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A B S T R A C T

Since the coronavirus disease 19 (COVID-19), which caused several respiratory diseases, was formally declared a
global pandemic by the World Health Organization (WHO) on March 11, 2020, it affected the lifestyle and health
of athletes, both directly through cardiorespiratory and other health related effects, and indirectly as the
pandemic has forced the suspension, postponement, or cancellation of most professional sporting events around
the world. In this review, we explore the journey of athletes throughout the pandemic and during their return to
their competitive routine. We also highlight potential pitfalls during the process and summarize the recom-
mendations for the optimal return to sport participation. We further discuss the impact of the pandemic on the
psychology of athletes, the variance between the team and individual athletes, and their ability to cope with the
changes. Moreover, we specifically reviewed the pandemic impact on younger professional athletes in terms of
mental and fitness health. Finally, we shaded light on the various impacts of mass gathering events and recom-
mendations for managing upcoming events.
Introduction

Coronaviruses (CoVs) are a group of highly diverse, enveloped,
positive-sense, and single-stranded RNA viruses that can cause several
diseases involving respiratory, gastrointestinal, and nervous systems
with varying severity among humans and animals.1 Although most
human coronavirus infections are mild, the last 20 years have seen two
betacoronavirus epidemics, one involving the severe acute respiratory
syndrome coronavirus (SARS-CoV)2–4 and the other involving the Middle
East respiratory syndrome coronavirus (MERS-CoV)5,6 with fatality rates
of 10% for SARS-CoV and 37% for MERS-CoV, which have generated
more than 10 000 cumulative cases during the previous 20 years.7,8 The
coronavirus disease 19 (COVID-19) is an infectious disease caused by the
SARS-CoV-2 virus, which led to several respiratory ailments.9 On March
11, 2020, the World Health Organization (WHO) formally proclaimed
COVID-19 a global pandemic with extremely high risk.10 The highly con-
tagious character of the virus is primarily related to the ease with which it
may spread from person to person, both via respiratory droplets and
direct contact from surfaces to mucosal membranes.11 Most symptoms of
SARS-CoV-2 infection, such as fever, cough, sore throat, fatigue, and the
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sequelae of pneumonia and acute respiratory distress syndrome (ARDS),
are related to the respiratory tract.9

The COVID-19 pandemic has forced the suspension, postponement, or
cancellation of most professional sporting events around the world in
order to reduce the risk of viral propagation, with the question now being
raised of how athletes can safely return to traditional competitive sports,
taking into consideration the world's evolving knowledge of the virus and
the shifting of governmental and public health recommendations.12 The
virus caused social restrictions that led to the cancellation of sporting
events in Brazil in March 2020, followed by outlawed sports training.13

In addition, on March 30, 2020, the International Olympic Committee
(IOC) and the Japanese government announced that the 2020 Tokyo
Olympics had been moved to July 20, 2114 This social isolation increased
the likelihood that athletes would experience addictions, anxiety,
sadness, and other mental health issues,15 and it also caused changes in
eating practices during the pandemic.16 Moreover, numerous behavioral
changes, including social withdrawal, staying in, avoiding crowds, and
avoiding familiar exercise locales like gyms and health clubs, have been
brought on by the COVID-19 pandemic.17 Teams like volleyball, football,
field hockey, and cheer/dance groups had a higher incidence risk of
infection among young athletes and students than those involved in
n, 11942, Jordan.

2023

behalf of KeAi Communications Co. Ltd. This is an open access article under the

mailto:M.Alshrouf@outlook.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.smhs.2023.07.006&domain=pdf
www.sciencedirect.com/science/journal/26663376
www.keaipublishing.com/smhs
https://doi.org/10.1016/j.smhs.2023.07.006
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.smhs.2023.07.006
https://doi.org/10.1016/j.smhs.2023.07.006


Abbreviations

(CoVs) Coronaviruses
(SARS-CoV) Severe acute respiratory syndrome coronavirus
(MERS-CoV) Middle East respiratory syndrome coronavirus
(COVID-19) Coronavirus disease
(WHO) World Health Organization
(ARDS) Acute respiratory distress syndrome
(IOC) International Olympic Committee
(LGE) Late gadolinium enhancement
(ECG) Electrocardiogram
(RTP) Return to play
(MRI) Magnetic resonance imaging
(LV) Left ventricle
(HRQoL) Health-related quality of life
(hs-cTnT) High-sensitive cardiac troponin T
(CT) Computed tomography
(FeNO) Fractional exhaled nitric oxide
(CPET) Cardiopulmonary exercise testing

(6MWT) 6-min walking test
(sRPE) Session rating of perceived exertion
(FM) Fat mass
(FFM) Fat-free mass
(SOL) Sleep onset latencies
(TOD) Preferred training times
(TST) Total sleep time
(TIB) Time in bed
(PSQI) Pittsburgh Sleep Quality Index
(BMI) Body mass index
(MCS) Mental health component
(SF-36) Short-Form 36 Health Survey
(FIFA) International Federation of Association Football
(NBA) National Basketball Association
(NHL) National Hockey League
(UEFA) Union of European Football Association
(ACL) Anterior cruciate ligament
(BAU) Binding arbitrary unit
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individual sports like golf, tennis, and cross-country running.18 A report
was carried out by Teran et al., which explained how a COVID-19
outbreak took place among a men's soccer team in Chicago. According
to the report, the outbreak was likely due to the proximity of the team
members during their meetings and training sessions that took place
indoors.19 Additionally, an article by Dyke et al. on the COVID-19
outbreak among a university's men's and women's soccer teams noted
that close contact during indoor practice and living in shared dorm rooms
may have aided the outbreak.20 Accordingly, nonrestricted indoor con-
tact and close proximity between sport team members may be significant
factors aiding the spread of COVID-19.Furthermore, in badminton, a
significant decline was noted in the athletes' levels of physical activity,
with an increase in their idle time.21 It is essential to point out that
incidence rates can differ even within sports teams; young volleyball club
players reported an incidence rate of 7.9 per 100 000, compared to 1.7
per 100 000 in soccer.22 Positive test results were found in 25% of college
athletes who were quarantined; the percentages were highest in football
(54.4% COVID-19 positive), followed by swimming and diving (6.8%
positive), and volleyball (5.5%).23 Softball, rowing, gymnastics, and golf
had the lowest infection rates (1.1%–1.5%), while women had lower
infection rates than men.24

The lockdown restrictions were put in place to stop the disease's
spread and protect people and communities; however, this interfered
with many daily activities, such as sports and general physical exercise.
As a result, the likelihood of athletes experiencing adverse, acute, and
possibly long-term health effects has increased due to these radical life-
style changes brought on by self-isolation and physical inactivity. In
addition, there is growing concern that athletes' immune systems and
physical andmental healthmay decline due to a lack of exercise regimens
and participation in sports activities, possibly causing the escalation of
already-existing issues or the emergence of new diseases.25,26 In light of
that, this review investigates cardiac, respiratory, and psychological
considerations and their particular impacts on youth athletes. In addi-
tion, it provides recommendations for the upcoming future mass gath-
ering events, especially sports tournaments.

Impact of COVID-19 pandemic on cardiovascular health and
return to play

Since the cases were reported, elevated levels of cardiac biomarkers
have been noticed and linked to a worse outcome. Individuals with an
elevated cardiac troponin level over the 99th percentile are more likely to
need mechanical ventilation or even pass away than those with normal
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troponin levels.23–26 One of the first studies on the clinical characteristics
of individuals hospitalized with confirmed positive COVID-19 tests found
that 12% had elevated troponin levels, suggesting cardiac injury.27

Regarding athletes who were complaining about flu-like symptoms,
myocarditis has always been one of the most possible complications of
viral infections. Even though the diagnosis is dependent on histological
confirmation or late gadolinium enhancement (LGE) on cardiac MRI or
myocardial oedema, myocarditis may be another factor contributing to
the heart damage caused by COVID, according to recent case studies.26,27

The prevalence of myocarditis-related arrhythmias caused by the virus is
unknown; however, COVID-19 infection increased out-of-hospital car-
diac arrests in the general population by 50%.28 The results are
descriptive and do not necessarily indicate an increased risk of sudden
cardiac death or arrhythmias in otherwise "healthy" COVID-19-positive
people.28

