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Introduction
Physical exercise, especially outdoors, in natural en-
vironment, is one of the most important factors in 
prevention and treatment of many diseases. It helps 
preserving physical and mental abilities. An every-
day walk is a simple advice, but how many people 
listen to it? Activities in natural terrain are nothing 
but going through space, overcoming natural obsta-
cles and doing various kinds of exercise (formative, 
flexibility, endurance, speed, power and coordina-
tion) during all seasons of the year. These kinds of 
exercise have good influence on forming all motor 
skills, especially endurance. They also improve all 
kinds of utilitarian skills. 
Contact with nature is a counterbalance to physically 
passive lifestyle, depression and anxiety. When the 
physical education teachers realize their classes in 
natural environment, they have much more signifi-
cant possibilities of positively influencing the physi-
cal development of their students by stimuli benevo-
lent for their development, such as physical exercise, 
sunshine and fresh air (content, temperature, humi-
dity, speed). It is worth noting that the lack of some 

of those stimuli, e. g. ultraviolet radiation, can cause: 
fragility of the capillaries, dysfunction of the nervous 
system, memory and sleep deterioration, apathy 
and hyperactivity, problems with calcium absorpti-
on, tendency to suffer from suppurative infections, 
contagious diseases and arterial hypertension. On 
the other hand, light wind and air content stimulate, 
strengthen and soothe the vegetative system. Natural 
colors have a calming effect and the natural terrain 
and plants have a stimulating and compensative in-
fluence on the motor organs (Kuński, 1995).
Teaching physical exercise in natural environment 
during every season of the year is crucial. It is re-
sponsibility of every physical education teacher, 
coach or recreation instructor. It is important to 
remember that such classes are more intense than 
indoor activities, they allow students contact with 
nature, stimulate their development more fully, let 
them relieve stress increased by noise, small classro-
oms and high focus of attention. They cause less 
injuries than classes taught inside (space, lighting, 
natural movement). They teach good ways to spend 
free time and promote healthy lifestyle (Pańczyk, 

Abstract
Physical education teachers chose natural terrain in proximity of their school as a venue for their classes in 
only 0,6% of cases, which essentially lowered the health and fitness values of physical education. The types 
of classes differed little between boys and girls, which demonstrates that the quality of physical education 
in schools is poor. Moreover, the inconsiderable amount of activities in natural environment means that 
physical education teaches little and is not modern. Types of lessons in all groups were similar and the more 
senior the students are, the less activities in natural environment they perform. During the winter no classes 
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autumn. The lack of classes in natural environment in the winter and the insignificant amount of them du-
ring the rest of the year does not suffice to meet young people‘s health and developmental needs. 
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1999). It is worth noting that even in most pollu-
ted cities the air outside is healthier than indoors 
(Fleming, 1983). Moreover, spending time indoors 
during winter is more common than during other 
seasons of the year, which causes deterioration of 
the immune system and in consequence, frequent 
colds and lack of sunshine. If the classes are taught 
outside during the winter, the following beneficial 
stimuli are used: low temperature (helps to increase 
immunity), light- whiteness and greyness calm the 
students and the body reaction to the snow is ge-
nerally positive, air content- the snowfall clears the 
air from dust, bacteria and gas pollution, clear and 
cold air helps the ventilation of the lungs, improves 
sleep and appetite, radiation- after the snowfall the 
radiation increases and when the snow covers the 
ground the brightness and ultraviolet radiation in-
creases, especially in the mountains. 
Teaching physical exercise in natural terrain can be 
done as part of physical education classes, as well 
as after-school activities (summer and winter sport-
-recreational camps, trainings in various sport dis-
ciplines, and typical for outdoor conditions types of 
exercise, like orienteering, cross country running, 
trial, mountain cycling, etc.). The exercise is condi-
tioned mostly by planning. In some cases, for exam-
ple, during the recreational camps, the outdoor 
exercise is the basis. It is also a vital and indispensa-
ble element of training programme in many sport 
disciplines and physical education classes. In our 
country, many schools are situated in natural envi-
ronment, which can inspire to teach physical exer-
cise outside. The most common type of exercise is 
track and field athletics, conducted near the school. 
Many schools are surrounded by fragments of natu-
ral terrain, usually covered by grass. Sometimes it is 
shaped in an interesting way and covered also with 
trees and shrubbery. The teacher should work to-
wards some instrumental goals, like physical fitness, 
utilitarian skills, sense of direction, safety, searching 
for interesting forms of physical activity, etc., but 
also he or she should set a good example: persuade, 
focus attention on important matters, encourage 
and show how one can spend free time actively and 
in an interesting way outdoors. It is important to 
remember that one of the goals of the physical edu-
cation is to create changes in one‘s attitude towards 
their body. The measure of the effectiveness of the 
physical education is how long this attitude lasts. 
Only the secondary effect of these good habits can 
(depending on their frequency and intensity) im-
prove, sustain or restore health, fitness and beauty. 
Thus, physical education at school is worth as much, 

as many times a student in their leisure decides to 
play football, go to a swimming pool, take a walk, 
etc. (Grabowski, 2004) The condition to achieve 
this goal is teaching in accordance with students‘ 
development (Przewęda, 1973), being motivated by 
health reasons (Żukowska, 1995) and in accordan-
ce with the correct body worth teaching (Pawłucki, 
1996). Unfortunately, physical education in Poland 
is not modern and little effective (Bukowiec, 1990), 
fragmentary (Demel, 1992), putting little emphasis 
on health issues, conducted in a childish manner, 
putting too much pressure on students with the 
grading requirements and effort too big for young 
people‘s possibilities (Frołowicz, 1994).
Physical education teachers should take into consi-
deration the functions and goals of physical educa-
tion, should care about balanced motor and physical 
development and health of the students. Moreover, 
they should prepare the students to sustain those va-
lues in their future lives (Grabowski, 1997). This care 
can be expressed by, for example, attempt to comply 
with the syllabus in terms with really teaching the 
classes in natural environment. Moreover, one of the 
fundamental criteria of physical education syllabus 
is assessment whether it contains activities in natural 
terrain and if they are realized. The realization of the 
outdoor classes guarantees the high intensity of exer-
cise and provides children with many opportunities 
to strengthen their immune system. Frequent contact 
with natural environment influences children who 
are “allergic” to school in a preventive and therape-
utic way. Furthermore, it lays the basis for formation 
and internalization of the attitude towards physical 
activities, especially the kind of activities that can be 
performed in adult life (Pańczyk, 1999). 
The issue of classes in natural terrain gains more 
importance when the number of physical education 
classes per week raises and, at the same time, the 
schools lack necessary facilities, also because of the 
above mentioned aims and goals of physical edu-
cation. Unfortunately, in many teachers‘ opinion, 
going outside is inevitable evil (Pańczyk, 1999). It is 
difficult to understand, since natural environment 
is at one‘s arm‘s length. Every student should be fa-
miliar with it, be able to use it wisely and feel the 
need to spend time, exercise and return there. 
Realization of physical education classes in natural 
environment, apart from the objective fitness and 
health benefits, probably influences the subjective 
feeling of the enjoyment from the class, motivation, 
engagement, attitude towards physical activity. It is 
nevertheless difficult to assess those parameters, 
since they are subjective from nature and “note the 
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difference between effects that the classes indoors 
and outdoors have. However, a teacher should be 
aware of the influence that these two types of con-
ditions have on the effects of physical education. 
Emotional involvement, working towards the goals 
of physical education among students and, above all, 
parents and teachers are indispensable together with 
the correct choice of venue for the classes (gym, out-
doors), especially when the focus is put on its health 
values” (Pańczyk, 2011, p. 58). The objective health 
and fitness advantages of natural environment is the 
space that “guarantees additional (to movement) he-
alth factors (climatic and terrain factors), appears as 
a place where the health effects are more beneficial 
than the effects of the classes indoors. The crucial 
factor in success of those classes is emotional invol-
vement of the students (and their parents) in the acti-
vities in natural terrain” (Pańczyk, 2011, p. 63).
Beside many schools, also in big cities, there are na-
tural areas where physical education classes can be 
taught. Although in our country the possibilities of 
outdoor exercise during the whole school year are li-
mited by climatic conditions, there are undoubtedly 
many days when without concern about the students‘ 
health or exposing oneself to a just criticism from the 
school authorities and parents, the teacher can deci-
de to have a physical education class there. It must 
be stated that on some days, during all seasons of the 
year, staying indoors with students is against many 
aims of physical education. 
These assumptions inspired the research aimed at 
examining, if and to what extend the aims of the 
physical education classes were realized in natural 
terrain. The aim of the research inspired the questi-
ons: What are the aims of physical education classes 
and do they depend on the sex of the students and 
the type of school? Where are the physical educati-
on classes taught and does it depend on the type of 
school and the season of the year?

Material and methods
The materials were the records of the lesson to-
pics from class record books from high schools in 
Cracow. During the sampling process, five schools 
were chosen, then three class record books from 
every level were selected (nine books from every 
high school, forty five altogether). After collecting 
the material, the number of the class topics turned 
out to be lower than expected due to a variety of 
reasons: ninety-minute classes (teachers wrote one 
topic for two forty-five-minute periods), illegible 
handwriting, impossibility of linking the topic to 
the sex of the students (coeducational classes, orga-

nized in a obscure way). Finally, the gathered ma-
terial reached the number of 6023 class topics. The 
diagnostic poll method was used to analyze the do-
cuments. A voice recorder was used in the process 
of gathering data. Finally, the topics were recorded 
in a Microsoft Excel database.
As to the aims of the physical education classes, the 
type of venue and of the class were understood as 
variables. The sex of the students, type of school, 
season of the year were considered invariable. The 
source of the evaluation were records (date, topic) 
from the class record books. The records were ana-
lyzed in terms of the information that might suggest 
the type of sport discipline practiced in class and 
the venue of the class. Values of the variable “type 
of class” are: gymnastics, athletics, floor ball, volley-
ball, basketball, table tennis, football, sport games, 
aerobics, rugby, handball, musical-motor exercises, 
badminton, dance, fitness, yoga, step, martial arts1, 
excursion, difficult to specify2, recreational games3, 
bodybuilding4, musical-motor exercises5, short 
excursion6. Furthermore, the value of the variab-
le “class venue” were: school facilities7 and natural 
terrain8. The value of the variable: “season of the 
year” were autumn, winter and spring. 

