
Vol.:(0123456789)

DOI 10.1007/s11936-021-00941-2

Sports Cardiology (M Wasfy, Section Editor)

COVID‑19: the Risk to Athletes
Jack Goergen, MD1 
Aakash Bavishi, MD1 
Micah Eimer, MD1 
Allison R. Zielinski, MD1,* 

Address
*,1Feinberg School of Medicine, Northwestern Memorial Hospital, 259 E Erie Street 
Suite 2200, Chicago, IL 60614, USA
 Email: Allison.zielinski@nm.org

© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2021

Topical Collection on Sports Cardiology

Keywords COVID-19 · Sports cardiology · Athlete’s heart · Myocarditis

Abstract

Purpose of Review The COVID-19 pandemic has had a profound impact on athletics, and the 
question of safely resuming competitive sports at all levels has been a source of significant 
debate. Concerns regarding myocarditis and the risk of arrhythmias and sudden death in 
athletes have prompted heightened attention to the role of cardiovascular screening. In 
this review, we aim to comprehensively outline the cardiovascular manifestations associ-
ated with COVID-19 infection, to discuss screening, diagnosis, and treatment strategies, 
and to evaluate the current literature on the risk to athletes and recommendations regard-
ing return-to-play.
Recent Findings COVID-19 is known to cause myocarditis, with presentations ranging from 
subclinical current or prior infection detected on cardiac MRI imaging, to fulminant heart 
failure and shock. While initial data early in the pandemic suggested that the risk of myo-
carditis could be significant even in patients with nonsevere COVID-19 infection, recent 
studies suggest a very low prevalence of clinically significant disease in young athletes.
Summary While COVID-19 can have significant cardiovascular manifestations, recent data 
demonstrate that a screening approach guided by severity of COVID-19 infection and car-
diovascular symptoms allows the majority of athletes to safely return to play in a timely 
manner. We must continue to tailor our approach to screening athletes as knowledge grows, 
and further research on the longitudinal cardiovascular effects of COVID-19 is needed.
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Introduction

Beginning in early 2020, a pandemic of the highly 
contagious respiratory virus SARS-CoV-2 (COVID-
19) swept through the USA and the world, triggering 
widespread stay-at-home orders to limit the spread 
of disease, including the cancellation of team sports 
seasons from amateur to professional levels. Given 
that COVID-19 has known potential cardiovascular 
manifestations, physicians caring for athletes have had 
a heightened attention to the risks that viral myocardi-
tis poses to athletes and have incorporated additional 

protocols into the preparticipation evaluation. At the 
onset of the pandemic, data from hospitalized patients 
suggested an alarming incidence of cardiac involve-
ment. Although that incidence was felt to be lower 
in a young, healthy population with mild disease, a 
paucity of data existed. As we accumulate more data 
on the athletic population that confirms a low number 
of cases, we continue to refine how to best minimize 
risk among exposed populations of athletes.

Cardiovascular manifestations of COVID‑19

While the clinical course of COVID-19 infection is dominated by respiratory 
tract symptoms, its potential effects on the heart and other organ systems 
have been well documented [1]. Cardiac manifestations can include eleva-
tions of cardiac biomarkers, myocarditis, pericarditis, myocardial infarction 
(type I and type II), left and right ventricular dysfunction, and arrhythmias 
[2]. Depending on how cardiac involvement is defined, initial studies found 
that 20–30% of hospitalized patients had some form of cardiac manifesta-
tion [3, 4]. The mechanisms of myocardial injury in COVID-19 have multiple 
potential etiologies, including direct viral infection via binding of the ACE2 
receptors on myocardial and endothelial surfaces, and ischemia and necrosis 
due to the viral induced “cytokine storm.” Diffuse small vessel inflammation 
and a hypercoagulable state can also contribute to ischemia and thrombotic 
complications [5, 6]. Elevation of cardiac biomarkers, including troponin-I 
and B-type natriuretic peptide (BNP), are common in severe illness, as are 
markers of systemic inflammation, including C-reactive protein (CRP) [1]. 
Among hospitalized patients, troponin levels positively correlated in a linear 
fashion with high-sensitivity CRP and NT-proBNP levels and were associated 
with more frequent ventricular arrhythmias and increased mortality [3, 4].

