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ABSTRACT
Background. The objective of this study was to establish how accurately elite athletes carried out the task of a 

coach to perform an exercise at a given intensity. 
Methods. Cardiovascular indices were registered and analysed during a two-step research process. Two groups 

including six well-trained long-distance runners and 21 healthy non-athletes performed graded stress exercise up to 
the inability to continue the task. Runners took part in the second study in which heart rate and running pace were 
recorded during an aerobic training session. 

Results. Research findings showed that athletes demonstrated higher physical performance, but the maximum 
heart rate values achieved in the last fatigue phase did not differ significantly between the groups. No ischemic 
events were observed in elite athlete group during the entire physical test. Relatively stable heart rate indices in the 
maximal physical load step were observed in both groups, but heart rate indices were significantly lower during all 
physical load steps in the group of elite runners.

Conclusions. Elite athletes carried out the coach’s task only in the first phase of running and further modified 
the task by maintaining the stability of the cardiovascular system.
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INTRODUCTION

The complex system approach is based on 
the understanding that the human body is 
a self-regulating system, and many factors 

determine the behaviour of the entire system. The 
cardiovascular system is a vital part of the body, and 
its complexity and interrelationship with all body 
systems allow the monitoring of cardiovascular 
parameters as feedback of applied influences.

It is generally accepted that various factors 
determine training effects. A quantified dose-
response relationship for the continuum of training 
intensities, frequencies, and volumes was identified 
for fans of healthy lifestyle populations, but this 
relationship has not been identified for elite athletes 
(Peterson, Rhea, & Alvar, 2004; Seiler & Kjerland, 
2006). Sports training is the process of adaptation, 
the efficiency of which can be increased by 
manipulating training loads. Therefore, the precise 

workload parameters while exercising are one of 
the essential components of effective training 
(Gaudino et al., 2013).

Functional status of fans of healthy lifestyles 
and high-performance athletes changes during 
exercise, and the mechanisms of these changes are 
partially different and individualized. Additional 
monitoring and recording of internal and external 
load parameters can improve the quality of health 
observations and also provide better knowledge of 
the optimal dose of training load during exercise 
(Shephard & Blady, 1999; Weiner et al., 2011).

Aerobic-type exercise triggers many 
short-term and long-term adaptive changes. 
Cardiovascular changes in athletes depend on the 
nature of the activity, the length of training and 
other factors (B. J. Nainmark, A. Naimark, Tate, 
Sigurdsson, & Axelsson, 1996). Scientists assign 
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long-distance runners as typical aerobic endurance 
training athletes, who have one of the largest 
hearts, to calculate mass and other parameters 
for each kilogram of their body weight (Fagard, 
1997; Fagard et al., 1983; Urhausen, Monz, & 
Kindermenn, 1997). Some authors consider the 
heart rate response measurement as a convenient 
non-invasive evaluation tool to monitor and 
analyse individual workouts (Dellal et al., 2012; 
Hettinga, Monden, van Meeteren, & Daanen, 2014; 
Jeukendrup & VanDiemen, 1998). Various types of 
heart rate monitors were widely used in endurance 
sports for over 30 years (Achten & Jeukendrup, 
2003). Optimum performance level depends on the 
development of body responses through training. 
Therefore, one important task of physiological 
research is to effectively evaluate and monitor the 
training schedule (Alexandre et al., 2012; Ghosh, 
2004).

The task of a training session is the infliction 
of internal body changes. A coach must first 
consider the type of internal body changes and the 
proper approach to provoke the planned changes 
in athlete’s body during the planning of physical 
loads. Continuous methods are widely used in 
endurance training. It is important to continue 
task performance under fatigue by increasing 
the conditions that trigger long-term adaptation 
mechanisms. One of the important questions in 
training methodology is how accurately athletes 
perform the given task or how they modulate the 
given task of a training session. Therefore, the 
accurate accomplishment of the task given by the 
coach is very important. This study assessed how 
accurately elite athletes carried the task of their 
coach to “run 12 km at a steady speed”.

METHODS

Internal body changes are a trigger for long-
term adaptation. The purpose of each training 
session is to make appropriate internal body 
changes, and the coach’s task is to plan the mode 
of exercise. However, internal body changes at the 
onset of exercising depend on individual features 
of the athletes, and the monitoring of the body’s 
response during exercising is one manner to obtain 
feedback.

There are two ways to monitor the external 
performance of tasks, such as the dynamics of 
running speed or the dynamics of HR changes 
during exercise. Both parameters are important in 

our approach because they can reveal important 
features of the essence of the training session. 