A committee of international experts classified athletes with COVID-
19 infection into five categories: asymptomatic, mildly symptomatic,
moderately symptomatic, severely symptomatic without mechanical
ventilation, severely symptomatic with mechanical ventilation, and/or
cardiac damage.25,29,30 They have also offered detailed advice on how to
resume exercising safely for each group.25,29,30 Most COVID-19-infected
athletes either show no symptoms or have minor symptoms; however, a
thorough clinical evaluation is advised before they resume exercise. For
asymptomatic athletes who tested positive for COVID-19, two weeks of
self-isolation and rest from activity have been recommended. After that, a
gradual return to exercise under the supervision of a medical team has
been suggested.31 A more involved investigation process is advised for
athletes who need hospitalization due to moderate-to-severe symptoms.
In addition, athletes who have been hospitalized due to cardiac injury or
respiratory symptoms should undergo a thorough multidisciplinary
evaluation before beginning an exercise program.25,29,30

Many athletes are suspected of being infected, and only a small
number of people will have had their COVID-19 infection verified by
testing.32 Therefore, we advise a thorough clinical assessment that in-
cludes a medical history and physical examination for patients who have
fully healed even without experiencing any new cardiovascular symp-
toms (symptom-free at rest for seven days and no earlier than day 10
from the start of symptoms). The initial assessment should determine
whether any of the following symptoms are present: chest pain, dyspnea,
palpitations, exertional vertigo, syncope, tachycardia, additional heart
sounds, basal crepitations, or decreased air entry. A 12-lead electrocar-
diogram (ECG) and echocardiography are two more cardiac tests that
should be performed before return to play (RTP).32 Before COVID-19,
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epidemiologic studies suggested that viral myocarditis in adults occurred
at a frequency of 1.0–2.2 per 1 000 000 per year, making it a crucial
concern. Therefore, a cardiac MRI is utilized to rule out myocarditis,33

followed by cardiopulmonary exercise testing and a 24-h Holter ECG as
two secondary tests.32 Athletes with ongoing COVID-19 symptoms may
need more than 14 days to recover. Wilson et al. advised a thorough
history and physical examination, a 12-lead ECG, and cardiac magnetic
resonance imaging (MRI) to search for myocarditis specifically. Cardio-
pulmonary exercise tests and a 24-h Holter ECG should be carried out if
the MRI is normal. This stringent procedure ensures that athletes still sick
are not pressured to exert themselves to the fullest before initial in-
vestigations are finished.32 It has been recommended by Wilson et al.32

that athletes who did not show any signs or symptoms of COVID-19
infection during the pandemic skip additional cardiac testing before
deciding to RTP.32 Athletes with COVID-19 symptoms severe enough to
require hospitalization should have a 24-h Holter ECG, 12-lead ECG,
cardiac MRI, and cardiopulmonary exercise testing.32

Additionally, the international expert panel advises that cardiac
troponin level be done only in athletes with persistent myocarditis-
related symptoms and impaired myocardial function, as shown by im-
aging tests.32 The athlete should rest for at least 48 h before the inves-
tigation because intense exercise has been linked to a brief rise in blood
cardiac troponin levels.32 However, routine troponin examination in all
athletes who may have had COVID-19 infection is not advised because
there are no recognized cut-off values for COVID-19 cardiac involvement,
and most athletes will not have baseline troponin levels accessible during
normal health.32 Patients who suffer from severe COVID-19 infection and
who exhibit any positive findings should be treated similarly to other
non-COVID-19 myocarditis patients, and additional testing, including
cardiac MRI and implantable loop recorders should be carried out. If
myocarditis or myopericarditis is confirmed, a period of disqualification
of three to six months is necessary, depending on the clinical severity and
duration of the ailment. It is safe to resume training and competing again
if the left ventricular systolic function has returned to normal, serum
myocardial injury biomarkers have stabilized, and 24-h Holter moni-
toring and exercise testing show no clinically significant arrhythmias,
such as frequent or complicated repetitive ventricular or supraventricular
arrhythmias.34

Official athletic participation guidelines should be revised if clinical
investigations reveal myocarditis. According to recommendations, ath-
letes with established myocarditis should skip training sessions for 3–6
months to help achieve biological and clinical remission. The current
professional consensus advises treating patients with proven myocarditis
according to accepted standards. There is currently no proof that COVID-
19-associated myocarditis is clinically distinct from other myocarditis
types and requires a particular treatment plan.35–37 If left ventricular (LV)
function and serum biomarkers have returned to normal and there are no
symptoms or clinically significant arrhythmias on ECG exercise stress
tests and ECG ambulatory monitoring, in this case, training can continue
after the limitation period (3–6 months). In rare circumstances, param-
eter normalization can happen in as short as 3–6 months. An earlier re-
turn to play may be considered in some circumstances, but this guideline
(3–6 months) is arbitrary.35–37 Additionally, it is essential to consider an
athlete's mental state; even without a referral for a cardiology exam or
potential sports restrictions, a COVID-19 diagnosis alone may substan-
tially impact a person's psychological well-being.38,39 Fig. 1 summarizes
Fig. 1. Diagnostic tools for athletes with suspected myocarditis.
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the most important diagnostic tools for myocarditis in athletes.
Returning to exercise after recovering from a COVID-19 infection

might be challenging. When athletes of all levels return to exercise after a
viral infection, they should exercise with greater intensity and volume to
regain their performance. In this case, return to exercise should be guided
by clinical symptoms, with individuals urged to resume a low-intensity
exercise program during self-isolation after 72 h of symptom remission.
This program may be adapted to the equipment available, such as a
stationary bike or treadmill, and can even incorporate resistance exer-
cises.25,40 Since it increases the risk of upper respiratory tract infection
and other serious illnesses, as well as the possibility of cardiac arrest,
high-intensity exercise should be avoided. According to previous
research, low-to moderate-intensity exercise boosts immune function,
whereas high-intensity exercise suppresses the immune system and in-
creases athletes’ susceptibility to illness.26,31,41,42

In addition to what Wilson et al.32 recommended, Hughes et al.43

suggested first engaging in low-intensity activity for one week before
beginning more demanding and strenuous forms of exercise. Due to the
lengthy time of inactivity, those who are recovering from an infection
may be more susceptible to harm and injury since they will have had at
least two weeks of rest without exercising due to their infection.43

Hughes et al., moreover, recommended a few strategies for returning to
the sport after COVID-19. The severity of the symptoms is the most
crucial factor to consider; in which they recommended a gradual recov-
ery; those with no or moderate symptoms expect the resumption of
pre-infection activity patterns in 7–14 days; those experiencing severe
symptoms should be cautious and refrain from engaging in intense
physical exercise.43 Those who are still asymptomatic or have had their
symptoms relieved or reduced can gradually resume pre-infection ac-
tivity levels. Exercise can be resumed depending on the individual's
previous activity patterns.43

To begin with, individuals should begin by attempting 15–30 min of
exercise at approximately 50% of their pre-infection intensity. If the
procedure goes well, it should be repeated for two days (days 2–3). If all
goes according to plan, the level of exercise can be increased to roughly
75% of what the person was used to before the illness started on day 4.43

The duration might be increased to at least 30 min. It should be repeated
for two days if this is well tolerated (days 5–6).43 If there were no adverse
effects from the attempted activity on day 7, the person might resume
regular exercise routines from before COVID-19.43 A doctor should be
contacted for a prospective heart assessment, which may involve an ECG,
cardiac biomarkers, and echocardiography if a person has ongoing dif-
ficulty exercising at a level comparable to before infection 30 days after
infection. However, it is still conceivable to have a reduced capacity for
exercise as part of long COVID or post-COVID-19 syndrome, even in the
setting of a cardiac workup that is entirely normal.43,44

Competitive athletes and student-athletes are only two of the many
subpopulations that may face high degrees of anxiety, despondency, and
terror, given the global mental health crisis accompanying this pandemic.
Therefore, to decrease the overall mental health burden on athletes
returning to play, an adequately implemented shared decision-making
process is advised, along with the integration of psychological follow-
up and intervention when necessary, particularly for COVID-19-
positive athletes who are prohibited from participating.36,45–47
ECG, electrocardiogram; MRI, Magnetic resonance imaging.



Fig. 2. Diagnostic tools for athletes with respiratory symptoms. ECG,
electrocardiogram.

