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Summary 
Background. Cardiovascular diseases are the leading cause of death worldwide. In Ukraine, 
cardiovascular mortality is 66.7%.
Material and methods. We examined 371 patients with myocardial infarction (MI) with 
comorbid pathology who had undergone 90 days of rehabilitation. We studied the possibility of 
quantitative estimation of comorbid pathology, the condition of functional reserves in patients 
with MI, their connection with clinical markers of reduced exercise tolerance and comorbidity 
index.
Results. We established close correlations between the six-minute walk tests conducted on the 
10th, 30th and 90th days of rehabilitation (6MWT10, 6MWT30 and 6MWT90) with age of patients 
(r6MWT10 = -0.199; r6MWT30 = -0.287; r6MWT90 = -0.410 P < 0.05), SpO2 (r6MWT10 = -0.399; 
r6MWT30 = -0.265; r6MWT90 = -0.248; P < 0.05), left ventricular ejection fraction (r6MWT10 
= 0.706; r6MWT30 = -0.670; r6MWT90 = -0.583; P < 0.0001), troponin levels (r6MWT10 = 
-0.210; r6MWT30 = -0.312; P < 0.05); creatinine (r6MWT10 = -0.148; P < 0,05) and Charlson 
comorbidity index (r6MWT10 = -0.323; r6MWT30 = -0.398; r6MWT90 = -0.427; P < 0.0001).
Conclusions. Markers of reduced exercise tolerance in patients with MI were age, SpO2, ejection 
fraction, levels of troponin, creatinine, lymphocytes, Charlson comorbidity index.

Keywords: rehabilitation, acute myocardial infarction, Charlson comorbidity index, six-minute 
walk test

Streszczenie
Wprowadzenie. Choroby układu krążenia są główną przyczyną śmiertelności na całym 
świecie. Na Ukrainie wskaźnik śmiertelności związanej z chorobami układu krążenia wynosi 
66,7%.
Materiał i metody. Badaniem objęto 371 pacjentów po przebytym zawale mięśnia sercowego 
(MI) z rozpoznaniem chorób współistniejących, będących w trakcie 90-dniowej rehabilitacji. 
Przeanalizowano możliwość ilościowego oszacowania chorób współistniejących, stanu rezerw 
funkcjonalnych u pacjentów po przebytym zawale mięśnia sercowego oraz związku pomiędzy 
klinicznymi markerami obniżonej tolerancji wysiłku a wskaźnikami zachorowalności.
Wyniki. Ścisła korelacja pomiędzy testem marszu sześciominutowego przeprowadzonym w 
10, 30 i 90 dniu rehabilitacji (6MWT10, 6MWT30 i 6MWT90) a wiekiem pacjentów (r6MWT10 
= -0,199; r6MWT30 = -0,287; r6MWT90 = -0,410 P < 0,05), SpO2 (r6MWT10 = -0,399; r6MWT30 
= -0,265; r6MWT90 = -0,248; P < 0,05), frakcją wyrzutową lewej komory (r6MWT10 = 0,706; 
r6MWT30 = -0,670; r6MWT90 = -0,583; P < 0.0001), poziomami troponiny (r6MWT10 = -0,210; 
r6MWT30 = -0,312; P < 0,05); kreatyniny (r6MWT10 = -0,148; P < 0,05) oraz wskaźnikiem 
chorób współistniejących Charlsona (r6MWT10 = -0,323; r6MWT30 = -0,398; r6MWT90 = 
-0,427; P <0,0001).
Wnioski. Markerami obniżonej tolerancji wysiłku u pacjentów z MI był wiek, SpO2, frakcja 
wyrzutowa, poziom troponiny, kreatyniny, limfocytów oraz wskaźnik chorób współistniejących 
Charlsona.

Słowa kluczowe: rehabilitacja, ostry zawał mięśnia sercowego, wskaźnik chorób 
współistniejących Charlsona, test marszu sześciominutowego
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Introduction

Cardiovascular diseases (CVDs) are the leading cause of death throughout the world. According to the WHO, 
in 2016, 17.9 million people died from CVDs, 31% of total deaths. In Ukraine, cardiovascular disease-associated 
deaths comprised 66.7% of the total, the highest in Europe. More than 75% of all cardiovascular deaths occur 
in low- and middle-income countries. Therefore, the fight against acute myocardial infarction (MI) and its 
consequences, and achievement of full functional recovery of patients after previous MI is particularly topical 
[1, 2].

