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Abstract

Background Given the global spread of COVID-19 and its profound effects on public health, understanding its
and Study Aim  impact on the physical health and performance of young athletes is crucial for developing guidelines
to support their recovery and well-being. The goal of this research was to assess the impact of the
COVID-19 infection and possible consequences on the functional abilities of schoolchild athletes,
and determine whether there are differences compared to their peers who did not suffer the

infection.
Material and This study involved 100 teenagers (median age 15.7%1.167), who engage in two different sports
Methods (basketball and soccer), divided into two groups. The first group comprised young athletes (n=53,

age 15.79%1.854) who had contracted COVID-19 and underwent 14 days of home isolation. The
second group consisted of healthy child athletes (n=47, age 15.60+1.313). Participants underwent a
comprehensive pre-participation sports medical examination, which included a cardiopulmonary
exercise test (CPET) on a treadmill. CPET assessed various physiological parameters: maximum
oxygen consumption (VO2max); heart rates at the first and second ventilatory thresholds (HR at
VT1 and HR at VT2); respiratory exchange ratio (RER); maximal pulmonary ventilation (VEmax);
ventilatory efficiency (VE/VCO2); oxygen pulse (O2/HR); maximum heart rate (HRmax); three-
minute heart rate recovery; and potential electrocardiographic changes.

Results The results indicate that COVID-19 infection has led to statistically significant impairments in
the cardiorespiratory functions of child athletes. Notably, there were significant reductions in
maximum oxygen consumption (VO2max), maximal pulmonary ventilation (VEmax), oxygen pulse
(O2/HR), as well as heart rates at the first ventilatory threshold (HR at VT1), maximum heart rate
(HRmax), and heart rate recovery following maximal effort, all demonstrating p-values less than
0.05.

Conclusions The assessed parameters demonstrated that the functions were statistically significantly impaired
in child athletes who had recovered from COVID-19 compared to their healthy peers of the same age.
However, the infection appeared to have a minimal impact on heart rate variability at ventilatory
thresholds. These findings offer valuable insights for coaches and sports medicine physicians
in adjusting training programs and supporting the rehabilitation process for young adolescent
athletes resuming their training after recovering from COVID-19.
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Introduction

The COVID-19 virus pandemic, which began in
2020, had enormous consequences for the life and
health of young athletes [1]. For the first time in
their careers, young athletes had to face a different
approach to the organization of their training
during the competition season itself [2]. All these
circumstances and an unusually long break without
organized training or only training at home,
affected the physical abilities of young athletes [3].
During the eight-week quarantine, young athletes
could maintain their level of physical fitness with
only limited training at home. In some cases, this
led to a decrease in functional abilities, as well as
a decrease in speed among young soccer players,
with a simultaneous increase in body fat and muscle
atrophy [4, 5]. At the same time, young athletes were
not exempt from infection with the COVID-19 virus,
and some, just like non-athletes, were exposed to
hospitalization due to more severe symptoms, as
well as heart problems during the pandemic [6, 7]. To
avoid any risk of an athlete training and competing
while infected, PCR tests, as well as cardiopulmonary
exercises tests (CPET) were often performed to
evaluate cardiovascular health prior returning to
training and competition [8]. CPET is a standard
protocol for the direct measurement of functional
abilities, primarily maximum oxygen consumption
(VO,max), as a direct measure of aerobic capacity.
In healthy adolescent athletes aged 15 to 18 years,
according to some authors, VO,max ranges from 45
to 62 mL/kg/min, depending upon the sport [9, 10,
11, 12, 13, 14]. Previous research that has dealt with
the topic of young athletes and COVID-19 infection
is quite limited. Some works have shown that, post
COVID-19 recovery, the maximum consumption
of oxygen was similar compared to healthy young
athletes, but a drop in respiratory reserves (42%), as
well as abnormal spirometry (42%), were observed
when compared to peers who had not suffered from
COVID-19 [15].

Most of the papers that dealt with the impact of
quarantine and cessation of training for eight weeks
on functional and motor skills showed a drop in the
training efficiency of young athletes [16, 17, 18, 19,
20]. No research detailing the specific assessment of
the functional abilities of young adolescent players
after a prolonged COVID-19 infection.

