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Background: Many authors have noted the lack of knowledge on the causal relationship between the degree of physical activity, the 
dynamics, and outcomes of diseases, as well as the influence of sports history on the rehabilitation potential of former athletes.
Purpose: Assessment of the functional state of the cardiovascular system according to the indicators of electrocardiography, 
polycardiography, echocardiography and the level of physical performance in masters athletes.
Patients and Methods: The study included a main group consisting of 100 athletes, who had undergone electrocardiography, poly- 
electrocardiography, ultrasound echocardiography, heart rate and blood pressure measurement to determine their level of physical 
performance. The subjects were then divided into 2 groups. The first group included 75 people who continue to be active in regular 
sports activities. The second group consisted of 25 people who completely stopped training or had only occasional, unsystematic 
physical activities. A control group of 31 people, consisting of people of the same age who had not been involved in sports earlier, was 
examined according to the same program.
Results: The data obtained by us show that sports activities do contribute to the increasing stability of the body and maximize the 
deployment of the capabilities of the circulatory system, including their long-term preservation in masters athletic. Athletes who have 
stopped training have signs of age-related changes in the heart and blood vessels, which seem to be more frequent and earlier than 
those who continue training. A higher degree of myocardial contractility (in 90.67% of cases) can also be seen in the main group.
Conclusion: Masters athletes and those who stopped training after completing their sports career, should have notably thorough 
medical supervision and undergo regular annual in-depth examination.
Keywords: blood pressure, heart rate, PWC170, physical work capacity, cardiodynamics, hemodynamic parameters

Introduction
Rational physical activity is one of the main and most effective ways to promote health and enhance performance, helps 
to increase the adaptive capacity of the person at any age.1 In this connection, the data on the functional state of people 
who have been engaged in physical culture and sports for many years over a long period of time are of interest.

Achieving high results in world sports is associated with an increase in the volume of the training process and the 
intensity of physical loads. Accordingly, their impact on the athlete’s body increases, the adaptation processes are more 
intense and complex2,3 One of the most stressed systems of the organism when doing sports is the cardiovascular system, 
which causes the need for its more detailed study using modern research methods.4,5
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Literature data on the effect of high-performance sports on human health with age and its circulatory system are contradictory. 
Some authors believe that sports have an inhibitory effect on the development of age-related changes in the cardiovascular system, 
in particular atherosclerotic process.6 According to other researchers, sports training, without delaying the development of age- 
related changes in the heart and blood vessels and without preventing circulatory system diseases, provides the necessary 
compensation, which contributes to an easier course of diseases and preservation of a high level of performance.7,8 And only some 
works note a higher frequency of heart disease than in the rest of the population.9–11

It has been proven that the health of most professional athletes deteriorates at the abrupt end of their sports careers. 
Many authors note the lack of information on the causal relationship between the degree of physical activity, the 
dynamics, and outcomes of diseases, as well as the influence of sports history on the rehabilitation potential of former 
athletes.12 Thus, it was revealed that for a personalized approach in the selection of treatment and rehabilitation programs 
for patients with CHD, it is necessary to take into account the presence of a sports history. It has been demonstrated that 
patients with CHD and sports history have higher rehabilitation potential, the possibility of intensification of subsequent 
physical rehabilitation program and its earlier start.8

In this regard, one of the topical problems of sports medicine and geriatrics is the study of physical performance and 
morphofunctional state of the heart of athletes over the age of 40. It is not yet clear enough what changes the 
cardiovascular system undergoes in a highly qualified athlete after the end of systematic training with large volume 
and intensity of physical exertion. It is important to identify how long and to what extent the high level of adaptive 
capacity of the circulatory system achieved in the process of long-term special training is preserved. The period after the 
end of active sports training, its regime at that time and in the following years of life are especially important for making 
recommendations about the rational training regime of sports veterans.

Thus, the purpose of the present study is to evaluate the functional state of the cardiovascular system according to the 
indicators of electrocardiography, polycardiography, echocardiography and the level of physical performance in veterans 
of game sports.

Materials and Methods
The study was conducted in accordance with the provision of the Declaration of Helsinki and approved by the local 
ethical committee of Sechenov Moscow State Medical University (protocol №173 of October 30, 2020). Informed 
written consent was obtained from all patients before their inclusion in this study.

One hundred athletes, members of national teams, were included in the study. All subjects were under the supervision 
of a sports medicine physician. Inclusion criteria: male sex, age over 40 years, past participation in high-performance 
sports, athlete level (highest sport qualification, participation in international competitions – World Championships, 
European Championships), sport specialization (sports games), total sport experience – 10 to 20 years or more. Exclusion 
criteria: female gender, age less than 40 years and over 70 years.

