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Abstract
Changes in cardiorespiratory complex of adult athletes are the subject of scientific researches.
However, there is a lack of researches that would assess such changes in children and
adolescents involved in intensive physical training. The purpose of the study was to evaluate
functional and morphological changes of cardiovascular and respiratory systems in boys of
primary school age engaged in football. Materials and methods. 109 male children aged
10–11 years were enrolled in the study, among which 81 children have been attending sports
football schools, 28 children didn't have regular physical activity. The study design included
a general clinical examination, a spirometry, the condition of cardiovascular system was
assessed with echocardiography, exercise stress test with cycle ergometer (VEM), and
ambulatory blood pressure monitoring (ABPM). Results. The boys 10–11 years of age who
play sports have higher values of minute respiratory volume and cardiac indices, which may
support the hypothesis of the myocardial hypertrophy development, although they correspond
to normal Z-score values. The incidence of complaints in boys who do not practice football
is significantly higher during the exercise test. According to ABPM results The duration of
physical activity may influence on transition from vasodilation to vasoconstriction.
Conclusions. We obtained statistically significant quantitative differences in the functional
state of the cardiovascular and respiratory systems in children-athletes. The changes found
in young athletes may result to further supervision of a pediatric cardiologist, but decision
should be made individually.
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Introduction
Physical activity is an important determinant

of the general health in children [1]. Modern
recommendations of such organizations as the
American Academy of General Medicine, the
American Academy of Pediatrics, the American
College of Sports Medicine, the American Medical
Society for Sports Medicine, the American
Orthopedic Society for Sports Medicine, and the
recommendations of the American Heart
Association and the European Society of
Cardiology (2019) relate to the fact that, first,
before a child is involved in sports, he or she must
be examined for respiratory and cardiovascular
diseases. Nevertheless, it is necessary to remove

unnecessary restrictions on participation in sports
or exercise program [2]. Unnecessary restrictions
usually apply not due to abnormal condition of
respiratory and cardiovascular systems, but rather
arise from concerns about complications that
could be avoided by preventive measures [3]. The
concern is that one of the current problems in all
countries of the world is the problem of mortality
during sports competitions [4]. Sudden death in
young athletes occurs with a frequency of 1 in
50,000 per year [5]. Despite the fact that sudden
cardiac death at a young age is quite rare, each
of these cases is a tragedy for society and family
members, as athletes are considered the healthiest
cohort of the population [6]. In 2015, a proposal
was issued by the Sport Cardiology Section of
the European Association for Cardiovascular
Prevention and Rehabilitation "Sudden cardiac
arrest in sport - the need for uniform registration",
which states that there are large differences in
morbidity, registration methods and causes of
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sudden cardiac arrest/sudden cardiac arrest.
death in athletes. Such factors of inequality in
registration of sudden deaths include age, sex,
presence of comorbid disease, geographical
region and participation in sports [7]. The sudden
cardiac death is often associated with "hidden"
cardiorespiratory pathology. Therefore, today it
is recommended to develop strategies based on
evidence and expert consensus, health policy
aimed at protecting young athletes from such
dramatic events [8].

The role of airway obstruction in the
development of sudden death in athletes is still
unclear [7, 8].

In recent decades, the pages of medical
publications were dedicated to the search for
methods for predicting the occurrence of
exercise-induced bronchial obstruction in athletes
[9, 10]. It has been shown that the subjective
symptoms of exercise-induced bronchial
obstruction before and after beta2-agonist
administration do not correlate with the changes
in airway caliber in athletes. Therefore, subjective
assessments of respiratory symptoms after
treatment with inhaled beta2-agonists should not
be used as the only diagnostic tool to detect this
condition [11].

The "gold standard" for determining aerobic
fitness for exercise is measurement of respiratory
gas exchange, but physiological responses to
exercise during the growth and development of
children are still poorly understood, especially in
children athletes [2, 12].

Recent literature reviews suggest that there
are difficulties faced by family physicians in
diagnosing exercise-induced respiratory disorders.
These difficulties arise not only due to lack of
awareness in this matter, but also due to lack of
access to special tests for their diagnosis [13, 14].
However, it is not yet clear how family physicians
diagnose exercise-induced bronchial obstruction.
Moreover, the diagnosis of bronchial obstruction
caused by exercise in adult athletes is difficult, and
in children it may not be defined at all [15, 16].

2. Purpose, subjects and methods:
2.1. The purpose of the research is to define

morphological and functional changes of the
cardiorespiratory complex in boys of primary
school age engaged in football.

