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KINEMATIC-DYNAMIC INTERRELATIONS BETWEEN
THE DROP JUMP ON INCLINED PLATFORM AND
THE TAKE-OFF IN THE HORIZONTAL ATHLETICS JUMPS
Ognyan Miladinov, Vladimir Velin
National Sports Academy „Vassil Levski“
ABSTRACT
The drop jump is a frequently used and widely examined training exercise aimed at the development
of one of the most important qualities in sports with speed-strength character – the explosive power. The
common options for execution of this exercise suppose the general development of the explosive power
of the lower limbs without taking into consideration the kinematics and dynamics related to a certain
kind of sport or sports discipline.
The main aim of the research is to reveal reliable interdependencies of kinematic and dynamic parameters of movements between the drop jump on an inclined platform and the take-off from the board in
the long jump and the triple jump. The research is aimed at modeling the parameters of execution of this
exercise so that it can meet the kinematics and dynamics of the take-off in the horizontal athletics jumps.
We examined some kinematic and dynamic parameters of movements in the drop jump on an inclined platform with different angle of inclination and made a comparison with the same parameters in
the take-off in the competitive events long jump and triple jump. We determined significant differences
and conformities between the researched parameters. On the base of the conclusions made we designed
a piece of training equipment so that this exercise can be implemented in practice.
Key words: long jump, triple jump, drop jump, explosive power, inclined platform

INTRODUCTION
Explosive power is one of the main factors of sports achievement in many kinds of
sports (Bachvarov, 1985; Bobbert, 1987; Popov, 1972). The diversity of plyometric means
for development of this quality is quite big.
One of the most frequently used methods for
development of the explosive power is the so
called plyometric method, which is a take-off
after performing a drop jump (Bachvarov,
1964; Verhoshanskiy, 1964, 1967; Miladinov,
1999). The essence of this exercise is in the
use of the energy of the dropping body where
in order to perform the subsequent effective
take-off one should have an extreme concentration and fulfill three main conditions:
1. Timely pre-activation of the muscles
before the eccentric phase.
Journal of Applied Sports Sciences
2018, Vol.1, pp. 3-13
ISSN 2534-9597 (Print), ISSN 2535-0145 (Online)

2. Short and fast eccentric phase.
3. Immediate transition from eccentric to
concentric phases.
In practice, the take-off after performing
a drop jump is executed in different ways:
- with minimum flexing of the knee joints
upon landing on the support, where the takeoff is executed with movements mainly from
the ankles;
- with a deep squat upon landing on the
support and subsequent take-off with an active involvement of the gluteus and quadriceps (Bobbert, 1990);
- with involvement or without involvement of the arms as swing parts;
- from place or with approach run (Ruan,
Li, 2008);
There are different techniques of execut3
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Tasks
To examine the kinematic and dynamic
parameters of the take-off in the drop jump
on an inclined platform.
To make a comparative analysis of the researched parameters between the drop jump
on an inclined platform and the take-off from
the take-off board in the long jump and the
triple jump.
We used the following research methods
and equipment:
- video-metrics – digital camcorder Casio
with shooting frequency of 240 shots per sec;
- strain-gauging dynamo graphics –Twochannel strain-gauging platform with analogdigital transformer at frequency 1Khz;
- computer programs for kinematic analysis – Dartfish;
- math-statistical research methods –variation analysis.
On the one hand, 10 athletes, practicing
jumping disciplines, took part in the research.
They made two different attempts in the drop
jump on an inclined platform – with two feet
and with one foot and with two different inclinations of the platform - 15º and 25º. We
had designed special supports so that the
strain-gauging platform had a certain angle
of inclination. In this way, when executing
a drop jump on an inclined platform, there
is an angle between the lower leg and support of about 65º or 75º. The researched athletes executed the exercise from two different jumping heights – from 30 cm and from
60 cm. The exercises were performed after a
standard warm up. The subjects had not been
trained before to perform the exercises as regards the arm movement and body parts positions at the different moments. They were
only instructed to execute the jump off the
platform as explosively as possible (with a
big force and a minimum contact time).

ing the take-off after a drop jump. Walsh M,
at al (2003) proved that the manipulation of
jump technique played larger role than jump
height in the manipulation of important jump
parameters. On the one hand, some authors
suggest that the drop jump should be executed from the height of 70 – 110 cm in order to
achieve a maximum effect (Bachvarov, 1964;
Verhoshanskiy, 1964; Popov, 1972). On the
other hand, other authors (Bobbert, 1987;
Peng, 2011) do not recommend execution of
the drop jump from heights greater than 40
– 60 cm due to the low training efficiency or
due to the risk of injuries.
Upon the execution of take-off after a
drop jump, the landing after the drop of the
body is on a horizontal platform and athletes
always approach the support with the front
part of their foot, while their shin is at an almost right angle (90º) with the support. On
the other hand, the take-off in the horizontal
athletics jumps is performed with quick roll
from heel to toes, and the angle when placing the foot on the support is considerably
smaller (65 – 70º). In this sense, we could
say that the classic drop jump is aimed at the
development of the general explosive power
and not at the particular competitive sports
discipline.
METHODS
The main aim of the research is to reveal
reliable interdependencies of kinematic and
dynamic parameters of movements between
the drop jump on an inclined platform and
the take-off in the long jump and the triple
jump. This would enable the modeling of the
parameters of execution of this exercise so
that it can meet the kinematics and dynamics of the take-off in the horizontal athletics
jumps.

4
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Thus, each athlete performed 16 jumps.
On the other hand, we shot and analyzed
the take-off phase in long jump and triple
jump of athletes with different qualifications
in competitive environment. The camcorder

was steady and placed perpendicularly of the
runway, just opposite the take-off board. The
total number of jumps shot is 195. Table 1
shows the measured parameters.

Table 1. Measured parameters
№

Measured parameter

Measure units

Illustration

Kinematic characteristics of the take-off in horizontal athletics jumps in competitive
environment and of the drop jump on an inclined platform

1

The angle of placing (the angle between the
shin of the take-off leg and the ground (or platform plane) at the moment of touch-down the
support upon take-off.

Degrees (º)

2

The angle between the coxofemoral joint, the
ankle joint of the take-off leg and the ground (or
platform plane) at the moment of touch-down the
support upon take-off.

Degrees (º)

3

The angle of the push back (the angle between the shin of the take-off leg and the ground
(or platform plane) at the moment of the take-off
from the support upon the take-off).

Degrees (º)

4

The way of placing the foot of the jumping
leg upon the take-off.

Kinematic and dynamic characteristics of the drop jump on an inclined platform
5

Value of the first peak of the vertical component of the support reaction.

Kilograms

Fy1

6

Value of the second peak of the vertical component of the support reaction.

Kilograms

Fy2

7

Average support reaction.

Kilograms

Fyср.

8

Support time.

Seconds

Т

5
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RESULTS AND DISCUSSION
Table 2 presents the variation analysis of
the researched parameters of athletes with different qualification in the long jump and the
triple jump in competitive environment. We
found out that with all the researched index-

es the coefficient of variation (V%) shows a
high and average homogeneity which means
that the differences among the athletes along
these parameters are insignificant regardless
of their qualification.

Table 2. Variation analysis of some kinematic parameters of the movements
in the take-off in the horizontal athletics jumps
Index

X

±Mx

S

Ex

As

R

Min

Max

V%

Angle of placing of the jumping leg
LJ men

65.40

0.80

5.69

-0.89

-0.09

20

55

75

8.70

LJ women

65.26

0.98

6.92

-0.95

-0.34

22

53

75

10.60

TJ men

69.58

0.75

5.33

-0.99

0.23

19

61

80

7.67

TJ women

69.76

0.77

5.42

-0.93

0.18

21

59

80

7.76

Angle of the push back of the jumping leg
LJ men

67,90

0,98

6,91

-0,09

-1,06

25

54

79

10,18

LJ women

69,40

1,05

7,41

0,27

-0,41

28

54

89

12,67

TJ men

63,30

0,94

6,66

0,54

0,04

27

57

84

16,52

TJ women

61,92

0,92

6,50

0,87

0,79

32

51

83

8,49

Angle of coxofemoral joint – ankle joint – ground upon approach
LJ men

58.20

0.90

6.34

-0.50

-0.76

20

45

65

10.90

LJ women

59.12

1.28

9.06

-1.20

0.02

30

45

75

15.32

TJ men

60.90

0.73

5.18

-0.27

0.06

25

50

75

8.51

TJ women

61.22

0.74

5.23

-0.15

-0.10

25

50

75

8.54

LJ - long jump, TJ - triple jump

The analysis of the researched indexes
from the long jump and the triple jump in
competitive environment showed the following:
1. The values of the coefficients of asymmetry (As) and Excess (Ех) for almost all
measured parameters are less than 1.00. It
means that the data distribution is normal
and the mean values are credible indicators
for analyses.
2. The average value (Х) of the angle of
placing of the jumping leg in the long jump is
the same with men and women and is about
65º;the range of this parameter (R) is within
55 – 75º. The optimal values of this angle,

found in literature, are 65 – 70° (Seyfarth,
Blickhan and Van Leeuwen, 2000; Popov,
1972; Ivanov, 1977 among others).
The average values (X) of the angle of
placing of the jumping leg in the triple jump
area is little higher (69º) and this is logical
provided that the take-off angle of CM in the
triple jump is smaller and the jumping leg is
placed for a take-off closer to the projection
of CM than it is placed in the long jump. The
minimum and maximum values of this angle
are also higher than those of the long jump
(59º and 80º respectively). The optimal value
of this angle, found in the literature, is 75º
(Popov, 1972; Ivanov, 1977, etc.).
6
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3. After the variation analysis of the angle
of push back at the moment of the take-off
from the support upon the take-off, we found
out that the mean values of this angle do not
differ significantly between men and women
– both in the long jump and the triple jump.
The mean value of the long jump with the
men is 67.9º, and with the women –69.4º. In
the triple jump these values are respectively
63.9º and 61.9º. What is noteworthy is the
fact that the angle of push back in the triple
jump is about 10% smaller (6º) than the one
in the long jump. The reason for this is again
the smaller take-off angle of CM in the triple
jump compared to the one in the long jump
(16 – 17º against 20 - 22º). The coefficient of
variation of this index shows a satisfactory
homogeneity and with all groups it ranges
within V% = 8.49 – 16.52. This means that
there are no significant differences between
the researched indexes.
4. The angle formed by the coxofemoral
joint, the ankle joint of the jumping leg and
the horizontal at the moment of the approach
of the support is the same in the long jump
and the triple jump. The mean values range

within only 58º – 61º. This angle provides
information about the position of the coxofemoral joint (respectively of CM) in relation
to the point of support upon the approach of
the jumping leg. It is smaller than the angle
of placing of the jumping leg and the reason
for this is that the jumping leg isa little flexed
at the knee joint upon the take-off.
5. In all researched jumps the foot of the
jumping leg approaches the take-off board
with the heel, followed by rolling on flat foot
and standing on tiptoe. There was no competitive jump where the foot of the jumping
leg approached the support with its front part.
The variation analysis of the drop jump
on an inclined platform showed that in all
variations of its execution regarding the inclination and the height (the drop of the jump
respectively) there were no significant differences among the athletes, which is confirmed
by the extremely low values of the coefficient
of variation (V). Table 3 presents the mean
values of the researched parameters in the
different variation of execution of this exercise.

Table 3. Mean values of kinematic parameters of the drop jump on an inclined
platform (degrees)
Taking - off
with...

Inclination of Drop of the
the
jump
platform
(cm)

Angle of
placing

Angle of
coxofemoral joint
– ankle joint –
platform plane

Angle of push
back

one leg

15

30

86

75

78

one leg

15

60

86

77

71

one leg

25

30

80

70

76

one leg

25

60

83

71

77

two legs

15

30

90

74

75

two legs

15

60

91

75

74

two legs

25

30

86

67

80

two legs

25

60

86

69

71

7
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The analysis of the data shows the following:

Figure 1. Illustration of the „angle of placing”in the drop jump on an inclined platform
1. The angle of placing, i.e. the angle which
the lower leg forms with the support upon approach (fig. 1) in the different variations of execution of the drop jump on an inclined platform is bigger than the one in the competitive
exercise and averages 83º - 91º.The analysis
showed that the reason for these differences is
the greater flexing of the knee joint of the support leg upon the execution of this exercise.
That is why, the execution with as little flexing
of the knee joints as possible can be used as
a methodological guideline upon execution of
the exercise. This will make the angle of plac-

ing (landing) after the drop jump smaller and
closer to the competitive jumps. On the other
hand, the measured angle of the coxofemoral
joint – ankle joint – platform plane (fig. 2)
showed significantly smaller differences with
the same angle in the competitive jumps (average 69º - 70º) at the inclination of the platform
is 25º.
On the base of the change in the angle of
the landing platform after the drop jump and
the coach’s guidelines, we can completely
model the way each athlete places the foot for
the take-off.

Figure 2. Illustration of the angle “coxofemoral joint – ankle joint – platform plane”
in the drop jump on an inclined platform

8
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2. The angle of the push back, i.e. the angle (fig. 3) is 76º. This shows certain relevance
which the shin of the support leg forms with between the exercise and the take-off in the
the platform at the moment of the take-off horizontal athletics jumps.

Figure 3. Illustration of the “angle of push back” in the drop jump on an inclined platform
The comparative analysis of the researched kinematic parameters of the movements in the take-off in the horizontal athletics jumps and in the drop jump on an inclined
platform showed certain possibilities for
bringing the values of these parameters clos-

er together. This made us look for a way to
model the inclination of the take-off platform
so that upon the execution of the exercise
these parameters will be as similar as possible to the parameters of the take-off in the
competitive jumps.

Figure 4. Horizontal and vertical components of the support reaction in the drop jump
on an inclined platform

9
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The analysis of the dynamic characteristics of the movements in the drop jump on an
inclined platform showed the following:
1. The graph of the vertical and horizontal components of the support reaction is displayed on figure 4 and shows that the shape
of the support reaction is quite identical with
the one in the take-off in the long jump and
the triple jump. As a hole, the support time
(0.17 – 0.22 sec) is a little more than the one
in the competitive jumps (0.11 – 0.14 sec),
but we have to note that the body speed in our
exercises is significantly lower and the main

goal of their execution is to decrease the support time and increase the applied force.
2. With all measured heights and angles
of the platform (table 4) the horizontal component has maximum values of 120 – 150 kg
in its negative part (Fx1) and of 40 – 50 kg in
its positive part (Fx2). This is indicative of the
high degree of conformity of the interaction
with the support with the same index in the
take-off in the competitive jumps. For comparison, when executing a drop jump on an
inclined surface, the horizontal component of
the support reaction is practically missing.

Table 4. Mean values of the dynamic parameters in drop jump on an inclined platform
Taking-off
with ...

Inclination of
Height of the
the
drop jump
platform
(cm)
(degrees)

Fy1
(kg)

Fy2
(kg)

Fx1
(kg)

Fx2
(kg)

T support
(sec)

one leg

15

30

550

287

-125

40

0.223

one leg

15

60

899

315

-150

47

0.212

one leg

25

30

585

281

-134

32

0.211

one leg

25

60

846

314

-150

47

0.209

two legs

15

30

837

367

-134

45

0.188

two legs

15

60

985

405

-146

47

0.176

two legs

25

30

858

365

-125

42

0.171

two legs

25

60

961

378

-79

43

0.182

3. The vertical component of the support reaction is also close, in the nature of its
change, to the one in the take-off in the long
jump and the triple jump. It does not differ
significantly from the execution of the drop
jump on a horizontal surface. The differences
in the three cases are only in the values of
the measured force. This fact called for examination of the influence of the change in
the inclination of the platform and the height
(the drop) of the jump on the magnitude of
the support reaction.

The increase of the height of the drop
jump from 30 cm to 60 cm with both inclinations of the platform leads to an increase in
the forcepeak (Fy1) from 585 to 900 kg (fig.
5). The magnitude of the second peak (Fy2)
in many cases is higher than the magnitude in
the long jump and the triple jump. The magnitude of the second peak (Fy2) also increases with the increase of the height (drop) of
the jump, even though in a lower extent, and
this is directly related to the manifestation of
active muscle efforts.

10
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On the other hand, the increase of the in- both the first and the second peak of the verticlination of the platform at the same height cal component of the support reaction.
of the jump leads to a decrease in the force of

Figure 5. The vertical component of the support reaction in the drop jump on an inclined
platform from the height of 30 and 60 cm.
4. As regards the support time, we found
out that the change of the degree of the inclination of the platform and the height of the
jump does not lead to significant changes in
the jump. In all cases, the support time does
not change with more than 0.011 - 0.013 sec.
Its mean value in all variations of execution
ranges from 0,223 and 0,209 sec. Taking
into consideration the not so high speed of
the movement of the body upon the drop on
the support (about 3.5 m/sec in a jump from
60 cm height), this support time is normal
for an athlete with good preparation and is
indicative of the efficiency of the execution
of this exercise. We should point out that a
significant part of the researched individuals

showed support time of 0.135 – 0.150 sec,
which is quite identical with the support time
in the take-off in the long jump and the triple
jump in competitive environment. At one and
the same time, the displayed greater support
reaction means a higher impulse of the force
which leads to a more efficient execution.
5. We fell short of our expectations that
all of the athletes would approach the support
with the heel. Most probably, during the first
executions of jumps on an inclined surface,
some preliminarily formed habit is displayed
and that is why part of the researched athletes
approached the support with the front part of
their foot (fig. 6). This, to some extent, is the
reason for the increase in the support time.

Figure 6. Illustration of approaching the support in the drop jump on an inclined platform
11

KINEMATIC-DYNAMIC...

O. Miladinov, V. Velin

The increase in the angle of the inclination of the platform normally led to the increase in the number of the cases when the
athletes approached the platform with their
heel first – 60% at an inclination of 15º and
about 90% at an inclination of 25º. The approach with the heel can also be used as a
methodological guideline in the drop jump
on an inclined platform.

take-off in the long jump and the triple jump.
2. The development of different variances
for execution of the drop jump on an inclined
platform, as well as methods for its implementation in the training process could lead
to perfection of the methods for development
of the explosive power in the horizontal athletics jumps.
3. The building of a piece of training
equipment for a drop jump on an inclined
CONCLUSIONS
platform does not take much time and ef1. The take-off after a drop jump on an in- fort and is inexpensive, which means that it
clined surface with an angle 15º – 25º models would not be difficult to implement similar
to a great extent the kinematics and dynam- methods in practice. As a result of our analyics of the take-off from the take-off board in ses and the conclusions we outlined, we dethe competitive horizontal athletics jumps. signed and built two types of pieces of trainTherefore, this exercise could be an efficient ing equipment for execution of drop jump on
means for development of the explosive pow- an inclined platform in training conditions
er of the lower limbs in a regime, close to the (Fig. 7).

Figure 7. Training equipment for drop jump on an inclined platform
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CHANGES IN THE SPORTS ACHIEVEMENT
FOR 5000 METERS DISTANCE RUNNING FOLLOWING
NORMOBARIC HYPOXIA TRAINING
Iveta Bonova
National Sports Academy „Vassil Levski“
ABSTRACT
The aim of this study is to investigate the changes in the sports achievements for 5,000 meters running as a result of interval normobaric hypoxia training.
Ten college sportsmen preparing for national and students long distance track and field championships, were randomly assigned into two groups - Experimental and Control. The Experimental group
performed 3 training sessions weekly with interval normobaric hypoxia. The experiment was of 6 weeks
duration. Every new week the hypoxic stimulus was increased with 500 m simulated altitude while
speed of running remained constant during the whole experiment. The training speed of running was
determined individually as 70% from the maximal running speed at VO2 max from incremental cardiopulmonary test to exhaustion. The control group was performing standard training at 560 m altitude.
The results show statistically significant improvement (p< 0.05) in the sports results in the experimental group which improved their personal best records in 5000 m long distance. The results also
show small, but significant increase in VO2 max for the Experimental group, while there is not such a
tendency in the Control group.
Key words: normobaric hypoxia training, 5000 m. running, sports achievement, VO2 max.