100 athletes who made up the main group were examined according to an extended program, which included the 
study of morphofunctional features of the central and peripheral circulation using functional diagnostic methods (pre- and 
post-load electrocardiography, polyelectrocardiography, ultrasound echocardiography).

A control group of 31 persons, consisting of persons of similar age who had not participated in sports before, was 
examined according to the same program.

100 athletes were divided into 2 groups depending on the mode of motor activity. The first group consisted of 75 
veteran athletes who continued regular sports activities. The second group consisted of 25 people who had completely 
stopped training or had only occasional, haphazard physical activity.

Most of the sports veterans (53.3%) trained daily for 1.5–2.5 hours, 17.6% trained 5 times a week, and 27.1% trained 
3–4 times a week.

The test with load – PWC170 – was used to reveal the general level of physical performance capacity (PFC) and 
functional capabilities of the cardiovascular system. The subjects performed two loads of increasing power (duration of 
each load was 5 min) with a rest interval of 3 min on a Monark 874-E cycloergometer (Monark, Vansbro, Sweden). The 
frequency of pedalling was 60 rpm. HR was recorded auscultatively at the end of each exercise (last 30s of work at 
a certain power level). The value of FR was calculated according to Karpman V.L. formula.
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We studied the adaptation of the circulatory system to the loads and the recovery period according to the indices of 
well-being, heart rate (HR), blood pressure (BP), electrocardiography (ECG). Blood pressure (BP) was measured using 
an automatic M3 Expert pressure meter (OMRON, Japan) on the right arm twice at 5-min intervals in the sitting position. 
The average value of 2 measurements were included in the analysis.

Registration of 12 leads of electrocardiogram (ECG) at rest was performed after a 5-minute rest on a computer ECG 
complex PADSY (Medset Medizintechnik GmbH, Hamburg, Germany) in the supine position. ECG and BP were 
recorded before exercise and during the first minutes of the recovery period.

Polycardiogram (PCG) was recorded at rest before the test. For this purpose, we used phono- and sphygmographs 
attached to the electrocardiograph. The PKG was assessed on the basis of cardiac cycle phase duration calculation 
according to V.L. Karpman’s method.

Ultrasound electrocardiography (ECHO-CG) was performed according to a standard protocol on an EPIQ ultrasound 
machine (Philips Ultrasound, Inc., USA).

The data were processed using Microsoft Excel and Statistica 8.0 for Windows. The results of the study were 
processed by the method of variation statistics with estimation of reliability according to the Student’s criterion (t). The 
relationship of the signs was evaluated by Pearson correlation coefficient. The probability of error not exceeding 5% 
(p<0.05) was considered significant.

Results
The Health Status of the Subjects According to the results of a Comprehensive 
Medical Examination
During a comprehensive medical examination, diseases of the musculoskeletal system and osteochondrosis of the spine were 
found most frequently (Figure 1). This can be explained by frequent injuries during intensive sports training. Coronary heart 

Figure 1 The main diseases detected in the subjects during a comprehensive medical examination (%). 
Note: In most cases, the same persons were included in different columns of the table.
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disease (CHD) was detected in 8% of cases. History of myocardial infarction (MI) was noted in 5%, all of them from the second 
group. In all cases, MI was obtained not earlier than 10 years after cessation of intensive sports activities. Hypertensive disease 
(HT) of I–II stages was detected in 7% of the subjects.

Basic Hemodynamic Indices at Muscle Rest
In the examined subjects the HR corresponded to 36–90, in most cases (97%) it was up to 75 bpm. Figure 2 shows that 
there were significant differences (p<0.05) in HR between the main and control groups in all age groups (Figure 2). The 
more pronounced bradycardia in the main group is explained not so much by age-specific features as by the persistent 
influence of years of sports training on autonomic innervation. There were no significant differences in HR between 
subjects in different age groups, while there were significant differences (p<0.05) between athletes of the first and second 
groups. This difference is more pronounced in older age groups and in veterans, who train with primary development of 
endurance quality. HR in persons continuing sports training does not change with age, and in those who stopped training 
has a tendency to increase compared to the period of active sports training in representatives of the first group, HR has 
changed little (frequency not more than 2–9 beats/min), while in the second group – by 7–15 beats/min and more.

