
HAL Id: hal-04404890
https://hal.science/hal-04404890

Submitted on 22 Jan 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License

Eccentric Cycling Training Improves Health-Related
Quality of Life in Adolescents with Obesity

Valérie Julian, David Thivel, Maud Miguet, Bruno Pereira, Céline Lambert,
Frédéric Costes, Ruddy Richard, Martine Duclos

To cite this version:
Valérie Julian, David Thivel, Maud Miguet, Bruno Pereira, Céline Lambert, et al.. Eccentric Cycling
Training Improves Health-Related Quality of Life in Adolescents with Obesity. Obesity Facts, 2020,
13 (6), pp.548-559. �10.1159/000509961�. �hal-04404890�

https://hal.science/hal-04404890
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr


© 2020 The Author(s)
Published by S. Karger AG, Basel

Research Article

Obes Facts 2020;13:548–559

Eccentric Cycling Training Improves 
Health-Related Quality of Life in 
Adolescents with Obesity
Valérie Julian 

a    David Thivel 
b    Maud Miguet 

b    Bruno Pereira 
c    

Céline Lambert 
c    Frédéric Costes 

a    Ruddy Richard 
a    Martine Duclos 

a    
a

 Department of Sport Medicine and Functional Explorations, University Teaching  
Hospital of Clermont-Ferrand, CRNH, INRA, University of Clermont Auvergne,  
Clermont-Ferrand, France; b Laboratory AME2P, University of Clermont Auvergne,  
Aubière, France; c Department of Biostatistics, University Teaching Hospital of  
Clermont-Ferrand, Clermont-Ferrand, France

Keywords
Childhood obesity · Quality of life · Physical activity · Eccentric training · Concentric training

Abstract
Introduction: While eccentric (ECC) training appears to be more efficient than concentric 
(CON) training at improving body composition in adolescent with obesity, its impact on 
health-related quality of life (HRQOL) has never been studied. Objective: The aim of this study 
is to compare the effects of 2 cycling training modalities, i.e., ECC vs. CON, in adolescents with 
obesity on HRQOL and health perception (HP). Methods: A total of 24 adolescents with obe-
sity, aged 12–16 years, were randomized to either a 12-week ECC or a CON cycling training 
program performed at the same oxygen consumption (VO2). Anthropometric measurements, 
body composition, maximal incremental tests, HRQOL (Vécu et Santé Percue de l’Adolescent 
[VSP-A], Medical Outcome Study Short Form [SF-36]), and HP were assessed at before and 
after training. Results and Conclusion: Both CON and ECC cycling trainings promoted sig-
nificant improvements in BMI, VO2peak, total fat mass, and fat-free mass, with better improve-
ments in body composition parameters in the ECC group (p < 0.05). The VSP-A total score 
increased after CON (p < 0.01) and ECC (p < 0.001) training, with better enhancement for the 
ECC group (p < 0.05). The SF-36 physical score increased after both CON (p < 0.01) and ECC 
(p < 0.001) trainings. The global HP score increased only after ECC training (p < 0.001). Except 
for the energy-vitality item, no significant correlation was found between changes in HRQOL 
and its subdomains and anthropometric, body composition, and functional parameters. Both 
ECC and CON cycling trainings are associated with positive changes in HRQOL and HP. How-
ever, ECC seems to induce greater improvements in HRQL and HP than CON cycling training, 
which is probably not due to the anthropometric, body composition, and functional changes.
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Introduction

The worldwide prevalence of obesity is alarming, with approximately 80% of adoles-
cents with obesity likely to remain obese during adulthood [1]. Pediatric obesity results in 
metabolic complications and cardiac, respiratory, or muscular limitations to exercise capac-
ities [1]. Cognitive and psychosocial impairments, such as increased anxiety, and reduced 
self-esteem, social integration, and academic performance, have also been observed in 
children with obesity [2]. Pediatric obesity is associated with a reduced health-related quality 
of life (HRQOL) [2], since youth with obesity are approximately 5 times more likely to show 
a reduced HRQOL compared to lean individuals [3].

