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Abstract

Background: Although historically discouraged due to the risk of arrhythmias and sudden cardiac death (SCD), physical
exercise (PE) may be safe and beneficial for individuals with hypertrophic cardiomyopathy (HCM).

Obijective: To evaluate the association between PE and the incidence of mortality and arrhythmic events in adults with
HCM, stratifying the analysis according to different types and intensities of exercise.

Methods: Systematic review of randomized clinical trials (RCTs) and observational studies identified in PubMed, Embase,
and the Cochrane Library through December 2024. Studies including individuals exposed to different intensities of PE
were eligible. Risk of bias was assessed using the RoB 2 and ROBINS-I tools, and certainty of evidence using GRADE.
Recommendations were developed by an expert panel of the Brazilian Society of Cardiology.

Results: Eight studies (four RCTs and four observational studies; 9,744 participants) were included. None reported an increased
risk of mortality or severe arrhythmic events associated with PE, even at moderate or vigorous intensities. Syncope was
rare. Additionally, a Korean observational study involving more than 7,000 participants (mean age: 59 years) demonstrated
reduced all-cause mortality with higher physical activity intensity (dose-response curve). In low-risk athletes, competitive
sports were not associated with severe adverse events. The quality of evidence ranged from moderate to very low.
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Conclusion: PE in HCM should be encouraged based on individualized assessment. In patients without high-risk criteria
for SCD, benefits appear to outweigh risks. For higher-risk subgroups, recommendations are more cautious and based

on expert consensus.

Keywords: Hypertrophic Cardiomyopathy; Exercise; Mortality; Systematic Review; Cardiac Arrhythmias.

Central lllustration: Systematic Review on the Safety of Physical Exercise in Hypertrophic
Cardiomyopathy: Recommendations from the Brazilian Society of Cardiology

e
¥ &
p——
SBC:
ety S
8 o

Yos T v

ABC Cardiol

Arqui

OMOE g

Recommendations of the Brazilian Society of Cardiology

RECOMMENDATION 2

RECOMMENDATION 3

Regular physical exercise for the general

high-risk markers:
preferably performed in person and under

&

High-intensity exercise or competitive sports:

only in the absence of high-risk markers,
considering the individual risk-benefit

278

MODERATE CERTAINTY OF EVIDENCE.
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population with HCM. supervision. balance.
STRONG RECOMMENDATION. WEAK RECOMMENDATION. WEAK RECOMMENDATION.
VERY LOW CERTAINTY OF EVIDENCE. LOW CERTAINTY OF EVIDENCE.

decision-making between physician and patient

‘ N Based on a prior multidisciplinary assessment and shared
1

High-risk markers:

i. Dyspnea, syncope, or dizziness, especially when related to exertion;

iv. Septal thickness equal to or greater than 30 mm;

ii. Arrhythmias (such as nonsustained or sustained ventricular tachyarrhythmias) at rest or during exercise testing or cardiopulmonary testing;
iii. Family history of sudden cardiac death in a first-degree relative younger than 50 years;

v. Late gadolinium enhancement > 15% on cardiac magnetic resonance imaging;
vi. Left ventricular outflow tract gradient (> 30 mmHg at rest or > 50 mmHg with provocation).
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Recommendation 1: The Brazilian Society of Cardiology
recommends the regular practice of physical exercise in patients
with hypertrophic cardiomyopathy (HCM), emphasizing
that therapeutic management should be individualized and
established through shared decision-making between physician
and patient. This recommendation aims to encourage patients
with HCM to remain physically active, promoting overall health
through regular and progressive physical exercise within an
individualized prescription framework.

STRONG RECOMMENDATION.
MODERATE CERTAINTY OF EVIDENCE.

This recommendation is based on the absence of increased
risk of sudden cardiac death associated with regular physical
exercise in individuals with HCM, as demonstrated in clinical
studies that included the following subgroups: symptomatic
patients (New York Heart Association [NYHA] functional class
[1-111), patients with implantable cardioverter-defibrillators,
and patients undergoing aerobic and/or resistance exercise
at different intensities.

The individualized recommendation should consider each
patient’s risk of sudden cardiac death, estimated based on
clinical characteristics and through a validated prediction
calculator (HCM Risk-SCD 2023)," with periodic annual
reassessments — or semiannual reassessments in patients with
high-risk markers (see below) —and immediate reassessment
upon the onset of new symptoms.