Subjects. Two groups of participants were 
involved in the study. The first group consisted 
of elite endurance runners (age 20.9 ± 1.21, body 
mass index 22.3 ± 0.38; n = 6). The second group 
consisted of healthy male non-athletes (age 23 ± 
1.8 years, body mass index 24.4 ± 1.3; n = 21). All 
subjects provided their written informed consent 
before participation in the study.

Procedures. The first study was designed 
to compare the functional abilities of the two 
groups in this study. All participants performed 
bicycle ergometry, i.e., a graded exercise test 
up to the inability to continue the task. A 12-
lead electrocardiogram provided continuously 
recording during exercise and the first three 
minutes of recovery. 

The second study was designed to study 
exercise task accuracy accomplishment. A group 
of elite runners performed a task to run a 12-km 
distance at a steady running speed in an aerobic 
zone. The heart rate monitor Polar-S810 monitored 
heart rate changes (instantaneous heart rate values, 
average heart rate (HR avg.), values of the selected 
section (each 1000 m), and optional sections of 
running time (t) (every 1000 m running time).

Statistical analysis. The arithmetic mean 
(x) and standard deviation (s) and the arithmetic 
mean of the error (sx) were calculated. A two-way 
independent samples Student’s t-test was used to 
determine the reliability of the mean difference 
in performance indicator results. A significant 
difference between the compared values was 
indicated when the error did not exceed 5%  
(p < .05).

RESULTS

The results obtained during the first study 
showed a significant difference between groups 
in physical working capacity. The healthy male 
non-athletes continued exercising up to 250 W, 
and the elite athletes continued exercising up 
to 350 W. The mobilization of cardiovascular 
function during the workload was described using 
HR changes (Figure 1). A significant increase 
in HR was observed in both groups during the 
graded exercise test up to inability to continue 
the task, and this increase continued according to 
the increasing workload. The endurance runners’ 
HR was significantly lower at rest and during the 
entire test than non-athletes (before the load at 
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rest – 87.6 ± 2.8 in the group of non-athletes and 
71.7 ± 2.5 in the group of endurance runners; on the 
last minute load– 172.3 ± 3.0 in the group of non-
athletes and 170.7 ± 0.8 in the endurance runners’ 
group). The investigation established that athletes 
had higher physical performance but maximum 
HR values in both groups when the full fatigue 
phase was achieved, but these values did not differ 
significantly. Faster HR recovery was observed in 
the group of endurance runners during the recovery 
time.

The ST-segment depression increased with 
each step of increasing workload in the group 
of non-athletes. These types of changes were 

not observed in elite runners’ group. The results 
indicate that ischemic episodes were observed 
in the group of non-athletes, and there were no 
ischemic episodes in the group of elite runners. ST-
segment depression changes (Figure 2) show that 
the workload reached its maximum values during 
the highest physical test loads in both groups (in 
the non-athletes’ group it was recorded at 250 W, 
ST-segment depression – 0.53 ± 0.13 mV; in the 
runners’ group – at 350 W – 0.17 ± 0.02 mV ST-
segment depression).

The second study was designed to assess how 
accurately elite athletes carried out the task of their 
coach to “run 12 km at a steady speed“. The results 

Figure 1. The heart rate (HR) 
changes in male elite runners 
and non-athletes every minute in 
steps during incremental cycling 
exercise testing

Figure 2. ST-segment depression 
changes in male elite runners 
and non-athletes during the 
performance of graded exercise 
tests to maximal efforts
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showed that running time change was 319.8 ± 4.8 in 
the first kilometre in the endurance runners’ group, 
and the change in the last kilometre was 350.7 ± 3.4. 
A fairly equal rising segment speed was maintained 
during the middle distance (Figure 3 A).

HR dynamics (Figure 3 B) during the run 
in the first kilometre revealed an average HR of 
126.0 ± 2.6 beats/min and 149.0 ± 2.0 beats/min in 
the final kilometre. The submitted change in HR 
curve during the second half of the running task, 
i.e., from the 7th kilometre of running, revealed no 
significant HR variations, i.e., the task to run was 
performed without changes in HR.

DISCUSSION

Exercise is one of the most powerful non-
pharmacological strategies that affects most cells 
and organs in the body (Shalaby, Saad, Akar, Reda, 
& Shalgham, 2012). Regular aerobic exercise has 
a positive long-term impact on the cardiovascular 
system, which is a vital part of the body because 
it is a biologically complex adaptive system that 
is characterized by a variety of complex reactions 

to training loads (Alex et al., 2013; Ellison, 
Waring, Vicinanza, & Torella, 2012; Gibala, Little, 
MacDonald, & Hawley, 2012).

