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Physical activity and aerobic fitness in children with inherited cardiac diseases 

Activité physique chez l’enfant atteint de maladie cardiaque héréditaire 

 

Ce manuscrit est présenté sous forme d’article scientifique, soumis le 4 mars 2021 pour 

publication auprès de la revue Archives of Cardiovascular Diseases (Annexe 1). Ce travail est 

issu d’une étude clinique approuvée par un comité d’éthique (Annexe 2) et enregistrée sur un 

registre international de recherche clinique (Annexe 3).  

Le manuscrit en Anglais sera précédé d’un texte introductif puis suivi d’un commentaire, rédigés 

tous deux en Français.  

 

Préambule 

L’activité physique est connue depuis de longues années pour ses bienfaits sur la santé physique 

et psychique [1,2]. Selon les recommandations de l’Organisation Mondiale de la Santé (OMS), 

les enfants de 5 à 17 ans devraient pratiquer une activité physique modérée à intense pendant au 

moins 60 minutes par jour [3]. De plus, l’activité physique répétée et l’exercice contribuent à 

prévenir l’obésité, de plus en plus prépondérante de nos jours, y compris chez l’enfant et 

l’adolescent [4]. La sédentarité et ses conséquences dans la population pédiatrique constituent un 

problème de santé publique majeur, en particulier chez les enfants souffrant de maladies 

cardiaques préexistantes [5–7]. 

Les maladies cardiaques congénitales sont traditionnellement divisées en trois groupes : les 

cardiopathies congénitales (pour les anomalies cardiaques structurelles), les arythmies 

cardiaques héréditaires et les cardiomyopathies d’origine génétique. Dans le cas des 

cardiopathies congénitales, l’apparition précoce de déconditionnement physique pendant 

l’enfance a déjà été rapportée [8], y compris après réparation chirurgicale et ce malgré l’absence 
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de restrictions sportives [9]. Des barrières sociales et parentales relatives à l’activité physique 

chez les jeunes atteints de cardiopathies congénitales ont été observées [10,11], entraînant une 

diminution rapide de la capacité aérobie et une baisse de la qualité de vie liée à la santé [12,13]. 

Par conséquent, la plupart des enfants atteints de cardiopathies congénitales sont actuellement 

encouragés à suivre les directives de l’OMS concernant l’activité physique, ou dans les cas les 

plus graves, à suivre des programmes de réhabilitation cardiaque à l’effort [14]. 

Peu de données sont disponibles concernant l’activité physique chez les enfants atteints 

d’arythmie cardiaque héréditaire ou de cardiopathie d’origine génétique. De plus, le risque de 

mort subite à l’effort dans ces deux groupes rend souvent difficile l’équilibre entre le principe de 

précaution et la promotion de l’activité physique [15–19]. Ceux-ci ont donc été, pendant 

longtemps, exclus de toute pratique sportive une fois le diagnostic établi, engendrant 

inévitablement un impact physique, psychique et émotionnel.  

Néanmoins, les recommandations concernant la pratique d’activité physique chez les enfants 

atteints d’arythmies cardiaques héréditaires et de cardiomyopathies d’origine génétique ont 

évoluées lors des 20 dernières années, jusqu’à devenir progressivement moins restrictives au fil 

du temps [20–27]. En 2020, les dernières recommandations de la Société Européenne de 

Cardiologie (ESC) concernant la pratique du sport chez les patients ayant une maladie cardio-

vasculaire ont mis en avant le concept de prise de décision partagée entre les patients, la famille 

et le praticien dans la promotion de l’activité physique [28]. Toutefois, ces recommandations 

sont principalement destinées aux patients adultes et leurs applications à la population 

pédiatrique n’ont pas encore été évaluées. En outre, peu de données sont actuellement 

disponibles sur l’activité physique réelle des enfants atteints d’arythmie cardiaque héréditaire ou 

de cardiomyopathie d’origine génétique, tant en termes d’intensité que d’aptitude physique 

aérobie. 
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L’objectif principal de cette étude était d’évaluer le niveau d’adéquation aux recommandations 

ESC 2020 concernant la pratique sportive chez les enfants atteints de cardiomyopathie d’origine 

génétique ou d’arythmie cardiaque héréditaire. Nous avons également cherché à évaluer, chez 

ces enfants, leur aptitude physique aérobie, ainsi que l’impact comportemental de la cardiopathie 

sur leur activité physique. 
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Abstract 

Background: Because of sports and exercise restrictions, children with inherited cardiac disease 

are at risk of physical deconditioning. Guidelines on sports participation in cardiovascular 

disease have been less restrictive over time, but their real-life application and behavioural impact 

have been scarcely evaluated in children. 

Aims: To evaluate the adherence to the 2020 European Society of Cardiology (ESC) guidelines 

on sports and exercise in children with inherited cardiac arrhythmia and inherited 

cardiomyopathy. We also sought to evaluate the aerobic fitness and the behavioural impact of 

inherited cardiac diseases on physical activity in children. 

Methods: Children aged 6-18 with inherited cardiomyopathy or inherited cardiac arrhythmia 

were eligible for this prospective cross-sectional study. Clinical, demographic and qualitative 

data were analysed.  

Results: A total of 32 children were included in the study (mean age 12.7±3.5 years old). Most 

children (81.3%) complied with the 2020 ESC guidelines. They were physically active and had a 

good overall aerobic fitness with a mean peak VO2 value of 36.5±8.0 mL/kg/min (84.0±17.2%). 

Due to personal or parental behaviours, some children at risk of sudden cardiac death did not 

comply with the upper limit of physical activity intensity, while others with low risk did not 

comply with the lower limit. 

Conclusion: Most children with inherited cardiac arrhythmia and inherited cardiomyopathy 

complied with current 2020 ESC guidelines on sports cardiology and exercise in cardiovascular 

disease. Holistic education and rehabilitation programs dedicated to children with inherited 

cardiac disorders and their family may be needed to obtain complete compliance. 

 

ClinicalTrials.gov: registration number NCT04650009. 

 

 



34 
 

Keywords  

Physical activity; inherited cardiac arrhythmia; inherited cardiomyopathy; paediatrics; 

guidelines; aerobic fitness. 

