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Wplyw aktywnosci ruchowej na wyréwnanie zaburzen przemiany

materii u mtodziezy licealnej
The influence of physical activity on the alignment of metabolic disorders in secondary school students

BRBEEDIN F S PEMBKCHEFELAZ IR

Magdalena Madej(A-B.C.D.EF) Zbigniew Sliwinski(*E©)

Uniwersytet Jana Kochanowskiego w Kielcach, Polska / Jan Kochanowski University, Kielce, Poland

Streszczenie

Wstep. Celem pracy byta ocena wptywu systematycznej aktywnos¢ fizycznej na zmiany parametrow cisnienia tetniczego
krwi a tym samym na przemiane materii, rozmieszczenie thuszczu, sktadu procentowego miesni, wody, masy tkanki
kostnej w ciele uczniéw oraz warto$¢ BML.

Materiat i metody. Badaniami objeto 98 uczniéw, ktdrzy nie uprawiajg regularnie aktywnosci ruchowej, oraz 98 uczniéw
ktérzy uprawiajg sport przynajmniej 3-4 razy tygodniowo. Pacjentéw przebadano pojedynczo wedtug ustalonego
schematu: analiza bioimpedancji tkankowej, pomiar obwodu talii oraz bioder, wykonanie préby wydolnosciowej
Martineta. Na koniec anonimowa ankieta dotyczaca stylu zycia.

Wyniki. Nizsze srednie wartosci wskaznika BMI, WHR oraz sktadu procentowego ttuszczu odnotowano wsréd uczniéw,
ktdrzy regularnie uprawiajg uprawiajg sport. Ci sami, wykazali réwniez lepsza wydolnos¢ organizmu.

Whioski. Przeprowadzone badania jednoznacznie udowadniajg, iz systematyczna aktywno$c¢ fizyczna, ma korzystny
wplyw na organizm cztowieka. Gwarantuje maksymalng efektywnos¢ organizmu, chroni przed wieloma chorobami
metabolicznymi, ma wplyw na proporcje sktadu ciata oraz jest nieodtacznym elementem dobrego samopoczucia.

W wiekszym stopniu w grupie badanej. R6znica byta istotna statystycznie.

Stowa kluczowe:
aktywnos¢ ruchowa, przemiana materii, bioimpedancja, BMI, choroby metaboliczne

Abstract

Introduction. This work aimed to assess the influence of systematic physical activity on changes in the blood pressure
parameters, and thus on metabolism, distribution of fat, percentage of muscle, water, bone mass in students’ bodies and
their BMI.

Material and methods. The study comprised 98 students who do not regularly undertake physical activity, as well as 98
students who undertake sport at least 3-4 times per week. Patients were examined individually as per the established
pattern: tissue bioimpedance analysis, waist and hip circumference measurement, Martinet endurance test. The ending
contains an anonymous lifestyle survey.

Results. Lower mean values of BMI, WHR and fat percentages were recorded among students who regularly practice
sports. Those same students also displayed better endurance.

Conclusions. The conducted research clearly prove that systematic physical activity has a beneficial effect on the human
body. It guarantees maximum endurance of the body, protects against many metabolic diseases, affects the proportions of
body composition and constitutes an inseparable element of well-being.

Key words:
physical activity, metabolism, bioimpedance, BMI, metabolic diseases
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Introduction

Metabolism

Metabolism is recognized at the quantity of energy which the
organism releases in a given unit of time. The amount of
energy released is determined in kilocalories (kcal) or (less
frequently) in calories (kcal). Metabolism can be divided into
basic (PPM - maintenance of normal, constant body
temperature, respiratory system, circulation, function of organs
and secretory glands) and total (CPM — PPM along with
energy expenditure when performing various life activities,
such as walking, running, talking, etc.). The value of
metabolism decreases during sleep (about 10%) and with age.
The most important factors increasing metabolism include
thyroid hormones, adrenaline and norepinephrine, pregnancy,
low temperature of the body’s environment, physical exercise
and food intake [1].

Obesity

All research and statistics indicate that obesity is a growing
epidemic of the 21st century. Its development is fostered by
general automation, sedentary lifestyle and very easy access to
highly processed food. In spite of many educational programs
in the fight against obesity, the tendency to an increasing
number of obese people is still not slowed down. This disease
is a complex problem that significantly reduces the patient’s
quality of life. It is accompanied by many other comorbidities;
therefore, treatment is difficult, multistage and multilevel [2,
3, 4]. Obesity is not only equivalent to excessive weight in
relation to height or incorrect fat content in the body but, for
example, bad exercise tolerance, shallow breathing, wheezing
and many other comorbidities. The most common, decisively
present in all obese people are musculoskeletal and respiratory
problems. Circulatory system and endocrine management
complications may also be expected. It has been documented
that obesity is also associated with colorectal cancer. People
with excessive body mass very often suffer from depression,
eating disorders, they do not accept themselves and their
appearance, they isolate themselves or are isolated socially.
Among the population of children and adults, the most
common form is simple obesity (over 90% of cases) resulting
from poor eating habits and lack of adequate physical activity
[5,6,7,8,9].