Since the majority of testing has been performed on hospitalized patients 
with more severe disease, the true prevalence of myocardial involvement in 
mild or asymptomatic outpatients is not known. While older age and comor-
bidities are risk factors for severe disease, young people are not immune from 
complications. In a study of 3222 young adults age 18–34 who required 
hospitalization for COVID-19, 21% required intensive care and 2.7% died 
[7]. Risk factors were similar to the general population in that obesity, hyper-
tension, and diabetes were associated with increased mortality [8]. African 
Americans have also had disproportionately high rates of hospitalization and 
mortality [9]. Severity of disease does seem to correlate with increased risk 
of myocardial involvement; however, large-scale data in the nonhospitalized 
population is lacking.
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Myocarditis and the relevance to athletes

Myocarditis ranks as the third most common etiology of sudden cardiac death 
in young athletes with an estimated prevalence between 4 and 7.5% and is 
most commonly caused by antecedent viral infection [10–12].

There are 3 phases of myocarditis: acute viral phase with direct injury 
to myocytes; acute immune phase with activation of the immune response, 
resulting in myocardial inflammation/edema and fibrosis; and in a smaller 
number of cases, a chronic phase which is felt to be autoimmune-mediated 
[13]. Acute and chronic myocardial inflammation carries a risk of ventricu-
lar arrhythmias, that may be triggered by extreme exertion, which forms the 
basis for the recommendation for restriction from competitive athletics and 
vigorous activity for 3–6 months following diagnosis [13]. Most mild cases 
are self-limited, and severe myocarditis resulting in heart failure is rare in 
athletes. However, even mild or asymptomatic cases with resultant scar found 
on autopsy or seen as late gadolinium enhancement (LGE) on MRI have been 
implicated in sudden death [11].

One of the central questions in return-to-sport following the COVID-19 
pandemic has been how to screen and accurately detect current or prior myo-
cardial involvement that may put the athlete at increased risk for malignant 
arrhythmias. Who to screen, how to screen, and how to interpret the screening 
tests have all been significantly debated. There are a number of clinical chal-
lenges: the number of athletes with prior COVID-19 infection is high, the true 
prevalence of COVID-19 cardiac involvement is unknown but likely low, the 
disease course of COVID-19 can be unpredictable, and the most inexpensive 
screening tests have limited sensitivity and specificity. Cardiac MRI (CMR) is 
both highly sensitive and specific; however, it is not cost-effective as a screen-
ing strategy. Interpretation also requires both expertise in normal findings 
for athletes, and sufficient volumes and protocols for accurate diagnosis of 
myocardial pathology.

Diagnosis of myocarditis

The diagnosis of acute myocarditis includes a clinical syndrome of “acute 
heart failure, angina-type chest pain, or known myopericarditis of less than 
3-month duration,” and an otherwise unexplained elevation of troponin, 
electrocardiogram (ECG) change, arrhythmia or high-grade atrioventricular 
(AV) block, systolic dysfunction or regional wall motion abnormalities, or 
pericardial effusion [14]. In the right clinical setting, CMR findings of altered 
tissue signal on T2- or T1-weighted images or presence of LGE are diagnos-
tic [14]. Symptoms can be nonspecific and include chest pain, palpitations, 
shortness of breath, and decreased exercise tolerance.

The ECG may show abnormalities in the setting of myocarditis, includ-
ing ST elevation or depression, T wave inversion, AV or bundle branch block, 
atrial/ventricular arrhythmias, or abnormal Q waves, but it is neither sensitive 
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nor specific, and there are no pathognomonic findings [15]. In a study involv-
ing 45 patients with a histologic diagnosis of active myocarditis, the sensitiv-
ity of ECG was 47% [16]. In athletes, benign physiologic changes on ECG are 
common and include sinus bradycardia, first-degree AV block, incomplete 
right bundle branch block, early repolarization, and isolated QRS voltage 
criteria for left ventricular hypertrophy [17]. Early repolarization (a common 
finding in well-trained athletes) must be distinguished from the diffuse ST-
elevation and PR depression of pericarditis. Whenever possible, comparison 
to prior ECG tracings is helpful.