RESULTS
The results of the analysis (table 1) lead to the con-
clusion that the most common type of a physical 
education lesson is volleyball (1160 topics). Basket-
ball occupies the second place (679 topics), and the 
third place is held by gymnastics, athletics, football 
and bodybuilding, all of which have similar number 
of topics (average around 423 topics). Table tennis, 
recreational games, handball, dance and aerobics are 
in the fourth place- the average of 184 topics. Flo-
or ball is in the fifth place, 94 topics. Musical-motor 
exercises, badminton, fitness and step were recorded 
in the average of 36 topics, which places them in 
the sixth place of the most common types of class. 
Furthermore, the seventh place is occupied by rugby, 
judo, karate, excursions- 33 topics in the average. The 
analysis of the lesson topics shows that the physical 
education classes that used music were very varied 

1 Judo, karate.
2 The way of writing the topic made it impossible to identify the type of 

lesson or the type of exercises.
3 All the topics related to all kinds of games.
4 All the classes conducted in the gym.
5 All the classes related to rhythm, music, dance.
6 All the classes outside the school that indicate tourist activities or 

short excursions.
7 Situated in the school area, such as: indoor facilities, pitches, outdoor 

facilities
8 The terrain outside the school area.
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and included dancing (221), aerobics (147), a range 
of musical-motor exercises (46), fitness (30) and step 
(27). To summarize, music was used to exercise in 
the average of 94 lessons. Typical classes in natural 

terrain hold the last place among more than five 
thousand topics. Therefore, in the selected five high 
schools in Cracow, only thirty physical education 
classes were conducted in natural terrain. 

Table 1 Sex in relation to the content of physical education classes.

Type of physical 
education class

girls boys together
N=2919 % N=2439 % N=5358 %

volleyball 666 22,80 492 20,201 1168 21,64
basketball 401 13,77 276 11,36 677 12,67
athletics 220 7,57 218 8,98 418 8,21
football 43 1,51 391 16,07 434 8,14
gymnastics 259 8,91 160 6,60 419 7,86
bodybuilding 145 4,93 257 10,58 400 7,50
dance 177 6,06 43 1,80 219 4,13
recreational 
games

138 4,73 55 2,26 193 3,60

table tennis 82 2,81 110 4,51 192 3,58
handball 75 2,57 90 3,69 165 3,12
aerobics 145 4,97 2 0,08 147 2,74
sport games 76 2,60 58 2,38 134 2,50
floor ball 61 2,09 33 1,35 94 1,75
musical-motor 
exercises

38 1,30 8 0,33 46 0,56

badminton 32 1,10 10 0,41 42 0,78
fitness 29 0,99 1 0,04 30 0,56
step 27 0,92 0 0,00 27 0,50
yoga 12 0,41 0 0,00 12 0,22
outdoor exercises 13 0,45 17 0,70 30 0,56
martial arts 14 0,48 16 0,66 30 0,56
illegible topics 268 9,22 205 8,45 472 8,87
girls SV boys – Chi2 = 724,2; df=23; p=0,000

Some irregularities were noticed in the way of re-
cording the topics. Namely, among 5358 topics, 475 
(9%) are illegible or the meaning is not clear. 134 
of them say “sport games,” 193 “recreational ga-
mes.” To summarize, the way of recording 15% of 
the topics makes it impossible to relate the material 
covered in class with the syllabus that the teacher 
realizes and the school authorities have approved. 
Can this situation be described as correct? 
The analysis of the physical education classes‘ topics 
in relation to sexes demonstrates that the differen-
ces between boys and girls were not big. There is a 

significant difference in terms of frequency of using 
the exercises with music (step, fitness, aerobics, 
dance), as they are used only in girls‘ classes. Boys 
invariably played football most often: 16,07%, while 
girls only in 1,51% of the classes. Moreover, boys 
more often (although in this case the difference is 
not very significant) played table tennis, handball, 
participated in bodybuilding and athletics classes. 
The rest of the class types shown in table 1 were 
realized with groups of girls, although it must be 
stated, that the differences in frequency with boys 
were not high. 
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Table 2 Sex in relation to diversification of physical education class topics divided into six categories.

Physical education 
class category

Girls  Boys Together
N

2919
% N

2439
% N

5358
%

Games
(recreational and 
sport games)

1579  54,09 1523 64,43 3102 57,90

Power and gymnas-
tic exercise
(bodybuilding, yoga, 
gymnastics)

416 14,25 419 17,18 835 15,58

Athletics 221 7,57 219 8,98 440 8,21
Music-motor exer-
cises
(aerobics, dance, 
fitness, step)

416 14,25 55 2,26 471 8,79

Outdoor exercises 13 0,45 17 0,70 30 0,56
Martial arts
(judo, karate)

6 0,21 8 0,33 14 0,26

In order to show the tendencies in physical edu-
cation classes‘ types included in table 1, the topics 
were divided into six categories. As a result, it can 
be clearly seen that classes centered on recreational 
and sport games dominate to a large extent (57,9%), 
while power and gymnastic exercises like body-
building and yoga are also frequent. Unfortunately, 
exercises in natural terrain hold the last position. 
Among 5358 topics (as mentioned before) only 30 
(0,56%) suggest that the class might have been tau-
ght in natural environment. 

Data shown in table 2 demonstrate that the diffe-
rences in physical education classes topics between 
boys and girls were not high. Boys participated 
more often in classes related to games and power 
exercises and gymnastics, while girls in classes that 
used music (aerobics, dance, fitness, step). The fact 
that the topics are little varied demonstrates their 
low value, and the low percentage of exercises in 
natural terrain among all the lessons indicates that 
physical education in schools is not realized in a 
professional way. 

Figure 1 Diversification of the topics of physical education classes, divided into six different categories in 
each high school (%).

SYMBOLS: T1 – games (recreational, sport games), T2 – power and gymnastic exercises (bodybuilding, yoga, gymnastics), T3 – athletics, 
T4 – music-motor exercises (aerobics, dance, fitness, step), T5 – outdoor activities.
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The aim of the next analysis is to demonstrate what 
topics were realized in the examined high schools 
in the physical education classes. Was the choice 
of the topic well balanced, or perhaps some sport 
disciplines were dominating? During the analysis 
of the topics divided into six categories (figure 1) it 
was made clear that in three out of five high schools 
the teaching programme was dominated by ga-
mes. In the remaining two schools, although many 
lessons were devoted to games, many other kinds 

of classes were taught. In two schools some lesson 
topics were related to activities in natural terrain 
(0,38-0,56%). In the other two schools the percen-
tage of such classes was 1,08% and 0,78%, and in 
the remaining school there were no classes of such 
kind at all. Only in one out of the five schools the 
programme was diverse, it was the least repetitive. It 
must have resulted in students becoming more in-
terested in physical education and, in consequence, 
physical activity in general.

Figure 2 Diversification of the topics of physical education classes, divided into six different categories in 
each level: freshmen class, sophomore class, seniors class (%).

SYMBOLS: T1 – games (recreational, sport games), T2 – power and gymnastic exercises (bodybuilding, yoga, gymnastics), T3 – athletics, 
T4 – music-motor exercises (aerobics, dance, fitness, step), T5 – outdoor activities.

Did the physical education programme and the to-
pics emphasized change when students finished 
another year of education? Did the program vary be-
cause the students had gained skills in previous years 
and had grown more mature? The analysis of the to-
pics in the lesson registers (figure 2) allows to draw 
a conclusion that it did not. Programme in all classes 
was almost the same. Nevertheless, some tendencies 
are visible, for example, the more senior the students 

are, the percentage of music and motor activities is 
higher and the activities in natural environment 
lower- should it not be the opposite? 
The proof that the exercises in natural terrain are not 
included into the physical education teaching pro-
gramme is the venue of the classes. Namely, it was re-
vealed that 97,3% of the lessons were realized in sport 
facilities, both indoors and outdoors, and only 0,56% 
of all lessons were realized in the natural terrain.9

9 In some schools the total of all lesson venues is not 100% because 
some topics do not suggest where the lesson took place.
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0
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Figure 3 The venue of physical education classes in relation to school where the examination took place (%)

SYMBOLS: SF – school facilities, NT – natural terrain
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In the examined schools, almost all physical education lessons were realized in school facilities, both indo-
or and outdoor ones. In three schools, 0,5% of classes were classes realized in natural terrain, in two high 
schools it was 1% (figure 3). 

0 0,96 0,73
0

20
40
60
80

100

zima wiosna jesień

SH NT

Diagram 4. The venue for physical education classes in relation to the season of the year (%)
SYMBOLS: SH – sports hall, NT – natural terrain

While analyzing the results, the attempt was made 
to establish which season of the year is preferred by 
teachers to realize the physical education classes in 
natural terrain. The results demonstrated that the 
classes in natural terrain were not taught during the 
winter. They were scarce also during spring (0,96%) 
and autumn (0,73%).

DISCUSSION
One more year has passed since the physical edu-
cation programme has been put into practice. The 
previous reform of the education system and the 
one before that were aimed at making the goals 
of the programme easier to achieve in reality. It is 
undoubtedly a success of the reform that students 
are able now to choose various sport disciplines that 
they want to practice. As part of physical education 
classes, there is a sport profile, recreational- health 
profile, dance profile and touristic profile to choose 
from. Among them, the recreational- health profile 
and the touristic one are mainly aimed at classes in 
natural terrain. Unfortunately, the classes are taught 
mainly indoors, which results in low effectiveness 
of physical education. In such conditions it is hard 
to realize the goal of educating young people to take 
care of their health. It is equally difficult to realize 
a proper health training (Pańczyk, 1998; Pańczyk, 
2011).
The aim of the touristic profile is developing tou-
ristic interests. A school can choose from several 
forms of natural tourism, according to its surroun-
dings and students‘ interests, i. e. hiking, cycling, 
kayaking, hiking in the mountains, horse-riding, 
sailing, etc. When you realize the touristic profile, 
you can have a one, longer class instead of many 
shorter ones, at least once a month: two hours- once 

a week, four hours- every two weeks, six hours- eve-
ry three weeks. It is recommended to teach touristic 
profile classes on Saturdays and vary the duration of 
the class (two hours, four hours, six hours) (Czer-
ska, 2011). 
In recreational-health profile a school can realize a 
variety of activities: games in natural terrain, orien-
teering, cross-country skiing, ice-skating, etc. This 
profile must be realized in natural environment du-
ring every season of the year. The school and the 
teacher are responsible for indicating that the class 
will take place in natural terrain for example, spe-
cifying the date and the name of the teacher. The 
lessons do not always have to be taught indoors, the 
aims of the teaching programme allow teaching in 
natural environment on condition that it is appro-
priate for the chosen form of exercise (Czerska, 
2011). 
Unfortunately, the research demonstrated that only 
0,6% of physical education classes were taught in 
natural terrain. It seems evident that the aims of the 
teaching programme are not reflected by the reality 
of education in this aspect. It was also established 
on the basis of the research that the topics of boys‘ 
and girls‘ classes are not much different. It can be a 
result of one of the teaching programme aims, the 
one that suggests that the differentiation between 
sexes should take place mainly in team games. It 
is motivated by natural disproportions in fitness 
between boys and girls. On the other hand, in case 
of recreational, dance and touristic activities, the 
coeducational groups are recommended (Czerska, 
2011). Nevertheless, the research and the analysis 
of its results lead to a conclusion that the quality of 
physical education in schools is poor and not desi-
rably modern.
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leisure time physical activity in 
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Abstract
One of the important factors of a healthy lifestyle is a physical activity. The author of the contribution deals 
with the issue of a physical activity as a primary means for the creation of a healthy lifestyle. The author em-
phasizes the possibilities of spending free time by means of participating in leisure and recreational physical 
education in the frame of secondary schools which the students of the secondary schools have a possibility 
to attend thus forming and enriching their present lifestyle. In this respect the schools and educational fa-
cilities play a very important role. These facilities implement a great number of different outdoor activities. 
Organizing various physical activities  in a suitable natural environment seems to be one of the effective 
incentives for students to perform physical activities. The influence of  the natural environment as well as 
outdoors physical activities belong to one of the most important factors in regard to a positive impact on the 
organism of the youth. Similarly state the authors Görner, Starší  (2001); Michal (2010); Pávková (2008) 
and others. Šimonek (2010); Kalinková (2011); Michal, Nevolná (2012); Nevolná (2014) claim on the basis 
of their research that hiking belongs to the most favourite physical activities in the young population within 
the frame of the leisure time PE.
The results show differences in the participation in the recreational PE related to the gender for the benefit 
of boys. In compliance with our results we claim that there is a statistically significant dependence of the 
participation in LRPE and self evaluation of the respondents´ lifestyles. The level of significance is 0.001.

