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ABSTRACT

Background: In home conditions population of Russian Federation do not have an opportunity to do optimal
physical activities during the period of spreading COVID-19. The aim of the study was to develop a system of
realization step exercises in home conditions using the independent calorimetry during the period regime of self-
isolation and to prove its effectiveness on the indicators of body mass index of the people. Study participants: 62
women and men between the ages of 18 and 45 who have problems with being overweight. Interventions: The
study was being conducted in home conditions during 60 days. During the experiment the participants
independently carried out the calorimetry, taking into account the consumed calories during the day and burning
kilocalories while doing step exercises and another physical activity. For carrying out the calorimetry during the
day a formula was developed due to available and simple counting: «N = 0.00168 - 0.098/P», where N - the
amount of burning kilocalories per one heartbeat per one kg of body mass, P - heart rate per minute. Main outcome
measures: It is defined out that the introduction of step exercises in home conditions with the use of independent
calorimetry to the author's system has made a significant impact (p < .05) on body mass index of participants.
Findings. In the presented study, for the first time, the regularities of increasing the burning of kilocalories in people
at various levels of intensity depending on their body weight were experimentally revealed.
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INTRODUCTION

Recently, many researchers have proved that the implementation of the optimal motor activity of a person in
its various forms has a positive effect on the state of health, the level of physical fitness and the functional
state of the body (Kraus et al., 2019). The population of various ages is offered a variety of systems for the
implementation of independent and group physical exercises (Plotnikoff & Karunamuni, 2011). Each type of
motor activity is accompanied by mobile systems for monitoring and self-monitoring the state of the body
during physical exertion (Henriksen et al., 2018; Wennman et al., 2019). Various programs and techniques
for monitoring both individual systems, for example, cardiovascular (Abbasi, 2019; Schorr et al., 2018; Thijs
et al., 2019), and all body systems (Yagotin et al., 2019) are popularized.

One of the main conditions for the full functioning of the human cardiovascular system are systematic physical
exercises (Troiano et al., 2012; Westerterp & Plasqui, 2004). Itis the sequence of performing physical activity
in daily, weekly and monthly modes that ensures the transition of urgent adaptive reactions of the body to
long-term adaptation to loads (Kurpad et al., 2006; Lee & Shiroma, 2014). A positive effect can be achieved
only when the action of one activity is combined with the action of the next, if new activities maintain the
sequence of balanced compensation of energy resources (Leonard, 2003; Schorr et al., 2018). In turn, this
means that the basis for the development of fitness is the systematic impact of the load and the regularity of
its repetition (Exel et al., 2019; Nagovitsyn et al., 2019). Violation of the principle of systematicity and
gradualness in the training process can not only not give the desired healing effect, but also lead to serious
health problems (Wennman et al., 2019).

In the COVID-19 corona virus pandemic that has developed to date, a significant part of the population of the
Russian Federation, Europe and the whole world is in self-isolation in their homes. At home, many citizens
of the Russian Federation do not have the opportunity to exercise (Nagovitsyn et al., 2017; Osipov et al.,
2016). Thus, violating the basic health principle - the systematic nature of the physical activity of an aerobic
nature (Chen et al., 2003; Esliger & Tremblay, 2007). Today, the Internet offers many programs and methods
of physical exercises that encourage users to replace their usual physical activity (Nagovitsyn et al., 2019;
Wahl et al., 2017). However, many amateur athletes who have not previously used the Internet fitness
industry cannot optimally integrate into the fitness process through a mobile device overnight (Cho & Tian,
2019; Sushames et al., 2016). Moreover, an individual approach to the implementation of physical activity
and a longer period to search for a suitable and accessible type of training are necessary (Iconaru et al.,
2018; Nagovitsyn et al., 2018; Yoo et al., 2017). It should be especially noted that many fitness programs on
the Internet involve special equipment and facilities, which the majority of the population of the Russian
Federation do not have available. In this regard, scientifically based methodological assistance to the
population is needed to replace habitual physical exercises with physical activity at home during the spread
of COVID-19 in the Russian Federation and around the world.