Troponin-I is specific but not sensitive in the diagnosis of myocarditis. In 
a study including 53 patients with biopsy-proven myocarditis, an elevated 
troponin-I level was 89% specific but only 34% sensitive [18]. In athletes, an 
elevated troponin-I level after intense exercise is common, and it usually returns 
to the normal range within 48 h following activity. This has been shown in 
many different athletic populations using earlier generation troponin assays, 
and is likely even more common with high-sensitivity troponin assays (hs-
troponin) although data are lacking [19]. Clinicians should avoid checking 
a troponin level in athletes who have exercised in the preceding 48 h, and if 
elevated, recheck, as a persistent elevation warrants more rigorous evaluation.

Echocardiographic findings in myocarditis may range from no overt 
abnormalities to severe systolic dysfunction, and it is paramount to be able to 
distinguish physiologic remodeling from pathologic findings. Cardiac remod-
eling in athletes frequently leads to mild symmetric LV hypertrophy and bal-
anced chamber dilation, particularly in endurance athletes. Marked dilation 
of the left ventricle (LV end-diastolic dimension > 70 mm in men or > 60 mm 
in women) or ejection fraction (EF) < 50% are uncommon for athletic remod-
eling, and should prompt further evaluation for myocarditis or other causes 
of dilated cardiomyopathy [20•]. Other findings supporting benign athletic 
changes are normal diastolic parameters, normal LV global longitudinal strain 
(GLS) (i.e., more negative than − 16%), and normal augmentation of EF with 
stress [20•]. Regional wall motion abnormalities or asymmetric hypertrophy 
always warrant further evaluation for pathology, and more than trivial peri-
cardial effusion may be a marker of pericarditis or myopericarditis. Strain can 
also have prognostic value—in a study involving 45 patients with suspected 
myocarditis, decreased longitudinal strain, circumferential strain, and strain 
rate were each associated with decreased event-free survival [21].

Endurance athletes also frequently have right ventricular dimensions above 
the American Society of Echocardiography cutoffs for normal; however, dilation 
should be proportionate to the LV. Marked or isolated RV dilation (RV end-
diastolic area > 15  cm2/m2, RV end-diastolic volume > 260 ml, or basal RV/LV 
end-diastolic ratio > 1.0), low RV function (fractional area change < 35%), or seg-
mental wall motion abnormalities are all abnormal and require further workup, 
which should include cardiac MRI due to its superior imaging of the RV [20•].

Cardiac MRI is an essential tool—in both diagnosis and prognosis of 
viral myocarditis—as it evaluates active inflammation as well as sequelae 
of prior infection (LGE). The Lake Louise criteria propose using two main 
criteria to diagnose suspected myocarditis: myocardial edema, demonstrated 
by increased T2 values, and nonischemic myocardial injury, demonstrated 
by increased T1 values, increased extracellular volume (ECV), or LGE [22]. 
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These criteria have shown high diagnostic accuracy in large cohorts, especially 
with the addition of parametric mapping (native T1, T2, and ECV) [20•, 23]. 
However, in athletes, cardiac remodeling can frequently confound CMR inter-
pretation. In healthy athlete populations, multiple CMR “abnormalities” have 
been demonstrated, that are felt to be largely benign. These include chamber 
dilation and low normal LV/RV function in endurance athletes and focal LGE 
in the interventricular septum (RV insertion point) [24, 25]. Myocarditis typi-
cally leads to a patchy, mid-wall, or subepicardial pattern of LGE that is not 
usually restricted to the RV insertion sites.