Lifestyle interventions and physical training are now considered effective strategies to 
improve obesity indicators, metabolic complications, functional impairments, psycho-
logical morbidities, and HRQOL in children with obesity [4–7]. Negative associations 
between HRQOL and obesity indicators, such as body weight, BMI, and fat mass percentage, 
have been reported [2, 5, 8]. Multidisciplinary interventions have been mainly used to 
induce weight loss and they have been shown to improve HRQOL in patients with obesity 
[2, 5–7]. For the last 10–15 years, much research has been conducted to identify the best 
exercise modality to improve weight loss programs, such as high-intensity interval training, 
concurrent training, moderate-intensity continuous training, and others. While the body of 
evidence is now consistent regarding the anthropometric, physiological, and metabolic 
effects of such modalities, their role in HRQOL has not been properly assessed yet in adoles-
cents with obesity. Recently, studies have focused on the use of eccentric (ECC) exercises, 
over the common concentric (CON) modality, as an efficient antiobesity strategy in both 
adults and youth with obesity [9–11]. ECC exercise, characterized by a lower metabolic 
demand (i.e., low oxygen consumption) and muscle activity compared to CON exercise for 
a similar level of exerted force, represents an optimal modality for patients with chronic 
pathologies [12, 13], particularly for patients with overweight or obesity. Our team recently 
showed that ECC cycling training is twice more efficient than CON training for decreasing 
whole-body fat mass and increasing the lean mass in adolescents with obesity, while 
inducing greater strength gains and insulin-resistance improvements than CON training 
when performed at the same metabolic rate [10]. Although ECC is an efficient strategy to 
induce weight loss and improve the metabolic profile in adolescents with obesity, its effect 
on HRQOL remains unknown.

The main aim of the present work was to compare the effects of 12-week ECC versus CON 
cycling performed at the same metabolic rate on HRQOL in adolescents with obesity. The 
secondary aim was to compare the impact of these 2 modalities of exercise training on health 
perception (HP) and to investigate the correlations between HRQOL and anthropometric, 
metabolic, and functional parameters.

Materials and Methods

Study Participants
Twenty-four adolescents (Tanner stages 3–4) of both genders were included in this study 

(Children Medical Centre for Obese Adolescents of La Bourboule, France). The patients met 
the following criteria: (1) age 12–16 years; (2) BMI > 90th percentile, according to the inter-
national cut-off points [14]; (3) no medication affecting energy metabolism and no regular 
tobacco or alcohol use; and (4) no contraindication for exercise.
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Study Design and Training Program
After undergoing a medical examination to ensure their ability to complete this study, 

adolescents were randomized and assigned to either a CON or an ECC group. Anthropometric, 
body composition, and functional parameters, as well as HRQOL and HP, were assessed before 
and after the 12-week training intervention period.

The intervention has been described in detail previously [10]. In brief, for the 2 groups, 
the training program consisted of a 12-week physical activity program with 36 sessions (3 
sessions per week). The training contained the following 3 phases: (1) phase 1, a 2-week 
habituation period (i.e., a progressive increase in exercise intensity and the duration of the 
sessions) to protect individuals from delayed-onset muscle soreness; (2) phase 2, forty-
minute sessions with ECC or CON cycling at 50% VO2peak during 5 weeks, and (3) phase 3, 
forty-minute sessions with ECC or CON cycling at 70% VO2peak during 5 weeks. ECC training 
was performed on ECC motor-driven ergometers (Cyclus2 Eccentric Recumbent; MSE Medical, 
France) and CON training on classical CON ergometers (Optibike Med 600; MSE Medical, 
France). A physical therapist and an exercise physiologist supervised all of the training 
sessions. All of the participants received the same nutritional education. The diet was 
controlled, with no dietary restrictions per se. The adolescents followed a balanced normo-
caloric diet provided and supervised by the Pediatric Obesity Center, according to the national 
recommendations for adolescents (Plan National Nutrition Santé) depending on their age 
range and gender (i.e., 12–15 years, from 40 to 50 kcal/kg/day). The mean daily composition 
of macronutrients was 35% lipids, 55% carbohydrates, and 15% proteins (not exceeding 0.9 
g/kg/day) [10].