Recommendation 2: The Brazilian Society of Cardiology
recommends the regular practice of physical exercise in
patients with HCM who present markers of elevated risk
for sudden cardiac death, aiming to improve overall health.
Preferably, exercise should be performed in a supervised
setting — such as in cardiovascular rehabilitation programs or
facilities equipped with an automated external defibrillator.
Finally, it is emphasized that therapeutic management must be
individualized and defined through shared decision-making
between the attending physician and the patient.

WEAK RECOMMENDATION.
VERY LOW CERTAINTY OF EVIDENCE.

Arq Bras Cardiol. 2026; 123(8):e20260423
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High-risk markers include:

i. symptoms such as dyspnea, syncope, or dizziness,
especially when related to exertion;

ii. arrhythmias (such as nonsustained or sustained
ventricular tachyarrhythmias) at rest or during exertion,
as well as symptoms during exercise testing or
cardiopulmonary testing;

iii. family history of sudden cardiac death in a first-degree
relative younger than 50 years;

iv. septal thickness equal to or greater than 30 mm;

v. extensive late gadolinium enhancement (> 15%) on
cardiac magnetic resonance imaging;

vi

. left ventricular outflow tract gradient = 30 mmHg at rest
or = 50 mmHg with provocation (assessed by exercise
echocardiography — provocation may be performed
using Valsalva maneuver, exertion, post-exertion, or
after squatting).

This approach should ideally include individualized
prescription, clinical monitoring, education, psychological
support, and management of comorbidities, aiming to ensure
safety and improve quality of life. Individual preferences
should be considered, and aerobic and resistance exercises
should be combined whenever possible.

This recommendation is based on expert consensus,
given the absence of specific studies involving the subgroup
of patients with high-risk markers for sudden cardiac death.

Recommendation 3: The Brazilian Society of Cardiology
does not contraindicate high-intensity exercise or
participation in competitive sports for patients with HCM
and, in carefully selected cases, recommends that this
possibility be considered. For this purpose, high-risk markers
must be absent, a prior evaluation must be conducted by
a multidisciplinary team, and the final decision must be
agreed upon between the attending physician and the
patient (according to the criteria established below). This
recommendation specifically applies to high-intensity
exercise and to athletes in competitive settings, in which the
central objective is performance and competition.

WEAK RECOMMENDATION.
LOW CERTAINTY OF EVIDENCE.

This recommendation is based on a small number
of observational studies and on expert consensus. It is
recommended that training and competition venues have a
medical action plan in place to enhance safety during sports
participation.

The decision should consider the following criteria:

1. Absence of high-risk markers for adverse events or
sudden cardiac death (for example: history of ventricular
arrhythmias, unexplained syncope, ventricular septal
thickness = 30 mm, or extensive late gadolinium
enhancement on cardiac magnetic resonance imaging).

Arq Bras Cardiol. 2026; 123(8):e20260423

2. Prior multidisciplinary evaluation, preferably in a
reference center for hereditary cardiomyopathies,
including:

— Exercise testing (treadmill or cardiopulmonary) with
analysis of blood pressure response;

— Prolonged electrocardiographic monitoring (e.g.,
24-48-hour Holter);

— Cardiac magnetic resonance imaging with quantification
of myocardial fibrosis.

3. Individualized risk stratification, preferably using the
HCM Risk-SCD 2023 score,’ followed by shared
decision-making with the patient.

Introduction

Hypertrophic cardiomyopathy (HCM) is characterized
by left ventricular (LV) hypertrophy not explained by
hemodynamic overload or other secondary causes.?* The
diagnosis is defined by a ventricular wall thickness = 15 mm
or, in the presence of a family history or a known genetic
variant, = 13 mm.* HCM presents marked phenotypic
heterogeneity, ranging from asymptomatic forms to severe
presentations, including heart failure and sudden cardiac
death (SCD).>” Population studies, such as the CARDIA
study conducted in the United States, have estimated a
prevalence of approximately 0.2% (1:500) in asymptomatic
young adults,® whereas more recent genetic analyses indicate
a prevalence close to 0.5% (1:200).%'°

Historically, physical exercise (PE) has been discouraged
in individuals with HCM due to the perceived risk of
arrhythmias and SCD, especially among young athletes.®”
However, recent evidence suggests that, when guided by
individualized assessment and risk stratification, PE can be
safe and beneficial for this population.”"* In addition, studies
indicate that high-intensity PE may be well tolerated and
potentially advantageous in carefully selected patients.''?
Nonetheless, uncertainties persist regarding the safety of
different modalities and intensities of PE, particularly in
higher-risk subgroups, reinforcing the need for individualized
decision-making.