J.F. AlSamhori et al. Sports Medicine and Health Science 5 (2023) 165–173
Impact of the COVID-19 pandemic on respiratory health

Lung injury is anticipated to take place after COVID-19 infection. In
prior pandemics, including SARS-CoV and influenza A virus (H1N1),
many patients complained of chronic dyspnea, pulmonary function im-
pairments, and a decline in health-related quality of life (HRQoL).48

Exercise-induced dyspnea, the recent onset or persistence of a
post-COVID-19 cough and wheeze, and chest tightness that may or may
not be associated with exertion are chronic post-COVID-19 respiratory
symptoms. Airway diseases are prevalent in athletic populations; studies
consistently show that one in every four endurance athletes has airway
dysfunction, for example, exercise-induced bronchoconstriction due to
asthma, which frequently goes undetected and is only discovered during
screening assessments.49,50 Athletes did not need to undergo special
respiratory testing if they did not exhibit any COVID-19 symptoms or
signs during the outbreak.32 However, it should be emphasized that more
than 50% of COVID-19 pneumonia patients who did not need hospital-
ization still had symptoms and decreased lung function after twomonths,
according to Trinkmann's recent review article.51

Furthermore, most hospitalized patients with COVID-19 pneumonia
experienced symptoms for 3–4 months52; according to a study by Gar-
rigues et al., 42% of these patients experienced dyspnea, showing that
lung impairment lingers long after the actual sickness has gone.52 The
necessity of pulmonary follow-up in patients who had been hospitalized
was the subject of a Swiss study.53 According to the study's findings,
patients with COVID-19 who are hospitalized should have a pulmonary
follow-upwithin three months after the onset of symptoms.53 In addition,
a professional respiratory assessment should be obtained before RTP for
every athlete who was hospitalized with radiologically confirmed
COVID-19 pneumonia and dyspnea.32 The cardiovascular and respiratory
systems are put through additional testing if dyspnea is still present at the
first follow-up appointment.54

Before RTP, Wilson et al.32 advised that any athlete admitted to the
hospital with radiologically confirmed COVID-19 pneumonia and dys-
pnea receive a specialist respiratory examination. This procedure is likely
to require: (1) scheduled repeat imaging, (2) baseline physiological tests,
including measurements of gas transfer and lung volume, and (3) car-
diopulmonary exercise testing with oxygen analysis.32

A thorough evaluation should be performed on athletes who experi-
ence persistent respiratory symptoms caused by COVID-19 that take
longer than 14 days to resolve to rule out the possibility of thrombo-
embolic events, persistent intrapulmonary pathology, or heart damage.32

This examination should also include a chest X-ray, ECG, pulmonary
function tests, and the measurement of inflammatory biomarkers such as
C-reactive protein, high-sensitive cardiac troponin T (hs-cTnT), and
D-dimer, if not already done.32 In addition, a thorax computed tomog-
raphy (CT) scan is recommended when there is a high probability of
thromboembolic or intrapulmonary abnormalities because it is the ideal
imaging technique to detect post-COVID-19 aberrations and pulmonary
vascular pathology (e.g., thromboembolism). A cardiac activity test with
O2 saturation should be conducted, preferably with blood gas moni-
toring, if the etiology of the dyspnea is still uncertain. If there are desa-
turation episodes during exercise and a normal CT scan, consider getting
a ventilation-perfusion scan to look for possible microemboli.32 If
spirometry shows signs of an obstructive airway condition, a new diag-
nosis of asthma or post-infectious bronchial hyperreactivity should be
investigated before choosing a course of treatment.32 It is crucial to
evaluate the reversibility of bronchodilators as well as the existence of
airway inflammation using fractional exhaled nitric oxide (FeNO), for
example.32 For athletes who have experienced significant respiratory
issues that require hospitalization, a complete respiratory assessment is
also necessary before beginning RTP. Chest imaging and other tests,
including troponin and D-dimer, are almost definitely already being
performed in this situation, and therapywill be personalized based on the
findings and the patient's course of recovery.32

A study by Moulson et al. on young athlete ranged between 18 and 35
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years old with cardiopulmonary symptoms found that cardiopulmonary
exercise testing (CPET) was clinically helpful in this population as a
diagnostic tool to provoke the persistent or late-onset exertional car-
diopulmonary symptoms in the cases of all normal testing results.55 CPET
also identified around 42% incidence of abnormal spirometry and low
breathing reserve; these findings suggest a potential therapeutic target
and alternative explanation for the symptoms.55 In addition, alleviation
of post-COVID-19 symptoms was associated with normalizing CPET
measurements. Fig. 2 summarizes the most important diagnostic tools for
athletes with respiratory symptoms.

The 6-min walking test (6MWT) is regularly used to test individuals
after COVID-19 to detect exercise-related hypoxia and quantify reduced
exercise capacity, in addition to all of the medical tests mentioned above,
even though it has not been validated in COVID-19-associated pulmonary
impairment.56A significant disadvantage of the 6MWT is that it is rela-
tively easy to perform in the cases of highly fit people (i.e. athletes); so
this test might not be of sufficient intensity to detect abnormalities in
such population, where a more challenging test might be considered.57In
addition, exercise testing is frequently used to look into respiratory
impairment, and the actual 6MWT is a great way to evaluate various
chronic respiratory conditions.58 Unfortunately, another study evalu-
ating patients six weeks after severe illness found that 79% of partici-
pants' walking lengths during the 6MWT fell below the predicted value,
even without desaturation.59

The national German S2k recommendations for managing COVID-19
patients who are hospitalized advise that, if feasible, a clinical follow-up
beyond 8–12 weeks to identify any potential long-term effects should be
done.60 Additionally, Wilson et al. suggested that athletes who suffered
from mild to moderate COVID-19 symptoms (in which they treated their
illness at home and recovered spontaneously), posed more of a challenge;
as only few of them will have tested themselves and confirmed the
COVID-19 infection, while most will simply suspect they had the infec-
tion and take precocious measures without definitively confirming the
infection.32 In addition to that, a comprehensive clinical assessment that
includes a medical history and physical exam is recommended for ath-
letes who recovered entirely from the COVID-19 infection without any
cardiovascular symptoms, defined as no symptoms for 7 days at rest.32

Moreover, any rehabilitation therapy must be gradual; thus, any devia-
tion requires a “stop and evaluate” situation. Furthermore, athletes with
asthma or other respiratory illnesses must be firmly encouraged to take
their regular prescription respiratory medications precisely as instructed
and doctors must discuss proper inhaler usage and spacing devices when
necessary.32



J.F. AlSamhori et al. Sports Medicine and Health Science 5 (2023) 165–173
Impact of the COVID-19 pandemic on psychological health

Athletes may experience psychological illnesses due to social isola-
tion, cancellation of training and tournaments, financial loss, and fears of
infection or passing it on to others.61,62 Studies from several regions,
including Europe,63–66 Asia,67,68 Canada,69 South America,70 and the
Middle East,71–73 showed that restrictions due to the pandemic had a
significant negative impact on the mental health of athletes of all ages. A
review that was conducted during the epidemic revealed that athletes of
all levels, from amateurs to professionals, experienced various stresses,
behavioral changes, and mental health problems.74

To better comprehend the situation's complexity from the athletes'
point of view is to compare the pandemic experience to a sudden disease
or injury. A sudden illness or injury causes sportspeople to drastically
alter their sporting schedules, including career disruption and training
partners, among other things.75 Exercise has been shown to decrease
signs of anxiety and depression, primarily via promoting adult neuro-
genesis in the dentate gyrus of the hippocampus.76 It is worth noting that
athletes reported lower levels of anxiety, melancholy, and posttraumatic
stress disorder than healthy non-athletes.71,73 Epidemiological data from
the COVID-19 pandemic show a positive and direct association between
weekly exercise levels and mental health.77 Thus, engaging in physical
activity or maintaining activity patterns throughout periods of forced
restriction may reduce psychological stress. In contrast to non-athletes,
student-athletes were still a part of a built-in community. In light of
this, student-athletes may have had the edge over non-student-athletes in
terms of socialization, even with virtual and isolation measures.74

The physical impacts of exercise and neurobiological mechanisms can
be used to explain the putative mechanism of social restriction to dis-
tressing psycho-social symptoms in athletes. Exercise also develops
behavioral mechanisms of change, such as self-control and self-effi-
cacy.78 The athlete's social limitations may include social isolation,
career instability, the unpredictability of the qualifying process, irregular
and limited access to suitable training environments, and training part-
ners. In terms of autonomy, incentive, and importance (or, more gener-
ally, the athletes' main competition), the postponement of the Tokyo
2020 Olympic Games represents a severe setback for the athletes'
careers.79