INTRODUCTION
The normobaric hypoxia training as a substitute for the real altitude training has been
studied for more than 30 years. The reduction of the oxygen concentration in the gas
mixture inhaled from the hypoxicator during
physical load is an additional stress for the
organism, which imposes the inclusion of
adaptation mechanisms with direct effect on
the improvement of the sports achievement
in the endurance disciplines (Wolski, et al.
1996). The authors, having studied that issue,
report various rates of the sports achievement
growth or lack of it. The application of various approaches for designing the normobaric
training may be one of the factors of that controversy. However, not all researchers have
unanimous view in relation to its effect on the
sports achievement for the middle and longJournal of Applied Sports Sciences
2018, Vol.1, pp. 14-20
ISSN 2534-9597 (Print), ISSN 2535-0145 (Online)

distance runs (Mirzaei, Shadmehr 2016). The
justification of some basic methodological
formulations is of importance for the development of the training programs (Karabiberov, 2017). The author mentioned defines
the interval training with speed of running at
V 2 and heart rate of 70-75% of the maximal
heart rate as the most effective method for
developing athletes’ aerobic abilities. That
presumes a choice of an optimal combination
between the intensity of load, duration and
number of the separate series for the optimization of the hypoxic effect. Dasheva D. et
al. (2017) investigated athletes training for
endurance and showed that training process
with loadings around anaerobic threshold in
moderate altitude (1720 m) with 16 days sessions improved aerobic abilities.
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HYPOTHESIS
Our study presumes that the individually
applied interval normobaric hypoxia training
would improve the sports achievement in the
long distance 5000 m run.

June 2017 during the stage of early and basic
competition period.
The project was supported as a scientific
program in National Sports Academy “Vassil
Levski”.

PURPOSE
The aim of the study is to improve the
sports achievement of the athletes applying
normobaric hypoxia interval training and to
establish the individual response of athletes
to normobaric hypoxia interval training.

Design of the study
Ten middle and long-distance runners were
randomly divided into two groups: Experimental and Control, with equal number of athletes
(5 per group). The Experimental group was
subject of normobaric hypoxic training with
hypoxicator “Higher-Peak” MAG 20, USA,
TASKS OF THE STUDY
2015. Original methodology for normobaric
To follow up the changes in the develop- hypoxia interval training was developed and
ment of the sports achievement for the 5000 applied in the following protocol:
m run in competitors after normobaric hy1. Six weeks duration of normobaric hypoxia interval training.
poxia training.
To study if there are changes in the VO2
2. Three training session per week.
max after normobaric hypoxia training.
3. Speed of running on treadmill was deTo apply some methodological recom- termined individually, as equivalent of 70%
mendations in relation to the optimization of of speed of running at VO2 max.
the normobaric hypoxia interval training for
4. Every new week the hypoxic effect inmiddle and long-distance runners.
creased with 500 m simulated altitude. During the first week the hypoxic effect was with
METHODOLOGY
equivalent of 2100 altitude and during the
The experiment was held in April, May and

Table 1. Simulated altitudes, percentage of oxygen in respective hypoxic air gas mixture, and
speed of running of Experimental group.
Training week

Simulated altitudes Oxygen content in the
gas mixture, %

Speed of running as
percentage of speed of
running at VO2 max.

First week

2100 m.

15,9%

70% VO2 max

Second week

2600 m.

14,9%

70% VO2 max

Third week

3100 m.

14%

70% VO2 max

Fourth week

3700 m.

13,2%

70% VO2 max

Fifth week

4200 m.

12,3%

70% VO2 max

Sixth week

4700 m.

11,4%

70% VO2 max
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sixth week the equivalent was 4700 m.
5. The load (speed of running) was con stant
during the whole experiment - Table 1
6. The training sessions consists of five runs

with duration of five minutes each and rest periods in-between until heart rate falls to 120 per
minute. Each person breathes through a mask
connected to the hypoxicator (Fig. 1).

Figure 1. Hypoxic training with hypoxicator

The Control group was training along an middle and long distance.
individual scheduled training plan at 560 m
Incremental cardio-pulmonary test to
altitude.
exhaustion
Both groups were tested with cardio-pulParticipants
monary exercise test (CPET) for determinTen athletes between 18-28 years of age, ing the functional capacity and VO2 max two
with body weight range 61-74 kg and height times: prior to the start of the experiment and
of 167 -183 cm took part in the study. All two days after the end of the experiment. A
competitors volunteered and signed an in- metabolic cart for gas analysis “breath-byformative consent. Both groups were prepar- breath” Oxicon Pro - Jaeger, Germany, and
ing to participate in summer National and treadmill H/P/Cosmos were used. The sysStudent’s championships in track and field - tem is calibrated prior to the test. The cardio-
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pulmonary test protocol is according to prof.
I.Iliev’s methodology. It starts with initial
speed of 6 km/h, the duration of each step is
a minute and a half, the speed of running is
increased by 1,2 km/h without changing the
inclination of 2.5%. The test goes on up to
the individual refusal. Each competitor was
acquainted individually with the procedure
prior to the test. During the test the athletes
were informed about the time reached and
the basic functional indicators.

Statistics
Results are presented as mean values
and standard deviation by the Paired-Sample t-test SPSS 17, at a level of significance
P<0.05.

Sport pedagogy test 5000 m running
The competitors from both groups (control and experimental) were tested twice on
5000 m run. The first test was carried out
prior to the start of the experiment and the
second test was made 18 days after the end of
the experiment. Both tests were made at same
track with 400 m length and altitude of 560 m
above sea level.

Comparative analysis of the changes between the experimental and control group
for the 5000m distance running
The experimental group showed statistically significant improvement in sports results in seconds. Paired Sample T-test was
used, and we accepted significance level of
P<0.05. The Control group did not show significant change in the sports achievement Figure 2.

RESULTS
The comparative analysis of the changes
in the sports achievement are presented as
average values for each group (experimental
and control).

1st measure - 24.04.2017, 2nd measure - 23.06.2017

Figure 2. Comparative analysis of the changes in 5000 meters distance running
The rate of improvement of the sports
achievement in seconds is individual for
every athlete from the hypoxic group under study. The improvement is within broad
range of 10 to 55 seconds. We consider that

the improvement depends on the level of
competitors’ mastership - highly qualified
athletes improve their results less because
they are closer to the limit of their abilities.
The lower qualified competitors have more
17
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reserves to their limit and improvement is
with more seconds.
Comparative analysis of the changes
between experimental and control group in
VO2 uptake
All competitors from the experimental
group showed increased values of VO2 max
after normobaric hypoxia training – the average improvement is 3, 3% at statistically significance of P<0.05.
The tempo of growth here is again indi-

vidual for the various persons under study;
it is within the limits of 1-8 ml/kg/min. An
interesting fact is that the competitors with
higher growth of the sports achievement register higher growth of the VO2 max in comparison with the lower qualified athletes. We
think that could be due to the individual reaction to hypoxic training and physical load.
The control group does not show statistical
significant changes in VO2 max, two participants have a tendency of decline - Figure 3.

Figure 3. Comparative analysis of the changes in VO2 max after 6 weeks normobaric hypoxic
interval training
DISCUSSION
Similar methodology was used by Favier
R. at all. (1995) who examined three groups
of sedentary high-altitude residents, who
trained for 30 minutes a day at constant work
rate on a bicycle ergometer during a six-week
period. Group 1 trained at a FiO2 that was
equivalent to an altitude of 3340 m pedaling
at 70% of VO2 max determined in hypoxia.
The remaining two groups trained under normoxic conditions at the same relative work
rate 70% of the normoxic VO2 max. An incremental test to exhaustion was performed

by all groups in normoxia and hypoxia before
and immediately after training in an attempt
to ascertain the physiological responses to
maximal exercise. They suggested that a
lower reduction in base excess and bicarbonate stores were observed in the hypoxia
trained group which could only potentially
benefit anaerobic metabolism and time to exhaustion.
Zwaard et al. (2018) investigated adaptations in muscle oxidative capacity and
oxygen supply capacity in elite hockey players after six repeated sprint sessions in nor18
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mobaric hypoxia combined with 14 days of
chronic hypoxic exposure at 2800-3000 m
altitude. They concluded that the team-sport
athletes substantially increased their skeletal
muscle oxidative capacity whit six repeated
sprint training session in altitude hypoxia.
In our study, we have compared the results of the experimental group with the results of the control group. Both groups were
in the competitive period and were preparing to participate in national championships.
All competitors from the experimental group
improved their personal achievement for the
5000 m run, the increase is individual – it
varies (from 10 sec. to 55 sec) with statistical significance of P<0.05. We suppose that
this is due to both the stage of the sports specialization and the individual reaction to the
hypoxia. No statistical changes in the sports
achievement were observed in the control
group. The experimental group showed statistical confident increase of 3, 3 % (average)
in VO2 max, but with individual results of
the improvement between 2 to 8 ml/kg/min.
In the control group VO2 max was insignificantly changed with ±2 ml/kg/min.
Other authors (Levine, Stray-Gundersen,
1997) studied the effect of the natural hypoxia on the sports achievement and reported
similar results. They found improvement up
to 55 seconds for the 5000 m run. Robert F.
Chapman et al. (1998) studied the individual
adaptation to the natural altitude training.
They found individual changes for the VO2
max - overall mean improvement of 2.5 ml/
kg/min with a similar wide variability after
altitude exposure with range -3.2 to + 8, 7
ml/kg/min. The mentioned authors divided
the persons under study into two groups: responders and non-responders depending on
whether significant increase of the erythro-

poiesis concentration occurred or not after 30
hours exposure at 2500 m altitude.
CONCLUSIONS
The comparative analysis of the changes
in the development of the sports achievement
for the 5000 m run following 6 weeks normobaric hypoxic interval training registers
improved time for running the competitive
distance by the athletes from the Experimental (hypoxic) group, which is statistically reliable. The control group does not show similar change.
Following the end of the hypoxic training program, the experimental group shows
statistically reliable increase of the VO2 max
while the control group registers a drop down.
The hypoxic training program could be
optimized by increasing the number of the
training sessions within the week micro cycle.
Limitations of the study
The experiment was performed with 10
competitors only (5 persons in experimental
and 5 in control group). For more convincing
results, it is necessary to involve more participants in the study which has to be designed as
double-blind experiment - the control group
has to train with placebo breathing from the
hypoxicator. The results provide us with the
reason to think that the training methodology
we have developed with interval normobaric
hypoxic training is suitable for use in other
sports where endurance is the leading factor.
REFERENCES
Chapman, R. F., J., Stray-Gundersen, B.
Levine. (1998). Individual variation in response to altitude training. American physiological society. http:/www.jap.org.
19

CHANGES IN THE SPORTS...

I. Bonova

Favier, R., et. al. (1995). Training in hypoxia, training in normoxia in high-altitude
natives. Journal Applied Physiology, 228693.
James, P. M., Cable N. (2005). The effect
on intermittent hypoxic training on aerobic
and anaerobic performance, Liverpool.
Karabiberov J. (2017). The Fitness. Eprint, Sofia.
Levine, B. D. and J. Stray-Gundersen
(1997). Living high - training low: effect of
moderate-altitude acclimatization with lowaltitude training on performance. J. Appl.
Physiol. 83: page 102-112
Mirzaei, M. R., Shadmehr, M. (2016). Ef-

fects of IMT on energy cost in elite endurance runners. New studies in athletics, 1-2,
p. 7.
Wolski, L.A., Mckenzie, D. & Wenger, H.
(1996). Altitude training for improvements in
sea level performance. Sports Medicine, 22
(4): 251-63.
Zheliazkov, Z., Dasheva, D. (2017). Osnovi na sportnata trenirovka. Bolid- Ins.
Zwaard, S. et. al. (2018). Adaptation in
muscle oxidative capacity, fiber size and oxygen supply capacity after repeated- sprint
training in hypoxia combined with chronic
hypoxic exposure. Journal of Applied Physiology.

Corresponding author:
Iveta Bonova
Center for Research and Applied Activity in Sport
National Sports Academy „Vassil Levski“
Studentski grad, 21, Acad. Stefan Mladenov str.
Sofia 1700, Bulgaria
E-mail: csars_ibonova@nsa.bg

20

JOURNAL of Applied Sports Sciences 01/2018

ALLOMETRIC SCALING OF WINGATE ANAEROBIC
TESTSCORES IN YOUNG SOCCER PLAYERS
Borislava Petrova
National Sports Academy “Vassil Levski”
ABSTRACT
In this study, we:(a) developed allometric exponents for scaling Wingate anaerobic test (WAnT)
power data that are effective in controlling body mass(BM) influence; and (b) established a normative
WAnT data set for young soccer players. Forty-six players completed a standard WAnT. Allometric exponents and percentile ranking for peak power (PP), average power (AP) and power output for 30 s (W
30 s) were established. Allometric exponents “b” for PP, AP and W (30 s) scaled for BM were 0.72,0.78
and 0.85 respectively using braking force 75 g.kg-1, markedly higher from the theoretical suggested of
b=0.67. The study shows the possibilities of applying the allometric scaling in the coaches practice. If
these exponents in allometric scaling of young soccer players are used, WAnT power values will provide
coaches with valid means for comparing power production between individuals without the confounding
influence of BM.
Key words: Wingate anaerobic test, allometric scaling

INTRODUCTION
Soccer is a very popular sport performed
by men and women, children and adults with
different levels of qualification. Soccer is an
intermittent activity sport, taxing both the aerobic and anaerobic systems. During competitions, the players’ workload intensity ranges
from walking to sprinting. Thus, to sufficiently sustain the ability of performing during a
soccer match, a player must possess an above
average aerobic component to assist rapid
recovery between intermittent bouts of high
intensity. Soccer requires a strong anaerobic
component too that combines strength, speed
and power. (Vanderford et al, 2004). Work-rate
analysis has been used to investigate the physiological demands of soccer by a large number
of authors (Reilly, Thomas,1976; Rienzi et al,
2000; Bangsbo et al, 1991; Krustrup, 2005).
The data provided by the investigators are of
interest to practitioners. Such data could have
an impact upon the training regimen, fitness
Journal of Applied Sports Sciences
2018, Vol.1, pp. 21-29
ISSN 2534-9597 (Print), ISSN 2535-0145 (Online)

assessment and selection of players (Carling
et al, 2005).
During a 90-minute game, elite-level players run about 10 km at an average intensity
close to the anaerobic threshold. Within this
endurance context, numerous explosive bursts
of activity are required, including jumping,
turning, sprinting, tackling and sustaining
forceful contractions to maintain balance and
control of the ball against defensive pressure
(Stølenetal, 2005). Therefore, the study of the
players’ anaerobic capacity is important for
assessing their functional capacity.
The most commonly used laboratory test
for assessing the anaerobic capacity is the
30-second Wingate Anaerobic Test (WAnT).
The well-known parameters recorded during
the WAnT routine procedure like Peak Power
(PP) and Average Power (AP) are traditionally
reported in absolute terms– watts (W) or divided by body mass (W.kg-1). These “per ratio
scaling” method is used to facilitate the com21
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Participants
Forty-six soccer players with 14.45 ± 0.87
years of age; height 163.98 ± 9.49 cm; body
mass 51.82±8.67 kg; BMI 18.75± 1.94; maximal heart rate 193,7±7,2 bpm; maximal oxygen uptake 57.23±7.53ml.kg-1) who were familiar with exhaustive exercises, volunteered
to participate in this study. The subjects were
fully informed with the details and discomfort associated with the experiments before
they and their parents gave informed consent
to volunteer.
Exercise testing procedures
All study procedures were done in the
high-performance physiology laboratory at
the Center for Scientific and Applied Research
in Sport, National Sports Academy “Vassil
Levski”, Sofia.
Anthropometric measurements preceded
the testing procedures.
All youth athletes performed the WAnT
on a mechanically braked cycle ergometer
(Monark, 894 E, Stockholm, Sweden) as described by Inbar et al. (1996).
The test started with a standardized warming up of 5 min cycling at 60 W and 60 revolution.min-1 including two sprints, each lasting
3 s, performed at the end of the 3rd and the
5th min. The seat height and handle were individually adjusted for the subject’s comfort,
with the legs being nearly fully extended during each pedal revolution. After 5 min rest the
subjects were instructed to pedal as fast as
possible for 30 sec. A resistance corresponding to 7.5% of the body mass was applied after
an acceleration phase lasting 5s. Verbal feedback to the time remaining was provided at
15, 10 and 5 s of remaining time while verbal
encouragement was given. The subjects continued pedaling after completion of the test
with no load for several minutes to cool down.
The WanT twice was completed by four-

parison of the measurements recorded from
different body mass individuals. It is assumed
that thereby scaled performance variables
are independent of the subject’s body mass.
The ratio scaling, however, is the subject of
criticism by a number of authors (Nevill et al,
1991; Dooman and Vanderburgh, 2000; Folland et al, 2008; Stickley et al, 2013). “When
comparing participants using unscaled data
(absolute values), larger participants typically
achieve a higher score, with a positive correlation between the variable and BM. When
using ratio scaling, the scaled variable is generally overcorrected, thus the smaller participants have an advantage, resulting in a negative correlation between the scaled variable
and BM (Oba et al, 2014). For comparative
purposes, normalisation of strength measures
to body size using allometric scaling is recommended (Folland et al. 2008; Blair et al, 2009;
Stefanova, 2002; Stefanova, 2002a,b).The allometric scaling has been shown to be an important tool to control the effect of body mass
when interpreting WAnT results. Hetzleret al
(2011) developed allometric exponents for
scaling WAnT power data for college women.
Nedeljkovic et al (2009) and Stickley et al
(2013) worked out exponents for WAnT power scores in adult men. We have not found any
studies presenting allometric developed exponents for scaling WAnT power data of actively
sporting youths.
The aim of the study was to derive allometric exponents for WAnT power scores that are
effective in minimizing the body mass influence and to establish normative data for young
soccer players. On this basis various options
for applying allometric exponents for WAnT
power scores in the sports practice could be
found. It can be used by the coaches in the
analysis of the test results to control the individual performance of the athletes.
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teen participants – at the beginning of the preparatory period of training (Test I) and at the beginning of the competitive period (Test II) after a
five months period of specialized training.
Power output was registered each second and
expressed in watts (W) and watts per kilogram of
body mass (W.kg-1). We analyzed the peak power
(PP), average power (AP) and the total power
output during the 30 seconds of the supramaximal effort.

variable. In this study, the equation for power and
BM would be: power = a.BMb. The slope of the
regression line was used as the allometric scaling
exponent (b). Dividing power by BMb yields the
allometric power index equal to the constant “a”,
or a = power.BM-b. In the case that the scaling
exponent is correctly calculated, the correlation
between the BM and power trends to zero, i.e.
the two variables no longer show any interdependence.

Statistics
Statistical analysis was performed using Excel. Data were expressed as mean ± SD; Pearson
correlations were generated. Log-linear regression was used to determine the allometric exponents.
Allometric Scaling
We applied the allometric scaling procedure described by Vanderburgh et al (1995).The
equation y = a.xb, where y = outcome variable
(power), x = body mass (kg) in which “a” is the
constant multiplier and “b” is a constant exponent, transformed into a log-linear model so that
linear regression could be used to solve the value
of “b” (the allometric exponent) for each studied

RESULTS
To provide useful exponents for allometric
scaling of the power scores we determined
previously that the measured data are normality distributed – the average data and median
were very close (for PP – 803.11 and 802.75;
for AP – 589.16 and 590.21; and for W 30s
– 17147.37 and 17151.05). Allometric scaling
resulted in the following exponents “b” for
BM: 0.72,0.78 and 0.83 for PP, AP and W 30s.
The correlation coefficient between BM
and the unscaled, as well as the ratio scaled
and allometrically scaled power data are presented in Table 1.

Table 1. Correlation coefficient between body mass and unscaled, ratio scaled and
allometrically scaled WAnT power scores of 46 adolescent soccer players
Score

Peak Power

Average Power

(Work output W 30 s)

Unscaled

r = 0.593 W

r = 0.726 W

r = 0.741 W

Ratio scaled

r = -0.300 W.kg-1

r = -0.284 W.kg-1

r = -0.267 W.kg-1

r = -0.030 W.kg-0.78

r = -0.026 W.kg-0.83

Allometrically scaled r = -0.032 W.kg-0.72

The high correlations found when unscaled data are used, are greatly reduced when
ratio scaled is applied. All derived exponents
resulted in nonsignificant correlations with
BM. It means that the derived allometric ex-

ponent successfully remove the influence of
BM. Figure 1 presents the relationships between BM and the various methods of scaling the Wingate PP.
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Figure 1. Relationship between BM and Peak Power presented unscaled, ratio scaled and
allometrically scaled. The efficacy of each method is demonstrated.
24
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By applying the percentile technique, we have developed a five-point normative rating scale
(Table 2).

