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Annotation:
The aim of this study was to investi-
gate possible cardiovascular chang-
es to chosen biochemical indices 
regarding specific forms of exercise 
(soccer, swimming etc) in boys 9 – 14 
years old. The concentration levels 
of the following biochemical parame-
ters were measured: reactionary pro-
tein (CRP), total antioxidant capacity 
(T.A.C), and Fibrinogen. Moreover, 
body fat percentage and body mass 
index were measured and maximum 
oxygen intake (VO2 max) was esti-
mated. The sample comprised 168 
boys, aged 10.33+0.88, 10.62+0.21, 
11.68+0.11 and 10.71+0.24 years 
old respectively, who were classified 
into four Groups (1, 2, 3, 4) accord-
ing to their level of physical activ-
ity. Blood samples were taken from 
all four Groups in the morning of 
the same day after a 12 – hour, all 
– night fasting. The statistical analy-
sis of the results (variance analysis 
one way anova, post hoc – Bonfer-
roni) showed statistically significant 
differences (a = 0.1) in the levels of 
reactionary protein (CRP), fibrinogen 
(fib) and total antioxidant capacity 
(TAC). More specifically there were 
statistically significant differences a) 
regarding CRP, between Group 4 
and all other Groups, b) regarding fi-
brinogen (fib), between Group 4 and 
Groups 1 and 2, and c) regarding 
total antioxidant capacity, between 
Group 4 and Group 2 as well as 
between Group 3 and Group 2. Ad-
ditionally, statistical analysis (Pear-
son correlation) showed statistically 
significant correlations (a = 0.05) a) 
between body fat percentage and 
fibrinogen levels (positive correla-
tion), b) between maximum oxygen 
intake (VO2 max) and fibrinogen 
levels (negative correlation) and c) 
between body mass index and fi-
brinogen levels (positive correlation). 
From these results, it is obvious that 
exercise benefits children, probably 
protecting their organisms against 
cardiovascular diseases.

Бекріс Є., Жіованіс В., Анагностакос 
К., Дафопулу Ж., Сугліс А., 
Сотіропулос А. Дослідження 
можливих змін до біохімічних 
індексів відносно специфічних 
форм вправ (футбол, плавання і 
ін.) в дитинстві. Мета дослідження – 
розслідувати можливі серцево-судинні 
зміни до вибраних біохімічних індексів 
відносно специфічних форм вправи 
(футбол, плавання і ін.) у хлопчиків 9 – 
14 років. Концентраційні рівні наступних 
біохімічних параметрів були розглянуті: 
реакційний протеїн (CRP), повна 
антіокислітельная місткість (T.A.C), і 
фібриноген. Крім того, відсоток жиру 
тіла і індекс маси тіла були зважені, 
включаючи максимальну місткість кисню 
(максимум VO2). Зразок охопив 168 
хлопчиків, у віці 10.33+0.88, 10.62+0.21, 
11.68+0.11 і 10.71+0.24 років, які 
відповідно були класифіковані у чотири 
групи (1, 2, 3, 4) згідно з їх рівнем фізичної 
діяльності. Зразки крові були узяті зі всіх 
чотирьох груп вранці того ж дня після 
12 годин голодування. Статистичний 
аналіз результатів (anova, post hoc – 
Bonferroni) показав статистично істотні 
відмінності (а = 0.1) в рівнях реакційного 
протеїну (CRP), фібриногену (fib) і повної 
антиокислювальної місткості (TAC). 
Особливо були виявлені такі статистично 
істотні відмінності: а) відносно CRP, між 
групою 4 і всіма останніми групами, b) 
відносно фібриногену (fib), між групою 
4 і групами 1 і 2, з) відносно повної 
антиокислювальної місткості, між групою 
4 і групою 2, також як було проведено 
між групою 3 і групою 2. Додатково, 
статистичний аналіз (Pearson cor-
relation) показав статистично істотні 
кореляції (а = 0.05) а) між відсотком жиру 
тіла і рівнями (позитивна кореляція) 
фібриногену, b) між максимальною 
місткістю киснем (максимум Vo2) і рівня 
(негативна кореляція) фібриногену, 
з) між індексом маси тіла і рівнями 
фібриногену (позитивна кореляція). Як 
результат, ці вправи розвивають дітей, 
захищаючи їх організми від серцево-
судинних хвороб.