Medical care for patients with coronary heart disease (CHD), including myocardial infarction, is often 
complicated by concomitant and combined pathology in these patients. Restoration of health of the cardiologic 
patient, especially after acute coronary events, is complicated by the effect of one or more concomitant diseases 
and extremely difficult [3, 4]. The problem is magnified by the fact that most research underpinning current 
treatment recommendations, including post-infarction patients, focuses on uncomplicated pathology. The 
presence of comorbid pathology (CP) contributes to increased hospital stay duration, disability, limits the 
possibility of full rehabilitation, increases the number of complications after surgical interventions, affects the 
prognosis for life, and increases the risk of fatal outcomes [5].

The aim of this study was to quantify the risk that comorbid pathology has on patients who have experienced 
cardiovascular events and the state of functional reserves in patients with myocardial infarction.

Material and methods

371 patients with myocardial infarction who had undergone acute rehabilitation period at the Cardiology 
Department of the Ternopil University Hospital were examined and sequentially included in the local registry. 
The diagnosis was established based on acting protocols of treatment and rehabilitation [6, 7]. Criteria for 
inclusion in the study were confirmed diagnosis of MI and written informed consent of patients to participate. 
Acute infectious and mental illnesses, decompensation of concomitant pathology, hemodynamically significant 
heart defects and surgical revascularization of the infarct-dependent vessel resulted in exclusion from the 
study. Charlson comorbidity index (CCI) was used to evaluate the degree of comorbidity in patients with MI with 
concomitant pathology [8].

Drug therapy included pharmaco-invasive treatment technologies, depending on the time-window of the 
patients’ admission. All patients without contraindications were prescribed the standard therapy recommended 
by acting protocols [6, 7], which included direct anticoagulants (low molecular weight heparin-enoxaparin at 
a dose of 1 mg/kg of body weight); antiplatelet drugs (acetylsalicylic acid 75 mg/day, clopidogrel 75 mg/day), 
statins (atorvastatin 40–80 mg/day); β-blockers (bisoprolol 5±1.2 mg/day) and angiotensin-converting enzyme 
inhibitors (perindopril, ramipril 5±1.3 mg/day), depending on baseline hemodynamic parameters, nitrates, 
narcotic analgesics. The indicated therapy was supplemented with appropriate drugs based on the existing 
comorbid pathology.

Morphometric parameters of intracardiac hemodynamics were evaluated using an echocardioscopic method 
in one-dimensional, two-dimensional, Doppler (color Doppler) pulse-wave, or continuous-wave (tissue Doppler) 
modes (Phillips HD 11XE, USA, 2–4 MHz sensor) according to the ultrasound heart examination recommendations 
given by the American Society for Echocardiography and the European Association for Echocardiography (ASE/
EAS 2015).

Electrocardiograms were registered with the help of an UTAS ECG device. Laboratory methods included 
a general blood test, coagulogram, biochemical blood test (glucose, bilirubin, transaminase, creatinine, urea, 
uric acid, and lipid blood plasma spectra (total cholesterol, triglycerides, high and low density lipoproteins). 
Studies were conducted in a certified laboratory unit of the Ternopil University Hospital.

Functional reserves of the cardiovascular system were determined by a  method of point scoring of its 
individual parameters: size of the left ventricular ejection fraction more than 55% = 1 point, 45–55% = 2 points, 
30–45% = 3 points and less than 30% = 4 points. In the same way, evaluation of heart failure was performed 
according to NYHA: FC I = 1 point, FC II = 2 points, FC III = 3 points and FC IV = 4 points and the status of the 
cardiovascular events risk according to rehabilitation classification (Nikolaev LF, Aronov DM, 1988): FC I = 1 
point, FC II = 2 points, FC III = 3 points and FC IV = 4 points. Post-infarction patients were divided into groups of 
low, medium and high risk, with corresponding assignments of 1, 2 and 3 points [9, 10] based on the GRACE scale 
and cardiovascular events risk scale (AHA). The six-minute walk test [11] was performed and evaluated on the 
10th, 30th and 90th days after hospital admission.