Numerous athletes lost interest in the sport and stopped competing
after stopping their training during their one-year COVID-19 social lim-
itation. Additionally, a study conducted by Demarie, S.80 found that six
weeks after training resumed, Horse-riders' performance in subsequent
eventing competitions decreased because of the eight weeks of training
restrictions and competition avoidance brought on by the COVID-19
sanitary emergency, with the Dressage test being the discipline most
negatively impacted.80 In addition, anxiety and session rating of
perceived exertion (sRPE) were substantially correlated with perfor-
mance in dressage, supporting the idea that cognitive discomfort con-
tributes to how hard a person works and howwell they execute in such an
emotionally charged discipline.80 The shorter Show-jumping and
Cross-country courses in the post-lockdown Eventing competitions
allowed RPE to remain stable, sRPE to significantly reduce, and cardio-
vascular strain to remain stable at pre-lockdown values for all three types
of tests, in accordance with the guidelines for returning to training and
competition after the COVID-19 emergency.80 It is also important to
realize that the pandemic had differing effects on athletes of various ages,
sports, and countries. In Italy, 50% of young individuals, 32% of ado-
lescents, and 30% of adult athletes reported feeling anxious, showing that
younger people had reduced stress tolerance.65 The epidemic signifi-
cantly impacted Romanian Olympians, kayakers/canoeists, track and
field athletes, tennis players, and footballers.64 These results may indi-
cate that it was more difficult for individual athletes than team athletes to
deal with pressures during the lockdown.65 However, in a study by Silva
et al., where they followed 23 young badminton athletes, including one
group who stopped their daily training routine for 8 months (retrained)
and the other group who stopped for one year (detrained), no significant
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difference between groups was found for any of the emotional state
variables examined, including tension, despair, fury, energy, fatigue, and
confusion.81 This implies that the primary outcomes of the long-term
COVID-19 social restriction impact primarily the body composition,
including fat mass (FM) and fat-free mass (FFM), of young badminton
athletes. However, over 52% of athletes reported feeling awful during the
lockdown,82 and athletes from less resource-rich developing countries
were more mentally affected than athletes from more resource-rich
ones.83

The lockdown caused top athletes' insomnia and sleep quality to
worsen; this was mainly due to longer sleep onset latencies (SOL), later
bedtimes, preferred training times (TOD), and daytime naps. Addition-
ally, elite athletes slept more overall (TST) and in bed (TIB) while in
lockdown. Compared to top athletes who reduced their training intensity,
those who maintained their training level during lockdown experienced
less insomnia and better sleep quality. The lockdown length negatively
impacted athletes’ sleep-wake patterns and training, with longer lock-
downs being linked to more insomnia and less restful sleep.84 Overall, the
lockdown negatively impacted all the evaluated sleep metrics. For
instance, increases in Pittsburgh Sleep Quality Index (PSQI), SOL, later
bedtime, and later preferred TOD to train were also observed when
comparing pre-to-during-lockdown.84 It has been reported that many
lockdown-induced behavioral changes could cause the observed disrup-
tion of training and sleep.46,85,86 Moreover, increased nighttime feeding,
higher caffeine and alcohol intake, more prolonged and later daytime
naps, have all been proven to contribute to prolonged SOL.86 Addition-
ally, during the lockdown, elite and sub-elite athletes reported higher
levels of anxiety, worry, and sadness, which can impair the quality of
their sleep.85

Impact of COVID-19 pandemic on youth athletes

Only a few studies have examined the effects of lockdowns on young
professional soccer players. In a study that included eight professional
youth soccer players aged 16 to 19 from a U19 Bundesliga team from
Hesse, Germany, in 2020, they found that the COVID-19 lockdown
caused a considerable increase in body weight, fat mass, and body mass
index (BMI) following the home training phase.87 However, during the
COVID-19 lockdown, the implemented at-home monitored training
schedule effectively maintained muscle strength, endurance perfor-
mance, and sleep quality. In addition, isokinetic strength and endurance
performance showed no appreciable effects on physical performance
before and after the home training period.87 Furthermore, interestingly,
the mental health component (MCS) of the Short-Form 36 Health Survey
(SF-36) showed that they had increased mental health after the lock-
down; this might be explained by the fact that players' sleep habits
remained unaffected (PSQI) and the obligation of school attendance was
eliminated. Similar results were reported by Grazioli et al.88; however,
they were on adults. They found that Brazilian professional soccer
players' body weight and fat mass significantly increased after 63 days of
home training compared to the regular off-season. The athletes were
measured twice, once after 63 days of at-home training in May 2020 and
once again 24 days after a typical off-season in December 2019. The
players exercised at home during the lockdown, using nothing but their
bodies as resistance. Soccer experts anticipated that the lockdown would
have a negative effect on professional soccer players' physical abilities,
but this was not the case.88 Despite the lockdown, youth professional
soccer players’ cardiorespiratory fitness and endurance performance did
not significantly change following COVID-19 home training. The COVID
-19 outbreak has disrupted community-organized sports due to officials
canceling, drastically reducing, or delaying athletic participation to stop
viral propagation.55 Regarding worries about their psycho-social, phys-
ical, and professional growth, this significantly impacted young athletes
and their families.
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Impact on mass gathering events and recommendations

Mass gathering

According to WHO, a mass gathering is a planned or spontaneous
event with a head count large enough that it can strain the planning and
response resources of the health system in the community where it oc-
curs. Examples on Mass gatherings include the International Federation
of Association Football (FIFA) World Cup, Olympic Games, and other
significant sporting events.89 Therefore, it poses a significant risk of
importing or exporting infectious diseases. Viral transmission among
attendees and the local population is a rising public health issue associ-
ated with large gatherings.90 It is crucial to understand that COVID-19
has infected individuals while traveling to another country, which may
result in local and international transmissions of the disease.91 Because of
this, mass gatherings could likely become potential super-spreaders of
the pandemic.92 As mentioned previously, indoor activities during sport
events or throughout team preparations and training sessions are sug-
gested to drive greater viral transmission.19,20 Importantly, the risk of
indoor transmission during sport events has been shown to be signifi-
cantly affected by the implemented hygiene practice in which direct
contact between participants along with ventilation and air exchange
systems all play an important role in controlling indoor viral spread.93

Sports events

Since late 2019, all sporting leagues and competitions around the
globe have suffered the impact of the SARS-CoV-2 in one way or another.
National Basketball Association (NBA), National Hockey League (NHL),
Union of European Football Association (UEFA) Champions League, and
Spain's "La Liga" are some examples of internationally renowned team
sport competitions that were suspended. As a consequence of these
government alterations and restrictions, almost all teams and athletes
ceased their training activities, causing a negative impact on their per-
formance capacity and, consequently, their professional careers. It is safe
to say that both professional and amateur sports were affected by the
constraints.94

According to an Australian poll, sports teams experienced the highest
decline in participation during COVID-19.95 Sports were undoubtedly
impacted in different ways and to different degrees according to the
seasonality, nature of contact participation, and general age of partici-
pants. Pandemic recovery efforts need to be prioritized for those most
affected. Men had a more significant decline in participation than
women, mainly because men were more likely to engage in club-based
competitive sports, which were outlawed by COVID-19 regulations.
COVID-19 may be the “ideal storm” for sports and physical activity
stakeholder groups to reevaluate and offer a broader range of programs
to match a changing and diverse consumer demand.95 Moreover, the
number of sports injuries, including Achilles tendon and hamstring
tendon injuries, increased, while the number of anterior cruciate liga-
ment (ACL) injuries remained steady between 2017 and 2019 and 2020
NFL seasons. Injury rates were consistently high during the first four
games of the 2020 NFL season, despite being higher in the preseason in
previous years.96

Robust infection control procedures must be implemented early on,
and the decision to restart sporting events should be based on the local
number of cases.97 Zheng et al. performed a meta-analysis on forty-three
studies which investigated how exercising with various types of face
masks impacts physiological and psychological factors.98 Their findings
indicate that wearing face masks during exercise has a limited impact on
gas exchange, pulmonary function, and psychological outcomes among
healthy individuals. Moreover, exercise performance appears to be
minimally affected using face masks.98