Moulson and Petek et al. classified definite myocardial involvement as either 
(1) CMR T1 abnormality or LGE + T2 abnormality or (2) CMR T2 abnormal-
ity + at least one supportive finding (EF < 45%, pericardial effusion, pericardial 
enhancement, or troponin > 99% upper limit of normal) [26•]. Probable myo-
cardial involvement was defined as CMR T1 abnormality or LGE + at least one 
supportive finding. The significance of an isolated CMR T1 abnormality or pres-
ence of LGE is less clear and may be possible evidence of myocardial involvement. 
Clinicians should correlate CMR results with the clinical evaluation. Endomyo-
cardial biopsy, while historically indicated in some cases of fulminant myocar-
ditis of undetermined etiology, has not had a role in COVID-19 myocarditis.

Identifying those at risk of poor outcomes is a topic of continued study. 
Extent of LGE on CMR has been shown to correlate with prognosis, and 
among those with no residual LGE, can identify a low risk group with an 
annual major adverse event rate less than 1% [27]. In a study involving 73 
athletes who had previously experienced ventricular arrhythmias, LGE on 
CMR was shown to predict future adverse events. Thirty-five of the athletes 
with a prior ventricular arrhythmia had subepicardial/midmyocardial LGE on 
CMR—of these 35 athletes, six experienced an ICD shock, sustained ventricu-
lar tachycardia, or sudden death over three years of follow up [27].

Treatment of myocarditis

Treatment of viral myocarditis is generally supportive, and the treatment of 
more severe disease in COVID-19 associated with heart failure or arrhythmias 
does not differ from treatment of other viral myocardial processes. For those 
with mild symptoms, which make up most of the athlete population, this typi-
cally consists of isolation and restriction from activity. In patients with more 
significant disease, treatment is targeted at specific complications. For acute or 
chronic heart failure, standard guideline-directed medical therapy is recom-
mended (i.e., beta blockers, ACE inhibitors, etc. for patients with reduced ejec-
tion fraction) [28]. Arrhythmias are a common complication of myocarditis, 
and treatment varies based on the type of arrhythmia. Treatments for severe 
COVID-19 in hospitalized patients, including drugs like Remdesivir and dexa-
methasone, as well as convalescent plasma or monoclonal antibodies, may 
have some benefit in modulating disease severity and/or mortality, but it is 
unknown whether they affect the risk of myocardial involvement. Historically, 
antiviral therapies, corticosteroids, and intravenous immune globulin have not 
consistently shown benefit when used to treat viral myocarditis [15, 29, 30].
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Athletes with Diagnosed COVID‑19 Myocardial Involvement

Per the American College of Cardiology guidelines, athletes diagnosed with 
myocarditis should be restricted from vigorous exercise and competition for 
a minimum of 3–6 months after resolution of clinical symptoms [14]. Prior 
to return, they should undergo an echocardiogram, 24-h Holter monitoring, 
and an exercise ECG. If LV function has normalized, cardiac biomarkers are 
negative, and there are no frequent or complex arrhythmias on Holter or 
exercise ECG, then it is reasonable to gradually return to play. While LGE on 
CMR may convey an increased risk of arrhythmia, it is unresolved whether 
athletes should be restricted from play until LGE has fully resolved. Isolated 
pericarditis warrants restriction from competition during the acute illness, 
i.e., until asymptomatic, pericardial effusion has resolved, and inflammatory 
markers have normalized [14].

Return to play for athletes diagnosed with COVID‑19

Guidance on screening athletes for evidence of COVID-19 cardiac involve-
ment comes primarily from expert recommendations. The most recent expert 
consensus report from October 2020 proposes an algorithm based on severity 
of initial COVID-19 infection, and presence of symptoms concerning for car-
diac involvement (Fig. 1) [31•]. Athletes with asymptomatic or mild COVID-
19 infections without concerning cardiovascular symptoms may gradually 
return to play after appropriate quarantine. Nonhospitalized athletes with 
moderate COVID-19 symptoms should undergo ECG, hs-troponin, and 
echocardiogram. Athletes with severe COVID-19 infection requiring hospi-
talization should undergo hs-troponin and echocardiogram, ideally during 
hospitalization, with consideration of CMR. If an athlete has an abnormal test 
result or if new cardiovascular symptoms develop, then further investigation 
should be done, including CMR when possible [31•]. As per a previously pub-
lished recommendation on athletes with myocarditis, if significant clinical 
suspicion remains but CMR is normal, serial testing may be considered [13].