Key words: 
students´ lifestyles, leisure time physical activity, physical activity, outdoor activities, secondary schools stu-
dents

Súhrn
CJedným z dôležitých faktorov zdravého životného štýlu je pohybová aktivita. Autorka príspevku sa zaoberá 
problematikou potreby pohybových aktivít ako primárneho prostriedku k vytváraniu zdravého životného štý-
lu a poukazuje na možnosti využívania voľného času prostredníctvom zapojenia sa do záujmovo-rekreačnej 
telesnej výchovy v rámci stredných škôl, ktoré študenti vybraných SŠ majú možnosť navštevovať, čím dotvá-
rajú a obohacujú svoj aktuálny životný štýl. Významnú úlohu v tejto súvislosti zohrávajú školské zariadenia, 
ktoré do oblasti voľnočasových aktivít zaraďujú outdoorové aktivity. Organizácia pobytových aktivít vo vhod-
nom prírodnom prostredí sa ukazuje ako jedna z možností motivácie študentov k pohybu. Vplyv prírodného 
prostredia a aktívny pohyb v prírode, patrí na popredné miesto z hľadiska priaznivého účinku na organizmus 
mládeže.
Zistené výsledky poukazujú na diferencie v zapojenosti do záujmovo-rekreačnej TV v závislosti od pohlavia v 
prospech chlapcov. V zmysle výsledkov výskumu uvádzame, že medzi  zapojenosťou do záujmovo-rekreačnej 
TV a hodnotením životného štýlu respondentmi je štatisticky významná závislosť na hladine významnosti 
0,001. 

Kľúčové slová: 
Životný štýl študentov, záujmovo-rekreačná telesná výchova, pohybová aktivita, outdoorové aktivity, študenti 
stredných škôl.
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Introduction
The basic condition for an active and satisfied life is 
a long term health which is not possible to achieve 
without a precise care. We live in a certain envi-
ronment and social atmosphere which influence us 
from many different aspects and also significantly 
contribute to  our psychological and physical health 
condition. Apart from the influences of the natural 
environment, nutrition and diet, social interaction 
and cultural aspects a balanced physical activity 
belongs to one of the most important factors that 
participate in forming a healthy lifestyle.
The physical activities are unsubstitutable part of a 
lifestyle because they provide a strong stimulus to 
spiritual and physical balance as well as to self eva-
luation, and they make it possible for a person to a 
personal self fulfilment (Liba, 2000, Liba, Uherová 
2003). Nowadays, we live in an extremely busy and 
economically very demanding time and unfortuna-
tely, physical activities as a part of a healthy lifestyle 
is more and more absent. 
Various investigations and research in the field of 
physical activities implementation, correct diet 
and experience with addictive substances in ele-
mentary school pupils as well as secondary school 
students and university students confirm the fact 
that the current state in the investigated characteri-
stics is far from satisfactory (Broďáni, Kamas, 2011; 
Adamčák, Nemec, 2011; Pávková, 2008; Boržíková 
2006; Chovanová 2005). Students prefer to spend 
time with computers, in  cafés, and other leisure ac-
tivities rather than doing sports. Physical activities 
are diminishing from the regular schedules of the 
young population. The technological and scientific 
accomplishments employ young people’s cognitive 
constitution at the expense of their physical consti-
tution. All the things that were previously solved by 
visiting a library, meeting friends outdoors are now 
solved by the internet and going online or by mo-
bile phones. The current life experience of college 
students contain very few opportunities for any 
kind of a physical activity, and generally speaking, 
regardless of age or gender, they consume high ca-
lorie and unhealthy food. Sedentary type of life and 
poor and low quality nutrition in students as well 
as in adults cause propensity to metabolic disorde-
rs. Pupils´ overweight and subsequent obesity is 
a logical reaction to this challenge. If we want to 
prevent the clinically significant obesity and later 
metabolic diseases which are nowadays not only 
problems of adults but also of children, all sectors 
of society must collaborate in the support of the 
strategies leading to  the change of the public opini-

on, advertisements, and the behaviour of the whole 
society including the educational network.
At present in regards to the support of a healthy 
lifestyle in the young generation an emphasis is gi-
ven on organization of leisure time and recreational 
physical activities in the  framework of elementary 
schools an secondary schools. The leisure time and 
recreational physical activities are defined as a part 
of physical culture whose task is to develop those 
forms of physical education and sports which by 
their means contribute to the regeneration of both 
physical and spiritual powers of a person, to stren-
gthening their health and increasing their physical 
fitness. 
When implementing leisure time physical educa-
tion it is not essential to reach the maximum per-
formance, on the opposite, the most important is 
its positive impact on the physical  fitness, health, 
physical and psychical satisfaction, relaxation and 
regaining one´s strength. Leisure time physical 
education is realized by walking, swimming, run-
ning, ice skating, hiking, cycling and many other 
physical activities which have a beneficial influen-
ce on human body. Leisure time physical activity 
is suitable for every person regardless the age or 
physical performance. In this respect we would 
like to emphasize the activities realized outdoors. 
The impact of the natural environment, active mo-
vement outdoors, the interplay of physical activity 
and learning and emotionality belong to the most 
influential factors in the sense of beneficial impact 
on physical and psychical health of the youth. Well 
prepared and well organized outdoor activities 
(short term or several- day-lasting stays in the na-
tural environment, in the school vicinity, in cam-
ps or in  recreational centres for schools) are for 
students very attractive and unusual, they develop 
their creativity, independence, cooperative thin-
king, and mutual tolerance.

Aim 
The aim of this research surveillance is to find out 
the attendance or participation of secondary school 
students in leisure time and recreational physical 
activity at selected secondary schools in the region 
of Trnava with a detailed analysis focused on the 
outdoor activities.
The part of the research was also to follow the cu-
rrent state of students´ lifestyle and its analysis re-
lated to the level of education of their parents.

Cohort and Methodology
The research was conducted in the academic year 
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2013/2014. The cohort consisted of  16 and 17-ye-
ar-old population of girls and boys from six secon-
dary schools in the region of Trnava. The cohort 
were students from randomly selected secondary 
schools. The total number of respondents were 
450 of which 212 (47.11%) were boys, and 238 
(52.88%) were girls. In our case the primary sou-
rce of gaining the information is the questionnai-
re method. All questionnaires were returned. We 
distributed them personally. The results achieved 
by the empirical research methods were elaborated 
and evaluated by quantitative research methods. In 
order to elaborate and evaluate the data we used 
the basic methods of inductive statistics (χ2 test for 
independence) and descriptive statistics (graphic 
representation, percentage, and descriptive statis-
tics). For better understanding we would like to say 
that the variable lifestyle was defined in terms of 
the frequency of physical activities realized during 
a week (the physical activity  schedule), regularity 
in meals (number of meals per day and their re-

gularity, consumption of fruit and vegetables, drin-
king), the length of sleep and risk factors of a he-
althy lifestyle (smoking, consuming alcohol). The 
individual items were marked by points and based 
on the summary of points they were categorized in 
respect to the level of implementation of a healthy 
lifestyle (good, average, and bad/insufficient heal-
thy lifestyle).

Results and Discussion
The physical activity on a recreational level is 
markedly important for the human health. Simi-
larly to this Jedlička (2009) claims that recreatio-
nal physical activities are unsubstitutable part and 
fill-in  of leisure time, however their composition 
and implementation by individuals are determi-
ned by the economic state of the society including 
schools. By the means of a questionnaire we were 
investigating the participation of the respondents 
in leisure time and recreational physical Educati-
on (LRPE).

Figure 1 Participation in the leisure time and recreational physical education

When analyzing the participation of the respon-
dents in LRPE we found out that most male re-
spondents preferred outdoor activities (fig. 1). By a 
closer analysis of the questionnaire results we fou-
nd out that as many as (44.2 %) of boys practice hi-
king in comparison to girls (29.2 %). Within LRPE 
21.8 % of boys actively ride a bike, and cycling is 
represented in girls by only (9.4 %). Quite positi-
ve was the fact that only (13.5%) of boys reported 
a zero attendance as opposed to girls whose zero 
attendance was represented by (34 %). In accor-
dance with our results we can state that boys show 

more interest in LRPE. This result is supported 
by other research conducted by Michal. Nevolná 
(2012), Michal (2010, 2003), Šimonek (2010), Bar-
tík (2009), and others.
The part of our research was to find out the level of 
self evaluation of the respondents´ lifestyles (figure 
2). The majority of the respondents evaluated their 
own lifestyles as good (43.2 % of boys, and 31.8 % 
of girls). We consider it very satisfactory that the 
respondents who evaluated their lifestyles as very 
bad are in the ratio of (0 %) for boys to (10.5 %) 
for girls.
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Figure 2 The self evaluation of the respondents´ lifestyles

In the research we  were interested not only in 
the respondents’´ participation in LRPE but also 
in knowing whether the reported participation in 
LRPE is related to the self evaluation of the respon-

dents´ lifestyles (figure 3). In the graphical repre-
sentation numbers 1 to 5 on the horizontal axes 
represent the self evaluation of the respondents 
lifestyles.

 p-value 

chitest 0*** 

Figure 3 The relation of the participation in LRPE and self evaluation of the respondents´ lifestyles. 
Legend: 1 – very bad, 2 – bad, 3 – average, 4 – good, 5 – very good
 Y (yes) – blue, N (no) – red
Legend of statistical significance: *** statistical significance of p<0,001; **   statistical significance of p<0,01; * statistical significance of  

p<0,05.