Safety is still crucial despite the importance of fitness and sports,
especially for competitive players. To prevent the COVID-19 pandemic
from spreading further, everyone should participate in safe sports and
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adopt the appropriate safety measures.97 Based on these first results, we
hypothesize that facemask exercise increases physiological reactions due
to restricted ventilation, heavier breathing, and sympathetic re-
sponses.99,100 Compared to those who did not wear masks, subjects who
did so reported higher physiological demands (RPE ¼ 10.8 vs. 12.7 at 6
min). The Borg Scale classifies moderate-intensity exercise as "very
tough" at an RPE of 12.7. Some volunteers who were wearing facemasks
during the assessment reported having an uneasy feeling of dyspnea,
which is consistent with past findings.101 Convection, evaporation, and
radiation processes are hindered by skin irritation and moisture accu-
mulation inside the masks, which negatively impact human thermoreg-
ulation's respiratory and cutaneous mechanisms.97 As a result of the
increased cardiorespiratory strain following covert activity, it is imper-
ative to exercise safely. It is often a good idea to stop when the heart rate
reaches 150 beats per min or 70% of the age-predicted maximal heart
rate.97,102 This is particularly true for older hikers and those with
numerous coexisting medical conditions. As a result of the additional
physiological demands on the body, exercises should be modified for
each person's capacity when performed with a facemask. The usage of
facemasks while exercising had no impact on physiological responses or
exercise performance, according to a recent meta-analysis by Shaw
et al.103 Furthermore, the study showed that exercising while wearing a
mask has no effect on performance for people of various ages and health
situations.103

COVID-19 is a highly contagious infection in sporting environments,
especially in contact sports, due to its prolonged survival on surfaces,
lengthy incubation period, and the various ways from which it is con-
tacted and spread. It is also worth mentioning the amount of traveling
and transportation required for sports teams which imposes additional
risks of contracting and spreading the virus. Avoiding direct human
contact as much as possible and maintaining good personal hygiene are
essential preventive measures. In contact sports, where close contact with
opponents is inevitable, athletes should avoid harmful on-field behavior
to prevent unnecessary infection. Sports should consult with their med-
ical advisors, an infectious disease specialist, and applicable local or state
authorities to come up with a valid justifiable protocol to approve the
reestablishment of daily sports events in their pre-COVID state.

We have recommended some procedures to control the situation
during the COVID-19 pandemic and future mass gathering events like
sport competitions as well as holidays, music and theater performances,
popular religious practices, and other relevant gatherings of close contact
with others.

Recommendation

We have recommended some procedures to control the situation
during the COVID-19 pandemic and future mass gathering events. Using
a facemask when in contact with others is one of the most essential and
fundamental precautions that must be highlighted, along with strict and
routine hand cleanliness. Therefore, the general population needs to be
reminded to routinely wash their hands with soap and water, as well as
before and after using the restrooms and eating. In addition, the general
people must learn to wash their hands for at least 20 s and to rub their
hands with alcohol when they are not visibly dirty. Furthermore, face-
masks could reduce the spread of aerosolized particles, particularly in
high-density regions during mass gatherings.

For sports events, we recommend the following:

a. A certificate of vaccination indicating a second dose or booster dose
within six months (the number of doses depends on how long the
vaccine is practical and durable) or a certificate of recent COVID-19
infection (within the last six months: adaptive protective immunity
following natural infection of SARS-CoV-2 may persist for at least six
to eight months).104
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b. Visitors must have a COVID-19 immunoglobulin G antibody titer of
more than 33.8 binding arbitrary unit (BAU)/mL before departing
(which indicates a protective immunity to COVID-19).105

c. A COVID-19 passport that lists prior virus exposure, testing results,
and immunization status for participants, delegates, and
spectators.106

d. Free COVID-19 rapid test sites are made available close to each place,
and the results are verified in the COVID-19 passport and glocaliza-
tion application for guests before they are admitted.107

e. A bubbling system reinforced by stringent public health rules remains
the primary preventative measure for global athletes.

f. More medical facilities and emergency response strategies should be
developed for the competition, and emergency response strategies
should consider the probability of irregular rises in the number of
cases.108

g. To better inform preventative strategies, real-time communication of
the COVID-19 infection in the host countries and cities should be
adopted.108

h. Despite being somewhat inconvenient, it has been demonstrated that
wearing a mask, avoiding social situations, and keeping oneself clean
all dramatically reduce COVID-19 transmission.109

Finally, for future holiday events, we suggest the following: It is
acknowledged that maintaining a mask is challenging because many
holiday activities focus on eating, which calls for removing the mask.
However, other preventive measures, such as limiting big crowds and
risky activities, will still be crucial in this situation.110 In addition, it is
recommended that people self-quarantine if they have a suspected
infection to make the annual holidays more secure.111

Conclusion

As the cardiorespiratory system was considered in this evaluation
based on the clinical and symptomatic course and the severity of the
illness, it is essential to carefully analyze the potential cardiorespiratory
effects of COVID-19. A cyclic approach is used for clinical evaluation,
return to play (RTP) planning, and review (progress). This considers the
dynamic nature of RTP while paying continual attention to the athlete's
growth and assessing for new problems. Athletes may develop mental
health limitations because of social exclusion, missed practices and
competitions, monetary loss, and worries about becoming sick or
infecting others. As noted, the pandemic-related restrictions severely
affected the mental health of athletes of all ages. Athletes' sleep-wake
habits and training were also significantly impacted by the lockdown
duration, with longer lockdowns associated with increased insomnia and
less restful sleep. Due to its persistence, protracted incubation time, and
milder symptoms, COVID-19 is highly contagious in sporting settings,
particularly in contact sports. Therefore, maintaining proper personal
hygiene and avoiding direct human interaction as much as possible are
crucial preventive strategies, and never to forget the importance of self-
awareness in the unsteady global pandemic we still live in.

Authors’ contributions

Jehad Feras Samhouri: Conceptualization, Literature search,
Writing-Original Draft, Project administration, Writing - Review &
Editing, and Supervision.Mohammad Ali Alshrouf: Writing - Review &
Editing, Project administration, and Supervision. Fatimah Maytham
Alshadeedi: Literature search, Writing - Original Draft. Abdelrahman
Feras Samhouri: Literature search, Writing - Original Draft. Anas Sal-
ahaldeen Madi: Writing - Review & Editing, Creation of figures. Osama
Alzoubi: Research idea and conceptualization, Writing - Review &
Editing, and Supervision.
171
Submission statement

All authors have read and agree with manuscript content. While this
manuscript is being reviewed for this journal, the manuscript has not and
will not be submitted elsewhere for review and publication.

Conflict of interest

We wish to confirm that there are no known conflicts of interest
associated with this publication and there has been no significant
financial support for this work that could have influenced its outcome.

Acknowledgment

We thank the International Federation of Medical Students' Associa-
tions- Jordan for their efforts in providing research opportunities for
medical students at the University of Jordan.

References

1. Cheng VC, Lau SK, Woo PC, Yuen KY, et al. Severe acute respiratory syndrome
coronavirus as an agent of emerging and reemerging infection. Clin Microbiol Rev.
2007;20(4):660–694. https://doi.org/10.1128/CMR.00023-07.

2. Drosten C, Günther S, Preiser W, et al. Identification of a novel coronavirus in
patients with severe acute respiratory syndrome. N Engl J Med. 2003;348(20):
1967–1976. https://doi.org/10.1056/NEJMoa030747.

3. Ksiazek TG, Erdman D, Goldsmith CS, et al. A novel coronavirus associated with
severe acute respiratory syndrome. N Engl J Med. 2003;348(20):1953–1966.
https://doi.org/10.1056/NEJMoa030781.

4. Kuiken T, Fouchier RAM, Schutten M, et al. Newly discovered coronavirus as the
primary cause of severe acute respiratory syndrome. Lancet. 2003;362(9380):
263–270. https://doi.org/10.1016/S0140-6736(03)13967-0.

5. de Groot RJ, Baker SC, Baric RS, et al. Middle East respiratory syndrome
coronavirus (MERS-CoV): announcement of the Coronavirus Study Group. J Virol.
2013;87(14):7790–7792. https://doi.org/10.1128/JVI.01244-13.

6. Zaki AM, van Boheemen S, Bestebroer TM, Osterhaus AD, Fouchier RA. Isolation of
a novel coronavirus from a man with pneumonia in Saudi Arabia. N Engl J Med.
2012;367(19):1814–1820. https://doi.org/10.1056/NEJMoa1211721. published
correction appears in N Engl J Med. 2013, 25;369(4):394.