Statistical analysis was performed using MS Excel 2000 and EViews 5.1 software. For quantitative variables 
average values and standard deviations were calculated, and absolute variables and percentage shares for each 
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category were calculated for categorical variables. For quantitative variables, the statistical significances for 
the differences between groups of patients with concomitant pathology and non-concomitant pathology were 
investigated using student t-tests for independent samples. The comparability analysis on the distribution 
of qualitative (categorical) characteristics in the groups was carried out using χ2 criterion, with categorical 
variables presented as absolute numbers for each category. The relationships between quantitative indicators 
were analyzed using the standard Pearson correlation coefficient. Quantitative and categorical (in 2 categories) 
indicators were analyzed using point biserial correlation coefficients and quantitative and categorical indicators 
with >2 categories were measured using dispersion ANOVA analysis and coefficient (eta-squared), while 
the analysis of relationships between two categorical indicators was performed using the Yule’s coefficient 
association, with the connection considered as confirmed when the coefficient of association according to the 
module exceeded 0.5. Using all other statistical criteria and analysis tools, the differences and connections were 
taken as statistically significant when p <0.05 [12, 13].

Results

Patients with MI were 66.2±10.4 years old, with the time from appearance of the first symptoms of the disease 
to time of hospitalization being on average 20.3±15.1 hours. There were 249 (67.1%) men and 122 women (32.9%), 
73 (19.7%) patients were city-dwellers and 298 (80.3%) were village-dwellers. In the overwhelming number 
of examined patients (93.8%), concomitant pathology was detected: arterial hypertension affected 84.9%, 
Diabetes mellitus 25.1%, vascular pathology 24.8% and 10.8% suffered from severe cerebrovascular disease or 
transient ischemic attacks. Chronic arterial pathology was found in 4.9% of patients, chronic bronchopulmonary 
diseases in 27.8%; renal pathology in 17.5%, GI pathology in 15.9%, and thyroid pathology in 2.4%. Mortality in 
the acute MI period was 4.9%.

The vast majority of patients admitted to the clinic (330 or 88.9%) had a typical angina type of myocardial 
infarction and 370 (96.0%) patients had specific ECG changes. Additional clinical manifestations in patients with 
acute MI were dyspnea (64.2%), sweating (25.1%), rhythm and conduction disorders (91.1%), cardiac asthma 
(20.5%), left ventricular aneurysm (24.8%) and epistenotic pericarditis (22.1%).

The analysis of exercise tolerance and rehabilitation potential in the study cohort showed that patients 
undergoing in-patient treatment in the cardiology department had a predominantly high degree of heart failure 
and reduced cardiac reserve. Thus, a six-minute walk test conducted for the examined patients on the 10th day 
after admission to the clinic was 76.1±35.2 m. On the 30th and 90th days the results were 133.8±49.6 m and 
207.6±74.1 m, respectively. The patients’ NYHA functional class was high (2.9±0.7), and the risks according to 
the GRACE scale and American Heart Association’s AAS risk scale were high and very high (2.9±0.3 and 2.7±0.6, 
respectively). Rehabilitation and hemodynamic potential, represented by the functional class for rehabilitation 
classification and parameters of the left ventricular systolic function as measured with echocardiography, 
also indicated significant cardiovascular functional reserve depletion. Thus, the functional class according to 
echocardiography was 2.9±0.8 points, and the rehabilitation classification class was 3.3±0.7.

We concluded the following from the data. First, the examined patients made a late appeal for medical aid 
(20.34±15.11 hours), and accordingly, were not able to have timely revascularization of the infarct-dependent 
vessel. The patients were also elderly (mean age 66.16±10.41 years) and the majority had comorbidity (93.8%). 
Most myocardial infarction researchers recognize that the presence of comorbid pathology can significantly 
negatively affect functional status and cardiovascular reserve [3-5]. These issues are often dealt with by 
cardiology departments in Ukraine and, accordingly, require specialized rehabilitation protocols. We therefore 
analyzed the basic functional parameters of patients with MI with CP and the relationship with exercise tolerance 
and degree of comorbidity.