Anthropometric, Body Composition, and Functional Evaluations
Weight and height were measured to an accuracy of 0.1 kg and 0.5 cm. Body composition 

was evaluated using dual-energy X-ray absorptiometry (DXA, Hologic QDR-4500A, Bedford, 
MA, USA) by a trained blinded technician. Data were analyzed using Hologic QDR software for 
Windows (version 12.6) [10].

VO2peak was evaluated for each individual during a maximal incremental CON exercise 
test. The initial power was set at 30 W for 3 min, followed by a 15-W increment every minute 
until exhaustion. Adolescents were strongly encouraged by the supervisors throughout the 
test to perform a maximal effort. The maximal exercise test was defined by at least 2 of the 
following criteria: heart rate > 90% of the theoretical maximum heart rate (210 – 0.65 × age), 
respiratory exchange ratio (CVO2/VO2) > 1.1, and VO2 plateau [10]. Cardiac electrical activity 
was monitored (Ultima SeriesTM; Saint Paul, MN, USA) and the test was coupled with 
measurement of gas exchanges breath by breath (BreezeSuite Software; Saint Paul, MN, USA) 
to determine the VO2 production. VO2peak was defined as the average VO2 of the last 30 s of 
exercise before exhaustion [10].

Health-Related Quality of Life
Vécu et Santé Percue de l’Adolescent Questionnaire
The Vécu et Santé Percue de l’Adolescent (VSP-A) questionnaire is a French generic self-

administered HRQOL questionnaire for adolescents aged 11–17 years, which is capable of 
discriminating between ill and healthy adolescents [15, 16]. It is compiled of 39 separate 
questions, which should be completed in about 15 min. Each question is coupled with 5 types 
of response, i.e., never-not at all, rarely-a bit, sometimes-moderately, often-a lot, and always, 
numbered as 0, 25, 50, 75, or 100 in ascending order of quality of life. The following 10 
dimensions are tested: psychological well-being (5 questions), body image (2 questions), 
relationship with friends (5 questions), leisure (4 questions), relationship with parents (4 
questions), relationship with teachers (3 questions), physical well-being (4 questions), 
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vitality (5 questions), school performance (2 questions), and relationship with medical staff 
(3 questions) [15]. Our interpretation considered the overall score and the score for each 
dimension.

Medical Outcome Study Short Form Questionnaire
The Medical Outcome Study Short Form (SF-36) is one of the most widely used self-

administered QoL questionnaires; it is often referred to as the golden standard [17] and it is 
completed in approximately 15 min. It is a 36-item multipurpose, short-form health survey. 
People are invited to recall the past 4 weeks. The response categories vary depending on the 
question. These range from 2 (yes or no) to 6 (all of the time, most of the time, a good bit of 
the time, some of the time, a little of the time, or none of the time). Subscale scores range from 
0 to 100 in ascending order of quality of life. Questions are grouped into 8 dimensions, i.e., 
physical functioning (PF; 10 questions), limitations in usual role activities because of physical 
aspects (role physical [RF], 4 questions), bodily pain (BP; 2 questions), general HP (GH; 6 
questions), vitality (VT; energy and fatigue, 4 questions), social functioning (SF; 2 questions), 
limitation in usual role activities because of emotional problems (role emotional [RE], 3 ques-
tions) and mental health (MH; 5 questions). From these 8 dimensions, it is possible to calculate 
2 global scores, i.e., a physical score (PS; which gathers PF, RB, BP, and GH dimensions), and 
a mental score (MS; which gathers VT, SF, RE, and MH dimensions).

HP Questionnaire
The HP questionnaire is a short self-administered questionnaire specifically designed to 

explore the perception of health, which refers to “how people consider their own health.” It 
has been previously validated in adults [18, 19] and used in children with obesity [20]. The 
HP scale investigates the following 6 criteria: perceived physical fitness, perceived ideal 
weight, perceived healthy balanced diet, perceived sleep quality, perceived stress level, and 
perceived general health. Each item is evaluated using a 10-point scale from 1 (not at all) to 
10 (very much). These 6 individual scores were considered for the global HP score. Adoles-
cents were asked to respond alone to all questionnaires; however, a medical doctor was 
present to exclude misunderstandings.