Table 2. Percentile norms for unscaled, rate scaled and allometrically scaled Wingate Peak
Power, Average power and Total power output (W 30 s) for 14-15-year-old soccer players
(n=46)
Parameter

PP (W)

AP (W)

W 30 s

Assessment

Low

Medium

Good

Very good

Excellent

Unscaled

<611

611-737

737-845

845-936

>936

Rate scaled

<12.8

12.8-13.9

13.9-15.9

15.9-20.1

>20.1

Allometrically
scaled

<38.2

38.2-42.6

42.6-50.6

50.6-59.7

>59.7

Unscaled

<447

447-556

556-626

626-721

>721

Rate scaled

<9.7

9.7-10.6

10.6-11.7

11.7-14.4

>14.4

Allometrically
scaled

< 22.3

22.3-25.3

25.3-28.7

28.7-33.3

>33.3

Unscaled

<13064

13064-16260

16260-18276

18276-20738

>20738

Rate scaled

<278.5

278.5-312.2

312.2-345.9

345.9-411.5

>411.5

Allometrically
<4168.0 4168.0-5063.8 5063.8-5750.3 5750.3-6480.6
scaled

The five rating groups are separated by
the 10th, 30th 70th and 90th percentile. The
scores ratings are presented in unscaled, ratio, scaled, and allometrically scaled values.
We compared also the ranking of 12 soccer players according to their Wingate power
scores shown before (Test 1) and after participation in a specialized training program (Test
2). An example of the obtained results and

>6480.6

the ranking in the average power achieved
by each participant using unscaled and allometrically scaled data is presented in table 3.
In view of the relatively small sample of size
new allometric exponents were retrieved:
0.995 for Test 1 and 1.094 for Test 2. Obviously, the ranking applied in the two methods
differs significantly.
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Table 3. Participants ranking according to the Wingate Average Power (AP) during the preparatory and competition period of training, unscaled and allometrically scaled
AP (W) during the preparatory period (Test 1)
BM

Allometrically scaled

(kg)

Unscaled
(W)

Participant

A

66,5

767,05

A

11,78

2

B

60,0

611,6

E

11,30

3

C

58,5

605,76

D

11,26

4

D

57,5

585,31

H

11,24

5

E

56,0

576,07

B

11,14

6

F

53,0

568,19

G

11,01

7

G

52,0

539,72

L

10,65

8

H

50,0

501,85

K

10,31

9

N

45,5

490,36

C

10,30

10

J

44,0

439,61

J

10,18

11

K

40,0

404,93

F

10,08

12

L

38,0

397,51

N

8,56

Ranking

Participant

1

W.kg-0,995

AP (W) during the competitive period (Test 2)
BM

Allometrically scaled

)kg(

Unscaled
(W)

Participant

A

72,0

872,55

A

8,11

2

F

65,5

704,5

G

7,98

3

E

65,0

679,79

E

7,85

4

C

62,0

677,42

H

7,81

5

B

59,0

657,37

B

7,68

6

G

58,5

646,31

J

7,48

7

N

58,4

628,75

C

7,42

8

D

55,5

582,07

L

7,35

9

H

49,0

551,34

F

7,26

10

J

49,0

528,69

K

7,24

11

L

44,0

461,31

D

6,79

12

K

44,0

454,57

N

6,53

Ranking

Participant

1

26

W/kg-1,094
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DISCUSSION
The Wingate muscle power scores are
considered as an important index of physical
performance, particularly responsible for the
success of rapid movements typical of soccer. They are applied to assess anaerobic capacity, to provide normative values for various kinds of sports, to evaluate the effect of
training programs. The aim of this study was
to derive allometric exponents for scaling
WAnT power score that are effective in minimizing the body mass influence and to establish normative data for young soccer players.
The allometric exponents derived in this
study (0.72, 0.78 and 0.83 for PP, AP and W30
s respectively) using braking force 75 g.kg-1
are markedly higher from the theoretical suggested of b=0.67 (Astrand and Rodahl, 1986).
Many other allometric exponents for normalizing power data were proposed: Nedjelcovic et
al (2009) determines allometric exponent 0.50
using braking force of 95g.kg-1; Stickley et al
(2013) proposed markedly higher allometric
exponent for PP= 0.89 and for AP=0.86 using
braking force 100gkg-1. Despite the attempts to
optimize the load when performing the Wingate test by increasing the resistance (Patton,
1985) considering the age of our contingent
we stick to the classic 75 g.kg-1. However, the
differences in the applied experiments do not
allow us to make a comparison with the data
obtained in different studies.
The study shows the possibilities of applying allometric scaling to the coaches practice. There were twelve soccer players who
accomplished a 5-month experimental training for improvement the speed/power and
endurance. Additional intensive workloads
were performed in the main part of some
training activities. This approach was considered to be appropriate for developing speed

endurance in groups of young athletes (Peev,
2017). Individual technique, tactics and physical resources are all important when evaluating performance differences in soccer players
and it is difficult to discriminate between the
relative importance of each of these elements
when evaluating performance differences.
The players improved significantly the power
output in Test 2 compared with Test 1. The
AP rose from 540.7 ± 103.4 Watt in Test1 to
620,4 ± 115,6 W in Test 2 (Chi Test α<0,001).
At the same time the boy’s BM increased
significantly: from mean 51.7±8.6 kg before
Test 1 to 56.8±8.9 kg before Test 2, (Chi Test
α<0,001). Obviously, this contributes to the
improvement of the Wingate power scores.
The players’ ranking before (Test 1) and after the specialized training (Test 2) is different (Table 3). When absolute data for AP are
used, heavier participants are overestimated.
For example, during Test 2 player “F” reaches AP = 704.5 W with place in the rating #2.
When the influence of BM is ignored by allometrically scaling, player “F” is on position
#9. The reported allometric scores may be
useful for coaches to more accurately assess
the individual anaerobic power possibilities
and to manage the training regimes.
CONCLUSIONS
The allometric exponents developed in
the study have shown to be effective in minimizing the effect of BM on Wingate power
scores. The use of these exponents in allometric scaling of young soccer players, WAnT
power values provide coaches with valid
means for comparing power production between individuals without the confounding
influence of BM.
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POST - COMPETITION BLOOD LACTATE
CONCENTRATION IN SWIMMERS
Mihail Kachaunov
National Sports Academy “Vassil Levski”
ABSTRACT
The aim of this study was to seek a possible significant correlation between post-competition blood
lactate concentrations (BLc) and the times achieved in swimming events. The research was done among
71 swimmers (44 men and 27 women) of the Bulgarian national swimming team. The average age of the
participants was 17.48 ± 2.50 years (18.02 ± 2.62 for men and 16.59 ± 2.00 for women). Blood lactate
concentrations were measured 3 to 6 min after the finals of all individual swimming events in official
competitions and the time ranged between 653 and 898 FINA points. The total number of measurements
was 280 (175 samples from men and 105 from women) collected during a 3-year period (2016 -2018).
The results indicated that the highest mean values of BLc were obtained after sprint distances: men’s
100 m freestyle (16.91 ± 4.32 mmol/L) and women’s 100 m butterfly (16.89 ± 2.35 mmol/L). The lowest
mean values were measured after distance swimming of 1500 m freestyle: 7.14 ± 3.34 mmol/L for the
man and 5.10 mmol/L for the women. Statistically significant coefficients of correlation between swimming times and BLc were observed in men’s swimming events of 100 m butterfly (r = -0.484); 100 m
backstroke (r = -0.721); 100 m freestyle (r = -0.854); 50 m freestyle (r = -0.891) and women’s swimming
event of 50 m freestyle (r = -0.688). In conclusion, there is no statistically significant difference in the
post-competitive BLc levels depending on gender; significant differences in mean values of BLc between
breaststroke and all other strokes; in sprint swimming events (especially in 100 m freestyle) statistically
significant correlations between BLc and swimming times were observed.
Key words: swimming, blood lactate concentration.

INTRODUCTION
The blood lactate concentration (BLc) is
one of the main indicators of the performance
in training and it is widely used for monitoring
swimmers at different velocity. Likely it is the
most used metrics by researchers and trainers
for assessment of the anaerobic capacity of
athletes, incl. of swimmers (Rozi et al. 2010).
According to Maglischoit high blood lactates
following competition efforts indicated high
level of blood buffering capacity as well as
rapid rate of anaerobic metabolism. In fact,
many factors like pre-competition lactate levels, percentage of slow-twitch and fast-twitch
muscle fibers, glycogen storage and level of
Journal of Applied Sports Sciences
2018, Vol.1, pp. 30-36
ISSN 2534-9597 (Print), ISSN 2535-0145 (Online)

motivation (which is hard to estimate) have an
additional influence on post-competition BLc
(Maglischo, 2003).
There are several research studies of postcompetition BLc in swimmers (M. Sawka et
al. 1977; Vescovi et al. 2011; Bonifazi et al.
1993). The reported data showed maximal
BLc levels in 3 to 5min (Sawka et al. 1977;
Stoddard et al. 1989) or 6 to 7 min (Vescovi et
al. 2011) after finishing the swimming event.
Usually higher blood lactate levels are measured in sprinters than in distance swimmers
(Komi et al. 1977). This is most likely due to
the metabolic characteristics of competitive
swimming in various distances (Table 1).
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Table 1. Relative contributions of each phase of energy metabolism to various swimming
races (%) according to Maglischo (2003)
Anaerobic Anaerobic
Aerobic
Aerobic fat
lactate
lactate
glucose
metabolism
(ATP-CP) metabolism metabolism
50 m

20%

60%

20%

100 m

10%

55%

35%

200 m

5%

40%

55%

400 m

35%

65%

800 m

25%

73%

2%

1500 m

15%

78%

7%

Participants
The research was done among 71 swimmers (44 men and 27 women) of the Bulgarian national swimming team. The average age
was 17.48 ± 2.50 years (18.02 ± 2.62 years for
men and 16.59 ± 2.00 years for women). In the
beginning of the investigation, all swimmers
received detailed information about the study
and signed an informed consent form.

As shown in table 1, the anaerobic metabolism contributed greatly to performance in
swimming events for distances up to 200 m.
Because of longer duration of swimming at
100 and 200 m we could expect higher levels
of BLc in comparison to 50 m event. In fact,
in the research of Avlonitou (1996) the highest
lactate levels were recorded following swimming events of 100 and 200 m. In addition, the
rate of lactic acid production in muscle fibers
depends on the swimmer’s speed (Maglischo
2003). Therefore, some correlation between
post-competitive BLc, distance and the time
for swimming the event should be expected.
Such correlations could become a helpful indicator in the control of the training process.

Experimental Design
During a 3-year period (from 2016 to 2018)
280 measurements (175 from men and 105
from women) of post-competitive BLc after
the finals of all individual swimming events
were made. The data were collected during
various official competitions such as NationThe aim of this study was to seek a pos- al swimming championships, Balkan junior
sible significant correlation between post- swimming games and Multinational junior
competition blood lactate concentrations and swimming meets. The achieved swimming
times were also recorded ranging between 653
the times achieved in swimming events.
and 898 FINA points1.
METHODOLOGY
BLc analysis
Statement
Measuring BLc was performed with the
The study was performed in accordance
with the Declaration of Helsinki for Human use of “Lactate Pro 2” device 3 to 6 min after
Researches (World Medical Association Dec- competitive swimming following the standard
laration of Helsinki - Ethical principles for procedure.
medical research involving human subjects. 1 The FINA points table allows comparisons of results among
events. The base times are defined every year, based on the
59th WMA General Assembly, Seoul, Repub- different
latest world records (each of which equals 1000 points) that were
lic of Korea, 2008).
approved by FINA.
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RESULTS
The individual maximum BLc for men
was 25 mmol/L (which was the maximum
value that device can measure) after 100 m
freestyle and the minimum registered value
was 2.5 mmol/L after 1500 m freestyle. The
individual women’s maximum BLc value was
20.9 mmol/L after 200 m butterfly and the
minimum - 4.9 mmol/L after 800 m freestyle.
Descriptive statistics for all swimmers and
both for women and for men separately is presented in table 2.

Statistical analysis included descriptive
statistics where the results were expressed as
the mean ± standard deviation (± SD). The
significance of differences between the means
was tested by t-test for independent samples.
One-way ANOVA followed by Bonferroni
post hoc test for multiple comparisons were
performed and adjusted p-values (P) were calculated. Pearson correlation coefficient (PCC)
was used to analyze the relation between the
post-competitive BLc and the achieved swimming times. For data analysis SPSS 19 statistical package was used.

Table 2. Swimming distances and styles, mean values ± SD for all, women and men
Distance
(m)

Style

BLc - all
(mmol/L)

N

BLc – women
N
(mmol/L)

BLc - men
(mmol/L)

N

P

Butterfly

13.60 ± 3.90 13

9.30 ± 3.25

2

14.38 ± 3.59

11

0.09

Backstroke

13.05 ± 1.07

8

13.04 ± 1.09

5

13.07 ± 1.27

3

0.98

Breaststroke

10.21 ± 2.42 10

10.82 ± 2.38

5

9.60 ± 2.55

5

0.46

Freestyle

12.32 ± 4.07 10

11.18 ± 3.03

5

13.46 ± 4.98

5

0.41

Butterfly

15.68 ± 2.26 26

16.89 ± 2.35

7

15.24 ± 2.12

19

0.10

Backstroke

15.57 ± 2.66 18

15.63 ± 2.91

8

15.52 ± 2.59

10

0.94

Breaststroke

13.89 ± 2.79 18

13.87 ± 3.99

6

13.90 ± 2.20

12

0.98

Freestyle

16.39 ± 3.86 27

15.64 ± 3.11

11

16.91 ± 4.32

16

0.41

Butterfly

15.96 ± 2.41 17

16.69 ± 3.04

7

15.45 ± 1.85

10

0.31

Backstroke

14.98 ± 2.30 20

14.01 ± 1.83

9

15.77 ± 2.42

11

0.09

Breaststroke

13.25 ± 2.21 23

12.89 ± 2.29

9

13.48 ± 2.21

14

0.54

Freestyle

14.78 ± 2.99 20

13.98 ± 2.09

6

15.12 ± 3.31

14

0.45

IM

15.44 ± 2.73 18

15.48 ± 2.28

5

15.43 ± 2.97

13

0.97

Freestyle

12.87 ± 3.34 21

12.13 ± 3.46

6

13.17 ± 3.37

15

0.54

IM

15.88 ± 2.59 12

12.20 ± 1.70

2

16.61 ± 2.06

10

0.02

800

Freestyle

10.95 ± 4.01 12

9.75 ± 3.06

10

16.95 ± 2.47

2

0.01

1500

Freestyle

6.80 ± 3.10

5.10

1

7.14 ± 3.34

5

0.61

50

100

200

400

6

IM - Individual medley, N - number of participants, P - significance of differences
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In general, the highest mean values of
BLc were obtained after 100 m distances:
men’s 100 m freestyle (16.91 ± 4.32mmol/L)
and women’s 100 m butterfly (16.89± 2.35
mmol/L). The lowest mean values were
measured after 1500 m freestyle for men
(7.14± 3.34mmol/L) and after 1500 freestyle
for women (5.10 mmol/L). In men’s event
400 IM a high mean value of BLc (16.61 ±
2.06mmol/L) was observed. It was found that

the differences between men’s and women’s
mean values were statistically significant for
400 m IM (P = 0.02) and 800 m freestyle (P
=0.01).
Table 3 presents the statistically significant differences in mean values of post-competitive BLc (mmol/L) in different swimming
distances of every style separately for men
and women.

Table 3. Differences in mean values of BLc (mmol/L) depending on the distance in different
swimming styles for men and women
Style/gender

Distance
(meter)

Mean difference
(mmol/L)

Significance

Butterfly women

50 vs. 100

-7.59

0.014

Butterfly women

50 vs. 200

-7.39

0.016

Breaststroke men

50 vs. 100

-4.30

0.004

Breaststroke men

50 vs. 200

-3.88

0.008

Freestyle men

1500 vs.100

9.77

0.0001

Freestyle men

1500 vs. 200

7.98

0.003

Freestyle men

1500 vs. 400

6.03

0.050

Freestyle men

1500 vs. 800

9.81

0.048

In women’s swimming events significant
differences were found in butterfly between
50 m and 100 m (P=0.014) and 50 m and 200
m (P= 0.016). In men’s swimming events statistically, significant mean differences were
found in breaststroke between 50 m and 100
m (P =0.004) and 50 m and 200m (P=0.008).
In men’s Freestyle events there were significant differences between 1500 m and 100 m;
200 m; 400 m; 800 m (P=0.0001; P=0.003;
P=0.050 and P=0.048, respectively).
The most notable result, when comparing

the mean values of BLc and swimming style
for distances up to 200 m, was that breaststroke exhibited statistically significant differences with butterfly (P = 0.001), backstroke (P
= 0.014), freestyle (P = 0.002) and IM (P =
0.023). No statistically significant differences
between mean values of BLc and other swimming styles (butterfly, backstroke, freestyle
and IM) were found.
The relation between BLc and swimming
times is shown in table 4.
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Table 4. Coefficient of correlations between swimming times and BLc (mmol/L) and the
corresponding p-values
Distance
(meter)

Style/gender

PCC

Significance

N

50

Freestyle women

-0.688

0.019

11

50

Freestyle man

-0.891

0.043

5

100

Butterfly man

-0.484

0.036

19

100

Backstroke man

-0.721

0.019

10

100

Freestyle man

-0.854

0.000

16

Statistically significant coefficients of correlation were observed in men’s swimming
events of 100 m butterfly (r = -0.484); 100
m backstroke (r = -0.721); 100 m freestyle
(r = -0.854); 50 m freestyle (r = -0.891) and
women’s swimming event of 50 m freestyle
(r = -0.688).

formed a final sprint, whereas other finished
with their average speed but these statements
have no scientific evidence.
Comparisons of the results for men and
women in all swimming events (Table 2) suggest that the mean values are relatively close
to each other and do not depend on the swimmer’s gender with some exceptions (50 m butterfly and 800 m freestyle).
Statistically significant differences in
mean values of post-competitive BLc depending on the distance in every swimming style
are observed in women’s butterfly and men’s
breaststroke for 50 m vs. 100 m and 50 m vs.
200 m. In man’s freestyle we found statistically significant differences between 1500 m
and every other distance except 50 m.
By observing the differences in BLc depending on the swimming style we could
conclude that breaststroke is the only style in
which a significantly lower BLc was detected
in comparison to all other styles. Other studies show no such differences (M. Sawka et
al. 1977). The lower stroke rate and different
muscle groups engaged in breaststroke as well
as the underwater swim with lower amount of
movement compared to the other styles can
also be relevant, but this needs to be further

DISCUSSION
The post-competitive BLc (Table 2) measured in this study reaches the highest levels
(absolute and mean) in sprint distances (100
m and 200 m) and the lowest levels (absolute
and mean) in longer distances (800, 1500 m)
and short sprint (50 m). This corresponds with
the metabolic characteristics of the swimming distances (Table 1) and is in accordance
with the results of previous studies (Komi
et al. 1977; Avlonitou 1996; Vescovi et al.
2011). Very high mean values of BLc are observed in men’s 800 m freestyle (16.95 ± 2.47
mmol/L) as opposed to women’s values (9.75
± 3.06mmol/L). These differences may be due
to a more economical technique (Barbosa et
al. 2008) and a better developed aerobic metabolism (Stanula et al. 2012) in women. The
reason for men’s values may be a consequence
of the fact that some of the participants per34
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investigated.
Significant correlations are observed between BLc and swimming velocity in some
swimming events. These are men’s 50 m freestyle, backstroke and butterfly and women’s
50 m freestyle (as shown in Table 4). In 100
m freestyle the correlation between the BLc
and the swimming times is the highest. In this
event the sample is also the largest, which supports the hypothesis that the BLc can serve as
indicator for this level of swimming performance. These data can be useful for monitoring of the training process and competitions. It
is not surprising that there is no significant correlation between BLc and the swimming velocity in the longer duration swimming events.
The reason for that is the higher rate of aerobic
metabolism in distance swimming. However,
additional research is needed to make more
precise conclusions for the sprint events.
CONCLUSIONS
The highest BLc values were observed
in the sprint distances, whereas lower values
were observed in the longer distances.
No statistically significant difference was
found in the post-competitive BLc levels of
men and women.
Statistically significant differences in
mean values of BLc between breaststroke and
all other styles were observed.
In the distance swimming better performance is not related to the increase of the
post-competition BLc levels.
Statistically significant correlations between BLc and swimming times in some
swimming events were found, especially in
100 m freestyle.
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CORRELATION BETWEEN MOTOR ABILITIES
OF ELITE FEMALE FOOTBALL PLAYERS
Petar Peev, Marin Gadev
National Sports Academy “Vassil Levski”
ASTRACT
Focus of this research is the relationship between the motor abilities. The interest in this topic is dictated from the fact that there isn’t enough information about it in elite female football. For the purpose
of the research we made tests to define the level of development of the motor abilities of 68 elite female
football players. We also made a descriptive statistics and correlation analysis and we received the following results: descriptive statistics shows that the researched indicators are highly homogeneous (in
range of V% =2,67 to 5,05); the correlation between accelerative abilities and maximal sprinting abilities is moderate and positive (r= 0,634); the correlation between power abilities with explosive character and other researched abilities is moderate and negative (r= -0,430, r= -0,494, r= -0,455); the speed
endurance abilities have moderate to strong and positive correlation with the accelerative and maximal
sprinting abilities (r= 0,600, r= 0,809). Conclusions: 1) Improving the power abilities with explosive
character creates beneficial conditions in development of the other motor abilities; 2) Improving of the
speed abilities is a major component of the conditioning in female soccer; 3) The most important factor
for improving the speed endurance is creating a “speed reserve”.
Key words: women, football, elite, conditioning, correlation

INTRODUCTION
The main characteristic that defines the
football game for both sexes is its intermittent character of the match-play and training
process. The data about the motor activity
in female football shows some similarities
with male football but only in relative values
(Mohr et al., 2008; Datson, 2014). Systematic review of the literature shows the authors’
interest in disclosing the question about relationship of the motor abilities of male and
youth football (Chamariet al., 2004; Stølenet
al., 2005; Kirkendall, 2007; Mujikaet al.,
2009; Martinez-Lagunas et al., 2014; Rajkumar, 2015; Datsonet al., 2017; Milanovićet
al., 2017, Peev, 2017). However, we cannot
observe the same interest in female football
(Mujikaet al., 2009, McCurdyet al, 2010).
We can even say that the data about their reJournal of Applied Sports Sciences
2018, Vol.1, pp. 37-44
ISSN 2534-9597 (Print), ISSN 2535-0145 (Online)

lationship in football is scarce. From theoretical point of view, the knowledge about
the relationship between motor abilities is
an important part of the conditioning and
their correlation can optimize the training
process (Polmanet al, 2004; Mansonet al.,
2014). That knowledge is a precondition for
structuring and defining an algorithm for methodical development of motor abilities in
conditioning. This knowledge about transfer
and transformation of motor ability and their
critical values takes main place in the methodology but it is not so deeply researched. As
we know all of the researched motor abilities
are connected and dependable on each other. That is the reason to research their connections but sometimes the over increase of
the values of one of the abilities can affect
the others in negative ways. If we find exact
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model of development of the motor abilities,
we can boost the training process and optimize the conditioning. All these statements
are well discussed in Gadev’s (2013) thesis
about conditioning in football.
In order to optimize the conditioning of
the women football we defined the purpose
of the present study as: Disclosing the relationship between main motor abilities of elite
female football players.
When we accomplished our goal, we
solved the following tasks:
Research of the variability of the indi-

cators that characterizes speed, power and
speed endurance motor abilities;
Determination of the structural relationship between the researched motor abilities.
METHODS
Description of the methods
To solve the tasks of the research we used
the following methods – testing, optometry,
chronometry, statistical analysis (descriptive
and correlative analysis). The tests that characterize the motor abilities and their forms of
presence are in table №1.