Review of current data on COVID‑19 cardiovascular 
involvement in athletes

One of the first studies to include non-hospitalized patients with mild-to-
moderate disease published by Puntmann et al. demonstrated cardiac MRI 
abnormalities in an alarming number of patients, with 78 of 100 (78%) 
showing one abnormal finding and 60 with evidence of ongoing myocar-
dial inflammation. This study has very little applicability to the screening 
of the athletic population as the mean age was 49 years, there was a high 
prevalence of comorbid conditions, and many patients had new or ongoing 
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symptoms [32]. Since then, several observational studies in athletes with 
minimal-to-moderate disease severity have been published, with variable 
protocols and prevalence of myocardial involvement.

Three single-center studies utilizing screening CMR in addition to triad 
testing (ECG, troponin, and echocardiogram) [26•] on a total of 230 colle-
giate athletes with prior mild-moderate COVID-19 infection demonstrated a 
variable prevalence of myocarditis, ranging from 1.4 to 15% (Rajpal, Clark, 
Starekova) [33–35]. Five of the eight individuals diagnosed with CMR cri-
teria for myocarditis had no cardiovascular symptoms and normal initial 
triad testing. In the largest study, Starekova et al. compared 145 athletes with 
prior COVID-19 with both athletic and nonathletic healthy controls, finding 
only finding two athletes (1.4%) meeting criteria for myocardial involve-
ment (1 myopericarditis, 1 myocarditis) [35]. Smaller studies have also been 

Fig. 1.  COVID-19 return-to-play algorithm for adult athletes in competitive sports. Originally published in JAMA Cardiol-
ogy by Kim et al. [31•]. CV = cardiovascular, hs-cTn = high-sensitivity troponin-I, RTP = return to play. Mild symptoms = anos-
mia, ageusia, headache, mild fatigue, mild upper respiratory tract illness, and mild gastrointestinal illness. Moderate 
symptoms = persistent fever, chills, myalgias, lethargy, dyspnea, and chest tightness. CV symptoms = dyspnea, exercise intol-
erance, chest tightness, dizziness, syncope, and palpitations.
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published on elite athletes in Poland and Hungary and found no cases of 
myocarditis [36, 37]. Brito et al. screened 54 college athletes with mild-to-
moderate COVID-19 with ECG, troponin-I, and echocardiography followed 
by CMR if symptomatic or for an abnormal screening test, 48 of whom under-
went CMR. None met criteria for myocarditis; however, 40% had pericardial 
enhancement with pericardial effusion [38]. This high rate of pericardial 
involvement has not been replicated in other studies.

In March 2021, Martinez et al. published the results of screening 
789 North American professional athletes (5 different sports, mean age 
25 years, 98.5% men) prior to return to play based on a risk stratification 
approach and found an exceedingly low number of athletes with myo-
cardial or pericardial inflammation (0.6%) [39•]. Initial testing was per-
formed on all COVID-positive athletes which included clinical evaluation, 
troponin, ECG, and echocardiogram (median 19 days following test result, 
range 3–156 days), with additional testing (CMR) if abnormal. Fifty-eight 
percent were symptomatic during acute COVID-19 infection; none had 
severe disease but one was hospitalized for observation overnight. Six ath-
letes (0.8%) had elevated troponin levels, 10 (1.3%) had ECG abnormali-
ties, and 20 (2.5%) had abnormal echocardiogram findings, which were 
largely mild reductions in EF (which normalized on subsequent stress 
testing or had a normal CMR). Three patients (0.4%) were diagnosed with 
myocarditis, and two (0.3%) with pericarditis that resulted in restriction 
from play according to guidelines. Follow-up was relatively short, but at 
the time of publication, there were no adverse events in those that resumed 
professional sport.