Бекрис Е., Жиованис В., Анагностакос К., 
Дафопулу Ж., Суглис А., Сотиропулос А. 
Исследование возможных изменений к 
биохимическим индексам относитель-
но специфических форм упражнений 
(футбол, плавание и др.) в детстве. 
Цель исследования – расследовать воз-
можные сердечно-сосудистые изменения к 
избранным биохимическим индексам отно-
сительно специфических форм упражнения 
(футбол, плавание и др.) у мальчиков 9 – 14 
лет. Концентрационные уровни следующих 
биохимических параметров были рассмо-
трены: реакционный протеин (CRP), полная 
антиокислительная вместимость (T.A.C), и 
фибриноген. Кроме того, процент жира тела 
и индекс массы тела были взвешены, вклю-
чая максимальную вместимость кислорода 
(максимум VO2). Образец охватил 168 маль-
чиков, в возрасте 10.33+0.88, 10.62+0.21, 
11.68+0.11 и 10.71+0.24 лет, которые соот-
ветственно были классифицирован в четы-
рех группах (1, 2, 3, 4) согласно их уровню 
физической деятельности. Образцы крови 
были взяты из всех четырех групп утром того 
же дня после 12 часов голодания. Статисти-
ческий анализ результатов (anova, post hoc 
– Bonferroni) показал статистически суще-
ственные отличия (a = 0.1) в уровнях реак-
ционного протеина (CRP), фибриногена (fib) 
и полной антиокислительной вместимости 
(TAC). Более особо были выявлены такие 
статистически существенные отличия: а) от-
носительно CRP, между группой 4 и всеми 
остальными группами, b) относительно фи-
бриногена (fib), между группой 4 и группами 
1 и 2, c) относительно полной антиокисли-
тельной вместимости, между группой 4 и 
группой 2, также как было проведено между 
группой 3 и группой 2. Дополнительно, ста-
тистический анализ (Pearson correlation) по-
казал статистически существенные корре-
ляции (a = 0.05) a) между процентом жира 
тела и уровнями (положительная корреля-
ция) фибриногена, b) между максимальной 
вместимостью кислородом (максимум VO2) 
и уровня (негативная корреляция) фибри-
ногена, c) между индексом массы тела и 
уровнями фибриногена (положительная 
корреляция). Как результат, эти упражнения 
развивают детей, защищая их организмы от 
сердечно-сосудистых болезней.

Keywords:
biochemistry of exercise, football, 
swimming, reactionary protein 
(CRP), fibrinogen (fib), total antioxi-
dant capacity (TAC).
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Introduction1

One of the most important problems plaguing devel-
oped societies is cardiovascular diseases, namely coronary 
disease, strokes and peripheral occlusive heart disease. Ac-
cording to Murray & Lopez [57], coronary disease (CVD) 
is the first cause of death in developed countries, while 
according to Kochanek et al. [40], cardiovascular disease 
is the main cause of death among men in the USA. 

The classical danger factors (high blood pressure, dia-
betes, smoking, hyperlipidemia, obesity) remain the basic 
causes of cardiovascular disease, but its increased incidence 
nowadays cannot be totally attributed to them. Over the last 
© Bekris E., Giovanis V., Anagnostakos K., Dafopoulou G.,  
    Souglis A., Sotiropoulos A., 2011

