the value of CTRP 3 in CHF: Group 
1 included 80 patients with post-infarction cardiosclerosis 
without type 2 DM or obesity, Group 2 comprised 74 pa-
tients with post-infarction cardiosclerosis with type 2 DM, 
Group 3 consisted of 60 patients with post-infarction car-
diosclerosis and obesity. According to the research design, 
patients who participated in the assessment of cases of re-
hospitalization were divided into the following groups: 
Group 1 involved 96 patients who were not hospitalized 
for 12 months, the comparison group (Group 2) included 
166 patients who were hospitalized to the in-patient de-
partment. The average age of Group 1 patients was 
65.13±1.43 years, the comparison group – 63.47 ± 1.28 
years. 

The diagnosis of myocardial infarction was deter-
mined according to the ESC / ACCF / AHA 30 / WHF cri-
teria (2012) [5]. The diagnosis of CHF was determined ac-
cording to the recommendations of the ESC (2016) [9]. 

Diagnosis of diabetes was made according to the criteria 
of the International Diabetes Federation (IDF) (2019) [8]. 
Diagnosis of type 2 diabetes was established in accordance 
with the recommendations of the American Diabetes As-
sociation (ADA) and the European Association for the 
Study of Diabetes (EASD) according to the criteria for di-
agnosing diabetes [1; 13]. The body mass index (Kettle's 
index) was determined to characterize obesity, which was 
calculated by the following formula: weight (kg)/height 
(m2). The European recommendations of 2018 were used 
to determine the diagnosis. [12]. 

The design of the research was approved by the 
Ethics Commission of Kharkiv National Medical Univer-
sity (Minutes No.2 of 2 April 2018). All patients who par-
ticipated in the research signed a voluntary informed con-
sent to participate. 

Inclusion criteria were post-infarction cardioscle-
rosis, hypertension, CHF, type 2 DM, obesity. 

Exclusion criteria were type 1 DM, autoimmune 
diseases, diffuse connective tissue diseases, pituitary and 
hypothalamic diseases, thyroid disease, the presence of 
symptomatic hypertension, valvular heart disease, CHF IV 
FC to myocardial infarction, the presence of chronic ob-
structive pulmonary disease, apparent diseases of kidneys 
and liver, severe anemia, cancer. 

Determination of cartonectin and adropin levels 
was performed by enzyme-linked immunosorbent assays 
using the commercial test system Human CTRP 3 (Avis-
cera Bioscience Inc, Santa Clara, USA) and Human 
Adropin (Elabscience Biotechnology, USA).  

Statistical processing of the obtained data was 
performed using the statistical software package “IBM 
SPPS Statistics 27.0” (IBM Inc., USA, license No. L-
CZAA-BKKMKE) and “Prism version 9.0.2” (GraphPad 
software, USA, Serial No. GPS-2050439-TCSZ-2EDFF). 
For all types of assessment, the differences were consid-
ered statistically significant at p <0.05. One-way assess-
ment of variance was used to characterize the influence of 
factors on the indicators. The method of discriminant anal-
ysis was used to assess the occurrence of re-hospitaliza-
tion. 

Results. We compared CTRP3 level and chronic 
heart failure according to the NYHA classification be-
tween classes II and III in patients with post-infarction car-
diosclerosis in the presence and absence of type 2 DM or 
obesity. 38.75% (31) of patients with post-infarction car-
diosclerosis without type 2 DM and obesity had functional 
class NYHA II, 61.25% (49) – NYHA III. 33.8% (25) of 
patients with post-infarction cardiosclerosis and type 2 
DM had functional class NYHA II, 66.2% (49) – NYHA 
III. 43.3% (26) of patients with post-infarction cardioscle-
rosis and obesity had functional class NYHA II, 56.7% 
(34) – NYHA III. The research showed that the more pro-
gressive the NYHA class of symptoms, the lower the 
CTRP3 concentrations (Figs. 1a and b) in patients with 
post-infarction cardiosclerosis and type 2 DM. This ten-
dency to decrease CTRP3 (Fig. 1c) was observed in pa-
tients with post-infarction cardiosclerosis and obesity, but 
was not statistically significant when comparing groups 
(p˃0.05). 
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Fig. 1. Determination of cartonectin content in patients with post-infarction cardiosclerosis depending on 
the presence of type 2 diabetes or obesity 
 

The research implied evaluation of the factors in-
fluencing the increase in the probability of re-hospitaliza-
tion in patients with combined post-infarction cardioscle-
rosis, type 2 DM or obesity. 