2.2. Subjects & Methods
109 boys at the age of 10–11 years were

enrolled in study, of them 81 children attended
sports football schools, 28 children did not have
regular physical activity. The children were
divided into groups according to duration of

football school attendance: group 1 – children who
were engaged in football for more than 4 years,
n = 26; Group 2 consisted of the children engaged
in football from 2 to 4 years, n = 34; Group 3 included
the children who played football for less than
2 years, n = 21. The control group (group 4)
consisted of clinical data from 28 boys of the
same age, who do not play sports and have no
health problems. Inclusion criteria were: 10–11 year
old boys involved in football. Exclusion criteria
were: female children, age less than 10 years or
12 and more years, history of confirmed genetic
pathology, and any acute condition within 3 months
prior to recruiting.

The study design included a general clinical
examination, spirometry (PFT), condition of
cardiovascular system assessed with
echocardiography, exercise stress test with cycle
ergometer (VEM), and ambulatory blood
pressure monitoring (ABPM).

PFT studies were performed using the method
of computerized pneumotachography on the
devices "Custo-Vit" (Germany) and SpiroCom
("XAI-Medica", Ukraine).

Echocardiography was performed on the
devices "Toshiba-Nemio" (Japan) and "Radmir
Ultima PA" (Ukraine).

ABPM was performed with "CardioSens
ECG+BP" (XAI-MEDICA, Ukraine).

Statistical analysis of the data was performed
using statistical packages "Excel for Mac" and
"Statistica 7.0. for Windows". Verification of electoral
groups for compliance with the Gauss law was
performed using Shapiro-Wilk test, which proved
the need for nonparametric methods. The median
(Me), lower (Lq) and upper (Uq) quartiles of
distribution were determined. To compare the
characteristics of incidence we used the method
of angular transformation with the evaluation of
the F-criterion. Non-parametric analysis of
variance Kruskal-Wallis ANOVA [KW] was used
to compare samples of more than two. Non-
parametric Mann-Whitney criterion [MW] was
used to compare two independent samples. The
difference in parameters was considered
statistically significant at p <0.05.
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3. Results & Discussion
The demographic characteristics of children

in all groups as well as early neonatal and general
history did not reveal any significant difference.
There were no family reported cases of sudden
cardiac death.
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Not all of PFT results were acceptable according
to ATS/ERS guidelines [17]. Therefore, we
excluded from statistical analysis 25 PFTs due to
poor start effort or absence of expiratory plateau.
The main results of PFT testing are listed in table 1.

The changes of the respiratory system,
according to PFT results, in boys 10–11 years old
who play football, depended on the duration of
sports: boys 10–11 years old have an increase in
TV and MVL and compared to boys of the same
age who did not play sports, even if they were
engaged for a short time – up to two years. In
the boys 10–11 years who were involved in
football for more than 4 years, there were the

greatest values of TV and MVL, however in this
group there was a subset of children with
decrease in FEV1 that probably would require
further PFT monitoring.

Doppler echocardiography did not reveal any

structural abnormalities in the subjects enrolled
in the study. However, there were significantly
different values of linear characteristics and left
ventricular mass indexed to body surface area
(table 2).

All parameters were within normal values
according to z-score. According to multifactorial
nonparametric analysis, we discovered that in 10–
11 years old boys of different sport activity

Table 1
PFT results in boys aged 10–11 years depending on duration

of physical activity (Me; (Lq;Uq))

Table 2
Echocardiographic characterstics in boys aged 10–11 years depending on duration

of physical activity (Me; (Lq;Uq))
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duration there were indices of heart morphology
that reflects development of myocardial
hypertrophy. LVMMi was significantly higher in
all boys involved in sport comparing to the group
of control. Left ventricular posterior wall was bigger
in those who have been training for more than 2
years. And the right ventricular dimension was
increased in boys who played football over 4 years
without significant difference in other groups.

ABPM evaluations did not reveal any
significant difference of elevated blood pressure.
But in the beginning of training (children of group 3),
the lowest values of DBP occur during the day
(ð=0.0495) (figure).

Nocturnal changes in BP by non-dipper type
(<10%) were registered in 8 (13.1%) children

engaged in sports and not registered in children
not engaged in sports (p = 0.1088); by type of
over-dipper (> 20%) was registered in 9 (14.7%)
children engaged in sports and in 2 (9.0%) children
not engaged in sports (p = 0.4810), night peak is
very low blood pressure index was registered in
1 (5%) child with sports experience over 4 years.

Discussion
The results of the relationship between

anthropometric data and PFT values in child
populations of many, even low-income countries
have already been published [98–102]. However,
there is no such data in Ukraine.

