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A B S T R A C T

Study objective: Hypertrophic cardiomyopathy (HCM) is the most common genetic myocardial disorder 
increasingly characterized by concomitant metabolic syndrome. Cardiac rehabilitation (CR) has been shown to 
improve metabolic parameters in populations with heart failure and myocardial infarction. However, there is a 
paucity of data on the impact of CR in the HCM population with metabolic syndrome. We designed the REHAB- 
HCM study to explore the feasibility, safety, and efficacy of CR in HCM patients with metabolic syndrome.
Design: Prospective observation cohort study.
Setting: A multi-disciplinary HCM clinic and Multidisciplinary Exercise-based Cardiac Rehabilitation program.
Participants: Patients aged 18–80 years old diagnosed with HCM and metabolic syndrome, defined by the 
American Heart Association and American College of Cardiology guidelines, and the National Cholesterol Ed
ucation Adult Treatment Panel III (NCEP-ATP III) criteria.
Intervention: A structured 3-month CR program with 6 months extended follow-up of physical activity levels.
Main outcome measures: Feasibility (e.g., attendance), safety (e.g., major adverse events and exercise-related 
harms), and efficacy pertaining to long term improvements in physical activity levels, metabolic health, 
cardiorespiratory fitness, quality of life, and systemic and cellular markers of inflammation.
Conclusion: This prospective cohort study will address an important knowledge gap by evaluating the effect of an 
organized CR program in HCM patients and metabolic syndrome. It is anticipated that exercise and CR will be 
feasible and beneficial for this complex patient population without significant exercise-related harms.

1. Introduction

Hypertrophic cardiomyopathy (HCM) is the most common genetic 
myocardial disorder, affecting up to 1 in 500 people [1,2]. Histopath
ological signs of HCM typically include myocyte hypertrophy, myofibril 
disarray, and myocardial fibrosis [3]. These can translate into the hall
mark left ventricular hypertrophy and dynamic left ventricular outflow 
tract obstruction which can provide anatomical substrate for arrhyth
mias and heart failure, as well as lead to clinical manifestations of chest 
pain, dyspnea, and syncope, particularly on exertion [4,5]. Exercise has 
long been felt to increase the risk of sudden cardiac death to a 

prohibitive extent in HCM patients; [6] however, contemporary evi
dence suggests no significant increased risk of sudden death during 
vigorous exercise participation in this population [7–9]. The AHA/ACC 
2020 guidelines suggest that recreational moderate intensity exercise as 
a Class IB recommendation for most HCM patients based on its associ
ation with improved cardiorespiratory fitness, quality of life, and level of 
functioning [10]. Furthermore, the most recent 2024 guidelines have 
now stated that universal restriction from vigorous physical activity is 
not indicated for most patients HCM patients [11]. Despite these rec
ommendations, many HCM patients remain sedentary [7]. An effective 
intervention to reduce sedentarism and improve overall health is cardiac 
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rehabilitation (CR), defined as a multidisciplinary, medically supervised 
intervention designed to improve cardiorespiratory fitness and reduce 
cardiovascular risk [12]. To our knowledge, only two studies have 
assessed the benefits and risks of CR in HCM [9,13]. Indeed, the 2020 
American Heart Association/American College of Cardiology (AHA/ 
ACC) guideline on HCM underscores the lack of research in this area 
[10].

In the modern era, the leading contributor of premature death in an 
increasingly aging HCM population is metabolic syndrome [2,14], 
characterized by concurrent impaired glucose tolerance, hypertension, 
and dyslipidemia [14]. Data from the Human Sarcomeric Cardiomyop
athy Registry demonstrated that two-thirds of HCM patients have 
obesity or elevated body mass index (BMI) [14]. This, in addition to 
increased frequencies of other comorbidities such as diabetes and hy
pertension, has been linked to poor outcomes in HCM patients, such as 
heart failure and arrhythmia [15,16]. Importantly, exercise promotes 
the prevention and management of these comorbidities. For instance, a 
meta-analysis of >19,000 patients reported that CR resulted in an 
impressive 25 % reduction in metabolic syndrome and significant im
provements in several metabolic parameters, including cholesterol, 
blood pressure, glycemic control, and waist circumference [17]. How
ever, these benefits have yet to be explored in the HCM context.