Average BP values in sports subjects were lower than in non-sports subjects of the same age. Except for isolated 
cases, they did not exceed the limits of age fluctuations, being at the lower limit of the age norm or lower in the majority 
of those examined. The increase in both BPs and BPd with age was insignificant. The BPs of those who continued 
exercising were lower than those of those who stopped exercising.

Cardiodynamics According to the Results of the Study of the Phase Structure of the 
Cardiac Cycle
With age, there is a restructuring of cardiac cycle phase structure, which is explained by the peculiarities of hemody-
namics and myocardial contractility state. Statistically significant (p<0.05) increase of tension period (T) duration was 
revealed in the control group in the age over 60 years old in comparison with 40–49 and 50–59 years old persons 
(Table 1). This was associated with both a lengthening of the isometric contraction phase (IC) and an increase in the 

Figure 2 Heart rate and blood pressure in subjects of different ages, depending on the motor mode after the cessation of active training.
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Table 1 The Duration of the Phases of the Cardiac Cycle and the Values of Intraphase Indicators in Subjects of Different Ages, Depending on the Motor Mode After the Cessation of 
Active Sports Training (M ± δ)

Age tudied Quantity AC Sec IC Sec E Sec D Sec QT Sec EMD Sec ISI % MTI % MC Vj mmHg