PFT values recommended as normal by the
American Thoracic Society/European
Respiratory Society (ATS/ERS) for the general
population, cannot be used in the athlete population
[17]. Although it is well known that exercise can
affect the lung volume, the effect of sports activity
on lung function testing has never been studied
[23]. In 2016, a study was published that examined

differences in functional respiratory parameters
in athletes in different sports by measuring lung
volume and the influence of the factors that most
affect respiratory function. But this study, in
contrast to ours, included men aged 18–35 years.
The authors concluded that although all
anthropometric characteristics differed significantly
between groups, they correlated with respiratory
parameters and participation in sports is associated
with respiratory adaptation, and the degree of
adaptation depends on the type of activity.
Endurance sports athletes have higher lung
volumes in comparison with skill, mixed and power
group of sport [103].

Our study of 10–11 year old boys who were
playing football showed an increase in LVPWd,

IVSd, LVMMi and RV dimension caused by
sports training duration, but these increases did
not go beyond the upper limits of the centile
distribution for age, height and body weight.
Therefore, we cannot imply on the development
of an athletic heart syndrome. But the number of
works covering the study of the formation of the
athletic heart in childhood, depending on the sport,
remains small.

There is little information on the adaptation
of the right ventricle to exercise in children. One
study looked at the effect of 5 months of intensive
training on the morphology and function of the
right ventricle in 94 swimmers aged 10.8 ± 0.2 years.
The researchers showed that after 5 months of
intensive training, the end-diastolic dimension of
the right ventricle increased (24.9 ± 4.1 vs 23.6 ±
3.0 mm/m2, p = 0.15) at its normal function. The
authors considered this not as a manifestation of
cardiomyopathy, but a normal reaction to exercise.
We obtained similar data [24].

The prevalence of decreased systolic blood pressure (SBP) and diastolic blood pressure (DBP) during
daytime in boys aged 10–11 years depending on the physical activity duration (%)
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The hypothesis of cardiac muscle remodeling
was tested in a study of the adaptation of the left
and right atria in 5-month training of 94 children
(57 athletes and 37 sedentary children) aged 10.8 ±
0.2 and 10.2 ± 0.2 years. The size of these heart
chambers and their contractile capacity in athletes
are increased, which suggests that morphological
adaptation occurs in the early stages of sports
careers in children, which is similar to the results
of our study [25].

Another recent study of children similar to
ours enrolled skiers aged 12.1 ± 0.2 years, showed
morphological and functional changes in the heart.
In young athletes comparing with those who do
not do sports, increased end-diastolic volume (79 ±
7 vs. 68 ±7 ml/m2, p <0.001), LVMMi (69 ± 12 vs.
57 ± 13 g/m2, p <0.001), diameter of the right
ventricle (28.3±3.0 vs. 25.4±3.5 mm/m2, p <0.001)
and diameter of the right atrium (10.6 ± 1.4 vs.
9.7 ± 1.2 cm, p < 0.01). There was no difference
in left ventricle ejection fraction [26].

Another problem of medicine, which was
subject of our study, but that remain unsolved is
the adaptation of blood vessels to exercise and
hypertension in athletes [27]. Static and dynamic
components of physical activity (overload), i.e.
cardiovascular stress, vary depending on the
needs of a particular sport or activity. As an
example, a football midfielder who runs to the
goal is engaged in dynamic exercises. Systolic
blood pressure rises during endurance and
dynamic exercise; both systolic and diastolic
blood pressure increase during resistance or
static exercise. These increases in blood
pressure reflect the body's efforts to increase

cardiac output to meet the metabolic needs of
working muscles [27]. The epidemiological
prevalence of the hypertension in athletes has
not been established.

In a study of 3697 athletes (men and women
aged 19 to 49 years), the authors noted that the
value of blood pressure in athletes who played
sports "dynamic type" (speed, endurance, ball
games) is higher than in sports "static type". It
was noted that water sports athletes have a higher
blood pressure [27].

According to a retrospective cohort study of
male athletes from 636 football teams, it was
concluded that the prevalence of hypertension
among football players is higher than among non-
football players [29]. There is no known increased
risk of developing hypertension in weightlifters
or other strong athletes (eg, discus throwers,
shooters) [30].

The limitation of our study is a small sample
of boys 10–11 years of age who are engaged in
football and lack of information of their history of
trainings.

Conclusions
The boys 10–11 age who are engaged in

football do not present with significant decrease
in PFT that may be considered as
bronchoconstriction. The duration of athletic
activity affects minute respiratory volume. We
obtained statistically significant quantitative
differences in the heart morphology and mean
blood pressure. The identified changes should be
estimated with personalized approach in each
case and should not be considered as criteria for
sport discontinuation.
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