As such, the goal of this research is to explain the
new challenges related to the COVID-19 infection
of young athletes, as well as the consequences that
remain on their functional body responses to the
infection. The study will also show the importance
of diagnostics among young athletes to enable the
safest participation in training and competitions
and will provide useful advice on protocols for a
gradual return to sports for young athletes after a
COVID-19 infection.

Hypotheses. H° The null hypothesis of this
research is that there will be no statistically
significant difference between young players who are
healthy and who are infected by Covid 19 infection.
H! An alternative hypothesis states that the impact
of COVID-19 on cardiorespiratory abilities will be
more pronounced in kids with infection in terms
of parameters such as VO,max, VEmax, O2/HR,
HR at VT1, HRmax, and heart rate recovery upon
maximal effort, compared to heart rate variability at
ventilatory thresholds.

This study aims to evaluate the impact of
COVID-19 infection on the functional abilities
of teenage athletes, with a specific focus on
cardiorespiratory parameters. By comparing the
performance metrics of athletes who have recovered
from COVID-19 with those of their healthy peers, the
study seeks to uncover insights into the potential
consequences and discernible differences in aerobic
capacity, heart rate, pulmonary ventilation, and
oxygen pulse.

Materials and Methods

Participants

One hundred male children athletes (N=100)
from two sports, soccer and basketball, with an
average age of 15.70%1.85, from Serbia participated
in this longitudinal experimental study and were
divided into two groups. The experimental group
comprised athletes who had tested positive for
COVID-19 via PCR and underwent home isolation
for 14 days (n=53, age 15.79%1.854). The control
group included healthy adolescent athletes of the
same age who had not contracted COVID-19 and had
no interruption in training (n=47, age 15.60+1.313).

All subjects and their parents provided written
informed consent to participate in the study after
the testing procedures were explained verbally and
in writing. The conducted research does not violate
the rights of the players examined, according to
the ethical standards of the Helsinki Declaration of
the Human Rights Committee (VMA Declaration of
Helsinki, 2013). The Ethical Committee of Sports
Cardiology Association of Serbia approved all the
performed procedures (Decision No. 2/21, adopted
on September 28, 2021).

Research Design

All athletes usually performed 4-6 training
sessions per week (about 90-120 minutes each),
participating in an official game during the
weekend. The criterion for inclusion in the study
for COVID-19 athletes was the age < 18, as well as
a positive PCR test for COVID-19, and a minimum
of 14 days’ break from training and competition. All
tests were performed during the competitive season.

Athletes infected with the COVID-19 virus were
asymptomatic or had mild-symptomatic complaints
in the forms of fever, malaise for a maximum of
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2, 3 days, as well as loss of smell and/or taste.
Before performing CPET, all subjects filled out a
survey concerning their basic data, personal, and
family history. A pre-participation sports medical
examination was performed in the outpatient
sports medicine clinic “Vita Maxima” in Belgrade,
Serbia, which allowed for insight into their health
condition, while an assessment of the health
capacity for participation in the studyj, i.e., for the
application of the maximum CPET, was carried out.

The basic sports medical examination included:
determination of body height, assessment of
complete body composition (body weight, height-
to-weight ratio (BMI), body fat percentage (FAT%)),
and a 12-channel electrocardiogram (ECG) at
rest with determination of heart rate. Physical
examination was performed by measuring arterial
blood pressure on both arms and auscultating the
heart and lungs.

During the study a pre-participation sports
medical examination and CPET of young
athletes between October 2021 and June 2022
were conducted. The goal of the sports medical
examination was to determine the general health
capacity of non-COVID-19 athletes, as well as
athletes after infection with the COVID-19 virus.
An appropriate sports medical examination was
a prerequisite for participation in the study and
performance of CPET on a treadmill. CPET was
used to determine maximal oxygen consumption
(VO,max), respiratory exchange ratio (RER),
maximum pulmonary ventilation (VEmax),
ventilatory efficiency (VE/VCO,), oxygen pulse
(O,/HR), heart rates achieved at first and second
ventilatory thresholds (HR at VT1 and HR at VT2),
maximum heart rate (HRmax) and three-minute
heart rate recovery after CPET.