Study of the basic functional characteristics of patients with MI with CP revealed metabolic disturbances, 
altered indicators of congestion, altered markers of myocardial necrosis of various severity degrees, as well 
as the presence of moderately expressed hyperdynamic syndrome of cardiovascular system functioning in the 
examined patients, which was compensatory in nature (Table 1).

Table 1. Basic functional parameters in patients with acute myocardial infarction (М±SD)

Factor Patients without CP 
(М±SD)

Patients with CP 
(М±SD) p-value (t-test)

HR in the acute phase of MI, bpm 79.773±22.467 84.716±25.925 0.383
SBP in the acute phase of MI, mm Hg 127.045±20.797 133.994±30.644 0.295
DBP in the acute phase of MI, mm Hg 77.955±11.303 82.464±16.093 0.197
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LVEF, % 51.500±6.048 45.817±7.620 0.001
RR breaths/min 18.409 20.464 1.593

Erythrocytes, х1012/L 4.631±0.455 4.306±0.697 0.032
Hemoglobin, g/L 135.773±25.396 130.406±21.783 0.268

Leukocytes, х109/L 8.874±2.738 9.317±3.745 0.586
Lymphocytes, % 27.773±15.430 20.257±11.751 0.005

Thrombocytes, х109/L 162.833±56.747 195.099±87.633 0.380
ESR, mm/h 13.182±9.752 17.732±14.576 0.150

Glucose, mmol/L 5.635±1.304 8.921±4.687 0.002
Bilirubin, mg/L 13.386±11.326 10.760±6.931 0.101

Creatinine, mcmol/L 83.864±23.234 106.834±89.725 0.232
Troponin T, ng/ml 1040.351±322.958 1257.691±887.421 0.014

TC, mmol/L 5.211±1.689 4.832±1.463 0.245
HDL, mmol/L 1.209±0.394 1.166±0.633 0.768
LDL, mmol/L 3.749±1.547 3.228±1.282 0.098

Fibrinogen, g/L 4.245±1.092 4.939±4.403 0.462
INR, u/L 1.111±0.115 1.101±0.290 0.866
SpO2, % 96.000±1.569 94.199±4.155 0.107

CCI, points 2.259±1.324 4.714±1.765 <0.0001
6MWT10, m 128.769±24.032 72.32±32.79 <0.0001
6MWT30, m 201.154±46.07 128.742±46.054 <0.0001
6MWT90, m 307.308±79.594 200±67.868 <0.0001

Note. CP – comorbid pathology, HR – heart rate, SBP – systolic blood pressure, DBP – diastolic blood pressure, LVEF – left 
ventricular ejection fraction, RR – respiratory rate, INR – international normalized ratio, TC – total cholesterol, HDL – 
high-density lipoproteins, LDL – low-density lipoproteins, SpO2 – arterial oxygen saturation, CCI – Charlson comorbidity 
index, 6MWT10 – six-minute walk test on the 10th day of rehabilitation, 6MWT30 – six-minute walk test on the 30th day of 
rehabilitation, 6MWT90 – six-minute walk test on the 90th day of rehabilitation 

Glycemic levels, the number of erythrocytes and lymphocytes in the peripheral blood, as well as the 
concentration of a specific marker of troponin T myocardial necrosis differed significantly in patients with MI, 
which developed in a background of concomitant pathology in comparison with patients without comorbidity, 
indicating a deeper expression of metabolic changes and the exhaustion of the adaptive capacity of the body. 
Tests of physical activity tolerance (6MWT on the 10th, 30th and 90th days of rehabilitation) and left ventricular 
ejection fraction, reflecting the degree of violation of the systolic function of the heart were also relatively lower 
in patients with comorbidity.

In order to detect early prognostic markers of the response to the motor regimen expansion in post-infarction 
patients, the relationships between the results of the six-minute walk test at the stages of rehabilitation with 
functional clinical, laboratory and hemodynamic parameters were analyzed. We found that 6MWT10 was directly 
correlated with systolic blood pressure (SBP) in the first day of MI, the number of lymphocytes in peripheral 
blood, levels of total cholesterol (TC), low-density lipoprotein (LDL), oxygen saturation (SpO2). Left ventricular 
ejection fraction (LVEF) was inversely correlated with age, frequency of respiratory movements (RR), number of 
leukocytes in peripheral blood, levels of aspartate aminotransferase (AAT), creatinine, troponin T and Charlson 
comorbidity index (CCI) (Table 2).

