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Pre-participation Cardiovascular Screening in
Athletes with a Focus on Asia
Tee Joo Yeo*
National University Heart Centre Singapore, Singapore

Abstract
Pre-participation screening (PPS) in young competitive athletes aims to identify conditions associated with
sudden cardiac death (SCD) in this population, with a view to appropriate management and potential mitigation
of risk. A medical history questionnaire and physical examination are standard components of a PPS programme,
whereas controversy still exists regarding mandatory utilisation of resting 12-lead electrocardiogram as a screening
tool. Apart from a landmark study from Italy attributing the reduction of SCD rates in athletes to the implementation
of a mandatory PPS programme, there remains no additional compelling evidence for similar outcomes to date.
Nonetheless, comprehensive PPS programmes when carried out systematically, are efﬁcacious in detection of cardiac
pathology and cost-effective. While the incidence rate of SCD in athletes from Western countries is estimated to be
around 1:50,000, comparable data in Asian athletes remain lacking. Prospective registries are much needed to accurately determine the magnitude of this issue in Asia and recent recommendations on PPS in young Asian
athletes have been published to increase awareness and encourage collaboration. To further reduce SCD events,
prompt recognition of sudden cardiac arrests and early deﬁbrillation are vital components in the spectrum of
SCD prevention. This review aims to outline the rationale, current status and efﬁcacy of PPS in athletes, with a focus
on Asia.
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T

he story of Pheidippides, a Greek messenger
who ran from Marathon to Athens to
announce victory over Persia, was the inspiration
for the modern-day marathon race [1]. Pheidippides was said to have collapsed and died upon
delivering the news, making this possibly the ﬁrst
ever documented case of exercise-related sudden
cardiac death (SCD). With Sports Cardiology
establishing itself as a bona ﬁde subspecialty over
the last decade, there is now a much better understanding of SCD, as well as the role of pre-participation screening (PPS) in the prevention of SCD
[2e4].

Incidence of sudden cardiac death in athletes
The rationale for PPS in athletes is primarily to
identify cardiac conditions that may be associated
with SCD, in order to modify and reduce an individual's SCD risk through targeted management,
including potential disqualiﬁcation from competitive sport [5e7]. SCD is a devastating event and is
particularly tragic when occurring in young (age 35
years and below) athletes at the peak of their
physical capabilities. Athletes are also at an almost
3-fold higher risk of SCD compared to non-athletes
[8]. Reported rates of SCD in the athletic population
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vary widely due to differing methods of data
collection, with few structured registries available.
Taking into consideration of the above, as well as
gender, ethnic and geographical variation, an
accepted range of SCD incidence in young athletes
falls between 1:40,000 to 1:80,000 [9].

Cardiac pathology associated with sudden
cardiac death
Cardiac conditions that may lead to SCD in young
athletes can be categorised into structural, electrical
and acquired causes [10e12]. Amongst structural
heart diseases, hypertrophic cardiomyopathy has
historically been a leading cause of SCD in young
athletes, with arrhythmogenic cardiomyopathy
more common in certain geographic regions such as
Italy [13,14]. Less common but equally important
structural pathologies include anomalous coronary
artery origin and dilated cardiomyopathy. More
recently, there has been increased awareness of
entities such as idiopathic left ventricular hypertrophy and idiopathic ﬁbrosis contributing to SCD
[15].
Channelopathies such as Brugada syndrome, long
QT syndrome and catecholaminergic polymorphic
ventricular tachycardia may also precipitate SCD.
These arrhythmogenic syndromes have been identiﬁed as the predominant diagnosis in almost 50% of
deaths due to sudden arrhythmic death syndrome
(SADS), which is now one of the most prevalent
causes of SCD in young athletes [15]. SADS is a
diagnosis of exclusion where the heart is structurally
normal with no abnormal toxicology ﬁndings [16].
Acquired conditions leading to SCD include
abuse of performance enhancing drugs, direct cardiac trauma (commotio cordis) and myocarditis,
particularly in the current climate of the COVID-19
pandemic [17,18].