There remain substantial knowledge gaps in understanding the 
utility of CR in HCM patients with metabolic syndrome. Here, we report 
the design and rationale of the Cardiac REHABilitation to Improve 
Metabolic Health in Hypertrophic CardioMyopathy (REHAB-HCM) 
study, a hypothesis generating study that will take place at the British 
Columbia Hypertrophic Cardiomyopathy Program.

2. Methods

2.1. Study overview objectives, and participant recruitment

This is a prospective observational cohort study of HCM patients 
with metabolic syndrome that will assess 1) The feasibility of CR in HCM 
patients by assessing adherence to CR and exercise prescription in HCM 
patients with metabolic syndrome; 2) The safety of CR in this popula
tion; 3) the efficacy of CR, including improvements in metabolic risk 
factors, cardiorespiratory fitness, psychological well-being, physical 
activity levels and quality of life, and systemic and cellular markers of 
inflammation. The study will take place in three phases over the course 
of one year: 1) Participant screening, recruitment, and enrollment, 
which will be at the British Columbia Hypertrophic Cardiomyopathy 
Program (BC-HCMP) by a clinician or research coordinator, and baseline 
testing (0–90 days before CR initiation), 2) CR participation period (days 
1–90), and 3) Post-CR follow-up period (days 91–270, i.e. 6-months 
monitoring after CR completion). Please see Table 2 for further details 
regarding the inclusion and exclusion criteria.

2.2. Cardiac rehabilitation and exercise prescription

Cardiac rehabilitation will consist of performing exercise 3× per 
week and will be delivered in a hybrid model. For the initial two weeks, 
exercise sessions will be performed in a community hospital out-patient 
cardiac rehabilitation center and supervised by a clinical exercise 
physiologist to assess patient safety and physiological responses to ex
ercise. For weeks 3–12, patients will attend one in-person session per 
week, while the remaining two sessions will be performed at home. The 
in-person session will consist of both aerobic and strength training, 
while at home sessions will be aerobic exercise only. For all in person 
and at-home exercise training sessions, patients will be asked to wear a 
continuous heart rate monitor (e.g., GeneActiv watch and H9 chest 
strap) to monitor exercise intensity and duration and assess adherence to 
the exercise prescription. Patients will also be asked to record their 
rating of perceived exertion, dyspnea and leg fatigue pre, during and 
post their exercise session to the exercise physiologists overseeing their 

session.
The exercise prescription will consist of an individualized non-linear 

prescription whereby the intensity, duration and volume will be varied 
to target different physiological adaptations over the course of the 12- 
weeks. As the majority of exercise sessions will be performed at home, 
the prescription will follow current exercise guidelines for HCM, 
whereby a greater emphasis will be placed on increasing exercise 
duration while intensity will be prescribed at light to moderate levels 
(50–75%VO2peak) [10]. To try and enhance physical activity behavior, 
patients will also be given a physical activity prescription (in addition to 
their prescribed exercise training sessions) that is progressive over the 
12 weeks in both duration (increasing from 15 to 45 min) and frequency 
(1 day/ week to 3 days/week) that complements the CR program. 
Physical activity will be performed at a light to moderate intensity and 
will include activities such as walking, grocery shopping, house clean
ing, etc. Patients will also meet with a registered dietician and physician 
and receive health education once per week on dietary targets, and 
lifestyle recommendations in accordance with standard guidelines as 
part of the standard of care community cardiac rehabilitation program 
[18].

This study will be conducted in strict accordance with the principles 
laid forth by the Providence Health Care Research Ethics Board and the 
Declaration of Helsinki. Informed consent was obtained by each 
participant prior to enrollment into the study.