7. World health organization. Summary of probable SARS cases with onset of illness
from 1 November 2002 to 31 July 2003. https://www.who.int/publications/m/ite
m/summary-of-probable-sars-cases-with-onset-of-illness-from-1-november-2002-
to-31-july-2003; 2015. Accessed May 18, 2023.

8. World health organization. MERS situation update, November 2019. https://
www.emro.who.int/pandemic-epidemic-diseases/mers-cov/mers-situation-update-
november-2019.html; 2019. Accessed May 18, 2023.

9. Wiersinga WJ, Rhodes A, Cheng AC, Peacock SJ, Prescott HC. Pathophysiology,
transmission, diagnosis, and treatment of coronavirus disease 2019 (COVID-19): a
review. JAMA. 2020;324(8):782–793. https://doi.org/10.1001/jama.2020.12839.

10. Muralidar S, Ambi SV, Sekaran S, Krishnan UM. The emergence of COVID-19 as a
global pandemic: understanding the epidemiology, immune response and potential
therapeutic targets of SARS-CoV-2. Biochimie. 2020;179:85–100. https://doi.org/
10.1016/j.biochi.2020.09.018.

11. Mulcahey MK, Gianakos AL, Mercurio A, Rodeo S, Sutton KM. Sports medicine
considerations during the COVID-19 pandemic. Am J Sports Med. 2021;49(2):
512–521. https://doi.org/10.1177/0363546520975186.

12. Kemp S, Cowie CM, Gillett M, et al. Sports medicine leaders working with
government and public health to plan a 'return-to-sport' during the COVID-19
pandemic: the UK's collaborative five-stage model for elite sport. Br J Sports Med.
2021;55(1):4–5. https://doi.org/10.1136/bjsports-2020-102834.

13. Lancet COVID-19 Commissioners, Task Force Chairs, and Commission Secretariat.
Lancet COVID-19 commission statement on the occasion of the 75th session of the
UN general assembly. Lancet. 2020;396(10257):1102–1124. https://doi.org/
10.1016/s0140-6736(20)31927-9. published correction appears in Lancet. 2020;
396(10257):1070.

14. International Olympic Committee. Joint statement from the international olympic
committee and the Tokyo 2020 organising committee. https://www.olympic.o
rg/news/joint-statement-from-the-international-olympic-committee-and-the-tokyo-
2020-organising-committee; 2020. Accessed May 18, 2023.

15. Henriksen K, Schinke R, Moesch K, et al. Consensus statement on improving the
mental health of high performance athletes. Int J Sport Exerc Psychol. 2020;18(5):
553–560. https://doi.org/10.1080/1612197X.2019.1570473.

16. Huber BC, Steffen J, Schlichtiger J, Brunner S. Altered nutrition behavior during
COVID-19 pandemic lockdown in young adults. Eur J Nutr. 2021;60(5):2593–2602.
https://doi.org/10.1007/s00394-020-02435-6.

17. Xiang M, Zhang Z, Kuwahara K. Impact of COVID-19 pandemic on children and
adolescents' lifestyle behavior larger than expected. Prog Cardiovasc Dis. 2020;
63(4):531–532. https://doi.org/10.1016/j.pcad.2020.04.013.

18. Watson AM, Haraldsdottir K, Biese K, Goodavish L, Stevens B, McGuine T. The
association of COVID-19 incidence with sport and face mask use in United States

https://doi.org/10.1128/CMR.00023-07
https://doi.org/10.1056/NEJMoa030747
https://doi.org/10.1056/NEJMoa030781
https://doi.org/10.1016/S0140-6736(03)13967-0
https://doi.org/10.1128/JVI.01244-13
https://doi.org/10.1056/NEJMoa1211721
https://www.who.int/publications/m/item/summary-of-probable-sars-cases-with-onset-of-illness-from-1-november-2002-to-31-july-2003
https://www.who.int/publications/m/item/summary-of-probable-sars-cases-with-onset-of-illness-from-1-november-2002-to-31-july-2003
https://www.who.int/publications/m/item/summary-of-probable-sars-cases-with-onset-of-illness-from-1-november-2002-to-31-july-2003
https://www.emro.who.int/pandemic-epidemic-diseases/mers-cov/mers-situation-update-november-2019.html
https://www.emro.who.int/pandemic-epidemic-diseases/mers-cov/mers-situation-update-november-2019.html
https://www.emro.who.int/pandemic-epidemic-diseases/mers-cov/mers-situation-update-november-2019.html
https://doi.org/10.1001/jama.2020.12839
https://doi.org/10.1016/j.biochi.2020.09.018
https://doi.org/10.1016/j.biochi.2020.09.018
https://doi.org/10.1177/0363546520975186
https://doi.org/10.1136/bjsports-2020-102834
https://doi.org/10.1016/s0140-6736(20)31927-9
https://doi.org/10.1016/s0140-6736(20)31927-9
https://www.olympic.org/news/joint-statement-from-the-international-olympic-committee-and-the-tokyo-2020-organising-committee
https://www.olympic.org/news/joint-statement-from-the-international-olympic-committee-and-the-tokyo-2020-organising-committee
https://www.olympic.org/news/joint-statement-from-the-international-olympic-committee-and-the-tokyo-2020-organising-committee
https://doi.org/10.1080/1612197X.2019.1570473
https://doi.org/10.1007/s00394-020-02435-6
https://doi.org/10.1016/j.pcad.2020.04.013


J.F. AlSamhori et al. Sports Medicine and Health Science 5 (2023) 165–173
high school athletes. J Athl Train. 2021;58(1):29–36. https://doi.org/10.4085/
1062-6050-0185.21.

19. Teran RA, Ghinai I, Gretsch S, et al. COVID-19 outbreak among a university's men's
and women's soccer teams - chicago, Illinois, july-august 2020. MMWR Morb Mortal
Wkly Rep. 2020;69(43):1591–1594. https://doi.org/10.15585/mmwr.mm6943e5.

20. Van Dyke ME, Rogers TM, Pevzner E, et al. Trends in county-level COVID-19
incidence in counties with and without a mask mandate - Kansas, june 1-august 23,
2020 [published correction appears in MMWR morb mortal wkly rep. 2021 jan 01;
69(5152):1663]. MMWR Morb Mortal Wkly Rep. 2020;69(47):1777–1781. https://
doi.org/10.15585/mmwr.mm6947e2.

21. da Silva Santos AM, Rossi FE, Dos Santos Nunes de Moura HP, et al. COVID-19
pandemic impacts physical activity levels and sedentary time but not sleep quality
in young badminton athletes. Sport Sci Health. 2021;17(4):969–977. https://
doi.org/10.1007/s11332-021-00763-6.

22. Biese KM, McGuine TA, Haraldsdottir K, Goodavish L, Watson AM. COVID-19 risk
in youth club sports: a nationwide sample representing over 200,000 athletes. J Athl
Train. 2021;56(12):1265–1270. https://doi.org/10.4085/1062-6050-0187.21.

23. Atherstone C, Peterson ML, Malone M, et al. Time from start of quarantine to SARS-
CoV-2 positive test among quarantined college and university athletes - 17 states,
june-october 2020. MMWR Morb Mortal Wkly Rep. 2021;70(1):7–11. https://
doi.org/10.15585/mmwr.mm7001a2.

24. Harmon K, de St Maurice AM, Brady AC, et al. Surveillance testing for SARS-COV-2
infection in an asymptomatic athlete population: a prospective cohort study with
123 362 tests and 23 463 paired RT-PCR/antigen samples. BMJ Open Sport Exerc
Med. 2021;7(2):e001137. https://doi.org/10.1136/bmjsem-2021-001137.

25. Metzl JD, McElheny K, Robinson JN, Scott DA, Sutton KM, Toresdahl BG.
Considerations for return to exercise following mild-to-moderate COVID-19 in the
recreational athlete. HSS J. 2020;16(Suppl 1):102–107. https://doi.org/10.1007/
s11420-020-09777-1.

26. Woods JA, Hutchinson NT, Powers SK, et al. The COVID-19 pandemic and physical
activity. Sports Med Health Sci. 2020;2(2):55–64. https://doi.org/10.1016/
j.smhs.2020.05.006.

