
HAL Id: hal-04129064
https://hal.science/hal-04129064v1

Submitted on 23 Jan 2024

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documentsmay come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaireHAL, est des-
tinée au dépôt et à la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
français ou étrangers, des laboratoires publics ou
privés.

HAL Authorization

Use of new paediatric VO2max reference equations to
evaluate aerobic fitness in overweight or obese children with

congenital heart disease
Pascal Amedro, Thibault Mura, Stefan Matecki, Sophie Guillaumont, Anne

Requirand, Claire Jeandel, Laura Kollen, Arthur Gavotto

To cite this version:
Pascal Amedro, Thibault Mura, Stefan Matecki, Sophie Guillaumont, Anne Requirand, et al.. Use of new
paediatric VO2max reference equations to evaluate aerobic fitness in overweight or obese children with con-
genital heart disease. European Journal of Preventive Cardiology, 2023, 30 (17), pp.1865-1873. ⟨10.1093/eur-
jpc/zwad201⟩. ⟨hal-04129064⟩

https://hal.science/hal-04129064v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr


Use of new paediatric VO2max reference equations to 

evaluate aerobic fitness in overweight or obese children 

with congenital heart disease 
 
Pascal Amedro 1,2, Thibault Mura 3,4, Stefan Matecki 5,6, Sophie Guillaumont 5,7, 
Anne Requirand5, Claire Jeandel8, Laura Kollen 9, and Arthur Gavotto 6,10* 
 
1 Paediatric and Congenital Cardiology Department, M3C National Reference 
Centre, Bordeaux University Hospital, Bordeaux, France;  
 
2 IHU Liryc, Electrophysiology and Heart Modelling 
Institute, INSERM 1045, Bordeaux University Foundation, Pessac, France;  
 
3 INSERM, U1061, Neuropsychiatry: Epidemiological and Clinical Research, 
University of Montpellier, 39 Av. Charles Flahault, 34090, Montpellier, France;  
 
4 Department of Biostatistics, Clinical Epidemiology, Public Health, and Innovation in 
Methodology, Nimes University Hospital, University of Montpellier, Place du 
Professeur Debré, 30029, Nimes, France;  
 
5 Paediatric and Congenital Cardiology Department, M3C Regional Reference CHD 
Centre, Montpellier University Hospital, Montpellier, France;  
 
6 PhyMedExp, CNRS, INSERM, University of Montpellier, 371 Avenue du Doyen 
Giraud, 34295, Montpellier, France; 
 
7 Paediatric Cardiology and Rehabilitation Unit, St-Pierre Institute, Palavas-Les-Flots, 
France;  
 
8 Paediatric Endocrine Unit, Department of Paediatrics, Hôpital A. de Villeneuve, 
CHU Montpellier, Montpellier Cedex 34295, France; 
 
9 Department of Paediatric gastroenterology, Montpellier University Hospital, 
Montpellier, France; and  
 
10 Department of Neonatal Medicine and Paediatric Intensive Care, Arnaud de 
Villeneuve Hospital, Montpellier University Hospital Centre, University of Montpellier, 

371 Avenue du Doyen Giraud, Montpellier 34295, France 

Keywords  

 

Cardiopulmonary exercise test • VO2 • Overweight • Obesity • Congenital heart defect • 

References values 

 

* Corresponding author.  

Tel: +33 4 67 33 66 09, Fax: +33 4 37 33 62 28, Email: a-gavotto@chu-montpellier.fr 

mailto:a-gavotto@chu-montpellier.fr


 

Aims  

 

Overweight and obesity in children with congenital heart disease (CHD) represent an 

alarming cardiovascular risk. Promotion of physical activity and cardiac rehabilitation in this 

population requires assessing the level of aerobic fitness (VO2max) by a cardiopulmonary 

exercise test (CPET). Nevertheless, the interpretation of CPET in overweight/obese children 

with CHD remains challenging as VO2max is affected by both the cardiac condition and the 

body mass index (BMI). The new paediatric VO2max Z-score reference equations, based on a 

logarithmic function of VO2max, height and BMI, were applied to overweight/obese children 

with a CHD and compared with overweight/obese children without any other chronic 

condition 

 

Methods and results 

 

