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Abstract

Physiological left ventricular hypertrophy in athletes often blurs the diagnostic line with hypertrophic cardiomy-
opathy (HCM), necessitating a critical differentiation to avert sudden cardiac death (SCD). This review explores
various diagnostic approaches and proposes a well-founded strategy. The electrocardiogram (ECG) emerges as
a highly sensitive HCM diagnostic tool, revealing characteristic changes in over 90% of cases. Holter monitoring
aids in arrhythmia detection, yet its role in estimating SCD risk is subject to debate. Echocardiography encounters
challenges in distinguishing HCM from normal athlete hearts. Cardiac magnetic resonance imaging (CMRI) en-
hances diagnostics by uncovering focal hypertrophy and fibrosis, with the absence of these markers not excluding
HCM. Stress tests and family history provide invaluable diagnostic clues, and while genetic testing is not routine,
its potential in uncovering hereditary factors is promising. Mandatory limitations on athletic activity for those
with HCM are justified, given the heightened SCD risk during high-intensity sports. Extended diagnostic tests in
borderline cases and universal screening for athletes are imperative for accurate risk assessment and the imple-
mentation of preventive measures. This comprehensive strategy integrates diverse diagnostic tools, ensuring
a timely and precise identification of HCM, thereby mitigating the risk of SCD in the athletic community.

Keywords: hypertrophic cardiomiopathy - HCM - left ventricle hypertrophy - exercise induced cardiomegaly

Corresponding author:

Maria Kulak, Pomeranian Hospitals LLC, Polish Red Cross Maritime Hospital, Gdynia, Poland W @
e-mail: kulakmarysia@gmail.com NO APC oA
Available online: www.ejtcm.gumed.edu.pl

Copyright ® Medical University of Gdarisk
This is Open Access article distributed under the terms of the Creative Commons Attribution-ShareAlike 4.0 International. BY _SA


mailto:kulakmarysia%40gmail.com?subject=
www.ejtcm.gumed.edu.pl
https://creativecommons.org/licenses/by-sa/4.0/
https://orcid.org/0009-0000-6359-0560
https://orcid.org/0009-0003-3145-243X
https://orcid.org/0009-0007-7205-0671
https://orcid.org/0000-0001-8872-0931
https://orcid.org/0009-0003-2000-2687
https://orcid.org/0000-0002-1710-4637
https://orcid.org/0009-0004-2365-7977
https://orcid.org/0009-0002-5226-1467

00 Eur J Transl Clin Med 2024;7(2):00-00

Citation

Kulak M, Sokotowska K, Bereza D, Moreau |, Polariska P, Lang M, Woch B, Lange N. Game changer: understanding
and managing hypertrophic cardiomyopathy in athletes. Eur J Transl Clin Med. 2024;7(2):00-00.

DOI: 10.31373/ejtcm/191988

Introduction

Hypertrophic cardiomyopathy (HCM) is the most preva-
lent form of primary cardiomyopathy, with an estimated inci-
dence of 1in 500 people, regardless of age [1]. The main char-
acteristic of this disease is an increase of left ventricular wall
thickness (LVWT), measured at end-diastole in any segment)
reaching > 15 mm. This hypertrophy cannot be convincingly
explained by any other debilitating heart disease, (e.g, aortic
stenosis, hypertension, ischemic heart disease) or endocrine
disorders. With LVWT < 15 mm, HCM can be diagnosed if
there are additional features of the disease, e.g. positive fami-
ly history (particularly with unexplained LVYWT > 13 mm in the
first-degree relatives of the affected individual), myocardial
fibrosis confirmed by cardiac magnetic resonance imaging
(CMRI), asymmetric hypertrophy seen in echocardiography
(echo) or abnormalities in the electrocardiogram (ECG) [2].
However, the presence of structural dysfunction (e.g. changes
in papillary muscle structure) or the systolic anterior motion
of the mitral valve (although its incidence reaches as high as
1/3 of HCM cases), is not mandatory to make the diagnosis of
HCM [3-4]. Although HCM is inherited in an autosomal domi-
nant manner and is linked to more than 1400 mutations in at
least 11 major genes, pinpointing a specific mutation is not
necessary for diagnosis [5].