40–49 years old Group 1 40 0.059 

0.012

0.041++ 

0.011

0.284 

0.022

0.739+ 

0.176

0.421+ 

0.035

0.038+ 

0.019

87.57++ 

3.05

25.91 

2.62

2,89 

0,49

1883++ 

573

Group 2 10 0.063 

0.013

0.033 

0.011

0.283 

0.027

0.645 

0.093

0.410 

0.039

0.031 

0.017

89.67+ 

2.24

25.34 

2.63

2,98 

0,43

2524+ 

776

In total 50 0.060 

0.012

0.039 

0.012

0.283 

0.012

0.720+ 

0.167

0.419+ 

0.036

0.037+ 

0.019

87.98 

3.03

25.80 

2.60

2,91 

0,48

2011 

661

Control 15 0.061 

0.014

0.039 

0.011

0.279 

0.014

0.598 

0.129

0.403 

0.036

0.023 

0.017

87.65 

2.81

26.49 

2.74

2.81 

0.40

1972 

620

50–59 years old Group 1 24 0.059 

0.011

0.044 

0.011

0.285 

0.023

0.709+ 

0.133++

0.427+ 

0.021

0.038+ 

0.033++

86.67 

2.91

26.38++ 

2.46

2.80 

0.39

1766 

675

Group 2 10 0.064 

0.013

0.042 

0.012

0.269 

0.033

0.583 

0.123

0.394 

0.044

0.019 

0.014

86.67 

2.79

26.28 

2.68

2.57 

0.33

2016 

806

In total 34 0.060 

0.014

0.044 

0.011

0.280 

0.022

0.672+ 

0.139

0.417+ 

0.039

0.032+ 

0.021

86.67 

2.79

26.93 

2.59

2.73 

0.38

1839 

702

Control 11 0.062 

0.014

0.042 

0.013

0.280 

0.022

0.512 

0.512

0.400 

0.029

0.016 

0.017

85.59 

4.21

27.07 

2.18

2.72 

0.28

1830 

456

Older then 60 Group 1 11 0.056++ 

0.011

0.047 

0.012

0.289++ 

0.014

0.723+ 

0.122

0.426++ 

0.023

0.034+ 

0.014

86.07 

3.08

26.21++ 

3.51

2.88 

0.56

1654 

437

Group 2 5 0.066 

0.015

0.048 

0.022

0.262 

0.025

0.516 

0.079

0.392 

0.011

0.016 

8.9–03

84.49 

6.96

31.57 

5.10

2.38 

0.58

1812 

711

In total 16 0.059+ 

0.012

0.047 

0.015

0.280 

0.022

0.654+ 

0.142

0.415 

0.026

0.028+ 

0.015

85.54 

4.53

27.99 

4.71

2.71 

0.60

1707 

523

Control 16 0.068 

0.014

0.046 

0.013

0.280 

0.021

0.508 

0.163

0.404 

0.022

0.010 

0.017

85.81 

2.29

28.99 

3.98

2.50 

0.48

1780 

274

Notes: + - statistically significant differences/p<0.05/with the indicators of the control group; ++ - statistically significant differences / p<0.05/ with the indicators of the first and second. 
Abbreviations: AC, asynchronous contraction phase; IC, isometric contraction phase; Т, tension period; E, ejection period; D, diastole; С, cardiac cycle; Vj, The initial rate of increase in intraventricular pressure; EMD, 
electromechanical difference; ISI, intra-systolic index; MTI, myocardial tension index; MC, mechanical coefficient.
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duration of the asynchronous contraction phase (AC). The ejection period (E) in persons 40–49 years old corresponds to 
the proper value for the given rhythm, in subsequent age groups it increased by more than 0.02 seconds. Correspondingly, 
the values of intraphase indicators changed: the intra-systolic index (ISI), the mechanical coefficient (MC), the electro-
mechanical difference (EMD), the initial rate of increase in intraventricular pressure (Vj) decreased, myocardial tension 
index (MTI) increased. This reflects age-related changes of the myocardium and indicates a gradual decrease of its 
contractile function.

The subjects also had a statistically significant (p<0.05) increase in the T period with age. The AC phase in all age groups was 
at the upper limit of the norm, not increasing, in contrast to the IC phase, which does not lengthen with age. The E period in all age 
groups, unlike the control group, corresponded to the proper value for the given rhythm. The values of intraphase indices naturally 
changed with increasing age: ISI, MC, EMD, Vj decreased, MTI, and the time of minute volume expulsion (TMVE) increased. 
But these changes compared to the control group were expressed to a lesser extent. In sports, veterans significantly (p<0.05) longer 
cardiac cycle (C), EMD, which indicates a greater functional reserve.

In all age groups, the subjects had statistically significantly (p<0.05) longer diastole compared to the control group, 
which reflects more favourable conditions for the heart of a trained person.

C, IC, EMD, MC increase statistically reliably (p<0.05) in those who continue sport activity in comparison with those 
who stopped it, ISI, TMVE, MTI decrease. This is evidence of keeping phase structure of cardiac cycle typical for active 
trained athletes. The first group of investigated people revealed higher functional capacity of the myocardium than 
the second one, but even in those who stopped sports training, myocardial contractility and functional reserve of the heart 
were higher than in those who had not been engaged in sports earlier.

In the 40–49-year-old group, the differences between the subjects of the first and second groups are less pronounced 
than in the subsequent groups. A statistically significant difference (p<0.05) is determined only by the indices of IC, ISI, 
Vj, AC/IC phase. Probably, it is connected with the fact that it is the earliest period of training termination, when its after- 
effects are most expressed, and those who have stopped sports activities still have a high level of myocardial functional 
features, achieved in the process of long-term intensive training.

In the group of 50–59 years, there are already great differences between the parameters of contractility of the first 
and second groups. Thus, statistically significant differences (p<0.05) in: C, diastole period (D), EMD, MTI, TMVE. 
This reflects deterioration of myocardial contractility in persons who stopped training.

Even greater differences in the phase structure of systole are revealed at the age over 60 years old. Those who 
continue sports training retain a high level of myocardial functional capacity, whereas those who stop it with increasing 
age show more pronounced changes, reflecting a gradual decline in myocardial contractility.

In 75 subjects of the first group, 90.67% of cases there were phase syndromes characterizing higher myocardial 
contractility: phase syndrome of controlled hypodynamia (14.67%), volume loading syndrome against bradycardia 
(26.67%) and normal PCG, typical for a healthy person of the corresponding age (49.33%). In 9.33% there were changes 
in the phase structure of cardiac cycle, reflecting the reduction of myocardial contractile function: myocardial hyperdy-
namic phase syndrome (6.66%) and true myocardial hypodynamia (2.67%).

In the second group, 64% of the subjects had more favourable phase syndromes (phase volume loading syndrome against 
bradycardia in 12% and unchanged PCG in 52%), and 36% had less favourable phase shifts (phase volume loading syndrome 
against tachycardia in 12%, myocardial hyperdynamic phase syndrome in 8%, true myocardial hypodynamia in 16%.