few years, researches have been investigating “newer” car-
diovascular disease factors, such as Fibrinogen, reactionary 
protein (CRP) and total antioxidant capacity (TAC). Many 
researches argue that Fibrinogen is instrumental in causing 
a number of pathophysiological conditions such as clots, 
atherosclerosis and inflammation [73,30,71]. Reactionary 
protein has been involved in all stages of atherosclerosis, 
from the initial intake of inflammatory cells inside the arte-
rial wall to the rupture of the plaque. CRP not only appears 
to be an important factor in predicting cardiovascular dan-
ger (CVD), [69], but also, increased levels of it point to 
potential cardiovascular incidents [49]. Atherosclerosis is 
an example of nosological procedure in which there is tell-
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ing evidence regarding the participation of oxidative stress. 
Drastic oxygen radicals affect the vessel function with a 
series of pathogenic mechanisms [84,87]. Oxidative dam-
age on the vessel wall leads to atherosclerosis when the bal-
ance / equilibrium between its pro-oxidant and antioxidant 
substances is disrupted [83]. According to Giannakopou-
lou [25] and Osganian [61], antioxidants protect the cells’ 
membranes by neutralizing free oxygen roots, maintaining 
redox balance (homeostasis) and protecting the heart since 
they increase the resistivity of the vessels and limit inflam-
matory factors. 

Although the factors of the risk of developing cardio-
vascular disease clinically appear in adulthood, those that 
affect coronary disease originate in childhood [81] and 
according to Colin Boeham et al. [14], the benefits stem-
ming from adequate physical activity during childhood, 
such as a healthier cardiovascular profile, are multifarious 
and are also enjoyed in adult life. 

Many researches have proven the positive influence of 
exercise on the prevention of cardiovascular complaints 
[4,5,86,78], on the minimized likelihood of develop-
ing metabolic and heart diseases and its contribution to 
longevity [62,41,67,86]. Physical activity influences the 
cardiovascular, neuro – hormonical and muscular tracts, 
the coagulation and fibrinolysis mechanisms, while it 
helps the atherosclerosis retrogression and it promotes 
the endothelial function [75,29,31,51,79,45]. In a num-
ber of researches studying adults or children, fibrinogen 
is inversely related to physical fitness [46,18,17,9], while 
other studies (on children) have not reached the same con-
clusion [76,77]. In certain bibliography reviews, it is ob-
served that CRP decreases with regular exercise in adults, 
whereas, equivocal results are confirmed in another re-
view, regarding children [76]. In recent researches, it is 
observed that regular exercise improves antioxidant ca-
pacity in teenage athletes [2], in adult soccer players after 
a preparatory program [52] or after a routine of practice 
and games [23] as well as in mice, after a short exercise 
program [88]. Nevertheless, there is no bibliographical 
data considering the effect of exercise on antioxidant ca-
pacity in children with different physical activity. The aim 
of the present study is to investigate the possible influence 
of different forms of physical activity on cardiovascular 
biochemical indices, such as reactionary protein (CRP), 
total antioxidant capacity (TAC) and Fibrinogen in boys 
aged 9 – 14 years old. 

Methodology
Sample
The study was based on 168 boys classified into four 

groups with diverse physical activity – exercise patterns. 
The first group (Group 1) comprised 41 boys aged 

10.33+0.88 years old with a Low Physical Activity Level 
(L.P.A.L.) for whom the only form of exercise was P.E 
(Physical Education) at school, which took place twice a 
week and lasted 45 minutes each time.

 The second group (Group 2) comprised 42 boys aged 
10.62 + 0.21 years old with a Moderate Physical Activity 
Level (M.P.A.L.) who, apart from P.E. classes participated 
in  90 – minute soccer practice twice a week.

 The third group (Group 3) comprised 45 boys aged 
11.68+0.11 years old with a High Physical Activity Level 
(H.P.A.L.) who, apart from P.E. classes participated in 90 
– minute soccer practice three times a week. 

The fourth group (Group 4) comprised 40 boys aged 
10.71+0.24 years old with a Very High Physical Activity 
Level (V.H.P.A.L.) who, apart from P.E. classes participated 
in 90 – minute swimming training five times a week. 

The planning of the survey was such so as to minimize 
any differentiation among the four Groups regarding envi-
ronmental factors. The subjects (boys) were Athens resi-
dents since birth. The selection was based on random sam-
pling among a number of volunteers after lots were drawn.

Measurement  procedure
The individuals of all four Groups underwent a rou-

tine clinical examination test (cardiograph, chest x ray, 
systolic and diastolic pressure) which did not reveal any 
obvious pathological condition. Moreover, the same indi-
viduals did not have any health problems and were not us-
ing any medication during blood taking. At the same time, 
their eating habits medical history was taken.  The boys 
and their parents were informed on the purpose, the pro-
cedure and the planning of the survey in detail. All parents 
signed a written consent form, allowing their children’s 
participation in the study. 