Is pre-participation screening effective in
preventing sudden cardiac death?
A landmark study on the effect of mandatory PPS
was carried out in the Veneto region of Italy. All
competitive athletes were required by law from 1982
to undergo PPS that comprised of history, physical
examination and 12-lead electrocardiogram (ECG)
[19]. Analysis of SCDs in the region over a period of
26 years saw a substantial reduction in annual
incidence of SCD by 89% in athletes attributed to
systematic PPS, whereas the SCD rates in the unscreened general population remained unchanged.
This compelling data has been the cornerstone for
supporting PPS in athletes [6,7,20e22]. Notably, a
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more recent attempt to validate the efﬁcacy of PPS
in preventing SCD in Israel has been unsuccessful
as identiﬁcation of SCD was performed via retrospective searching of newspapers rather than a
systematic national death registry [23].

Basic components of pre-participation
screening
The basic components of a PPS include assessment of personal and family history, as well as
physical examination. The International Olympic
Committee, Federation Internationale de Football
Association, European Society of Cardiology and
American Heart Association are amongst major institutions utilising questionnaires to evaluate for
potentially sinister symptoms such as chest pain,
syncope, shortness of breath and palpitations, as
well as any family history of inheritable cardiac
conditions [6,21]. Physical examination focuses on
identiﬁcation of abnormal signs that warrant further
evaluation, such as cardiac murmurs, irregular heart
rhythm and manifestations of systemic disease (eg.
Marfan's syndrome). However, there is limited
utility of depending wholly on the history and
physical examination as up to 80% of young athletes
presenting with SCD do not manifest any prior
symptoms [11].

The 12-lead electrocardiogram as a part of preparticipation screening
Utilisation of the 12-lead ECG in PPS remains
controversial and there are differing recommendations in America as compared to Europe. As a
screening tool, the ECG was reported to be 5 times
more sensitive than clinical history and 10 times
more sensitive than physical examination [24,25].
The ECG is abnormal in more than 90% of patients
with hypertrophic cardiomyopathy, and abnormal T
wave inversions form part of the diagnostic criteria
for arrhythmogenic cardiomyopathy [26e28]. It also
facilitates risk stratiﬁcation in channelopathies like
long QT syndrome and Brugada syndrome [29].
Evidence-based contemporary ECG interpretation
criteria in athletes have also led to substantial
reduction in abnormally classiﬁed ECGs while
preserving sensitivity in detecting pathology. These
reﬁnements have in turn improved cost-effectiveness of ECG-based PPS [30e32]. For these reasons,
multiple sporting societies in Europe have opted to
include the ECG as part of their PPS [6].
It must be acknowledged that the resting 12-lead
ECG is not foolproof, as there are conditions that
cannot be identiﬁed by this method, such as
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anomalous coronary artery origin and coronary artery disease [6]. Comprehensive understanding of
an athlete's ECG also requires training and expertise
that may not be available in certain settings. Indeed,
there are a multitude of ECG changes that may
occur both in athletes following long term physical
training as well as in non-athletes with cardiac pathology. This overlap is deemed the “gray area” and
leads to diagnostic challenges [33]. Athletes may be
forced to undergo multiple additional investigations
or even be erroneously disqualiﬁed from competitive sport due to abnormal ECG ﬁndings, leading to
reduced time for training and even mental distress
[34,35]. Finally, the resources (ﬁnancial, manpower,
logistics) required to carry out mandatory ECG
screening for all athletes can prove overwhelming,
with lack of conclusive evidence demonstrating
successful reduction in SCD for ECG screened
athletes [36,37]. These factors are the main considerations for the lack of endorsement by the American Heart Association for mandatory screening
ECGs in athletes [38].