All participants received medical clearance and
a negative PCR test for COVID-19 within 48-72h
before testing.

Test Protocol

A treadmill (HP-COSMOS®) was used to
perform a CPET. An electrocardiogram of the
heart at rest was performed using a 12-channel
ECG (Fukuda). Maximum oxygen consumption
(VO,max), maximum minute ventilation (VEmax),
and respiratory exchange ratio (RER), as well as
ventilatory equivalents for oxygen (O,) and carbon
dioxide (CO,) were assessed by monitoring breath-
by-breath gas exchange (O, and CO,) using the
Quark CPET system (Cosmed®, Rome, Italy). To
conduct the test, a standard protocol for young
athletes was used with an initial speed of 5 km/h
and an elevation of 0°. After the introductory part
of the test, which serves as a warm-up, the speed
of the treadmill was increased by 1 km/h every 60
seconds in order to achieve the maximum effort.
Subjects were equipped with face mask and mobile
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ECG device (Quark C12x-T12x) during the CPET to

evaluate respiratory and cardiological parameters.

The CPET was considered maximal when three of

four parameters below are accomplished:

e the value of the achieved maximum heart rate
is 2 90% or more of the predicted theoretical
maximum heart rate for gender and age, which is
calculated based on the formula: 220 — number
of years,

« respiratory exchange ratio (RER) > 1.10,

o plateau in maximal oxygen consumption,
despite increased loads (differences in VO,max
values less than 150 mL/min at the end of the

CPET),
« asubjective feeling of exhaustion.
The cardiopulmonary exercise test was

performed by trained and expert persons, as was
the calibration, which was done according to the
so-called STPD criteria (ST-standard temperature/
standard gas temperature: 0°; P-pressure/pressure:
760 mmHg; D-dry equivalent/dry air) after every
fifth test to adequately determine the measured
parameters.

Statistical Analysis

To describe parameters of importance, depending
on their nature, the following were used: frequency,
percentages, sample mean, sample median, sample
standard deviation, rank, and 95% confidence
intervals. To test the normality of the distribution,
Kolmogorov-Smirnov tests were used, as were
graphs: histogram and normal QQ plot. To test
for differences in maximum oxygen consumption
between young athletes in two groups, as well as to
examine the differences between them in aerobic
and anaerobic capacity and heart rate response, we
use the Independent T test and the Mann Whitney
U test. To analyze the power of the study sample, a
post hoc calculation of the power of the sample was
performed for the results of the comparison between
the two study groups (n=27). Two-way dependent
t-test was used, with «=0.05. The effect size was
determined by the mean of each group (COVID-19
vs. healthy group) for the variable VO,pred (%) for
adolescents’ basketball and soccer athletes [10, 12]
(COVID-19 participants: 83.9+9.87% and healthy
group participants: 93.1*11.77 %) and standard
deviation of the groups. Thus, the value of sample
power was (1-B) = 0.989, which is considered a
large sample power. The sample size calculation
was performed using G*Power 3.1. Statistical data
processing was performed using the statistical
package SPSS 22.0 for Windows. Differences were
considered significant when the p value was less
than 0.05.

Results

Descriptive statistics of all participants in the
study are presented in Table 1. Results showed that
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Table 1. Descriptive statistics of functional abilities of all participants in the study.

Variables Participants N Mean Standard deviation
. COVID-19 infection 53 45,58 4,65
VO,max (mL/kg/min)
healthy group 47 56,52 6,19
COVID-19 infection 53 24,77 4,24
VE/VCO2
healthy group 47 25,17 2,88
COVID-19 infection 53 1,16 0,064
RER (CO,/0,)
healthy group 47 1,13 0,059
COVID-19 infection 53 17,23 4,00
0,/HR (mL/beat)
healthy group 47 21,90 4,25
) COVID-19 infection 53 113,02 27,30
VEmax (L/min)
healthy group 47 143,14 26,65
COVID-19 infection 53 143,90 13,85
HR at VT1 (bpm)
healthy group 47 150,70 12,08
COVID-19 infection 53 171,98 12,06
HR at VT2 (bpm)
healthy group 47 173,27 9,49
COVID-19 infection 53 191,94 5,78
HRmax (bpm)
healthy group 47 190,89 6,39
. COVID-19 infection 53 160,39 14,72
HR recovery 1% minute (bpm)
healthy group 47 160,70 12,60
. COVID-19 infection 53 136,52 14,73
HR recovery 2" minute (bpm)
healthy group 47 132,23 12,71
. COVID-19 infection 53 125,11 13,67
HR recovery 3 minute (bpm)
healthy group 47 120,55 11,74