Peculiarities of the Heart Condition According to ECG Data
The morphological and functional changes of the heart related to age-related changes of the organism and the influence of 
systematic sports activities are reflected in the ECG study data. The analysis of ECG of the subjects in comparison with the control 
group revealed the tendency to some increase in rhythm frequency, decrease in liability of sinus node, decrease in R and T waves 
voltages, increase in cases with deviation of electrical axis of the heart to the left. In terms of frequency and severity, ECG changes 
in sports veterans do not exceed those in persons of corresponding age, who were not engaged in sports in the past. On the contrary, 
in general, they have less degree of morphological changes and more often there are signs indicating a higher functional state of the 
heart. ECG changes are less common in those who continue sports training, most of them have preserved high functional 
capabilities of the heart, acquired in the process of many years of intensive training (Table 2).
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Anatomical, Morphological and Functional Features of the Heart According to 
ECHO-CG Data
Morpho-functional characteristics of the heart of athletes over 40 years old are considered as the result of the combined 
influence of age and long-term intensive sports training. In the control group (Table 3) with increasing age there is a reliable 
(p<0.05) increase of left ventricular end-systolic cavity size (ESS), left ventricular cavity volume in systole (ESV); there is 
a tendency to increase the left ventricular cavity end-diastolic size (EDS), left ventricular cavity volume in diastole (EDV), 
without reliable changes in relative indices of EDS /s and EDV /s (s is the degree of shortening of the anterior–posterior size 
of the left ventricle in the systole, %). s – degree of left ventricular anteroposterior dimension shortening in systole, %). There 
was revealed an increase with age in left ventricular posterior wall myocardial thickness in diastole (TLVD) and left 
ventricular myocardial mass (LVMM), indicating the development of myocardial hypertrophy with age in the subjects. 
Indexes characterizing left ventricular contractile function significantly (p<0.05) decrease with age.

Statistically significant (p<0.05) increase of ESS, ESV and indexed indices with age is also observed in the subjects. 
Moreover, if the subjects of the second group have a statistically reliable (p<0.05) increase in ESS and ESV, ESS in the 
first group practically does not change with age, which is hemodynamically more favorable. The EDS, EDS/s pre-
dominantly increase in veterans. The same regularity is observed for EDV, EDV/s, EDV/kg. Parameters characterizing 
myocardial contractile function significantly decreased with age (p<0.05); it was most expressed in persons over 60 years 
old, who stopped sport activities.

The indices characterizing the degree of left ventricular myocardial hypertrophy, in contrast to the age dynamics in 
healthy non-sportsmen, do not increase. There is a statistically reliable (p<0,05) decrease of TLVD from 40 to 60 years 
old, LVMM does not change due to the increase of left ventricular cavity. There was no significant difference in TLVD 
value in the subjects of the first and second groups. Differences in LVMM over 60 years of age are explained by the 
variability of EDV values.

The index EDV/LVMM, characterizing the ratio of left ventricular cavity dilatation and myocardial hypertrophy, 
tended to increase with age. In the second group, it was an increase in dilatation over hypertrophy.

In age groups 40–49 and 50–59, reliable differences (p<0.05) in indices characterizing left ventricular cavity size and 
degree of myocardial hypertrophy were revealed in relation to control group persons. This indicates the preservation of 

Table 2 Comparative Frequency of Some Changes in the ECG of the Subjects Depending on the 
Motor Mode After the Cessation of Active Training (Number of Cases in %)

Electrocardiographic Signs Group 1 
n=75

Group 2 
n=25

Group 3 
n=100

1. Reducing the voltage of the teeth R 20 36 24

2. Extrasystole / single supraventricular extrasystoles 1.3 4.0 2.0

3. Conduction disturbance:
A/. PQ>0.2 sec 4.0 – 3.0

B/. QRS>0.1 sec 2.6 – 2.0
In/. Incomplete blockade of the right leg of the GIS beam 8.0 – 6.0

G/. Blockade of the anterior branch of the left leg of the GIS bundle 2.6 – 2.0

4. Electrical axis of the heart:

A/. Deviation to the left 8.0 – 6.0

B/. Horizontal 9.2 32.0 15.0

5. ECG - signs of hypertrophy of the left ventricle 14.6 12.0 14.0

6. ECG - signs of left ventricular hypertrophy 22.6 32.0 25.0

7. Reduction of the ST segment below the isoline - 4.0 1.0

8. Inversion of the T-wave in V2-V6 1.3 4.0 2.0
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Table 3 Electrocardiographic Indicators of Subjects of Different Ages, Depending on the Motor Mode After the Cessation of Active Sports Training (M ± δ)

Age 40–49 Years Old 50–59 Years Old Older Than 60

Examined Group Group 1 Group 2 In total Control Group 1 Group 2 In total Control Group 1 Group 2 In total Control