Master athletes
Coronary artery disease is the culprit in over 80%
of SCDs in master (aged above 35 years) athletes
[39e42]. Coronary atherosclerosis progresses due to
a greater prevalence of elevated coronary calcium
scores, increased plaque burden and myocardial
ﬁbrosis, particularly in master athletes engaging in
long term endurance activity [43]. In this population,
the main purpose for PPS is to identify the presence
of myocardial ischemia, which may be unmasked by
strenuous physical activity [44]. Nonetheless, the
use of routine exercise or stress testing is not recommended to screen for ischemia in master athletes
due to high false positive rates [45]. Instead, guidelines recommend targeted evaluation of master
athletes based on the presence of suggestive
symptoms, as well as those at high risk of coronary
artery disease based on validated risk scores. Evaluation in these individuals consist of maximal exercise testing with a view to proceed to invasive
coronary angiography if high risk features are
detected. For individuals with equivocal or uninterpretable ECG, functional imaging or coronary
computed tomography angiography should be
considered [45]. Current PPS recommendations for
young athletes (medical history, physical examination and ECG) can still be applied to master athletes
with reasonable sensitivity in detecting the aforementioned structural and electrical causes for SCD
[46].

Asian athletes
Existing recommendations on PPS contain speciﬁc
evidence-based ECG thresholds for both White and
Black athletes. For instance, anterior T wave inversions (ATWI) 1 mm in depth in leads V2 and V3
are deemed abnormal in White athletes, whereas in
Black athletes, AWTI with J point elevation and
convex ST segment elevation up to V4 may still be
considered normal. In contrast, there is a paucity of
evidence in athletes from Africa, the Middle East
and Asia, largely due to incomplete epidemiological
data on SCD prevalence, as well as on physiological
limits of cardiac remodeling [47,48].
In light of signiﬁcant Asian representation in international sport, the Asian Paciﬁc Society of Cardiology has recently published a set of consensus
recommendations for PPS in young athletes [49].
These ﬁrst-in-Asia recommendations aimed to
provide guidance on the following:- categorisation
of traditional Asian sports based on degree of dynamic and static contribution - recommendation of
standardised history and physical examination for
PPS in young competitive athletes engaging in
moderate to high cardiovascular intensity sports inclusion of 12-lead ECG for PPS only if resources
are available, including capacity for mass screening,
expertise for ECG interpretation and consistent
ECG quality - utilisation of the International Criteria
for ECG interpretation with subsequent referral for
appropriate evaluation in the event any abnormal
ﬁnding is identiﬁed.
This pragmatic approach attempts to balance
optimal detection of conditions associated with
SCD, while ensuring sustainable healthcare resources particularly in low to medium income
countries. This document raises awareness of Sports
Cardiology in Asia, particularly on the need for
systematic registries to ascertain the magnitude and
aetiology of SCD in the continent.

Other strategies for the prevention of SCD
Despite substantial improvements in PPS strategies over the last few decades, there remain instances of sudden cardiac arrest (SCA) leading to
SCD that screening is unable to identify. Consequently, attention to downstream management of
SCA is vital, including early recognition of SCA,
early initiation of cardiopulmonary resuscitation
and easy access to automated external deﬁbrillators
(AED) in sporting arenas [11]. In Japan, a system of
mobile teams consisting of paramedics on bicycles
carrying AEDs during road races successfully
attended to 28 instances of witnessed SCA over 12
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years [50]. SCD was prevented in all affected runners with median time to initiation of CPR at 0.8
minutes and median interval from collapse to ﬁrst
AED shock at 2.2 minutes. Favourable neurological
outcomes were maintained at 1 year, demonstrating
the vital importance of early recognition and intervention in SCA.

[8]

[9]
[10]

Conclusion
Pre-participation screening in young athletes
provides the foundation for detection of signiﬁcant
cardiovascular diseases associated with SCD, with
the combination of history, physical examination
and ECG being embraced by a vast majority of
sporting institutions worldwide. There remains a
pressing need to establish systematic SCD registries, especially in Asian countries, in order to obtain
accurate incidence data and validate the efﬁcacy of
PPS in the reduction of SCD.
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