 

 

List of abbreviations 

WHO: World Health Organization 

CHD: Congenital heart disease 

ESC: European society of cardiology 

CPET: Cardio-pulmonary exercise test  

VAT: Ventilator anaerobic threshold 

OUES: Oxygen uptake efficiency slope 

HR: Heart rate 

RER: Respiratory exchange ratio 

NYHA: New York Heart Association  



35 
 

Background 

Physical activity is known for its important benefits in terms of physical and mental health [1,2]. 

Based on the World Health Organization (WHO) guidelines, children and youth aged 5-17 

should cumulate at least 60 minutes of daily moderate to vigorous physical activity [3]. Indeed, 

repeated physical activity and exercise contribute to prevent obesity, which prevalence has 

dramatically increased in youth [4]. Sedentary lifestyle and its consequences in the paediatric 

population currently stand as a major public health issue, especially in children with pre-existing 

cardiac conditions [5–7].  

Traditionally, congenital cardiac disorders are divided into 3 groups: congenital heart disease 

(CHD) for structural cardiac anomalies, inherited cardiac arrhythmias and inherited 

cardiomyopathies. In the CHD population, early onset of physical deconditioning during 

childhood has previously been reported [8], even after successful cardiac surgical repair and 

despite the absence of any sports restriction [9]. Parental and social barriers to physical activity 

for youth with CHD have been observed [10,11], resulting in a rapid aerobic fitness decrease and 

a lower health-related quality of life [12,13]. Therefore, currently most children with CHD are 

encourage to follow the WHO guidelines on physical activity, or for severe conditions, to 

undergo cardiac rehabilitation programs [14].  

Data on physical activity have been scarcely reported in children with inherited cardiac 

arrhythmia and inherited cardiomyopathy. Moreover, the risk of sudden cardiac death during 

exercise in those two specific groups makes the balance between precautionary approach and 

promotion of physical activity often difficult [15–19]. Nevertheless, the guidelines on sports 

participation in inherited cardiac arrhythmia or inherited cardiomyopathy have been 

progressively less restrictive over time [20–27]. In 2020, guidelines on sports participation and 

exercise in patients with cardiovascular disease, from the European Society of Cardiology 

(ESC), have supported the concept of shared decision making between patients, families and 

physicians in the promotion of physical activity in patients with inherited cardiac disorders [28]. 
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However, these guidelines are mostly dedicated to adult patients and their application to the 

paediatric population has never been evaluated. Importantly, few data are currently available on 

the actual physical activity in children with inherited cardiac arrhythmia or inherited 

cardiomyopathy, both in terms of intensity capacity and aerobic fitness. 

The primary aim of this study was to assess the level of adherence to the 2020 ESC guidelines on 

sports participation and exercise in children with inherited cardiomyopathy or inherited cardiac 

arrhythmia. We also sought to evaluate their aerobic fitness and the behavioural impact of the 

disease on physical activity in daily life. 

 

Methods 

Study design and population 

This prospective observational cross-sectional study was carried out from May 2020 to 

December 2020 in two paediatric cardiology tertiary care hospitals, labelled as rare cardiac 

disease expert centres by national health authorities (www.filiere-cardiogen.fr): the Paediatric 

and Congenital Cardiology Department of Montpellier University Hospital and the Paediatric 

Cardiology and Rehabilitation Unit of St-Pierre Institute in Palavas-Les-Flots, France. Patients 

were consecutively screened during their annual follow-up. Children aged from 6 to 18 years old 

with inherited cardiomyopathy (e.g. hypertrophic cardiomyopathy, dilated cardiomyopathy, or 

arrythmogenic right ventricular cardiomyopathy) or inherited cardiac arrhythmia (e.g. long QT 

syndrome, Brugada syndrome or catecholaminergic polymorphic ventricular tachycardia) were 

eligible to participate in the study. Children with severe neurocognitive or physical impairments, 

who could not participate in the interview and/or undergo the exercise test, were not included in 

the study.   

http://www.filiere-cardiogen.fr/
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The study complies with the declaration of Helsinki. Ethical approval was granted from 

Montpellier ethics committee (IRB-MPT_2020_03_202000385) before any data were collected. 

The study was registered on ClinicalTrials.gov (number NCT04650009). Informed consent was 

required from all parents or legal guardians, as well as children’s assent. 

 

Physical activity outcomes 

Patients’ exercise intensity level were categorised as low, medium or high, upon the 2020 ESC 

guidelines on sports participation and exercise in patients with cardiovascular disease [28]. 

Children who practiced less than 60 minutes per day of a moderate to intense physical activity 

were considered to have a sedentary lifestyle, as defined by the WHO guidelines [3]. The 

physical activity profile of each patient was assessed using the physical activity self-

questionnaire from Ricci & Gagnon and categorised as inactive, active or very active [29]. This 

questionnaire has three summary scores: sedentary behaviour (1 item), recreational physical 

activities (4 items) and daily physical activities (4 items). Each item uses a 5-point scale from 1 

to 5. Higher score indicates a very active profile. 

All interviewed children completed the questionnaires under the supervision of a paediatric 

cardiology research fellow (AB). The interview of the child and at least one of his/her parents or 

legal guardians lasted approximately 30 minutes and was conducted in a quiet room, 

immediately after the paediatric cardiology annual consultation. If needed, the interview could 

also be conducted by videoconference. The clinical research team drafted a semi-structured 

interview guide with open-ended and closed-ended questions on physical activity (Table 1). The 

qualitative part of the interview focused on children’s experiences, motivations and feelings 

regarding physical activity in the context of their cardiac condition. Once the child had answered 

the questionnaire, parents were asked to answer the same questions.  
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Table 1. Physical activity interview guide 

Do you practice any sports, exercise or physical activity? If yes, name them. 

Do you practice competitive sports? * 

Do you know if exercise limitations exist in your cardiac condition? * 

How did you react when you discovered that you were limited in your physical activity? 

Have you ever been in a situation where you would have liked to participate in a physical 

activity but could not due to your cardiac condition? * 

What did you feel in that moment? 

Do you have extra-curricular activities apart from physical activities? 

If yes, describe your feeling and emotions regarding these activities 

Do you have any medical sports certificate? Describe it if possible. 

Who gave you this medical sports certificate? 

