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ABSTRACT

The permanently growing interest in amateur and professional sports activities among young, middle-aged and elderly athletes
raises serious concerns about athletes’ health, the safety of physical training, and the sports-related risk of sudden cardiac death and
other cardiovascular complications during exercise. In recent years there has been an increasing number of cases of sudden cardiac
death during physical effort. At present, life expectancy in the most developed countries grows rapidly and the number of people
>65 years dramatically increases. Moreover, biological age of the population is lower. Subsequently, relevant increase in the number
of elderly athletes involved in various types of sports activities has been reported in many countries. It was also demonstrated that
physical activity has strong beneficial effect on cognitive functions, psychomotor performance and thus exercise capacity, which is
very important for the elderly people in their everyday routine activities. Nonetheless, it should be remembered that participation
in amateur and professional sports activities may be associated with risk of serious cardiovascular events in the elderly athletes often
suffering from various civilization diseases. It is also reported that the number of elderly people after interventional cardiology pro-
cedures, open heart surgery and cancer treatment (chemotherapy, radiotherapy), who wish to participate in various sports activities,
systematically grows. The authors of the paper conduct a literature review on cardiovascular risk assessment in the elderly athletes
including the contemporary cardiology diagnostic methods and diagnostic schemes to prevent sudden cardiac death and other car-
diovascular events during exercise. The controversies over efficacy of particular diagnostic tools to detect cardiovascular diseases in
the elderly athletes and worldwide epidemiologic data concerning risk of sudden cardiac death during physical exercise have been
also presented. Here, the authors have derived suggestions for establishment of comprehensive diagnostic schemes to prevent sudden

cardiac death during sports activities. Med Pr Work Health Saf. 2024;75(3):233-241

Key words: cardiovascular diseases, physical activity, sudden cardiac death, cardiovascular complications, elderly athletes,

cardiovascular screening

Corresponding author: Anna Janocha, Wroctaw University of Science and Technology, Faculty of Medicine, Hoene-Wronskiego 13c,

58-376 Wroctaw, Poland, e-mail: anna.janocha@pwr.edu.pl
Received: December 14, 2023, accepted: February 16, 2024

INTRODUCTION

The number of the elderly people (persons aged
>65 years) involved in various sports activities perma-
nentlyincreases in the industrialized countries. However,
the growing number of cases of sudden cardiac death
among athletes during sports competition has been re-
cently reported across the globe [1]. Nowadays, life ex-
pectancy in the most developed countries grows rapidly
and the number of elderly people will also dramatically
rise in the nearest future [2]. As a result, the number of
elderly athletes participating in numerous sports disci-
plines has increased in many countries.

In recreational sports, the incidence of cardiovas-
cular fatalities will especially rise in the elderly popula-
tion [3]. The risk of heart damage or chronic heart failure
in athletes increases with age [4,5]. Furthermore, a rel-
evant number of patients with a history of cardiotoxic

cancer treatment (chemotherapy or radiotherapy) in-
tend to exercise [6]. For this reason, sports cardiolo-
gists will have to qualify more and more patients with
a relevant cardiovascular burden for various sports dis-
ciplines.

Itis reported that atherosclerotic coronary artery dis-
ease is the leading cause of sudden cardiac death or car-
diovascular complications in the elderly athletes [7,8].
In addition, some valve defects (severe aortic steno-
sis, mitral prolapse with relevant mitral regurgitation)
and heart failure of various aetiologies (ischemic, post-
inflammatory, chemotherapy-related or toxic cardio-
myopathy) can also contribute to cardiovascular events
in the elderly people [9]. These cardiac pathologies
may be asymptomatic in many cases. Moreover, rest-
ing electrocardiography and physical examination can
be normal in some valve defects and cardiac dysfunc-
tion [10,11]. The myocarditis or myocardial ischemia
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can induce acute heart failure in the old athletes partic-
ipating in strenuous physical effort [10,12].