Regular exercise, particularly endurance sports (e.g.
cross-country skiing, rowing, long-distance cycling and run-
ning, swimming, soccer and tennis), can also cause myocardi-
al hypertrophy and an increase in heart dimensions by about
10-20% as an expression of adaptation to a greater load [6-8].
It has been proven that the heart mass of athletes is great-
er than that of the population with a sedentary lifestyle [9].
Thus, a diagnostic problem of inestimable importance for
athletes arises, because the diagnosis of HCM, which is not
excluded by satisfactory physical performance [10], makes it
necessary to significantly limit the physical activity undertak-
en even in the absence of symptoms and high-risk indicators,
e.g. the presence of left ventricular outflow tract (LVOT) ste-
nosis (either at rest or during physical exercise) or late gado-
linium enhancement (LGE) in CMRI (indicating fibrosis) [11].
Our aim was to further dissect these diagnostic intricacies in
order to contribute to the understanding and facilitating in-
formed decision-making in the care of HCM in athletes.

Materials and methods

A comprehensive literature review was undertaken to
gather insights into HCM among athletes and its distinction
from the athlete’s heart. Utilizing databases such as PubMed
and Google Scholar, relevant studies focusing on HCM in ath-
letes were identified using search terms like “hypertrophic car-

” u

diomyopathy,” “diagnosis,” “sudden cardiac death,” “genetic
mutations,” and “athlete’s heart” including their Polish equiv-
alents. The search was limited to articles published in English
and Polish. Articles were included if they examined specific as-
pects of hypertrophic cardiomyopathy (HCM) in athletes (e.g.
its pathophysiology, clinical symptoms, diagnostic methods,
treatments, genetic mutations and the latest developments).
Studies that were not relevant to the above-mentioned topics

(or were duplicated) were excluded.

The initial search retrieved a pool of 100 abstracts. 65 ar-
ticles comprising reviews, case reports, original research and
clinical trials were meticulously selected based on their direct
relevance to HCM in athletes, excluding duplicates or unrelat-
ed content.

Risk of sudden cardiac death

As mentioned in the Introduction, strict recommenda-
tions persist in the guidelines because when primary (and of-
ten undetected, asymptomatic) HCM is present, participating
in high-intensity competitive sports can promote ventricular
tachycardia/ventricular fibrillation. These arrhythmias con-
sequently constitute a potent (yet modifiable) independent
risk factor of sudden cardiac death (SCD), even if there are no
traditional risk markers linked to the HCM [11]. This most like-
ly occurs through the unpredictable exacerbation of electro-
physiological abnormalities in HCM by stress, changes in blood
volume, electrolyte concentrations and catecholamine output
during sports [12-13]. Strongly in favor of restrictions for ath-
letes with HCM is the fact that in 2007, established or sus-
pected HCM accounted for 44% of SCD in young athletes [14].
In recent years, this percentage has decreased to 14.1% and
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normal heart structure was more common in SCD cases [15].
This is likely due to the implementation of screening tests (e.g.
ECG, physical examination, blood pressure measurement) in
mandatory sports medicine examinations, which have sig-
nificantly aided in identifying athletes at risk of SCD [16].
SCD in young athletes is quite rare (estimated at 1:50,000
people), but it is noted that there are many predicted years of
healthy life for those affected and the mortality rate is 2.8-fold
higher, compared to the non-athlete, same age population.
A considerable portion of these untimely deaths stem from
hereditary, asymptomatic heart abnormalities that manifest
during physical exertion [17-18]. Hence, the need for screen-
ing seems all the more justified in this group, and The Euro-
pean Society of Cardiology (ESC) advises formal examination
for all young professional athletes (usually 12-14 years of age)
including history-taking and physical examination, family his-
tory gathering, and 12-lead ECG [19-20]. However, it should
be emphasized that over 90% of exercise-induced SCD cases
occur in amateur athletes, in whom screening options are
nonetheless limited [21]. Furthermore, the incidence of SCD
in a 10-year observational study of 10.9 million marathoners
and half-marathoners were much lower, reaching 1:259,000,
with HCM remaining the most important cause, confirmed in
post-mortem studies [22-23]. Furthermore, after identifying
patients via initial tests, a highly efficient risk stratification
algorithm (proposed by AHA and ESC) can be applied to im-
plement primary prevention of SCD [2, 14]. This involves the
implantation of a cardioverter-defibrillator (ICD), which has
significantly lowered the HCM-related mortality to 0.5% per
year in the general population [12]. Prophylactic ICD implan-
tation is not advised for athletes who do not meet the general
indications to allow them to participate in competitive sports
due to possible device-related complications (e.g. lead dis-
placement (3.1%), infection at the implantation site (1.5%),
swelling, bleeding or bruising, haematoma (1.2%), pneumo-
thorax (1.1%) [11].