Finally, in the largest study of college athletes, published in April 2021, 
Moulson and Petek et al. reported the results of screening 3018 COVID-
19-positive collegiate athletes from 42 universities for cardiac involve-
ment (26 sports, mean age 20 years, 68% men) [26•]. The majority of the 
COVID-positive athletes (2820) underwent at least one triad test, with 
CMR if clinically indicated, and 198 underwent primary screening CMR. 
They found definite, probable, or possible COVID myocardial involvement 
in 0.7% (21/3018) and 0.5% (15/2820) in the clinically driven CMR cohort 
versus 3.0% (6/198) in the primary screening CMR cohort. Abnormal ECG 
was found in 0.7% (21/2999), troponin in 0.9% (24/2719), and TTE in 
0.9% (24/2556). The majority of the athletes (62%) were asymptomatic 
or had mild COVID, 13% reported cardiopulmonary symptoms. There 
were no cardiac events or hospitalizations attributed to COVID myocardial 
involvement. Ten athletes were hospitalized or visited the ER for noncar-
diac COVID symptoms, and one athlete had a resuscitated cardiac arrest 
with no findings of myocarditis on CMR. Predictors of myocardial involve-
ment included having at least one abnormal triad test (OR 37.4, 95% CI 
13.3,105.3) or cardiopulmonary symptoms (OR 3.1, 95% CI 1.2,7.7). No 
athletes were hospitalized or had a cardiac event related to myocardial 
complications of COVID in the median follow-up time of 113 days. This 
prospective study was part of the ORCCA registry (Outcomes Registry for 
Cardiac Conditions in Athletes). The study authors specified definitions for 
definite, probable, or possible myocardial involvement, however acknowl-
edge that there is not a consensus on these definitions, which is likely one 
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of the reasons for the wide range of myocardial involvement found in 
previous studies. There was also some heterogeneity in screening proto-
cols, and abnormal study findings were not adjudicated by a central core 
facility, so were potentially subject to some variation in interpretation. The 
diagnostic yield of CMR was fourfold higher with primary screening CMR 
vs. clinically indicated CMR; however, the significance of CMR findings 
in the absence of symptoms or other abnormal testing is less clear. This 
study supports the current recommendations for clinically-driven CMR 
screening of athletes.

Interpretation of these results

These data suggest that there is a very low risk of clinically significant cardiac 
involvement in young, healthy athletes with no cardiovascular symptoms 
following nonsevere COVID-19 infection.

There are some considerations to the applicability of these findings. 
The study populations were comprised of all college or young professional 
athletes, who were generally healthy. Therefore, caution should be used in 
extrapolating these findings to other populations, particularly older athletes 
or those with significant comorbidities. Masters athletes (age ≥ 35 years), and 
those with cardiovascular risk factors, are likely at higher risk of cardiovas-
cular manifestations based on the results from trials involving the general 
population. The guidelines on return to play include a separate algorithm 
for masters athletes—the considerations and process for testing are much the 
same as college/professional athletes, but clinicians should bear in mind that 
the pretest probability for COVID-19 cardiac involvement is likely higher in 
this population, especially if cardiovascular risk factors are present [31•]. Car-
diovascular symptoms should still be evaluated for other etiologies, namely, 
coronary artery disease. Children and high school athletes with nonsevere 
COVID-19 infection are felt to have an even lower risk of myocardial involve-
ment, and return to play evaluation should follow the proposed algorithm, 
with athletes ≥ age 15 undergoing symptom-driven screening similar to the 
adult population [31•].

The overall number of athletes with findings requiring restriction from 
play were low. The clinical significance of isolated pericardial LGE or tran-
sient isolated myocardial edema with no symptoms, negative biomarkers, 
normal ECG, and a normal echocardiogram is uncertain. In these clinical 
“gray zones,” an expedited return to play evaluation may be considered, 
taking into account the unknowns, and utilizing a shared-decision-making 
approach. There is a small chance that subclinical myocardial inflamma-
tion will be missed with the current strategy. The ideal timing for testing 
has also not been defined—exclusion of myocardial involvement during 
or directly following illness should provide some reassurance; however, a 
small number of athletes may develop delayed manifestations. The studies 
differ in protocols (timing, controls, mandatory CMR vs. only if otherwise 
indicated), and although 2 studies reported significantly higher percent-
ages of athletes with myocardial and pericardial disease, these findings 
have not been demonstrated in other studies. Lastly, interpretation of 
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CMR findings in athletes does require expertise and is best performed at 
higher-volume tertiary care centers; however, it is acknowledged that this 
is not always feasible.