Severe exercise may cause heart dysfunction and then
induce life threatening arrhythmias in the predisposed
elderly athletes [13]. Mental stress and the enhanced ac-
tivity of sympathetic nervous system while severe exer-
cise as combined with heat stress, hypothermia, dehydra-
tion and electrolyte imbalance can bring about enormous
release of catecholamines into the circulation that can be
a trigger for cardiac dysfunction, cardiovascular collapse
or even heart arrest in this group of athletes [10,14,15].

Some sports disciplines (e.g., marathon running, bas-
ketball, soccer, tennis) are related to huge energy de-
mand that is an enormous burden on cardiovascular sys-
tem. The significant increase in heart rate, cardiac output
and arterial blood pressure is observed during physi-
cal effort in healthy athletes [10]. This physiologic adap-
tive response results from elevated demand for oxygen
by skeletal muscles during acute exercise [10]. Thus,
the unrecognized cardiac dysfunction caused by multi-
ple harmful factors affecting the efficiency of tissue me-
tabolism and cardiovascular system (e.g., atherosclero-
sis, diabetes, arterial hypertension, renal dysfunction,
medicines, doping, exercise-induced hyperthermia, de-
hydration, electrolyte imbalance or cytokines release by
working skeletal muscles) may determine exercise per-
formance and further contribute to cardiovascular fa-
talities in some circumstances [16,17]. Hence, a detailed
screening of the elderly athletes including basic labora-
tory tests and advanced cardiovascular diagnostic tech-
niques is obviously needed, including:

basic laboratory trials: thyroid stimulating hormone

(TSH), C-reactive protein (CRP), blood morphology,

electrolytes, troponin and creatine kinase MB (CK-MB)

tests — diagnosis of myocardial infarction, myocarditis;

N-terminal prohormone of brain natriuretic peptide

(NT-proBNP) or brain natriuretic peptide (BNP) - di-

agnosis of heart failure; D-dimers - suspicion of pul-

monary embolism, deep vein thrombosis;

chest X-ray, spirometry, blood oxygen saturation — su-

spicion of chronic obstructive pulmonary disease

(COPD), emphysema, exudative pleuritis that may coin-

cide with heart diseases in the elderly athletes;

resting electrocardiography - diagnosis of arrhyth-

mias, coronary artery disease, valve defects, cardio-

myopathies;

echocardiography - suspicion of heart failure, cor-

onary artery disease, cardiomyopathies, valve de-

fects, atrial septal defect (ASD), ventricular septal
defect (VSD);
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electrocardiography Holter monitoring (Holter ECG) -

diagnosis of arrhythmias like atrial fibrillation, ven-

tricular tachycardia, conduction disturbances;
ambulatory blood pressure monitoring (ABPM) -
diagnosis of arterial hypertension;
cardiopulmonary exercise testing (CPET) - objec-
tive assessment of exercise capacity in athletes;
cardiac computed tomography (CCT) - diagnosis of
coronary artery disease, valve defects;

cardiac magnetic resonance imaging (CMRI) - dif-

ferentiation between ischemic and non-ischemic

cardiomyopathy, inflammatory or metabolic cardiac
dysfunction such as cardiac sarcoidosis, amyloidosis,
hemochromatosis, myocarditis, pericarditis.

In the review article, the authors present the recent
advances in cardiovascular screening of the elderly ath-
letes, methods to qualify this population for various
types of sports activities, including the standard and
most sophisticated diagnostic techniques, epidemiolog-
ical data and sports-related cardiovascular risk assess-
ment scheme.

METHODS

The goal of this paper is to evaluate the published ev-
idences about the relevance of detailed cardiovascu-
lar pre-participation screening of the elderly athletes,
including eligible cardiovascular diagnostics tools and
methods (familial history, physical examination, symp-
tomatology, electrocardiography, echocardiography,
cardiac magnetic resonance, cardiac computed tomog-
raphy, ECG exercise test, cardiopulmonary exercise test-
ing) for the detection of life-threatening cardiovascu-
lar diseases and summarize findings across the studies
on sports-related risk of sudden cardiac death. The au-
thors reviewed the published literature by searching for
relevant publications in Google Scholar and MEDLINE
(PubMed) databases using the following key phrases:
»sudden cardiac death,” ,elderly athletes,” ,cardiovascu-
lar screening of athletes” and ,,pre-participation screen-
ing of athletes” The review included articles published
between 2000-2023.