Do you have any current treatment for your cardiac condition? 

What impact does your heart condition have on your physical activity? 

Have you ever received advices or guidelines regarding therapeutic education during a 

consultation? (Drugs and medications to avoid, warm-up before physical activity, life hygiene) 

Would you be interested by a dedicated consultation on this subject? 

Have you ever experienced any cardiac symptoms related to your cardiac condition? * 

If yes, what did you felt at that moment? 

Can you describe your feelings and emotion related to physical activity? 

Legend: * closed-ended questions  
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Aerobic fitness outcomes 

To assess aerobic fitness, children underwent a cardio-pulmonary exercise test (CPET), using the 

same methodology as in our previous paediatric CPET studies [8,30,31]. The following variables 

were measured: maximum oxygen uptake (VO2 max); ventilator anaerobic threshold (VAT); 

ventilatory efficiency (VE/VCO2 slope), oxygen uptake efficiency slope (OUES), maximum 

load, peak heart rate (HR) and peak respiratory exchange ratio (RER). Peak VO2, VAT and peak 

HR were normalized in percentage of predicted peak using normal values from Wasserman and 

Cooper [2,32,33]. The two investigating centres used the same CPET cycle ergometer protocol, 

in order to obtain a homogeneous incremental overall duration between 8 to 12 minutes: a 1-

minute rest; a 3-minute warm-up (10 to 20 watts) in increments of 10, 15, or 20 watts each 

minute depending on the patient; a pedalling rate of 60 to 80 revolutions per minute; a 3-minute 

active recovery (20 watts); and a 2-minute rest. The CPET were considered as maximal when at 

least 3 of the following criteria were reached: respiratory exchange ratio (RER=VCO2/VO2) ≥ 1, 

maximum heart rate >85% of maximal age-predicted heart rate, limit of the patient’s tolerance 

despite verbal encouragement, plateau of VO2 (VO2 max) despite the increasing exercise 

intensity, and patient's inability to provide a minimum pedalling frequency of 60 per minute 

despite verbal encouragement. If the VO2 max did not reach criteria for maximal effort, the peak 

VO2 was informed, as in any paediatrics study [34,35].  

 

Clinical outcomes 

The following clinical data were collected: demographic data (age, gender, time since diagnosis), 

anthropometric data, clinical cardiac diagnosis, age at diagnosis, time since diagnosis, 

circumstance of diagnosis, current treatment, presence of a cardiovascular event in the last 24 

months, functional status (NYHA classification), left ventricular ejection fraction, presence and 

type of genetic mutation as reported in medical records.  
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Quantitative and qualitative data analyses 

Based on the data from interview, patients were classified into 2 groups, upon the level of 

adherence to the 2020 ESC guidelines on sports participation and exercise in patients with 

cardiovascular disease [28]: full adherence (e.g. strict compliance with the recommendations) 

and no adherence (e.g. practice of a non-recommended physical activity, in terms of type and/or 

intensity of exercise). Children from the “full-adherence” group were divided into three sub-

groups according to their level of maximum intensity exercise practice: (1) “maximum permitted 

level” group, whenever the child would practice exercise at the maximum intensity level 

authorised by the guidelines; (2) “lower level than permitted” group, whenever the patient would 

practice exercise one intensity level down compared to the maximum intensity level authorised; 

(3) and “much lower level than permitted” group, whenever the patient would practice exercise 

more than one intensity level down compared to the maximum intensity level authorised. In 

order to provide a double independent assessment, a blinded classification of patients in groups 

and sub-groups was carried out by a senior sports cardiologist, who did not participate in the 

interview (GDLV). 

Emotions and discourse of children and their parents were classified after the interview into three 

groups: positive (including joy, well-being, optimism and resilience); neutral (if participants 

expressed neutral discourse) and negative (including fear, sadness, frustration, disappointment 

and anger). Field notes were made during the interview. The examiner’s notes and transcribed 

information were included for analysis. All data were anonymised by the principal investigator.  

Data were processed according to the thematic analysis method [36] and collected in Excel 

sheets.  
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Statistical analyses 

The study population was described with means and standard deviations (SD) for quantitative 

variables and with frequencies for qualitative variables. The continuous variables distributions 

were tested using the Shapiro-Wilk test. Quantitative variables were compared using the 

Student’s t-test when the distribution was Gaussian and with the Mann-Whitney test, otherwise. 

For qualitative variables, groups were compared using the X2 test or Fisher’s exact test. For 

comparisons according to intensity adherence to ESC guidelines, Holm’s correction was applied 

for pairwise comparisons. The statistical significance was set at 0.05 and analyses were 

performed using Statistical Analysis Systems Enterprise Guide version 4.3 (SAS Institute, Cary, 

NC, USA). 

 

Results 

Patients’ characteristics 

During the study period, 33 consecutive eligible patients were asked to participate after their 

regular consultation. After parents or legal guardians consent, a total of 32 children were 

included in the study (mean age 12.7 ± 3.5 years old; 65.6 % male patients). Inclusions were 

evenly distributed between the two centres. Long QT syndrome represented the predominant 

cardiac disorder (N=15). The vast majority of the population was treated with beta-blockers 

(N=29) whereas few had an implantable cardioverter defibrillator (N=3). Regarding the 

circumstances of diagnostic, distribution was equitable between those diagnosed through familial 

genetic screening and those diagnosed after presenting cardiac symptoms related to their disease. 

Fortuitous diagnosis was exceptional. Few cardiac events during exercise (N=3) were reported 

(e.g. non-severe moderate chest pain), and no sudden cardiac death or cardiac arrhythmia 

occurred in the last 24 months. No patients presented with heart failure symptoms at enrolment. 

