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Historically, individuals with hypertrophic cardiomyopathy (HCM) have been excluded from vi-
gorous exercise and competitive sports due to the risk of sudden cardiac death (SCD), based on re-
trospective studies. Recent evidence has challenged this paradigm, demonstrating improvements in
functional capacity, quality of life, cardiovascular and psychological health when competitive sports
are included in low-risk individuals. For those who do not meet these criteria, evidence is more

limited. However, participation in competitive sports can still be considered on an individual basis.
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A contemporary approach to HCM should be based on individualized, goal-oriented exercise
prescription, multidisciplinary intervention, and shared decision-making.

In this review, we critically appraise the evidence on vigorous exercise and competitive sports
and explore how new data are reshaping clinical practice and international guidelines, laying the
groundwork for a new paradigm in the field.

INTRODUCTION

Hypertrophic cardiomyopathy (HCM) is the most frequent ge-
netic heart disease in young athletes, acknowledged as one of the
main causes of sudden cardiac death (SCD) associated to exercise
in this age group, although most of patients remain asymptomat-
ic and with low risk of severe events."**It has traditionally been
considered a contraindication for the practice of sports, partic-
ularly of high intensity and competitive, due to the risk of SCD.
However, current evidence and recommendations have shown
that most individuals with HCM present a stable clinical course
and a low absolute yearly risk of arrhythmic events when evaluat-
ed, stratified and followed properly.'

The most recent guidelines of the American College of Cardi-
ology (ACC), American Heart Association (AHA), Heart Rhythm
Society (HRS) and other societies recommend that patients with
HCM can benefit from recreational exercise of mild to moderate
intensity, improving functional class and quality of life, not in-
creasing the risk of arrhythmic events."* In competitive sports, in
selected cases and after an expert evaluation, with a structured
process of shared decision making (SDM), it may be reasonable
to authorize participation at competitive level.** The classical re-
strictive approach has been replaced by an individualized model
supported by a better understanding of phenotypical heteroge-
neity. The development of advanced tools of cardiovascular im-
aging, and the incorporation of the SDM concept, have made a
significant contribution in the final advice for sports practice.??

INITIAL EVALUATION

A detailed and multidimensional evaluation of arrhythmic risk
represents the cornerstone of clinical management in people
with HCM, and is key to determine the ideal level of activity.

The evaluation of patients with HCM that wish to carry out
physical activity or participate in sports should be comprehen-
sive, systematic and made by physicians with experience in sports
cardiology.

This initial evaluation should include: clinical history with
particular emphasis on family and personal history of SCD, un-
explained syncope, physical examination, 12-lead ECG, Holter
monitoring, graded exercise testing (GXT) and/or cardiopulmo-
nary exercise test (CPET), and cardiovascular imaging studies
such as echocardiogram and cardiac MRI.

ECG

The extent of left ventricular hypertrophy (LVH) by imaging
is not specific of HCM, and could be secondary to different pa-
thologies. In this context, ECG is extremely useful to guide the
differential diagnosis between sarcomere HCM and its phenocop-
ies. Although Q waves with positive T waves in the same leads
(Q/T mismatch) and giant T wave (0.10 mm) in the anterolateral
leads support the diagnosis of sarcomere hypertrophic cardiomy-
opathy, short PR interval and/or ventricular preexcitation are fre-
quent findings in deposit diseases, such as glycogen storage dis-
ease, Danon disease, PRLAG2 gene mutations and Anderson-Fabry
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disease, and can also be found in mitochondrial diseases.®

In HCM, numerous electrocardiographic anomalies are ob-
served and these could be the only manifestation of disease in an
early stage. These alterations are determined by extension, de-
gree and distribution of IVH, as well as by the presence of fibrosis
and/or necrosis of the cardiac muscle, and by the appearance of
intraventricular conduction disorder.”® Around 95% of patients
with diagnosis of HCM present ECG alterations, with no pathog-
nomonic signs. Likewise, normal ECG is present in 5% to 10% of
cases, and is associated with less severe phenotypical forms and
a favorable course; however, an abnormal ECG pattern does not
predict future SCD events or appropriate ICD therapy.’

Abnormal Q waves are due to localized loss of electrical
vectors associated to transmural fibrosis, and the result of the
initial QRS vector due to abnormalities due to disproportionate
hypertrophy of the interventricular septum and/or free baseline
wall. Recent studies that investigate the correlation between the
Q waves in ECG and increase in myocardial late gadolinium en-
hancement in MRI have obtained mismatching results.

Although increased QRS voltages are usually identified in
young healthy individuals, this characteristic is usually associat-
ed with other anomalies in HCM, and just 2% can show isolated
criteria of QRS voltage (Sokolow-Lyon index and Cornell voltage
criteria). Complete bundle branch block is extremely rare to see,
and in general is due to surgical history.