With the aim of grounding clinical practice in the
best available scientific evidence, the Brazilian Society of
Cardiology (SBC) developed this Medical Recommendation.
This document analyzes the relationship between PE and
the occurrence of severe arrhythmic events and mortality
in patients with HCM, with stratified analysis according to
exercise intensity and clinically relevant disease characteristics.

Methods

To support this SBC Recommendation, a systematic review
was conducted based on a research question structured
according to the PICO/PECO format: “In adults with HCM, is
the practice of PE at different types and intensities associated
with a higher risk of mortality, SCD, or ventricular arrhythmias
when compared with the absence of exercise or with lighter
exercise intensities?”
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The review protocol was previously registered in the
International Prospective Register of Systematic Reviews
(PROSPERO), under the number CRD420251005992.

Itis important to emphasize that a rapid systematic review
is a modality designed to support clinical decision-making
using the best available evidence, maintaining scientific rigor
while incorporating adaptations that allow for greater agility
in execution. Its main characteristics include: restricting article
language to English; searching gray literature only through
the references of included studies, with support from field
specialists; and using artificial intelligence to assist in screening
and data extraction. This strategy has been widely adopted by
medical societies and health institutions for the development
of clinical recommendations.'*'

A detailed description of the methodology used in this rapid
systematic review can be found in the Supplementary Material.

Eligibility criteria

Studies were included if they met the following
characteristics: (1) observational design or randomized clinical
trials (RCTs); (2) inclusion of individuals with a clinical or
genotypic diagnosis of HCM, regardless of sex; (3) investigation
of PE, including aerobic training, resistance training, combined
training (aerobic + resistance), or participation in specific
sports modalities; (4) comparison between individuals who
practiced and did not practice PE, or between different
exercise intensities; and (5) assessment of at least one of the
following outcomes: all-cause mortality, SCD, and ventricular
arrhythmias (primary outcomes), as well as supraventricular
arrhythmias, syncope, aborted cardiac arrest, and appropriate
or inappropriate implantable cardioverter-defibrillator (ICD)
shocks (secondary outcomes).

Studies that did not meet these criteria or did not evaluate
relevant outcomes were excluded.

Data sources and search strategies

Searches were conducted in three databases: PubMed/
MEDLINE, Embase, and the Cochrane Library, from the
earliest available date through December 18, 2024.
Additionally, a manual search was performed in the
references of retrieved documents, and articles of interest
were requested from field specialists.

Study selection

Study selection, extraction of key characteristics, and
assessment of methodological quality were performed
independently by two researchers. Any disagreements were
resolved by consensus.

Data extraction

Two researchers extracted predefined data into an
electronic spreadsheet (Excel), including publication
information, clinical and demographic characteristics of
participants, and details of the interventions (type of exercise,
intensity, frequency, duration, and supervision), as well as the
results for the outcomes of interest.

Quality assessment and risk of bias

Two researchers independently assessed the risk of
bias using the Risk of Bias 2 (RoB 2)'” and Risk Of Bias In
Non-randomized Studies — of Interventions (ROBINS-I)'8
tools. Discrepancies were resolved by consensus. Certainty of
evidence and strength of recommendations were evaluated
according to the Grading of Recommendations, Assessment,
Development and Evaluations (GRADE)" framework.

Data analysis

For each outcome, effect measures reported in the original
studies were extracted, including relative risk, odds ratio,
hazard ratio, mean differences, or absolute frequencies, as
applicable. Study eligibility for each synthesis was determined
based on clinical and methodological compatibility regarding
population, type/intensity of exercise, comparators, and
evaluated outcomes. When necessary, data were reorganized
into standardized tables, harmonizing available information
to facilitate comparison across studies.

Due to clinical and methodological heterogeneity among
study designs, interventions, follow-up durations, and outcome
definitions, results were synthesized narratively and presented
in descriptive tables. Potential sources of heterogeneity
were explored qualitatively, considering study design,
exercise intensity, participant risk profile, and the context
of sports participation. The robustness of conclusions was
assessed based on the consistency of findings across studies,
interpretation of risk of bias, and precision of estimates.