RESULTS

Risk of sudden cardiac death

in the elderly athletes

In spite of the undisputed health benefits of sports activ-
ity, strenuous physical effort may paradoxically increase
the risk of acute cardiovascular events in some elderly
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athletes. The risk of sudden cardiac death (SCD) almost
doubles during physical activity and is 2- to 3-fold higher
in athletes compared to non-athletes. The incidence
of SCD in young athletes is very low (1-3 deaths per
100 000 athletes) [18,19]. However, the incidence of SCD
in the elderly athletes is higher and will probably rise, be-
cause more and older individuals want to participate in
various sports disciplines. Marijon et al. [20] reported
that overall burden of sports-related sudden death was
4.6 cases per million population per year. The crushing
majority of SCD cases (>90%) occurred in the recre-
ational sports, with only 6% of cases occurring in young
competitive athletes [20]. There is a strong link between
the risk of SCD and the age of athlete. According to
Chugh and Weiss [21], the risk of sports-related SCD
is highest in athletes aged 40-70 years. The SCD is of-
ten the first clinical manifestation of a potentially fatal
underlying cardiovascular disorder and usually occurs in
previously asymptomatic athletes.

Familial history of cardiovascular diseases

and specificity of symptoms in the elderly athletes
The crushing majority of sports-related cardiovascular
fatalities are caused by genetically conditioned diseases,
therefore familial history of cardiovascular pathologies
is of the utmost importance for the early detection of at
risk individuals [10,22]. Hence, the athletes presenting
with the familial history of sudden death or premature
heart attack (<55 years of age in males and <65 years
in females), cardiomyopathy (ischemic, post-inflam-
matory or hypertrophic cardiomyopathy), long and
short QT syndrome, Brugada syndrome, severe ar-
rhythmias, Marfan syndrome, coronary artery disease
should undergo the detailed pre-participation cardio-
vascular screening (resting ECG, echocardiography,
ECG Holter monitoring, ECG exercise test or eventu-
ally cardiac magnetic resonance and cardiac computed
tomography). Several athletes with congenital cardiac
pathologies (e.g., arrhythmogenic right ventricular car-
diomyopathy) may not have preceding symptoms of
the disease [23].

The familial history of cardiovascular diseases must
be contemplated in the case of following symptoms in
the elderly athletes: exertional chest pain or discomfort,
syncope or pre-syncope, irregular heartbeat or palpita-
tions, dizziness, shortness of breath or fatigue dispro-
portionate to the degree of physical effort [24]. However,
the clinical manifestation of cardiovascular disorders in
this population can be sometimes non-specific or un-
usual. The non-cardiac chest pain may also be a symptom

of congenital or acquired heart defects (e.g., bicuspid
aortic valve, aortic dilatation or aneurysm of the ascend-
ing aorta) and should be diagnosed before regular phys-
ical activity is initiated or resumed [10].

The ambitious elderly athletes in particular are in-
clined to dissimulate their symptoms or blame them on
non-cardiac causes. They often attribute their exertional
shortness of breath to fatigue or ageing. The diagnostic
process and management of heart diseases in this group
of athletes can be compounded by some comorbid-
ities such as COPD, diabetes mellitus, depression and
the age-related impairment of cognitive functions [10].
The reduced exercise capacity is often ignored and at-
tributed to overtraining. In some elderly athletes, cog-
nitive impairment and drop in psychomotor perfor-
mance can be also one of the first symptoms of chronic
heart failure [25]. It has been corroborated that cogni-
tive functions and brain processing are strongly asso-
ciated with cardiovascular system and exercise perfor-
mance on CPET both in healthy athletes and chronic
heart failure [26-28]. The cognitive dysfunction is also
a marker of poor prognosis in patients with chronic
heart failure [29]. Moreover, cognitive functions can
deteriorate in the elderly athletes with diabetes mellitus
and depression, which may add to fatigue during exer-
cise and the impairment of aerobic capacity in this pop-
ulation [30]. Resting electrocardiography, basic labora-
tory tests and biomarkers (troponin, NT-proBNP, BNP)
are not always reliable in some athletes with chronic
heart failure and other heart conditions [31-34].