ST-T segment anomalies are usual in HCM, associated to
T-wave inversion.

Inverted T-waves in inferior wall in absence of hypertrophy
are identified in 6% of black athletes and in 2% of white ones.
Inverted T waves in lateral wall should always be considered
abnormal, and may precede the phenotypical manifestations of
cardiomyopathy; therefore, clinical surveillance is fundamental.

QTc prolongation probably reflects the interaction of hyper-
trophy, fibrosis and left ventricular outflow tract obstruction and
electrophysiological remodeling of cardiomyocytes.”

STRESS TEST

Stress test, with its different associated methodologies, is an
essential component of noninvasive evaluation of HCM. It is in-
volved in all diagnostic and prognostic algorithms of carriers of
this disease.'®'! It provides information on the severity and possi-
ble mechanism of functional limitation in case of left ventricular
outflow tract obstruction, abnormal arterial response, chrono-
tropic incompetence, arrhythmias, ischemia and/or reduction in
heart rate reserve.!

The possibility of complications is extremely low, <0.4% in
the series and its diagnostic contribution compensates the risk
by far.!? The stress test with echocardiography has been added
to the standard clinical evaluation and the diagnostic armory in
tests limited by symptoms. In symptomatic patients, without out-
flow gradient in rest, stress test with ultrasound is the most used
method to prompt obstruction, which may predict the future de-
velopment of heart failure symptoms and differentiate them from
those without obstruction, with the logical therapeutic implica-
tions. On the other hand, there is no justification to perform it if
patients have a resting gradient >50 mmHg.
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FIGURE 1.

FAC algorithm for evaluation and sports eligibility in hypertrophic
cardiomyopathy

Description: confirmed diagnosis > comprehensive evaluation - risk
stratification - identification of high risk markers > SDM -> definition of
sports and cardioprotected environment —> longitudinal monitoring.

Based on 2024-2025 AHA/ACC, 2023 ESC Cardiomyopathy and 2020 ESC Sports
Cardiology guidelines.

We should be cautious when performing exercise tests in pa-
tients with cardioverter implantable defibrillators (CDI) to pre-
vent unexpected shocks, whether appropriate or inappropriate.

Insufficient chronotropic response occurs in up to 25% of pa-
tients and it may indicate a low peak oxygen consumption.

Hypotensive or insufficient response to stress is defined as
the inability to elevate pressure at least 20 mmHg during exercise
peak over baseline or a hypotensive response. It could be a de-
terminant factor in risk stratification, and some authors consider
it as an indicator of poor outcome. It may appear in 20-40% of
patients.'’It lacks positive predictive value, but its negative predic-
tive value is very useful to identify patients in low risk, who may
restart sports practice in the presence of other low risk elements."

As to myocardial ischemia assessment, stress test in HCM is as-
sociated to a considerable rate of false positives, due to the high
prevalence of preexisting electrocardiographic anomalies. Al-
though alterations have been proven by microcirculation disease.

Stress test associated to perfusion with radioisotopes is as
conflictive, displaying low diagnostic specificity, but also with an
elevated negative predictive value."
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Cardiopulmonary exercise test (CPET) allows to stratify risk
in patients with non-conclusive symptoms or with etiological re-
lationship, constituting a central tool for a comprehensive func-
tional characterization of HCM, by allowing a dynamic evaluation
of the interaction between heart rate, “systolic volume” and ven-
tilatory efficiency, beyond resting findings." Recent data show a
significant correlation between oxygen pulse (O2P) and systolic
volume in exercise, allowing to assess cardiac reserve in these
patients. The combined identification of chronotropic incompe-
tence (peak HR <80% of the expected value) and O2P reduction
(<10% of the expected value), integrated in a new proposed
classification, called RoMa, allowed to discriminate hemodynam-
ic profiles with progressive deterioration of peak VO2, increase
in the VE/VCO?2 slope and less increase in systolic volume and
cardiac output, regardless of ejection fraction or the obstructive
gradient in rest.

From a practical view, CPET quantifies functional capacity,
provides information on the limitation to exercise by differentiat-
ing predominantly chronotropic compromise, of systolic reserve
or combined, which is particularly relevant for risk stratification,
decision making on sports eligibility and therapeutic monitoring
in HCM. "

Only 1.5% of people with hypertrophic cardiomyopathy
(HCM) present a max VO2 exceeding the expected values, and
no people have been detected with HCM whose max VO2 is 20%
more than the expected maximum or 45 ml/kg/min (absolute val-
ue) in bicycle ergometer.