Detailed population characteristics are presented in Table 2.  
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Table 2. Population characteristics 

Variable  N (%) 

Inherited cardiac disease Long QT syndrome 

Brugada syndrome  

ARVC  

Hypertrophic cardiomyopathy 

Dilated cardiomyopathy  

CPVT 

18 (56.3) 

1 (3.1) 

2 (6.2) 

6 (18.8) 

2 (6.2) 

3 (9.4) 

Gender Male  

Female   

21 (65.6) 

11 (34.4) 

Age (years)  12.7 ± 3.5 

Age at diagnosis (years)  6.6 ± 5.2 

Body mass index  19.2 ± 3.9 

Left ventricular ejection fraction (%)   67.3 ± 6.6 

Cardiovascular event in the last 24 months*  3 (9.4) 

Identification of a genetic mutation  29 (90.6) 

Current treatment Beta-blockers 

Implantable cardioverter defibrillator 

29 (90.6) 

3 (9.4) 

Circumstance of diagnosis Familial genetic screening 

Symptoms 

Fortuitous diagnostic 

17 (53.1) 

14 (43.8) 

1 (3.1) 

Sedentary lifestyle  7 (21.9) 

Legend: ARVC, arrhythmogenic right ventricular cardiomyopathy; CPVT, catecholaminergic polymorphic 

ventricular tachycardia; SD, standard variation. Values are mean ± SD or N (%). *Cardiac arrhythmias, cardiac 

syncope, sudden cardiac arrest, chest pain at exertion. 

 

Quantitative data on physical activity  

Most children with inherited cardiac arrhythmia or inherited cardiomyopathy enrolled in the 

study (N=26, 81.3%) complied with the current 2020 ESC guidelines on sports cardiology and 

exercise in patients with cardiovascular disease. From the physical activity self-questionnaire, all 

these patients presented an active profile, with a mean score of 24.8 ± 5.3. In addition, in terms 
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of amount of time being physically active, most enrolled children (78.1%) complied with the 

WHO guidelines and were not considered to have a sedentary life style. Children who complied 

with the WHO guidelines had a significantly higher score on the physical activity self-

questionnaire than sedentary children (26.2 ± 4.6 vs. 19.7 ± 4.8, P<0.01, respectively) (Table 3). 

Table 3. Physical activity and aerobic fitness 

 

Legend: peak VO2, maximum oxygen uptake; VAT, ventilatory anaerobic threshold; VE/VCO2 slope, ventilatory 

efficiency; OUES, oxygen uptake efficiency slope; RER, respiratory exchange ratio; HR, hear rate; maximum load; 

ESC, European society of cardiology; WHO, World Health Organization; SD, standard variation. Values are mean ± 

SD. Significant p-values are marked in bold. 

Variable Total 2020 ESC guidelines WHO guidelines 

 (N=32) Adherence 

(N=26) 

No adherence 

(N=6) 

p-value Adherence 

(N=25) 

No adherence 

(N=7) 

p-value 

Physical 

activity level 

24.8 ± 5.3 24.9 ± 5.4 24.5 ± 5.8 0.88 26.2 ± 4.6 19.7 ± 4.8 < 0.01 

Peak VO2 

(ml/kg/min) 

36.5 ± 8.0 36.2 ± 7.1 38.0 ± 13.2 0.69 36.3 ± 8.5 37.5 ± 5.9 0.79 

% predicted  

peak VO2 

84.0 ± 17.2 84.1 ± 15.4 83.3 ± 28.3 0.93 84.3 ± 18.1 82.0 ± 14.1 0.81 

VAT 

(ml/kg/min) 

26.3 ± 6.8 26.5 ± 6.3 25.5 ± 10.2 0.80 26.1 ± 6.8 27.8 ± 7.7 0.66 

% predicted 

VAT 

60.6 ± 13.4 61.1 ± 12.2 57.5 ± 20.8 0.63 60.4 ± 12.8 61.5 ± 18.6 0.88 

VE/VCO2 

slope 

30.8 ± 5.9 30.1 ± 5.8 35.3 ± 6.1 0.16 30.9 ± 6.2 30.3 ± 5.0 0.86 

OUES 1427 ± 853 1415 ± 796 1549 ± 1766 0.84 1398 ± 844 1605 ± 1079 0.71 

OUES/kg 32.8 ± 15.8 32.2 ± 14.7 38.3 ± 31.8 0.62 34.0 ± 16.4 25.5 ± 10.6 0.4 

Peak RER 1.14 ± 0.10 1.14 ± 0.10 1.11 ± 0.08 0.56 1.14 ± 0.09 1.16 ± 0.15 0.43 

Peak HR 

(beats per 

minute) 

147.8 ± 28.0 152.9 ± 24.0 125.6 ± 36.4 0.03 148.2 ± 28.2 146.0 ± 30.5 0.88 

% predicted 

HR 

71.2 ± 13.3 73.5 ± 11.6 61.2 ± 16.9 0.03 71.4 ± 13.1 70.4 ± 15.6 0.85 

Maximum 

load (Watts) 

118.9 ± 57.7 119.6 ± 56.5 116.0 ± 69.7 0.85 112.5 ± 54.1 147.0 ± 70.9 0.16 
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In comparison with children complying with the 2020 ESC guidelines, children who did not 

follow them (N=6, mainly composed of patients with catecholaminergic polymorphic ventricular 

tachycardia and arrythmogenic right ventricular cardiomyopathy), showed a significantly lower 

maximum heart rate (125.6 ± 36.4 vs. 152.9 ± 24.0, P=0.03, respectively) and percent-predicted 

heart rate (61.2 ± 16.9 vs. 73.5 ± 11.6, P=0.03, respectively) during exercise test. No other 

significant differences were observed between these two groups.  

From the CPET results, the aerobic fitness in children with inherited cardiomyopathy or 

inherited cardiac arrhythmia was overall good, with a mean peak VO2 value of 36.5 ± 8.0 

mL/kg/min (84.0 ± 17.2 percent-predicted peak VO2), and no evidence of physical 

deconditioning in the ventilatory variables (Table 3).  

Among patients who followed the 2020 ESC guidelines (N=26), 15 children practiced exercise at 

the maximum intensity level authorised, 7 children practiced exercise at a lower level than 

authorised, and 4 children practiced exercise at a much lower level than authorised. A total of 11 

children (34.4%) complied with the 2020 ESC guidelines but could perform physical activity at a 

higher intensity level. The 3 sub-groups of actual over authorised exercise levels were 

significantly different in terms of scores from the physical activity self-questionnaire (Table 4). 
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Table 4. Physical activity characteristics 

Legend: peak VO2, maximum oxygen uptake; VAT, ventilatory anaerobic threshold; VE/VCO2 slope, ventilatory 

efficiency; OUES, oxygen uptake efficiency slope; RER, respiratory exchange ratio; HR, hear rate; ESC, European 

society of cardiology; SD, standard variation. Values are mean ± SD. Significant p-values are marked in bold. 