Clinical recommendation and conflicts of interest

The clinical recommendation was established by consensus
during a meeting of an SBC Recommendation Panel,
composed of practicing cardiology specialists affiliated with
the society. The project was supervised and funded by the
SBC, while the development of the systematic review and the
recommendation-formulation process were conducted by an
independent team of methodologists (LCL, FF, JRES). This team
declared no conflicts of interest related to the review, and the
medical specialists on the panel did not receive honoraria or
financial support.

Results

Study selection

Two independent searches were conducted: one for RCTs
and another for observational studies, identifying 219 and
236 publications, respectively. After removing duplicates,
eight original studies were included — four RCTs""'*2 and
four observational studies.?’** The selection flowcharts
(Figures 1S and 2S), search strategies (Tables 1S and 25),
and the list of potentially eligible but excluded studies, with
corresponding justifications (Table 3S), are available in the
Supplementary Material.

Study characteristics

The eight included studies encompassed 9,744 participants,
whose demographic characteristics are summarized in Table 1

Arq Bras Cardiol. 2026; 123(8):e20260423
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Table 1 - Characteristics of the studies included

Basu et al.® United RCT 2025 80
Kingdom

St“;";“"ds“"" Denmark RCT 2024 59

zﬂtaj’}'fmara United States RCT 2023 15

Saberietal””  United States RCT 2017 136

Kwon et al.22 South Korea  REUOSPective  opon 7 666
cohort

Lampertetal?  United States " TOSPESVe o003 1 660
cohort

Martinez et al.#*  United States Retrospective 2023 40
cohort

Pelliccia et al® Italy Retrospective 0 gg
cohort

46 84
58 73
48 67
50 58
60 70
39 60
NR NR
31 (median) 92

Vigorous PE: 16 Usual
care: 16

Moderate PE: 23 Usual
care: 21

Moderate PE: 23 Vigorous
PE: 24

Moderate PE: 21 Usual
care: 21

NR
Moderately active: 21.4
Vigorously active: 20
Sedentary: 21.9
NR

Trained athletes: 17
Untrained athletes: 17.3

Vigorous PE: 15

13

Basu et al. Usual care: 7.5
Gudmundsdottir ~ Moderate PE: 24
et al.? Usual care: 17
MacNamara Moderate PE: 63
et al.” Vigorous PE: 0

. Moderate PE: 37.3

1

selua @iell Usual care: 30.4
Kwon et al.? NR

Moderately active:
41.4
Vigorously active:
40.6
Sedentary: 49.8

Lampert et al.?"

Arq Bras Cardiol. 2026; 123(8):e20260423

NR 65

0 58.5

Moderate PE 25*

Vigorous PE: 38* 655

Moderate PE: 16.4*

Usual care: 17.4% Ty

NR

Moderately active:
18.8¥
Vigorously 66
active:11.9¥
Sedentary: 21.8¥

NR

NR

NR

% LV mass:
Moderate PE: 3.1
Usual care: 2.9

NR

Mild/moderate
(< 15%):
Sedentary: 16.2%

Moderately active:

18.3%
Vigorously active:
17.6%

Extensive (> 15%):

Sedentary: 6.5%

Moderately active:

6.2%
Vigorously active:
6.9%

Participants in NYHA
functional class Il were
considered eligible

NYHA functional class
1-111:
Moderate PE: 86%
Usual care: 70%

NR

NYHA functional class
1-111:
Moderate PE: 34.3%
Usual care: 33.3%

NR

NYHA functional class II:
24% (positive
phenotype)t
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Martinez et al.* NR NR NR NR NR

Trained athletes: 22% Trained athletes: 22%*
Untrained athletes: 39%  Untrained athletes: 25%*

ICD: implantable cardioverter defibrillator; RCT: randomized clinical trial; LV: left ventricular; NR: Not reported; NYHA: New York
Heart Association; LVEF: left ventricular ejection fraction. = Provocable left ventricular outflow tract obstruction. ¥ Resting left
ventricular outflow tract obstruction. * Refers to participants with phenotypic hypertrophic cardiomyopathy (n = 1,534), of whom
24% presented exertional dyspnea (NYHA functional class Il). * Values calculated from the proportion of asymptomatic participants

Pelliccia et al.* 2/88 (2.3) NR 65

(100% - % asymptomatic).

(detailed data in Table 4S). The inclusion and exclusion criteria
for the studies are presented in Table 5S. The observational
study by Martinez et al.?* did not include exclusively
individuals with HCM; therefore, some demographic and
clinical variables of interest were not available separately for
this subgroup.