Measurements
a). Anthropometric. The anthropometric parameters that 

were examined were height, body fat percentage and body 
mass index. For the estimate of body composition (fat mass 
and body fat percentage), the Meyhew method was applied 
[54]. This method is based on measuring the fat between two 
skin folds, middle femoral and hyper iliac (table 1). 

b). Maximum oxygen intake. To measure maximum 
oxygen intake (VO2max), the retrograde run endurance 
test (recurrent 20m running) was used (table 2-3). The test 
is based on a recorded sound which is heard [39].  

c). Blood taking. Blood was taken from all subjects 
in the morning after a 12 hour fasting and a 36 hour 
abstenance from exercise. During the donation, the 
subjects were sitting down. The samples were taken from 
the Royal Bonanza vein. 9 ml of blood were taken with 
a Cliss syringe without anti-freezing for serum taking. 
Reactionary protein (CRP) was determined through the 
method of anosofelometria in special, automatic Dade 
Behring reagents. Fibrinogen was determined through 
the method of anosofelometria in special, automatic 
Dade Behring reagents. Total antioxidant capacity (TAC) 
was measured with an Olympus Au – 600 automatic 
biochemical analyzer (table 2 – 3). 

Statistical analysis
The SPSS 15 statistical program was used to statistically 

process the finds, while one way anova variance analysis 
was used for the comparisons of different forms of exercise 
among all four Groups.

The post hoc test – Bonferroni was used for the 
differences of each variable between any two Groups. 
All statistical significances were controlled in the entire 
probability level a = 0.1. Parametrical correlations 
between physiological characteristics and biochemical 
indices were made through the linear correlation technique 
and the Pearson (r) coefficient correlation balance on a 
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Table 1
Means and standard deviations of boys (n = 168) for the age (years old), training age (years old), height (cm),  

body weight (kg), body fat percentage (%) and body mass index (kg / m2).

GROUPS WITH 
DIVERSE 

PHYSICAL 
ACTIVITY 
PATTERNS.

N=168

AGE TRAINING 
AGE HEIGHT

BODY 
WEIGHT 

(KG)

BODY FAT 
PERCENTAGE 

(%)

BODY MASS 
INDEX

(KG / M2)

Group 1
(L.P.A.L.)
N=41

10,33±0,88 0 151,33±8,11  44,93±6,86 10,75±2,06 19,32±1,25

Group 2
(M.P.A.L.)
N=42

10,62±0,21 2±0,8 144,90±1,95 40,02±1,28 12,79±1,06 19,02± 0,57

Group 3
(H.P.A.L.)
N=45

11,68±0,11 3±0,7 154,94±3,15 46,27±2,40 11,89±2,48 19,30±0,98

Group 4
(V.H.P.A.L)
N=40

10,71±0,24 4±1,2 148,04±2,94 41,46±3,02 13,65±1,74 18,67±0,82

Table 2
Means and typical errors in the 4 Groups variables of different forms of exercise

Parameters Group 1 Group 2 Group 3 Group 4
Total antioxidant capacity TAC) 1,30±0,09 1,02±0,06 1,38±0,07 1,32±0,11
Fibrinogen (Fib) 340,33±28,061 377,33±30,76 288,66±15,45 267,00±49,64

Reactionary protein (CRP) 4,52±0,92 4,41±0,32 4,57±0,53 1,97±0,20

Maximum oxygen intake  
(VO2max) 43,58±0,58 48,76±1,28 54,94±1,02 48,94±1,11

Table 3
One way anova variance analysis on the 4 Groups regarding the TAC, Fib, CRP, VO2max  

variables which presented statistically significant differences. 