In this cross-sectional controlled study, 344 children with a BMI > 85th percentile underwent 

a CPET (54% boys; mean age 11.5 ± 3.1 years; 100 CHD; 244 controls). Using the VO2max 

Z-score equations, aerobic fitness was significantly lower in obese/overweight CHD children 

than that in matched obese/overweight control children (−0.43 ± 1.27 vs. −0.01 ± 1.09; P = 

0.02, respectively), and the proportion of children with impaired aerobic fitness was 

significantly more important in obese/overweight CHD children than in matched controls 

(17% vs.6%, P = 0.02, respectively). The paediatric VO2max Z-score reference equations also 

identified specific complex CHD at risk of aerobic fitness impairment (univentricular heart 

and right outflow tract anomalies). Using Cooper’s weight- and height-based linear equations, 

similar matched-comparisons analyses found no significant group differences. 
 

Conclusions  

 

As opposed to the existing linear models, the new paediatric VO2max Z-score equations can 

discriminate the aerobic fitness of obese/overweight children with CHD from that of 

obese/overweight children without any chronic disease. 

 

Registration  

 

ClinicalTrials.gov NCT04815577 

 

 

Lay summary 

 

• The new paediatric VO2max Z-score reference equations found a lower aerobic fitness in 

obese or overweight children with CHD than that in matched obese or overweight control 

children and a high proportion of children with impaired aerobic fitness in obese or 

overweight children with CHD and identified specific complex CHD at risk of aerobic fitness 

impairment. 

 

• As opposed to Cooper’s weight-based or height-based linear equations, the new paediatric 

VO2max Z-score equations can discriminate the aerobic fitness of obese or overweight children 

with CHD from that of obese or overweight children without any chronic disease. 

--- 



 

 
 

 

 

 

Introduction 
 

Overweight and obesity are an alarming global public health issue, affecting the paediatric 

population, with a prevalence of 21% in Europe1 and 32% in North America.2 Currently, 

obesity has become one of the most frequent chronic diseases in childhood, which may 

eventually cumulate to the burden of potential pre-existing chronic health conditions,3 as in 

children with congenital heart disease (CHD).4 Indeed, CHD is the leading cause of 

congenital diseases,5 and children with CHD are particularly affected by overweight [e.g. 

body mass index (BMI) > 85th percentile] or obesity (e.g. BMI > 95th percentile),6–8 

especially in children with low levels of physical activity. Yet, aerobic fitness after surgical or 

catheter-based repair is expected to be normal or subnormal in most children with CHD.9,10 

However, physical inactivity and sedentary behaviours precipitate many children with CHD 

into the vicious circle of physical deconditioning, 11 which negatively affects their quality of 

life.12 Ultimately, physically inactive children are at higher risk for a sedentary lifestyle in 

adulthood.13 As a result, obesity currently affects approximately one-third of adults with 

lower-complexity CHD, such as ventricular septal defects, leading to substantial 

cardiovascular morbidity in this population.14 

 

The promotion of physical activity and cardiac rehabilitation may contribute to limiting the 

emergence of obesity in children with CHD.15 This requires assessing the level of aerobic 

fitness by a cardiopulmonary exercise test (CPET) to measure the value of maximum oxygen 

uptake (VO2max), which correlates with health-related quality of life in children with CHD.12 



Indeed, VO2max reflects children’s global health and stands as an independent predictor of all-

cause mortality.16,17 

 

Nevertheless, the interpretation of CPET in overweight or obese children with CHD remains 

challenging as VO2max is affected by both the cardiac condition and the BMI. Moreover, the 

most widely used VO2max paediatric reference values until now were based on Cooper’s 

weight- or height-based linear equations and are not adapted to extreme weights.18,19 Our 

group has recently established reference Z-score values for paediatric cycloergometer VO2max, 

using a logarithmic function of VO2max, height and BMI. External validity analyses on 

European and North American paediatric populations have demonstrated that these new 

reference VO2max Z-score reference equations were applicable to children with normal and 

extreme weights.20 

 

In this study, we aimed to apply the new paediatric VO2max Z-score reference equations to a 

group of overweight and obese children with a CHD, in comparison with a group of 

overweight and obese children without any other chronic condition. We also intended to 

evaluate the contribution of these new paediatric VO2max Z-score reference equations in the 

population of overweight and obese children with a CHD, in comparison with Cooper’s linear 

equations. 