Electrocardiography

Electrophysiological manifestations of training, on the
ECG, are generally divided into those caused by increased

Table 1. The most common electrocardiogram (ECG) changes in HCM

parasympathetic activity and those resulting from altered
dimensions of the heart cavities. Some healthy athletes may
have bradycardia or sinus arrhythmia at rest (usually correlat-
ed with respiratory rhythm), nodal rhythm, 1%t degree atrio-
ventricular (AV) block or 2" degree Mobitz 1 AV block, which
resolves with mild exercise. As for ventricular conduction, the
criteria for left and/or right ventricular hypertrophy, incom-
plete right bundle branch block and sometimes J-point ele-
vation with ascending ST segments may be met [25-26]. The
elevated ST segment typically has a concave shape in the pos-
terior and lateral leads, while convex elevation in the precor-
dial leads is infrequent [27]. In the context of athletes, even if
there’s cardiac axis deviation and the criteria for atrial and/or
ventricular enlargement are met on the ECG [28], we consider
these as variants within the normal range [29]. Unless accom-
panied by symptoms (physical or subjective) and family his-
tory, there’s usually no need for further diagnostic investiga-
tion. As with structural changes of the heart, male endurance
athletes present the most ECG changes. In athletes younger
than 14 years of age, there are differences in the changes
presented, with more frequent T-wave inversion in the V1-
-V4 leads, although after 16 years of age these changes re-
volve spontaneously [30]. Therefore, in all Caucasian athletes
> 16 years of age, T-wave inversions in leads other than lll,
aVL, aVR, or V1 should raise diagnostic concerns [27, 31].

At the same time, ECG stands out as the most sensitive
test for HCM, showing abnormalities in over 90% of cases [32].
Characteristic and most common abnormalities in HCM not
seen in healthy athletes are deep T-wave inversions in later-
al and/or posterior leads (occurring in 93% regardless of the
amount of physical activity), horizontal or downsloping ST
segment depression (in 47%). Other less common include
pathological Q-waves (Q/R ratio > 0.25), in 27% and left bun-
dle branch block. On the other hand, deep inverted T-waves
(so-called “giant negative T waves”) in the precordial leads
may be indicative of the mid-ventricular or apex variant of
HCM [26, 29, 33-34]. The aforementioned changes, even de-
spite the absence of abnormalities in echo, should prompt
greater diagnostic vigilance and broader investigations (see
Table 1).

Deep T-wave inversions (“giant negative T waves”) in lateral/posterior leads (93% of cases)

ST-segment depression (47% of cases)

Pathological Q waves: Q/R ratio > 0.25 in lateral/posterior leads (27% of cases)

Deep T-waves in precordial leads: suggest mid-ventricular or apex variant of HCM
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Dynamic Holter ECG

Holter ECG is not strictly a diagnostic tool for HCM, but
it is often essential for capturing co-occurring arrhythmias.
Recent studies have demonstrated the superiority of 14-day
monitoring over the routinely used 24-48-hour monitoring in
detecting non-sustained ventricular tachyarrhythmias (NSVTs,
defined as lasting < 30 seconds) which are the most prevalent
cause of SCD in HCM. Multiple bursts of NSVT are associated
with increased risk (particularly in young patients) and should
encourage further diagnostics. Another possible arrhythmia
is ventricular tachycardia (VT), which if intolerable for the pa-
tient could be an indication for either implanting an ICD or
treatment with R-blockers or amiodarone for secondary pre-
vention. In other cases, starting treatment is not advised, as
there is no evidence to suggest that sustained (> 30 seconds),
monomorphic and well-tolerated VT predisposes to SCD more
than non-sustained ventricular tachycardia (NSVT) [2, 35].