Table 2. Dependence of 6MWT10 on clinical functional indices in patients with MI with comorbid pathology

Index Correlation T-criteria p-value

Age, years -0.199 -2.765 0.006
SBP in the first day of MI, mm Hg 0.179 2.477 0.014

LVEF, % 0.670 10.573 <0.0001
RR, breaths/min -0.318 -4.543 <0.0001
Hemoglobin, g/L 0.053 0.716 0.475

Leukocytes, х109/L -0.156 -2.128 0. 035
SBP in the first day of MI, mm Hg 0.179 2.477 0.014

Stab, % -0.056 -0.753 0.452
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ESR, mm/h -0.07 -0.943 0.347
Lymphocytes, % 0.303 4.287 <0.0001
Glucose, mmol/L -0.136 -1.836 0.068

AAT, mmol/L -0.288 -4.084 <0.0001
Creatinine, mcmol/L -0.148 -2.035 0.043

Fibrinogen, g/L 0.023 0.312 0.756
Troponin T, ng/ml -0.21 -2.437 0.016

TC, mmol/L 0.195 2.634 0.009
HDL, mmol/L 0.131 1.678 0.095
LDL, mmol/L 0.213 2.823 0.005

SpO2, % 0.399 5.766 <0.0001
CCI, points -0.323 -4.658 <0.0001

Note. CP – comorbid pathology, HR – heart rate, SBP – systolic blood pressure, LVEF – left ventricular ejection fraction, RR 
– respiratory rate, ESR – erythrocyte sedimentation rate, AAT – aspartate aminotransferase, TC – total cholesterol, HDL 
– high-density lipoproteins, LDL – low-density lipoproteins, SpO2 – arterial oxygen saturation, CCI – Charlson comorbidity 
index

We measured the same variables on the 30th day of patient treatment (Table 3). 6MWT30 was directly 
correlated with LVEF, SpO2, the number of lymphocytes in the peripheral blood, the levels of total cholesterol, 
low-density lipoproteins. 6MWT30 was inversely correlated with age, heart rate, respiratory frequency, AAT 
levels, troponin T and comorbidity index.

Table 3. Dependence of 6MWT30 on clinical functional indices in patients with MI with comorbid pathology

Index Correlation T-criteria p-value

Age, years -0.287 -3.955 <0.0001
HR in acute period of MI, bpm -0.259 -3.54 0.001

SBP in the acute period of MI, mm Hg 0.129 1.722 0.087
LVEF, % 0.583 8.394 <0.0001

RR, breaths/min -0.357 -5.014 <0.0001
Hemoglobin, g/L 0.018 0.23 0.818

Leukocytes, х109/L -0.003 -0.035 0.972
Stab, % 0.008 0.105 0.917

ESR, mm/h -0.148 -1.954 0.052
Lymphocytes,% 0.278 3.767 <0.0001
Glucose, mmol/L -0.078 -1.001 0.318

AAT, mmol/L -0.209 -2.803 0.006
Creatinine, mcmol/L -0.086 -1.129 0.261

Fibrinogen, g/L -0.034 -0.438 0.662
Troponin, ng/ml -0.312 -3.616 <0.0001

TC, mmol/L 0.254 3.362 0.001
HDL, mmol/L 0.141 1.755 0.081
LDL, mmol/L 0.319 4.256 <0.0001

SpO2, % 0.265 3.522 0.001
CCI, points -0.398 -5.718 <0.0001

Note. CP – comorbid pathology, HR – heart rate, SBP – systolic blood pressure, LVEF – left ventricular ejection fraction, RR 
– respiratory rate, ESR – erythrocyte sedimentation rate, AAT – aspartate aminotransferase, TC – total cholesterol, HDL 
– high-density lipoproteins, LDL – low-density lipoproteins, SpO2 – arterial oxygen saturation, CCI – Charlson comorbidity 
index

In the analysis of 6MWT90 (Table 4), we found that this parameter was directly related to systolic blood 
pressure, left ventricular ejection fraction, the number of lymphocytes in the peripheral blood, the levels of 
cholesterol, low-density lipoproteins, SpO2, but inversely correlated with age, heart rate, respiratory rate and 
comorbidity index.
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Table 4. Dependence of 6MWT90 on clinical functional indices in patients with MI with comorbid pathology