Table 1. Tests that characterize the motor abilities and their forms of performance
Number of
test

Name of the test

Measurement
units

Precision

1.

20 m running form standing start

sec

0,01

2.

20 m running with flying start

sec

0,01

3.

Standing triple jump

m

0,01

4.

3x50 m shuttle run from standing start

sec

0,01

When we researched the speed abilities,
and their two forms of presence, we used the
following tests: 20 m running from standing
start (20 m s.s.) for accelerative abilities and
20 m running from flying start (20 m f.s.) for
maximal sprinting ability. The test 20 m f.s.
we made with 10 meters approach before the
first photocell. The test is in agreement of
the research of Benton (2000) Young et.al.
(2008,) Turner et.al. (2011) and Kutlu et. al.
(2017) about the optimal distance for optimal
sprinting distance for defining the maximal
springing abilities. The track was measured
with manual tape and marked with two cone
and photocell on the start line and the final
line. All the players start when they are ready
and confident from a line, 30 centimeters be-

hind the first photocell. The procedures of the
test are done by standard methodology for
this type of research with electronic timing
system (Newtest Oy, Finland). We used these
tests because the average sprint distance in
team sports is between 15 and 21 meters
(Gabbett, 2012; Andrzejewski, et. al., 2013
and 2015). Also, they are commonly used,
and their validity and reliability are widely
researched. The research done by Haugen et.
al. (2012, 2013) showed that the real difference of sprint abilities could be found in 20
meters section.
We researched the level of power abilities with explosive character with the test
standing triple jump (TJ). The tested subjects
do 3 consequent jumps from standing posi38
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tion with two legs on the ground. The athlete
starts like she will do a standing long jump.
The first phase is a hop from a stand still behind a starting line, which requires the athlete to take-off from a two-footed stand, split
in midair, and land on the convenient foot
(depends on the strength of the legs and the
preference of the athlete). The next phase is a
long-stretched step, and the athlete lands on
the opposite foot. The last phase is the jump,
where the athlete lands on both feet. There
are two combinations of execution of this
test: two legs, the right or left foot then left
or right foot then landing on two legs on the
ground. The distance of the jump is measured
with manual tape on the closest mark toward
the starting line (usually on the heels). Every
subject of research makes two jumps. The
best trial is taken into account. Usually for
defining the level of development of the power abilities with explosive character research-

ers use counter movement jump (Haugen et.
al. 2012) but we think that we can use the
jump test in horizontal plane because there
is high correlation in the two types of jumps
and it is closer to the running locomotion
(Rohr, 1992).
We measured the level of development
of the speed endurance with 3x50 m shuttle
run from standing start (3x50), that was used
before by Gadev (2013, 2014) and Peev et
al. (2017). The test was validated before by
Peev (2017) with 14 years old football players. The test is performed on a track with
length of 50 m that is marked with two cones.
The requirement for all the subject is to pass
the distance with two turns for shorter time.
The time (speed) is measured with electronic
stopwatch, Model - HS-80TW-1DF (Casio
Computer Co, LTD, Shibuya, Tokyo, Japan).
We can see the performance of the test in figure 1.

Figure 1. How to perform the test 3x50 m shuttle run from standing position
All tests were held in one day, three times
a year as part of the control of the physical
performance of the players. Our experimental
approach was the following:
1. All of the testing procedures were made
on a football field with natural grass.

2. Warm up that consisted of 8 minutes
of running; 6 minutes of exercises for whole
body; 6 minutes of stretching, 3 accelerations
of 20 m.
3. First, we held the standing triple jump.
All the participant made 2 consequent jumps
39

CORRELATION BETWEEN...

P. Peev, M. Gadev

with 1 minute between them.
4. After 12 minutes we made the two
sprinting tests (20 m running from standing
start and 20 m running with flying start). We
made two attempts for each with 6-8 minutes’
recovery between them). The best attempt was
taken into account. All of the participant ran
alone.
5. After 15 minutes of active recovery with
stretching exercises we held the 3x50m shuttle
run test. We made one attempt on the test. All
of the participant ran two by two.
All statistical analyses were processed by
SPSS Statistics 19 (Chicago, Illinois, IBM,
USA). The research was done among 68 elite
women football players from WFC “Rossiyanka“, Russia.

RESULTS
The data from the test and the descriptive
statistics are presented in table 2. The average result for 20 m s.s. is 3,17 seconds with
maximal value of 3,39 and minimal of 2,91
seconds. The average time for 20 m f.s. is 2,77
seconds with maximal value of 3,12 and minimal of 2,51 seconds. The average result for
TJ are 6,45 meters with individual values between 4,49 and 7,71 meters. The average time
for 3x50 is 25,44 seconds with maximal value
of 27,10 and minimal of 23,97 seconds. It is
visible that all the research indicators are homogenous with coefficient of variation (V%)
between 2,67 to 5,05 %. This fact gives us a
prediction for correct results and allows us to
make a correlative analysis.

Table 2. Variability of indicator that characterizes motor abilities of women football players
Statistical
indicator
X
mx
Me
Mo
S
As
Ex
R
X min
X max
V%

20 m running
form standing
start

20 m running
with flying start

Standing triple
jump

3x50 m shuttle run from
standing start

(seconds)

(seconds)

(centimeters)

(seconds)

3,17
0,01
3,19
3,20
0,11
-0,04
-0,27
0,48
2,91
3,39
3,47

2,77
0,02
2,76
2,66
0,14
0,37
-0,29
0,61
2,51
3,12
5,05

6,45
0,04
6,38
6,20
0,29
0,64
-0,34
1,15
5,95
7,10
4,49

25,44
0,08
25,37
25,76
0,68
0,24
-0,22
3,13
23,97
27,10
2,67

On the base of the data from the descriptive
statistics, we disclose correlative interrelation
between the researched motor abilities. Their
values are presented in Table 3.
The correlation between accelerative abilities and maximal sprinting abilities is moderate and positive (r= 0,634); the correlation between power abilities with explosive character

and other researched abilities are moderate by
strength and negative by direction as it follows
speed endurance abilities (r= -0,430), maximal
sprinting abilities (r= -0,494) and accelerative
abilities (r= -0,455). The speed endurance abilities have moderate to strong and positive correlation with the accelerative and maximal sprinting abilities (r= 0,600; r= 0,809).
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Table 3. Correlative matrix of the correlation between motor abilities
Tests 
20 m standing
start

20 m standing
start

20 m flying start

20 m flying start

0,634

Triple jump

-0,455*

-0,494*

3 х 50 m shuttle run

0,600**

0,809**

Triple jump

*

3 х 50 m
shuttle run

-0,430*

*Significance at 0,05 level, **Significance at 0,01 level

DISCUSSION
The data that is presented in tables 2 and
3 are an objective chance to analyze concrete
relationship between the indicators that characterize speed endurance abilities with speed
and power abilities. From theoretical point of
view, there is no doubt that we must define the
relationship between one of the most important ability in football, speed endurance abilities and the ones mentioned above.
We can observe from table 3 that the two
forms of speed abilities greatly influence the
performance of speed endurance (r=0,600
and r=0,809) with positive correlation. The
strength of the correlation of accelerative abilities and the speed endurance abilities is moderate (r=0,600). Meanwhile the correlation between speed endurance abilities and maximal
sprinting abilities is with strong significance
(r=0,809). This fact means that improving the
speed abilities is a precondition to improve
the speed endurance. In conclusion we can say
that the level of development of the speed endurance to the greatest extent depends on the
development of the different forms of speed
abilities and most of all on the maximal sprinting abilities and creating a “speed reserve”.
We found moderate and positive correlation between maximal sprinting abilities and
accelerative abilities (r=0,634). The improvement of one of them leads to the improvement

of the other. That relationship is not surprising because the two form of speed abilities are
connected and dependable on anaerobic energy supply system (Turner et.al. 2011). This
fact is in unison with the conception of Gadev
(1997) and Vescovi and McGuigan (2008). Of
course, this is not the only way of improving
the result in the test. Other important component of sprint running is its technique of execution.
Another field of interest for sports practice
is the correlation between speed and power
abilities. As we can notice from table 3, the
correlation between power abilities and accelerative and maximal sprinting abilities is
negative and moderate by strength (r=-0,455
and r=-0,494). In other words, the speed abilities are moderately affected of the power abilities. This correlation is surprisingly low for
us because the power is a main component in
running and affects the ability to apply force
on the ground. As a consequence of this when
athletes can generate more power it is normal
for them to sprint faster (improve the time in
the tests). That is in unison with the results and
statement of Peev (2017) and Bachvarovet.al.
(2008). Other researchers found that this relationship was moderate to strong, but they used
jumps in the vertical plain. According to McCurdy et al. (2010) this fact can be a consequence of the lower validity of the jump in the
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RESEARCH OF THE RHYTHMICAL ABILITIES
OF RHYTHMIC GYMNASTS
Giurka Gantcheva, Emil Videv, Bisser Grigorov
National Sports Academy „Vassil Levski“
ABSTRACT
Rhythmical abilities, being part of the coordination abilities of athletes, are an important factor
for the successful realization in the complex-coordination kinds of sports. The initial learning of the
exercises requires the strict following of a rhythm, set with music, to distinguish the different phases of
motor activities and their duration. The rhythm of motor activities is subjected to the inner rhythm of the
performer, to the different rhythm of the movements with the apparatuses, and to the rhythmical structure of the music accompaniment. The rhythmical execution and the harmonious connection between
movements and music is one of the major characteristics of gymnastics events. The aim of the research is
to study the rhythmical abilities of athletes, practicing kinds of sports whose motor activity requires the
use of musical accompaniment and those which do not require such. The research was done among 72
individuals. Methods: For coordination in rhythm we used four tests: Frontalkickingwithlegsandarmsonthewall - (Fkla), Jumpsinfoursquares – (J4sq), Crossover jumps in four squares – (Cj4sq), Kicking
with legs and arms – (Kla).
The results from the tests – Jumps in four squares и Crossover jumps in four squares – correlate
with each other significantly with the gymnasts (.710**) and moderately with the athletes practicing
other kinds of sports (.358**). The results from the agility tests correlate significantly with the gymnasts
(.723**), and moderately with the athletes from the other sports (.654**). The mean values (х=10.20,
х=4.41) and (х=10.6, х=8.24) of the tests, performed with arms and legs are better with the gymnasts.
The results from the research showed the necessity of adapting the applied tests so that they could be
implemented in research with different age groups.
Key words: rhythmical abilities, gymnastics, other sports, music accompaniment

INTRODUCTION
The rhythm of human activities can be
generally defined as a way of synchronization or unification of the rhythms between the
movements of different body parts, between
moving object and person, two people, and a
person and melody (Schaal, et al, 2004). Being an inborn sense, rhtyhm is present in almost all human daily activities, and in the very
human organism – heart rate, breathing, etc.
(Zachopoulou, Tsapakidou and Derri, 2004).
All body systems (respiratory, cardiovascular, locomotory) work in a certain rhythm. In
this complex sense, rhythm has a particular
place in human organism both for maintaining
its homeostasis and for performing its movements (Jeffcock, 2006).
Journal of Applied Sports Sciences
2018, Vol.1, pp. 45-52
ISSN 2534-9597 (Print), ISSN 2535-0145 (Online)

The ability to feel and reproduce rhythm is
in the base of a number of sports disciplines,
called “artistic” because of the synchronization of human movements with music – rhythmic gymnastics, synchronized swimming, figure skating, sports dances (Кarpenko, 2003).
It is considered one of the most important
complex qualities and the nature of these
disciplines requires its continuous perfection
(Rosato, Fazio, 2006).
The rhythmical ability, defined as a component of coordination abilities, has its manifestation in gymnastics disciplines – rhythmic,
aesthetic, artistic gymnastics, aerobics, sports
acrobatics, where routines are performed with
music accompaniment (Hadjiev, et al., 2011).
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Figure 1. Components of coordination abilitiesin gymnastics (according to Hadjiev, N., К.
Аndonov, D. Dobrev, V. Petrov)
Human movements can adapt their rhythm
to an outer rhythm (Hafe, 2016). In gymnastics this is expressed through the adaptation
to the relation music-movement and the connection of the music phrases, accents, rhythm
and specific dynamics (Rosato, 2006). Music
is the only means which, during motor activity, could set the exact rhythm of performance
and measure precisely the continuation of the
different phases of the movements (Viner-Usmanova, 2015). It is also an accurate reference
point for restoration of the execution precision
when a mistake has been made (Marcez, DiSanto, 2000).
Music rhythm influences on a great extent the process of mutual actions in group
gymnastics (Gantcheva, 2017) but is also an
important element in the contents of the curative kinds of gymnastics aimed at developing
biological abilities of human body, adequate
breathing rhythm which facilitates the adaptation of organisms to the environment (Macovei, 2006). Rhythmical abilities, being a phenomenon in the field of physical culture, have
provoked interest in lots of researchers in the
field of gymnastics in their attempt to solve
some curative, aesthetic, general development
and rehabilitation tasks (Terehina, 1991, Sosina, 2009).
The evaluation of rhythmical abilities,
based on subjective criteria, makes it difficult
to establish their qualitative and quantitative
parameters. In this connection, Damjanovska,

Gontarev, Radisavljevic, (2013) created three
new tests for evaluation of coordination in
rhythm, which showed there were good measuring characteristics which could be used in
practice.
In the artistic disciplines, where the relation music-movements is particularly important, researchers use tests including movements close in structure to basic movements
in the certain discipline (Dimitrova, 2015).
Setting a rhythm and tempo of execution with
the use of a metronome or the modified option – the use of music accompaniment with
preliminarily set moderate tempo (122 or 128
beats per min) is a successful way to unite the
two components of the discipline – movement
and music (Tarnichkova, 2016).
Aim: The aim of the research is to study
the rhythmical abilities of athletes, practicing
kinds of sports whose motor activity requires
the use of musical accompaniment and those
which do not require such.
METHODOLOGY
Paticipants
The research was done among 72 female
athletes, practicing different kinds of sports:
35 gymnasts (rhythmic and aesthetic) with
average age 20.91 years and 37 individuals,
practicing other kinds of sports (athletics, tennis, volleyball, and wrestling) with average
age 21.22 years.
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Methods
In order to fulfill the aim of the research
we used tests recommended by (Damjanovska, Gontarev, Radisavljevic (2013) and by
(Damjanovska, et al., 2015):
Four tests for assessment of coordination
in rhythm were used:

in the lower left square and taking three steps
(right, left, right foot), after the performed
three steps, with his left foot jumps in the
left upper square, with the right foot jumps in
the top right square, and starting with the left
foot in the lower right square takes three steps
(left, right, left foot). This makes one cycle of
movements. The test is repeated three times,
Frontal kicking with legs and arms on the the number of successfully performed cycles
wall - (Fkla)
in 20 seconds is recorded.
On the floor in length of 20 cm from the
Practicing is not allowed.
wall, is marked a line, behind which stands the
examiner in upright position, turned with its
Crossover jumps in fours quares – (Cj4sq)
face to the wall. Also, in 20 cm height is drawn
Is the same as the previous test, but here
a line. Hands of subjects are raisedat a right the movement starts with left foot jump in the
angle in the height of the shoulders. With in 20 left upper square, and with his right foot in the
seconds, the examiner should do the following right upper square, with the left leg jump in
actions: with his right foot hits the wall over the lower left square is performed three steps
the line, lowers his right foot on the floor, then (left, right, left foot). Then the movement
takes a shot with his left foot, lowers the legd starts with the right foot jump in the top rights
own to the floor. Then follows alternately hits quare, then with left foot jump in the left upwith hands to the wall as follows: right hand, per square, and starting with the right foot in
than with the lefth and and again with the right the lower right square is performed three steps
one. That is one cycle of movement. The next (right, left, right foot). This makes one cycle
cycle of movement starts with a hit of his left of movement. The test is repeated three times,
foot to the wall, and then with the right foot the number of successfully performed cycles
continuing with alternately hitting the left, in 20 seconds is recorded. Practicing is not alright, left hand to the wall. Cycles of move- lowed.
ments is performed by the end of 20 seconds.
Kicking with legs and arms – (Kla)
The test is repeated three times, the number
This test is performed in the corner of a
of successfully performed cycles is recorded.
room. On the left and right side of the floor, in
Practicing is not allowed.
height and distance from the floor, are marked
lines with a length of 20 cm. Respondent in
Jumps in four squares – (J4sq)
upright position, with arms raised to the level
In the floor are painted four squares of the
of the shoulders, stands on the marked place.
same dimension 40x40 cm, spaced from each
With the right side of the body the hits are perother in 5 cm. The examiner stands in upright
formed to the right side wall, while with left
position, with free slumped hands beside the
side of the body to the left side of the wall.
body, in the right lower square. The movement
But the movements are performed as follows:
starts with a jump of the right foot in the right
the respondent with the left foot hits the left
upper square, jump in gwith the left foot in the
wall above the line and lowers the leg on the
left upper square, starting with the right foot
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floor, with his right hand hits the right wall
at the height of the chests, separates the arm
from the wall, with his left hand, at the height
of the chests, hits two consecutive times in
the left wall, separates the left hand from the
wall, with the right foot strikes the right wall
and lowers the leg on the floor. This makes
one cycle of movement. Respondent, starting
with hitting with his left foot into the left wall
opens the next cycle of movement. The test is
repeated three times, the number of successfully performed cyclesin 20 seconds is recorded. Practicing is not allowed.
Each test was executed three times, consecuitively, with short breaks between the different trials, but only the best result was taken
into consideration.
Math-statistical methods:
Correlation analysis and variation analysis
of the results from the research aimed at establishing the statistically significant relations between the variables of coordination in rhythm.
All statistical analyses were performed
with the use of SPSS 19.