Biological systems consist of numerous 
different components that are linked together to 
form a complex system characterized by non-linear 
dynamics (Pinsky, 2010). However, a system of 
self-regulation that leads to a single factor within 
the system does not exist because it determines the 
entire system. The complexity of this regulation 
cannot be appreciated if the body is studied as a 
collection of disconnected components, which is 
the usual approach in modern exercise sciences 
(Noakes, 2011).

External and internal physical loads have been 
identified. Most previous authors note that the 
internal side of exercising is very important in the 
training of physical abilities (Issurin, 2013; O‘Keefe 
et al., 2012). Therefore, the accuracy of elite athletes’ 
accomplishment of a task of their coach is essential 
for the management of the training process. The 
essence of the coach’s planned task for a training 
session with a specified external workload, usually 
measured in SI units, is the internal body changes 

Figure 3. Indices characterizing 
external and internal physical 
loads during the task “run 
12 km at a steady speed“.  
A – dynamics of time of running 
1 km. B – dynamics of HR
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to be achieved by the performance of the assigned 
workloads. Notably, an internal exercise control 
and evaluation are the essence of individualization. 
HR is one of the cardiovascular functional status 
indicators evaluating the inner half of physical 
exertion. HR is also used to describe the body’s 
common condition changes.

Advances in technology have provided athletes, 
coaches, and scientific as well as medical staff 
with mobile and easy to use heart rate monitors 
(Weippert et al., 2010). These monitors are widely 
used by elite athletes and people who exercise for 
health promotion. HR monitors can help a coach 
assess the accuracy of an athlete’s performance of 
a given task during training, but not all of the HR 
monitor indicators are accurate and suitable for 
evaluations of high-performance athletes.

There are various methods of measuring the 
body reactions to exercise and physical exertion, 
but their applicability and value are widely 
discussed and analysed (Boettger et al., 2010). 
Doubts of an optimality index are associated 
with cardiovascular parameters with synergic 
interaction features. Increases in the severity of 
exercise lead to increases in HR until it reaches 
its maximum, which is relatively constant in a 
particular person. This observation was confirmed 
in our first study. The results of the first study 
showed that athletes (first group) differed from the 
healthy group with better cardiovascular reactions 
to incremental exercise stress. There were no 
ischemic episodes during exercising, but the lower 
HR values at each step of workload indicated better 
functional abilities that were obtained by training. 
This comparison showed that the participants in 
the elite runners group exhibited better functional 
readiness; the increasing workload HR values 
were significantly lower in elite runners than in the 
group of non-athletes. HR monitors can be used 
during highly trained runners’ workout sessions to 
control the quality or task accuracy of the session. 
The results of this study showed that the runners 
modified the coach’s designated exercise task to 
“run 12 km at a steady speed“. More than half of 
the current distance runners maintained a steady 
running speed, which resulted in a gradual increase 
in HR, and a stable HR was maintained during the 
rest of the running distance; HR did not increase 
and running speed decreased.

 Running time showed few changes during the 
distance when the runners performed a measured 

workload, which was performed in a particular 
operating region. The runners turned to training 
activity during the first kilometre, and only after 
the second section they began to maintain the 
goal of the task. A constant running speed was 
maintained until the middle distance, and then it 
declined. These results suggest that the runners 
began to maintain the trained zone regardless of 
the distance. Subsequent HR changes during the 
distance run were low. An HR change increased 
by the seventh kilometre, and HR was maintained 
at the same level from midway of the distance to 
exceed the prescribed training mode.

Measures of an athlete’s heart rate have shown 
potential for use in the prescription of individual 
training. However, little data exists on elite athletes 
who are regularly exposed to intense training 
loads (Plews, Laursen, Kilding, & Buchheit, 2012; 
Wallén, Hasson, Theorell, Canlon, & Osika, 2012). 
Measures of heart rate cannot provide data on all 
aspects of wellness, fatigue, and performance. 
Therefore, the use of HR in combination with daily 
training logs, psychometric questionnaires and non-
invasive, cost-effective performance tests, such as 
a countermovement jump, may offer a complete 
solution to monitor the training status of athletes 
participating in aerobic-oriented sports (Buchheit, 
2014). Our data also confirmed the results obtained 
by other researchers, who observed a lower degree 
of functional ischemic events in cardiac muscle in 
a group of trained athletes (Gademan et al., 2012; 
Poderys, Buliuolis, Poderytė, & Sadzevičienė, 
2005).

CONCLUSION

Monitoring is an important part of the 
management of training processes. The monitoring 
of running pace and internal body changes during 
a training session will allow the control of how 
accurately athletes perform a given task. Even well-
trained athletes carried out the coach’s task only 
in the first part of running and further modified 
a given task for training sessions by adapting 
themselves to internal feelings and decreasing their 
running pace accordingly. 
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