Echocardiography

Frequently observed echocardiographic changes in ath-
letes include a 10-20% increase in LVWT and a 10-15% in-
crease in both ventricular cavities dimensions compared to
the similar age and weight population. Numerous studies
were undertaken to ascertain the upper limits of physiolog-
ical left ventricular hypertrophy (LVH) in athletes, leading to
a consensus set at 10 mm for Caucasian women and 12 mm
for Caucasian men, whereas in athletes of black African or Af-
ro-Caribbean ethnicity, ventricular hypertrophy is greater and
these limits were adjusted to 11 mm for women and 14 mm
for men. The greatest changes in the Caucasian population
are observed in male endurance athletes with a large body
surface area, e.g. cross-country skiers, rowers, long-distance
cyclists and runners, swimmers, soccer and tennis players
[36-37]. These data were confirmed by CMRI studies [31].
However, only 2% of them achieve LVWT exceeding
12 mm [38] and among adolescent athletes, only 0.4% ex-
ceed 11 mm [39]. In extreme cases these values can raise di-
agnostic doubts whether to diagnose HCM or not, resulting
in the so-called “gray zone”, comprising < 2% of athletes who
present LVH higher than the acceptable norm for this popula-
tion but below the value of 15 mm that meets the criteria for
HCM [24]. In such cases, expanding the diagnosis with addi-
tional tests (e.g. ECG, CMRI, exercise testing) is sufficient to
confirm or exclude the diagnosis of HCM [10]. The first step
should be a reevaluation of the LVWT to exclude measure-
ment error (for example, due to erroneous expansion of the
dimension by trabeculae carneae, papillary muscles or the
moderator band). This should be followed by the comparison
of these findings with an ECG examination. This is because
every athlete eventually diagnosed with mild HCM had an ab-

normal ECG in the past. Structural and functional parameters
alone were not enough to distinguish them from a healthy
population exhibiting hypertrophy due to physical activity.
Also, the uniform pattern of LVH in the athlete’s heart differs
from the asymmetric septal hypertrophy observed in 60%
of HCM and apical hypertrophy in 10% of HCM. In contrast,
LV cavity dilatation in athletes compensates for hypertrophy
resulting in normal end-diastolic volume, which is typically re-
duced in HCM and compensated by hyperdynamic radial LV
systolic function [3, 40].

Doppler evaluation of LV wall and diastolic mitral inflow
patterns together with new methods allowing the precise
evaluation of tissue distortion (e.g. measuring two-dimen-
sional strain-derived velocity, strain, strain rate) can detect
little disfunctions in long-axis relaxation which often occur
a few years before the onset of obvious LVH in HCM. On the
other hand, athletes often show above normal diastolic func-
tion, demonstrating high rates of early mitral inflow and early
tissue relaxation by Doppler and high stroke volume even at
elevated heart rates which, in combination with increased
oxidative capacity and capillary conductance in skeletal
muscle, translates into high VO, max during exercise [8, 40].
A study comparing echocardiographic parameters of ath-
letes and non-athletes with HCM reported higher diastol-
ic filling values in the former group, most of which were
within normal limits (93% of athletes had an E/E’ of < 12,
60% a septal E' > 0.09 m/s and 87% a lateral E' > 0.09 m).
Hence, normal diastolic parameters and high VO, max do not
rule out the diagnosis of HCM in athletes [33].

In addition to reduced diastolic function and low VO,
max, features that may suggest a diagnosis of HCM include
exercise-induced arrhythmias, reduced longitudinal systolic
function and regional abnormalities of LV wall motion. The
reduced longitudinal systolic function is assessed via global
longitudinal strain (GLS) and is connected with an increased
risk of heart failure (HF) even in the presence of a normal LV
ejection fraction [41-42]. Although GLS at rest in athletes with
HCM can be comparable to a control group of healthy athletes
(who tend to have it slightly lowered), in general the average
two-dimensional GLS in the group with HCM is reduced and
its reduction in basal LV segments is a potential early indicator
of HCM [43-45]. However, recent studies propose that chang-
es in global and regional strain may not be useful in evaluat-
ing athletes, as they are a variant of the norm in this popula-
tion [46].