Statistical Analysis
Because this work is an ancillary study of a broader project [9], the sample size was not 

initially calculated based on HRQOL, which was a secondary outcome. However, with 11 indi-
viduals for each randomized group, a minimal effect size equal to 1.2 can be calculated for a 
2-sided type 1 error at 5% and a statistical power > 80%.

Statistical analyses were performed using Stata software, version 13 (StataCorp, College 
Station, TX, USA). Tests were 2-sided, with a type 1 error set at 5%. Continuous data were 
expressed as means ± SD or medians (IQR) depending on the statistical distribution. The 
assumption of normality was assessed using the Shapiro-Wilk test.

Participants’ age was compared between groups (CON vs. ECC) using a Student t test. 
Homoscedasticity was analyzed using the Fisher-Snedecor test. Categorical parameters were 
compared between groups using a χ2 test or a Fisher exact test. Relationships between 
continuous variables were studied by estimating Pearson or Spearman correlation coeffi-
cients, depending on the statistical distribution. They were interpreted according to the 
following rules of thumb: 0.00–0.10, negligible correlation; 0.10–0.39, weak correlation; 
0.40–0.69, moderate correlation; 0.70–0.89, strong correlation; and 0.90–1.00, very strong 
correlation. A Sidak type 1 error correction was applied for multiple comparisons.

For correlated repeated measures, random-effects models were performed to measure 
time and group (CON vs. ECC) effects and their interaction (time × group), taking into account 
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between- and within-participant variability (subject as a random effect). The normality of 
residuals from these models was studied using the Shapiro-Wilk test. When appropriate, a 
logarithmic transformation was proposed to achieve normality of dependent outcomes. As 
mentioned before, Sidak type 1 error correction was applied for 2-by-2 comparisons.

Results

Twenty-three adolescents completed this study. One adolescent in the ECC group dropped 
out due to family reasons, resulting in 11 subjects (6 girls and 5 boys) in the ECC group and 
12 in the CON group (6 boys and 6 girls). The mean age of the adolescents was 13.3 ± 1.2 years 
in the CON group and 13.6 ± 1.3 years in the ECC group (p = 0.49). The results of anthropo-
metric, body composition, and functional parameters (VO2peak and quadriceps strength) 

Table 1. Anthropometric measurements, body composition, and functional parameters before and after the 
12-week cycling program for the CON and ECC groups in adolescents with obesity

CON (n = 12) ECC (n = 11) p value

before after before after time × group 
interaction

Weight, kg 76.6±12.1 74.1±11.5*** 82.8±17.4 78.8±16.0*** 0.739
Height, cm 159.6±7.7 161.5±7.5** 163.4±7.2 164.5±7.6** 0.849
BMI 30.0±3.5 28.4±3.7*** 30.8±4.9 29.0±4.5*** 0.859
Whole-body lean mass, % 65.6±4.8 66.6±6.0* 67.2±4.8 69.7±6.3** 0.041†

Whole-body fat, % 31.8±5.1 30.7±6.3* 30.3±5.1 27.5±6.6*** 0.038†

VO2peak, L × min–1 2,133±472 2,277±473** 2,297±590 2,496±499** 0.387
Isometric peak torque 150.3±29.7 156.3±31.1 147.1±33.9 181.5±17.8*** 0.036†

Values are presented as means ± SD. The total number of subjects is 23. * p < 0.05. ** p < 0.01. *** p < 0.001. Time × 
group interaction † p < 0.05.