great because, with both research groups the
coefficient of variation is over 10%. There
is a normal distribution of the values. This
is justified by the coefficients of asymmetry
and excess. The values of the range (R) are
approximately the same with the exception
of test Frontalkicking with legs and arms on
the wall, with R=15 for the gymnasts’ group
and R=11 for the other atheletes’ group. The
mean values of the results from the tests are
higher with the gymnasts. The obtained results from the tests performed with legs and
arms – Frontal kicking with legs and arms on
the wall (х=10.20, S=3,16; х=4.41, S=2,05)
and Kicking with legs and arms (х=10.6,
S=3.03; х=8.24, S=3,35) are especially interesting. There is a moderate correlation dependence among the results from three tests
for coordination in rhythm with the gymnasts
(.473*,.482**,.443**). The great significance
of the tests, performed only with legs (.710**)
is the highest result in the present study (table
3). With the athletes practicing other kinds
of sports we found weak dependence (0,216)
between the results form the tests performed
RESULTS
with arms and legs. However, there is a signifThe results from the variation analysis are icant dependence between the tests performed
presented in tables 1 and 2. The average num- with arms and legs and only with legs (.582**)
ber of complete cycles for each of the tests (table 4). Rhythmicity of movements in other
ranges from 7.09 and 10.6 with the gymnasts sports disciplines, even with lack of music acand 4.41 and 8.24 with the athletes practic- companiment, is subjected to inner rhythm
ing other kinds of sport. With all the applied close to the natural rhythm of the body.
tests the variation of the values is relatively
Table 1. Variation analysis of the results from the research among women – gymnastics
1
2
3
4
5
6

INDICATOR
Frontal kicking with legs and
arms on the wall
Jumps in four squares
Crossover jumps in four
squares
Kicking with legs and arms
Height
Weight

n

Xmin Xmax

R

х

S

V

As

Ex

35

5

20

15

10,20 3,16

30,98

35

3

11

8

7,23

1,90

26,22 -0,294 0,174

35

1

11

10

7,09

2,09

29,51 -0,509 0,702

35
35
35

5
158
45

16
180
63

11
22
18

10,60 3,03
167,94 4,70
54,66 3,96

28,59 -0,057 -0,622
2,80 0,201 0,461
7,24 -0,144 0,305
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Table 2. Variation analysis of the results from the research among women – other sports

1
2
3
4
5
6

INDICATOR
Frontal kicking with legs
and arms on the wall
Jumps in four squares
Crossover jumps in four
squares
Kicking with legs and arms
Height
Weight

n

Xmin Xmax

R

х

S

V

As

Ex

37

2

13

11

4,41

2,05

46,42

2,350

7,910

37

4

11

7

6,89

1,70

24,62

0,431

0,142

37

0

11

11

6,43

2,54

39,56

-0,377 0,487

37
37
37

1
154
45

14
185
75

13
31
30

8,24 3,35
167,73 7,02
57,59 7,59

40,59
4,18
13,17

-0,360 -0,146
0,559 0,064
0,610 -0,146

1

Jumps in four squares

0,230

1

Crossover jumps in four squares

0,125

,710**

1

Kicking with legs and arms

,473*

,482**

,443**

Kicking with
legs and arms

Frontal kicking with legs and arms on the wall

Jumps in four
squares

Female gymnasts

Frontal kicking
with legs and
arms on the wall

Crossover jumps
in four squares

Table 3. Correlation matrix of the investigated parameters– Female gymnasts

1

*Significance at 0,05 level, **Significance at 0,01 level

Jumps in four squares

-0,128

1

Cross jumps in four squares

,582**

,358**

1

Kicking with legs and arms

0,216

,476*

,518**

*Significance at 0,05 level, **Significance at 0,01 level
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Kicking with legs
and arms

1

Crossover jumps in
four squares

Frontal kicking with legs and arms on the wall

Jumps in four
squares

Female athletes – other sports

Frontal kicking with
legs and arms on the
wall

Table 4. Correlation matrix of the investigated parameters – Female athletes – other sports.
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DISCUSSION
The rhythmical abilities of the gymnasts
are related to the nature of the discipline and
to its requirements for simultaneous play with
arms and legs, to the same, different or often
changing rhythm. The skill to perform slow
and graceful body movements (waves, dancing steps, turns) while following the melody
of the music accompaniment, and performing quick and dynamic movements with the
apparatus (snakes and spirals with ribbon,
assimetrical movements with clubs, rotation
with rope, consecutive rolls with a ball, hoop
throws with simultaneous spins) according to
the accents of the music are the base for the
results obtained in the abovementioned tests.
The results from the tests, performed with
legs and supportive free movement of the
arms are a manifestation of the so-called ability to follow rhythm – when there is an outer
rhythm of music accompaniment to express
the rhythm through motor action (Mienel, Schnabell, 1987). Most often, these are different
kinds of gymnastics or dance steps, depending
on the character of the abovementioned music
accompaniment, where the main movement is
performed with legs.
The actions in rhythmic gymnastics, and
in the other kinds of gymnastics, are preliminarily set, familiar and relatively constant as
a model for motor activity. The perfection of
the movements is subjected to reaching uniformity between the rhythm of the body and
the one of the movements with the apparatuses
through the rhythm of the music accompaniment. Musical means of expression (tempo,
rhythm, dynamics, and melody) are basic
measurement unit for perceiving the rhythm
and execution of gymnastics movements, but
also a reference point for evaluation of rhythmical abilities in gymnastics for exact and precise execution.
The rhythmical abilities with athletes practicing other kinds of sports are perfected in
different conditions. The constantly changing

environment in team sports and the lack of music accompaniment with a strictly set function,
places the two groups in a totally different situation. The movements, performed only with
feet, regardless of their thyrhmical structure,
are close to the natural human movements and
are influenced by the individual abilities to a
great extent.
The abilities to feel and recreate the peculiarities of the sounds through movements are
one of the basic qualities in gymnastics (Rosato, 2006). The execution of complex rhyhmical structures depends to a great extent both on
the level of preparation and on the complexity
of the used music forms, appropriate for the
particular competitive category (Borissenko,
2000) and consequently, some amendments
to the tests for rhythmical abilities are needed
regarding the different age groups and levels
of preparation.
CONCLUSION
Rhythmical abilities are one of the main
factors for the successful realization in gymnastics due to the specifics of this motor activity, according to the rules of its evaluation
and perception on behalf of the spectators.
The development and perfection of rhythmical abilities in modern rhythmic gymnastics in
relation to musical accompaniment should be
subjected to the requirements of contemporary
sport while preserving the traditions and richness of the music culture. The established correlation dependences show that the researched
individuals did not find much difficulty in performing the applied tests, but the tests should
be brought up to date and performed with different music accompaniment. Thus, a wider
range of rhythmical abilities could be checked.
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SENSATION SEEKING AND STRESS COPING STRATEGIES
OF PARTICIPANTS IN MILITARY MISSIONS IN AFGHANISTAN
AND ANTARCTIC EXPEDITIONS
Tatiana Iancheva, Galina Domuschieva – Rogleva, Milena Kuleva
National Sports Academy “Vassil Levski”
ABSTRACT
The activities performed by people who go on military missions or on Antarctic expeditions to Livingston Island often arise various questions and interpretations. On the one hand, they suppose a tendency toward risky acts; on the other hand, they require discipline and balance in one’s behavior.
The aim of our study was to examine the peculiarities of the need of security and the need of sensation seeking as basic personal variables of participants in military missions in Afghanistan and Bulgarian Antarctic expeditions and to examine their relation to the coping strategies applied.
The research was done among 141 individuals (107 participants in Bulgarian military contingent
which took part in an international NATO mission in Afghanistan in 2017 and 34 participants in two
Bulgarian Antarctic expedition on Livingston Island in 2014/2015 and 2016/2017. All the individuals
researched were divided into groups according to their age, gender and rank.
We used: 1) Need of security assessment test (A. Velichkov, M. Radoslavova, S. Vassileva, V. Todorov,
1998). 2) Coping Orientations to Problems Experienced Scale – COPE – 1 (Carver, et al, 1989), adapted for Bulgarian conditions (M. Georgiev et al, 2003) and 3) Research methods of psychic instability
and sensation seeking, adapted by A. Velichkov and M. Radoslavova (2005). It is based on M. Zuckerman’s methods (1979, 1994).
The researched participants in military missions and the explorers from Antarctic expeditions showed
significant differences along the indexes between the two groups. The participants in military mission
have lower values along all scales of the need of sensation seeking in comparison with the established
norms for the Bulgarian sample and higher values of the need of security. The results of the participants
in the Antarctic expeditions are particularly interesting. Regardless of their pronounced inclination to
adventurous experiences and risky behavior, to hasty and impulsive actions, when subjected to tension,
uncertainty and stress they revert to cognitive engaged coping strategies, which suppose active coping,
planning, mobilization and a sense of control over the situation.
The established regularities are a valuable reference point both for the selection of the participants
in military missions and expeditions and for the insurance of their safety.
Key words: need of security, sensation seeking, military missions, stress coping strategies, Antarctic
expeditions.

INTRODUCTION
A lot of people take part in risky, adventurous activities and this arises different questions and interpretations. Why do these people
take such a risk? Are there any personal prerequisites determining their choice? If those
are people inclined to risky behavior, how are
the balance, discipline and regulation of this
behavior achieved?
These questions directed our scientific inJournal of Applied Sports Sciences
2018, Vol.1, pp. 53-63
ISSN 2534-9597 (Print), ISSN 2535-0145 (Online)

terest to research of some personal variables of
participants in military missions and Antarctic
expeditions which, according to authors, are
related on the one hand to an inclination to
sensation seeking, and on the other hand, to
ways of coping with stress and tension during
such missions.
The need of security concerns a person’s
basic motivation. It is vital for the process of
development and functioning of a person, for
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emotional reactions and building a system of
cognitive-motivational structures for regulation of people’s behavior and actions, especially in situations involving threat, tension
and potential risk. Depending on the level of
its manifestation there are certain differences
in behavior and coping strategies in extreme
situations, in the intensity of emotional reactions towards threatening signals, as well as in
cognitive assessments of the threat involved.
Some stable individual differences in emotional reactions to threatening stimuli have
been established according to the intensity
people experience positive and negative emotions depending on their different need of security level (Larsen, Billings, Cutler, 1996).
The fulfillment of the need of security is
prerequisite for maintaining a person’s emotional stability. The feeling of personal security and ability to have control over the course
of the events play a major role in the organization and functioning of a person.
People with low need of security level are
viewed as emotionally more stable to threatening stimuli.
Different behavior strategies in situation
involving potential risk have been established
as well (Velichkov, Radoslavova, 2000). People with high need of security tend to use more
various coping strategies, and most often it is
seeking support on behalf of other people.
Those with low need of security are more oriented to ignoring the threat and seeking their
own ways to cope with the situation. There are
also differences in the cognitive assessments
of the context. People with low need of security process the information more realistically
and make more moderate assessments of the
probability of threat presence.
The cognitive assessment of a situation or
events provokes certain emotions which consequently generate cognitive and behavior activity (Lewis, 1996). If one assesses a situation
as insecure, unfamiliar or unusual according
to their own experience, it could provoke fear

or anxiety. If it is perceived as a new or challenging one, it could lead to pleasure, delight
or surprise (Roseman, Antoniou, Jouse, 1996).
According to some authors (Carver, Sutton, Scheier, 2000) the result from the cognitive-emotional assessment usually leads to
two general behavior strategies: avoidance
and active coping with a situation. However,
one logically asks oneself – what kind of behavior strategies do people with very low or
insignificant need of security levels revert to?
Sensation seeking, inclination to challenges is a basic personal characteristic of neurobiological nature. M. Zuckerman defines it as
“a feature, a determining trend towards seeking various, new, complex and strong sensations and experiences, the readiness to take
physical, social, legislative or financial risk
because of such experiences” (Zuckerman,
1994).
M. Zuckerman develops a theoretical model
in order to explain a wide range of behavior
types. The theory of the optimal level of arousal
lies at the base of his concept for sensation seeking, according to which every person possesses
a preferred or optimal level of stimulation. It
predisposes the intensity of the most efficient
performance (Jones, 1995; Shoham & Rose,
1998). These differences affect the choice of a
type of activity (Zuckerman, 1979, 2007).
People with high sensation seeking level
tend to be more adventurous, impulsive, and
quick-tempered which can provoke involvement
in risky activities and an easy loss of control.
Those ones with low sensation seeking level
tend to be more cautious and stability seeking
and prefer to avoid the unknown and unexpected
things (Vassileva, 2002).
A number of surveys show that people inclined to sensation seeking usually choose more
risky professions or sports (Zuckerman, 1979,
1994; Campbell, Tyrell & Zingaro, 1993; Wagner & Houlihan, 1994; Iancheva, 2004, Domuschieva-Rogleva & Iancheva, 2017).
Proneness to risky behavior and its conse54
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quences make researchers look for their relation to different coping strategies.
Coping strategies are defined by many
scientists as a complex, dynamic, multidimensional process (Crocker & Graham, 1995;
Crocker & Isaak, 1997; Eklund, Gould &
Jackson, 1993; Gould, Udry, Bridges & Beck,
1997). Coping aims at regulating emotions
and changing behavior so that we can do better in a particular situation. Coping with a situation requires a change in one’s behavior and/
or cognitions in order to manage the situation
better. Lazarus and Folkman define it as “a
process of constantly changing cognitive and
behavior efforts to manage specific inner and/
or outer requirements or conflicts, determined
as exceeding one’s own resources” (Lazarus &
Folkman, 1984, p.141). Coping is a response
to the perception of threats which appear in
the environment. Most authors are unanimous
that coping consists of conscious psychological and psychic efforts aimed at improvement
of our own resourcefulness when dealing with
stressful events or at a decrease in the outer
pressure (Anshel et al., 2001). Implementation
of certain coping strategies supposes awareness that the problem or situation are problematic ones.
Participation in military missions is a specific activity which supposes on the one hand
inclination to risk taking and a certain amount
of adventure spirit, and on the other hand – it
requires strict discipline and observation and
adherence to the rules.
The activity of the participants in the Antarctic expeditions on Livingston Island is
highly dependent on the extreme living conditions, the frequent climatic changes, strong
winds, and snowfall. According to some researchers this is “the worst weather on earth”.
There is a considerable interest towards
psychological changes and functioning of the
members of polar expeditions (Gunderson,
1974; Gunderson & Pálinkás, 1991; Pálinkás,
Suedfeld & Steel, 1995; Suedfeld, 2001). In

some surveys the authors seek the influence of
the inner self-concept, interpersonal relationships and personal characteristics on the activities during polar expeditions (Pálinkás &
Johnson, 1990; Pálinkás, 2003; Rosnet, LeScanff & Sagal, 2000).
The aim of our study was to examine the
peculiarities of the need of security and the
need of sensation seeking as basic personal
variables of participants in military missions
in Afghanistan and Bulgarian Antarctic expeditions and to examine their relation to the
coping strategies applied.
METHODOLOGY
The research was done among 141 individuals (107 participants in Bulgarian military
contingent which took part in an international
NATO mission in Afghanistan in 2017 and 34
participants in two Bulgarian Antarctic expedition on Livingston Island in 2014/2015 and
2016/2017, aged between 23 and 70 years.
There were 128 men and 13 women. The average age of the researched individuals is 42.5
years. For the purposes of the study the members of the armed forces were divided into age
groups (23 - 30 years; 31 – 40 years; 41 – 56
years), gender, work experience (less than 10
years, from 11 to 20 years and over 21 years),
and rank (soldiers, sergeants and officers).
The research among the military men was
done right after their return from Afghanistan
at Military Medical Academy in Sofia, at Psychic Health and Prevention Centre, and the research among the participants in the Antarctic
expeditions – during the last days of their stay
on Livingston Island.
Methods
In order to fulfil the aim of the research we
used:
Need of security assessment test (A. Velichkov, M. Radoslavova, S. Vassileva, V.
Todorov, 1998).
Research methods of psychic instability
and sensation seeking, adapted by A. Velich55
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kov and M. Radoslavova (2005). It is based
on M. Zuckerman’s methods (1979, 1994) and
comprises three scales:
Sensation seeking;
Functional impulsivity;
Dysfunctional impulsivity
The scale includes 79 items.
Coping Orientations to Problems Experienced scale – COPE – 1, Carver, et al., 1989).
The scale includes 52 items, organized in 14
subscales. After an additional factor analysis,
they were reduced to three generalized secondary factors: cognitive engagement, emotional engagement, cognitive and emotional
disengagement (M. Georgiev, et all, 2003).
Statistical Analysis
In order to process the initial data from the
research we used the statistical program SPSS

21, and did an alternative analysis (to establish the relative shares of different responses
in the questionnaires, as well as to process
the personal information such as gender, age,
work experience, rank), correlation analysis,
comparative analysis (ANOVA, U-criterion
of Mann-Whitney and Criterion of KruskalWallis), and regression analysis.
RESULTS AND ANALYSIS
The results obtained from the variation
analysis are presented in table 1.
The data, to some extent, differs from our
preliminary expectations. A number of surveys show (Zuckerman, 1979, 1994) that the
people who are inclined to sensation seeking
usually choose more risky professions.

Table 1. Results from the variation analysis of the data
N

Min

Max

M

Std. Dev.

As

Std. Error

Ex

Std. Error

Age

141 23,00 70,00

42,01

12,59

,717

,204

-,518

,406

Cognitive engagement

141

1,15

3,85

2,75

,55

-2,148

,217

8,801

,431

Emotional engagement

141

1,17

3,75

2,32

,52

-1,350

,217

5,077

,431

Cogn-emot disengagement

141

1,00

3,13

1,66

,43

-,311

,217

3,297

,431

Need of security

141

4,00 18,00

11,73

3,27

-,988

,217

1,744

,431

Sensation seeking

141

,00

1,17

,41

,20

,339

,204

,556

,406

Functional impulsivity

141

,10

,90

,53

,22

-,847

,204

-,098

,406

Dysfunctional impulsivity

141

,00

,80

,21

,20

1,382

,204

1,269

,406

The results from our research reveal that
there are lower values both among the military men and among the participants in the
Antarctic expeditions from our sample along
all scales of the need of sensation seeking than
the mean values of the Bulgarian sample (figure 1) and similar values in the need of security (Velichkov & Radoslavova, 2005).

Our previous surveys (Iancheva, 2004),
done among mountaineers and climbers, as
representatives of sports directed to challenge,
new impressions and experiences, risky and
adventurous performances, reveal significantly higher values along all scales of the need of
sensation seeking.
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0,77

0,8
0,7
0,53

0,6

0,46

0,5
Mean

0,57
0,4

0,37

0,4
0,3

0,37

0,17

0,2

0,23

Index

Sensation seeking

Functional impulsivity

Participants in Antarctic expedition
(Explorers)

Mean values for Bulgarian sample

Participants in the military mission in
Afghanistan

Participants in Antarctic expedition
(Explorers)

Mean values for Bulgarian sample

Participants in the military mission in
Afghanistan

Participants in Antarctic expedition
(Explorers)

Mean values for Bulgarian sample

Participants in the military mission in
Afghanistan

0

Group

0,1

Dysfunctional impulsivity

Figure 1. Mean values of the researched indexes among missionaries, Bulgarian sample and
participants in Antarctic expedition

The data from the research show that the
“functional impulsivity” scale has significantly higher values than the scale “dysfunctional
impulsivity” (table 1). These results are favorable because functional impulsivity is related
to risk taking tendency, quick and adequate reaction in extreme situations, feeling of enthusiasm, bravery and activeness. Dysfunctional
impulsivity supposes higher impulsivity and
lack of any restraints, tendency to ignore facts,
hastiness and very often defiance of the rules.
The analysis of the results, related to the
coping strategies (table 1), reveals that the
leading strategy is the cognitive engagement
one, which includes active coping, planning,
suppressing competitive activities, positive redefinition, development and restraint

(М=2.75; SD=.55). It is followed by the strategy emotional engagement (М=2.32; SD=.52)
– seeking advice and help, need of emotional
response, compassion and mutual experience
(table 1). The lest preferred is the strategy cognitive and emotional disengagement (М=1.66;
SD=.43), which includes denial or lack of acceptance, behavior or psychic disengagement,
use of alcohol or drugs, reconciliation with
what has happened, turning to religion. As a
whole, our results confirm the results obtained
by other authors.
The results from the comparative analysis
(table 2) reveal significant differences along
four of the researched parameters – sensation
seeking, functional impulsivity, dysfunctional
impulsivity and need of security.
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Table 2. Results from the comparative analysis of the results among the groups
Cognitive engagement
Emotional engagement
Emotional and cognitive disengagement
Need of security
Sensation seeking
Functional impulsivity
Dysfunctional impulsivity

Military
Explorers
Total
Military
Explorers
Total
Military
Explorers
Total
Military
Explorers
Total
Military
Explorers
Total
Military
Explorers
Total
Military
Explorers
Total

N
107
34
141
107
34
141
107
34
141
107
34
141
107
34
141
107
34
141
107
34
141

There are higher values along the indexes
sensation seeking and dysfunctional impulsivity among the participants in the Antarctic
expeditions and lower values of functional impulsivity and need of security. They are more
inclined to impulsive behavior, hasty actions
and unconsidered risk, but at the same time
they are more emotionally stable to threatening stimuli, oriented mainly towards ignoring the threat and seeking their own ways of
coping with the situation. They process the
information more realistically and make more
moderate assessments of the probability of
emergence of some kind of threat.
There are higher values of functional impulsivity and need of security among the
military men. According to some data found
in literature, people with different need of security levels turn to different behavior strategies in potentially risky situations (Velichkov,
Radoslavova, 2000). People with high need of
security tend to use more various coping strategies. Most often this is seeking another peo-

Mean
2,76
2,98

U

Sig.