Other Post‑COVID‑19 sequalae

For physicians that care for athletes, evaluation and management of lin-
gering COVID-19 symptoms that affect exercise performance and overall 
well-being are also commonly encountered in clinical practice. Dyspnea 
on exertion, resting tachycardia and/or exaggerated heart rate response 
to exercise, lightheadedness, nonspecific chest tightness, headaches, 
sleep disturbances, and difficulty concentrating may be common, even 
in the absence of overt pathologic cause. Even mild-moderate cases have 
had prolonged “long-hauler” symptoms including profound fatigue and 
exercise intolerance that can be multifactorial. A full medical evalua-
tion including investigations for myocarditis/pericarditis (as above), 
pulmonary disease, pulmonary embolism, and myocardial ischemia 
(when appropriate) should be conducted, and after exclusion, cardio-
pulmonary exercise testing is a useful tool to assess the etiology of the 
limitation. A multidisciplinary approach should be employed, and while 
there are no blanket or COVID-19-specific treatments, therapies are tar-
geted toward individual symptoms or diagnoses. Postviral sequelae may 
include asthma/bronchospasm, POTS/dysautonomia, or chronic fatigue 
syndrome [40–42]. The pandemic has also taken a huge toll on the men-
tal health of athletes; from a physical and emotional perspective, the loss 
of a season, time away from training and competition, isolation from the 
team, and missed opportunities for scouting or professional play cannot 
be underestimated.

Gaps in knowledge, future directions

There are still several unanswered questions regarding the cardiovascular 
effects of COVID-19 in athletes that warrant further investigation. Primary 
CMR screening of all young, healthy athletes with prior COVID infection 
does not appear to be warranted, although would likely pick up a small 
number of additional cases. Why some young adults—athletes or not—
develop severe cardiovascular illness, while the majority recover with minor 
or no cardiovascular injury is not well understood. There needs to be a bet-
ter understanding of both risk factors—preexisting comorbidities, abnormal 
cardiac biomarkers, ECG and echocardiogram abnormalities—and poten-
tially protective factors, with respect to the development of major adverse 
cardiovascular events following COVID-19. Analysis of large, ongoing reg-
istries of COVID-19 patients may better help to identify specific risk factors.
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While COVID-19 has been at the forefront of the minds of practitioners 
in sports medicine and cardiology, it is important that the fundamental 
principles in the screening, treatment, and prevention of cardiovascular 
disease in athletes remain intact. Even when looking for signs of COVID-19 
cardiovascular involvement, physicians should be careful not to miss other 
potentially dangerous conditions such as hypertrophic cardiomyopathy, 
channelopathies (Brugada, long QT), and anomalous coronary arteries 
when screening young athletes. Finally, the importance of sound emergency 
action planning with training of coaches, trainers, and teachers in how to 
handle the collapsed athlete and easy accessibility of external defibrillator 
therapy cannot be overstated.

Conclusion

Since the publication of the proposed return to play guidelines, there have 
been multiple observational studies evaluating the efficacy of screening 
athletes who had COVID-19 for cardiovascular complications. In aggre-
gate, these studies have shown a very low prevalence of clinically relevant 
cardiovascular involvement. Research is needed to further tailor screening 
strategies, to assess the cardiovascular risk of COVID-19 to masters-level 
athletes, and to assess the longitudinal effects of COVID-19 on cardiovas-
cular health.

This review covers available data and observations from the first year of 
the pandemic with a focus on adult athletes. With widespread vaccination 
underway and new COVID-19 variants emerging, it is unknown how these 
factors will impact the approach to screening.
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