 

Methods 
 

Study design 

 

This cross-sectional study was carried out from November 2010 to March 2020 in two 

paediatric CPET laboratories (Centre 1: M3C Regional Paediatric and Congenital Cardiology 

Centre, Montpellier University Hospital, France; Centre 2: Paediatric Cardiology and 

Rehabilitation Centre, Institut-Saint-Pierre, Palavas-Les-Flots, France). 

 

Patient population 

 

All children aged 5–18 years, with a BMI > 85th percentile, and who underwent a CPET in 

one of the two centres, were screened. They were recruited after a regular paediatric 

cardiology outpatient visit. A BMI > 85
th

 percentile defined overweight, and a BMI > 95th 

percentile defined obesity, according to the North American growth charts.21 Two groups 

were identified: overweight or obese children with CHD (‘CHD group’) and overweight or 

obese children without any other chronic condition (‘control group’). In both groups, subjects 

were from the same geographic region (e.g. Occitanie, France). 

 

The CHD group was recruited during a routine cardiac follow-up in the regional CHD expert 

centre. The anatomic and clinical CHD classification was used to define the type of 

malformation (‘CHD subgroups’).22 

 

The control group consisted of overweight or obese children, referred to the paediatric 

cardiology consultation by the regional specialized centre for obesity, before receiving any 

fitness, dietary or behavioural therapy interventions. The paediatric cardiology consultation 

belongs to the routine follow-up of these children. These subjects were included in the control 

group only after a completely normal check-up, including physical examination, 

electrocardiogram (ECG) and echocardiography. Children with any other chronic disease, 



excluding obesity-related conditions (type 2 diabetes, high blood pressure, hyperlipidaemia 

and obstructive sleep apnoea), were not included in the control group. 

 

 

 

Paediatric cardiopulmonary exercise test protocol 

 

Cardiopulmonary exercise test procedures were harmonized in both centres before the start of 

the study. From 2010 to 2015, the same technical devices were used in both CPET 

laboratories: paediatric face masks (Hans Rudolph, Shawnee, KS, USA), calibrated gas 

analyser (Oxycon Pro, Jaeger, Erich Jaeger GmbH, Hoechberg, Germany), breath-to-breath 

measurement software (Windows 98, Jaeger), 12-lead ECG equipment (CardioSoft, GE 

Healthcare, Little Chalfont, UK), pulse oximeter (Nellcor, Medtronic, Fridley, MN, USA) and 

manual sphygmomanometer with adapted paediatric cuffs. From 2015, Centre 1 used the 

following technical device: calibrated gas analyser (Quark CPET, Cosmed Srl, Pavonna di 

Albano, Italy), breath-by-breath measurement software (Windows 7–10, Omnia, Cosmed), 

12-lead ECG equipment (Norav, Germany) and pulse oximeter (Nonin Medical Inc, 

Plymouth, MN 55441 USA). 

 

Spirometry using a common gas device was systematically performed before the exercise test, 

providing a flow-volume curve and measurements of the forced expiratory volume in 1 s 

(FEV1), the forced vital capacity (FVC) and the FEV1/FVC ratio (FEV1%). Spirometry was 

repeated at least three times to ensure reproducibility, following the current guidelines in 

children.23 Results were expressed as Z-scores from the spirometry reference equations.24 

 

Both centres used the same CPET paediatric cycle ergometer protocol adapted to CHD 

children to obtain a homogeneous incremental overall duration of 8–12 min: a 1-min rest; a 3-

min warm-up (20–40 W) in increments of 10, 15, 20 or 30 W each minute; a pedalling rate of 

60–80 revolutions per minute; a 3-min active recovery (20 W); and a 2-min rest. The CPET 

was considered as exhaustive when the following criteria were reached: maximum heart rate 

≥80% of maximal age-predicted heart rate (220−age) and inability to maintain a pedalling rate 

above 60 despite verbal encouragement. When the VO2max did not reach a plateau, the peak 

VO2 was recorded, as usual in children.25 

 

 

VO2max reference equations 

 

Two mathematical models for paediatric cycloergometer VO2max reference values were used 

in this study: 