It is important to highlight that potentially higher-risk
subgroups — such as individuals with ICDs, those with
left ventricular outflow tract obstruction, patients with
late gadolinium enhancement (myocardial fibrosis), and
symptomatic individuals — were also represented among
participants included in the RCTs evaluating moderate- or
high-intensity exercise.

Intervention characteristics

Intervention characteristics are summarized in Table 2
(detailed data in Table 6S). In the four RCTs,"-'*?° interventions
lasted from 3'32° to 5 months'? and included moderate
continuous training, interval training (moderate or vigorous),
and, in some cases, muscle strengthening. Sessions ranged
from 20 to 60 minutes, with frequencies of 3 to 7 times per
week and intensities between 60% and 95% of maximum
or reserve heart rate. One study was fully in-person and
supervised,? others combined in-person and home-based
sessions,'>"3 and another used exclusively remote training."

Among the observational studies, two stratified individuals
from the general HCM population into three different levels of
physical activity based on metabolic equivalents (METs).?'*2 The
other two observational studies focused on evaluating athletes
with HCM: Pelliccia et al.2? assessed athletes who maintained
or discontinued structured high-intensity training (= 6 h/week),
whereas Martinez et al.** followed semi-professional and
professional athletes who either returned or did not return to
intense exercise after shared decision-making.

Information on registration, financial support, and conflicts
of interest for the included studies is presented in Table 7S. The
PRISMA checklist for this document is provided in Table 8S.

Evaluated outcomes

Mortality

None of the RCTs reported deaths related to the exercise
programs, regardless of intensity.""'32° Similarly, the
observational studies did not identify an increased risk of
mortality associated with regular PE.2"-2*

In an observational study including 7,666 individuals (mean
age 59 years), total and cardiovascular mortality progressively
decreased with increasingly higher levels of self-reported
physical activity, demonstrating a dose—response relationship.*
In another study conducted in younger individuals (mean
age 39 years), vigorous exercise did not increase the risk of
death or severe arrhythmias compared with groups classified
as moderate exercise or sedentary.”’

In the two cohorts composed exclusively of athletes with
HCM, 24 remaining in competition for up to seven years was
not associated with a higher risk of sudden death or clinical
deterioration, and the clinical events observed were not
related to PE practice.

Arrhythmias, ICD shocks, and syncope

Overall, the studies did not show (when reported) an
increase in sustained ventricular arrhythmias, ICD shocks,
or syncope associated with PE. Episodes of nonsustained
ventricular tachycardia were reported in both groups
(intervention and control), with no significant differences.""
A single case of sustained ventricular tachycardia, without
complications, occurred in the control group of one RCT."
Martinez et al.* reported, among athletes with HCM who
returned to sports, one isolated event of cardiac arrest not
related to exertion and one case of non-arrhythmic exertional
syncope, with return to sports and no new episodes over 52
months.?*

Detailed information on these outcomes for each study is
presented in Table 9S.

Risk of bias

According to the RoB 2 tool, two RCTs were classified as
having high risk of bias, one as having moderate risk, and one
as having low risk (Figure 1). Among the observational studies
evaluated with ROBINS-I, two showed high risk of bias, one
moderate risk, and one low risk (Figure 2).

Discussion

This systematic review supports the SBC recommendations
regarding the safety of PE in individuals with HCM. Based
on the findings, the potential risks of exercise are discussed
across three groups: individuals with HCM from the general
population, those with high-risk markers for SCD, and
semi-professional or professional athletes.

Arq Bras Cardiol. 2026; 123(8):e20260423
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Table 2 - Interventions of the studies included