27. Huang C, Wang Y, Li X, et al. Clinical features of patients infected with 2019 novel
coronavirus in Wuhan, China. Lancet. 2020;395(10223):497–506. https://doi.org/
10.1016/S0140-6736(20)30183-5. published correction appears in Lancet. 2020
Jan 30.

28. Baldi E, Sechi GM, Mare C, et al. Out-of-Hospital cardiac arrest during the covid-19
outbreak in Italy. N Engl J Med. 2020;383(5):496–498. https://doi.org/10.1056/
NEJMc2010418.

29. L€ollgen H, Bachl N, Papadopoulou T, et al. Infographic. Clinical recommendations
for return to play during the COVID-19 pandemic. Br J Sports Med. 2021;55(6):
344–345. https://doi.org/10.1136/bjsports-2020-102985.

30. Verwoert GC, de Vries ST, Bijsterveld N, et al. Return to sports after COVID-19: a
position paper from the Dutch sports cardiology section of The Netherlands society
of cardiology. Neth Heart J. 2020;28(7-8):391–395. https://doi.org/10.1007/
s12471-020-01469-z.

31. Vasiliadis AV, Boka V. Safe return to exercise after COVID-19 infection. Sultan
Qaboos Univ Med J. 2021;21(3):373–377. https://doi.org/10.18295/
squmj.8.2021.124.

32. Wilson MG, Hull JH, Rogers J, et al. Cardiorespiratory considerations for return-to-
play in elite athletes after COVID-19 infection: a practical guide for sport and
exercise medicine physicians. Br J Sports Med. 2020;54(19):1157–1161. https://
doi.org/10.1136/bjsports-2020-102710.

33. Global Burden of Disease Study 2013 Collaborators. Global, regional, and national
incidence, prevalence, and years lived with disability for 301 acute and chronic
diseases and injuries in 188 countries, 1990-2013: a systematic analysis for the
Global Burden of Disease Study 2013. Lancet. 2015;386(9995):743–800. https://
doi.org/10.1016/S0140-6736(15)60692-4.

34. Dores H, Cardim N. Return to play after COVID-19: a sport cardiologist's view. Br J
Sports Med. 2020;54(19):1132–1133. https://doi.org/10.1136/bjsports-2020-
102482.

35. Maron BJ, Udelson JE, Bonow RO, et al. Eligibility and disqualification
recommendations for competitive athletes with cardiovascular abnormalities: task
force 3: hypertrophic cardiomyopathy, arrhythmogenic right ventricular
cardiomyopathy and other cardiomyopathies, and myocarditis: a scientific
statement from the American heart association and American college of cardiology.
J Am Coll Cardiol. 2015;66(21):2362–2371. https://doi.org/10.1016/
j.jacc.2015.09.035.

36. McKinney J, Connelly KA, Dorian P, et al. COVID-19-Myocarditis and return to
play: reflections and recommendations from a Canadian working group. Can J
Cardiol. 2021;37(8):1165–1174. https://doi.org/10.1016/j.cjca.2020.11.007.

37. Pelliccia A, Solberg EE, Papadakis M, et al. Recommendations for participation in
competitive and leisure time sport in athletes with cardiomyopathies, myocarditis,
and pericarditis: position statement of the Sport Cardiology Section of the European
Association of Preventive Cardiology (EAPC). Eur Heart J. 2019;40(1):19–33.
https://doi.org/10.1093/eurheartj/ehy730.

38. Johri AM, Poirier P, Dorian P, et al. Canadian cardiovascular society/Canadian
heart rhythm society joint position statement on the cardiovascular screening of
competitive athletes. Can J Cardiol. 2019;35(1):1–11. https://doi.org/10.1016/
j.cjca.2018.10.016.

39. Moulson N, Dorian P, Krahn A, Virani A, Isserow S, McKinney J. Shared decision
making and the cardiovascular care of athletes: is it time to get back in the game?
Can J Cardiol. 2020;36(6):941–944. https://doi.org/10.1016/j.cjca.2019.10.013.

40. Toresdahl BG, Asif IM. Coronavirus disease 2019 (COVID-19): considerations for
the competitive athlete. Sport Health. 2020;12(3):221–224. https://doi.org/
10.1177/1941738120918876.
172
41. Baggish AL, Levine BD. Icarus and sports after COVID 19: too close to the sun?
Circulation. 2020;142(7):615–617. https://doi.org/10.1161/
CIRCULATIONAHA.120.048335.

42. Gentil P, de Lira CAB, Souza D, et al. Resistance training safety during and after the
SARS-cov-2 outbreak: practical recommendations. BioMed Res Int. 2020;2020:
3292916. https://doi.org/10.1155/2020/3292916.

43. Hughes DC, Orchard JW, Partridge EM, La Gerche A, Broderick C. Return to
exercise post-COVID-19 infection: a pragmatic approach in mid-2022. J Sci Med
Sport. 2022;25(7):544–547. https://doi.org/10.1016/j.jsams.2022.06.001.

44. Evers G, Schulze AB, Osiaevi I, et al. Sustained impairment in cardiopulmonary
exercise capacity testing in patients after COVID-19: a single center experience. Can
Respir J. 2022;2022:2466789. https://doi.org/10.1155/2022/2466789.

45. Grubic N, Badovinac S, Johri AM. Student mental health in the midst of the COVID-
19 pandemic: a call for further research and immediate solutions. Int J Soc Psychiatr.
2020;66(5):517–518. https://doi.org/10.1177/0020764020925108.

46. Pillay L, Janse van Rensburg DCC, Jansen van Rensburg A, et al. Nowhere to hide:
the significant impact of coronavirus disease 2019 (COVID-19) measures on elite
and semi-elite South African athletes. J Sci Med Sport. 2020;23(7):670–679. https://
doi.org/10.1016/j.jsams.2020.05.016.

47. Torales J, O'Higgins M, Castaldelli-Maia JM, Ventriglio A. The outbreak of COVID-
19 coronavirus and its impact on global mental health. Int J Soc Psychiatr. 2020;
66(4):317–320. https://doi.org/10.1177/0020764020915212.

48. Hui DS, Joynt GM, Wong KT. Impact of severe acute respiratory syndrome (SARS)
on pulmonary function, functional capacity and quality of life in a cohort of
survivors. Thorax. 2005;60(5):401–409. https://doi.org/10.1136/
thx.2004.030205.

49. Ansley L, Kippelen P, Dickinson J, Hull JH. Misdiagnosis of exercise-induced
bronchoconstriction in professional soccer players. Allergy. 2012;67(3):390–395.
https://doi.org/10.1111/j.1398-9995.2011.02762.x.

50. Hull JH, Ansley L, Robson-Ansley P, Parsons JP. Managing respiratory problems in
athletes. Clin Med. 2012;12(4):351–356. https://doi.org/10.7861/clinmedicine.12-
4-351.

51. Trinkmann F, Müller M, Reif A, et al. Residual symptoms and lower lung function in
patients recovering from SARS-CoV-2 infection. Eur Respir J. 2021;57(2):2003002.
https://doi.org/10.1183/13993003.03002-2020.

52. Garrigues E, Janvier P, Kherabi Y, et al. Post-discharge persistent symptoms and
health-related quality of life after hospitalization for COVID-19. J Infect. 2020;
81(6):e4–e6. https://doi.org/10.1016/j.jinf.2020.08.029.

53. Funke-Chambour M, Bridevaux P-O, Clarenbach CF, et al. Swiss recommendations
for the follow-up and treatment of pulmonary long COVID. Respiration. 2021;
100(8):826–841. https://doi.org/10.1159/000517255.

54. George PM, Barratt SL, Condliffe R, et al. Respiratory follow-up of patients with
COVID-19 pneumonia. Thorax. 2020;75(11):1009–1016. https://doi.org/10.1136/
thoraxjnl-2020-215314.

55. Moulson N, Gustus SK, Scirica C, et al. Diagnostic evaluation and cardiopulmonary
exercise test findings in young athletes with persistent symptoms following COVID-
19. Br J Sports Med. 2022;56(16):927–932. https://doi.org/10.1136/bjsports-2021-
105157.

56. Lerum TV, Aaløkken TM, Brønstad E, et al. Dyspnoea, lung function and CT findings
3 months after hospital admission for COVID-19. Eur Respir J. 2021;57(4):2003448.
https://doi.org/10.1183/13993003.03448-2020.