In contrast, elite athletes with borderline left ventricular hy-
pertrophy compared to athletes with borderline cardiomyopathy
present max VO2 values in a 55 to 70 ml/kg/min range, exceeding
the values expected in up to 50%. A VO2 of 50 ml/kg/min, or 20%
of the maximum expected value, allows to completely differenti-
ate both groups.”

Doppler echocardiography, including advanced techniques
and stress echocardiography

Echocardiogram plays an essential role in diagnosis, prognos-
tic assessment and decision making in patients with HCM. A clear
sample of the value of transthoracic value is the fact that prognos-
tic factors can be identified:
¢ Severe ventricular hypertrophy (maximum septal thickness

=30 mm)."?

* Left ventricular apical aneurysm.'?

* Left ventricular systolic dysfunction (ejection fraction
=50%)."

* Untreated significant left ventricular outflow tract obstruc-
tion.”

* Extensive myocardial fibrosis in cardiac MR, defined as late
gadolinium enhancement =15% of the left ventricular mass,
associated to greater arrhythmic risk.’

The images obtained in rest and during stress provide com-
plete and supplementary information, which allows to clarify the
mechanisms responsible for the obstruction and the symptoms.

Transthoracic echocardiogram (TTE) constitutes the primary
imaging modality in most patients, while transesphageal echo-
cardiogram (TEE), MRI and cardiac CT provide supplementary

information, particularly in selected patients when TTE is incon-
clusive. In comparison with cardiac MR, echocardiogram does
not diagnose 6% of HCM cases, underestimates maximum thick-
ness in 20% and presents limitations in visualization of segmental
apical, anterolateral or inferoseptal hypertrophy.

TTE should be performed as part of the initial evaluation of all
patients with suspicion of HCM to establish a definitive diagnosis
and, once confirmed, repeat every 1 to 2 years in the absence
of clinical changes. It is, along with rest ECG, the main tool for
screening first-degree relatives, both in the initial evaluation and
in the periodical follow-up of genotype positive-phenotype neg-
ative individuals.

Speckle tracking techniques provide supplementary function-
al information, allowing to detect subclinical dysfunction and be-
ing associated to a greater load of fibrosis and arrhythmic risk.¢

Myocardial longitudinal velocities and strain parameters (strain
and strain rate), derived from tissue Doppler or speckle tracking,
are usually reduced in the site of hypertrophy, as evidence of early
systolic dysfunction, even before LVEF deterioration.

A decreased septal longitudinal and regional deformation
(greater than -10%) is associated with greater susceptibility to
ventricular arrhythmias, and may be altered before the develop-
ment of septal thickness increase in relatives carriers of genetic
variants."” A greater deterioration of longitudinal strain correlates
with a greater degree of fibrosis and with the presence of ventric-
ular arrhythmias.'®

Stress echocardiography allows to identify dynamic gradients,
inappropriate contractile response and elevation of pulmonary
pressures induced by exercise, being key for clinical decisions in a
context of sports.””? These techniques should be interpreted in an
integrated manner with conventional echocardiography and MRI.

GENETICS

Genetics plays an important role in the evaluation of sportspeo-
ple with HCM, as a supplementary diagnostic tool and as part of
risk stratification.’ The identification of pathogenic variants in sarco-
mere genes, mainly MYH7 and MYBPC, confirms the primary nature
of hypertrophy and allows to differentiate HCM from the physiolog-
ical remodeling of “athlete’s heart” with more accuracy; particularly
in borderline scenarios of mild septal hypertrophy.**

In the sports field, this differentiation has direct implications
on eligibility and the type of activity allowed. Likewise, in geno-
type positive-phenotype negative individuals, a molecular finding
demands a structured longitudinal monitoring, as high intensity
exercise may influence penetrance and phenotypical expression
in predisposed individuals. From a practical point of view, inte-
grating genetic information with family history of sudden cardiac
death, arrhythmic load, presence of fibrosis in MRI and hemody-
namic response to exercise allows to make decisions individually
and shared in regard to training and competition. Furthermore,
the genetic study enables cascade familial screening, a particular-
ly relevant aspect in families with physically active young people.’

RISK STRATIFICATION OF SUDDEN CARDIAC DEATH
Risk stratification should integrate clinical, electrophysiologi-
cal (NSVT) cardiac imaging variables.
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High risk markers include:
* Familial history of sudden cardiac death;,
* Previous cardiac arrest;
¢ Sustained VT;
* Arrhythmic syncope;
* Severe hypertrophy (=30 mm);
* Apical aneurysm;
* [VEF <50%;
* Untreated significant obstruction;
* Extensive fibrosis (=15%);
* Repetitive non-sustained VT and high load of premature ven-
tricular contractions.
In the presence of these markers, decisions should be cau-
tious and guided by specialized teams.'?345%

PARTICIPATION IN SPORTS

Mild to moderate recreational exercise should be recom-
mended to all patients with HCM.