Quantity 40 10 50 15 24 10 34 11 11 5 16 5

EDS, cm 5.586+ 

0.283
0.510+ 

0.318
5.571+ 

0.288
5.243 
0.336

5.650+ 

0.318
5.585 
0.384

5.631+ 

0.329
5.327 
0.434

5.564 
0.329

6.000 
0.787

5.700 
0.530

5.520 
0.363

ESS, cm 3.965+ 

0.306
3.065+ 

0.389
3.957+ 

0.327
3.650 
0.394

4.092+ 

0.320
4.030 
0.368

4.074 
0.326

3.873 
0.317

4.045++ 

0.432
4.880 
0.876

4.244 
0.649

4.060 
0.297

TLVD, cm 0.883+ 

0.063
0.900+ 

0.058
0.886+ 

0.062
0.817 
0.031

0.879+ 

0.078
0.870+ 

0.082
0.876+ 

0.077
0.827 
0.034

0.850 
0.071

0.840 
0.089

0.847 
0.047

0.840 
0.055

RV, cm 1.553+ 

0.443
1.510 
0.410

1.544+ 

0.433
1.273 
0.308

1.467 
0.391

1.380 
0.257

1.441 
0.349

1.573 
0.237

1.591 
0.375

1.300 
0.173

1.500 
0.348

1.380 
0.349

А, cm 3.083+ 

0.235
3.040+ 

0.201
3.074+ 

0.228
2.827 
0.249

3.167+ 

0.232
3.230+ 

0.577
3.185+ 

0.349
2.836 
0.344

3.136 
0.284

3.140+ 

0.219
3.136+ 

0.258
2.880 
0.288

LVMM, g 139.3+ 

15.50
142.1+ 

13.65
139.8+ 

15.07
118.2 
10.39

139.9+ 

17.79
136.6 
23.731

139.1+ 

19.113
122.8 
12.41

132.5 
13.69

143.1 
35.62

135.8 
22.11

129.9 
15.96

EDV, cm3 153.3+ 

17.56
148.6+ 

18.98
152.4+ 

16.77
133.4 
18.84

157.5+ 

19.85
153.6 
25.06

156.4+ 

20.88
138.1 
25.99

152.0 
15.72

183.3+ 

55.74
161.8 
36.23

149.3 
22.84

EF, % 54.93 
5.113

54.67 
7.007

54.88 
5.456

57.63 
5.704

52.88 
4.307

53.33 
4.981

51.54 
9.426

52.64 
1.874

52.53++ 

6.914
44.23 
8.355

49.94 
8.140

51.15 
3.946

%ΔS, % 29.06 
3.142

28.85 
4.599

29.02 
3.423

29.56 
2.696

27.66 
2.476

27.89 
3.057

27.73 
2.761

27.29 
1.207

27.45++ 

4.379
22.43 
4.758

25.88 
9.961

26.44 
2.505

Vcf, cm/sec 1.03 
0.145

1.03 
0.141

1.03 
0.14

1.08 
0.12

0.98 
0.12

1.02 
0.123

0.99 
0.124

0.98 
0.10

0.97 
0.14

0.85 
0.11

0.93 
0.143

0.94 
0.045

Vc, cm/sec 5.95 
0.83

5.88 
0.71

5.93 
0.80

5.61 
0.83

5.59 
0.95

5.62 
0.73

5.60 
0.87

5.33 
0.51

5.42 
0.93

4.80 
0.50

5.23 
0.858

4.96 
0.55

Vr, cm/sec 9.08 
1.47

9.02 
1.06

9.06 
1.39

8.81 
1.17

8.17 
1.30

7.96 
0.91

8.11 
1.16

7.76 
0.65

8.44+ 

1.30
7.44 
1.60

8.13 
1.43

7.25 
0.36

Notes: + - statistically significant differences / p<0.05 / with the indicators of the control group; ++ - statistically significant differences / p<0.05/ with the indicators of the first and second. 
Abbreviations: TLVD, the thickness of the myocardium of the posterior wall of the left ventricle in diastole, cm; EDS, end-diastolic size of the left ventricular cavity, cm; ESS, end-systolic size of the left ventricular cavity, см; А, diameter 
of the aortic mouth, см; LVMM, left ventricular myocardial mass, g; EDV and ESV, volumes of the left ventricular cavity in diastole and systole, cm; EF, exile faction, %; Vcf, the rate of circular shortening of the left ventricular myocardium 
fibers, cm/sec; Vc and Vp, the rate of myocardial contraction and relaxation, cm/sec; %ΔS, the degree of shortening of the anterior-posterior size of the left ventricle in the systole, %.
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structural changes of the heart, achieved in the process of prolonged sports training, in the subjects. Over the age of 60 
years, this pattern is lost.

In the indices characterizing myocardial contractility, there were no significant differences in the subjects compared to 
the control group.