2.3. Feasibility: evaluating CR adherence in HCM patients

To determine adherence to cardiac rehabilitation and to appropri
ately quantify exercise dose the following metrics will be documented 
for the 36 prescribed sessions: 1) Loss to follow up - % of patients who do 
not return for follow-up assessments. 2) Attendance - % of exercise 
sessions attended vs. planned. 3) Rescheduled sessions - % of exercise 
sessions rescheduled and the reason. 4) Permanent treatment discon
tinuation – discontinuation of exercise sessions prior to 12 weeks. 5) 
Treatment interruption – missing 3 consecutive exercise sessions. 6) 
Dose modification – at least one session requiring dose reduction during 
the 12 weeks. 7) Early exercise termination – at least one session 
requiring early termination. 8) Pre-treatment session intensity rese
quencing – intensity of at least one session requiring resequencing due to 
pre-exercise indication (e.g., fatigue). 9) Relative dose intensity - % of 
cumulative dose completed vs planned.

2.4. Assessing changes in physical activity levels, and attitudes, quality of 
life, and exercise adherence

Self-reported physical activity levels and exercise attitudes will be 
assessed with the International Physical Activity Questionnaire (IPAQ; 
short-form) and the Fear of Activity in Situations-Heart Failure Ques
tionnaire (FActS-HF), respectively (Table 1) [21]. To monitor total 
physical activity levels throughout the study period, participants will 
wear a commercially available and validated accelerometer (e.g. 
GeneActiv) at baseline for at least one week prior to CR, throughout the 
three-month CR period, and for six months following CR completion. 
Data from the GeneActiv watch will be uploaded monthly to an ano
nymized offline database for downstream analysis to calculate total 
physical activity (including light, moderate, and vigorous physical ac
tivity) using established methods [22–24]. Physical activity adherence 
will be defined as meeting 80 % of the planned physical activity targets 
prescribed across the CR intervention, which will progressively increase 
throughout the study, and 6 months following CR completion. Accel
erometer adherence will be defined as an average usage of >10 h per day 
and at least 21 days per month. Quality of life will be measured using the 
Minnesota Living with Heart Failure Questionnaire and Kansas City 
Cardiomyopathy Questionnaire at baselines, following completion of CR 
and at the 6-month time point.
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2.5. Safety considerations

While several studies show CR is safe in HCM and in metabolic 
syndrome, there can be serious risks [9]. Risks associated with exercise 
and HCM include syncope, ICD shocks, and cardiac arrest. As such, a 
safety committee will be formed and responsible for the adjudication of 
any event to determine whether exercise can be implicated in the 
outcome. These outcomes will be recorded and any appropriate inter
vention or referral to a specialist will follow suit. In addition to the safety 
assessment, a 5-day ECG patch monitor will be given within the first 
week for additional arrhythmia monitoring. In the case of an event, the 
panel will also determine whether the participant should be removed 
from the CR classes and counseled on potential exercise restrictions. 
Safety will be assessed during the CR intervention window by the fre
quency of serious (i.e., life-threatening hospitalizations, significant in
capacity, important medical events) adverse events according to the 
Common Terminology Criteria for Adverse Events (CTCAE) v.5.0 ques
tionnaire [25].

2.6. Efficacy outcomes: examination of cardiometabolic health and 
fitness

Evaluations of cardiometabolic health and fitness will include 
anthropometric measurements and cardiopulmonary exercise testing. 
Specifically, we will assess changes in variables that define metabolic 
syndrome, including cholesterol and triglyceride levels, glycemic con
trol, waist circumference and body composition via Dual Energy X-ray 
Absorptiometry (DEXA), and resting blood pressure and heart rate. A 
cardiopulmonary exercise test (CPET) will be used to provide direct and 
objective evaluation of cardiorespiratory fitness, as assessed by peak 

oxygen consumption (VO2peak). VO2peak will be evaluated at the 
initiation of CR, at CR completion, and six months post-completion 
(Fig. 1) using an upright cycle ergometer with 12‑lead ECG moni
toring (Mac® 5000, GE Healthcare) performed by certified exercise 
physiologists and with MD supervision based on established guidelines 
[26]. Expired gases will be analyzed continuously by a metabolic mea
surement system (Parvo Medics TrueOne 2400) [27]. During the test, 
participants will begin cycling on an upright cycle ergometer at a 
participant-specific intensity for 2 min. The resistance will then be 
increased by 5-10 W every 1 min until exhaustion and symptoms of 
dyspnea and leg discomfort are recorded every 2 min using the modified 
Borg Scale. During exercise, oxyhemoglobin saturation will be moni
tored continuously using finger pulse oximetry, while blood pressure 
will be measured every 2 min manually by auscultatory 
sphygmomanometer.