 

(1) The VO2max reference values defined by Cooper et al.18,19 in 1984 were based on linear 

equations according to body weight or height, from a cohort of 109 American healthy children 

with normal weight. The weight-based linear equations are as follows: VO2max = [52.8 × 

weight (kg) − 303.4] in boys; VO2max = [28.5 × weight (kg) + 288.2] in girls.18 The height-

based linear equations are as follows: VO2max = [43.6 × height (cm) − 4547.1] in boys; 

VO2max= [22.5 × height (cm) − 1837.8] in girls.19 

 

(2) Our group recently established reference Z-score values for paediatric cycloergometer 

VO2max, applicable to normal and extreme weights, from a cohort of 1141 healthy children of 

contemporary anthropometric profile, including 909 subjects in the development cohort and 



232 European and North American subjects in the validation cohort.20 For both sexes, the Z-

score equations were modelled using a logarithmic function of VO2max, height and BMI: 

 

 
 

 

Impaired VO2max was defined as VO2max < 80% using Cooper’s equations11 and 

VO2max<−1.64 Z-score using the VO2max Z-score equations. 

 

Formal aspects 

 

The study was conducted in compliance with the Good Clinical Practice guidelines and the 

Declaration of Helsinki principles. Informed consent was obtained from all parents or legal 

guardians. The use of the CPET database was approved by our Institutional Review Board. 

The study was registered on ClinicalTrials.gov (NCT04815577). 

 

Statistics 

 

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

quantitative variables and frequencies for qualitative variables. Quantitative variables were 

compared using the Student’s t-test (sample size > 30 in both groups). For qualitative 

variables, groups were compared using the chi-squared test or Fisher’s exact test. As VO2max 

is influenced by gender, age and BMI, and because these anthropometric characteristics 

differed between the two groups, we reconstituted a posteriori two groups matched according 

to sex, age (±2 years) and BMI (±3 kg/m2). This matching process was performed with a 1:1 

ratio using the greedy algorithm. The groups were then compared using conventional 

statistical tests. 

 

Statistical analyses were performed at the conventional two-tailed α level of 0.05 using SAS 

version 9.4 (SAS Institute, Cary, NC, USA). 

 

 

 

 

 

 

 

 

 



 

 

 

 
 

 

Results 
 

Population 

 

During the 10-year study period, a total of 344 children (54% boys, mean age 11.5 ± 3.1 

years) with overweight (n = 151) or obesity (n = 193) were enrolled in the study, of which 

100 subjects with CHD and 244 control subjects without any other chronic disease. In the 

CHD group, the proportions of overweight (64%) and obese (36%) children were significantly 

different to those in the control group (36% and 64%, respectively, P < 0.01). The 

demographic data are summarized in Table 1. 

 

 

Comparison of cardiopulmonary exercise test parameters in obese or overweight 

children with congenital heart disease vs. controls 

 

 



Group comparisons are reported in Table 1, presenting the overall sample (n = 344) and the 

matched groups according to sex, age and BMI (95 in the CHD group and 95 in the control 

group). 

 

The FEV1, FVC and peak heart rate were significantly lower in the CHD group than those in 

controls, with both non-matched and matched group comparisons. 

 

Using the VO2max Z-score equations, the aerobic fitness was significantly lower in obese or 

overweight children with CHD than that in obese or overweight control children, in both non-

matched (−0.46 ± 1.31 vs. −0.10 ± 1.03; P < 0.01, respectively) and matched (−0.43 ± 1.27 

vs. −0.01 ± 1.09; P = 0.02, respectively) group comparisons. However, no significant VO2max 

differences were observed between CHD and controls using raw values (expressed in mL/min 

and mL/kg/min) or per cent-predicted values from Cooper’s equations, in both non-matched 

and matched group comparisons, apart from a significantly lower VO2max in the CHD group 

than in non-matched controls, using Cooper’s height-based equations (97.5% ± 22.3% vs. 

106.4% ± 20.2%, P < 0.01, respectively). 