Abbreviations: VO2max - maximum oxygen consumption; VE/VCO2 - ventilatory efficiency; RER (CO2/
02) - respiratory exchange ratio; O2/HR - oxygen pulse; VEmax — maximum minute ventilation; HR
(beats per minute) — heart rate; VT1 - first ventilatory threshold; VT2 - second ventilatory threshold.

adolescent athletes who had suffered a COVID-19
infection had statistically significantly lower values
of aerobic capacity or VO, max (p<0.001) compared
to their peers from the control group (Figure 1).
Also, a significant difference was recorded in young
players after COVID-19 infection in the area of
maximal pulmonary ventilation and Oxygen pulse
compared to their healthy peers (p<0.001) (Figure 2,
and Figure 3).

Furthermore, anaerobic capacity, the respiratory
gas exchange ratio (RER), as a measure of lactate
tolerance, was much higher in COVID-19 group
of adolescents (p < 0.05). This means that young
athletes who had suffered from COVID-19 infection
were exposed to much greater anaerobic metabolic
fatigue at the end of the CPET (Figure 4). No
statistically significant difference was observed in
terms of ventilatory efficiency (VE/VCO,) (p=0.589)

(Figure 5).

Discussion

Aerobic and Anaerobic Capacity

The primary findings of this research showed
that adolescent athletes after a COVID-19 infection
suffered visible consequences from the effects of the
virus on their cardiorespiratory abilities. Decreased
values of vital parameters compared to healthy peers
were observed (p < 0.001). The virus and de-training
for 14 dayshadagreater effect onthe declineinability
during the competition season than the summer
break without training. Adolescent athletes from
this study who had suffered a COVID-19 infection
had statistically significantly lower values of aerobic
capacity or VO, max (45,58 mL/kg/min), compared
to their peers from the control group (56,52 mL/
kg/min ), but also lower values than young players
from earlier studies prior to the pandemic, who had
a range of VO, max values from 51.7 mL/kg/min to
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Figure 1. The aerobic capacity (VO,max) of adolescent
athletes after COVID-19 infection compared to their
healthy peers. Abbreviation: VO,max (mL/kg/min) -
maximum oxygen consumption
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Figure 3. Maximum minute ventilation, of adolescent
athletes after COVID-19 infection compared with
their healthy peers. Abbreviation: VEmax (mL/min) -
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Figure 2. Oxygen pulse of adolescent athletes after
COVID-19 infection compared to their healthy
peers. Abbreviation: O,/HR (mL/beat) - oxygen
pulse.
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Figure 4. Respiratory exchange ratio (RER) of
adolescent athletes after COVID-19 infection
compared with their healthy peers. Abbreviation:
RER - Respiratory exchange ratio
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Figure 5. Ventilatory efficiency (VE/VCO, slope)
of adolescent athletes after COVID-19 infection
compared to their healthy peers.
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59,4 mL/kg/min [21, 22, 23, 24 25]. At the same time,
in terms of anaerobic capacity, the respiratory gas
exchange ratio, as a measure of lactate tolerance,
was much higher in COVID-19 group of adolescents
(p < 0.05). This means that young athletes who had
suffered from COVID-19 infection were exposed to
much greater anaerobic metabolic fatigue at the
end of the CPET. Furthermore, an early transition
from aerobic to anaerobic metabolism pathways
for energy production was seen, which can explain
higher maximal RER values. Even though the greater
anaerobic fatigue was seen in COVID-19 group of
participants, the results in both groups, in terms of
RER, are within the parameters expected for gender
and age, as well as sports disciplines [26].