ANOVA

Sum of Squares df Mean Square F p-value

Maximum oxygen 
intake (VO2max)

Between Groups 176,179 3 58,73 3,890 0,017
Within Groups 498,188 33 15,10
Total 674,367 36

Total antioxidant capac-
ity (TAC)

Between Groups 0,770 3 0,26 4,661 0,007
Within Groups 2,202 40 0,06
Total 2,972 43

Fibrinogen (Fib)
Between Groups 96.977,841 3 32.325,95 3,568 0,023
Within Groups 344.230,731 38 9.058,70
Total 441.208,571 41

Reactionary protein 
(CRP)

Between Groups 55,768 3 18,589 14,279 0,000
Within Groups 41,661 32 1,302   
Total 97,429 35    
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significance level a = 0.05. 
Results 
The results of the comparisons among all 4 Groups 

(Fig.1-4) showed statistically significant differences 
regarding the levels of total antioxidant capacity, 
Fibrinogen, reactionary protein (CRP) as well as maximum 
oxygen intake (VO2max) on a significance level a = 0.1. 

Variance analyses (post hoc test – Bonferroni) showed 
that there are statistically significant differences in total 
antioxidant capacity levels between Groups 2 and 3 (p – 
value = 0.009 < 0.1) and between Groups 2 and 4 (p – 
value = 0.029 < 0.1). 

As far as Fibrinogen levels are concerned, there is 
statistically significant difference between Groups 1 and 
4 (p – value = 0.070 < 0.1), and between Groups 2 and 4 
(p – value = 0.071 < 0.1).

Regarding CRP, there is statistically significant 
difference between Groups 1 and 4 (p – value = 0.000 < 
0.1), between Groups 2 and 4 (p – value = 0.000 < 0.1), 
and between Groups 3 and 4 (p – value = 0.000 < 0.1). 

Concerning maximum oxygen intake (VO2 max), 
there is statistically significant difference between Groups 
1 and 3(p – value = 0.014 < 0.1). 

Linear correlation checks (a = 0.05) showed that 
body fat percentage is positively correlated to fibrinogen 
(correlation coefficient = 0.398), (fig.5), body mass 
index is positively correlated to fibrinogen (correlation 
coefficient = 0.462), (fig.6) and maximum oxygen 
intake (VO2 max) is negatively correlated to fibrinogen 
(correlation coefficient = – 0.415), (fig.7). 

Discussion 
Regarding  total antioxidant capacity ( TAC) results
A number of researches into adults and teenagers have 

concluded that regular exercise causes an increase in total 
antioxidant capacity levels [47,7,2]. 

In agreement with the studies mentioned above, the 
present survey confirms the influence of children’s regular 
exercise on the levels of their antioxidant capacity, since 
the highest levels of total antioxidant capacity appear in 
the two more frequently exercising groups, namely Group 
3 (HPAL) and Group 4 (VHPAL), which are statistically 
significantly higher than those of Group 2 (MPAL).

According to Jenkins et al. [34], regular exercise can 
reduce post workout oxidative stress and limit muscular 
damage, while he observes that the favorable  effects of 
regular exercise are attributable to the higher capacity of 
the enzymatic and non-enzymatic oxidative defense sys-
tem. As the same researcher proved, the mechanism that 
justifies the belief that antioxidative defense appears to be 
regulated with physical activity is the increase in the action 
of catalase and dismutase peroxide on human muscles.

According to the results of this survey, Group 1 
(LPAL) antioxidant capacity levels are not the lowest of 
all Groups as would normally be expected. This is prob-
ably due to diet, whose role is pivotal in maintaining a 
high level of antioxidant capacity, as researches have 
shown [28,82,53,52]. The increased intake of antioxidant 
rich foods offers increased antioxidative defenses to com-
bat oxidative stress, and it is necessary, especially to ath-
letes during periods of vigorous workout, when oxidative 
stress is generated.

The differences of antioxidant capacity levels ob-
served among the Groups seem to be affected by a num-
ber of various factors, such as the kind and frequency of 
training stimuli [52], the duration [6], the quantity and 
vigor [27] of the applied training program when measure-
ments are taken, the subjects’ age, their diet as well as 
their physical fitness before the application of a specific 
workout protocol [21]. 