Index Correlation T-criteria p-value

Age, years -0.41 -5.892 <0.0001
HR in the first day of MI, bpm -0.179 -2.386 0.018

SBP in the first day of MI, mm Hg 0.205 2.741 0.007
LVEF, % 0.583 8.394 <0.0001

RR, breaths/min -0.298 -4.067 <0.0001
Hemoglobin, g/L 0.115 1.494 0.137

Leukocytes, х109/L 0.034 0.436 0.664
Stab, % -0.057 -0.735 0.463

ESR, mm/h -0.171 -2.255 0.025
Lymphocytes, % 0.294 3.993 <0.0001
Glucose, mmol/L -0.112 -1.441 0.151

AAT, mmol/L -0.105 -1.378 0.17
Creatinine, mcmol/L -0.135 -1.771 0.078

Fibrinogen, g/L -0.014 -0.178 0.859
Troponin, ng/ml -0.072 -0.788 0.432

TC, mmol/L 0.202 2.627 0.009
HDL, mmol/L 0.111 1.371 0.172
LDL, mmol/L 0.285 3.74 <0.0001

SpO2, % 0.248 3.255 0.001
CCI, points -0.427 -6.186 <0.0001

Note. CP – comorbid pathology, HR – heart rate, SBP – systolic blood pressure, LVEF – left ventricular ejection fraction, RR 
– respiratory rate, ESR – erythrocyte sedimentation rate, AAT – aspartate aminotransferase, TC – total cholesterol, HDL 
– high-density lipoproteins, LDL – low-density lipoproteins, SpO2 – arterial oxygen saturation, CCI – Charlson comorbidity 
index

As our results show, most of these dependency factors are repeated at all three stages of rehabilitation, and 
therefore their significant impact on exercise tolerance during a  90-day period of the cardio-rehabilitation 
program is evident. In summary, we can conclude that patients with MI with comorbid pathology and high 
indices of age, respiratory rate, heart rate, levels of AAT, creatinine, troponin T and CCI, as well as low indices 
of systolic blood pressure on the first day of MI, levels of cholesterol, low-density lipoproteins and SpO2 and 
LVEF have significantly lower tolerance to physical activity at all stages of rehabilitation. Therefore, the above 
parameters can be considered excellent functional clinical, hemodynamic and laboratory markers of reduced 
exercise tolerance and can be used to measure the response to increased physical activity as well as predict the 
tolerability of rehabilitation measures in patients with myocardial infarction in combination with comorbid 
pathology.

The Charlson comorbidity index is a special marker highly correlated with functional clinical, hemodynamic 
and laboratory indices and indices of exercise tolerance. This index is obviously superior to other multi-morbidity 
indices due to the relative simplicity of its definition and validity when evaluating the degree of comorbidity in 
many clinical trials [15-17]. The present study, together with previous studies [18, 19], confirmed the possibility 
of using the CCI to quantify the degree of comorbidity in patients with myocardial infarction with different 
comorbid pathology and predict exercise tolerance responses during rehabilitation stages.

Discussion

The process of rehabilitation of a patient with MI with CP is a complex multi-level task. Moreover, the higher 
the degree of comorbidity of the patient and the more systems affected by pathological processes that developed 
prior to the myocardial infarction, the more difficult is the task of predicting the patient’s response to increased 
physical activity. In this regard, patients with comorbidity, especially the elderly and those with many comorbid 
conditions, as a rule, are deprived of the possibility of active rehabilitation. However, studies suggest that all 
groups of patients with acute cardiovascular disease, independent of the degree of comorbidity, benefit from 
cardiopulmonary rehabilitation. Therefore, the presence of comorbid pathology should not interfere with 
the implementation of rehabilitation programs in such patients [20, 21] and, of course, the process of cardio-
rehabilitation should not impair the general functional state of the body.
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Approaches to the rehabilitation process in comorbid patients should be different from standard rehab 
programs, since the body’s response to the standard load in such patients may be inadequate, hence the need 
for an active search of highly specific markers and valid methods of risk stratification for cardiovascular events 
(CVE) in the presence of multimorbid conditions. This requires a weighted integrated approach with an estimate 
of total risk [22-24]. In this plan, the Charlson comorbidity index and the six-minute walking test seem promising 
as rather universal combinations of assessment of degree of comorbidity and exercise tolerance. These two 
indicators of the general condition of a patient have a strong evidence base for the reliability of the estimated 
potential for various diseases [8, 25]. Our previous studies analyzed the relationship of CCI and 6MWT with the 
main functional indicators of patients with MI in combination with arterial hypertension, diabetes mellitus, 
pulmonary pathology and other diseases, and also the trends observed in the evaluation of these markers of the 
rehabilitation potential [19, 26-28]. In this study, we searched not only early markers for the reduction of overall 
function of the patient with MI with CP and their rehabilitation potential, but also the possibility of using CCI and 
6MWT as integral calculators of the total risk of a comorbid patient. 