Prevention of this interdisciplinary and serious illness can
begin even before the birth of a human being. The mother’s
bad nutrition during pregnancy is the cause of childhood
obesity, as the period of fetal life is extremely important for
shaping the child’s body weight [10, 11].

The role of physiotherapy in the treatment of obesity

The basic principles for treatment of obesity base upon on a long,
time-consuming program, which often lasts throughout the entire
life, as it is a chronic disease and does not show a tendency to
subside spontaneously. Treatment of obesity is primarily aimed at
permanently reducing the adverse, positive energy balance. The
basic and inherent element is kinesitherapy. Physical activity is
one of the basic elements of comprehensive treatment of obesity.
Exercises and training sessions should be tailored to individual
capabilities, preferences and needs of the patient. Physiotherapy

www.fizjoterapiapolska.pl 103
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treatments that help alleviate pain, relax and improve general
fitness are helpful. A guarantee of the treatment’s efficacy is
the willingness to undertake treatment. The therapist should
make the patient feel the need to change his life. It must be
remembered that the body does not have the upper limit of fat
storage, so even the slightest weight can turn into obesity. It is
worth knowing about it, remembering it and undertaking
treatment based on the principle of “the sooner — the
better” [12, 13, 14,15, 16, 17, 18, 19, 20].

Other metabolic diseases

Celiac disease

Celiac disease is a genetic disease with an immunological
etiology, also called the small intestine disease. It involves the
intolerance of gluten or storage protein, which occurs in
cereals such as oats, barley, wheat, and rye. Gluten leads to
the disappearance of the intestinal villi, which hinders the
absorption of nutrients from the food consumed. The disease
may affect people of all ages, but it is persons aged between
30 and 50 who are affected the most often [21].

Gastroesophageal reflux disease

Gastroesophageal reflux disease is colloquially referred to as
acid reflux. It is a chronic disease. Food swallowed by the
affected person does not go directly into the stomach but
returns to the esophagus with the stomach contents, digestive
enzymes, and hydrochloric acid. The consequence of this
phenomenon is heartburn, empty belching, reverse buildup of
acid to the mouth, esophageal inflammation [22].

Metabolic syndrome

Metabolic syndrome arises from interrelated deviations from
the norm. The most common factors determining the
metabolic syndrome are: increased waist circumference
(abdominal obesity), diabetes, abnormal fasting glucose,
impaired glucose tolerance, insulin resistance, high
triglyceride levels, low HDL cholesterol, high blood pressure.
Three of these metabolic disorders are enough to define this
disease [23].

Electrical impedance analysis

The method allowing for more detailed monitoring of the
patient’s body composition is the bioelectrical impedance
analysis (BIA). It defines such components of the patient’s
body as: percentage of fat, water, muscles and bone mass. It is
a simple, non-invasive and fast method, but at the same time
effective [24, 25, 26, 27, 28].

Purpose

The main objective of this paper was to discover an answer to
the question of whether systematic performance of physical
activity influences changes in blood pressure and metabolism
parameters. While investigating this topic, many specific
objectives were implemented, such as the impact of
systematic physical activity on the BMI, WHR, muscle
percentage, water, fat content, its distribution, students’ bone
mass content as well as the subjects’ moods and lifestyles.
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Material and method

The study covered 194 people divided into two groups — the
study group and the control group. There are 98 people in each
group. The study group consists of 40 men and 58 women.
The control group consists of 48 men and 50 women. The
study group comprises high school students aged 16-18, the
majority not actively involved in any sport or other physical
activities. Research of the study group was conducted in the
III High School named after Dionysius Czachowski in
Radom. The control group also comprises high school
students, but a group of athletes practicing physical activity at
least 3-4 times a week. The control group included athletes of
the Radom Sports Club “Radomiak” (48 boys) and contestants
of the local students’ sports club “Czworka” (50 girls) aged
16-17. The students were tested individually according to the
established scheme: body composition evaluation on
analytical balance, waist and hip circumference measurement,
measurement of pressure and resting heart rate, command to
undertake effort, which includes Martinet’s test, re-
measurement of pressure and maximum heart rate, followed
by another measurement after 2-3 minutes. The test ended
with an anonymous survey to be completed in paper form.