In summary, an image eminently indicative of HCM in an
athlete with LV hypertrophy (13-16 mm) would be a relative-
ly small LV cavity (about 50 mm), hyperdynamic LV systolic
function, dynamic LVOT stenosis during exercise, and in addi-
tion evidence of asymmetry of hypertrophy in regional/global
strain (see Table 2) [8]. However, this clinical picture is quite
rare given the variety of athletes’ hearts and we are usually
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dealing with equivocal findings that can be classified only af-
ter additional studies.

Cardiac magnetic resonance imaging

In the case of ECG changes and the absence of charac-
teristic features or the presence of borderline abnormalities
on echo, CMRI can more accurately reveal focal hypertrophy,
especially of the posterior septum, apical and the free wall
of the heart. Delayed enhancement after LGE, particularly
in the region of the largest hypertrophies, can reveal typical
features of cardiac fibrosis and influence the prognosis of
HCM [31]. However, the lack of LGE does not rule out the diag-
nosis because it is not seen in as many as 60% of patients with
HCM [47]. Additional changes may include elongation of the
anterior mitral valve leaflet, the presence of an apical-basal LV
myocardial bundle, abnormal position of the papillary mus-
cles or myocardial crypts (see Table 3) [45]. These changes are
suggestive of a diagnosis of HCM in suspected patients, par-
ticularly in family members carrying a pathogenic mutation
without obvious changes in echo [48].

Stress testing

In the section on echo, it was shown how the dilatation of
the heart cavities compensates for LVH in athletes and there-
fore high VO, max is observed. Virtually all athletes with HCM
are thus asymptomatic and their excellent exercise capacity
does not rule out a diagnosis of HCM. Although a VO, max
> 50 ml/kg/min usually indicates an athlete’s heart [33, 49].
Nevertheless, increased physical activity may reveal charac-
teristic arrhythmias, decreased GLS in an athlete with HCM,
abnormal blood pressure response (flat curve or even a drop
due to abnormal vascular tone combined with small vessel
ischemia and exercise-induced LVOT stenosis [50]), delayed
return of the heart to resting rhythm, increased LVOT gradi-
ent and less pronounced increase in stroke volume. The role
of echo and CMRI stress testing is ancillary to concerns un-
resolved by other tests [51]. CMRI perfusion studies can also
reveal areas of subendocardial exercise-induced ischemia,
which never occurs in the athlete’s heart and is strongly sug-
gestive of HCM (see Table 4) [52].

Table 2. The differences in the echocardiography in HCM and athlete’s heart

Echocardiography HCM

LV wall thickness (LVWT) | Increased

Athlete’s heart

Increased by 10-20%. LVWT >11mm is
found in 0.4% of adolescent athletes and
>12mm in only 2% of adult athletes

Asymmetric septal
Hypertrophy pattern

hypertrophy (60% of cases),
apical hypertrophy (10% of cases)

Uniform LVH

segments

LV cavity Reduced Normal end-diastolic volume
LV outflow tract (LVOT) Reduced Normal
Diastolic function Reduced, low VO, max Normal
Global longitudinal strain REEINESE), [pRIRELIER i His l2ees] Normal

Table 3. Cardiac magnetic resonance imaging (CMRI) changes in HCM

Focal hypertrophy: in the posterior septum, apex and free wall

Late gadolinium enhancement (LGE): cardiac fibrosis

Elongation of the anterior mitral valve leaflet

Abnormal papillary muscle positioning

Myocardial crypts
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Table 4. Exercise-induced cardiac changes in HCM

Blood pressure

Abnormal response

ECG Characteristic arrhythmias
ECG Holter NSVTs and VT
Delayed return of the heart to resting rhythm Reduced