2.7. Evaluation of systemic and cellular markers of inflammation

A venous blood sample in EDTA vacucontainers will be collected 
before CR initiation, at CR completion, and six months post-completion. 
A complete blood count and clinical biomarkers for inflammation (e.g., 
hsCRP), glycemic control, and lipid panel will be performed. From 
remaining blood, plasma and peripheral blood mononuclear cells 
(PBMCs) will be isolated using SepMateTM PBMC isolation tubes within 
2 h of collection (STEMCELL Technologies). Plasma will be snap frozen 
and stored at − 80 ◦C, while isolated PBMCs will be cryopreserved in 
FBS + 10 % DMSO. Plasma will be analyzed using the Biolegend Human 
Inflammation Multiplex Assay, which permits simultaneous quantifica
tion of 13 human inflammatory cytokines/chemokines, including IL-1β, 

Table 1 
Variables of interest.

Study outcomes Descriptors

Lipids LDL(c)
HDL(c)
Non-HDL(c)
Triglycerides

Glycemic control Fasting glucose
Fasting insulin
Hemoglobin A1c

Resting hemodynamics Systolic blood pressure
Diastolic blood pressure
Heart rate

Body composition Body mass index
DEXA scan
Waist circumference

Cardiorespiratory fitness Peak oxygen consumption
Peak respiratory exchange ratio
Exercise duration
Peak heart rate
Peak METS
Heart rate reserve

Inflammation Clinical immune/inflammatory markers: 
complete blood count, hsCRP
Plasma and LPS-induced PBMC cytokines: IL- 
1β, INF-α2, INF-ɣ, TNF-α, MCP-1 (CCL2), IL-6, 
IL-8 (CXCL8), IL-10, IL-12p70, IL-17A, IL-23, 
and IL-33

International Physical Activity 
Questionnaire

Measure of health-related physical activity 
involvement

Fear of Activity in Situations-Heart 
Failure Questionnaire

Measure of kinesiophobia (fear of exercise/ 
movement)

Minnesota Living with Heart 
Failure Questionnaire

Measure of quality of life with heart failure

Kansas City Cardiomyopathy 
Questionnaire

Measure of quality of life with cardiomyopathy

Abbreviations: LDL(c) ¼ low density lipoprotein cholesterol. HDL(c) ¼ high 
density lipoprotein cholesterol. DEXA = Dual Energy X-ray Absorptiometry. 
hsCRP = high-sensitivity C-reactive protein. LPS = lipopolysaccharide. IL ¼
Interleukin. PBMCs = peripheral blood mononuclear cells.

Table 2 
Participant inclusion/exclusion criteria.

Inclusion criteria Exclusion criteria

Diagnosed with hypertrophic 
cardiomyopathy defined by the AHA/ 
ACC guidelines [10], and metabolic 
syndrome, defined by the National 
Cholesterol Education Adult Treatment 
Panel III (NCEP-ATP III) criteria 
requirement of three or more abnormal 
metabolic parameters [19], and/or by 
the presence of hypertension, 
dyslipidemia, or diabetes requiring 
pharmacologic treatment

Diagnosis of physical or psychological 
conditions that impede inclusion based 
on clinician assessment. These 
conditions are not limited to below: 
-Severe aortic valve stenosis 
-Terminal illness with life expectancy 
<1 year 
-Impairment from stroke, injury or 
other medical disorder that precludes 
participation in exercise intervention 
-Severe cognitive impairment/dementia 
that precludes ability to participate in 
exercise intervention and/or follow 
study protocols 
-Advanced chronic kidney disease 
defined as estimated glomerular 
filtration rate < 20 
mL/min/1.73 m or on chronic or 
intermittent dialysis or dialysis 
anticipated within 
the next 6 months