Despite the identified relevance of the implementation of physical exercises at home, a not sufficiently studied
issue is the methodological preparation of student and working youth for independent implementation, self-
monitoring and, on its basis, the development of individual physical activity during the day, week or a specific
training cycle. In this regard, the study determined the aim of the study - to develop a system of realization
step exercises in home conditions using the independent calorimetry during the period regime of self-isolation
and to prove its effectiveness on the indicators of body mass index of the people.
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MATERIAL AND METHODS

Participants

62 women and men between the ages of 18 and 45 who have problems with being overweight. All participants
in the study during the self-isolation regime did not have special sports equipment for aerobic training at
home or in the hostel: a treadmill, a cycling machine, an ellipsoid, a rowing machine, a ladder machine, etc.
The study was conducted at home for 60 days. Before the start of the study, all participants in the experiment
had the experience of self-study with low and medium intensity of physical activity of an aerobic nature, at
least 2-3 times a week. They also possessed the ability to implement self-monitoring of energy exchange of
kilocalories with various nutrition and physical activity using mobile devices. Each participant in the
experiment received written consent to participate in the study. Prior to the study, the focus group (n = 62)
was divided into the experimental (n = 30) and control (n = 32) groups. The experimental group (EG) included
participants who, for 60 days, carried out daily physical activity according to the author's system,
corresponding to the energy load until the implementation of the self-isolation mode. Participants who
implement the daily motor mode without the author’s system for the designated time were enrolled in the
control group (CG).

Ethics

The Institute Committee for Medical and Health Research Ethics approved the study (2020/04), which was
conducted in accordance with the Helsinki declaration. All results were treated anonymously. Authors
conducted their research ethically according to international standards and as required by the journal (Harriss
etal., 2019).

Design

During the experiment, the participants in the EG study, for every day (n = 60) of the experiment, it was
necessary to realize motor activity, which was supposed to “burn” their consumption of kilocalories during the
day. To implement independent physical activity at home, he was offered the following physical exercise -
step exercise. This physical activity included climbing a sports equipment available at home (step, bench,
cube, etc.). The subject became facing the projectile. He independently began the exercise according to the
Harvard step test system: put one leg on the shell; then another and straighten up; after that, immediately
lower the leg with which the exercise began, in front of the projectile, then the second and return to its original
position. The exercise had to be repeated continuously, but not more than 30 minutes. The amount of work
power when climbing a projectile and burning kilocalories on it was proposed to be calculated according to
the following formula: X = f*h*W*0.003, where «X» is the power of work, kcal/min, «f» is the lifting frequency
in 1 minute, «h» is the height projectile in meters, «W» - body weight of the subject, kg.

Based on preliminary research work through the use of the mathematical least-squares method, a formula
was developed for an affordable and simple calculation of kilocalories for EG participants. N = 0.00168 -
0.098/P, where «N» is the amount of kilocalories burned per 1 heart contraction per 1 kilogram of body
weight, «P» is the heart rate during exercise (beats per minute). Using this formula during the experiment,
EG participants daily calculated the difference between consumed and “burned” calories per day. The
analysis of the daily diet was carried out using food diaries, which they kept for 60 consecutive days.

This period is due to the moment of the announcement of the regime of self-isolation in the Russian
Federation to this day. The implementation of the experimental work was focused on targeted stimulation of
the participants in the experiment to independent, systematic, optimal motor activity to maintain BMI. The
main goal set before the participants of the study before the experiment was to realize physical activity during
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the day that was identical in intensity and energy load, which they realized before the introduction of the self-
isolation mode.

To analyse the effect of experimental work on the body of all study participants, express diagnostics was
used to determine the level of BMI. BMI formula = weight in kilograms / height in meters squared. Express
diagnostics was implemented before the study and after the experimental work.

Statistical analysis

Statistical processing of research results was carried out using the statistical analysis program SPSS20. The
level of reliability of the obtained data was determined using Student's T-test at p < .05. Before the
experiment, mathematical-statistical uncertainty of the differences between the EG and the CG at p > .05 by
express diagnostics for determining the BMI level was recorded.

RESULTS

During the experimental period, the EG participants carried out daily self-monitoring of aerobic motor activity
according to a special author’s system. The author’s system was developed on the basis of analysis of special
literature on the study of the energy consumption of respondents for motor activity at different speeds and
under different conditions (Brown et al., 2003; Eakin et al., 2007; Sallis & Saelens, 2000; Troiano et al., 2012).
The author’s system included a correlation of various types of physical exercises in various speed modes
with step exercise in various motor and level modes and the number of kilocalories burned at the
corresponding load (Table 1).

Table 1. The author's system for independent monitoring of burned calories under various physical exertion.

Kcal/min*  Exercise characteristic Step exercise (f*h)**
0.03333*W  Walking (2.5-3 km/h); bike simulator (0.5-0.6 Wat/kg); elementary 9.5-12
gymnastic exercises.

0.04167* W Walking (3-3.5 km/h); bicycle (7-8 km/h); bike simulator (0.6-0.7 12-14.5
Wat/kg); gymnastic exercises of medium intensity.