Pulmonary ventilation and oxygen pulse

In the area of maximal pulmonary ventilation,
our research showed that post COVID-19 adolescent
athletes obtained a far lower level of VEmax
compared to the control group (p < 0.001). However,
results from both research groups also coincided
with the results of student basketball players from
Russia [27]. Furthermore, the adolescent COVID-19
athletes from our study had a lower maximal
pulmonary ventilation than healthy athletes from
other sports disciplines aged 18-24 [28]. The virus
affected therespiratorysystem ofadolescent athletes
at the cellular level, more so than detraining itself,
since one study showed that, among young athletes
aged 15,4 years, there was no drop in VO,max, VE/
VCO,, VEmax after 42 days of detraining [29].

In terms of the oxygen pulse variable (O,/HR), as
an indirect indicator of the work of the left ventricle
of the heart, a significant difference was recorded in
young players after COVID-19 infection (18,66 mL/
beat) compared to their healthy peers (23,13 mL/
beat). This is an indication that it is possible that the
virus had affected the function of the left ventricle
of the heart, whose task is to deliver oxygen-
enriched blood to active muscles. Even though the
values from both study groups were within normal
limits for age and gander, it was obvious that oxygen
delivery to the working muscles was decreased,
which can explain the lower VO,max values in
COVID-19 group of athletes [30].

No statistically significant difference was
observed in terms of ventilatory efficiency (VE/
VCO,), even though the numerical difference was
present. The VE/VCO, values coincide with the
results from earlier research on this topic for both
our study groups, which means that COVID-19 did
not affect ventilatory efficiency of young athletes
and respiratory function [31, 32].

Heart rate response
Regarding heart rate response parameters,
our research observed that COVID-19 infection

significantly affected the heart rate response at the
first ventilatory threshold. After recovering from a

COVID-19 infection, the young athletes faced with a
decrease in cardiac capacity, since they reached VT1
at the lower heart rates, indicating that they had
entered anaerobic fatigue earlier than their healthy
peers during CPET. Yet, at the same time, there was
no statistically significant difference in terms of
achieved heart rate at VT2 between the groups, even
though the numerical difference was observed.
Furthermore, the results of this study coincide
with the results of elite athletes from earlier studies
[33,34]. However, it is interesting that heart rate
recovery after maximum effort was much weaker
and, statistically, significantly lower in adolescent
athletes after COVID-19 infection, compared to
their healthy peers. The difference was observed in
the second and third minutes of heart rate recovery
after CPET (p < 0.05), which may indicate that the
COVID-19 infection affects cardiac muscle in terms
of decreased exercise tolerance and slower recovery.
The limitation of this study relates primarily
to the small number of respondents who had had
COVID-19. Further research could be extended to
other young athletes from other disciplines, while
research could also go in the direction of continuing
to monitor young athletes with new medical
examinations several months after their recovery
from COVID-19. The duration of follow-up or
observation period may have been relatively short,
which could limit the understanding of long-term
effects of COVID-19 infection on cardiorespiratory
fitness in young athletes. Addressing these
limitations and conducting further research with
larger, more diverse samples and longer follow-
up periods can provide a more comprehensive
understanding of the impact of COVID-19 on the
cardiorespiratory fitness of young athletes.

Conclusions

Research has shown that the COVID-19
infection has left certain consequences on the
cardiorespiratory fitness of young adolescent
athletes. It does so first of all in maximum oxygen
consumption, pulmonary ventilation, and oxygen
pulse, which is to be expected given that COVID-19
infection has proven to be a virus that affects both
cardiovascular and respiratory functions, especially
at the cellular level. For healthy athletes, detraining
for several weeks did not cause such a big drop as it
did in athletes after infection from the coronavirus
and a break of 14 days. Infection did not greatly
affect respiratory efficiency or heart rate variability,
which was at level for sex, age and sport discipline.
At the same time, heart rate recovery after maximal
effort was lower in the second and third minutes of
recovery. These findings can be useful to coaches
and doctors of sports medicine when calculating
training and returning to the training process of
young athletes after their recovery from COVID-19
infection. Naturally, much more research is needed
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on this topic to gain a broader and better picture
of the effects of the virus on the cardiorespiratory
functions of athletes.

Within the pediatric sports population, young
athletes are at risk of injury during the return
to training following a COVID-19 infection and
deconditioning. It is necessary to be careful and
properly dose individual training for a young athlete
after coronavirus disease.
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