 

Qualitative data on physical activity 

Detailed patients’ physical activities are presented in Table 5. Half of the interviewed children 

(N=16) expressed positive emotions regarding physical activity in their daily life. For them, 

exercise was perceived as a source of pleasure and a factor of good global health, despite their 

 Adherence to 2020 ESC guidelines 

 Intensity at the maximum 

permitted level (N=15) 

Intensity at a lower level 

than permitted (N=7) 

Intensity at a much lower 

level than permitted (N=4) 

p-value 

Physical activity 

level 

27.3 ± 4.5 23.7 ± 3.5 17.8 ± 4.3 < 0.01 

Peak VO2 

(ml/kg/min) 

35.7 ± 4.5 40.0 ± 8.4 31.8 ± 9.9 0.20 

% predicted  

peak VO2 

83.0 ± 12.8 93.3 ± 16.3 73.3 ± 16.2 0.12 

VAT 

(ml/kg/min) 

25.8 ± 4.3 29.8 ± 7.3 23.3 ± 8.8 0.25 

% predicted 

VAT 

60.5 ± 11.4 66.7 ± 8.2 54.8 ± 17.9 0.32 

VE/VCO2 slope 30.9 ± 6.2 29.3 ± 7.1 29.0 ± 2.3 0.93 

OUES 1493 ± 737 1466 ± 793 1156 ± 1104 0.67 

OUES/kg 34.9 ± 13.4 36.8 ± 16.5 19.9 ± 11.5 0.17 

Peak RER 1.15 ± 0.08 1.14 ± 0.15 1.14 ± 0.10 0.99 

Peak HR (beats 

per minute) 

147.2 ± 24.2 165.3 ± 21.3 151.3 ± 26.3 0.33 

% predicted HR 70.8 ± 11.3 79.2 ± 10.6 73.0 ± 14.0 0.37 

Maximum load 

(Watts) 

111.7 ± 48.9 119.2 ± 54.8 143.8 ± 86.7 0.83 



46 
 

heart disease. They insisted on the social aspect of physical activity, as it allowed them to 

interact with peers during activities, even if they reported having to adapt the intensity of 

exercise (“I can still play football with my friends, as a goalkeeper for example”). Resilience 

skills were frequently observed when analysing the discourse of those children (“it was difficult 

at first, but now that I understand why it’s important, it does not bother me anymore”). One third 

of the interviewed children practiced non-exercise related activities, such as music lessons or 

circus leisure. They all expressed strong positive feelings about those activities, and placed them 

at the same level as exercise and sports in terms of source of well-being, especially for children 

with strict sports restrictions (“music is all my life now, I like it even more than sports”).  

Negative emotions were reported by 34% of children. They were mainly frustrated by limitations 

in terms of intensity of exercise, especially for those who did not respect the ESC guidelines on 

sports cardiology and exercise in cardiovascular disease (“I can’t exercise as much as I want to, 

I feel very limited”). However, the feeling of fear related to physical activity in the context of 

their cardiac condition was never reported by any of the interviewed children (“I’m not afraid of 

practicing sports”).  

When considering parents reports, more than half of them (59%) reported negative emotions 

regarding physical activity in the context of their child’s cardiac condition. Fear was the 

predominant emotion reported by parents (“I’m always in fear that something may happen when 

I’m not there”). They mainly expressed the need to supervise their child when practicing a 

physical activity, by fear of a sudden cardiac death or any other serious clinical event. Most of 

them reported having set physical activity limits for their child, even if the guidelines and their 

physician were not as restrictive (“with such limitation, I feel safer”). Only 25% of the 

interviewed parents reported positive emotions regarding their child’s physical activity. 

According to them, controlled and supervised physical activity was still perceived as something 

beneficial for their children. Few children and parents (N=5) expressed neutral emotions in 
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reporting little to no impact in their daily life (“exercise and sports are not important to me, I am 

happy without it”). 

 

Table 5. Patients’ detailed physical activities 

 Skill 

 

Power Mixed Endurance 

Low 

intensity 

Golf (N=1) 

Table tennis (N=2) 

Shooting 

Shot putting* 

Discus* 

Alpine skiing* 

(N=1) 

Soccer* (N=10) 

Basketball* (N=3) 

Handball* (N=5) 

Jogging 

Long distance 

walking 

Swimming* (N=7) 

Cycling* (N=10) 

Medium 

intensity 

 

Sailing 

Yachting 

Equestrian (N=1) 

Short distance 

running (N=3) 

Shot putting 

Discus 

Alpine skiing 

Judo/karate (N=2) 

Volleyball (N=1) 

Tennis (double) 

Speed walking 

Mid/long distance 

running 

Gymnastics (N=2) 

High 

intensity 

 Weight lifting 

(N=2) 

Wrestling 

Boxing (N=3) 

Ice-hockey 

Hockey 

Climbing (N=1) 

Rugby (N=2) 

Fencing 

Tennis (single) 

(N=1) 

Waterpolo 

Soccer 

(competitive) (N=1) 

Basketball 

(competitive) 

Handball 

(competitive) 

Cycling (road) 

Mid/long distance 

swimming 

Long distance 

skating 

Pentathlon 

Athletics (N=1) 

Rowing 

Canoeing 

X-country skiing 

Biathlon 

Triathlon 

Legend: *recreational activity with adapted intensity. N indicates the physical activity for the patients enrolled in the 

study. Multiples choices per patient are possible.  
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A small number of patients (N=5) and parents (N=1) were not aware of exercise and sports 

restriction with regards to their child’s cardiac disease, even if all of them respected “by chance” 

the 2020 ESC guidelines.  

Most families had received medical advices related to contraindicated drugs and medications or 

life hygiene. Half of the patients and families expressed their wish to receive a structured patient 

therapeutic education dedicated to those topics. 