Table 2. VSP-A scores before and after the 12-week cycling program for the CON and ECC groups in adolescents with obesity 
(n = 23; mean ± SD)

CON (n = 12) ECC (n = 11) p value

before after before after time × group 
interaction

Total VSP-A 54.7±8.46 61.5±10.2** 57.2±13.3 73.9±17.3*** 0.027†

Psychological well-being 61.3±23.3 79.2±21.9* 62.7±28.4 75.0±23.2* 0.592
Body image 37.5±25.6 67.7±32.6** 44.3±16.2 78.4±23.1*** 0.720
Friends relationships 64.6±25.5 68.3±16.0 71.8±22.6 80.0±18.6 0.606
Leisure 57.8±24.2 67.2±23.1 67.6±22.8 65.3±30.9 0.234
Parents relationships 60.4±24.9 65.1±18.7 60.2±25.2 72.2±22.8* 0.312
Teachers relationships 33.3±23.0 47.2±32.8 41.5±16.4 73.5±23.8*** 0.091
Physical well-being 49.5±16.3 59.9±17.5 45.6±14.7 74.4±13.8*** 0.035†

Energy-vitality 66.3±18.5 58.3±22.0 64.5±17.8 78.2±24.5** 0.011†

School performance 47.9±25.5 45.8±20.9 46.6±25.1 61.4±26.5 0.192
Medical staff relationship 68.8±28.9 56.3±30.8 79.5±18.4 81.1±21.8 0.297

Values are presented as means ± SD. The total number of patients is 23. * p < 0.05. ** p < 0.01. *** p < 0.001. Time × group 
interaction † p < 0.05.
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before and after the training program have been previously published [9] and are summa-
rized in Table 1.

Total VSP-A (p < 0.001 in the ECC group and p < 0.01 in the CON group), the psychological 
well-being score (p < 0.05 in both groups), and body image scores (p < 0.001 in the ECC group 
and p < 0.01 in the CON group) increased significantly in both groups after exercise training. 
Physical well-being (p < 0.001), energy-vitality (p < 0.01), and parent (p < 0.05) and teacher 
(p < 0.001) relationship scores increased significantly only in the ECC group. A better 
improvement of total VSP-A was observed in the ECC group compared to the CON group (p = 
0.03). Data related to the changes in VSP-A scores are summarized in Table 2. Correlation 
tests revealed only moderate correlations between the increase in energy-vitality and the 
decrease in weight (coefficient correlation = 0.637; p = 0.002), BMI (coefficient correlation = 
–0.630; p = 0.002), and fat mass (coefficient correlation = –0.523; p = 0.013). All correlations 
are presented in Figure 1.

 

-1 -0.5 0 0.5 1
Total VSP-A
Psychological well being
Body image
Friends relationships
Leisure
Parents relationships
Teachers relationships
Physical well-being
Energy-vitality
School performance
Medical staff relationship

Physical functioning
Role physical
Bodily Pain
General Health
Physical score
Vitality
Social Functioning
Role emotional
Mental Health
Social and mental score

Physical Condition
Adiposity
Alimentation
Sleep
Stress
General Health
Global score of perceived Health

Body
weight

BMI FM (kg) FM (%) FFM VO2peak Torque

PSV
-A

63FS
HP

-0.20 -0.29 -0.23 -0.09 -0.09 0.02 0.10
0.11 0.12 0.25 0.41 -0.18 0.11 0.23
-0.31 -0.21 -0.02 0.13 -0.48 0.21 0.14
0.33 0.31 0.22 0.01 0.37 -0.27 -0.21
0.07 -0.12 0.15 0.20 -0.07 0.01 -0.54
0.35 0.46 0.31 0.04 0.15 -0.13 0.19
-0.27 -0.29 -0.30 -0.11 0.09 -0.12 -0.04
-0.05 0.05 -0.11 -0.32 -0.07 0.22 0.33
-0.64 -0.63 -0.53 -0.26 -0.35 -0.04 0.12
-0.19 -0.32 -0.13 -0.09 -0.14 0.20 0.22
-0.03 -0.24 -0.25 -0.15 0.34 0.20 0.07