The elderly athletes with normal physical examina-
tion, negative basic clinical tests results and persist-
ing symptoms such as shortness of breath, unexpected
decrease in exercise performance, fatigue and muscle
pains of unknown origin, cognitive decline, syncopal
episodes, legs swelling, cough, nocturia or oliguria, an-
ginal and atypical chest pains, recent history of respira-
tory tract infection combined with the reduced exercise
capacity, heart palpitations, must be interrogated with
echocardiography, prolonged Holter ECG and eventu-
ally ECG stress test or CPET.

Screening tools to prevent sudden cardiac death

and other cardiovascular events

in the elderly athletes - controversies,

screening methods and diagnostic modalities
Athletic training can cause tremendous overload of
the cardiovascular system and thus become a trigger
for fatal cardiovascular events in the elderly athletes
with the undetected heart conditions [8]. Hence, every
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athlete should undergo a detailed diagnostic examina-
tion before a training program is prescribed or con-
tinued. However, it is still a controversial issue which
of the diagnostic tools should be routinely used to re-
duce the risk of sudden cardiac death or other cardio-
vascular complications in sports.

The conventional cardiovascular screening model
in athletes includes resting ECG, physical examination
and familial history of heart diseases. However, the di-
agnostic accuracy of the conventional model is contro-
versial in some cases of cardiac disorders. Sports activ-
ities can induce some adaptive changes in the structure
and function of heart as observed on echocardiogra-
phy and ECG. Nonetheless, the physiologic changes
referred to as the “athlete’s heart” may coincide with
structural heart diseases and be a drawback to the diag-
nostic process in some athletes. In the clinical setting, it
is sometimes difficult to differentiate between adaptive
physiology and cardiac pathology in athletes without
use of advanced cardiac imaging techniques. An elec-
trocardiogram can be normal in some elderly athletes
with hypertensive hypertrophic cardiomyopathy, coro-
nary artery disease, chronic heart failure or even acute
myocarditis. The utility of resting electrocardiography
for the diagnosis of many structural heart pathologies
is limited, because ECG record is determined by nu-
merous cardiac, extracardiac, cellular and physical fac-
tors (hormonal and electrolyte imbalance, autonomic
dysregulation, body mass index, medication, doping,
chest wall shape and size) [34].

On the other hand, the resting ECG and Holter ECG
monitoring offer the huge diagnostic power to detect
potentially lethal conditions related to congenital elec-
trical heart dysfunction such as long and short QT syn-
drome, Brugada syndrome or Wolft-Parkinson-White
(WPW) syndrome and various types of arrhythmias
putting athletes at risk (ventricular tachycardia, heart
conduction disturbances). Nonetheless, the above con-
genital conditions mainly account for sudden deaths
in the young competitive athletes. In the elderly ath-
letes, the crushing majority of sports-related cases of
sudden cardiac death and other cardiovascular adverse
events are caused by atherosclerotic coronary artery
disease [7,8].

The acquired valve defects, aortic dilatation, un-
detected arterial hypertension, asymptomatic chronic
heart failure, acute myocarditis or myocardial bridge
may also contribute to some serious cardiovascular
complications (brain stroke, acute myocardial infarc-
tion, pulmonary oedema, heart arrest, aortic rupture,
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exercise-induced arrhythmias) during severe physical
effort in this population [35]. The specificity and sen-
sitivity of resting electrocardiography and physical ex-
amination for the detection of the cardiovascular dis-
eases is low in many cases [34]. The normal resting ECG
does not always preclude relevant cardiac pathology, al-
beit some electrocardiographic abnormalities found in
the elderly athletes may not herald serious heart prob-
lem. The resting ECG abnormalities such as incomplete
right bundle branch block, non-specific intraventricu-
lar conduction disturbances, atrial fibrillation and some
others may not be a contraindication for sports partici-
pation. However, they can be also present in the elderly
athletes with an acquired or congenital heart anomaly
such as ASD, relevant aortic stenosis or mitral regurgita-
tion [36]. The ECG abnormalities demanding in-depth
investigation in the elderly athletes are listed below:
negative T waves in leads: I, aVL, V1, V2, V5 and V6;
pathological Q wave duration (>30 ms) or QS pat-
tern in at least 2 leads;