 

Discussion  

This study reported, for the first time, the actual degree of implementation of the recent 2020 

ESC guidelines on sports cardiology and exercise in a population of children with cardiovascular 

diseases. We found that a large majority of children with inherited cardiac arrhythmia or 

inherited cardiomyopathy complied with the 2020 ESC guidelines and that only a minority had a 

sedentary life style. Furthermore, no serious cardiac events occurred in the last 24 months among 

enrolled children, which is coherent with recent studies suggesting that exercise-related events 

are rare in appropriately managed children with long QT syndrome and hypertrophic 

cardiomyopathy [37,38]. As this study was carried out concomitantly with the 2020 ESC 

guidelines publication, we may hypothesize that paediatric cardiologists had previously 

anticipated the recommendations by promoting physical activity at a safe level, in children with 

cardiac conditions. Despite the absence of specific paediatric guidelines, these results are in line 

with the evolution of guidelines in sport cardiology and exercise in patients with cardiovascular 

disease in the past decades [20–27]. Nevertheless, our results contrast with recent public health 

data reporting that half of boys and more than two thirds of girls from the French general 

paediatric population did not follow the WHO guidelines regarding daily physical activity and 

were considered to have a sedentary life style [39]. In our study, analyses from the interviews 

suggest the existence of resilience skills in children with inherited cardiac disease, as classically 
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described in many chronic diseases [40]. Added to practice changes in physicians, this form of 

resilience may have contributed to promote physical activity in this population.  

Of note, even if most children complied with the 2020 ESC guidelines on sports cardiology and 

exercise, those who did not follow them were among those at higher risk of sudden cardiac death 

during exercise. Indeed, all interviewed patients with catecholaminergic polymorphic ventricular 

tachycardia or arrhythmogenic right ventricular cardiomyopathy were found to practice high 

intensity exercise, even after their physicians advised them not to. This result may be explained 

by the absence of real physical disability during exercise, combined with strict exercise 

restrictions, in this group of patients. Yet, according to recent studies, approximately 30% of 

patients with catecholaminergic polymorphic ventricular tachycardia have a family history of 

sudden cardiac death before the age of 40 [41,42] and the mortality rate rises up to 50% in 

severely affected and untreated patients [43]. In our study, the interviews showed that children 

who did not respect the 2020 ESC guidelines were mainly frustrated by the imposed intensity 

limitations for physical activities and were aware of the risks. In order to avoid any serious 

cardiac events in this selected population, it is necessary to build structured paediatric 

therapeutic education programs promoting safe and adapted physical activity. Moreover, many 

children reported that non-exercise related activities provided as much well-being as sports used 

to, which suggests good resilience skills. Indeed, mental health care to support the anticipation 

and management of their condition should be integrated in educational therapeutic programs for 

children with inherited cardiac disorders.  

In our study, children with inherited cardiomyopathy and inherited cardiac arrhythmia had a 

good overall aerobic fitness and no evidence of physical deconditioning. Exercise tests data 

corroborate the results from the physical activity questionnaires and the interviews, and the 

enrolled children did practice exercise and sports related activities. No significant differences in 

aerobic fitness were reported when comparing children who complied with the 2020 ESC 

guidelines and those who did not, except for a lower maximum heart rate at exercise in children 
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who did not follow the recommendations (i.e., those with catecholaminergic polymorphic 

ventricular tachycardia). Indeed, higher dosage of beta-blockers are used in these patients and 

might explain this difference [42,44].  

Conversely, almost half of children who followed the 2020 ESC guidelines practiced a physical 

activity at a lower level of intensity than permitted. From the interviews, parental barriers to 

physical activity were predominant in this group, as previously reported in children CHD [10]. 

Future patient education programs in children with inherited cardiac disorders should involve 

parental psychological follow-up to support adaptive coping strategies with regards to their 

children’s condition. Finally, these children with inherited cardiac disorders are at risk of 

physical deconditioning, impaired health-related quality of life, and additional cardiovascular 

burden in adulthood, as observed in CHD [8,12,13,45]. Thus, there is an urgent need to develop 

and implement holistic rehabilitation and educational programs for children with inherited 

cardiac disorders and their families.  

 

Study limitations 

This study was performed in tertiary care centres and may not represent the overall population of 

children with inherited cardiac disease. However, in France, children with these cardiac disorders 

are usually followed in rare disease expert centres labelled by national health authorities 

(www.filiere-cardiogen.fr). 

These preliminary results are limited by the study sample size, data on physical activity came 

from interviews and questionnaires, and no fitness tracker was used. Nevertheless, this pilot 

study was necessary to draft the current on-going QUALIMYORYTHM trial, a controlled 

multicentre prospective study on health-related quality of life, physical activity and aerobic 

fitness in children with inherited cardiac arrhythmia or inherited cardiomyopathy 

(NCT04712136).  

http://www.filiere-cardiogen.fr/
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Conclusions 

This prospective observational cross-sectional study highlighted that most children with 

inherited cardiac arrhythmia or inherited cardiomyopathy complied with the current 2020 ESC 

guidelines on sports cardiology and exercise in patients with cardiovascular disease. Our results 

showed that those children were physically active and had a good aerobic fitness. Nevertheless, 

because of personal or parental behaviours, some children at risk of sudden cardiac death did not 

comply with the upper limit of physical intensity, while others with low risk did not comply with 

the lower limit. Our data highlight the importance of developing holistic educational 

programmes including mental health and exercise components to optimize outcomes in the 

population of children with inherited cardiac disorders and their families.  
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Commentaires et perspectives 

 

Genèse du projet et choix de la population étudiée 

L’idée d’évaluer le niveau réel d’activité physique et celui du respect des recommandations ESC 

2020 chez des enfants atteints de cardiopathie d’origine génétique et d’arythmie cardiaque 

héréditaire est née en consultation spécialisée, au cours de ma formation en FST (formation 

spécialisée transversale) de cardiologie pédiatrique et congénitale. En effet, chaque cardio-

pédiatre en exercice a déjà été confronté à un patient, passionné d’activité physique, à qui l’on 

devait annoncer une restriction plus ou moins stricte de la pratique sportive en lien avec le 

diagnostic de sa maladie cardiaque héréditaire. Au vu de l’impact émotionnel manifeste vécu par 

les patients et leurs familles, il m’a semblé intéressant d’interroger une cohorte de patients et 

leurs familles afin de recueillir leurs émotions et sentiments concernant les restrictions d’activité 

physique qui leur étaient imposées. De plus, il est parfois difficile lors d’une consultation 

spécialisée d’évaluer correctement la pratique sportive de chaque enfant en vue de la comparer 

aux recommandations en vigueur. L’impact des restrictions d’activité physique imposées par le 

corps médical (en termes de capacité aérobie) reste difficile à évaluer et peu de données sont 

disponibles dans la littérature. 