764,5

,292

2,34
2,54

809,0

,465

1,66
1,83

804,5

,445

12,42
8,33

225,5

,000

,37
,53

941,0

,000

,57
,40

1126,0

,001

,17
,37

911,0

,000

ple’s support. There are some differences in
the cognitive assessments of the context. We
did not find any statistically significant differences between the two groups as regards stress
coping strategies.
The comparative analysis in the group of
the military men according to their rank reveals significant differences along four of the
researched indexes – need of security (F=3,7;
p=.028), dysfunctional impulsivity (F=3,29;
p=.041), cognitive engaged strategies (F=6,27;
p=.003) and emotional and cognitive disengagement (F=3,2; p=.045).
In the group of the officers the leading
combination is: sensation seeking, functional
impulsivity, cognitive engaged coping strategies. The inclination to risk taking as well as
quick, adequate and considered reactions in
extreme situations are determined to be leading dispositions.
In the group of the soldiers there is another
configuration of the researched parameters:
sensation seeking, dysfunctional impulsivity,
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Table 3. Results from the comparative analysis of the data according to the rank
Cognitive engagement

Emotional engagement

Emotional and cognitive
disengagement
Need of security

Sensation seeking

Functional impulsivity

Dysfunctional impulsivity

Soldiers
Sergeants
Officers
Total
Soldiers
Sergeants
Officers
Total
Soldiers
Sergeants
Officers
Total
Soldiers
Sergeants
Officers
Total
Soldiers
Sergeants
Officers
Total
Soldiers
Sergeants
Officers
Total
Soldiers
Sergeants
Officers
Total

N
71
15
21
107
71
15
21
107
71
15
21
107
71
15
21
107
71
15
21
107
71
15
21
107
71
15
21
107

emotional and cognitive disengagement. This
could provoke impulsive behavior, ill-considered risk, hasty actions and difficulty in observing order, which could affect participants’
safety.
Officers most often choose cognitive engaged strategies for coping with stress and
have the lowest values of dysfunctional impulsivity, i.e. they tend to deal with a situation
actively and to think over and plan their actions. They feel they have control over a situation and do not ignore facts. They do not take
hasty actions and, to a great extent, consider
the rules.

Mean
2,69
2,72
3,05
2,76
2,35
2,22
2,38
2,34
1,72
1,47
1,60
1,66
12,11
12,00
13,76
12,42
,37
,40
,37
,37
,55
,61
,62
,57
,19
,12
,11
,17

F

Sig.

6.27

,003

,734

,483

3.20

,045

3.7

,028

,215

,807

1.59

,207

3.28

,041

There is a reverse trend among soldiers –
they react impulsively and hastily more often
and to a greater extend are capable of violating
the rules. They use more often emotional and
cognitive disengaged stress coping strategies.
There are significant differences in the
cognitive and emotional disengagement according to the work experience. The bigger
the work experience, the less used this coping
strategy becomes (F=3,855; p=.024).
The correlation analysis of the data reveals
there are some significant relations between
the applied coping strategies and sensation
seeking.
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Table 4. Results from the correlation analysis of the data

Cognitive
engagement
Emotional
engagement
Cogn-emot.
disengagement
Sensation
seeking
Functional
impulsivity
Dysfunctional
impulsivity

Cognitive
engagement
1,000

Emotional
Cogn-emot. Sensation Functional
engagedisengagement seeking impulsivity
ment

Dysfunctional
impulsivity

.495**

,116

,186

.303**

-,116

1,000

.455**

,129

,108

,147

1,000

,177

,134

.375**

1,000

.377**

.345**

1,000

,111
1,000

*Significance at 0,05 level, **Significance at 0,01 level

Sensation seeking is closely related to the
two kinds of impulsivity. The first connection reflects the combination between sensation seeking and dysfunctional impulsivity
(r=.345; р=.000) and supposes a pronounced
sensation seeking, hasty and impulsive actions. The second connection is with the functional impulsivity (r=.377; р=.000) and describes people who tend to run risks and are
able to react quickly in extreme situations.
There is a significant correlation between
cognitive engaged strategies and functional
impulsivity (r=0.303; р=.002). This is a logical dependence because cognitive engaged
strategies are related to active coping, planning and development which lead to mobilization, a sense of control over a situation and
an increased self-confidence. There is also a
significant correlation between emotional and
cognitive disengagement and dysfunctional
impulsivity (r=0.375**; р=.000).
The results from the correlation analysis of
both groups of researched individuals – participants in military missions and Antarctic
expeditions reveal different correlation links.
The established dependencies among the
army force confirm, as a whole, the data found
in literature and our preliminary hypotheses

for existence of some correlations (fig. 2) between cognitive engaged coping strategies and
functional impulsivity (r=0.303; р=.002) and
between dysfunctional impulsivity and emotional and cognitive disengagement (r=0.375;
р=.000).
Among the participants in the Antarctic
expeditions there are significant correlations
between the need of security and emotionally
engaged strategies (r=0.705; р=.000). People
with high need of security are more inclined
to apply emotionally engaged coping strategies. The high correlation between dysfunctional impulsivity and cognitive engagement
is surprising (r=0.618; р=.000), i.e. despite
their pronounced inclination to adventurous
experiences, hasty and impulsive actions, in a
state of tension and stress they revert to cognitive engaged coping strategies which suppose
active coping, planning, mobilization and a
sense of control over the situation.
We were interested in the issue whether
and how much the need of security affected
the coping strategies and sensation seeking.
In order to assess this influence, we used step
regression analysis. The results show that the
need of security stimulates functional impulsivity (β=.315***), emotionally engaged cop60
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Bulgarian army men, participants in missions
Cognitive
engagement
,495**

Sensation seeking

,303**

,377**
Emotional
engagement

,455**

Cognitiveemotional
disengagement

Functional
impulsivity
,375**

,345**

Dysfunctional
impulsivity

Cognitive
engagement

*

Cognitiveemotional
disengagement

Functional
impulsivity

8*

Emotional
engagement

Sensation seeking

,61

,524*

,7
05
**

Need of security

,494*

0**

,66

,430*

Dysfunctional
impulsivity

Participants in Antarctic expeditions

Figure 2. Results from the correlation analysis of the data received from participants
in military missions and Antarctic expeditions
ing strategies (β = ,302**) and is in a reverse leads to a decrease in dysfunctional impulsivdependence on dysfunctional impulsivity ity (table 5).
(β = - ,216**), i.e. the high need of security
Table 5. Results from the regression analysis
Index

Functional impulsivity
Emotional engagement
Dysfunctional impulsivity

β

0,315
0,302
0,216

Need of Security
t
3,672
3,495
-2,438

DISCUSSION
The results obtained from our research
enable a serious analysis and set a number
of questions related to behavior management
and coping with stress and psychic load of the
participants in military missions and Antarctic expeditions in relation to providing their
safety.

Sig.

0,000
0,001
0,016

ΔR2

0,092
0,084
0,039

When researching the participants in Antarctic expeditions, we established lower values of the need of security, higher values of
sensation seeking and dysfunctional impulsivity in comparison with the mean values
for the Bulgarian sample. We can conclude
that they reflect to a great extent the profile
of the so called “sensation seekers” who tend
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to choose risky professions and adventurous
experiences. There are significant differences
along these indexes between the two groups of
researched individuals (military men and participants in Antarctic expeditions).
The participants in military mission have
lower values along all scales of the need of
sensation seeking in comparison with the established norms for the Bulgarian sample and
the results of the representatives of the so
called “extreme sports”, and higher values of
the need of security. The results reveal a specific picture of manifestation of the researched
parameters among officers and soldiers:
For the officers the leading combination is:
sensation seeking, functional impulsivity, cognitive engaged coping strategies. The leading
disposition is to take risks and quick, adequate
and well-considered reactions in extreme situations.
There is another configuration of the researched parameters among the soldiers:
sensation seeking, dysfunctional impulsivity,
emotional and cognitive disengagement. This
could provoke impulsive behavior, ill-considered risk, hasty actions and difficulty in observing order, which, in turn, would endanger
their safety.
There is a specific influence of the work
experience on the researched parameters. The
bigger the work experience, the less the emotional and cognitive disengagement. We can
presume that the specificity of the military activities, the requirements for strict discipline,
the observance of the rules and hierarchy create premises for ensuring the balance between
the inclination to risk taking and the management of the behavior.
The results of the participants in the Antarctic expeditions are particularly interesting.
Regardless of their pronounced inclination to
adventurous experiences and risky behavior,
to hasty and impulsive actions, when subjected to tension, uncertainty and stress they revert
to cognitive engaged coping strategies, which
suppose active coping, planning, mobilization

and a sense of control over the situation.
The established regularities are a valuable
reference point both for the selection of the
participants in military missions and expeditions and for the insurance of their safety.
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ABSTRACT
An estimate of body mass index (BMI) is a convenient technique to determine a healthy weight
in accordance with height and is based on certain anthropometric parameters. This study was undertaken to statistically analyze the differential significance of anthropometric parameters in
contributing to regional and age variation in BMI in a cohort population. The study population comprised of 101 school teachers from Mumbai (coastal) and Gwalior (plains) regions of
both sex (males=76) and (females=25). The data on age, waist circumference and hip circumference was obtained and subjected to regression analysis using the IBM SPSS version 22 software.
In general, the results show that, waist in males and hip circumference in females is the single most
important parameter in estimating the BMI. However, by considering all the three parameters i.e. age,
waist and hip circumferences, the accuracy of BMI estimation can be enhanced both in males and
females. The results exhibit a significant effect of regional influence but marginal influence of age in
estimating the BMI.
A definite and interesting difference in the contribution of anthropometric parameters in the regional
variation of BMI was detected. The observations strongly suggest development of region-wise as well as
age-wise BMI estimation models.
Key words: BMI, regression analysis, regional influence on BMI, anthropometric

INTRODUCTION
Body mass index (BMI) is an indirectly calculated estimate of body fat based on
weight and height used to help determine
whether a person is in a state of healthy or unhealthy weight. A high BMI usually indicates
excessive fat in the body; likewise, a low BMI
is indicative of decreased fat. A high BMI is
believed to be generally associated with serious conditions, such as heart disease, high
blood pressure, diabetes and metabolic abnormalities (Sinha et al., 2002; Marcovecchio et
al.; 2005, Cali et al.; 2007; Berenson, 2005).
Journal of Applied Sports Sciences
2018, Vol.1, pp. 64-69
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Weight-related concerns and body dissatisfaction are major influential factors in the
predisposition to eating disorders and psychological disturbances like depression (Stice and
Shaw, 2002; Neumark-Sztainer, 2006; Ackard
and Croll, 2002; Stice and Bearman, 2001;
Johnson and Wardle, 2005).
A very low BMI can also cause health
problems like osteoporosis, decreased immune function and nutritional deficiencies.
WHO also has recommended classifications of bodyweight based on body-mass index
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(BMI), the deviation from the normal range of
which can be associated with increased risk
of some non-communicable diseases (WHO,
1995; WHO, 2000). However, a few studies
indicate that body fat, not BMI, is a more reliable indicator of health risks.
Although BMI is useful in mass screening
of a population for body weight related problems, it has definite limitations. It may overestimate the amount of body fat in athletes and
other people with very muscular bodies; on
the other hand, it may also underestimate the
amount of body fat in older adults and other
people who have for various reasons lost muscle mass.
In recent times, researchers have raised
doubts and concerns over the accuracy of
BMI for measuring body weight claiming that
it cannot distinguish between fat and muscle
mass; furthermore, it also fails to provide
clear distinction among the different types of
fat that have differential beneficial and metabolic effects in the body. Several findings suggested that BMI is a flawed measure as it does
not correctly identify individuals with excess
body fat due to its inability to differentiate fat
and fat-free mass and it does not account for
the effect of age and ethnicity on body fat distribution (Fogelholm, 2010; Romero-Corral et
al., 2008; WHO, 2000; Deurenberg et al.,1998;
Welborn and Dhaliwal, 2011).
The study published in PLOS by Wang et
al. (2018) reported significant difference in
analysis of BMI and body weight perception
and the consistency of BMI and body weight
perception was poor.
Generally, the range of a healthy BMI is
18.5 to 24.9. However, for Indians, it is found
that even people with lower BMI than 25 are
vulnerable to health risks especially diabetes;
hence, the healthy BMI cut off value has been
lowered to 23, the rationale behind it being
that Asian people possess more fat content
than non-Asians and the distribution of fat
also differs in Asians as compared to that in

the Western population.
Ahmed et al. (2016) reported that the waist
circumference (WC) also plays an important
role in measuring obesity; hence, both BMI
and WC are important for measuring obesity
in the Indian population. Abdominal obesity
as determined by increased WC is an established risk factor for metabolic syndrome,
diabetes mellitus and cardiovascular disease
in adults (Zimmet et al., 2007). In one study
(Kavaric et al., 2015), it was found that WC
correlated better than BMI with cardio-metabolic markers in healthy normal weight and
overweight adolescents. Madeshiya et al also
observed BMI, WC, hip circumference (HC)
and waist-hip ratio (WHR) as independent
markers for obesity, suggesting that only one
of these measures need to be obtained for clinical and research purpose (Madeshiya et al.,
2017). Therefore, it is in the absence of a more
rapid and cost-effective means of estimation
of body fat that BMI is viewed as the best option even today.
Data available on regional variation of
BMI in India is limited. This study was undertaken with the objective of determining major contributing anthropometric parameters in
regional difference(s) in BMI in a cohort of
male and female school teachers.
MATERIALS AND METHODS
The study population comprised of 101
school teachers with nearly similar lifestyle
and dietary habits. There were 76 males aged
22-60 years (mean±SD= 46.66±8.79 years)
and 25 females aged 30-56 years (mean
±SD= 46.96±8.52 years). The participants
were from Mumbai (coastal) and Gwalior
(plains) regions.
The subjects’ data on age, waist circumference, hip circumference and waist to hip
ratio were collected and subjected to regression analysis using the IBM SPSS version 22
software.
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RESULTS
The study was targeted at the school teachers considering that they fairly represent a
well-educated section of the society and are in
an authentic position to systemically educate
and disseminate knowledge and importance
of BMI to students (growing youth of the society) in a divergent manner. The data were
analyzed to investigate the following four research issues:

Cluster age category specificity of BMI estimation in both genders.

In order to address the above four issues,
the data were analyzed with regression analysis (Verma, 2016). All the models discussed in
Table 1 to Table 4 were found to be significant at 5% level. Table 1 shows the coefficient
of determination (R2) which was obtained by
simple regression in which three independent
variables namely age, waist and hip circumferPossible identification of a single param- ences were investigated. It can be seen that the
eter that is strongly associated with BMI as- waist accounts for 46.2% variability in BMI in
sessment in males and females separately.
the male category; whereas, in females 70.6%
Possible maximization of BMI estimation variability in BMI is accounted for by the hip
by developing models in males and females circumference. Thus, waist circumference in
separately.
males and hip circumference in females are
Regional specificity of BMI estimation in the single most important parameters in estiboth genders.
mating BMI.
Table 1. Single most important parameter in estimating BMI
Gender

Variable

Coefficient of Determination
(R2)

Male

Waist

0.462

Female

Hip

0.706

Dependent variable: BMI

The results of multiple regression for estimating BMI in males and females are shown
in Table 2. In males, besides waist circumference, if age and hip circumference are also
included in the model, 51.6% variability is
accounted for in the BMI estimation instead
of 46.2% when only waist circumference is

taken. Similarly, in females, inclusion of age
and waist circumference with hip circumference enhances accountability of 71.7% variability in BMI. Thus, BMI can be estimated
more accurately by inclusion of age, waist and
hip circumferences in comparison to only one
variable.

Table 2. Model parameters in estimating BMI
Gender

Model Parameters

Coefficient of Determination
(R2)

Male

age, waist, hip

0.516

Female

age, waist, hip

0.717

Dependent variable: BMI
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In order to see the impact of regional influence (coastal and plains) in estimating BMI,
the regression analysis was performed region
wise in males and females separately the results of which are shown in Table 3. It can be

seen from this table that in Mumbai three parameters (age, waist and hip circumference)
accounts for 76.5% variability in BMI in comparison to only 41.7% in Gwalior in the male
category.

Table 3. Effect of Regional influence in estimating BMI
Gender

Male

Female

Region

Model Parameters

Coefficient of Determination
(R2)

Gwalior

age, waist, hip

0.417

Mumbai

age, waist, hip

0.765

Gwalior

age, waist, hip

0.894

Mumbai

age, waist, hip

0.572

Dependent variable: BMI

To observe the impact of age in estimating BMI, regression analysis was performed
first by taking all the subjects (age varying
from 22 to 60 years) and then restricting with
the subjects in 35-55 years age category. The
age category 35-55 years was chosen because
of less energy imbalance in comparison to
the age category 22 to 60 years. All models
in male and female categories are shown in
Table 4. Each model included the same three
parameters namely age, waist and hip circumference but different levels of predictability.
The coefficient of determination (R2) indicates the percentage variability in the BMI ex-

plained by the independent variables selected
in the model. It can be seen from the Table
4 that in the male category (35-55 years), the
model comprising three independent variables
namely age, waist and hip circumferences accounts for 67.2% variability in comparison to
51.6% when all the subjects were taken (22-60
years). On the other hand, in female category
the same three variables in the model accounts
for 71.7% variability when all the subjects
were taken (22-60) in comparison to 70.9%
variability when subjects were taken in 35-55
years weight category.