Regarding reactionary protein (CRP) results
The favorable influence of exercise on the reduction of 

CRP levels has been proven by many scholars / research-
ers [26,54,1,41,66]. This survey’s results agree with those 
of the aforementioned researches, since Group 4 (VHPAL) 
shows statistically significantly the lowest levels of CRP 
in relation to the other Groups, thus affirming Kasapis & 
Thompson’s [36] view that there is an inverse relationship 
between CRP serum levels and physical activity level. The 
same view has also been expressed by King et al. [38], who 
observed that the significant superiority of those exercising 
– regardless of form of exercise – in comparison to the con-
trol group (sedentary lifestyle) was independent of age. Re-
inforcing the significance of regular exercise in children’s 
health [55], realized that children of normal weight with 
dyslipidemia (low levels of HDL-C and increased choles-
terol) who participate in regular exercise do not show – as 
would be expected – high levels of CRP, thus sustaining 
their health on non-dangerous / risk – free levels. According 
to Moldoveanu et.al [54], moderate to high vigor exercise 
causes a  transient increase in pro-inflammatory cytokines 
as well as in acute phase proteins, like CRP, whereas long-
term and systematic physical activity is linked to lower 
pro-inflammatory cytokines and acute phase proteins read-
ings in these subjects’ blood. Reactionary protein (CRP) is 
mainly produced by the liver in response to a variety of 
stimulators and increases the inflammatory response in all 
those factors that commence acute phase cataract. Acute 
phase is a common reaction to a variety of dangers that dis-
rupt homeostasis, one of which is extended exercise [19]. 
Physical activity seems to cause many of these changes in 
the subject’s organism, which is mainly attributableto the 
acute response following vigorous and exhausting exercise. 
This response includes metabolic changes, such as change 
in the nitrite balance, changes in the metabolism of lipids, 
changes in the concentration of cations, changes in the me-
tabolism of iron, activation of the complement, leukocy-
tosis  and increased liver – originating protein production 
that participate in and orchestrate acute phase response. 
Respectively, albumin, a2 glycoprotein, a fetoprotein and 
transferrin are reduced, thus reflecting the change of the 
liver’s functional equilibrium [43]. According to Pedersen 
et al. [63], CRP’s source is liver-induced production with 
IL-6 as the major stimulator, which seems to be produced 
in the highest percentage by the exercised muscle. One of 
the ways in which exercise can reduce the risk of cardio-
vascular disease is through inflammation reduction. How-
ever, the mechanisms responsible for the protective effect 
of physical activity are not perfectly clear yet. According to 
Okita et al. [60], the beneficial effects of regular exercise 
on CRP levels mainly stem from changes in the fat tissue, 
while, at the same time, Pitsavos et al. [64] observe that 
regular exercise greatly reduces the levels of inflammatory 



Педагогіка, психологія та медико-біологічні

144

Fig. 1. Total antioxidant capacity means in Groups with different forms of exercise.

Fig. 3. CRP means in Groups with different forms of exercise. 
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Fig. 2. Fibrinogen means in Groups with different forms of exercise. 
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Fig.  4. Maximum oxygen intake (VO2 max) means in Groups with different forms of exercise.

Fig. 6. Correlation between body mass index and fibrinogen in the four experimental groups.
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Fig. 5. Correlation between body fat percentage and fibrinogen in the four experimental groups.
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indices contributing to atherosclerosis, causing a 33% re-
duction in CRP levels. 

Regarding fibrinogen results
The present study realized statistically significant dif-

ferences in fibrinogen levels between Groups 1 and 4 (p 
– value = 0.070 < 0.10) as well as between Groups 2 and 4 
(p – value = 0.071 < 0.10). Moreover, Group 4 (VHPAL) 
shows the lowest fibrinogen levels, followed by Group 3 
(HPAL). The results are consistent with the conviction 
that regular exercise reduces fibrinogen levels [15,17,9] 
and is related with a better cardiovascular function since it 
seems to intervene in the fibrinogen regulation mechanism 
[11]. The parameters involved in all these procedures are 
not always clear but it seems that action on endothelial 
level plays a pivotal role. 