In compliance with our results we claim that there 
is a statistically significant dependence of the parti-
cipation in LRPE and self evaluation of the respon-
dents´ lifestyles. The level of significance is 0.001. 
From the graphical representation it is obvious that 
in those respondents who participate in LRPE there 
is a higher occurrence of a positive self evaluation of 

their healthy lifestyles than in the respondents who 
do not participate in the LRPE (figure 3).
The way of life that our young generation lead is 
mainly related to their parents. We investigated 
whether there is any relevance between the level of 
education of the parents and the respondents´ cu-
rrent lifestyles.



18  journal of outdoor activities

References
1. Adamčák, Š., & Nemec, M. (2011). Vzťah žiakov 2. stupňa základných škôl k športu, telesnej výchove a 

obľúbenosť vybraných pohybových aktivít na hodinách telesnej a športovej výchovy. Perspectives of Phys-
ical Training Process at Schools. Innsbruck – Austria: SAS School, p. 21-30.

2. Bartík, P. (2009). Postoje žiakov základných škôl k telesnej výchove a športu a úroveň ich teoretických 
vedomostí z telesnej výchovy v intenciách vzdelávacieho štandardu. Tel. Vých. Šport, 19 (4) p. 4-6.

3. Boržíková, I. (2006).  Diagnostika motorickej docility v školskej telesnej výchove. Zborník prác z vedecko-
-pedagogickej konferencie učiteľov telesnej výchovy. Minerva 2006. Prešov: MPC, 2006. 

4. Broďáni, J., & Kamas, T. (2011). Pohybové aktivity u 9-10 ročných žiakov v regióne Spiš. In:  Ošetrova-

 p-value 

chitest 0*** 

Figure 4  The relevance of the respondents´ lifestyles and the level of education of their parents 
Legend: S–secondary school with Maturita exam, U-secondary school without Maturita exam, C-college, B-basic
Legend of statistical significance: *** statistical significance of p<0,001; **   statistical significance of p<0,01; * statistical significance of  p<0,05

Based on a detailed analysis of the research results 
and the subsequent statistical elaboration in a gra-
phical representation we report that there is a stati-
stically significant relevance of the current lifestyles 
of the respondents and their parents´ level of edu-
cation. The level of significance is 0.001 (figure 4). 
From figure 4 it is evident that with the increasing 
level of the parents´ education  the  respondents´ li-
festyle quality increases.

Conclusion
This contribution deals with the analysis of the se-
condary school students lifestyle in the region of 
Trnava and the students´ participation in leisure 
time and recreational PE. Any physical activity on a 
recreational level represents in a relation to a lifesty-
le certain coherency. Based on his research, Dobrý 
(2006) also confirms the connectedness between a 
physical activity and health.   
Referring to the results of our research we can claim 
that those secondary school students who participa-
te in the leisure-time recreational physical education 

evaluate their own lifestyles in a much more positi-
ve way in comparison with the students who do not 
participate in LRPE, which night be a reflection of 
their cognitive knowledge about the basic factors 
of a healthy lifestyle. Very important is the finding 
that the level of education of parents significantly in-
fluences secondary school students´ lifestyles.
If we want to prevent the current trend which is not 
promising in terms of the way of life of the youth, 
we should not neglect their present state of fitness. 
Nowadays, more than any other times in the past, 
it is extremely important to focus on creation of 
educational physical activity projects in the form 
of leisure-time and recreational PE with respect 
to a healthy lifestyle. Young people should be very 
active from the beginning and schools are very sui-
table places for the continuation. An early imple-
mentation of complex preventive measures such 
as education towards a healthy diet, motivation for 
physical activities, and building habits beneficial to  
a  healthy lifestyle has a significant importance in 
the school population.
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Introduction
As a predecessor of compression technologies, 
which are now implemented in various parts of the 

clothing can be considered women‘s tights, which 
appeared on the market during 20 years of the last 
century. Among empirically and subjectively per-

Abstract
Within the framework of pilot study, we tested effect of running outfit with compressive technology EXO 
SENSIFIT on running performance according to mid-term endurance and selected physiological parameters 
through quasi-experiment. Four probands completed within one week two identical exercise tests, one in 
standard running clothes, second one in sportswear EXO Sensifit (Calf, pants and shirt). Test vita maxima 
was conducted on treadmill, the initial speed was set at 11.5 km / h-1, with increasing speed of 0.5 km / h-1 
every 200 meters and inclination 1°.  Cardiorespiratory parameters and duration of the test were assessed. 
We did not notice significant distinction in any physiological parameter. There was an obvious distinction in 
the duration of the test. Nevertheless, this could be also added to incorporation or placebo-effect.

Key words: 
endurance, compressive dress, testing, heart rate

Souhrn
V rámci pilotní studie, jsme prostřednictvím kvaziexperimentu ověřovali vliv kompresní technologie bě-
žeckého oblečení Salomon EXO SENSIFIT na běžecký výkon charakteru střednědobé vytrvalosti a vybrané 
fyziologické parametry. Čtyři probandé absolvovali v průběhu jednoho týdne dvakrát totožné zátěžové vy-
šetření, jednou ve standartním běžeckém oblečení, podruhé v oděvu EXO SENSIFIT (calfy, kalhoty a triko). 
Test vita maxima proběhl na běhacím páse, iniciální rychlost byla 11,5 km.h-1 s  navýšením rychlosti o 0,5 
km.h-1  každých 200 metrů, sklon 1°. Hodnoceny byly kardiorespirační parametry a délka trvání testu. Ne-
zaznamenali jsme výrazné rozdíly v žádném fyziologickém parametru. Rozdíl však byl patrný v délce trvání 
testu. Toto však můžeme spekulativně přičíst i zapracování popř. placebo efektu.

Klíčová slova: 
vytrvalost, kompresní oděv, testování, srdeční frekvence 
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ceived benefits of these tights were, besides higher 
heat comfort and less skin dryness also reduction 
of pain associated with varicose veins and promo-
ting blood circulation in the lower body (Liu, Lao, 
Kwok, Li, & Tokura, 2010). 
Current compression garments, especially trousers 
or compression socks (CALF) providing compre-
ssion from the ankle to calf, support venous blood 
flow by reducing venous distension in healthy sub-
jects as well as in patients with venous insufficien-
cy. This could be a precondition to increase cardiac 
output during relaxing and during exercising. Agu, 
et al. (2004) proved the effect of compression stoc-
kings that reduce swelling of the lower limbs caused 
by venous congestion and also the effect on deep 
tissue oxygenation of lower limbs (Agu, Baker, & 
Seifalian, 2004). These findings were confirmed by 
Bringardem et al (2006). They showed higher oxy-
genation in healthy people who wore compression 
stockings (Bringard, Denis, Belluye, et al. 2006). 
Currently, the compression technique is used in the 
treatment of patients with venous insufficiency. The 
compression rate in patients is determined by ob-
jective findings: light compression is intended for 
patients with varicose veins, higher one is applied 
in patients with post-thrombotic syndrome. Static 
pressure around 20 mmHg is indicated for throm-
boprophylactic bedridden patients. It is shown that 
use of lightly compression stockings increases the 
flow rate in femoral veins as well as in the inferior 
vena cava. Better results show calf stockings than 
the femoral ones. The femoral stockings are indi-
cated in patients with proximal swelling, e.g. after 
pelvic venous thrombosis, in pregnancy after sc-
lerotherapy or after surgery. Compression stockings 
are used for prevention of venous thrombosis in 
long, for example aerospace travel (Herman, Janik, 
Musil, et al., 2003). 
It is obvious that the successful clinical use of com-
pression technology in health care will be followed 
by efforts to transfer this knowledge to performance 
and professional sport. The origins of these experi-
ments can be found in 1970 in cycling, in the 80s 
was examined the effect of compression clothing 
on performance and in particular the regeneration 
of athletes. In the 90s of the last century, DuPont 
has developed a product Power Lycra, which within 
the framework of a marketing campaign associa-
ted with its introduction to the market has attribu-
tes such as „support muscles“ and „prevention of 
muscle pain“. 
Despite the lack of scientific research that wou-
ld deal with the benefits of compression dress for 

endurance sport, increase of these products is ob-
vious. This is partly caused by companies marke-
ting that supply their products on the market. Sport 
pioneer and holder of trends has become triathlon. 
The current trend of the compression technology 
spreading in this sport is the subject of Kappler’s 
analytical studies (2009).
 Due to marketing policy of individual producers, 
compression dress is associated with a positive effect 
on performance increase, respectively speeding up 
of the recovery time. Conclusions of current sci-
entific studies are not so unambiguous. There are 
examined many attributes of compression dress 
use, while the fundamental issue can be included 
relationship between compression technology and:

• muscle physiology (exercise and fatigue) 
• circulatory parameters 
• thermoregulation 
• recovery 
• Injury Prevention 
• placebo effect

The influence of compression technology on the 
size of aerobic energy output while running a con-
tinuous pace was examined, where significantly 
lower values were detected using compression gar-
ments (Bringard, Denis, Belluye, et al. 2006). Effect 
of complete compression dress on running econo-
my was studied by Bakken, et al. (2009). Conclu-
sions of this study are not entirely clear, but partly 
confirm the conclusions Bringarda et al. (2006) that 
deals with effect of the compression technology on 
decrease of running difficulty. 
In our study, we focused on comparing mid-term 
endurance with and without the use of compression 
garments, namely Salomon product, under the tra-
de name EXO Sensifit. Producer states the following 
benefits of the use of compression technology:

„A) Better oxygenation: Strengthens upper body, 
allows a simpler and bigger blood supply.

b) Maximum energy: Reduces muscle deformity 
and loss of energy by 20%, increases muscle perfor-
mance by 5%

c) Faster Recovery: Accelerates blood circulation 
thereby prolongs time to exhaustion by 15% and im-
proves the reduction of lactate „(Salomon, 2011, p. 2)

Within the framework of our pilot, case study, we 
made an attempt to verify postulates regarding per-
formance improvements.
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Methods
The essence of our quasi-experimental pilot study is 
a verification of the influence of clothing with com-
pression technology on manifest variables (per-
formance, heart rate, ventilation parameters) and 
latent (anaerobic threshold) variables. . The task is 
detection of an associational relationship, where the 
input variable is formed by compression and stan-
dard clothing output variable is formed by manifest 
and latent variables. It is also necessary to capture 
and minimize factors that can affect course and re-
sult of the experiment, i.e.: 

• characteristics of the probands (age, sex, subjec-
tive status, nutrition, fluids, medication, fitness, 
influence of biorhythms, psycho-emotional load); 

• test conditions (climatic conditions, biological 
stress factor, etc.);

• the issue of the assessment ANP (expert asse-
ssment);

Diagnosing quality is generically given value of ma-
nifest and latent variables expressed in metric and 
physiological parameters. 
Our intention is is to expose causal relationship by 
using quasi-experiment. To confirm our hypothe-
sis is in a controlled experiment used a potentially 
causal variable, in the form of deliberate manipula-
tion, with an expectations for change in the output, 
thus the category of potential effects (see diagram 
below).