 

 

Impaired aerobic fitness in obese or overweight children with congenital heart disease 

vs. matched controls 

 

Using the VO2max Z-score equations, the proportion of children with impaired aerobic fitness 

was significantly more important in obese or overweight children with CHD than in matched 

obese or overweight control children (17% vs.6%, P = 0.02, respectively). However, no 

significant group differences in the proportion of children with impaired aerobic fitness were 

observed using Cooper’s weight-based linear equations (54% vs. 51%, P = 0.66) or Cooper’s 

height-based linear equations (15% vs. 12%, P = 0.52). These data are reported in Table 1 and 

Figure 1. Patients with impaired aerobic fitness in CHD and control groups, according to the 

three VO2max equations, were also represented using Venn diagrams, to highlight which 

equations identified the same children (Figure 2). 

 

Aerobic fitness in congenital heart disease subgroups expressed with the three different 

VO2max reference equations 

 

Congenital heart disease subgroups are presented in Table 2. Comparisons were not 

performed in CHD subgroups with a low number of subjects <3 (e.g. Group 5, complex 

anomalies of atrioventricular connections; and Group 10, congenital anomalies of the 

coronary arteries). 

 

Using the VO2max Z-score equations, the greatest aerobic fitness impairment was observed in 

Group 6 (univentricular heart), with a median VO2max Z-score of −1.64 (−2.82; −0.31) and 

Group 8.2 (tetralogy of Fallot, truncus arteriosus, pulmonary atresia and double outlet right 

ventricle), with a median VO2max Z-score of −1.63 (−2.20; −0.23). As illustrated in the Figure 

3, the median VO2max Z-scores ranged between 0 and −1.64 in most CHD subgroups. 

 

Using Cooper’s height-based linear equations, the greatest aerobic fitness impairment was 

observed in Group 8.2, with a median per cent-predicted VO2max of 81.7% (69.3%; 87.4%), 

and Group 4 (anomalies of the atrioventricular junctions and valves), with a median per cent-

predicted VO2max of 89.8% (68.2%; 103.9%). As illustrated in the Figure 3, a median per 



cent-predicted VO2max of ∼100% was observed in most CHD subgroups, with a wide 

distribution of per cent-predicted VO2max values in the Group 6 (univentricular heart). 

 

 

 
 

Using Cooper’s weight-based linear equations, the greatest aerobic fitness impairment was 

observed in Group 8.2, with a median per cent-predicted VO2max of 62.8% (54.1%; 67.2%), 

and Group 4, with a median per cent-predicted VO2max of 68.1% (47.0%; 82.9%). As 

illustrated in Figure 3, a per cent-predicted VO2max under 80% was observed in most CHD 

subgroups. 

 

 

 

 

 



 

 

 

Discussion 
 

This study applied, for the first time, the new paediatric VO2max Z-score reference equations 

on a cohort of 344 children with overweight or obesity, including 100 subjects with CHD and 

244 controls, and who underwent a complete CPET assessment of their aerobic fitness. 

 

In this study, the paediatric VO2max Z-score reference equations showed a better ability than 

Cooper’s equations to discriminate the aerobic fitness of obese or overweight children with 

CHD from that of obese or overweight children without any chronic disease. We confirmed 

that Cooper’s weight-based and height-based linear equations struggled to identify any 

VO2max difference between these two groups and therefore were not adapted to children with 

overweight or obesity. From a general perspective, the use of linear models for reference 

equations in the paediatric population has been previously criticized, as the relationship 

between anthropometric and physiological parameters is not strictly linear, especially for 

extreme ranges of age or weight. Therefore, new mathematical models have emerged in 

paediatrics, such as lung function Z-score equations24 or echocardiographic spline 

equations.26 Similarly, allometry should be considered to define reference equations for 

aerobic fitness in children.27 During growth and pubertal stages, the relationship between 

VO2max and its main determinants, such as total mass, lean mass and height, is not necessarily 

linear. Physiologically, the oxygen uptake (VO2) is a product of cardiac output and peripheral 

oxygen extraction, and classically, the oxygen extraction capacity of the metabolically active 

muscle is constant.28 However, the use of body weight normalization to express aerobic 

fitness is irrelevant in obesity, as body fat does not reflect metabolically active muscle 

mass.27 

 

Furthermore, this study found that the paediatric VO2max Z-score reference equations 

contributed to a better assessment of aerobic fitness impairment in children with CHD and 

overweight or obesity than the existing linear models. This result is of great value in the 

routine follow-up of children with CHD and overweight or obesity, as the existence of a 

decreased VO2max may be related to both the cardiac condition and obesity or overweight. 