Table 4. Effect of Age in estimating BMI
Gender

Male

Female

Age category

Model Parameters

Coefficient of Determination
(R2)

22-60 yrs

age, waist, hip

0.516

35-55 yrs

age, waist, hip

0.672

22-60 yrs

age, waist, hip

0.717

35-55 yrs

age, waist, hip

0.709

Dependent variable: BMI
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DISCUSSION
The analysis of the results shows that the
estimation of BMI in Mumbai region is more
reliable in comparison to Gwalior as far as
males are concerned. However, this trend is
reversed in the female category where more
variability in BMI is accounted for in the
Gwalior region (89.4%) in comparison to that
in Mumbai (57.2%).BMI can be viewed as
an important factor for health as it gives an
indication of desirable weight in accordance
with the height and a possible carriage of risk
factor(s) for certain diseases mentioned in
earlier section; it can, therefore, operate as an
alert signal for pre-emptive measures required
to be taken in the form of lifestyle and dietary
changes to ward off the health risks.
Although BMI is an easy and popular
method of identifying the weight of a person,
it does have definite limitations as it does not
take the body fat measurement into consideration and suitable correction for men and
women that are known to possess differences in body frame and muscular build up, and
lastly BMI cannot directly indicate any health
disease.
It can be questioned why we have tried to
estimate the BMI in different regions and age
categories; the fact that the estimation of BMI
is more accurate in certain region and age
categories suggests that the formula of BMI
may be modified region-wise and age-wise if
a similar trend is observed in larger studies.

results of the present study should be viewed
under the limitation that the small number of
subjects was taken in this pilot study. However, to our knowledge, this is one of the very
few studies that have been attempted to focus
predominantly on statistical analysis of the
major contributing anthropometric parameters
responsible for BMI and its regional variation
in India.
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ABSTRACT
Diabetes is a worldwide health problem and is prevalent in both developed and developing countries. Type 2 diabetes is characterized as being insulin resistant with inadequate insulin response to
maintain a normal concentration of glucose in the blood. It is estimated that Type 2 diabetes accounts
for 90–95% of all diabetes. Type 2 diabetes can be described as a chronic and progressive disease,
caused by a combination of resistance to insulin action and impaired insulin secretion, where obesity
and overweight, due to excess body fat with fat distributed in the upper body are the main complications
of insulin resistance. With the dramatic increase in obesity, low-carbohydrate, high-protein, high-fat
diets have become increasingly popular. Diets limiting the amount of carbohydrate intake have been
called low-carbohydrate or very-low-carbohydrate, high-protein, high-fat, Banting and ketogenic diets,
and are characterized by 50g or less carbohydrates per day. High fat low carbohydrate diets have been
found to be different from the traditional diets of most cultures. Recent studies however show that there
are potential benefits associated with reducing carbohydrates and increasing fat intake. Low-carbohydrate diets have become very popular for weight loss. Although they may improve some metabolic
markers, particularly in Type 2 diabetes mellitus, they seemingly have an effect on body weight, glycemic control and cardiovascular risk factors as well. Research shows that by reducing aerobic exercise
capacity; poor glycemic control, increase in cardiovascular risk and elevated glycosylated hemoglobin
(HbA1c) are common with Type 2 diabetics. Aerobic exercise capacity and glycemic control in Type 2
diabetes can be improved by being physically active. Regular physical activity along with diet therapy
provides health benefits and has been found to be essential for primary and secondary prevention of
most metabolic disorders.
Key words: Type 2 diabetes, low-carbohydrate high-fat diet, physical exercise, glycosylated hemoglobin (HbA1c) & cholesterol

INTRODUCTION
Diabetes is a worldwide health problem
and is prevalent in both developed and developing countries (Parker et al., 2002; Ahmed
& Goldstein, 2006; Psaltopoulou et al., 2010;
Hjelm & Mufunda, 2010; Dube et al., 2015;
Peter & Sabina, 2016). This metabolic disorder can be categorized into four groups, namely Type 1, Type 2, gestational and other specific origins, but the most common are Type
1 and 2 diabetes. Type 1 can be described as
Journal of Applied Sports Sciences
2018, Vol.1, pp. 70-87
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insulin dependent or having a defect in insulin secretion, whereas Type 2 is described as
the inability to use insulin. Gestational diabetes is that which has been diagnosed during
pregnancy and other specific origins tend to be
due to genetic defects and/or are drug induced
(ACSM, 2014; Peter & Sabina, 2016). Combined, Type 1 and 2 currently affects more
than 366 million people which is calculated to
be around 7% of the world’s population. This
number is expected to increase to 522 mil70
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lion people by 2030 and further to 592 million
by 2035 (Dube et al., 2015; Peter & Sabina,
2016). It is also estimated that by then, 77%
of people living with diabetes will come from
low- and middle-income countries, and most
deaths will occur before the age of 60 years
(Mayosiet al., 2009; Dube et al., 2015).
Type 1 diabetes, which accounts for 5 to
10% of all diabetic infections, is characterized
by a precise auto-immune destruction of the
insulin-secreted β-cell in the pancreatic islets, and other cases are idiopathic in origin.
Absolute insulin deficiency and high ketoacidosis are the prime characteristics of Type 1
diabetes (Ahmed & Goldstein, 2006; ACSM,
2014). Type 2 diabetes is characterized as being insulin resistant with an inadequate insulin
response to maintain a normal concentration
of glucose in the blood (Kahn, 1994; Parker et
al., 2002). It is estimated that Type 2 diabetes
accounts for 90–95% of all diabetic infections
(Ozougwu, 2013; Peter & Sabina, 2016). According to Wild et al., (2004), Africa, as a continent, has approximately 14.7 million people
living with Type 2 diabetes. This calculates
to be in the area of 16.3%of the continental
population. In 2013, the International Diabetes Federation (IDF) estimated that there were
3 million people living with diabetes in South
Africa, with a prevalence of 8.27 – 9% among
the age group of 20 – 79 years (Bertram et al.,
2013; Murphy et al., 2015; Dube et al., 2015).
The development of Type 2 diabetes has been
found to reduce responses of target tissues of
the skeletal muscle adipose tissue axis (contracting muscle, cardiovascular system and
adipocytes) to insulin (Kahn, 1994; Parker et
al., 2002). Type 2 diabetes can be described
as a chronic and progressive disease, where
obesity and overweight due to excess body
fat distributed in the upper body are the main
complications of insulin resistance (Druet et
al., 2006; Reaven, 2011; Ozougwu, 2013; Peter & Sabina, 2016). The American Diabetes
Association and World Health Organization
endorse using HbA1c> 6.5% to diagnose for

diabetes, but most diagnostic methods are
based on elevated fasting glucose above ≥126
mg. dL-1 or 6.99 mmol. L-1 (ACSM, 2010).
It is well known that the pancreas is composed of two different types of tissue, exocrine
acini ducts and endocrine islets of Langerhans
(McArdle et al., 2007). Seventy-five percent
of the islets are β-cells that secrete insulin and
about 20% α-cells that secrete glucagon and
a peptide called amylin. Insulin regulates glucose entry into the body’s tissues, except the
brain tissue (McArdle et al., 2007; Turcotte
& Fisher, 2008). When glucose is transported
into the cells, it combines with a carrier protein on the cells plasma membrane. This way,
the metabolism of glucose can be regulated
by insulin. Glucose is stored as glycogen in
skeletal muscle for later use or synthesized
to triacylglycerol if not immediately catabolized for energy (Jueet al., 1989; Shulman et
al., 1990; McArdle et al., 2007). If insulin is
absent, only a very small amount of glucose
will enter the cell. Following a meal, insulin
is released from the β-cells of the pancreas
to transport glucose that is released into the
blood stream to the muscle cells, causing a decrease in blood glucose level. By reducing the
blood glucose concentration, insulin exerts a
hypoglycemic effect. Blood glucose concentration will then increase with insufficient insulin secretion (McArdle et al., 2007).
METHOD
Inclusion Criteria
The inclusion criteria for this review were
(a) patients that were diagnosed with Type 2
Diabetes; (b) Type 2 Diabetic patients that
used low-carbohydrate high-fat diets and Type
2 Diabetic patients using prescribed diets; (c)
Type 2 Diabetic patients that engage in physical activity; (d) low-carbohydrate high-fat diets on glycated hemoglobin (HbA1c) levels;
and (e)low-carbohydrate, high-fat diets on
cholesterol (total cholesterol, chylomicrons,
very low-density lipoprotein cholesterol
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[VLDL-C], low-density lipoprotein cholesterol [LDL-C], and high-density lipoprotein
cholesterol [HDL-C]); and (f) available studies done and completed in English.

ing to insulin resistance (Durstine & Moore,
2003). The establishment of optimal macronutrient distribution for weight loss diets has
not yet occurred, but in the context of energy
restriction, successful weight loss has been
shown to be achieved with a diet low in fat or
a diet low in carbohydrates (Sacks et al., 2009;
Foster et al., 2010). A range of energy intake
from dietary carbohydrate and fat has been
recommended, with the only limitation being
saturated fat intake of less than 10% (Eckel et
al.,2014). However, according to Abeteet al.,
(2010), a diet higher in carbohydrate has been
found to have an increase in cardiometabolic
risk factors which include hyperinsulinemia,
especially if the carbohydrates are mainly
from highly refined foods. An observation
was made that individuals who were insulin
resistant or secreting higher levels of insulin,
lost more weight in response to a lower carbohydrate diet compared to a lower fat intake
(Cornier et al., 2005; Pittas et al., 2005).It has
also been observed that with an increase in energy consumption and a decrease in physical
activity, the prevalence of obesity and Type 2
diabetes increases (ACSM, 2014).

Data Sources
Keyword searches identified articles from
Research Databases: MEDLINE (1976 -),
Science Direct (2010 -), and Human Kinetics
(2003 -). The keywords used to identify the
articles used in this review were Type 2 diabetes, glycosylated hemoglobin (HbA1c) and
cholesterol. Each of these searches was combined with low-carbohydrate high-fat diet and
physical exercise, to identify articles that will
best suit this review.
Exclusion
The exclusion criteria for this review were
a) Type 1 diabetes, diet and physical exercise,
b) juvenile diabetes, c) gestational diabetes,
diabetic complications, high intensity exercise and training protocols. We conducted
250 searches, out of which we identified 130
articles according to the inclusion criteria relevant to this review.
DISCUSSION
Type 2 Diabetes
As previously discussed, Type 2 diabetes
is insulin resistant with inadequate insulin response to maintain a normal concentration of
sugar in the blood (Kahn, 1994; Parker et al.,
2002; Ahmed & Goldstein, 2006). The term
insulin resistant, characterized by Type 2 diabetes, can be defined as an overproduction of
insulin from the pancreas when blood glucose
rises due to digestion and absorption of highglycemic carbohydrates. A diet high in simple
sugars and refined carbohydrates facilitates
body fat accumulation in individuals who are
insulin resistant (McArdle et al., 2007).

South Africa, which is described as an
upper-middle income economy country, is
ranked 28th largest economy in the world
and the largest and most developed in Africa
(SAMLRH, 2014). Economic development
and urbanization lead to changes in lifestyle
such as a decrease in physical activity, poor
eating habits and an increase in obesity. As a
result, there has been a rise in the prevalence
of diabetes (Belue et al., 2009; Whiting et al.,
2011; Awotidebe et al., 2016). Approximately
17 million visits related to hypertension and
diabetes are made annually to clinics of the Department of Health in South Africa (Murphy et
al., 2015). South Africa holds the second largest number of Type 2 diabetic people in subThe majority (80%) of people living with Saharan Africa (Mendenhall & Norris, 2015).
Type 2 diabetes have been found to be obese With recent studies it has been estimated that
at onset, with obesity significantly contribut- there is a 13.1% diabetes prevalence among
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urban African black people in the Western
Cape Province and a 14.1% diabetes prevalence among urban African black women in
Soweto in the Gauteng Province, both among
the low-income groups in South Africa (Mayosiet al., 2009; Peer et al., 2012; Crowther &
Norris, 2012; Mendenhall & Norris, 2015).
Living with Type 2 diabetes increases the risk
of cardiovascular disease (CVD) and premature death (Rydén et al., 2013; Rossen et al.,
2015). An increased risk of coronary heart disease, stroke, renal failure, progressive development of specific complications of vascular
disorders, retinopathy with potential blindness and disability are all associated with long
term effects of Type 2 diabetes (Kawai, 2016;
Awotidebe et al., 2016). According to Mendenhall & Norris (2015), if there is an increase
in diabetes, there are higher chances of developing other conditions, including mental illnesses, such as depression and infectious diseases in addition to diabetes. The increase in
obesity worldwide is a problem with different
challenges and in need of urgent attention. It is
well known that with increased weight, Type
2 diabetes is more prevalent (ACSM, 2014).

these efforts, obesity has doubled in the past
20 years (Flegal et al., 2002; Foster et al.,
2003). With the dramatic increase in obesity,
low-carbohydrate, high-protein, high-fat diets
have become increasingly popular (Foster et
al., 2003). Diets limiting carbohydrate intake
have been called low-carbohydrate or verylow-carbohydrate, high-protein, high-fat and
ketogenic diets, and they are characterized by
50g or less carbohydrates per day (Volek &
Westman, 2002). It is also noted that not all
very-low carbohydrate diets are necessarily
high-protein diets as some are high in fat. In
South Africa, the low-carbohydrate high-fat
diet is commonly referred to as the Banting
diet, named after the first person who used the
low-carbohydrate high-fat diet, William Banting (Noakes et al., 2013). Low-carbohydrate
high-fat diets are a controversial topic in the
world of nutrition these days (Noakes et al.,
2017). When we look at dietary guidelines over
the past decade, they have stated that dietary
fat should be minimized and only enjoyed on
occasion (Lamont et al.,2016). In contrast to
recent studies, this has been seen to be the total
opposite. When exploring these diet options, it
is found that both diets have pro’s and con’s.
High fat low carbo hydrate diets have been
found to be far different from the traditional
diets of most cultures. Recent studies however
show that there are potential benefits associated with reducing carbohydrates and increasing fat intake (Merino et al.,2014). Low-carbohydrate diets have become very popular for
weight loss. Although they may improve some
metabolic markers, particularly in Type 2 diabetes mellitus (Merino et al.,2014), they seemingly have an effect on body weight, glycemic
control and cardiovascular risk factors as well
(Noakes et al., 2017). Evidence found from
clinical and preclinical studies shows that lowcarbohydrate high-fat diets lower the risk factors for cardiovascular diseases by lowering
elevated blood glucose, insulin, triglyceride,
ApoB and saturated fat concentrations in the
body, reducing LDL cholesterol molecules,

Low-Carbohydrate High-Fat Diets and
Type 2 Diabetes
According to Nordmann et al., (2006), at
any given time in the United States there are
approximately 45% women and 30% men
that are attempting to lose weight, using diet
as a major contributor, with numerous diets promoting weight loss. The most popular
and recommended diets for weight loss and
management according to leading medical
research societies, have been found to be a
high-carbohydrate, low-fat, energy deficit diet
(Krauss et al., 1996; Foster et al., 2003). It has
also been noted that in some subjects where
diets resulted in weight loss, a decrease and
prevention of Type 2 diabetes, improvement
in hypertension control and even a reduction
in cardiovascular morbidity and mortality
has been seen (Avenell et al., 2004). Despite
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glycated hemoglobin (HbA1c) levels, blood
pressure and body weight. At the same time,
increasing HDL-cholesterol concentrations
and reversing the effect of non-alcoholic fatty
liver disease may also be beneficial to patients
with atherogenic dyslipidemia and insulin resistance (Noakes et al., 2017). Low-carbohydrate diets with a high protein and fat intake
are significantly associated with a decreased
risk of Type 2 diabetes in women (Nanri et
al.,2015). According to Noakes et al., (2017),
it is beneficial to use low-carbohydrate highfat diets, due to the combination of the favorable adaptions in the body and the lowering
of these risk factors. Benefits seen when using
a low-carbohydrate diet, compared to a hypocaloric balanced diet, are decreased basal serum insulin levels, enhanced loss of water, enhanced dissolution of glucose reservoirs, and
increased total energy expenditure owing to
increased thermal effects of food and feeling
full after meals. There is also a limited food
variety making it easier to know what to eat
and what not to eat (Steinberger et al., 2003;
Bravata et al., 2003; Mithieux et al., 2005;
Demol et al., 2009). Fat, in particular, is high
in calories per 100g compared to other macro-nutrients, but fat is metabolized at a much
slower rate, thus keeping a person fuller for
longer and reducing the amount of food eaten
throughout the day, and in the long run lowering calorie intake.

greater than simply the lowering of glucose
levels, but an improvement in overall morbidity and cardiovascular risk status (Wei et
al., 2000; Church et al., 2005; Revdal et al.,
2016). Even though there are so many benefits
and health improvements gained by exercise
training, two out of three people living with
Type 2 diabetes do not exercise regularly and
also do not meet the recommended exercise
guidelines (Thomas et al., 2004; Colberg et
al., 2010). The current recommended exercise
guidelines for Type 2 diabetes is moderate to
vigorously intensive aerobic physical activity
for 150 min per weekspread out over at least 3
days and 2-3 days per week of moderate to vigorous resistance training (Colberg et al.,2010;
Rossen et al., 2015). According to Umpierre
et al., (2011), there is a dose-response associated with an even greater decline in HbA1c
and a reduction in cardiovascular diseases and
all-cause mortality in patients with diabetes by
increasing the recommended exercise guidelines beyond the 150 min per week of moderate to vigorous aerobic activity. One of the
main reasons or excuses given for not engaging in exercise in Type 2 diabetics is that they
do not have time to engage in physical activity (Korkiakangas et al., 2009). It seems that
the only way to improve the VO2max, glycemic
control and other cardiovascular risk factors is
to think out of the box and offer alternative
methods that will be less time consuming but
still effective.

Exercise and Type 2 Diabetes
Research has shown that a reduced aerobic exercise capacity and poor glycemic control is common with Type 2 diabetes, and
that, with an increase in cardiovascular risk in
Type 2 diabetes, elevated glycosylated hemoglobin (HbA1c) are found (Wei et al., 1999;
Wei et al., 2000; Unwin et al., 2010; Zhang et
al., 2012; Revdal et al., 2016). According to
Boulé et al., (2003), aerobic exercise capacity
and glycemic control in Type 2 diabetes can
be improved by regular exercise. Benefits associated with aerobic exercise are found to be

Increasing the number of footsteps, a person takes per day seems to be beneficial, as it
has been found that 3-4 days of 10,000 steps/
day meets the energy expenditure guidelines
for the week (Tudor-Locke et al., 2011). According to Krumm et al., (2006), there is a
linear relationship between body mass index
(BMI) and steps taken, where women who
took between 5000 – 7500 steps/day had a
significantly lower BMI compared to women
who took less than 5000 steps/day. It was also
indicated that women who took between 7500
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– 9999 steps/day had a significantly lower
BMI compared to the women who only took
between 5000 – 7500. No significant difference was found in BMI between women who
took more than 10,000 steps compared to
those who took between 7500 – 10000 steps/
day. In line with the U.S. public health guidelines, incorporating at least 30 minutes, or
between 3000 – 4000 steps (out of the 7000
– 10000 steps/day) of brisk walking, is recommended in promoting any step-based activities
when focusing on time spent on moderate to
vigorous physical activity (MVPA) (TudorLocke et al., 2011). The use of pedometers by
the general public has been noted to be more
likely, due to their relatively low cost, practicality and ease of interpretation (Tudor-Locke
et al., 2011). The use of pedometers has been
found to increase physical activity levels and
improve metabolic parameters in patients with
diabetes (Bravata et al., 2007; De Greef et
al., 2010; De Greef et al., 2011; Rossen et al.,
2015). The advantage of using a pedometer is
that it motivates people to be more active, as
they can monitor their steps/day, which is important for metabolic control (De Greef et al.,
2011; Greaves et al., 2011). Physical activity
has been found to be one of the best strategies
for improving metabolic management for people that have inherited genetic tendencies that
promote the development of insulin resistance
and for people living a weight gaining lifestyle
(Katzmarzyk et al., 2003; Conn et al., 2007;
Turcotte & Fisher, 2008). Increasing energy
output by exercising for 150 min/week, and by
decreasing energy intake by 450kcal, has been
found to be more effective than taking medication in preventing or delaying the development of insulin resistance in obese and Type 2
diabetic persons (Knowler et al., 2002; Conn
et al., 2007). Improvement in insulin sensitivity in healthy, obese and Type 2 diabetic persons was found for several hours and up to a
few days after just one exercise session, but
significant decreases of insulin sensitivity was
also noted when physical activity was not per-