Results

Table 1. The average values of selected parameters for both groups tested

Study group Control grouop

Women Women

Researched parameter

Height (m) 1.84 1.65 1.73 1.77 1.66 1.71
Weight (kg) 78.88 61.9 68.83 68.17 58.65 63.31
Fat (%) 20.5 30.44 26.39 22.75 22.20 22.48
Water (%) 58.12 55 56.28 57.21 57.30 57.26
Muscles (%) 35.5 32.76 33.88 34.25 34.32 34.28
Bones (kg) 7.19 5.91 6.43 6.41 5.93 6.17
Waist circumference (cm) — g1.15 73.93 76.98 76.33 70.40 73.31
Hip circumference (cm) 97.5 97.21 97.33 89.31 91.64 89.31

www.fizjoterapiapolska.pl 105
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As shown in Table 1, the average body height of the test group
is 1.73 m. 1.71m is the average body height for the general
control group. The body mass of the test group is 68.83 kg and
in the control group 63.31 kg. The average percentage of fat in
students from the study group is 26.39%, and in the control
group 22.48%. There is 56.28% of water in the bodies of stu-
dents from the study group and 57.26% in the control group.
The average percentage of muscle in the body among the te-
sted high school students is 33.88%. The average muscle con-
tent among athletes in the control group is 34.28%. Bone mass
content among the examined students was 6.43 kg. For the
control group, the average bone mass in the body is 6.17 kg.
Waist circumference among the test group is 76.98 c¢m, and
the control waist 73.31 cm. The hip circumference for the test
group is 97.33 cm whereas, on average, the athlete from the
control group has 89.31 cm hip circumference.

The average value of the BMI index for the whole examined
group is 22.83 kg/m? The highest BMI index among this
group is 31.45 kg/m? and belongs to the group of men, the
lowest is 16.05 kg/m? and was recorded among women. The
median BMI index is similar for the entire population of both
men and women and is approximately 22.6 kg/m?. The
average BMI in the control group is 21.49 kg/m?. The
averages for individual sexes do not differ significantly. The
maximum BMI in the athletes’ group is 26.85 kg/m?, while the
lowest in the group of women is 17.15 kg/m?. The median is

21.18 kg/m? for the entire control group (Fig. 1).
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Fig. 1. BMI index values for both study groups
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Among the subjects, normal BMI was observed in 59.8%, too
low in 12.24%, and too high in 11.63%. Students with BMI
above 25 kg/m? accounted for 28.57% of the total examined
group. Almost 84% of the control group are athletes with BMI
in the norm. There are 8.16% students with a weight too low
and 8.16% with a weight too high (Fig. 2).

21,49

Total
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WHR values indicate that 77.55% of the entire test group has
the correct hip to waist ratio. Similar values were recorded for
individual sexes in this group. In 22.45% students, the WHR
is outside the acceptable standard, and 91.84% of athletes
from the control group have this index within the acceptable
norm, both in women and in men. An abnormal value of the
WHR index was registered in the control group and concerns
8.16% of people (Fig. 3).
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® BMI in the norm® WHR beyond the norm

Fig. 3. Percent distribution of WHR for both groups

After analyzing the obtained results of Martinet’s test, it appears
that 51.02% of the examined group has low endurance, the
remaining 48.98% have high endurance. There were 35% of
men with low endurance and 62.07% endurance. In the control
group, 98% of athletes have high endurance (Fig. 4).
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Fig. 4. Level of physical capacity based on Martinet’s test for both groups
Among people whose BMI was greater than 25, 78.57% had
low efficiency. The same dependency was found among
women in the study group (87.5%) and in men (66.67%).
Despite the abnormal BMI, 100% has high endurance in the
control group (Fig. 5).
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Fig. 5. Endurance among students with a BMI greater than 25
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Discussion

The BMI index is definitely less frequently exceeded in the
group of athletes. Based on the analysis of the collected re-
sults, it can be concluded that systematically practiced phy-
sical activity has a positive effect on body weight. In her
publication, R. Janiszewska also proves that under the influ-
ence of 3-month regular training, the BMI index of people
who participated in the study changes. Her research shows
that nowadays only a small percentage of children and ado-
lescents play sports, which entails a number of adverse con-
sequences for health. In the face of a sedentary lifestyle
which prevails in these times, regular training and physical
activity can be an ideal tool to prevent health threats and
even human life [11].