Cardiopulmonary exercise test studies on physical capacity in CHD have highlighted the 

intricate relation between heart failure,4 muscular deconditioning,9 restrictive lung disease29 

and overweight or obesity,6 which all together contribute to impaired aerobic fitness. 

Therefore, the expression of VO2max using Z-score values adapted to extreme weight can help 

identify the early onset of aerobic fitness impairment, in order to enrol children with CHD 

suffering from physical deconditioning in rehabilitation programs, 11,30 and, ultimately, limit 

cardiovascular risk and mortality in adults with CHD.14 As previously stated by Cooper et 

al.,31 ‘finding obesity in a child is not a reliable indicator of poor fitness but that testing 

cardiorespiratory responses to exercise can be used to identify subjects with serious 

impairment and to individualize therapy’. 

 

In the CHD subgroup analysis, the paediatric VO2max Z-score reference equations identified 

specific complex CHD at risk of aerobic fitness impairment in children with overweight or 

obesity, such as univentricular heart and complex right outflow tract anomalies. Similar 

results were previously reported in the literature, in the overall paediatric CHD 



population,9,32 as in children with univentricular heart33 or tetralogy of Fallot,34 but without 

focusing on overweight or obesity. In this study, VO2max values in obese or overweight 

children with univentricular heart were overestimated by Cooper’s height-based equations and 

underestimated by Cooper’s weight-based equations, as recently shown in the general 

paediatric population.20 

 

Therefore, access to reliable VO2max Z-score reference values for obese or overweight children 

with complex CHD, e.g. a population particularly concerned with cardiovascular risk, will 

contribute to avoid misestimating the specific role of the cardiac disease because of 

overweight or obesity in aerobic fitness impairment. Ultimately, this will help congenital 

cardiologists define specific therapeutic targets for these patients. 

 

Study limitation 

 

Several general parameters influencing aerobic fitness were not collected in this study, such 

as pubertal status, fat-free mass or the level of physical activity. 

 

Various factors related to metabolic syndrome and potentially associated with aerobic fitness 

were not analysed, such as hyperlipidaemia, hypertension and insulin resistance. 

 

The cut-off value of −1.64 Z-score to define impaired aerobic fitness is based on a statistical 

approach to define abnormality from normality (5th percentile value). However, further 

studies remain necessary to determine a clinically meaningful prognostic threshold for these 

Z-score values. 

 

 
 

Conclusion 
 

 

The newly established reference Z-score values for paediatric cycloergometer VO2max can 

discriminate the aerobic fitness of obese or overweight children with CHD from that of obese 

or overweight children without any chronic disease. These Z-score equations, based on a 

logarithmic function of VO2max, height and BMI, contribute to a better assessment of aerobic 

fitness impairment in the contemporary population of children with CHD and overweight or 



obesity, than the existing linear weight-based or height-based models, especially in the most 

complex CHD. Considering the increasing prevalence of overweight and obesity in the 

paediatric population with chronic disease, the results of this study are of importance and in 

line with the public health-oriented dynamics towards the promotion of physical activity in 

paediatrics. 

 

 
 



 
 

 

Authors’ contributions 

 

P.A., L.K. and A.G. directed, conceptualized and designed the study, enrolled patients, 

drafted the initial manuscript and reviewed and revised the manuscript. S.M., S.G., A.R. and 

C.J. enrolled patients and reviewed and revised the manuscript. T.M. supervised the data 

management, performed the statistical analyses and reviewed and revised the manuscript. All 

authors approved the final manuscript as submitted and agree to be accountable for all aspects 

of the work. 

 

Funding 

 

This work was funded by the “Association du Môme Au Coeur” (Department of Paediatric 

Cardiology, Centre Hospitalier Universitaire de Montpellier, France). 

 

Conflict of interest:  

 

None declared. 

 

Data availability 

 

The data underlying this article will be shared on reasonable request to the corresponding 

author. 