Study Intervention Intensity Volume Frequency Duration Comparator Main results
There was
no significant
70% of HR 2 sessions difference in
Basu et al.”® ¥ Vigorous PE reserve g.radually (1 h/week) + 3x/week 12 weeks Usual care the gomposﬂe
increasing to 1 h of weekly cardiovascular
85% home-based PE outcome!
between the
groups
10 minutes
60% of maximal 6 warm-up, RO OTENT?
Gudmundsdottir work capacit &0 (07 @1 D
e Moderate PE pactty interval 3x/week 12 weeks Usual care  events# were
et al. (Borg scale . . :
training, 20 min observed in
12-14) :
of muscle either group
strengthening
Moderate:
< 4 sessions /
week (1X60 min
Moderate: 1-20  + 3x30 min) +
bpm lower 1 low-intensity
Moderate PE: than ventilatory session for No non- No severe
threshold recovery - arrhythmias
MacNamara moderate + ) . ax ) ) / exercising
etali2¥ progressively Vigorous: 4x4 Vigorous: ~4x/week 5 months control or adverse
’ vigorous PE min at 90-95% of  14-15 sessions rou cardiac events
g peak HR, with 3 in 3 months: group occurred
min at ~70% 10 min warm-
of peak HR up + 4x4 min
interval training
+ 3 min active
pause
60% of HR
reserve Initially: > No major
: (Borg 11-14); 20 min initially; y-= adverse
Saberi : . 3x/week Usual
- Moderate PE progression progression to . 16 weeks events?
et al. 0 . Progression: care .
to 70% of HR 60 min occurred in
. 4-Tx/week .
reserve in the either group
1t month
Classified into Moderate
tertiles of the to vigorous
- MEE score, PA was
Participants : .
. calculated using associated
with the e . . .
Kwon lowest Classified into PA intensities Low- with lower
» . y tertiles of the PA  of 3, 5, and 8 NR 5.3 years . . all-cause
etal. intermediate, " . intensity PA .
. score METs for light, mortality
or highest
moderate, and a trend
levels of PA .
and vigorous toward lower
activities,
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Vigorous
Moderate: PIE Cdrfaggt
> 60 h/year in deaths or
Vidorous or Moderate: 4.0- activities of 4 to _—
Lampert d 5.9 METs <6 METs; 38 .
- moderate . . ! NR Sedentary  arrhythmias
et al. PE Vigorous: > 6.0 Vigorous: months compared
METs > 60 hiyear in wFthh
activities moderate PE
2 6 METs or sedentary
behavior
Return
to sports
NR participation
(presumabl NR (presumabl Is feasible and
Martinez Return to .p . y . P . y is associated
2 high, given the high, given the NR 7 years - .
et al. sports " " with low rates
competitive competitive level) of adverse
level) events
even in elite
athletes
Trained group: n Dl
> 3 sessions/ athletes,
week, > 2 h per Sedentary -
: . . continuing to
Maintenance session, totaling or combete did
Pelliccia of High-intensity 6-14 h/week > 3wweek 7 vears occasional not izcrease
et al.® high-intensity training Untrained - y leisure cardiac
training group: < 6 h/ activity events or lead
week (sedentary < 6 h/week to clinical
or ocga§ el deterioration
activity)

PA: physical activity; PE: physical exercise; HR: heart rate; MEE: minimum energy expenditure, calculated in MET-min/week based
on weekly frequency and the minimum duration of physical activities (20 min for vigorous and 30 min for moderate and light
activities); METs: metabolic equivalents; NR: Not reported. * Calculated as a weighted daily average in METs/day: (8a + 5b + 3¢)/7,
where a, b, and c represent the days with vigorous, moderate, and light activity, respectively. ¥ Included supervised interventions.
* Death, aborted cardiac arrest, sustained ventricular tachycardia, implantable cardioverter-defibrillator shock, or hospitalizations.
" Death, aborted cardiac arrest, appropriate implantable cardioverter-defibrillator shocks, or sustained ventricular tachycardia.
T Death, cardiac arrest, appropriate/inappropriate implantable cardioverter-defibrillator therapy, exercise-induced syncope, sustained
ventricular tachycardia, nonsustained ventricular tachycardia, atrial arrhythmias lasting > 30 seconds.
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D2 D3 D4 D5 Overall

Gudmundsdottir
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Basu @06 e O
Saberi . . . @ . .

Figure 1-RoB 2 of the randomized clinical trials. D1 Randomization;
D2 Deviations from intended interventions; D3: Missing data;
outcome; D4: Measurement; D5: Selection of reported results.

Historical and current context

Until recently, guidelines discouraged PE in individuals
with HCM, mainly due to concerns about SCD in young
athletes. The Bethesda Conferences,??® the European Society
of Cardiology (2005),*” and the American Heart Association/
American College of Cardiology (2015)* adopted a restrictive
stance regarding recreational or competitive sports of
moderate to vigorous intensity in people with HCM.