The group of footballers has a much smaller fat content. Parti-
cipation in trainings at least 3-4 times a week guaranteed them
a much lower level of body fat than their less active colleagu-
es. Statistics show that the WHR index is outside the norm
especially for students of the study group. Students whose in-
dex, depending on sex, exceeds its standards, are exposed to
glutealfemoral obesity and constitute a much greater threat to
health and metabolic complications of abdominal obesity.
A similar position is taken by E. Suliga in her research on ab-
dominal obesity. The author notes that thanks to her research,
it can be clearly stated that increased physical activity signifi-
cantly reduces the percentage of fat in the body and the risk of
abdominal obesity. Moreover, abdominal obesity in the human
body (disproportionately distributed adipose tissue) has an un-
deniable influence, inter alia, on impaired glucose tolerance,
development of insulin resistance, metabolic syndrome, type
II diabetes, cardiovascular disease, decreased fertility, gastric
reflux [6].

The systematic nature of physical exercise caused a greater
percentage share of muscle in the control group. This is be-
cause hypertrophy occurs as a result of the adaptation of mu-
scles to physical activity. Physical activity has a very positive
effect on the functioning of the so-called vein muscle pump.
Thanks to this, peripheral blood circulation and lymphatic
outflow of the lymphatic system vessels are improved. R. Ja-
niszewska comes to similar conclusions in her research. Under
the influence of the recommended physical activity for wo-
men, after about 3 months of regular health training the musc-
le mass in their bodies increased. “Differences in the assessed
parameters are at a significant statistical level, which indicates
a beneficial effect of training on changes in the body composi-
tion.” [11]

Tests carried out on an analytical balance using tissue bioim-
pedance show that the test group has a lower water content
than the control group. The results of measuring the percenta-
ge of water in the human body depend on the proportion of fat
and muscle in the body. In physiological conditions, water
constitutes more than 50% of the weight and almost 75% of
muscle mass. People with a high level of body fat are charac-
terized by low water levels in the body. The lower the body fat
content, the more total body water level approaches the nor-
mal range. Thanks to two years of E. Suligi’s research on body
changes during slimming therapy (physical activity and nutri-
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tion modification was recommended, this was followed by
systematic measurements of body percentages using the BIA
method), this statement can be confirmed. Body mass indexes
such as BMI, percentage of fat decreased, while the
percentage of muscle and water increased [16].

It might seem that higher content of bone mineral mass should
be demonstrated by students-athletes, however, the results of
bone content measurements in the body of both groups do not
show a significant relationship. It is possible the number of
participants is too small to find such a relationship.

Martinet’s test easily and quickly determines the body’s en-
durance. The control group, i.e., the group of footballers tra-
ining at least 3-4 times a week, passed the test almost one
hundred percent with the result confirming high endurance.
In some cases, where the BMI index was greater than 25, the
body’s endurance was also good. The same cannot be said
for the students, who usually do not actively practice any
sport. Differences in blood pressure before and after the pre-
scribed execution of dozens of sit-ups were grossly large,
and the return to resting pressure and heart rate was signifi-
cantly longer than 2-3 minutes. The conducted research
shows that physical activity has a beneficial effect on chan-
ges in the blood pressure parameters and thus, on the meta-
bolism. Edyta Suliga also confirms this stance; in her
publication, she emphasizes that lack of physical activity le-
ads to excess weight/obesity and this, in turn leads to cardio-
vascular disease, high blood pressure, poor endurance and
other metabolic diseases [6]. J. Zapolska shares the same
opinion; she has taken up the subject of physical activity in
the treatment of obesity in her scientific work. She notes that
regular physical activity guarantees maximal endurance of
the organism (respiratory, circulatory, digestive, hormonal,
etc.) [26].

In the conducted studies, the relationship between a low
BMI index and poor efficiency of the body was also de-
monstrated. Lack of systematic movement causes that pe-
ople from the examined group often have low endurance. A.
Wasiluk also shows that insufficiency of the body mass is
as bad for the health of a young person as excess weight or
obesity, as it can lead to improper functioning of the dige-
stive system, respiratory system (inflammation of the bron-
chi, asthma, etc.) [4].

The conducted survey shows that both students from the study
group and their families do not lead a healthy lifestyle. The
control group conducting a healthy, balanced lifestyle, asses-
sed its health condition as very good. W. Siwinski also belie-
ves that physical activity is an essential goal for the lifestyle
and health of every human being. Exercise releases endor-
phins, commonly called the happiness hormone, and therefore
the appropriate dose of exercise generates well-being and sa-
tisfaction with life [17].

Conclusions

1. Systematically performed physical activity affects changes
in blood pressure and metabolism.

2. Physical activity reduces the percentage of fat in the body
and changes its distribution.
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3. Under the influence of regular physical activity, the
proportions of water content in human tissues change.

4. The composition of muscle percentage under the influence
of systematic training is increased.

5. Systematic physical activity changes the BMI value and
improves the quality of students’ lives.
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