The method of discriminant analysis revealed that 
statistically significant (p <0.001) and the most important 
were the following objective indicators: the level of car-
tonectin, age, hypertension, effective therapy, CHF (Table 
1). 

Table 1 
Structural matrix 

Risk factors  Function 
Age, years 0.619 

Hypertensive disease 0.450 
Effective therapy 0.168 
Cartonectin level 

 
0.075 

Chronic heart failure 0.732 
 

Standardized coefficients of canonical discrimi-
nant function determine the 3 main negative risk factors 
that affect the likelihood of re-hospitalization of patients 
within 12 months after myocardial infarction and deter-
mine their relative importance: hypertension, age, CHF 
(Table 2). 

 
 
 
 

Table 2 
Standardized coefficients of the canonical 

discriminant function 
Risk factors  Function 

Hypertensive disease 0.208 
Chronic heart failure 0.715 

Age, years 0.584 
 

The main concomitant risk factors can be iden-
tified on the basis of factor analysis by determining the 
main components that are most important in the group of 
hospitalized patients within 12 months after myocardial in-
farction with comorbid pathology (Table 3). 

Table 3 
Indicators are not included in the formula 

Risk factor  The value at which the 
factor is removed 

Hypodynamia 0.917 
Obesity  0.858 
Total cholesterol level 
(mmol/l) 0.857 

The level of adropin pg/ml 0.903 
 
The best favorable concomitant factor that re-

duces the risk of hospitalization within 12 months after 
myocardial infarction, identified on the basis of factor 
analysis using the method of the main components is 
adropin (Table 3). However, this indicator was not 
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included in the formula and was not further considered as 
a significant factor. 

The formula for calculating the number of points 
that determine the occurrence of re-hospitalization within 
12 months after myocardial infarction in patients with con-
comitant DM or obesity is as follows: 

Points (probability of re-hospitalization) = 
0.106*Age + 0.636*Hypertension + 0.197*Effective ther-
apy + 0.002*CTRP3 + 2.27*Chronic heart failure - 
11.727, where: Age in years, Hypertension: 1 - absent; 2 - 
present, Effective therapy: 1 - absent; 2 - present, CTRP3 

- cartonectin value, Chronic heart failure: 1 - absent; 2 - 
present. 

Then, after receiving the result according to the 
formula, it is necessary to determine the probability of re-
hospitalization within 12 months after myocardial infarc-
tion with syntropic pathology (Table 4). 

The proposed method allows to determine the 
probability of re-hospitalization with an accuracy of 92% 
and has an overall sensitivity of 92.2% and a specificity of 
91.7% (Table 5). 

 
Table 4 

Evaluation scale for re-hospitalization within 12 months after myocardial infarction with syntropic pathology  
Number of points Probability of re-hospitalization Probability of no re-hospitalization 

More than 1 100% 0% 
From 0 to 1 80% 20% 
From 0 to -1 74% 26% 
Less than -1 7% 93% 

 
Table 5 

Classification of results 
Re-hospitalization within 12 months Expected group membership Total 

No Yes 
Number  No  88 8 96 

Yes 13 153 166 
% No 91.7 8.3 100.0 

Yes 7.8 92.2 100.0 
 
Note: 92.0% of initially grouped cases are correctly classified. 
 

One-factor analysis of variance revealed the ef-
fect of diastolic blood pressure (F = 1.77; p = 0.03), the 
presence of CHF (F = 5.93; p = 0.02) on the content of 
CTRP 3 and the level of adropin (F = 4.33; p = 0.04), glu-
cose content at the level of CTRP 3 (F = 1.44; p = 0.04) 
and on the content of adropin (F = 1.39; p = 0.05), type 2 
diabetes at the content of CTRP  3 (F = 7.81; p = 0.006) 
and on the level of adropin (F = 12.094 p = 0.001), obesity 
on the concentration of CTRP 3 (F = 12.7; p = 0.000) and 
on the content of adropin (F = 3.99; p = 0.047). 