Le niveau attendu d’adhérence aux recommandations ESC 2020 concernant la pratique d’activité 

physique avec une cardiomyopathie ou arythmie héréditaire était relativement faible. Aucun 

travail préalable n’avait, à ma connaissance, cherché à étudier la pratique réelle d’activité 

physique de l’enfant et sa corrélation avec la capacité aérobie. 

La population étudiée était composée d’enfants de 6 à 18 ans atteints de cardiomyopathie 

d’origine génétique ou d’arythmie cardiaque héréditaire. Ces pathologies, bien que très 

différentes sur le plan physiopathologique, partagent toutes des restrictions plus ou moins 

importantes d’activité physique et sportive. Certaines pathologies n’ont pas été sélectionnées du 
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fait d’un génotype non clairement identifié, comme c’est par exemple le cas pour les patients 

atteints du syndrome de Wolff-Parkinson White [46,47].  

 

Formation en recherche clinique 

Ce travail s’inscrit dans le prérequis de la FST de cardiologie pédiatrique et congénitale 

concernant la formation en recherche clinique, depuis l’idée du projet jusqu’à la publication 

(Annexe 1). Ainsi, j’ai pu participer à la rédaction du protocole et des notes d’information, à la 

soumission au comité local d’éthique en recherche (IRB, Institutional Review Board, Annexe 2), 

à la création d’un CRF, et à l’enregistrement sur un registre international de recherche clinique 

(https://clinicaltrials.gov/ct2/show/NCT04650009, Annexe 3). 

 

Impact de la crise sanitaire sur le déroulement de l’étude 

La crise sanitaire du COVID-19 et le confinement de la population française (mars 2020) ont été 

un frein à la réalisation des premières inclusions de patients. En effet, de nombreuses 

consultations de suivi ont été repoussées de plusieurs mois. Rapidement, des téléconsultations 

ont été mises en place afin d’assurer le suivi de ces patients atteints de maladie chronique. Pour 

un faible nombre de patients (N=9), l’inclusion à l’étude a eu lieu directement après la 

téléconsultation avec leur praticien référent. Celle-ci, réalisée dans un box de consultation au 

calme, n’a selon nous pas modifié le comportement et le discours de l’enfant. L’activité physique 

étudiée était celle pratiquée avant le début du confinement, puisque l’immense majorité des 

enfants interrogés ont dû cesser leurs pratiques sportives. 

 

Déroulement des entretiens 

La grande majorité des patients inclus dans l’étude l’ont été directement après une consultation 

« physique » avec leur praticien référent. Cela impliquait donc la nécessité d’être présent et 

https://clinicaltrials.gov/ct2/show/NCT04650009
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disponible, idéalement dès lors de la consultation. Aucune inclusion n’a été effectuée si le patient 

et sa famille n’avaient pu au préalable échanger avec leur praticien référent au sujet de l’activité 

physique. Chaque entretien, d’une durée d’environ 30 minutes, a ainsi permis de recueillir les 

informations nécessaires concernant l’activité physique réelle pratiquée par le patient et son 

ressenti émotionnel en lien avec sa pathologie. Le questionnaire utilisé (Table 1) a été créé avec 

l’aide de l’équipe de recherche clinique. Les questions utilisées avaient pour but d’explorer de 

nombreuses situations dans lesquelles l’enfant aurait pu être exposé, du fait des éventuelles 

restrictions d’activité physique. L’enfant répondait à la question initiale et était encouragé à 

poursuivre et compléter son discours si nécessaire. Les réactions non verbales et autres échanges 

entre le patient et ses parents ont-elles aussi été relevées et prises en compte si elles étaient 

justifiées. 

 

Analyse des résultats quantitatifs et qualitatifs  

Cette étude rapporte, pour la première fois, le degré d’adhésion aux recommandations ESC 2020 

concernant la pratique d’activité physique et sportive dans une population d’enfant atteint de 

cardiopathie d’origine génétique et d’arythmie cardiaque héréditaire. Nous avons constaté 

qu’une grande majorité des enfants respectaient ces recommandations et que seule une minorité 

avait un mode de vie sédentaire. Il semble probable que les cardio-pédiatres avaient anticipé 

l’évolution des recommandations en promouvant l’activité physique à un niveau raisonnable aux 

enfants atteints de maladies cardiaques héréditaires [20–27]. Cependant, nos résultats évoquent 

un taux de sédentarité relativement faible au sein de notre population étudiée (21.9%). Ceci est 

en contradiction avec une étude récente estimant que la moitié des garçons et plus des deux tiers 

des jeunes filles ne respectent pas les recommandations de l’Organisation Mondiale de la Santé 

concernant la pratique d’activité physique journalière [39]. Notre analyse qualitative a permis de 

mettre en évidence l’existence de phénomènes de résilience au sein de cette population durement 

touchée par les restrictions d’activité physique, comme dans d’autres pathologies chroniques 
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[40]. Associé aux changements de discours opérés par les médecins depuis plusieurs années, ceci 

a probablement permis d’encourager la pratique d’activité physique au sein de cette population. 

Même si la plupart des enfants respectaient les recommandations ESC 2020 concernant la 

pratique d’une activité sportive avec une maladie cardiovasculaire, ceux qui ne respectaient pas 

les recommandations en vigueur étaient ceux parmi les plus à risque d’événement cardiaque 

grave lors de l’exercice. En effet, tous les patients atteints de dysplasie arythmogène du 

ventricule droit (N=2) et de tachycardie ventriculaire polymorphe catécholaminergique (N=3) 

pratiquaient une activité physique d’intensité supérieure aux limites autorisées. Ceci pourrait 

s’expliquer par l’absence de handicap physique à l’effort, combiné à une restriction plus stricte 

en termes d’activité physique autorisée. Pourtant, selon certaines études récentes, 30% des 

patients atteints de tachycardie ventriculaire polymorphe catécholaminergique ont des 

antécédents familiaux de mort subite avant l’âge de 40 ans [41,42] et le taux de mortalité 

augmente jusqu’à 50% chez les patients gravement atteints et non traités [43]. Notre analyse 

qualitative a permis de mettre en évidence le fait que ces patients, au courant des risques 

éventuels, ressentaient principalement de la frustration quant aux différentes limites imposées. 