formed for a few days (Dela et al.,1992; Turcotte & Fisher, 2008). Even short durations
of physical activity per day can be described
as a critical component of the treatment modality, especially combined with a calorie restricted diet for people living with obesity and
Type 2 diabetes. Activity for at least 150min/
week or at least 3d/week, with no more than
2 consecutive days of physical inactivity has
been recommended for improvement of insulin sensitivity (Haskell et al., 2007; Turcotte &
Fisher, 2008).
It has been recommended that people with
an increased risk of developing Type 2 diabetes should follow a combination of regular
physical activity and a diet to reduce the onset of diabetes (Pronk & Remington, 2015).
The return to normoglycemia and management of diabetes has been seen following
a combination of physical activity and diet
programs. These programs commonly focus
on a decrease in body weight and fat percentage. Regular physical activity along with diet
therapy provides health benefits and has been
found to be essential for primary and secondary prevention of most metabolic disorders
(Donnelly, 2009; Kawai, 2016). According to
León-Muñoz (2013), people who are consistently unfit, have an increased mortality rate
compared to those whose physical activity
level has been increasing over time. Diseases
such as atherosclerosis with coronary ischemia
have been observed as a latent disease with
diabetes and obesity, hence the importance of
encouraging exercise in all patients diagnosed
with diabetes and obesity (Sigal et al., 2006;
Kawai, 2016). Structured aerobic training has
been found to be beneficial as a management
technique for Type 2 diabetes therapy, as it has
the ability to increase glucose uptake and improve insulin sensitivity (Santos et al., 2008;
Winnick et al., 2008; Turcotte & Fisher, 2008;
Harrison et al., 2016). Using large muscle
groups such as quadriceps and hamstrings has
been found to stimulate glucose uptake, which
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increases energy expenditure, glucose trans- and limiting of saturated fats and cholesterol
portation and glucose tolerance (Santos et al., are described as a conventional diet for Type 2
2008; Harrison et al., 2016).
diabetes (Haimoto et al., 2008). Studies from
the 1960s contradict the conventional diet for
Low-Carbohydrate High-Fat Diets and treating and maintaining Type 2 diabetes, as
Glycated Hemoglobin (HbA1c)
it was found that in Greenland and Alaska,
Glycated hemoglobin (HbA1c) has been where dietary habits favored a high-fat, proused as a key monitoring factor in the man- tein diet with a low-carbohydrate intake, only
agement of diabetes, as it relates to the devel- 0.19-0.96% of the population were diagnosed
opment of long-term diabetes complications with diabetes (Bang et al.1976; Haimoto et
(Kuenen et al., 2011). It is often used as a pri- al., 2008). Furthermore, dietary protein and
mary target in the treatment of diabetes, when fat have little effect on blood glucose concena calculation of the average glycaemia is done trations, which are largely dependent on the
over several months. Calculations should be ingestion of food containing carbohydrates
done every 3 months as recommended by the (Gannon & Nuttall, 2004; Mc Auley et al.,
American Diabetes Association, to determine 2005; Boden et al., 2005). According to Miller
whether a patient has reached and maintained et al., (2011), a diet lower in glycemic index
this glycemic goal (Tien et al., 2016). A re- is associated with a reduction in HbA1c in
duction of 14% in myocardial infarction, 37% diabetic patients. Gannon et al., (2003), noted
in microvascular complications and 21% in a similar trend, by using a high-protein, lowdiabetes-related death has been noted by the carbohydrate diet, where a beneficial effect on
UK Prospective Diabetes study for each 1% postprandial blood glucose and HbA1c levels
reduction in HbA1c (Stratton et al., 2000). in diabetic patients was found. Research on
Seasonal changes, some physiological endo- low-carbohydrate diets on glycemic control in
crine factors, environmental factors and social Type 2 diabetes is limited (Mc Auley et al.,
events, have been found to contribute to the 2005; Boden et al., 2005; Daly et al., 2006).
fluctuation in HbA1c levels (Chen et al., 2004; Studies focused more on weight loss and serum
Dasgupta et al., 2007; Gikas et al., 2009). lipids (Katan, 2006; Krieger et al.,2006; NordWomen with Type 2 diabetes were found to be mann et al.,2006; Krauss et al.,2006). Accordsusceptible to increased HbA1c levels with el- ing to Haimoto et al., (2008), even decreasevated temperatures (Carney et al., 2000). The ing carbohydrate intake in conventional diets
cornerstones of Type 2 diabetes management from 60% to 45%, causes a decrease in both
have been found to be weight control, diet and HbA1c levels and BMI. Greater weight loss
exercise. Improvements of glycemic control has been found by using a low-carbohydrate
and reduction of diabetic-related complica- diet compared to a low-fat diet, despite similar
tion strategies that enhance weight loss and energy intakes (Yancy et al.,2004; Mc Auley
ideal weight maintenance are needed (Watson et al., 2005; Katan, 2006; Krieger et al.,2006).
et al., 2015). Failure to maintain blood glu- Greater weight loss can be due to lower postcose control in patients with Type 2 diabetes prandial insulin release with restricted carboby using drug therapies often happens after hydrate intake in carbohydrate-reduced diets
several years (Haimoto et al., 2008). Accord- (Gannon & Nuttall, 2004; Boden et al., 2005).
ing to Haimoto et al., (2008), a new type of HbA1c and a reduction in cardiovascular disdiet therapy is required for treating and main- eases and all-cause mortality in people with
taining Type 2 diabetes - one that is easier and Type 2 diabetes has been found to be reduced
more acceptable to patients and are free of by exercising for longer periods (2–3 months)
calorie calculations. Carbohydrate-rich grains (Boulé et al., 2003). Training for 150 minutes
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or longer per week at moderate intensity is Absorption of LDL-C at the body’s receptor
prescribed to decrease HbA1c (Umpierre et sites is inhibited by HDL-C as it contributes to
al., 2011).
the breakdown of the other lipoproteins. The
transportation of cholesterol from the tissue
Low-Carbohydrate High-Fat Diets and and blood to the liver for removal out of the
Cholesterol
body or development into bile acids has been
Total Cholesterol is another important found to be due to HDL-C, which is believed
factor. It is known that cholesterol is used to to have an opposite relationship with CHD and
aid cell membrane anabolism, synthesis of has been described to counteract the developadrenal gland hormone, sex hormones, vita- ment of CHD and prevent the occurrence of
min D and secretion of bile that helps with arteriosclerosis (Durstine & Haskell 1994;
digestion (McArdle et al., 2007). Cholesterol Fielding & Fielding, 1995; Shah et al., 2001;
helps transport fat through the blood vessels, Sharrett et al., 2001; Dean et al., 2003; Curb
as it cannot bind to water. A protein substance et al., 2004; ACSM, 2010). HDL-C has been
binds to cholesterol before it enters the blood- indicated to have the strongest lipid paramstream, and these cholesterol protein packages eter for predicting and detecting CHD (Dean
are known as lipoproteins (McArdle et al., et al., 2003; ACSM, 2010). An increase in to2007). Lipoproteins are composed of choles- tal serum cholesterol has been noted in diets
terol, phospholipids, triglycerides and protein relatively high in saturated fatty acids, which
known as apoprotein which are involved in modify the lipoproteins to a more atherogenic
transporting lipids into the plasma (McArdle profile, leading to a risk of CHD (Fletcher et
et al., 2007). Chylomicrons, very low-density al., 2005; Crouse et al.,2016). Unsaturated fatlipoprotein cholesterol (VLDL-C), low-densi- ty acids may reduce CHD risk, if the saturated
ty lipoprotein cholesterol (LDL-C), and high- fatty acids are replaced in the diet, provided
density lipoprotein (HDL-C) can all be char- that the replaced unsaturated fatty acids are
acterized as lipoproteins (Durstine& Moore, not from trans-fatty acids (Mozaffarian et al.,
2003). Approximately 85 – 92% of chylo- 2006). According to Tektonidis et al., (2015),
microns, which is the largest lipoprotein, are a diet relatively high in monounsaturated fatty
formed from triglycerides (Hussain, 2000). acids oleic acid, promoted a lipid profile assoLDL-C is the primary transporter of cholester- ciated with a decrease in CHD. The American
ol in the bloodstream, accounting for approxi- Heart Association previously recommended
mately 50-60% of cholesterol transported the use of a low-fat diet, especially low in
into the cell. Development of atherosclerotic saturated fatty acids, where calories from fat
plaque has been found to be due to an increase are replaced by carbohydrates. This recomin LDL-C and a decrease in HDL-C as it con- mendation was found to increase the risk of
tributes to cellular alterations of the inner walls developing cardiovascular diseases (CVD), by
of the arteries, which has been found to have increasing plasma triacylglycerol, lipoproteina stronger association with coronary heart dis- a and decrease HDL-C and LDL particle size
ease (CHD) than total cholesterol (Manson et (Hu et al., 1997; Muller et al., 2003; Gilmore
al., 1992; Sharrett et al., 2001; Di Angelanto- et al., 2013). A re-evaluation of dietary satunio et al., 2009; ACSM, 2010). The frequency rated fatty acids was done after these findings,
of ischemic heart disease and CHD increases showing the effects it had on CVD (Gilmore et
by 2% every time the total blood cholesterol al., 2013). There are still restrictions in place
increases by 1% (Castelli, 1988). HDL, which on the consumption of saturated fatty acids
is small and rich in protein, binds to high-den- in the diet, but the American Heart Associasity cholesterol for the prevention of CHD. tion recognized that energy in the form of un77
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saturated fat in up to 40% of the diet was as of anti-diabetic drugs, diet control, long term
healthy as low-fat diets (Kris-Etherton et al. monitoring of blood glucose levels and other
1999; Krauss et al. 2000).
risk factors, and the effects of regular physical
exercise programmes.
Exercise and Cholesterol
On the basis of the current review of the
Lower blood triglycerides, total cholester- available accumulated research, we provided
ol and LDL-C, and an increase HDL-C con- information about the impact of physical excentration has been observed in active men ercise and a low carbohydrate high fat diet
and women, compared to sedentary men and in the treatment of diabetes. Further studies
women (Crouse et al., 1997; Williams, 1997; are needed and should be focused on impleKelley et al., 2004; Greene et al., 2012). In- menting a comprehensive set of clinical tests
creased blood HDL-C along with a reduction (blood glucose, HbA1c, cholesterol, etc.),
in triglycerides and LDL-C has been found af- physical exercise protocols, performance tests
ter a single session of aerobic exercise in both and continuous monitoring the medication and
trained and untrained men, where the effects the status of diabetic patients.
lasted up to 48 hours after the exercise session
was completed (Bounds et al., 2000; GrandREFERENCES
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by clicking "Create New Author".
Step 5: Reviewers. To suggests a reviewer or request the exclusion of a reviewer, click the
Add Reviewer button below and enter their information along with the desired designation.
Step 6: Details and Comments: The submitting author may enter or paste a cover letter text
into the "Cover Letter" box. The cover letter may also be attached. Answer any remaining questions appropriately.
Step 7: Review & Submit. Review the information below for accuracy and make changes
as needed. After reviewing the manuscript proofs at the foot of this page, you MUST CLICK
'SUBMIT' to complete your submission.
The received manuscripts are reviewed in accordance with Author’s Guidelines by a member of the Editorial Board. Manuscripts that do not comply with the requirements shall be
returned to the authors for revision. Manuscripts that meet the requirements shall be admitted
for review.
For each of the submitted and approved articles the Editorial Board shall assign minimum
two reviewers. Reviews shall be made in terms defined by the Editorial Board and in accordance with its requirements to the reviewers.
Reviewing of articles shall be done in accordance with the standards for the evaluation of
manuscripts through the double-blind peer review system. The reviewers give their assessment
of the manuscripts in terms of the following criteria: scope of the research, novelty of the examined issues, originality, accuracy and clarity of the abstract describing the main text, logic
structure and sequence of the submission, relevance of the methodology, validity of the results,
proving the thesis, applicability of the results, validity of findings and conclusions, propriety
and relevance of citations, accuracy and clarity of language.
The Editor-in-Chief commits the final decision for publication, based on the conclusions
of the reviewers. The decision can be: publish it without revisions, publish it after revision
in accordance with the recommendations made in reviews, refuse to publish. If the Editorial
Board commits a decision to publish the manuscript after revision upon recommendations,
authors should review and answer to the Editorial Board’s e-mails. The authors have to revise their manuscripts and present a report of the revisions they made in terms defined by the
Editorial Board, upon which the Editorial Board commits a decision whether to publish it or
refuse to publish the manuscript.
If there are contradictions of the reviews, the Editorial Board may determine an additional
reviewer (reviewers).
SUBMISSION AND STRUCTURE REQUIREMENTS OF THE ARTICLES
The article submissions shall be provided in Microsoft Word format, as follows:
Font: Times New Roman 12;
Format of the pages: Page Setup: Top: 2,5 cm, Bottom: 2,5 cm, Left: 2,5 cm, Right: 2,5 cm
Line Spacing: 1,5 lines; First Line: 1,5 cm; Paper Size: A4.
The main structure of the article shall include:
89

AUTHORS GUIDELINE’S

First page;
Introduction
Main text
Conclusions
References
TITLE PAGE (PAGES)
The Title page/s includes:
Title of the article (it is recommended the title of the article be short (5-10 words) and present the main topic of the study);
Abstract. The abstract of the articles, whose main text is in Bulgarian language should be
written in Bulgarian and English. For publications that are all in English language, the abstract
should only be in English language. It should be short and clear and concisely contain the following elements:
Introduction (“background” of the study) (required);
Purpose and objectives of the study (required);
Applied methodology (“staging of the research”) (required)
Achieved major results (required)
Leads (conclusions) (required);
Limitations of the research and consequences (if any)
Practical implications (if any);
Originality/Value (required);
The maximum length of the abstract should not exceed 300 words.
Keywords (specify up to 5 keywords in English).
Article Classification. Authors must categorize their paper as part of the ScholarOne submission process. The category which most closely describes their paper should be selected from
the list below:
Original Article/Research paper. This category covers papers which report on any type of
research undertaken by the author(s). The research may involve the construction or testing of
a model or framework, action research, testing of data, market research or surveys, empirical,
scientific or clinical research.
Reports. These papers describe scientific research, presented on a scientific forum/conference.
Discussions/Conceptual paper. These papers will not be based on research but will develop hypotheses. The papers are likely to be discursive and will cover philosophical discussions
and comparative studies of others’ work and thinking.
Studies. The papers covered by this category shall analyse actual and important issues, the
study should be with high scientific value and proven practical value.
Editorial Materials/General review. This category covers those papers which provide an
overview or historical examination of some concept, technique or phenomenon. The papers are
likely to be more descriptive or instructional (“how to” papers) than discursive.
MAIN TEXT
Introduction
The purpose of the introduction is to convince readers that the published research contains
novelty and it is applicable. It answers the following questions:
What is the main problem?
Are there any existing solutions (indicates the level of study the problem at the moment)?
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What are the best solutions according to the author/s?
What is the main limitation of the research?
What is expected to be achieved by the author of the research?
The main text is structured into separate sections, distinguished by their titles (headings
should be brief, with clear indication of the differences between their hierarchy). The preferred
format for writing the main titles is to be bold format and subtitles to be written in italics. font
– Times New Roman 12, capitals, left alignment).
The main text should include:
Purpose and objectives of the study. The purpose and objectives of the study should ensure the understanding of the publication’s focus and should justify its structure. After that,
authors should specify:
What is the significance of the publication?
Why the publication is important and original?
To whom is the publication designed?
Additionally, can be discussed potential utility of practice, importance for future studies,
detailed limitations of the study and others.
Main thesis and hypothesis of the research. Authors’ arguments about their merit are
presented.
Applied methodology and methods. The author should indicate the main methods used by
him in a separate title. Author should demonstrate that the methodology is robust and appropriate to achieve the objectives. It is expected by the author to focus on the main theme, to point
the main stages of his research, to show the used methods and influences that determine the
chosen approach by him, to give arguments why he has chosen specific examples and others.
Achieved major results. When presenting the results, it is important that authors focus
on the essentials. The publication must contain only the essential facts and those with a wider
meaning, without giving many details of every possible statistics. If development is full of
statistics, it is possible to prevail over the conclusions and after all the publication to be seen
primarily as an enumeration of facts, not as a scientific study. The main thesis of the author must
be clearly traceable and steadily established.
When describing the results author should seek answers to the following questions:
Do you provide interpretation for each of the submitted results you want?
Are the results consistent with what other researchers have found?
Are there any differences? Why?
Are there any limitations?
Does the discussion logically lead the reader to your conclusion?
It is important when presenting the results not to make statements that go beyond what results can acknowledge.
Conclusion
The general rule is that the conclusion should not only contain a summary of the research
(it can be found in the abstract). The conclusion should give answers to the set at the beginning
of the publication questions and to indicate opportunities for further research. It would be better
to reveal how the achieved results will be applied in practice and to identify constraints in this
regard. While indicating how this research can be applied and extended in future studies, it is not
accepted in the conclusion to introduce new material or state the obvious. In the conclusion it
should be emphasized what is different in the research results, what stands out in the design or is
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unexpected.
Notes
Notes or Endnotes should be used only if absolutely necessary and must be identified in the
text by consecutive numbers, enclosed in square brackets and listed at the end of the article.
Funding agencies
The funding agencies of the scientific research should be added in Step 6 of the submission
process on ScholarOne system.
Figures
All Figures (charts, diagrams, line drawings, web pages/screenshots, and photographic images) should be submitted in electronic form.
All Figures should be of high quality, legible and numbered consecutively with Arabic numerals. Graphics may be supplied in colour to facilitate their appearance on the online database.
● If possible, the figures should be made in graphical programs (Corel Draw, Adobe Illustrator, Adobe PhotoShop) or Excel. The figures should not be in Picture format. They should
be numbered consecutively in order of citation in the text. Numbers and titles of the figures are
placed below them. Authors should avoid many inscriptions inside the figures.
● Pictures and scanned images can be made into separate files, preferably in JPG or TIFF
format, not embedded in the text. Photos must be of good quality and suitable for printing.
Colour illustrations are accepted in exceptional cases after special agreement and eventual additional costs!
● If authors make a blueprint they should use Word Equation. The numbers of formulas
should be written in brackets in the left side of the page!
Tables
Tables should be typed in Word Table or Excel format. They should be numbered consecutively according to citation in the text. Each table should have a title. Numbers and titles of the
tables are placed over them. It is preferable that it fit on the page without turning widest part
of the sheet horizontally. The necessary explanations are given below by means of appropriate
symbols / characters.
References
References to other publications must be in Harvard style and carefully checked for completeness, accuracy and consistency.
The cited authors should be presented in any of the following ways:
● Surname and year of publish (ex. Adams, 2006)
● Citing both names of two and year of publish (ex. Adams, Brown, 2006)
● When there are more than three authors, it is typed the surname of the first author and year
of publish (ex. Adams et al., 2006)
At the end of the paper a reference list in alphabetical order should be supplied.
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Surname, Initials (year), Title of Book, Publisher, Place of publication.
For books

e.g. Harrow, R. (2005), No Place to Hide, Simon & Schuster, New York, NY.
Surname, Initials (year), Chapter title, Editor’s Surname, Initials, Title oj Book,
Publisher, Place of publication, pages.

For book chapters e.g. Calabrese, F.A. (2005), The early pathways: theory to practice - a continuum,
in Stankosky, M. (Ed.), Creating the Discipline of Knowledge Management,
Elsevier, New York, NY, pp. 15-20.
Surname, Initials (year), Title of article, Journal Name, volume, number, pages.
For journals

For published
conference
proceedings

For unpublished
conference
proceedings

e.g. Capizzi, M.T. and Ferguson, R. (2005), Loyalty trends for the twenty- first
century, Journal of Consumer Marketing, Vol. 22 No. 2, pp. 72-80.
Surname, Initials (year of publication), Title of paper, in Surname, Initials
(Ed.), Title of published proceeding which may include place and date(s) held,
Publisher, Place of publication, Page numbers.
e.g. Jakkilinki, R., Georgievski, M. and Sharda, N. (2007), Connecting
destinations with an ontology-based e-tourism planner, in Information and
communication technologies in tourism 2007 proceedings of the international
conference in Ljubljana, Slovenia, 2007, Springer-Verlag, Vienna, pp. 12-32.
Surname, Initials (year), Title of paper, paper presented at Name of Conference,
date of conference, place of conference, available at: URL if freely available on
the internet (accessed date).
e.g. Aumueller, D. (2005), Semantic authoring and retrieval within a wiki, paper
presented at the European Semantic Web Conference (ESWC), 29 May-1 June,
Heraklion, Crete, available at: http://dbs.uni- leipzig.de/file/aumueller05wiksar.
pdf (accessed 20 February 2007).
Surname, Initials (year), Title of article, working paper [number if available],
Institution or organization, Place of organization, date.

For working
papers

e.g. Moizer, P. (2003), How published academic research can inform policy
decisions: the case of mandatory rotation of audit appointments, working paper,
Leeds University Business School, University of Leeds, Leeds, 28 March.
Title of Encyclopedia (year) Title of entry, volume, edition, Title of Encyclopedia,
Publisher, Place of publication, pages.

For
encyclopedia
e.g. Encyclopaedia Britannica (1926) Psychology of culture contact, Vol. 1, 13th
entries
(with no author or ed., Encyclopaedia Britannica, London and New York, NY, pp. 765- 71.
editor)
(For authored entries please refer to book chapter guidelines above)
For newspaper
articles
(authored)

Surname, Initials (year), Article title, Newspaper, date, pages.
e.g. Smith, A. (2008), Money for old rope, Daily News, 21 January, pp. 1,3- 4.
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For newspaper
articles (non
authored)
For archival or
other
unpublished
sources

Newspaper (year), Article title, date, pages.
e.g. Daily News (2008), Small change, 2 February, p. 7.
Surname, Initials, (year), Title of document, Unpublished Manuscript, collection
name, inventory record, name of archive, location of archive.
e.g. Litman, S. (1902), Mechanism & Technique of Commerce, Unpublished
Manuscript, Simon Litman Papers, Record series 9/5/29 Box 3, University of
Illinois Archives, Urbana-Champaign, IL.
If available online, the full URL should be supplied at the end of the reference, as
well as a date that the resource was accessed.

For electronic
sources

e.g. Castle, B. (2005), Introduction to web services for remote portlets, available
at: http://www-128.ibm.com/developerworks/library/ws-wsrp/ (accessed 12 November
2007).
Standalone URLs, i.e. without an author or date, should be included either within
parentheses within the main text, or preferably set as a note (roman numeral
within square brackets within text followed by the full URL address at the end of
the paper).
For each source quoted in Cyrillic - in Bulgarian language should be given the
same source, written in the regulations of the transliteration.

3a източници на
български език
e.g. Erhard, L., 1993. Blagodenstvie za vsichki, Sofia, UI „Stopanstvo” //
Ерхард, Л., 1993. Благоденствие за всички, София, УИ “Стопанство”.
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