Within the framework of our pilot study four able-
-bodied probands (Avg. Age = 39.2, s = 4.7), focu-
sing on an endurance sport disciplines, completed 
functional stress testing vita maxima on a treadmill 
repeatedly within one week (HP Cosmos, Germa-
ny). The initial speed was set at 11.5 km / h-1, with 
increasing speed of 0.5 km / h-1 every 200 meters. 
Inclination of the treadmill was 1° throughout the 
test. The cardiorespiratory parameters were moni-
tored during the test. Heart rate was scanned and 
recorded within an independent technology by 
cardio-indicator Polar RCX5 and ventilation pa-
rameters were recorded by methods called “breath 
by breath” through spiro-ergometer Oxycon Delta 
(Viasys, Hamburg, Germany). 

 Probands completed the first testing dressed in 
standard (free) sportswear that covered who-
le body except the upper limbs. The second test 
was completed one week after under similar con-
ditions in the same shoes, with the compression 
outfit Salomon EXO SENSIFIT. It consisted of a 
three-quarter pants (covering the knees), calfs and 
T-shirt. All three parts contain elements of com-
pression technology. 

Results
Final values of the stress testing are summarized in 
Tables 1 and 2. According to casuistic and pilot natu-
re of our study, we did not calculate any average and 
resulting values fall under each proband separately. 

X1 X2

Y2Y1

(standart dress) (compression sportswear)
Potential causes:

Potential effect:

(performance and physiological parameters)    (performance and physiological parameters)
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Table 1 Selected values of the stress test vita maxima completed in the ordinary running outfit (test 1) and 
in sportswear EXO SENSIFIT (test 2)

1 2 3 4 5 6 7 8 9
Proband A H R 

10kmh-1
% maxi-
ma

H R 
12kmh-1

% maxi-
ma

HR min HR max HR avg HR AT at AT

test 1 128 69 148 80 72 185 155 171 14,5
test 2 132 71 149 80 85 186 157 169 14,5
Proband B
test 1 148 73 172 85 110 202 176 184 13,5
test 2 147 72 173 84 113 205 179 185 13,5
Proband C
test 1 141 75 153 81 100 188 167 172 13
test 2 133 71 152 81 98 188 161 167 13
Proband D
test 1 123 68 147 81 99 182 154 161 13,5
test 2 124 68 144 79 82 183 152 162 14

 Legend:
1 – heart rate while running speed 10 km h-1

2 –. HR percentage value while running speed 10 km h-1 (HR max = 100%)
3 – heart rate while running speed 12 kmh-1

4 – HR percentage value while running speed 12 km h-1 (HR max = 100%)
5 – minimal HR 
6 – maximum HR 
7 – average HR 
8 – HR at anaerobic threshold
9 – speed at the anaerobic threshold (km h-1)

Table 2 Selected maximum values of the stress test vita maxima completed in the ordinary running outfit 
(test 1) and in sportswear EXO SENSIFIT (test 2)

1 2 3 4 5
Proband A v max VE BF RQ VO2max
test 1 17,5 127 47 1,18 53,5
test 2 18 138 48 1,18 57,9
Proband B
test 1 17 131 50 1,12 63,6
test 2 17,5 146  57  1,20 68,0 
Proband C
test 1 16 140 45 1,11 62,3
test 2 16,5 138 46 1,08 60,9
Proband D
test 1 17 150 52 1,07 71,22
test 2 17,5 155 48 1,02 78,3

Legend:
1 – maximum reached speed (km h-1) 
2 – ventilation (L • min-1) 
3 – respiratory rate 
4 – respiratory quotient 
5 – maximum oxygen consumption (L • min-1 kg-1)
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For a small number of probands is not possible to 
determine the value of statistical or substantive re-
levancy of distinction in diameter. Partly we can 
evaluate practical relevancy. The results do not re-
veal significant differences in any of the observed 
physiological and parametric values. Nevertheless 
the only value that increased at each proband in the 
second part of the test is the maximum achieved 
speed. This difference made 0,5 km h-1 for each in-
dividual, which corresponds to 150 meters. 

Discussion
We see limits of this study not only in the number 
of probands (it is necessary to increase the amount 
of tested individuals) but also in the design of the 
study. We assume that if compression technology 
brings any benefits, so these benefits are not de-
tectable during running performance according to 
mid-term endurance specifically in graduating test 
vita maxima lasting up to 10 minutes. 
Similar findings were published in Faulkner‘s stu-
dy et al. (2012), which dealt with the influence of 
compression apparel on performance and selected 
physiological parameters in short and speed endu-
rance capabilities (Faulkner, Gleadon, McLaren, et 
al. 2012).
Kleingartner et al. (2012) dealt with mid-term 
endurance and influence of the compression appa-
rel on physiological parameters (HR, VO2max and 
RPE). Unlike our research was the initial locomoti-
on walk rate of 4,0; 4,8 and 5, 6 km h-1. There was no 
significant effect of the compression technology on 
observed parameters. Minimum differences on the 
border of substantive relevancy were noted in RPE 
(4,8 km.h-1) and VO2max (4 km.h-1) (Kleingartner, 
Porcari, Doberstein, et al., 2012). 
A similar experiment design as in our study chose 
Kemmler et al. (2009) although he tested long endu-
rance. Duration of the graduated stress test vita ma-
xima was 35.03 in average or 36.44 min. (1st and 
2nd test). Probands used only compression knee-
-length socks. This research confirmed significantly 
higher performance at maximum stress test once 
the compression knee-length socks were used (ES 
= 0,40). Insignificant difference was observed only 
for values of VO2max (52,2 vs. 53,3 ml.kg.min-1, ES: 
0,18). Running performance on the level of anae-

robic (14.11 vs. 13.90 km h-1, ES: 0.22) and aerobic 
threshold (13,02 vs. 12,74 km h-1, ES = 0,28) was 
significantly higher when compression knee-length 
socks were used (Kemmler, von Stengel, Köckritz, 
et al., 2009). Kemmler et al. (2009) deduced that the 
use of compression technology improves running 
performance, but explanatory mechanisms can be 
partly attributed to slightly higher aerobic capa-
city. In our study we recorded higher duration of 
maximum stress test at all four probands same like 
Kemmler et al. (2009) did. Likewise appear insig-
nificant changes in ventilation parameters. From 
our point of view, these effects could significantly 
impact performance in the second test. It is also di-
fficult to solve the issue of placebo, because in this 
type of research design we cannot satisfactorily tre-
at control group and implement placebo. 

This study served as a pilot study and in subsequent 
work we want

a) increase the number of tested individuals to 
be able treat the data statistically

b) modify the protocol in order to observe per-
formance in long endurance thereby we will 
contribute to addressing the issue impact of 
compression technologies to delay onset of 
fatigue and exhaustion

c) monitor dynamics of stress lactate and post-
-exercise lactate, what might contribute to ad-
dressing the issue effect of compression tech-
nology on speed and quality of recovery

Resume
Pilot, casuistic study, whose limits of notice values 
are determined, showed minimal effect on physio-
logical determinants during mid-term endurance 
exercise. It confirmed the conclusions of similar stu-
dies that compression technologies can lead to a later 
onset of fatigue and prolong the period of endurance 
performance. Next research following this study will 
be implemented in the long-term endurance and it 
will mainly focus on the role of compression techno-
logy in the post-exercise recovery.
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Introduction
Recently, high-mountain tourism has been going 
through a great boom which is connected with 
other sport disciplines (ski-alpinism, mountainee-
ring and other outdoor sports). These activities 
might be the risky ones and that is why the athle-
tes should have appropriate knowledge and skills. 
One of the most serious problems at the mountains 
during winter is the avalanche jeopardy. It is often 
underestimated even when dozens of people die in 
avalanche every year (www.ikar-cisa.org/ikar-cisa). 
Mountaineering, ski-alpinism, and off-piste skiing 
are activities which cause absolute majority of ava-
lanche accidents. For people moving at places with 
avalanche risk, it is crucial to know the procedures 
when swept by avalanche. More important is the 
knowledge of avalanche risk, to be able to recogni-
ze it, know how to avoid it, use the proper routes 
through slopes and to have proper and working 
avalanche equipment (avalanche transceiver, probe, 

snow shovel and first aid kit).
According to the researches and statistics data of al-
pine countries, 52% of buried people die under ava-
lanche (Falk 1994, Brugger 2001). Factors, lowering 
the survival probability under avalanche are mostly 
linked with hypercapnia, hypoxia and hypothermia. 
There is enough air in powder snow yet problem is 
the increasing concentration of CO2 in snow air ca-
vity. Another factor affecting the time of survival is 
the compression of chest by its mass and snow im-
pact. Not the last are also the matters of psyche. Fast 
and effective help together with the existence of an 
air-cavity and the possibility of CO2 diffusion are 
important for increasing the probability of survival 
under avalanche.
Present Czech literature gives only general informa-
tion about human staying under snow avalanche. It 
was particularly authors Vrba and Urbánek (1957), 
who focused on metamorphosis of snowflake what 
was very useful in their times for avalanche preven-

Abstract
Our article is focused on pathophysiology of snow avalanche death. It analyses available information based 
on literature search. The goal is the summarization and clarification, based on numerous researches and case 
interpretations, in the field of pathophysiology when buried under a snow avalanche. It is mainly focused 
on the hypercapnia and hypoxia issues during breathing into the snow and also on hypothermia and gas 
diffusion. We assume that our results will be used for next surveys and for improvement the recent findings.

Key words: 
hypoxia, hypercapnia, hypothermia, avalanche, air cavity

Souhrn
Tento článek se zabývá patofyziologií úmrtí ve sněhové lavině. Analyzuje současný stav poznatků na základě 
rešerše literatury. Cílem je sumarizace a objasnění na základě četných výzkumů a kasuistik v oblasti pato-
fyziologie úmrtí při zasypání sněhovou lavinou. Zejména se zaměřuje na  problematiku hyperkapnie a hy-
poxie při dýchání do sněhu, ale také se zabývá hypotermií a difuzí plynů. Předpokládáme, že tyto poznatky 
budou využity pro další výzkum a zpřesnění současných poznatků.