Such restrictions may contribute to increased sedentary
behavior (defined as waking activities with energy expenditure
< 1.5 METs, typically performed sitting, reclining, or lying
down), physical inactivity (not meeting minimum physical
activity recommendations for health), obesity, anxiety, and
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Study Overall D1 D2 D4 D5 D6 D7
Kwon LOW LOW LOW LOW LOW LOW LOW LOW
Lampert Low Low Low Low Low LowW
Pelliccia HIGH (*) NI NI NI NI NI NI
Martinez HIGH (*) NI NI NI NI NI NI

Figure 2 - ROBINS-I of the observational studies. (*) There was no control for confounders: high risk of bias; NI: not informed.
D1: Confounding; D2: Classification of interventions; D3: Selection of participants; D4: Deviations from interventions; D5: Missing

data; D6: Outcome measurement; D7: Reporting bias.

reduced quality of life.??° Resistance to prescribing exercise
in this context persists today, partly due to the emotional
impact of SCD cases and also due to limited awareness of
current evidence. However, more recent guidelines from the
American Heart Association/American College of Cardiology
(2025)*" indicate that athletes with HCM — including carriers of
pathogenic genetic variants and elite athletes — may be eligible
to participate in vigorous exercise and competitive sports.
This clearance, however, requires specialized evaluation and
shared decision-making. Available data indicate that there is
no significant increase in the risk of serious cardiac events.

Consequences of exercise restriction and physical
inactivity in patients with hypertrophic cardiomyopathy

In patients with HCM, particularly when formal
contraindications to PE are present, the benefits associated with
regular exercise for cardiovascular, metabolic, musculoskeletal,
and mental health may be lost. In addition, reducing or
discontinuing exercise may promote the development or
worsening of metabolic alterations and increase individual
cardiovascular risk, similar to what is observed in the general
population.??3®

A qualitative study external to this systematic review
suggests that active adults or athletes with HCM may
experience difficulty adapting to sports restrictions, especially
when there is a competitive history, strong athletic identity,
or a substantial reduction in time dedicated to exercise.*
Considering its methodological limitations, these data may
be used to contextualize patient values and preferences.
Therefore, although they do not support strict clinical
recommendations, these aspects reinforce the importance
of cardiologists considering psychosocial factors, providing
appropriate emotional support, and incorporating patient
preferences during the shared decision-making process.

Evidence from randomized clinical trials

Despite limitations such as short follow-up, small sample
sizes, and the predominance of studies conducted in
high-income countries,"'*?° the available RCTs did not report
significant adverse events, even in high-intensity protocols.
In total, the studies followed approximately 80 patient-years
without the occurrence of relevant adverse events, suggesting
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that high-intensity exercise may be safe in patients with HCM.

All four RCTs also observed improvements in functional
capacity, regardless of the intensity or duration of the
protocol. In a multicenter trial with 136 patients, peak oxygen
consumption (VO, peak) increased by an average of 1.27
mL-Kg'-min™' after 16 weeks of moderate exercise," whereas
Basu et al.”® reported an average gain of 4.1 mL-Kg'-min™
with high-intensity exercise over 12 weeks. Part of these gains,
however, was lost after six months, highlighting the importance
of continued training.

These safety characteristics and cardiometabolic benefits
contributed to Recommendations 1 and 2.

Evidence from observational studies

This review included four observational studies: two
involving athletes with HCM?*?* and two involving individuals
with HCM from the general population.?'?? Although
observational studies generally provide low-quality evidence
(CRADE), they are useful for assessing the safety of PE over
longer follow-up periods and its impact on mortality, given
their larger sample sizes.

In studies involving athletes, returning to high-performance
sports after specialized evaluation and shared decision-making
was considered safe. Martinez et al.? reported a low
incidence of events among 40 athletes with HCM followed
by a multidisciplinary team, with no deaths occurring during
an average follow-up of seven years. In another retrospective
study, 27 of 88 athletes with HCM continued training without
adverse events and with clinical stability.?® These findings
indicate that, in well-evaluated athletes, high-performance
sports participation may be feasible and safe. However,
the strength of these recommendations is limited by the
retrospective nature and modest sample sizes. These findings
were incorporated into Recommendation 3 of this document.

In studies conducted in the general HCM population, the
results were also favorable. In a cohort of more than 7,000
individuals (mean age 59 years), a progressive reduction in
mortality was observed with increasing intensity of physical
activity (dose-response curve).?? Because this study was
assessed as having low risk of bias, this finding resulted in
upgrading the certainty of evidence from “Low” to “Moderate”
regarding the benefit of exercise on mortality.
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Consistently, another study with more than 1,600
participants (mean age 39 years) demonstrated that vigorous
PE — including in competitive-level athletes (259 participants)
— was not associated with an increased risk of adverse events
when compared with lower-intensity exercise.?' These safety
and mortality data contributed to Recommendations 1 and 2.