Echocardiography

Less pronounced increase in stroke volume

CMR

Subendocardial exercise-induced ischemia

Genetic testing

During initial testing, careful consideration should be
given to a family history of sudden unexplained death, par-
ticularly in individuals < 50 years of age or documented cas-
es of HCM within the family. If 1st degree relatives present
with suspicious ECG changes this can also be a diagnostic
clue [31]. Identification of a variant with some pathogenicity
in a person with suspicious features on other tests can con-
firm the recognition of HCM and expedite similar diagnosis in
other family members, but genetic testing should not be per-
formed routinely [10], because in 40%-50% of patients with
HCM the genetic basis is unknown and the various genetic
mechanisms responsible for the pathophysiology of this dis-
ease remain largely enigmatic [53-54]. The diverse functions
of these genes, e.g. encoding proteins that regulate calcium
flow, building the cardiac sarcomere and Z-disc, influence the
heterogeneity of the clinical picture of this disease. Moreover,
it seems that the cardiac risk in gene-positive-phenotype-neg-
ative patients is similar to the population risk and current
guidelines do not exclude such individuals from competitive
sports after confirming the absence of abnormalities in echo
and CMRI studies [5, 11]. In asymptomatic carriers of known
pathogenic variants, LVH most often appears between 12 and
20 years of age and is not accompanied by any symptoms.
Some of them will never present with full-blown HCM, and in
some the disease may not appear until middle age [5, 55-56].

Detraining

Since most athletes diagnosed with HCM are asympto-
matic, no treatment is offered and they undergo follow-up,

which provides a definitive opportunity to verify the diagno-
sis. Indeed, it has been proven that LVH associated strictly
with prolonged, intense exercise regresses and after a 6-week
period of training cessation the heart returns to a normal size
range [57]. While there are also insights that reverse cardiac
remodeling also occurs to some degree in athletes with HCM
and is hard to distinguish from remodeling in healthy athletes;
which in turn may be incomplete and persist despite long pe-
riods without activity [58-60]. It seems that further studies
on larger groups will allow better decision-making about the
complete suspension of training, which obviously has a signif-
icant impact on the life of an athlete.

Can sport cause cardiomyopathy?

There is one more issue that further complicates the pic-
ture of HCM in athletes. Namely, recently emerging studies
that may support the development of secondary HCM due to
the influence of intense exercise. A three-fold higher incidence
of LGE has been demonstrated among experienced mara-
thon runners, compared to the sedentary lifestyle population
(12 vs. 4%), along with elevated markers of myocardial dam-
age in this group, which is most likely related to a transient
impairment of LV relaxation during increased cardiac action
[61-63]. The significance of these parameters is not fully
known, but a single small-group CMRI study conducted imme-
diately after the marathon showed no obvious signs of myocar-
ditis [64]. A study involving rats subjected to treadmill exercise
for 16 weeks described LVH, diastolic dysfunction, and diffuse
atrial and right ventricular fibrosis. In electrophysiological stu-
dies exercising rats also presented ventricular tachyarrhyth-
mias more frequently than sedentary rats (42% vs. 6%) [65].

These results were not confirmed by a study on
114 Olympic athletes in endurance sports who intensively
trained to 2-5 consecutive Olympic Games. No deterioration
of cardiac function or arrhythmias was noted [66]. Moreover,
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it has been proven that people engaging in the most grueling
sports have longer life expectancy than those with sedentary
lifestyle, which may be related to the observed prevention of
age-related decline in elasticity and compliance in physically
active individuals, which predisposes to cardiovascular dis-
ease later in life [67-68].

It is also important to briefly mention the perfor-
mance-enhancing substances (doping) that can disrupt the
picture of myocardial damage in athletes. The most cardiot-
oxic of these substances are androgen anabolics, which cause
LVH and LV dysfunction (including arrhythmias), which along
with a worsening of lipid profile and elevated blood pressure
can lead to myocardial infarction [69]. LVH and myocardial

While strict guidelines advise limiting activity in diagnosed
cases, it is crucial to individualize management, considering
evolving research on exercise-induced cardiomyopathies.
Furthermore, implementing universal athlete screening and
considering genetic testing in suspicious cases could enhance
early detection and preventive measures, thus mitigating the
risk of SCD in this population. Genetic testing offers insights
but its routine use is not recommended. Detraining may re-
verse some cases, showing the adaptability of heart muscle.
Emerging studies suggest exercise-induced secondary cardio-
myopathies, needing further investigation and evaluation in
relation to the undeniable health benefits achieved through
physical activity.

fibrosis can also be caused by human chorionic gonadotropin
and human growth hormone [70].

Diagnosing HCM in athletes is complex due to the overlap-
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ping physiological changes from exercise. Risk assessment for
SCD relies on comprehensive, multifaceted screening meth-
ods like family history, ECG, echo, CMRI, and stress testing.
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