prolonged QT interval;

pre-excitation syndrome;

ventricular and supraventricular arrhythmias (ex-

trasystoles, atrial fibrillation or flutter, ventricular

tachycardia);

features of right ventricular hypertrophy (qR complex

in lead V1, S-wave voltage above the normal limit in

lead I);

right or left bundle branch block, right or left fascic-

ular block, bifascicular block;

pathological right axis deviation;

sinus tachycardia or bradycardia, first-, second-,

or third-degree atrioventricular block.

Some athletes with ASD can present with slight ECG
abnormalities, i.e., incomplete right bundle branch
block or unusual non-cardiac symptoms [37]. The com-
plete diagnostics of heart defects always demands im-
aging techniques including echocardiography or even
cardiac magnetic resonance. It is especially relevant for
scuba diving candidates who may suffer from decom-
pression illness and subsequent systemic embolism if
an ASD remains undetected and untreated [34].

Steriotis et al. [38] showed that ECG stress test can
induce dangerous ventricular arrhythmias in the rele-
vant group of athletes with a normal resting ECG. It is
reported that the diagnostic accuracy of a resting ECG
for the detection of coronary artery disease in athletes is
low at pre-participation screening [24]. In some elderly
asymptomatic athletes with relevant coronary artery
disease, ECG exercise test can be also inconclusive [39].
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In these circumstances, athletes with high or very high
risk of ischemic heart disease (familial history, diabe-
tes mellitus, hyperlipidemia, nicotine addiction) and in-
tention to participate in high intensity training should
undergo cardiac computed tomography of coronary
vessels to exclude relevant atherosclerotic lesions in
the heart [34].

Rizzo et al. [40] argue that echocardiography signifi-
cantly improves the diagnostic power of cardiovascu-
lar screening in the detection of serious cardiac condi-
tions as compared with ECG and physical examination
in athletes. Professional sports associations such as
the NBA (National Basket Ball Association, USA) and
NFL (National Football League, USA) have recom-
mended echocardiography in the routine screening of
athletes [41]. In most European countries, Olympic ath-
letes undergo regular medical check-ups including car-
diac ultrasound examination [34].

At present, echocardiography with advanced imaging
techniques (tissue doppler echocardiography, strain rate
imaging, stress echocardiography, 3D-echocardiography)
is a basic screening tool for sports cardiologists to detect
cardiac anomalies posing a grave risk for the elderly ath-
letes, i.e., contractile heart dysfunction, systolic or dia-
stolic heart failure, acquired and congenital cardiac de-
fects, and perform reliable risk stratification in the elderly
athletes [8]. Echocardiography (pulsed wave tissue dop-
pler) can be also used to differentiate between adap-
tive exercise-induced thickening of cardiac muscle and
pathologic hypertrophy in athletes [42]. In case of car-
diac contractile dysfunction or heart failure as found on
standard echocardiography in the elderly athletes, fur-
ther more advanced diagnostic instruments such as car-
diac computed tomography or cardiac magnetic reso-
nance are needed to establish aetiology of cardiac muscle
damage [10].

Coronary artery anomalies are another life-threat-
ening heart disease that can be missed during conven-
tional athlete screening with use of a resting ECG or
even echocardiography and ECG stress test. Athletes
with this cardiac pathology may not present with any
symptoms for a long time, albeit they are at risk of sud-
den cardiac death during strenuous physical exercise.
Coronary artery anomalies are predominantly diag-
nosed in young athletes, however this congenital car-
diac pathology can be also responsible for sudden car-
diac deaths in several elderly athletes. Coronary artery
anomalies are sometimes discovered during invasive
coronary angiography in patients diagnosed with ath-
erosclerotic coronary artery disease [43]. In fact, cardiac

computed tomography is the only non-invasive reliable
diagnostic tool for the detection of anomalous coronary
arteries in the adult athletes.