57. Rikli RE, Jones CJ. The reliability and validity of a 6-minute walk test as a measure
of physical endurance in older adults. J Aging Phys Activ. 1998;6(4):363–375.
https://doi.org/10.1123/japa.6.4.363.

58. ATS Committee on Proficiency Standards for Clinical Pulmonary Function
Laboratories. ATS statement: guidelines for the six-minute walk test. Am J Respir
Crit Care Med. 2002;166(1):111–117. https://doi.org/10.1164/
ajrccm.166.1.at1102, 2002.

59. Daher A, Balfanz P, Cornelissen C, et al. Follow up of patients with severe
coronavirus disease 2019 (COVID-19): pulmonary and extrapulmonary disease
sequelae. Respir Med. 2020;174:106197. https://doi.org/10.1016/
j.rmed.2020.106197.

60. Kluge S, Janssens U, Welte T, et al. S2k-leitlinie – empfehlungen zur station€aren
therapie von patienten mit COVID-19. Pneumologie. 2021;75(2):88–112. https://
doi.org/10.1055/a-1334-1925.

61. Clemente-Su�arez VJ, Fuentes-García JP, de la Vega Marcos R, Martínez Pati~no MJ.
Modulators of the personal and professional threat perception of olympic athletes in
the actual COVID-19 crisis. Front Psychol. 2020;11:1985. https://doi.org/10.3389/
fpsyg.2020.01985.

62. Reardon CL, Bindra A, Blauwet C, et al. Mental health management of elite athletes
during COVID-19: a narrative review and recommendations. Br J Sports Med. 2021;
55(11):608–615. https://doi.org/10.1136/bjsports-2020-102884.

63. Batalla-Gavalda A, Cecilia-Gallego P, Revillas-Ortega F, Beltran-Garrido JV.
Variations in the mood states during the different phases of COVID-19's lockdown
in young athletes. Int J Environ Res Publ Health. 2021;18(17):9326. https://doi.org/
10.3390/ijerph18179326.

64. Cosma GA, Chiracu A, Stepan AR, et al. COVID-19 pandemic and quality of life
among Romanian athletes. Int J Environ Res Publ Health. 2021;18(8):4065. https://
doi.org/10.3390/ijerph18084065.

65. di Cagno A, Buonsenso A, Baralla F, et al. Psychological impact of the quarantine-
induced stress during the coronavirus (COVID-19) outbreak among Italian athletes.
Int J Environ Res Publ Health. 2020;17(23):8867. https://doi.org/10.3390/
ijerph17238867.

66. Mon-L�opez D, de la Rubia Riaza A, Hontoria Gal�an M, Refoyo Roman I. The impact
of covid-19 and the effect of psychological factors on training conditions of

https://doi.org/10.4085/1062-6050-0185.21
https://doi.org/10.4085/1062-6050-0185.21
https://doi.org/10.15585/mmwr.mm6943e5
https://doi.org/10.15585/mmwr.mm6947e2
https://doi.org/10.15585/mmwr.mm6947e2
https://doi.org/10.1007/s11332-021-00763-6
https://doi.org/10.1007/s11332-021-00763-6
https://doi.org/10.4085/1062-6050-0187.21
https://doi.org/10.15585/mmwr.mm7001a2
https://doi.org/10.15585/mmwr.mm7001a2
https://doi.org/10.1136/bmjsem-2021-001137
https://doi.org/10.1007/s11420-020-09777-1
https://doi.org/10.1007/s11420-020-09777-1
https://doi.org/10.1016/j.smhs.2020.05.006
https://doi.org/10.1016/j.smhs.2020.05.006
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1056/NEJMc2010418
https://doi.org/10.1056/NEJMc2010418
https://doi.org/10.1136/bjsports-2020-102985
https://doi.org/10.1007/s12471-020-01469-z
https://doi.org/10.1007/s12471-020-01469-z
https://doi.org/10.18295/squmj.8.2021.124
https://doi.org/10.18295/squmj.8.2021.124
https://doi.org/10.1136/bjsports-2020-102710
https://doi.org/10.1136/bjsports-2020-102710
https://doi.org/10.1016/S0140-6736(15)60692-4
https://doi.org/10.1016/S0140-6736(15)60692-4
https://doi.org/10.1136/bjsports-2020-102482
https://doi.org/10.1136/bjsports-2020-102482
https://doi.org/10.1016/j.jacc.2015.09.035
https://doi.org/10.1016/j.jacc.2015.09.035
https://doi.org/10.1016/j.cjca.2020.11.007
https://doi.org/10.1093/eurheartj/ehy730
https://doi.org/10.1016/j.cjca.2018.10.016
https://doi.org/10.1016/j.cjca.2018.10.016
https://doi.org/10.1016/j.cjca.2019.10.013
https://doi.org/10.1177/1941738120918876
https://doi.org/10.1177/1941738120918876
https://doi.org/10.1161/CIRCULATIONAHA.120.048335
https://doi.org/10.1161/CIRCULATIONAHA.120.048335
https://doi.org/10.1155/2020/3292916
https://doi.org/10.1016/j.jsams.2022.06.001
https://doi.org/10.1155/2022/2466789
https://doi.org/10.1177/0020764020925108
https://doi.org/10.1016/j.jsams.2020.05.016
https://doi.org/10.1016/j.jsams.2020.05.016
https://doi.org/10.1177/0020764020915212
https://doi.org/10.1136/thx.2004.030205
https://doi.org/10.1136/thx.2004.030205
https://doi.org/10.1111/j.1398-9995.2011.02762.x
https://doi.org/10.7861/clinmedicine.12-4-351
https://doi.org/10.7861/clinmedicine.12-4-351
https://doi.org/10.1183/13993003.03002-2020
https://doi.org/10.1016/j.jinf.2020.08.029
https://doi.org/10.1159/000517255
https://doi.org/10.1136/thoraxjnl-2020-215314
https://doi.org/10.1136/thoraxjnl-2020-215314
https://doi.org/10.1136/bjsports-2021-105157
https://doi.org/10.1136/bjsports-2021-105157
https://doi.org/10.1183/13993003.03448-2020
https://doi.org/10.1123/japa.6.4.363
https://doi.org/10.1164/ajrccm.166.1.at1102
https://doi.org/10.1164/ajrccm.166.1.at1102
https://doi.org/10.1016/j.rmed.2020.106197
https://doi.org/10.1016/j.rmed.2020.106197
https://doi.org/10.1055/a-1334-1925
https://doi.org/10.1055/a-1334-1925
https://doi.org/10.3389/fpsyg.2020.01985
https://doi.org/10.3389/fpsyg.2020.01985
https://doi.org/10.1136/bjsports-2020-102884
https://doi.org/10.3390/ijerph18179326
https://doi.org/10.3390/ijerph18179326
https://doi.org/10.3390/ijerph18084065
https://doi.org/10.3390/ijerph18084065
https://doi.org/10.3390/ijerph17238867
https://doi.org/10.3390/ijerph17238867


J.F. AlSamhori et al. Sports Medicine and Health Science 5 (2023) 165–173
handball players. Int J Environ Res Publ Health. 2020;17(18):6471. https://doi.org/
10.3390/ijerph17186471.

67. Hagiwara G, Tsunokawa T, Iwatsuki T, Shimozono H, Kawazura T. Relationships
among student-athletes' identity, mental health, and social support in Japanese
student-athletes during the COVID-19 pandemic. Int J Environ Res Publ Health. 2021;
18(13):7032. https://doi.org/10.3390/ijerph18137032.

68. Kaneda K, Maeda N, Suzuki Y, Fukui K, Urabe Y. Impact of the COVID-19 pandemic
on life space extent and apathy: a comparison of competitive Japanese swimmers
with and without disabilities. Int J Environ Res Publ Health. 2021;18(10):5106.
https://doi.org/10.3390/ijerph18105106.

69. Shepherd HA, Evans T, Gupta S, et al. The Impact of COVID-19 on high school
student-athlete experiences with physical activity, mental health, and social
connection. Int J Environ Res Publ Health. 2021;18(7):3515. https://doi.org/
10.3390/ijerph18073515.

70. Lopes Soares L, Bernardes Leite L, Quint~ao Guilherme L, et al. Anxiety, sleep quality
and mood in elite athletes during the COVID-19 pandemic: a preliminary study.
J Sports Med Phys Fit. 2022;62(6):867–872. https://doi.org/10.23736/S0022-
4707.21.12276-5.
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