Klíčová slova: 
hyperkapnie, hypoxie, hypotermie, lavina, sněhová kapsa



Volume 8  No. 1/2014   ISSN 1802-3908          29

tion. There are many recommended general proce-
dures for people buried under avalanche which are 
mainly based on processed casuistic. Survey in this 
field presently conducts Mašek (2014) who measu-
res human physiological changes during breathing 
into snow cavities of various volumes and compa-
res it with breathing into death-space. This research 
should clarify the issue of survival under snow ava-
lanche.
Nowadays, avalanches come under the scrutiny in 
the world. Primarily, it is due to the reasons of pre-
vention yet the rescue of avalanche victims plays 
also important role. The most common victims are 
ski-alpinists, skiers and snowboarders who ride 
off-piste, mountaineers and, in the USA and Cana-
da, it is snowmobile riders (http://avalanche.state.
co.us). All these activities are being conducted at 
remote areas, far from ski resorts what means that 
it is difficult to check them for avalanche accidents 
(Brugger 2001, Boyd 2009). During years 1994 – 
2003, the median of annual mortality rate of ava-
lanche accidents in Europe and the North America 
was 141 people (Hohlrieder 2007).
Avalanche accidents in Europe have been monito-
red by ICAR – CISA (International Commission 
for Alpine Rescue) when information are availab-
le in the internet (www.ikar-cisa.org) and majori-
ty of recommendations are based on statistics and 
evaluated causalities. In European region, it is just 
ICAR – CISA which is unwritten authority for hi-
gh-mountain medicine and which evaluates the 
mentioned statistics. In the Czech region, these are 
gathered and evaluated by security committee of 
the Czech mountaineering association (www.ikar-
cisa.org) in coop with medicine committee (www.
horosvaz.cz) and the Society of mountain medicine 
(www.horskamedicina.cz). 
According to Falk et al. and other authors, the chan-
ce to survive an avalanche accident depends on a 
few factors:

• seriousness of a traumatic injury
• time of a bury under snow

• extent of a bury under snow
• depth of a bury under snow
• existence of an air-cavity

Goal
The goal of our article is to analyses the findings 
published in specialized journals and publications 
focused mostly on avalanche issues in branches 
like hypercapnia, hypoxia and hypothermia. The 
surveys are based on casuistic and experiments 
which were conducted on volunteers and animals.
The literature search was conducted by looking out 
specialized articles on specialized servers (web of 
science, web of knowledge) and at the library of 
ČVUT Prague through computer-aided retrieval 
of key words and authors who work on determined 
issues.

Pathophysiology of avalanche deaths
On the basis of European and American analysis of 
death cause in avalanche, the main cause of death 
is suffocation, reaching the rate of 90% (Falk 1994, 
Logan 1996, Grossman 1989). Hypothermia and 
traumatic injuries is less statistically important. 
Analysis of some authors indicates high rate of trau-
matic injuries (almost 25% of all accidents) see Tab-
le No. 1. These differences are due to diverse geo-
graphic determinants. At wooded or rocky areas, it 
is possible to expect higher probability of traumatic 
injury rather than at open and plain slopes. It is im-
portant to count with these results when applying at 
different geographic areas. Higher rate of traumatic 
injuries as a cause of avalanche deaths is also cau-
sed by new technologies, e.g. Airbag system which 
is active avalanche protection which prevents an 
avalanche victim against bury and decrease their 
probability of suffocation. 
Face, skull and rib fractures linked with pneumo-
thorax and pulmonary contusion together with in-
ternal bleedings and long-bone fractures are typical 
avalanche injuries.

 Table 1 Death causes in avalanche (Hohlrieder 2007, McIntosh, Boyd, et.al, 2009)

Suffocation (%) Trauma (%) Hypothermia (%) In total (%) Incidents
Hohlrieder et al. 92 6 2 100 39
McIntosh et al. 95 5 --- 100 56
Boyd et al. 75 24 1 100 204
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Time of burial
Survival probability of completely buried victims 
in open terrain, based on data of Alpine countries 
from years 1982 – 1998 (n=735) shows quick decre-
ase from 91% in 18th minute to 34% in 35th minu-
te. This period is called “phase of acute suffocation 
without air-cavity.” Another decrease between 35th 
and 90th minute is not as steep. A victim has free 
respiratory system, set up air-cavity which is being 
closed, though. As a result of temperature difference 

between outer area and exhaled humid air, this hu-
midity began to condense, followed by its freezing 
at the walls of air-cavity. Emerged crust makes im-
possible any process of gas diffusion (O2 and CO2). 
This phase is called “phase of air-cavity closure” and 
brings consequences of hypoxia and hypercapnia. 
Upcoming decrease to about 7% in 130th minute is 
the result of slow hypercapnia at created air-cavity 
altogether with hypothermia (Falk 1994, Brugger 
2001), sees Picture No. 1.

Figure 1 Survival probability curve of completely buried of Alpine countries between years 1981 and 1998, n=735 (full line) (Falk 1994) 
compared with survival probability curve from years 1981 – 1991, n=422 (dashed line) published earlier (Brugger 2001).

Extent of burial
The extent of burial is one of the key factors influen-
cing probability of survival under the snow avalan-
che. The definition of complete burial states that 
this is when a victim is completely buried and the 
snow covers their body and head. All the other ca-
ses mean that we speak about partial burial (Brugger 
2001). The analysis of Alpine countries avalanche 
accidents between years 1981 and 1998 on 2000 ac-
cidents shows that total mortality reaches 23%. This 
rate grows up to 52% for victims who were comple-
tely buried. On the other hand, for cases of partial 
buried victims, the mortality rate decreases at only 
4% (Brugger 2001). In these numbers, we can assu-
me that most of partial buried were not reported. It 
is estimated that the number of non-recorded cases 
might be as twice higher as the recorded ones. This 
effect reduces probability of death during partial bu-
rial under mentioned 4% (Brugger 2009). The most 
of avalanche deaths are connected with complete 
burial. This is why the active avalanche protection 
systems are recommended for skiing and off-piste 

activities. The systems are built in a carried backpack, 
might be activated by users themselves and increase 
the chance of survival by protecting them from com-
plete burial. Probability of user not being buried or 
being buried only partial is 95% or higher (Chardon 
2007, Brugger 2007). The producer of avalanche bac-
kpacks ABS presents even 97% of survival out of 250 
avalanche accidents when using ABS system (http://
abs-airbag.de). Other producers are SNOWPULSE 
and BCA companies whose systems are used at Deu-
ter and Mamut backpacks.

Depth of burial
Depth of burial is closely connected with the extent 
of it (Burtscher 1994). In average, a head is buried 
70 cm under the surface. A dependency between 
depth of burial and probability of survival, when 
counting with the time of burial, was impossible 
to prove. We can only assume that probability of 
survival depending on time is linked with the lon-
ger time of extrication yet it is unknown if the pro-
bability is influenced by snow pressure.
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Air cavity existence
A big amount of surveys and authors research the 
procedures and methods for victim rescue (Brugger 
2001). They deal with forms of digging to avoid co-
llapse of an air cavity in front of face, management 
of rescue and the time schedules of every operation 
step. Some surveys focus on measurement of asphy-
xia or hypercapnia under the snow (Windsor 2009, 
Grissom 2000, Radwin 2001, Brugger 2009). Im-
portant for our research is the one which measured 
hypercapnia during breathing into air-cavity of one 
and two liters volume (Brugger 2003). His research 
was conducted at 1640 meters above sea level altitude 
with 12 subjects (4 female and 8 male). Their aver-
age age was 25 years (between 18 and 29 years). Im-
plementation of the research was conducted during 
4 days (15th – 16th APR 2000 and 17th – 18th FEB 2001. 
The conditions of the first measurement were: air 
temperature median 4,8°C (range 6 – 6,8°C), air pre-
ssure median 84,3 kPa (range 84 – 84,7 kPa), snow 
temperature median 0°C (range -1 – 0,1°C), snow 

density median 470kg/ m3 (range 330 – 593 kg/ m3). 
The conditions of the second measurement were: air 
temperature median -1°C (range -2,8 – 0°C), air pre-
ssure median 82,5 kPa (range 82,3 – 82,7 kPa), snow 
temperature median -1,4°C (range -2,3 – 0 °C), snow 
density median 275kg/m3 (range 139 – 376 kg/m3). 
This research was mainly focused on measuring the 
variance SpO2 (%) and the variance of ETCO2 (kPa) 
increase. Also, the time until the interruption was 
measured in both air-cavity volumes altogether with 
quantifying the differences between SpO2 when bre-
athing either into 1 liter or 2 liter volume of air-cavity. 
The authors chose non-parametric Mann-Whitney 
U-test for comparison. The evaluation of relation-
ship between air-cavity size and lowering peripheral 
O2 by SpO2 saturation was executed by Box-test. The 
research also showed the correlation between speci-
fic snow density (kg/m³) and lowering peripheral O2 
by SpO2 saturation in the first 4 minutes (r = 0,50, P 
= 0.021).

Figure 2 Box graph of relationship between lowering peripheral O2 (SpO2 %) saturation and the size of air-cavity (n=28). Boxes show inter-
-quartile range. The line inside the graph means median. Up and down antennas point at the highest and lowest figures. Median SpO2 % is 
lowering during first four minutes of breathing into the air-cavity of 1 liter volume from 99% (range 96 – 100 %) to 84% (range 71 – 92%). 
When speaking about 2 liters air-cavity, the SpO2 % is lowering from 98 % (range 93 – 100 %) to 90 (range 82 – 94 %). Mann – Whitney U-
test, P = 0,003 (Brugger 2003).

Figure 3 Shows correlation between the peripheral O2 (SpO2 %) saturation and the specific snow density (kg/m³) in the first four minutes 
of burial. The grey points show results of the first part of experiment (n=12) while the black ones show results of the second measurement 
(n = 16), (Brugger 2003)
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Another source is the research conducted on pigs 
(Paal, 2012) which compared breathing into 1 liter 
cavity and open, unlimited space during comple-
te burial. Out of so called “Triple H Syndromes” 
(hypoxia, hypercapnia, hypothermia), mainly hy-
pothermia was measured. The Declaration of Hel-
sinki (2008) forbids hypothermia experiments on 
humans, and so the pigs were used for that purpose. 
Even though the Ministry of Science and Research 
approved it and survey itself was conducted by Uni-
versity of Medicine in Innsbruck altogether with 
Institute of Urgent Medicine of European Univer-
sity in Bolzano, mostly environmentalists protested 
against it and so the research was terminated earlier.
Nine animals were successfully measured during 
complete burial, though. They were always put into 
sleep and subsiding preparations were applied. The 
temperature of core decreased very quickly, in aver-
age of 15 ºC hˉ¹ in first ten minutes at both groups. 
The first group breathed into unlimited air cavity 
while the second one breathed into air cavity of 1 
liter volume. Lowering the temperature this quickly 
brings also decrease in metabolism. Another studies, 
according to the authors, should focused on relation-
ship among the size of air cavity, specific snow den-
sity, speed of hypothermia, hypoxia and hypercapnia 
during avalanche burial (Paal 2012). Problems of ris-
ing hypercapnia considering the snow cavity closure 
are topic of other researches (Radwin 2001, Grissom 
2000, Windsor 2009). These surveys are focused on 
increasing the chance of survival when using special 
breathing devices. The common attribute of these de-
vices is utilization of snow diffusivity and gaining O2 
for inhaling, when exhaling is led behind the body 
of a subject by tubes what does not lead to hypercap-
nia and the time of survival dramatically increases. 
A big disadvantage of these devices is the necessity 
of putting them into victim´s mouth during being 
swept by avalanche. Measuring the gas diffusion in 
snow (Seok, 2009) was the issue of research in Colo-
rado, when a group of scientists measured simple gas 
diffusion in snow which fell onto the device assem-
bled for measurement. This survey has been condu-
cted during whole winter season and its results are 
mostly focused on environment.