0.05*"W Walking (3.5-4 km/h); bicycle (8-8.5 km/h); rowing (50-55 m/min); 14.5-17
swimming (10 m/min); bike simulator (0.7-0.8 Wat/kg); gymnastic
exercises with the intensity above average.

0.05833*W  Walking (4.5-5 km/h); bicycle (8.5-10 km/h); swimming (15 m/min); 17-19.5
rowing (55-60 m/min); bike simulator (0.9-1 Wat/kg); sports games with
the average intensity; gymnastic exercises of high-speed.

0.06667*W  Walking or slow running (5.5-6 km/h); bicycle (10-15 km/h); rowing (60- 19.5-22
70 m/min); swimming (15-20 m/min); bike simulator (1.1-1.2 Wat/kg);
skates or rollers (8-10 km/h); sports games with the intensity above

average; dances; gymnastic exercises of speed-power.
* Kcal min - energy consumption per 1 kilogram of body weight; W - body weight of the test subject, kg; step exercise f - frequency
of rises in 1 minute, h - projectile height in meters. ** «f» is the lifting frequency in 1 minute, «hy is the height projectile in meters.

As can be seen from Table 1, the author’s system for self-monitoring of burned calories was compiled taking
into account the most common physical exertion among the population with free physical activity. Each type
of physical activity is differentiated by the intensity of its implementation and corresponds to the
implementation of step exercise in the conditions of self-isolation mode at home. During the experiment, the
participant in the EG study individually selected the level of physical activity according to his system and his
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previous physical activity before the introduction of the self-isolation mode. This physical activity consisted of
a number of relatively independent elements: the physical exercises themselves, preparation for their
implementation and outdoor activities. The dosage of each exercise and the sequence of exercises should
provide the optimal health-improving dynamics of the heart rate: the maximum during exercise was no more
than 150-160 beats/min and the average pulse in the session should not exceed 130-140 beats/min. In these
classes, the main criterion for performance, which should be guided by those involved, was continuous
monitoring of the body's well-being.

As shown in Figures 1-2, a significant portion of the study participants had a change in BMI before and after
the experimental work.
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Figure 1. Results of BMI CG before and after the experiment.
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Figure 2. Results of BMI EG before and after the experiment.

The recorded data at the end of the experiment showed the effectiveness of the experimental work. After the
experiment, the mathematical-statistical significance of the differences between the EG and the CG at p <
.05 was recorded. The participants in the study of CG, compared with EG, significantly increased the level of
BMI. Due to the fact that during this time period the body length of the participants could not significantly
increase, their body weight significantly increased. This is confirmed by the results of statistical processing
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of CG data before and after the experimental work. The significance of the difference was revealed at p <
.05. In turn, the statistical processing of EG data before and after the experimental work showed that the
difference was not significant at p > .05. From this, the main result of the study can be identified: the
implementation of systematic motor activity according to the author’s system for self-monitoring of burned
calories does not significantly increase the body weight of the participants, having overweight or obesity, in
the conditions of implementation of the regime of self-isolation.

DISCUSSION

The experimentally proven results of this study are consistent with the findings of other studies on the
implementation of motor activity of a population of different ages through the introduction of self-monitoring
and self-diagnosis technologies (Esliger & Tremblay, 2007; Osipov et al., 2018; Plotnikoff & Karunamuni,
2011). Analysis of studies on the dependence of increasing physical health indicators of athletes of various
ages, in particular the cardiovascular system (Abbasi, 2019; Schorr et al., 2018; Yarmak et al., 2018), on the
increase in their physical activity during a certain fixed cycle proves the reliability and relevance of the results
obtained in the study (Hildebrand et al., 2014; Thijs et al., 2019). It is a systematic daily monitoring of aerobic
activity that has a positive effect on health-saving energy metabolism in the body.

Numerous studies suggest and experimentally substantiate various approaches to monitoring the motor
activity of athletes: from the use of special formulas (Cho & Tian, 2019; King et al., 2008) to the use of mobile
technologies (Henriksen et al., 2018; Wennman, 2019), such as fitness trackers and various types of
accelerometers (Lee & Shiroma, 2014; Yoo et al., 2017). However, as the results of our study showed, only
the implementation of self-monitoring through the systematization and classification of the most accessible
for young people of various physical exercises of a cyclic nature, allows to achieve a positive result. The
dosed load used in the study showed statistically significant results according to the body weight of the
subjects. The originality of our study lies in the fact that the study created special recommendations on the
expenditure of energy expenditures of respondents for motor activity at different speeds and under different
conditions. The systematic monitoring of the implementation of motor activity, proposed in our study, allows
us to optimally and consistently adapt the body of the study participant to muscle activity of an aerobic nature
in unusual conditions for him to study.