Aortic diameter in all age groups in sport subjects was significantly larger (p<0.05) than in control subjects. Age 
dynamics of indices characterizing mitral valve function does not seem to be clear, there is no connection neither with 
age nor with degree of motor activity.

Adaptive Capabilities of the Cardiovascular System in Athletes Over 40 Years Old
In all age groups (Figures 3 and 4) the value of PWC170 was significantly (p<0,05) higher than in the control group. 
Moreover, it is higher compared to the control group not only in athletes who continue sports activities, but also in those 
who have stopped sports activities. But the differences between them are statistically reliable (p<0,05), indicating 
a significant impact on the level of physical performance, degree of motor activity, lifestyle after quitting sports. With 
age, the PWC170 value naturally decreases more significantly in athletes who stopped sports training than in those who 
continue.

Thus, the subjects retain a sufficiently high level of physical performance after the end of active sports training. This 
level, due to age-related changes in the circulatory system and neurohumoral regulation, decreases compared to the 

Figure 3 Absolute values of PWC170 in subjects of different ages, depending on the motor mode after the cessation of active training.
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current highly qualified athletes, but significantly exceeds that of individuals who have not participated in sports before. 
This is especially true for the subjects who continue their sports training.

Discussion
We pay special attention to diseases of the cardiovascular system, which are the main cause of disability and mortality.13 

In addition, the importance of studying the structure, function, and regulation of the cardiovascular system is determined 
by the fact that the developing age-related changes in the circulatory system can cause dysfunction of other organs and 
systems, which affects the nature and rate of ageing.14 All the more, when doing sports, the CPS is one of the most 
stressed.15 Our data show that CHD, MI, and HF in members of national teams are not only not more frequent, but even 
somewhat less frequent than in other categories of the population of the corresponding age. Even lower morbidity is 
observed in those athletes who continue lifelong physical activity. The vast majority of cardiovascular diseases occur in 
the second group of athletes, while in the first group these diseases occur only in isolated cases.

Despite the low incidence of cardiac pathology in veterans compared to the general population, CHD remains one of 
the leading causes of sudden death in sports veterans.16,17 CHD in veterans often manifests itself differently than in 
people with a sedentary lifestyle. In some cases, cardiac arrest during physical activity or the occurrence of symptoms in 
the form of fatigue, decreased ability to work in the absence of angina pain behind the sternum are possible. Therefore, it 
is necessary to rule out CHD in former athletes if any new complaints arise, including subjective decreased 
performance.18 Interestingly, the presence of a previous sports history in patients with coronary heart disease is 
a marker of a positive prognosis in the treatment and rehabilitation of patients with this disease, as well as indicating 
a greater rehabilitation potential compared to patients without a sports history.19,20

Figure 4 Relative values of PWC170 in subjects of different ages, depending on the motor mode after the cessation of active training.
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It is known that regular physical activity, especially endurance exercise, helps to reduce HR and BP at rest, which has 
a protective effect on the vascular wall.21,22 Most athletes show bradycardia as a positive adaptation to endurance 
training.23 According to our study, the main hemodynamic parameters detected in the majority of sports veterans are 
characteristic not only for the lower limits of age variations, but also for the hemodynamic parameters of people of 
younger age. This is explained by the increased tone of the parasympathetic nervous system and increased sensitivity of 
baroreceptors.24 However, prolonged strenuous exercise can potentially lead to cardiovascular dysfunction and hidden 
hypertension with altered cardiac function, which is an increased risk among veteran athletes.25,26 In addition, veterans 
who develop predominantly endurance quality (cyclists, runners and swimmers, triathletes) show greater pliability and 
less vascular wall stiffness, increased endothelial function, improved blood flow, adequate BP regulation at rest and 
during exercise compared to healthy people of the same age who led a sedentary lifestyle.27–29

According to our data, age-related changes of cardiac cycle phase structure at rest are less pronounced in sports 
veterans, which indicates a better myocardial contractility and greater reserve capacity of the heart compared to those 
who were not engaged in sports earlier. This is most clearly manifested in athletes, who continue to do physical exercises 
throughout their life. One explanation for the above phenomenon could be the fact that patients who regularly participate 
in sport have higher NO bioavailability and bioactivity than patients without a sporting history of the same age. For 
example, DeSouza et al demonstrated that, compared with healthy young adults, older men who regularly exercise did 
not show an age-related decrease in endothelium-dependent dilatation as a result of preserved NO bioavailability.30 