Aged 18–80 High-risk score for sudden death (≥6 % 
within five years) without an ICD [20]

Receiving care from the British Columbia 
Hypertrophic Cardiomyopathy 
Program (BC-HCMP)

NYHA Class IV dyspnea

Willing to use and operate a wearable 
wrist device to track physical activity 
and heart rate during the entire study 
period

Already participate in at least 150 min 
per week of moderate-to-vigorous 
intensity exercise

Stable on cardiac medications for at least 
one month prior to enrollment

Participants who are high risk for non- 
adherence as determined by screening 
evaluation or have an inability or 
unwillingness to comply with the study 
requirements

Willing to participate in three months of a 
virtual/in-person hybrid cardiac 
rehabilitation program
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INF-α2, INF-ɣ, TNF-α, MCP-1 (CCL2), IL-6, IL-8 (CXCL8), IL-10, IL- 
12p70, IL-17 A, IL-23, and IL-33. PBMCs will be thawed and plated with 
or without stimulation (e.g., inflammatory stimuli such as lipopolysac
charide, S. aureus bioparticles) for 24 h, with cytokine levels again 
assessed using the Human Inflammation Multiplex Assay.

2.8. Sample size and statistical plan

A pragmatic sample size of approximately 30 participants will be 
sought based on established guidelines for hypothesis-generating feasi
bility studies [28,29]. This sample size should be reasonable given the 
patient volumes seen at the BC-HCMP and will allow for equitable 
recruitment based on sex, ethnicity, and adherence. It is estimated that 
~30 % of clinic patients will meet eligibility criteria and we conserva
tively estimate a consent rate of at least 50 % based on previous trials 
[30]. Based on published CR data, we expect a low drop-out rate of 
10–20 % [31,32]. As approximately 50 patients are seen per month at 
the BC-HCMP, we expect recruitment to be completed within three 
months.

Descriptive analyses will include mean with standard deviation or 
median with interquartile range for continuous data depending on data 
distribution, or absolute values with percentages for categorical data. 
Variables will be recorded before CR initiation, at completion, and again 
at six months post-completion. Results will be compared across these 
stages. Bivariate analyses will include Student’s t-test, Mann-Whitney U 
test, analysis of variance, and/or Wilcoxon rank-sum test depending on 
data distribution for continuous variables, or Chi-square, McNemar’s, 
and/or Fisher’s exact test for categorical variables. The significant level 
will be set at α = 0.05. Bonferonni’s correction will be used to correct for 
multiple comparisons as needed.

2.9. Knowledge use and future directions

This hypothesis-generating study will provide valuable information 
of the feasibility, safety, and magnitude of effect that will be a pre
liminary step in establishing an RCT across an established national, 
multi-centre network. If results are negative, closer evaluation as to why 

they are negative will have to be considered and addressed accordingly, 
whether due to adherence, patient factors, or study characteristics such 
as sample size.

3. Discussion

Exercise and HCM were previously thought to be two incompatible 
entities due to prior studies suggesting an association with sudden car
diac death [6]. While recent evidence suggests limited risk exists, 
because of this previous dogma [8], the evidence surrounding CR and 
HCM remains in its infancy. This initial study uniquely assesses the 
feasibility, sustainability and patient tolerance of CR, its safety out
comes, and its associations with markers of metabolic, physical, and 
mental health in HCM patients with metabolic syndrome. The results are 
expected to provide insights into the efficacy of CR for HCM, particularly 
with respect to metabolic health, systemic inflammation, cardiorespi
ratory fitness, and quality of life ascertained by validated question
naires. The findings are intended to inform the development of future 
larger-scale studies of organized exercise interventions in patients 
with HCM.