Previous studies of Charlson comorbidity indices at different values of ejection fraction and 6MWT at 
rehabilitation stages revealed that the maximum correlation between specificity and sensitivity was observed 
at CCI > 2. Evaluation of the dependence of comorbidity index on the left ventricular ejection fraction showed that 
individuals with a higher degree of comorbidity (CCI > 2) had significantly lower values of left ventricle systolic 
function (LVEF < 46.5%), with 83% specificity and 50% sensitivity, with the predictive value of a positive result 
being 98% (Table 5, Figure 1).

Table 5. Matrix of sensitivity and specificity determination of comorbidity index at different values of ejection fraction

Sensitivity Comorbidity index 
specificity

Prognostic value of 
positive result

42.5 0.241 1 1
46.5 0.499 0.833 0.983
54.5 0.893 0.278 0.960
55.5 0.921 0.278 0.962

Note. 95% confidence interval (0.573-0.807), p = 0.007 

Figure 1. ROC-curve of sensitivity and specificity of comorbidity index with different values of ejection fraction
Note. Area under the curve 68.96%, standard error 0.060; p = 0.007

In this study, we analyzed the interdependence of the Charlson comorbidity index and the six-minute walk 
test at different stages of rehabilitation. It turned out that 6MWT10, 6MWT30 and 6MWT90, which reflect the 
exercise tolerance, respectively, in the acute, early and late outpatient phases of the rehabilitation process, were 
significantly lower in patients with a higher degree of comorbidity. The maximum specificity (89%) and the 
prognostic value of a  positive result (98%) for 6MWT10 with CCI > 2, was observed at 62.5 m. We therefore 
recommend this target distance for passing a six-minute test on the 10th day of rehabilitation of post-infarction 
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patients when a degree of Charlson comorbidity is above 2 points. For 6MWT30, the maximum specificity (94%) 
and the predictive value of a positive result (99%) were obtained with a 6MWT30 value of 103.5 m. Accordingly, 
the target six-minute walk test level by the end of the first month of the rehabilitation period in patients with 
MI with the CCI > 2 can be considered 103.5 m. And for 6MWT90, the maximum specificity (59%) and predictive 
value of the positive result (96%) were obtained at the value of 199 m. The target value of 6MWT by the end of 
the first month of the rehabilitation period in patients with MI with CCI > 2 is 199 m.

In summary, our results suggest that the Charlson comorbidity index and the six-minute walk test are 
reliable prognostic markers of exercise tolerance in patients with MI with comorbid pathology at all stages of 
the rehabilitation process.

Conclusions

In the 90-day period of post-infarction patient rehabilitation, markers of reduced exercise tolerance were age, 
respiratory rate, systolic blood pressure, levels of troponin, creatinine, AAT as well as the number of lymphocytes 
in peripheral blood, levels of cholesterol, low-density lipoproteins, and SpO2. These indicators of the functional 
state of comorbid patients with MI should be used with the aim of preliminary screening to predict the tolerance 
of rehabilitation measures and control of the response to increased physical activity.

The Charlson comorbidity index and the six-minute walk test at certain stages of rehabilitation should be 
considered integral specific markers of the functional state of the body in patients with myocardial infarction 
with concomitant pathology. Target values of 6MWT in patients with MI with CCI > 2 can be considered: on the 
10th day of rehabilitation 32.5 m, by the end of the first month of the rehabilitation period – 103.5 m and on the 
90th day – 199 m.
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