Observational evidence not included in this review

Two observational studies not included in this review due
to eligibility criteria — but which provide relevant information
on the topic — are described below.

Basu et al.** conducted a study with 53 athletes, all
diagnosed with HCM described as morphologically mild and
low-risk for SCD. Over 4.5 years of follow-up, no cases of
sudden death, sustained ventricular tachycardia, or syncope
associated with continued competitive sports participation
were identified. The reported rate of asymptomatic
arrhythmias was 2.1% per year, with minimal clinical impact.*°

In another observational study with nearly nine years
of follow-up, Desai et al.*' reported that asymptomatic or
minimally symptomatic individuals with HCM who achieved
>100% of the predicted METs on exercise testing had
very low event rates, whereas those with lower functional
capacity (<85%) had significantly higher risk.*" This finding
reinforces the relevance of functional capacity not only as
an efficacy outcome but also as a prognostic marker and a
tool for risk stratification.

Subgroups with specific characteristics

It is noteworthy that individuals with ICDs, symptomatic
patients (NYHA functional class 11111, those with left ventricular
outflow tract obstruction (at rest or provocable), and patients
with mild myocardial fibrosis (<15%) were included in the
studies. Extensive late gadolinium enhancement (>15%)
was present in 6% to 7% of participants in one of the
studies.?” Therefore, the favorable recommendation for PE
applies to most low-risk patients, including those with these
characteristics, while the approach should be individualized
for higher-risk cases.

Late gadolinium enhancement on cardiac magnetic
resonance

Late gadolinium enhancement is an important prognostic
marker in HCM, associated with a higher risk of ventricular
arrhythmias and SCD, especially when it exceeds 15% of LV
mass — this threshold is adopted in this document as a criterion
for high SCD risk.

Although there is no consensus on the best quantification
technique, the presence of late gadolinium enhancement
can assist in risk stratification, particularly in cases with
ambiguous ICD indications, and in differentiating HCM
from other causes of ventricular hypertrophy.*>* However,
a direct relationship between late gadolinium enhancement
and PE has not yet been established by specific and
conclusive studies.

Patients with high-risk markers for sudden cardiac death

One of the greatest challenges in this document was
addressing patients with HCM who have high-risk markers
for SCD. There is no specific evidence regarding the safety of
PE in this subgroup. Therefore, the SBC recommendation —
based on consensus and caution —is favorable to PE, provided
it is conditioned on individualized evaluation and shared
decision-making, acknowledging the very low certainty of
the available evidence.

Limitations and future perspectives

This document presents important limitations. The first
concerns the difficulty of conducting methodologically robust
studies with long-term follow-up in low-prevalence diseases,
which restricts the extrapolation of results to the general HCM
population.

The second limitation relates to the heterogeneity of
the interventions evaluated, both in terms of modality and
intensity, as well as the clinical diversity of participants. This
variability compromises the robustness of the conclusions and
requires cautious interpretation.

Young adults (20-40 years), a subgroup traditionally at
higher risk for SCD, were evaluated only in small observational
studies, reducing the confidence of recommendations for this
profile. This caution is reinforced by external epidemiological
data showing that cardiovascular causes were the main
category of sudden death in young adults aged 18-45 years,
including some cases of HCM identified on autopsy.**

Additionally, applicability to the Brazilian context may be
limited by factors such as restricted access to specialists and
scarcity of cardiac rehabilitation services. Moreover, within the
scope of this Recommendation, no studies conducted with
Brazilian patients diagnosed with HCM are known.

Given these limitations, new studies — including prospective
registries and RCTs with longer follow-up — are needed to
strengthen the evidence base and, in the future, revise the
recommendations presented here.

Conclusion

PE and sports participation in the setting of HCM should be
encouraged based on individualized evaluation, considering
factors such as clinical profile, cardiovascular risk, and patient
preferences. In patients without high-risk criteria for SCD, the
benefits of exercise — including improvements in functional
capacity, quality of life, and potential cardioprotective effects
— appear to outweigh the risks.

However, for higher-risk subgroups, such as those with
severe arrhythmias, a history of cardiac arrest, or significant
ventricular dysfunction, recommendations should be more
cautious. In these cases, decisions should be made through
multidisciplinary evaluation and a shared decision-making
process with the patient, following a careful analysis of the
risk-benefit balance. Additional studies are needed to better
stratify risk and define personalized exercise protocols for
this population.
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