It was previously demonstrated that regular physical
exercise is associated with a lowered risk of cancer re-
currence and a longer life expectancy after cancer was
diagnosed. However, numerous cancer patients have to
undergo cardiotoxic treatment (chemotherapy and ra-
diotherapy) that can be a trigger for heart dysfunction
and chronic heart failure many years after the effective
cancer treatment was terminated. That is why recov-
ered cancer patients planning to participate in various
sports activities should be examined for heart dysfunc-
tion on the regular basis [10]. The subclinical impair-
ment of cardiac function on strain rate imaging inter-
rogation can herald symptomatic heart failure in the
elderly athletes after cancer therapy [44]. It is predicted
that almost 50% of patients with history of cancer ther-
apy will suffer from heart dysfunction many years after
cancer treatment, and unfortunately some of them will
fall ill with chronic heart failure [10].

The unrecognised acute myocarditis in the elderly
athletes can also culminate in acute heart failure during
strenuous physical exercise [10]. The physical effort en-
hances activity of sympathetic nervous system and in-
creases oxygen consumption by heart muscle, there-
fore it can contribute to the development of heart
failure or induce hazardous ventricular arrhythmias
in athletes with active myocarditis. The elderly athletes
with a history of recent respiratory tract infection (flu,
COVID-19), especially with persistent clinical symp-
toms (shortness of breath, fatigue, cough, heart palpi-
tations), should undergo detailed medical examination
(ECG, cardiac biomarkers, echocardiography or cardiac
magnetic resonance in some unclear cases) [10,45].
It must be stressed that some athletes presenting with
normal heart function after acute myocarditis may suf-
fer from diastolic heart failure in the nearest future [46].
For this reason, elderly athletes after acute myocarditis
should be examined for signs of heart failure by means
of echocardiography [10].

The contemporary pre-participation cardiovascular
screening model for prevention of sudden cardiac death
in the elderly athletes consists of whole array of diag-
nostic tools including a resting ECG, ECG exercise test,
Holter ECG monitoring and various diagnostic imag-
ing modalities. The clinical application of particular di-
agnostic instruments in the elderly athletes should be
based on risk factors of cardiovascular diseases, clinical
symptoms and intensity of planned exercise (Figure 1).
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Elderly athelete
or athelete candidate

v v

Asymptomatic Symptomatic
normal physical examination basic lab tests, resting ECG,
and basic lab tests, ECG stress test
normal resting ECG, ECG stress test end echocardiography,
end echocardiography?, normal Holter ECG,
normal Holter ECG chest X-ray, spirometry and
blood oxygen saturation,
v v

ABPM?, CPET?, CCT", CMRI

All'sports activities (CTin high
recommended intensity training
atheletes with high
cardiovascular
risk profile?

ABPM - ambulatory blood pressure monitoring, CCT - cardiac computed tomography,
CMRI - cardiac magnetic resonance imaging, CPET - cardiopulmonary exercise
testing, ECG - electrocardiography.

* No relevant valve defects or cardiac muscle dysfunction; athletes with mitral prolapse,
mild mitral regurgitation and lack of exercise-induced arrhythmias can participate

in sports activities. Mitral annulus disjunction (MAD) should be also evaluated on
echocardiography.

® No relevant arrhythmia - no bouts of atrial fibrillation or atrial flutter, ventricular
tachycardia, numerous extrasystoles, advanced atrio-ventricular blocks.

<If no extracardiac contraindications to participate in particular sports disciplines.

d Coronary artery disease risk factors like cigarette smoking, diabetes, hyperlipidemia,
familial history of ischemic heart disease, myocardial infarction or heart failure,
arterial hypertension, physical inactivity, overweight or obesity.

¢ Suspicion of chronic obstructive pulmonary disease, emphysema, exudative pleuritis
that may coincide with heart diseases in the elderly athletes.

f Diagnosis of arterial hypertension.