-0.11 -0.08 -0.27 -0.25 0.02 -0.02 0.29
0.09 0.10 0.42 0.55 -0.22 0.08 -0.14
0.20 0.22 0.37 0.28 0.07 -0.02 0.15
0.00 0.13 0.43 0.43 -0.43 -0.19 0.26
0.30 0.34 0.62 0.53 -0.13 -0.07 -0.04
-0.07 0.00 0.30 0.32 -0.32 -0.04 0.01
0.09 0.00 0.13 0.11 0.12 -0.21 -0.25
0.12 0.10 0.04 -0.05 0.23 0.04 -0.07
-0.28 -0.20 0.05 0.24 -0.30 -0.14 0.05
-0.07 -0.10 0.11 0.23 -0.04 0.02 -0.14

0.06 -0.16 -0.11 0.01 0.19 0.21 0.06
0.17 0.17 0.37 0.34 -0.30 0.11 -0.37
0.40 0.21 0.40 0.19 0.23 -0.21 -0.40
0.16 0.02 0.18 0.18 0.06 0.12 -0.22
-0.06 -0.09 -0.11 -0.17 -0.03 0.08 0.39
0.02 -0.04 0.03 0.01 0.08 -0.14 -0.14
0.23 0.03 0.20 0.11 0.16 0.10 0.23

Fig. 1. Heatmap representation of the correlations between each item of quality of life and HP variables and 
anthropometric, body composition, and functional variables between pre- and posttraining. The darker the 
box, the higher the correlation.
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The SF-36 physical (p < 0.001 in the ECC group and p < 0.01 in the CON group) and GH 
scores (p < 0.01) increased significantly in both groups, while PF and the RP items were 
increased only in the ECC group (p < 0.05 and p < 0.01, respectively). Data related to the 
changes in SF-36 scores are summarized in Table 3. Correlation tests did not reveal any strong 
relation between variations of the anthropometric characteristics, body composition, func-
tional parameters, and SF-36 scores (Fig. 1).

The perceived physical condition item increased significantly in both groups (p < 0.001 
in the ECC group and p < 0.05 in the CON group). The global HP score (p < 0.001) and the 
perceived general health item (p < 0.01) increased only in the ECC group. Data related to the 
changes in HP scores are summarized in Table 4. Correlation tests did not reveal any strong 
correlation between variations of the anthropometric characteristics, body composition, 
functional parameters, and HP scores (Fig. 1).

Table 3. SF-36 scores before and after the 12-week cycling program for the CON and ECC groups in adolescents with obesity

CON (n = 12) ECC (n = 11) p value

before after before after time × group 
interaction

PF 85.0±25.6 95.8±5.1 85.9±20.1 95.9±5.8* 0.920
RP 70.8±29.8 85.4±22.5 70.4±24.5 82.5±26.4*** 0.897
BP 84.8±21.6 86.9±15.8 89.8±13.5 91.0±13.8 0.515
GH 56.5±13.8 69.1±17.1** 67.0±21.0 74.2±16.4** 0.511
PS 73.3±13.5 84.3±11.5** 78.3±14.0 85.9±10.2*** 0.589
VT 59.6±7.5 54.6±9.4 61.3±17.5 58.0±13.8 0.720
SF 72.9±21.2 80.2±18.0 81.8±21.9 80.0±21.4 0.395
RE 72.2±27.8 83.3±25.6 75.7±36.7 93.3±14.1 0.583
MH 65.7±10.7 62.3±16.6 65.8±15.2 68.8±20.1 0.106
Social and mental score 67.6±9.5 70.1±13.1 71.2±16.3 75.0±9.7 0.650

Values are presented as means ± SD. The total number of subjects is 23. * p < 0.05. ** p < 0.01. *** p < 0.001.

Table 4. Health perception scores before and after the 12-week cycling program for the CON and ECC groups in adolescents 
with obesity

CON (n = 12) ECC (n = 11) p value

before after before after time × group
interaction

Physical condition 5.08±1.73 6.42±1.73* 5.27±1.49 7.45±1.37*** 0.217
Adiposity 7.50±1.98 7.00±1.46 6.73±1.10 6.55±0.93 0.208
Alimentation 5.41±2.64 6.92±2.35 7.27±1.79 7.18±1.83 0.033
Sleep 6.50±3.37 5.92±3.23 7.00±2.49 7.45±2.34 0.255
Stress 6.42±3.34 5.83±3.27 6.91±2.88 7.91±1.38 0.665
General health 6.33±1.44 6.50±1.57 6.45±2.62 7.91±1.81** 0.041†