 

 

References 
 

 

1. Garrido-Miguel M, Cavero-Redondo I, Álvarez-Bueno C, Rodríguez-Artalejo F, Moreno 



LA, Ruiz JR, et al. Prevalence and trends of overweight and obesity in European children 

from 1999 to 2016: a systematic review and meta-analysis. JAMA Pediatr 2019;173: 

e192430. 

 

2. Grant-Guimaraes J, Feinstein R, Laber E, Kosoy J. Childhood overweight and obesity. 

Gastroenterol Clin North Am 2016;45:715–728. 

 

3. Chen AY, Kim SE, Houtrow AJ, Newacheck PW. Prevalence of obesity among children 

with chronic conditions. Obes Silver Spring Md 2010;18:210–213. 

 

4. Cohen MS. Clinical practice: the effect of obesity in children with congenital heart disease. 

Eur J Pediatr 2012;171:1145–1150. 

 

5. Warnes CA, Liberthson R, Danielson GK, Dore A, Harris L, Hoffman JIE, et al. Task 

force 1: the changing profile of congenital heart disease in adult life. J Am Coll Cardiol 

2001;37:1170–1175. 

 

6. Pinto NM, Marino BS, Wernovsky G, de Ferranti SD, Walsh AZ, Laronde M, et al. 

Obesity is a common comorbidity in children with congenital and acquired heart disease. 

Pediatrics 2007;120:e1157–e1164. 

 

7. Perin F, Carreras Blesa C, Rodríguez Vázquez Del Rey MDM, Cobo I, Maldonado J. 

Overweight and obesity in children treated for congenital heart disease. An Pediatr 

2019;90:102–108. 

 

8. Tamayo C, Manlhiot C, Patterson K, Lalani S, McCrindle BW. Longitudinal evaluation of 

the prevalence of overweight/obesity in children with congenital heart disease. Can J Cardiol 

2015;31:117–123. 

 

9. Amedro P, Gavotto A, Guillaumont S, Bertet H, Vincenti M, De La Villeon G, et al. 

Cardiopulmonary fitness in children with congenital heart diseases versus healthy children. 

Heart Br Card Soc 2018;104:1026–1036. 

 

10. Müller J, Böhm B, Semsch S, Oberhoffer R, Hess J, Hager A. Currently, children with 

congenital heart disease are not limited in their submaximal exercise performance. 

Eur J Cardio-Thorac Surg 2013;43:1096–1100. 

 

11. Amedro P, Gavotto A, Legendre A, Lavastre K, Bredy C, De La Villeon G, et al. Impact 

of a centre and home-based cardiac rehabilitation program on the quality of life of teenagers 

and young adults with congenital heart disease: the QUALI-REHAB study rationale, design 

and methods. Int J Cardiol 2019;283:112–118. 

 

12. Amedro P, Picot MC, Moniotte S, Dorka R, Bertet H, Guillaumont S, et al. Correlation 

between cardio-pulmonary exercise test variables and health-related quality of life among 

children with congenital heart diseases. Int J Cardiol 2016;203:1052–1060. 

 

13. Lemire O, Yaraskavitch J, Lougheed J, Mackie AS, Norozi K, Graham J, et al. Impacting 

child health outcomes in congenital heart disease: cluster randomized controlled trial protocol 

of in-clinic physical activity counselling. Contemp Clin Trials 2020;91:105994. 

 



14. Saha P, Potiny P, Rigdon J, Morello M, Tcheandjieu C, Romfh A, et al. Substantial 

cardiovascular morbidity in adults with lower-complexity congenital heart disease. 

Circulation 

2019;139:1889–1899. 

 

15. Longmuir PE, Brothers JA, de Ferranti SD, Hayman LL, Van Hare GF, Matherne GP, et 

al. Promotion of physical activity for children and adults with congenital heart disease: a 

scientific statement from the American Heart Association. Circulation 2013;127:2147–2159. 

 

16. Orsso CE, Tibaes JRB, Oliveira CLP, Rubin DA, Field CJ, Heymsfield SB, et al. Low 

muscle mass and strength in pediatrics patients: why should we care? Clin Nutr Edinb Scotl 

2019;38:2002–2015. 

 

17. Raghuveer G, Hartz J, Lubans DR, Takken T, Wiltz JL, Mietus-Snyder M, et al. 

Cardiorespiratory fitness in youth: an important marker of health: a scientific statement from 

the American Heart Association. Circulation 2020;142:e101–e118. 