Apart from the quantity of exercise (frequency per 
week), the level of physical fitness (ergo, the intensity 
of exercise) seems to play a significant role in fibrinogen 
levels, as estimated from maximum oxygen intake (VO2 
max). According to this study’s results, maximum oxygen 
intake (VO2 max) is negatively correlated to fibrinogen 
(correlation coefficient = -0.415). These conclusions have 
also been reached by various researchers [9,35,58,33], 
who mention that there is a gradually inverse relation-
ship between fibrinogen and physical activity as well as 
physical fitness level as estimated from maximum oxygen 
intake, noting that physical activity and cardiopulmonary 
condition are independent prognostic indices of fibrino-
gen levels. The present study believes that this inverse 
relationship between fibrinogen and maximum oxygen 
intake may also be valid for children (boys). It also agrees 
with Blair et al. view [5] that cardiovascular benefits can 
be unexpectedly big even with a small increase in physi-
cal fitness level. 

An important find in this research is the fact that body 
fat percentage is positively correlated to fibrinogen (cor-
relation coefficient = 0.398) and that body mass index 
(BMI) is positively correlated to fibrinogen (correlation 
coefficient = 0.462). Other surveys also reached the same 
conclusions [8,10,3,22,74], reinforcing the view that an-
thropometric characteristics, such as body fat percentage 

and body mass index, which are largely dependent on 
workout patterns, affect fibrinogen levels in children.

It seems that the favorable influence of exercise on a 
better cardiovascular function may also be mediated by the 
influence of exercise on thecoagulation system [12]. More 
specifically, systematic exercise helps in the secretion of 
NO [13]. According to surveys, NO is the main vasoli-
dation factor and is produced by the vessel endothelium 
[80,32], while its secretion is related to good endothelium 
function. Endothelium dysfunction is a basic parameter of 
atherosclerosis, whose major characteristic is inadequate 
NO secretion, while at the same time, the substances and 
procedures that are related to increased inflammation and 
resulting vessel contraction thrive [16,70,72,20]. NO ac-
tivates t-PA secretion by inhibiting PAI – I, a molecule 
which gets involved in blood coagulation and blood clot 
formation, thus increasing the fibrinogen situation [50]. 
The generated NO reduces the basic fibrinogen levels, 
which is why there are lower fibrinogen levels in the plas-
ma of athletes and generally, in the plasma of people with 
higher levels of physical activity. Thus, there is better 
cardiovascular function [37]. Moreover, regular exercise 
contributes to low platelet activation, reduced tendency 
towards their accumulation and fibrinogen sticking to 
their surface, resulting in lower concentration of this fac-
tor in the plasma of regularly exercising individuals [85]. 

Conclusions
From the results of the present survey, the protective 

role of regular exercise and physical fitness level against 
cardiovascular complaints in children is clear. The benefi-
cial advantages of various forms of physical activity seem 
to differentiate according to their characteristics such as 
frequency, intensity, duration and kind as well as the physi-
cal fitness level of the exercising children. According to the 
results, Group 4 (VHPAL), working out 5 times a week, 
swimming for a total of 7.5 hours, presents the most favor-
able levels of cardiovascular biochemical indices, since it 
shows the lowest levels of inflammatory indices contribut-
ing to atherosclerosis, such as fibrinogen and CRP, in rela-
tion to other forms of exercise, and it also shows the highest 
antioxidant capacity levels after Group 3 (HPAL).

Fig. 7. Correlation between maximum oxygen intake (VO2 max) and fibrinogen in the four experimental groups.
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It is therefore concluded that very frequent weekly ex-
ercise through swimming is particularly effective in shield-
ing children’s health. An important find of this survey is 
the realization that the better the physical activity level and 
especially the improvement of maximum oxygen intake, 
the lower the fibrinogen levels, so children are less at risk 
of cardiovascular complaints. This result denotes the im-
portance of the qualitative characteristics of physical activ-
ity (intensity) and not just the quantitative ones (duration). 
Finally, a particularly important conclusion of this survey is 
the fact that body fat percentage and body mass index are 
positively correlated to fibrinogen, proving the emphasis 
that should be laid by all to children’s normal weightand 
eating habits, which affect their cardiovascular function ir-
respective of their physical activity level.

To summarize, the present survey concludes that reg-
ular exercise in children is beneficial against atheroscle-
rosis and coronary disease. However, to maximize these 
benefits, exercise should be combined with a high physi-
cal activity level and a proper diet.
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