Notre étude rapporte un bon niveau de capacité aérobie global et l’absence de signes de 

déconditionnement physique. Ces données corroborent nos résultats issus des questionnaires 

d’activité physique et entretiens évoquant l’absence de sédentarité au sein de cette population. 

Cependant, environ 40% des enfants respectant les recommandations ESC 2020 pratiquaient une 

activité physique d’intensité inférieure à celles autorisées. L’impact des barrières parentales 

semble être lié à ce résultat, comme précédemment décrit chez les enfants atteints de 

cardiopathie congénitale [10]. Les enfants atteints de maladies cardiaques héréditaires sont 

exposés à un risque élevé de déconditionnement physique et d’altération de qualité de vie liée à 

la santé, comme l’ont montré de nombreuses études portant sur les enfants atteints de 

cardiopathie congénitale [8,12,13,45].  
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Perspectives 

Ces résultats incitent à développer et mettre en œuvre des programmes de réhabilitation et 

d’éducation thérapeutique du patient (ETP) d’inspiration holistique pour les enfants atteints de 

maladies cardiaques héréditaires ainsi que leurs familles.  

Grâce au soutien logistique et financier tout récent de la filière maladies rares Cardiogen 

(www.filiere-cardiogen.fr), notre groupe va coordonner l’élaboration d’outils ETP communs à 

tous les centres de référence et de compétences et dédiés les enfants avec maladies cardiaques 

héréditaires. Les résultats de cette étude pilote seront utilisés pour le module « activité 

physique » de ce programme ETP. 

Cette étude pilote a également ouvert la voie à l’étude prospective multicentrique contrôlée 

QUALIMYORYTHM (Figure 1), dont les inclusions viennent de débuter. L’étude 

QUALIMYORYTHM évalue la qualité de vie (questionnaire PedsQL en ligne), l’aptitude 

physique (test d’effort cardio-respiratoire), l’activité physique (actimètre), et la santé mentale 

(neuro-développement) des enfants ayant une cardiomyopathie d’origine génétique ou une 

maladie rythmique héréditaire, comparativement à une population contrôle appariée 

(https://clinicaltrials.gov/ct2/show/NCT04712136).  

Enfin, le dernier axe de ce projet de recherche, sera la création d’un programme de réhabilitation 

dans les cardiopathies héréditaires de l’enfant, inspiré de notre programme QUALIREHAB pour 

les cardiopathies congénitales [14]. 

 

Figure 1. Axe de recherche activité physique et cardiopathie d’origine génétique chez 

l’enfant 

 

Etude PILOTE

2020

QUALYMYOTYRHM

2021 

Programme de 
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2022
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Annexe 1. Soumission de l’article 
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Annexe 3. Enregistrement sur registre international de recherche clinique  
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Serment d’Hippocrate 

 

 

 

En présence des Maîtres de cette école, de mes chers condisciples et devant l’effigie 

d’Hippocrate, je promets et je jure, au nom de l’Etre suprême, d’être fidèle aux lois de 

l’honneur et de la probité dans l’exercice de la médecine. 

 

Je donnerai mes soins gratuits à l’indigent et n’exigerai jamais un salaire au-dessus de mon 

travail. 

 

Admis dans l’intérieur des maisons, mes yeux ne verront pas ce qui s’y passe, ma langue 

taira les secrets qui me seront confiés, et mon état ne servira pas à corrompre les mœurs, ni à 

favoriser le crime. 

 

Respectueux et reconnaissant envers mes Maîtres, je rendrai à leurs enfants l’instruction que 

j’ai reçue de leurs pères. 

 

Que les hommes m’accordent leur estime si je suis fidèle à mes promesses. Que je sois 

couvert d’opprobre et méprisé de mes confrères si j’y manque. 
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Résumé 

Contexte : En raison des restrictions sur l’activité physique, les enfants souffrant de 

cardiopathies héréditaires sont à risque de déconditionnement physique. Les recommandations 

sur la pratique sportive dans les cardiopathies sont plus permissives avec le temps, mais leurs 

applications dans la vie réelle, et leurs impacts comportementaux ont été peu évalués chez 

l’enfant. 

Objectifs : Evaluer l’adhésion aux recommandations européennes (ESC 2020) sur l’activité 

physique et sportive chez l’enfant atteints d’arythmie cardiaque héréditaire ou de 

cardiomyopathie d’origine génétique, ainsi que leur aptitude physique aérobie et l’impact 

comportemental des cardiopathies héréditaires sur l’activité physique chez l’enfant. 

Méthodes : Les enfants âgés de 6 à 18 ans atteints de cardiomyopathie d’origine génétique ou 

d'arythmie cardiaque héréditaire étaient éligibles pour cette étude. Les données cliniques, 

démographiques et qualitatives ont été analysées.  

Résultats : 32 enfants ont été inclus dans l'étude (âge moyen 12.7±3.5 ans). La plupart des 

enfants (81.3 %) suivaient les recommandations ESC 2020. Ils avaient une bonne condition 

aérobie avec une valeur moyenne de pic de VO2 de 36.5±8.0 ml/kg/min (84.0±17.2 %). Certains 

enfants à haut risque de mort subite ne respectaient pas la limite supérieure d’intensité 

recommandée, tandis que certains à bas risque ne respectaient pas la limite inférieure. 

Conclusion : La majorité des enfants souffrant d'arythmies cardiaques héréditaires et de 

cardiomyopathies héréditaires respectent les recommandations 2020 de l'ESC. Des programmes 

d'éducation et de réadaptation holistiques destinés aux enfants atteints de maladies cardiaques 

héréditaires et à leur famille peuvent être nécessaires. 

Numéro d’enregistrement ClinicalTrials.gov: NCT04650009. 

 

Mots clé : activité physique; arythmie cardiaque héréditaire; cardiomyopathie d’origine 

génétique; pédiatrie; recommandations, capacité aérobie. 