Systemic inflammation is a critical pathological feature of HCM. 
Increased systematic inflammatory markers, including tumor necrosis 
factor (TNF), interleukin 6 (IL-6), and serum amyloid P (SAP), are cor
relates of myocardial fibrosis, diastolic dysfunction, cardiac hypertro
phy, and even major adverse cardiac events [33,34]. The immune 
system is thought to undergo alterations in HCM that reflect a pro- 
inflammatory state through increased production and availability of 
inflammatory immune cells such as neutrophils and monocytes, as well 
as cytokine production generated from circulating immune cells 
(PBMCs) [33]. This suggests that reducing systemic chronic inflamma
tion, innate immune cell availability, and immune cell inflammatory 
cytokine responses may improve HCM disease severity and cardiac 
events. This hypothesis is supported by the finding that exercise reduces 
circulating monocyte and neutrophil levels, as well as PBMC cytokine 
production, enabling a shift away from a pro-inflammatory state 
[35–38]. The impacts of targeted CR on these markers in HCM patients 
will be an important outcome of our work.

Fig. 1. Timeline of study. 
Summary of study design. BC-HCMP ¼ British Columbia Hypertrophic Cardiomyopathy Program. CPET ¼ cardiopulmonary exercise testing. CV ¼ cardiovascular. 
QoL ¼ quality of life. DEXA = Dual Energy X-ray Absorptiometry.
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Two recent studies have evaluated the safety and benefits of exercise 
interventions in the general HCM population. The RESET HCM trial 
evaluated whether moderate-intensity exercise improved exercise ca
pacity in patients with HCM [9]. The researchers randomized 136 HCM 
patients to a 16-week moderate-intensity exercise regimen versus usual 
activity, with the primary outcome of change in peak oxygen con
sumption from baseline. There was a modest but significant change in 
mean peak oxygen consumption in the exercise training arm (+1.35 ml/ 
kg/min) than those in the usual activity arm (+0.08 ml/kg/min) (p =
0.02). There were no adverse outcomes, such as ICD shocks, sustained 
ventricular arrhythmias, sudden cardiac death, or death in either arm. 
Limitations of the RESET HCM study include a potential sampling bias as 
the majority of potential study participants declined to participate in the 
study, and secondly, a possible self-report bias from their quality-of-life 
surveys. While their study provides a useful foundation, our study will 
differ by having a comprehensive evaluation of objective markers for 
cardiometabolic health including lipids, glycemic control, anthropo
metric measurements, and systemic and cellular markers of inflamma
tion in addition to cardiorespiratory fitness. This may provide us with a 
more comprehensive and nuanced understanding of the effect of CR and 
its effects on the components of metabolic syndrome in HCM patients, 
and its associated chronic inflammation. Furthermore, RESET HCM’s 
observations were limited to a relatively healthy HCM population with a 
short period of intervention and limited follow-up data to evaluate the 
sustainability of CR in HCM patients. A more recent retrospective 
observational study published in 2019 by Wasserstrum and colleagues 
recruited 45 HCM patients who suffered from functional disability to 
participate in a 3-month CR program [13]. Primary endpoints evaluated 
included exercise capacity in the form of metabolic equivalents of task 
and NYHA class functional status, as well as self-reported quality of life 
measures. They reported that 56 % of their study cohort noted a sta
tistically significant improvement in their exercise capacity and that this 
improvement was more pronounced in patients with a lower exercise 
reserve irrespective of age, NYHA functional class, HCM morphology, 
and outflow obstruction, and only one of the participants experienced a 
bout of non-lethal NSVT. Ultimately, they showed that CR was associ
ated with an increase in exercise capacity (5.3 vs 6.7 METS, p = 0.01). 
Furthermore, no significant adverse events were seen during exercise or 
their short-term follow-up.

Higher quality data are now also available for HCM patients involved 
in more vigorous exercise, albeit not as part of a formal CR program. 
LIVE-HCM was designed as a multi-centre prospective observational 
study enrolling 1660 patients, 15 % of which were deemed as sedentary 
[7]. The participants were categorized to their self-reported levels of 
physical activity to evaluate whether engagement in vigorous exercise 
would result in a composite endpoint of death, resuscitated cardiac ar
rest, syncope from arrhythmias, and appropriate ICD shocks. They noted 
that patients who engaged in vigorous activity did not experience 
increased risk of the aforementioned composite endpoint compared to 
their counterparts who engaged in low-to-moderate physical activity, 
and that in their 3-year follow-up period, the proportion that did reach 
this composite endpoint was low (<5 %). Finally, HIT-HCM was a 
smaller RCT (n = 15) that evaluated the use of moderate intensity versus 
high intensity exercise training and its outcome on VO2 max, cardiac 
remodeling, and QoL. The authors found that both moderate and high 
intensity exercise training unsurprisingly improved peak VO2 max and 
that neither high or moderate intensity exercise were superior. Given its 
sample size, HIT-HCM was not powered to look at the safety profile of 
moderate or high intensity exercise training despite no adverse events 
[39].