Discussion
According to researches, digging a victim out off 
the avalanche is crucial for their survival in first 
15 to 18 minutes. This particular time, when vic-
tims die mostly due to acute phase of suffocation, 
is critically short. That is why so called “friendly 
aid” is decisive. Not only proper equipment (ava-

lanche transceiver, probe and snow shovel) is nee-
ded for this type of rescue but also the knowledge 
how to use it. Today, localization of victims is very 
precious thanks to modern, digital avalanche tran-
sceivers. The biggest delays occur during digging 
victims out. Therefore, this phase of rescue should 
be well organized and trained. Airbag backpack is 
another part which appears nowadays among pro-
tection tools. Although it is financial demanding, it 
is the only active protection of present days. This 
system works on a base of big volume of inflated 
bags which help to swim out of the avalanche. Par-
ticular producers claim the successfulness of vic-
tim not being buried or being buried only partial 
as 94% or higher under condition of activating the 
system in time. The same importance has services 
of experienced instructors and mountain guides 
who can move in risky terrain and know the risks 
and make them as minimal as possible. For safety, it 
is also important to respect the levels of avalanche 
risk and adjust your movement according to them 
altogether with the other information (weather, size 
and experience of a group, equipment, etc.).
According to valid norms ICAR - CISA (Soar 2010), 
the air cavity is a condition of victim not having snow 
in respiratory system and mouth. It was the reason 
why authors Sýkora and Mašek decided to follow pri-
or study of Brugger (2003) and manage a measure-
ment of human functional changes during breathing 
into air cavity of 0 or 1 liter volume. We were able 
to record more values thanks to better devices which 
were not disposal for our predecessors. We use the 
same number of subjects breathing both into 1 liter 
and 2 litres volume and so calculation will be condu-
cted by Wilcoxon pair non-parametric test. The part 
of the survey is also finding out a diffusivity of snow 
during burial. Creating a model of CO2 diffusivity 
can contribute to better understanding of phenome-
non happening during burying. We also hope our 
research can be helpful for products which increase 
survival chance of avalanche accident victims.

Conclusion
Out of particular studies, it is obvious that quick and 
correct help given to avalanche accident victims in-
creases their chance to survive. The most common 
death cause is asphyxia. It is very often combina-
tion of hypoxia and hypercapnia. That is why the 
existence of air cavity is crucial during burial under 
snow avalanche. Another factor which is not to be 
omitted is hypothermia. We speak about so called 
“triple H syndrome” (hypoxia, hypercapnia and hy-
pothermia). Some studies also show a link between 
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hypercapnia and hypothermia pointing out the fact 
that hypercapnia victims suffer of distinctively fas-
ter hypothermia (Paal 2012, Radwin 2001, Grissom 
2000, Windsor 2009).
We have to pinpoint the fact that not even up-to-da-
te technical avalanche systems lead to lowering the 
avalanche risk to zero. Except for airbag backpacks, 
all the other systems are passive avalanche devices 
which simplify and accelerate seeking and digging 
the victims out of avalanche. Also the only active 
system, airbag backpack, is not hundred percent 

effective due a high percentage of their success-
fulness influenced by statistical data in avoiding 
a burial or partial burial. These statistics do not 
count with mechanical injuries which, according 
to Falk (1994) and Brugger (2001), are a reason of 
8% deaths. According to these data, 52% of dug out 
victims are dead.
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Genetic predisposition and its effect 
on performance in outdoor activities

Abstract
Presented article is focused on the possibilities of genetic predispositions affecting sport performance and its 
use in selecting of talents for specific sports. Attention is paid to the specific genes which are involved in the 
level of speed-strength or endurance abilities applied in outdoor activities such as mountain climbing, skiing, 
canoeing etc. Genetic motion preconditions are in the article represented by presence of polymorphisms 
R577X ACTN3 gene, I / D ACE gene and C / G gene PPARα. ACTN3 gene and its R allele was the only 
one associated merely with speed-strength preconditions. At PPARα and ACE gene was found assumption, 
according to present allele, for connection to both speed-strength and the endurance abilities. The main con-
tributor to exert influence of gene is the presence of alleles found in the aforementioned genes.

Key words: 
polymorphism, sport performance, gene, speed-strength abilities, endurance abilities, predispositions.

Souhrn
Předkládaný článek je zaměřený na možnosti genetických predispozic ovlivňujících sportovní výkon a jejich 
využití při výběru talentů pro konkrétní sportovní odvětví. Pozornost je věnovaná konkrétním genům podí-
lejících se na úrovni rychlostně-silových nebo vytrvalostních schopností. Genetická podmíněnost pohybových 
předpokladů je v článku zastoupena přítomností polymorfismů R577X genu ACTN3, I/D genu ACE a C/G 
genu PPARα. Gen ACTN3 a jeho alela R byla jako jediná spojena pouze s rychlostně silovými předpoklady. 
U genů PPARα a ACE byl nalezen předpoklad, dle přítomné alely, pro spojení jak s rychlostně silovými, tak s 
vytrvalostními schopnostmi. Hlavní podíl na uplatnění vlivu genu má přítomnost alel výše zmíněných genů.

Klíčová slova: 
polymorfismus, sportovní výkon, gen, rychlostně-silové schopnosti, vytrvalostní schopnosti, predispozice.

Introduction
The accelerating trend, new scientific approaches, 
new technologies and specialized sports institutions 
show that sports practice and sports performance 
are by its nature interdisciplinary matter with new 
possibilities of data processing (Dovalil et al., 2009). 
Development of high performance athletes affect 
not only environmental factors such as training, 
nutrition and the environment he lives in but also 
genetic potential that influence every athlete sin-
ce birth. Elite sports performance is a phenotype 
of physical capability determined by genetic po-
tential (MacArthur & North, 2005). Thus the bio-
logical base of physical capability always develops 
in genetically determined range of assumptions, ie. 
that the extent of plasticity properties of cells, tis-
sues, organs or their systems, as well as the regula-
tory mechanisms involved in the determination of 

their properties (such as composition, metabolism 
and functions) is defined genetically. Phenotype of 
an individual, which might have a genetic base for 
endurance capabilities used on long running trails, 
muscle strength needed for climbing and downhill 
skiing, physiological possibilities to repeat series 
in high intensity or ability tendons and ligaments 
to withstand damage, provides us with informati-
on relevant to the selection of specific sport (Lippi, 
Longo, & Maffuli, 2010). Physical abilities are not 
hereditary in definitive form, but only certain dis-
position / abilities for relevant feature are transmit-
ted and these dispositions /abilities are encoded in 
the genes and it depends essentially only on chance 
or parent estimation whether will be used for the 
appropriate sports activity or specific sport. Skeletal 
muscle is an organ that reacts on external stimuli 
and changes very sensitively and at the same time it 
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is an example of unity and structure of body. Initial 
stage of tissue differentiation and thus the skeletal 
muscles, but also degree of individual maximum, 
are encoded within the genotype of cells. 
Current scientific findings show that genetic infor-
mation in the form of several genotypes is an inte-
gral part affecting sport level of every athlete and 
therefore it is necessary to take account of new re-
searches in molecular genetics and integrate them 
into methods used for the prediction of motional 
abilities (Měkota & Novosad, 2005).
Grasgruber and Cacek (2008) reported that muscle 
protein composition, blood supply to the heart and 
lungs, as well as the activity of key enzymes invol-
ved in energy production are significantly geneti-
cally influenced ingredients of sports performance. 
Effect of genetic factors is considered to be stronger 
in early childhood, because environmental effects are 
not yet fully applied and therefore measure of gene-
tic determination has a considerable importance in 
the selection of sports talents and sports activities. 
According to the existing findings, best athletes of 
different specializations have different fibers compo-
sition (Dovalil et al., 2009).  Effect of genetics for a 
particular physical performance is estimated around 
40-50%. For anaerobic performance, in the form of 
short-term anaerobic action in 10s, is estimated hi-
gher than 50% (Bouchard, Malina, & Pérusse, 1997). 
Měkota and Novosad (2005) reported that mostly 
is genetically determined maximum anaerobic and 
lactate performance, which is crucial for the imple-
mentation of speed-strength movements. Lippi et al. 
(2010) reported that genetic testing in sports could 
allow identification of individuals with optimal phys-
iology and morphology, as well as individuals with 
higher ability to react and assimilate to practice, the-
reby reduce the chance of injury. 
Currently used detailed analysis of physiologi-
cal parameters basically represents the integrated 
measurement of the effects of multiple genes and 
environmental influences on the phenotype, while 
genetic tests examine only isolated individual deter-
minants. There may be situations in which genetic 
testing can provide invaluable information about 
the genes influencing performance using physiolo-
gical way that is badly characterized, or it is difficult 
to measure it directly, whose physiological tests are 
only weakly predictable for performance in adul-
thood (MacArthur & North, 2005).

Genetic determination
Genetic predispositions or assumptions for sports 
performance are sets of genes built within the DNA 