EDiagnosis of detraining or overtraining, objective assessment of exercise capacity

in athletes.

" Diagnosis of coronary artery disease, valve defects.

! Differentiation between ischaemic and non-ischaemic cardiomyopathy, inflammatory
or metabolic cardiac dysfunction.

Figure 1. Pre-participation screening model in the elderly athletes

CONCLUSIONS

The intensive physical effort can be a source of huge
pressure on cardiovascular system that can cause
the physiologic cardiac remodelling in healthy athletes
(athlete’s heart) [47]. However, heavy exercise may also
induce heart failure or exacerbate pre-existing cardiac
dysfunction in the elderly athletes with an unrecog-
nized, underlying heart disease. Some athletes suffering
from coronary artery disease, valve defect or chronic
heart failure may present with atypical symptoms or be
asymptomatic. Thus, the detailed diagnostic cardiovas-
cular interrogation with use of sophisticated imaging
tools can be needed both in symptomatic and asymp-
tomatic athletes with high cardiovascular risk profile,
who intend to participate in various sports activities.
There are some controversies among cardiologists
over diagnostic screening models to prevent effectively
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sudden cardiac death or cardiovascular complications
in the elderly athletes. Nowadays, the process for se-
lecting the reliable cardiovascular screening scheme in
the elderly athletes or athlete candidates and the appro-
priate diagnostic instrumentation in this population
should take into account additional factors as follows:
the age-related prevalence of particular cardiovascular
diseases, ethnicity, gender, type of sport discipline, exer-
cise intensity (recreational vs. professional training, low
vs. high intensity sports activities), presence of cardio-
vascular risk factors (smoking, diabetes, obesity, arterial
hypertension, hyperlipidemia, a history of heart surgery,
cardiology interventional procedure, drug addiction
or doping, familial history of cardiovascular diseases),
presence of clinical symptoms and the geographic distri-
bution of particular cardiovascular diseases [34,48].

It must be concluded that the pre-participation car-
diovascular screening in the elderly athletes should al-
ways include a resting ECG, physical examination as
well as personal and familial history of heart condi-
tions. However, the asymptomatic elderly athletes plan-
ning very intensive sports activities (e.g., skiing, gym
activities, running, jogging, tennis, soccer) should also
undergo ECG exercise test or cardiopulmonary exer-
cise testing, Holter ECG and echocardiography to ex-
clude coronary artery disease, heart failure, malicious
arrhythmias, relevant acquired valve defect or congen-
ital cardiac pathology. The cardiopulmonary exercise
testing is also an invaluable tool to objectively assess ex-
ercise capacity and subsequently select an appropriate
sport discipline adapted to the achieved maximal aero-
bic performance in the elderly athlete (low-, moderate-,
or high-intensity sport).

Some of the asymptomatic athletes with numerous
risk factors for coronary artery disease or the incon-
clusive results of the conventional diagnostics (rest-
ing ECG, echocardiography, ECG exercise test) should
be referred for cardiac computed tomography or mag-
netic resonance imaging. Regarding the complexity of
cardiovascular risk assessment in various sports disci-
plines and age groups, the optimal diagnostic screen-
ing model in the elderly athletes should be adapted to
the cardiovascular burden in particular athletes and in-
tensity of planned sports activities (Figure 1) [8,34].

The continual progress in the non-invasive cardio-
vascular diagnostic imaging techniques as observed
within recent years, a more profound understanding
of pathophysiology of many heart diseases and exercise
physiology mechanisms facilitate cardiologists to de-
tect the crushing majority of cardiac anomalies putting
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athletes’ life at risk. The properly planned exercise has
been shown to be beneficial both for healthy persons
and patients with chronic heart failure, ischemic heart
disease, after cardiac surgery or interventional cardi-
ology procedures [49]. Nonetheless, the risk of exer-
cise-induced serious cardiovascular complications is
high in the elderly athletes, who do not undergo an ap-
propriate, evidence-based risk assessment examination
supervised by a qualified sports cardiologist.
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