The obtained mathematical and statistical results of this study are associated with the results of research on
the experimental proof of the dependence of increased kilocalories burning on the intensity of the load,
measured on the basis of calculating the heart rate of the study participants (Kurpad et al., 2006; Leonard,
2003; Westerterp & Plasqui, 2004). With the introduction of continuous self-monitoring and self-diagnosis
technologies, experts reliably determine the effectiveness of various types of motor and energy activity
(Freedson & Miller, 2000; Wahl et al., 2017). A certain dependence of energy consumption on the pulse rate
is shown, which can be calculated, and with rather high accuracy (Kashiwazaki, 1999; Luke et al., 1997). As
the present study experimentally confirmed, the formula “N = 0.00168 - 0.098/P” proposed in the study makes
it possible to mathematically reliably and comparatively simply calculate the burning of kilocalories for 1 heart
contraction per 1 kilogram of body weight of participants in physical exercises with different physical activity.

The results of this study are consistent with the results of other studies on the experimental effectiveness of
the self-monitoring process by non-professional athletes using mobile technologies (Henriksen et al., 2018;
Nagovitsyn et al., 2019; Wennman et al., 2019). Despite the research data, there are many mobile algorithms
that are not confirmed by experimental studies (Iconaru et al., 2018). An overabundance of the proposed
mobile applications and methodological recommendations saturates the fitness market with low-quality
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information and algorithms (Chen et al., 2003). An incorrectly constructed continuous monitoring of the state
of the student’s body has a negative result on its performance (Sushames et al., 2016). A certain distrust of
these products is created in society and requires simple and affordable methods of instant verification of the
services offered (Lee & Shiroma, 2014). In this direction, the author's development, based on experimental
confirmation in the present study, allows mobile mathematically reliable and relatively simple to carry out
calorimetry. The calculation algorithms proposed in the study will allow people to customize mobile
technologies and software in accordance with their preferences and needs under the conditions of self-
isolation.

CONCLUSIONS

The author’s study supplements previous scientific developments on the implementation of calorimetry for
various types of motor activity, including differentiation according to the intensity of physical exercises. The
formula “N = 0.00168 - 0.098 / P” experimentally developed in the study allows mathematically reliable and
relatively simple calculation of kilocalories burning for various physical activities. In the presented study, for
the first time, the regularities of increasing the burning of kilocalories in people at various levels of intensity
depending on their body weight were experimentally revealed. The results of the study offer a number of
significant recommendations for optimizing the motor activity of students and working youth at home. An
original system for the realization of physical activity through the development of special motor activity based
on the step exercise, differentiated by different energy modes, is proposed and justified. This approach is
highly relevant in solving one of the key problems of youth in the situation of the spread of COVID-19:
increasing the number of overweight and obese women and men.

The presented work is limited to a small sample of study participants, covering a separate age period: from
18 to 45 years. The number of participants in the study was heterogeneous by gender. The sample obtained
does not make it possible to cover the entire target audience in connection with the self-isolation regime, and
also to differentiate groups by male and female sex, since the study was conducted only at the first stage of
implementation. Accordingly, the results can be determined as preliminary. For further more detailed
analysis, it is necessary to conduct a comparative analysis of a larger sample, differentiated by age, gender
groups and levels of physical development. Carrying out such a study will provide more reliable information
about the implementation of the calorimetry process of respondents during physical exercises of an aerobic
nature.

The study will be useful to a wide range of specialists in the field of physical education and sports, fitness
trainers, as well as athletes who are independently engaged in various physical exercises. The results of
experimental work on the original method of calorimetry and algorithms for monitoring physical activity may
be of interest to developers of mobile applications in the field of health, fithess and sports. The author’s
recommendations for the implementation of continuous self-monitoring will provide feedback to the user of
the physical exercise program, increase motivation for setting individual goals of amateur athletes and
strategies for its further achievement. Future research will develop in two main directions. On the one hand,
the implementation of performance monitoring to introduce the formula in monitoring the training process of
youth of different ages and the duration of physical activity under changing conditions of heart rate. On the
other hand, on an experimental search for the most effective level of motor activity for a rational regime of
burning calories and restoring the body. An experimental study will cover a larger sample of subjects with
different individual capabilities and needs for the implementation of motor activity.
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