Clinical case 1. A 65-year-old patient K. is diag-
nosed with CHD, post-infarction cardiosclerosis. Accord-
ing to the patient, he suffers from type 2 DM. He regularly 
takes medication. He has suffered from hypertension for 8 
years with maximum figures up to 200/100 mmHg. Last 
year, the patient had an AMI, was discharged with an im-
provement in clinical condition and subsequently under-
went follow-up examination as an outpatient by a family 
doctor. He went to the family doctor for medical help due 
to the deterioration of his general condition. Examination 
revealed the presence of obesity. Blood pressure was 
150/90 mmHg. Heart rate – 82 beats per minute, pulse – 
82 beats per minute, respiratory rate – 20 breaths per mi-
nute. The family doctor determined that the patient had 
CHF. The level of cartonectin was 195.56 pg/ml (norm in 
the range from 274.59 to 399.96 pg / ml). Using the for-
mula, we obtained: Points (risk) = 0.106*65 + 0.636*2 + 
0.197*1 + 0.002*195.56 + 2.27*2 - 11.727 = 6.89 + 1.272 
+0.197 + 0.39112 + 4.54 - 11.727 = 1.56. According to the 
scale developed by us, if the number of points is more than 
1, the probability of hospitalization is 100%. Therefore, 
the patient should be hospitalized immediately to prevent 

adverse complications of post-infarction cardiosclerosis 
with concomitant pathology. 

Clinical case 2. A 55-year-old patient S. is diag-
nosed with CHD, post-infarction cardiosclerosis. Accord-
ing to the patient, he suffers from type 2 DM. He regularly 
takes medication. He has suffered from hypertension for 5 
years with maximum figures up to 160/90 mmHg. The pa-
tient had an AMI last year, underwent a course of rehabil-
itation. He went to the family doctor for a routine checkup. 
On examination: the patient is of a sufficient physique, 
without signs of excess body weight. Blood pressure was 
130/80 mmHg. Heart rate – 76 beats per minute, pulse – 
76 beats per minute, respiratory rate – 17 breaths per mi-
nute. The patient showed no signs of CHF. The level of 
cartonectin was 282.4 pg/ml (norm in the range from 
274.59 to 399.96 pg/ml). Using the formula, we obtained: 
Points (risk) = 0.106*55 + 0.636*2 + 0.197*1 + 
0.002*282.4 + 2.27*1 - 11.727 = 5.83 + 1.272 + 0.197 + 
0.5648 + 2.27 - 11.727 = - 1.59. According to the rating 
scale, if the number of points is less than -1, the probability 
of no hospitalization is 93%, and the possibility of hospi-
talization is only 7%. Therefore, the patient should un-
dergo outpatient screening of the general condition and in 
consultation with the patient to conduct outpatient treat-
ment. In this case, hospitalization of the patient to the hos-
pital is not required. 

Discussion. According to a research, CTRP 3 is a 
new adipokine that affects the metabolism, inflammation 
and development of CHD. The experimental model 
showed a significant decrease in CTRP 3 after myocardial 
infarction, which does not contradict our results [14]. One 
of the late complications of AMI is the development of 
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CHF. Obesity is known to be a global problem and in-
creases the risk of type 2 DM and CHD. Adipose tissue 
produces many pro-inflammatory and anti-inflammatory 
adipokines. Adipokin CTRP 3 has anti-inflammatory and 
cardioprotective properties [6]. Obesity and type 2 diabe-
tes are associated with an increased risk of CHF and in the 
future is one of the causes of death [2; 10]. In our research, 
we found a low level of CTRP 3 in the presence of CHF 
according to the NYHA classification in patients with AMI 
with and without type 2 DM or obesity. According to the 
results of the research, the content of CTRP 3 was associ-
ated with the occurrence of systolic dysfunction. In pa-
tients with systolic dysfunction, the level of CTRP 3 is sig-
nificantly lower compared to preserved systolic function 
[3]. We determined a significant effect of diastolic blood 
pressure, CHF, glucose, the presence of type 2 DM and 
obesity on the content of CTRP 3. The results do not con-
tradict the literature, according to which it was determined 
that there is a negative relationship between CTRP3 con-
centration and the presence of type 2 DM, BMI and article 
[7]. 

According to scientific search, we have identified 
significant factors that lead to re-hospitalization in patients 
with myocardial infarction with comorbidities. Such fac-
tors include the presence of hypertension, chronic heart 
failure, age, cartonectin content and the effectiveness of 
drug therapy. Based on the results of calculating the points 
according to the formula, we have developed a scale for 
assessing the occurrence of re-hospitalization. We deter-
mined that cartonectin is not only an indicator of the de-
velopment of chronic heart failure, but also acts as a risk 
factor for re-hospitalization. 

The proposed method allows to determine with a 
high degree of accuracy re-hospitalization in patients with 
post-infarction cardiosclerosis and comorbid pathology, 
which, in turn, reduces the economic cost of emergency 
care and increases hospital funding to provide quality med-
ical services to patients. 