Moreover, 12 weeks of brisk walking restored basal endothelium-dependent dilatation by increasing NO bioavailability 
in previously sedentary middle-aged and elderly men to levels similar to those observed in young healthy men. Thus, 
maintaining a high level of fitness or engaging in regular exercise can prevent or reverse the age-related decline in 
microcirculatory function by increasing NO bioavailability.31 In addition, the better cardiovascular adaptive capacity of 
veteran athletes compared to other populations may be related to the high content of mitochondrial enzymes, as well as 
the greater development of the vascular network (more capillaries contacting a single muscle fibre).32

ECHO-CG data and their comparison with those in active athletes reflect physiological ideas about age-related 
changes of the heart, manifested in its increase and relative decrease of myocardial contractility. In veteran-athletes these 
changes are not greater than in persons of similar age, who were not engaged in sports in the past, with higher myocardial 
functional state indices in most cases.

Compared to the current ones, veterans have less economical reactions at similar loads with less high work capacity. 
Adaptation capabilities formed on the basis of improved reactions and establishment of stable connections between the 
musculoskeletal system, the circulatory and respiratory systems during many years of systematic sports training remain 
higher than in persons who have not participated in sports before, in all age groups. Those who continue training retain to 
a greater extent the type of adaptability characteristic of younger age, ie, a more perfect level of regulation. They revealed 
age-specific reaction features less frequently and to a lesser extent, the physical performance, and adaptability indices 
characteristic of younger athletes were preserved more often. ECG shifts after physical activity in the subjects do not 
exceed the limits of age peculiarities and in most cases, especially considering the large volume and intensity of the work 
performed, can be assessed as more favourable.

It is worth emphasizing the need for preventive measures in all groups of patients to reduce cardiological risk. In the 
research of et al the effectiveness of changing the image using smartphone technology has been proven. For example, the 
results of the LIGHT study show that intervention in combination with conventional treatment reduced the risk of 
cardiovascular disease compared to only conventional treatment for 1 years of observation. In addition, the smart phone 
health application improved smoking cessation, systolic and diastolic blood pressure, BMI, serum HbA1c, LDL-C and 
triglyceride levels, and also improved the quality of life and HDL-C levels in the blood serum. These results indicate that 
mobile medical interventions with their multifaceted application can take a fresh look at improving the primary 
prevention of cardiovascular diseases, including in sports veterans and former athletes.33–36

Conclusion
The data obtained by us show that sports activities aimed at achieving the highest results contribute to the improvement 
of specific and non-specific resistance of the body, maximum deployment of the circulatory system capabilities and their 
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long-term preservation, delaying the age-related decline in vitality and thus are essential for strengthening and preserving 
human health. In addition, the subjects less often and to a lesser extent than people of the same age who have not 
participated in sports before, reveal age-related changes and diseases of the cardiovascular system with higher functional 
capabilities of the circulatory system and preservation of ways of adaptation to physical loads, typical for younger age. In 
addition, the persistent effects of long-term systematic training are observed in sports veterans. With age, there is 
a tendency to increase the cavity of the left ventricular heart and to decrease the degree of myocardial hypertrophy with 
a decrease in its contractility. It is worth noting that the motor mode after a period of active sports training, all other 
things being equal, can significantly affect the rate and degree of development of age-related processes in the body. 
Athletes who abruptly and completely stopped exercising have more frequent and earlier age-related changes of the heart 
and blood vessels, with more frequent cardiovascular morbidity than those who continue exercising.

Thus, medical supervision of veteran athletes, as well as those who stopped training after the end of their sports 
career, should be particularly thorough and consist of an annual in-depth examination using a comprehensive clinical and 
instrumental examination with electrocardiography, polycardiography, echocardiography. An additional examination 
should be performed when deciding on eligibility for competition.
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А, diameter of the aortic mouth; AC, asynchronous contraction phase; BPs, systolic blood pressure; BPd, diastolic blood 
pressure; С, cardiac cycle; D, diastole; E, ejection period; EDS, end-diastolic size of the left ventricular cavity; EDV and 
ESV, volumes of the left ventricular cavity in diastole and systole; EF, exile faction; EMD, electromechanical difference; 
ESS, end-systolic size of the left ventricular cavity; HTm hypertension disease; IC, isometric contraction phase; ISI, 
intra-systolic index; LVMM, left ventricular myocardial mass; MTI, myocardial tension index; MC, mechanical 
coefficient; %ΔS, the degree of shortening of the anterior-posterior size of the left ventricle in the systole; T, tension 
period; TMDТ, the thickness of the myocardium of the posterior wall of the left ventricle in diastole; TLVD, the time 
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