 

18. Cooper DM, Weiler-Ravell D, Whipp BJ, Wasserman K. Aerobic parameters of exercise 

as a function of body size during growth in children. J Appl Physiol 1984;56:628–634. 

 

 

19. Cooper DM, Weiler-Ravell D. Gas exchange response to exercise in children. Am Rev 

Respir Dis 1984;129:S47–S48. 

 

20. Gavotto A, Mura T, Rhodes J, Yin SM, Hager A, Hock J, et al. Reference values of 

aerobic fitness in the contemporary paediatric population. Eur J Prev Cardiol 2023:zwad054. 

https://doi.org/10.1093/eurjpc/zwad054 

 

21. Kuczmarski RJ, Ogden CL, Guo SS, Grummer-Strawn LM, Flegal KM, Mei Z, et al. 

2000 CDC growth charts for the United States: methods and development. Vital Health Stat 

2002;11:1–190. 

 

22. Houyel L, Khoshnood B, Anderson RH, Lelong N, Thieulin AC, Goffinet F, et al. 

Population-based evaluation of a suggested anatomic and clinical classification of congenital 

heart defects based on the International Paediatric and Congenital Cardiac Code. Orphanet J 

Rare Dis 2011;6:64. 

 

23. Brusasco V, Crapo R, Viegi G; American Thoracic Society; European Respiratory 

Society. Coming together: the ATS/ERS consensus on clinical pulmonary function testing. 

Eur Respir J 2005;26:1–2. 

 

24. Quanjer PH, Stanojevic S, Cole TJ, Baur X, Hall GL, Culver BH, et al. Multi-ethnic 

reference values for spirometry for the 3–95-yr age range: the global lung function 2012 

equations. Eur Respir J 2012;40:1324–1343. 

 

25. Rowland TW, Cunningham LN. Oxygen uptake plateau during maximal treadmill 

exercise in children. Chest 1992;101:485–489. 

 

26. Bredy C, Soulatges C, Guillaumont S, Vincenti M, De La Villeon Ge, Mura T, et al. How 

should we determine normal echocardiographic right ventricle function reference values 



in pediatrics? Int J Cardiovasc Imaging 2019;35:259–265. 

 

27. Matecki S, Prioux J, Amsallem F, Mercier J, Prefaut C, Ramonatxo M, et al. Maximal 

oxygen uptake in healthy children: factors of variation and available standards. Rev Mal 

Respir 2001;18:499–506. 

 

28. Levine BD. VO2max: what do we know, and what do we still need to know? J Physiol 

2008;586:25–34. 

 

29. Abassi H, Gavotto A, Picot MC, Bertet H, Matecki S, Guillaumont S, et al. Impaired 

pulmonary function and its association with clinical outcomes, exercise capacity and quality 

of life in children with congenital heart disease. Int J Cardiol 2019;285:86–92. 

 

30. Amir NH, Dorobantu DM, Wadey CA, Caputo M, Stuart AG, Pieles GE, et al. Exercise 

training in paediatric congenital heart disease: fit for purpose? Arch Dis Child 2022;107: 525–

534. 

 

31. Cooper DM, Poage J, Barstow TJ, Springer C. Are obese children truly unfit? Minimizing 

the confounding effect of body size on the exercise response. J Pediatr 1990;116: 223–230. 

 

 

 

32. van Genuchten WJ, Helbing WA, Ten Harkel ADJ, Fejzic Z, Md IMK, Slieker MG, et al. 

Exercise capacity in a cohort of children with congenital heart disease. Eur J Pediatr 2023; 

182:295–306. 

 

33. Hock J, Reiner B, Neidenbach RC, Oberhoffer R, Hager A, Ewert P, et al. Functional 

outcome in contemporary children with total cavopulmonary connection—health-related 

physical fitness, exercise capacity and health-related quality of life. Int J Cardiol 2018;255: 

50–54. 

 

34. Eshuis G, Hock J, du Sarvaas G M, van Duinen H, Neidenbach R, van den Heuvel F, et al. 

Exercise capacity in patients with repaired tetralogy of Fallot aged 6 to 63 years. Heart Br 

Card Soc 2022;108:186–193. 

 

 

 