Conclusions: 
1. Low CTRP 3 has been found to be associated with 
the progression of CHF in patients with post-infarction 
cardiosclerosis and concomitant type 2 DM or obesity. 
2. Cartonectin and adropine levels have been shown to 
be associated with risk factors such as hypertension, CHF, 
obesity and type 2 DM in patients with post-infarction car-
diosclerosis in the presence of syntropic pathology. 
3. The proposed method allows to assess the risk of re-
hospitalization in patients with post-infarction cardioscle-
rosis with comorbid pathology. 
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Резюме. Метою нашого дослідження було ви-
вчення чинників ризику на виникнення випадку повто-
рної госпіталізації у хворих, котрі перенесли гострий 
інфаркт міокарда із супутнім цукровим діабетом (ЦД) 
2 типу або ожирінням. 

Матеріали та методи. Було обстежено 262 
пацієнтів з постінфарктним кардіосклерозом у поєд-
нанні з ЦД 2 типу або ожирінням. Вони були розподі-
лені на групи: 1 група склала 96 пацієнтів, які не були 
госпіталізовані до стаціонару протягом 12 місяців, 2 
група порівняння – 166 пацієнтів, які були госпіталізо-
вані до стаціонару. Визначення рівня картонектину та 
адропіну проводили імуноферментними методами. 
Статистична обробка отриманих даних проведена за 
допомогою пакета статистичних програм «IBM SPPS 
Statistics 27.0» та «GraphPad Prism 9.0.2». Для всіх ви-
дів аналізу відмінності вважали статистично значу-
щими при р<0.05.  

Результати. У результаті дослідження вияв-
лено зниження вмісту CTRP 3 при прогресуванні хро-
нічної серцевої недостатності (ХСН) у пацієнтів із 

постінфарктним кардіосклерозом за наявності  та від-
сутності супутнього ЦД 2 типу або ожиріння. Розроб-
лено оціночну шкалу вірогідності виникнення повтор-
ної госпіталізації у пацієнтів із постінфарктним карді-
осклерозом та супутнім ЦД 2 типу або ожирінням. 
Нами було проаналізовано клінічні випадки з приводу 
повторної госпіталізації серед пацієнтів із постінфарк-
тним кардіосклерозом за наявності супутньої патоло-
гії. 

Висновки. Отримані результаті свідчать про 
вплив артеріальної гіпертензії, ХСН, ЦД 2 типу та 
ожиріння на вміст картонектину та адропіну. У резуль-
таті виявлено, що картонектин є чинником, що впли-
ває на виникнення випадку повторної госпіталізації. 
Запропонований спосіб дозволяє оцінити вірогідність 
виникнення повторної госпіталізації у пацієнтів із 
постінфарктним кардіосклерозом із коморбідною па-
тологією. 
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Резюме. Целью нашего исследования было 
изучение факторов риска на возникновение случая 
повторной госпитализации у больных, перенесших 
острый инфаркт миокарда с сопутствующим 
сахарным диабетом (СД) или ожирением. 

Материалы и методы. Было обследовано 262 
пациентов с постинфарктным кардиосклерозом в 
сочетании с СД 2 типа или ожирением. Они были 
разделены на группы: 1 группа составила 96 
пациентов, которые не были госпитализированы в 
стационар в течение 12 месяцев, 2 группа сравнения – 
166 пациентов, которые были госпитализированы в 
стационар. Определение уровня картонектина и 
адропина проводили иммуноферментными методами. 
Статистическая обработка полученных данных 
проведена с помощью пакета статистических 
программ «IBM SPPS 27,0» и «GraphPad Prism версия 
9,0». Для всех видов анализа различия считали 
статистически значимыми при р<0,05. 

Результаты. В результате исследования 
выявлено снижение содержания CTRP 3 при 
прогрессировании хронической сердечной 
недостаточности (ХСН) у пациентов с 
постинфарктным кардиосклерозом при наличии и 
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отсутствии сопутствующего СД 2 типа или ожирение. 
Разработано оценочную шкалу вероятности 
возникновения повторной госпитализации. Нами 
были проанализированы клинические случаи по 
поводу повторной госпитализации среди пациентов с 
постинфарктным кардиосклерозом при наличии 
сопутствующей патологии. 

Выводы. Полученные результаты 
свидетельствуют о влиянии артериальной 
гипертензии, ХСН, СД 2 типа и ожирения на 

содержание картонектина и адропина. В результате 
выявлено, что картонектин является фактором, 
влияющим на возникновение случае повторной 
госпитализации. Предложенный способ позволяет 
оценить вероятность возникновения повторной 
госпитализации у пациентов с постинфарктным 
кардиосклерозом с коморбидной патологией. 

 
Ключевые слова: картонектин, диабет, 
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