Collectively, the existing literature supports three important themes: 
(1) Exercise is generally safe in most forms of HCM, (2) Exercise can 
prevent and treat established comorbidities that are common in HCM 
and lead to worse outcomes, such as diabetes, hypertension, and obesity, 
and (3) Inflammation plays a role in the development and potential 
severity of HCM. Notably, these studies are limited by their recruitment 

of healthier HCM patients who are examined over a short period of time 
and lack the follow-up on the sustainability of CR. What remains poorly 
understood is whether an organized exercise intervention, namely CR, 
can improve physical, mental and metabolic health in largely sedentary 
HCM population with acquired cardiovascular risk factors. This study 
will differ from the current body of evidence by evaluating the effects of 
structured CR on the diverse HCM population served by the BC-HCM 
and its ability to reverse acquired cardiovascular risk factors, rather 
than exercise intervention alone. It is well-established that acquired 
cardiovascular risk factors, such as obesity/elevated BMI, diabetes, and 
hypertension, occur in approximately 70 %, 39 %, and 10 % of HCM 
patients, respectively, and are independently associated with morbidity 
and mortality in this unique population [14]. Efforts will be dedicated 
towards taking a holistic bench-top-to-bedside approach on elucidating 
the impacts of an organized hybrid CR model on objective measures, 
including inflammatory pathway markers implicated in metabolic syn
drome and biochemical markers of glycemic control and lipids, as well 
as quality of life, sustainability, and reversal of cardiovascular risk fac
tors in an HCM population. Developing an evidence-based understand
ing of physical activity to improve metabolic outcomes is essential to 
patient-centered HCM care.

3.1. Limitations

Outcomes will be viewed as hypothesis-generating and exploratory 
due to the small sample being collected. For similar reasons, we will be 
recruiting participants from a single site, which may limit the external 
validity of the findings. The feasibility and benefits of exercise beyond a 
three-month period will be an important future area of inquiry. Finally, 
this study is not adequately powered to detect differences by sex or race/ 
ethnicity. These are important considerations that affect HCM risk and 
outcomes. For instance, females have earlier HCM onset and are more 
likely to experience heart failure [40]. Patients of African/Caribbean/ 
Black backgrounds also have higher rates of heart failure and are less 
likely to receive ICDs [41]. As such, sex and race/ethnicity will be 
considered more fulsomely in the future RCT. In the present study, these 
data will be recorded and exploratory analyses will be stratified by sex 
and/or race whenever possible. Furthermore, as CR typically takes place 
during regular work-hours, this may lead to underrepresentation and 
recruitment of non-white minority populations or those with further 
systemic, lower educational or socioeconomic means [42]. Patients with 
metabolic syndrome historically struggle to sustain increased activity 
levels. We will attempt to mitigate this by having a trained exercise 
physiologist provide the prescription to avoid decision fatigue, 
providing group guided and scheduled activity, and an online option via 
Zoom when undergoing the structured Cardiac Rehabilitation. Lastly, as 
patients will be recruited from a high-volume and comprehensive HCM 
centre, there may be bias towards preferentially enrolling those with a 
high engagement in care. As such, it is unknown whether the findings 
will be applicable to those at smaller centres or rural/remote 
communities.

4. Conclusions

This prospective cohort study will address an important knowledge 
gap by evaluating the effect of an organized CR program in patients 
living with HCM and metabolic syndrome. It is anticipated that exercise 
and CR, which previous dogma once deemed incompatible and 
dangerous for patients living with HCM, will be beneficial for this 
complex patient population.
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