molecule, which are involved in formation of fea-
tures, functions or morphology of cellular tissues. 
These features, morphology or function are usua-
lly encoded by several genes and simultaneously 
can have several different forms, several polymor-
phisms and, thus, several different phenotypic ma-
nners. Information encoded in DNA is determi-
ned by order of the nucleotides (A, C, G, T) in the 
chain, in other words, sequence which forms the 
respective gene (Alberts, 1998). Genes contain in-
structions in form of a linear nucleotides order for 
the proteins production whose features are deter-
mined by their three-dimensional structure and 
they are responsible for their biological function. 
Most of the genes is made up by relatively short 
DNA segments that encode individual proteins 
and larger segments of NOT coding DNA, so called 
regulatory regions. Encoding genes, so called 
exons that encode individual proteins constitute 
only 3% of the human genome, remaining 97% of 
NOT coding DNA are called introns which have 
unknown or unspecified function (Ganong, 2005). 
The genotype of an individual is a set of alleles that 
form genetic makeup in loci of chromosomes and 
the allele is one of alternative versions of the gene 
which may occur in a given locus. If in the popula-
tion were at least two relatively common alleles for 
a given locus, we could say that the locus evinces 
polymorphism or literally „many forms“. Gene is a 
unit of heredity. It is a sequence of chromosomal 
DNA necessary for the production of a functional 
product (Nussbaum, 2004). Right these polymor-
phisms, or small changes in the DNA structure are 
responsible for different phenotypic variants such 
as height of athlete, muscle mass, strength, sports 
position etc. Most common types of DNA sequen-
ces are SNP (single-nucleotide) polymorphisms 
and insertion or loss (insertion/deletions) thus, 
I/D polymorphisms. Phenotypic manifestations, 
such as muscle strength, speed and endurance are 
generally polygenic it means that observed pheno-
type is being influenced by many genetic factors. 
Heritability was strongly proved in speed-strength 
abilities (Ahmetov et al., 2012). Most studied are 
genetic effects on cardio-respiratory functions and 
skeletal muscles, which are very important for per-
formance in many sports. Connection of genotype 
with motion testing is difficult according to motor 
skills which can be affected by training. To date, 
more than 20 genetic variants were associated with 
the phenotype of sports performance, whereas the 
most studied genotypic variants are ACE, ACTN3 
and PPARα. 
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Polymorphism ACE I/D  
(Angiotensin-I-Converting Enzyme)
Polymorphism ACE I / D is one of the most stu-
died genetic variant affecting sports performance. 
ACE gene has two alleles differing by presence (in-
sertion, an allele I) or absence (deletion, an allele 
D) of 287-bp Alu recurrent element in intron 16 
(MacArthur & North, 2005). Circulating angio-
tensin I-converting enzyme shows a tonic regula-
tory function in circulatory homeostasis through 
vasoconstrictor synthesis of angiotensin II, Circu-
lating angiotensin I-converting enzyme shows a 
tonic regulatory function in circulatory homeosta-
sis through the synthesis of vasoconstrictor angio-
tensin II, which control the aldosterone synthesis 
and degradation of vasodilatory kinins. I allele is 
associated with a lower tissue activity than allele D 
(Ahmetov, 2012b). ACE I/D polymorphism may 
also affect athletic performance by local effects on 
the skeletal level. I allele was associated with signi-
ficantly greater modifications in muscle resistance 
and efficiency of muscle contraction in respon-
se to training and with the increased number of 
muscle fibers type I („slow“) in m. vastus latera-
lis at untrained individuals. In contrast, D allele 
was associated with larger increases of strength 
m. quadriceps femoris in response to nine weeks 
isometric strength training program (MacArthur 
& North, 2005). Jones and Woods (2003) suggest 
that the I allele supports resistance by increasing 
of the efficiency of skeletal muscle, partly probably 
due to effect on the composition of the types of 
muscle fibers, while the D allele may increase the 
speed activity via increasing of muscle strength.
 It was proved that ACE D allele is associated with 
high serum and tissue ACE activity, hypertension, 
type 2 diabetes, obesity, coronary artery disease 
and myocardial infarction. Excess ACE I allele 
was detected at endurance athletes compared with 
controls in several studies and this fact indicates 
that the ACE I allele is favorable for aerobic per-
formance (Ahmetov, 2012b). 
The first study that showed an increased frequen-
cy of allele I was conducted at 25 British alpine 
climbers compared to controls. Afterwards similar 
results were reported at 64 endurance Australian 
rowers compared with healthy controls. Conver-
sely, increased D allele was detected at 35 elite 
swimmers for short distances (less than 400m). 
Which suggests that ACE I allele and the ACE 
D polymorphism ACE I / D have differing effect 
on athletic performance. Athletes with allele I 
prefer endurance load and athletes with allele D 

tend to shorter sprint disciplines (MacArthur & 
North, 2005). In study of elite rowers (n = 107), 
the frequency of ACE II genotype was significant-
ly higher than the frequency in the control group 
(Ahmetov, 2007). Several studies have shown that 
the D allele may be related to greater strength and 
muscle bulk and I allele was rather associated with 
endurance athletes. Another relation was found 
between the D allele and left ventricular growth 
in response to exercise. Significant association was 
found in several studies where individuals were 
put in intentional physical training. The associa-
tion apparently does not occur at untrained heal-
thy individuals. This implies an indication of any 
effect of the ACE genotype on cardiacal function 
involving an interaction between the genotype and 
training (MacArthur & North, 2005).

Polymorphism ACTN3 R577X (α-actinin-3)
α-actinin is omnipresent conserved cytoskeletal 
protein that transversely binds actin filaments and 
occurs in skeletal, cardiac and smooth muscle ce-
lls. It is located in Z-disc and in bodies of similar 
density, wherein it is forming a structure similar 
to a grid and it stabilizes the muscle contractile 
apparatus. Furthermore α-actinin is also associa-
ted with lots of cytoskeletal and signaling mole-
cules, cytoplasmic spheres trans-membrane recep-
tors and ion channels thereby it reflects important 
structural and regulatory role in cytoskeletal or-
ganization and muscle contraction. In family of 
α-actin proteins can be found encoded α-actin for-
ming at least six different protein products, which 
can be divided into muscular and non-muscular 
cytoskeletal isoforms (Sjöblom, Salmazo, & Dji-
nović-Carugo, 2008). Due to the above mentioned 
issue we are interested only in muscular α-actinin 
namely α-actinin-2 and α-actinin-3 α-actinin-2 is 
the major isoform in cardiac and skeletal oxida-
tive muscle fibers and α-actinin-3 is manifested 
predominantly in glykolitic skeletal muscle and 
is responsible for creating of force at high speeds. 
Thus, there are two genes in humans that decode 
skeletally-muscular α-actinin: ACTN2, which 
manifests itself in all fibers and ACTN3, which is 
restricted to fast muscle fibers. This indicates that 
the presence of α-actinin-3 has a positive effect on 
the function of skeletal muscle during creation of 
power contraction at high speeds thereby provi-
des an evolutionary advantage thanks to increased 
sprint performance (Yang et al., 2003). 
α-actinin-3 is probably the most interesting ver-
sion for our topic from the sports point of view, 
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because it is essentially most specialized member 
of α-actinin whose manifestations are usually re-
served for fast glycolytic fibers of skeletal muscle 
(MacArthur & North, 2004). Common genetic va-
riation in the ACTN3 gene, which was identified, 
leads to replacement of arginine stop-codon in 
amino acid 577. Therefore, we can speak about the 
X allele which contains sequential change comple-
tely inhibiting the production of functional pro-
tein α-actinin-3-(Ahmetov et al. 2012). Complete 
lack of α-actinin-3 homozygotes (ACTN3 577XX) 
does not result in phenotypic disease, suggesting 
that related sarcomeric isoforms of α-actinin-2 
may compensate for the absence of α-actinin-3 
(MacArthur & North, 2004).
Several case studies reported that ACTN3 XX RR 
genotype is over-represented or ACTN3 XX is 
underrepresented at athletes focused on speed-
-power activity compared with controls. For 
example, in a study of elite rowers, the frequen-
cy of ACTN3 XX genotype, allele unfavorable for 
the development of power and speed, twice lower 
in the control group (Ahmetov, 2008). Although 
there were contradictory results, so the hypothe-
sis that the ACTN3 XX R allele may confer some 
advantage in speed-power sports was supported 
by several studies (Ahmetov et al., 2012). Ahmetov 
et al. (2012b) further states that the study was con-
ducted, in which the number of muscle fibers in 
the cross section of vastus lateralis was compared 
(determined immunochemically) with the type of 
polymorphism. It was shown that the number of 
IIX fibers and area was higher than at genotype 
RR than at genotype XX, suggesting that bearers of 
ACTN3 XX genotype exhibit a higher proportion 
of slow muscle fibers.

Polymorphism PPARα intron 7 C/G 
(Peroxizom proliferation-activating 
receptor α)
Receptor type α (PPARα) activated by peroxisome 
proliferator is a ligand activated by transcription 
factor that regulates the expression of genes par-
ticipating in fatty acid absorption and oxidation, 
glucose metabolism and lipid metabolism, growth 
of left ventricle and weight control (Ahmetov, 
2012). Endurance training increases the use of 
non-plasma fatty acids and may increase oxidative 
capacity of skeletal muscle by regulation of gene 
expression PPARα. PPARα expression level is hi-
gher in muscle fibers type I than type II muscle 
fibers. Ahmetov (2012b) reported that the growth 
of the left ventricle after induced exercise in heal-

thy young men were strongly associated with the 
intron 7 polymorphism C/G (rs 4253778) gene 
PPARα. Individual C homozygotes had a three ti-
mes higher and heterozygotes had a double incre-
ase of the left ventricle volume than homozygotes 
with the G allele. Furthermore, it was shown that 
PPARα C allele is related to type diabetes 2 and 
atherosclerosis.
Ahmetov study (2012) found that PPARα C allele is 
overrepresented in Russian power- oriented athle-
tes and this allele is associated with an increase in 
the proportion of fast muscle fibers in m. vastus 
lateralis at physically active healthy men. Eynon et 
al. (2010) adds that the allele C in C/G polymor-
phism of PPARα gene is associated with higher le-
vel of plasma lipids, with increasing volume of the 
heart and increased risk of coronary artery disea-
se. It also states that the level of expression PPARα 
is higher in muscle fibers type I than type II, whe-
re the homozygotes of allele G PPARαC/G poly-
morphism have significantly higher proportion of 
slow muscle fibers. Recent studies have shown that 
frequency of PPARα GG genotype was significa-
ntly higher in Russian endurance-oriented athle-
tes, elite Israeli endurance athletes and Polish elite 
rowers than in controls or sprinters.  In subjects 
with GG PPARα genotype was the percentage of 
muscle fibers type I higher than in the homozygo-
tes with genotype CC (Ahmetov, 2012b).

Other possible genotypic variants 
associated with sports performance
Other significant but less-studied polymorphisms 
are HIF1A Pro582Ser (gene for factor 1α induced 
by hypoxia), CNTF A / G (ciliary neurotrophic 
factor), CKM A / G (gene for muscle isoform cre-
atine kinase) or VDR Fok1 f / F (gene for the vita-
min D receptor), and many others.

Conclusion
Area of sport science nowadays involves a large 
number of biological and environmental factors 
that influence and determine sports performance 
in any sport. Findings from this area may be used 
as an aid in talent identification and in preparati-
on of training programs that maximize individual 
potential and minimize the possibility of injury. 
Using genetic variants that strongly affect sports 
performance, along with the existing battery of 
physiological, biochemical and psychological tes-
ts, we can support selection and direction of young 
people interested in sport. By exploring some of 
the rules from genetics and effects of gene action 



40  journal of outdoor activities

on sports performance, but also speed of fitness or 
regeneration, coaches can design effective training 
plans, methods for recovery or suitability of com-
pensatory exercises. From above stated data about 
described genes it is obvious that genes affecting 
sports performance may have an influence on 
other physiological processes, which can represent 
a connection with the emergence of certain disea-
ses and thus affect health of individual.
Genetic variants of genes ACE, ACTN3 and PPARα 
described in the article are just a little piece of genes 
involved in sports performance of climbing, cano-
eing or other outdoor sport. Certainly it does not 

serve to advance eliminate people with „unfavorab-
le“ genotype from sports teams. On the contrary, 
obtained information about genetic dispositions 
could serve to recognize boundaries of individuals 
and help them choose a career that is not stressful, 
but make their lives happier (Havelkova, 2007). 
Another interesting field of genetics is nutritional 
genomics, where common food starts or modula-
tes transcription of target genes or directly affects 
changes of chromatin structure and thus provides 
another opportunity to create specific training 
plans, regeneration methods or recuperative thera-
py (Bouchard, Perusse, & Malina, 1997).
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