Participation in competitive sports should be evaluated by
SDM, considering risk profile, type of sports, preferences of
sportspeople and availability of cardioprotected environments.

For vigorous activities or competitive sports, participation
should be considered reasonable in selected patients after an
evaluation and prognostic stratification, under a model of SDM
with Sports Cardiology experts; particularly in those with no high
risk factors as those mentioned previously.

Evaluation should be comprehensive, including thorough
clinical history, cardiac imaging tests (echocardiogram, MRI),
stress test, and when indicated, genetic studies that may clarify
specific situations, not just in sportspeople, but also in those who
are not.1,2.5,4,23,24,25

In young sportspeople, it is essential to carry out yearly re-
evaluations, and a longitudinal monitoring, given the possible
phenotypical progression and variable penetrance of the disease.

The specific recommendations for the practice of sports in
young sportspeople with HCM can be summarized in the fol-
lowing:

* Recreational exercise of mild to moderate intensity recom-
mended for all patients with HCM, as it improves functional
class and quality of life, without increasing the risk of arrhyth-
mic events."3

* Participation in competitive sports is reasonable in genotype
positive by phenotype negative individuals; that is to say, car-
riers of pathogenic mutations with no evidence of ventricular
hypertrophy or symptoms, after expert evaluation and regular
follow-up. 4226

* In phenotype positive patients (with ventricular hypertro-
phy), the participation in competitive sports can be consid-
ered after an expert evaluation, SDM and risk management.
This includes optimization of treatment, access to automated
external defibrillators (AED) and establishment of an emer-
gency plan in the sports environment. In cases of significant
obstruction, it is recommended to treat the obstruction be-
fore returning to sports activity.">%%

* Universal restriction of vigorous physical activity is not rec-
ommended, and neither is the placement of an ICD just to

allow the practice of sports. ICDs should be implanted only if

patients meet standard criteria of high risk, regardless of the

intention to play sports, %32

There are limitations and uncertainty areas, particularly in
children and teenagers, where prospective data is scarce and
phenotypical penetrance may vary with age. Evidence about safe-
ty in competitive sports for patients in high risk is limited, so an
individualized evaluation is required, as well as more studies in
this group.>?

In brief, the practice of sports in young people with hyper-
trophic cardiomyopathy should be individualized, based on risk
stratification, periodical reevaluation and SDM, allowing partici-
pation in most cases, particularly in the absence of high risk fac-
tors and after an appropriate management of the disease.

CONSIDERATIONS IN REGARD TO THE TYPE OF SPORTS

There are differences according to the type of sports. The
guidelines from the American College of Cardiology and the
American Heart Association acknowledge that not all sports en-
tail the same risk of young people with HCM."* Recommenda-
tions should adjust to the type of sports and the conditions in
which they are carried out, contact, hydration state, altitude, etc.,
very common in adventure and ultra-endurance sports.

It is important to provide advice in terms of the sports supple-
ments allowed and a safe use of them in the sports field, avoiding
use of anabolic steroids, stimulants with caffeine, and all types of
substances that stimulate the sympathetic system, due to the risk
of arrhythmias and increase in obstructive gradients.

For this reason, in these aspects, specialists should know
about types of competitions and the conditions in which the ac-
tivity will be developed by the patient/sportsperson.

In summary, there are indeed differences in the recommenda-
tions for young sportspeople with HCM according to the type of
sports they practice. High intensity sports, contact sports, or the
risk of dehydration require more caution and an individualized
assessment, while low intensity sports are usually safer. Participa-
tion should be based on risk stratification, the type of sports and
what are the goals of the practice (competitive or recreational
with low intensity). SDM with longitudinal follow-up, multidisci-
plinary suggestions and optimization of the treatment are key in
the success of advising patients/sportspeople. 4224

CONCLUSIONS

Based on what was presented here, we can state that sports
practice in patients with HCM should be individualized, based on
risk stratification, periodical reevaluation and SDM, allowing par-
ticipation in most cases, particularly in the absence of high risk
factors and after an adequate management of the disease, includ-
ing the indication for ICD in selected cases, having as priority a
safe practice in cardioprotected environments, with staff trained
in basic CPR and early access to defibrillators.

Physical activity and sports in HCM should be approached
from a modern, individualized and non-restrictive view, based on
risk stratification, periodical evaluation and SDM with the patient.
Participation in sports is possible in most cases when evaluations
and follow-up are made by specialists in Sports Cardiology.
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