Global score of health perception 3.71±0.95 4.10±1.16 4.36±1.47 5.39±1.16*** 0.099

Values are presented as means ± SD. The total number of subjects is 23. * p < 0.05. ** p < 0.01. *** p < 0.001. Time × group 
interaction † p < 0.05.
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Discussion/Conclusion

Although both ECC and CON training improved the quality of life, anthropometric, body 
composition, and functional parameters, ECC training, which induces a greater adiposity 
reduction and muscle mass increase [results previously discussed in 9], seems to be also 
more effective in increasing HRQOL and HP compared to CON training. Nevertheless, these 
improvements are not likely to be explained due to weight loss, body composition changes, 
aerobic capacities, or strength variations.

The observed improved HRQOL after both exercise trainings is fully in line with the liter-
ature which has demonstrated that various interventional programs incorporating physical 
activity with or without dietary counselling increase HRQOL in children with obesity [21, 22]. 
This is of particular interest because children and adolescents with obesity have a signifi-
cantly lower HRQOL compared to lean individuals, not only in terms of the overall quality of 
life but also in terms of its physical, psychological, social, and school domains [23]. While the 
results of the VSP-A questionnaire showed improvements in both physical and psychological 
dimensions, only the physical domain was found to be positively changed according to the 
SF-36 questionnaire. This is concordant with previous studies showing improvements in 
both physical and psychological dimensions of HRQOL in response to weight loss interven-
tions [24–26], while other studies have suggested improved physical rather than psycho-
logical dimensions [27, 28]. Moreover, we observed a major improvement in the body image 
item (∼80%), which is of great interest because body image is associated with self-esteem 
and mood in adolescents and implicated in the induction of eating disorders [29, 30].

While most of the existing literature questions the effects of multidisciplinary interven-
tions on quality of life, our study is the first to evaluate the impact of ECC-based physical 
training on HRQOL. HRQOL improvement after ECC training is of principal interest because 
it has been proposed as a promising approach for the prevention and treatment of most 
chronic diseases [12], particularly for overweight and obese individuals [9, 10]. Moreover, 
even though every exercise modality can lead to exercise-induced muscle damage, ECC is 
more likely to induce muscle damage compared to CON training. Indeed, ECC exercise has 
more damaging effects due to the higher force developed, with overstretching causing 
mechanical disruption of muscle fibers and temporary lesions of the cytoskeleton [31]. The 
inflammatory response that induces ulterior protective adaptation of the muscles is thus 
responsible for delayed onset muscle soreness that could temporarily alter exercise tolerance, 
muscle strength, and range of movements [31] and thus potentially influencing the physical 
aspects of quality of life. This is of particular importance since patients with obesity display 
more significant and more prolonged exercise-induced muscle damage after ECC exercise 
than lean patients [32]. Importantly, the increased HRQOL observed in response to ECC 
training, and particularly the major improvement in physical well-being and energy-vitality 
items, supports the good tolerance of that type of training modality in adolescents with 
obesity (and that might favor training adherence and a higher motivation to continue physical 
activity after the intervention). This tolerance can be explained by the progressive increase 
in the load and time of exercise and the continuous professional and individualized super-
vision, which favored a reduction of both the intensity and the duration of delayed-onset 
muscle soreness [10, 13]. Moreover, ECC intervention also induced a significant improvement 
in HP (while it remained unchanged in the CON group), particularly in physical and general 
HP items. Although HP has been previously associated with health indicators and physical 
fitness in both normal-weight adults and adults with obesity [18, 19, 33], it remains less 
studied in adolescents with obesity. Khammassi et al. [20] are, to our knowledge, the first to 
interrogate HP in adolescents with obesity, showing improvement of its global score as well 
as physical, adiposity, alimentation, and general health items in response to a 10-month 
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multidisciplinary weight-loss program, which is consistent with the present results observed 
in the ECC group only. The greater HRQOL and HP score improvements in the ECC group 
compared to the CON group are in addition to greater adiposity reduction, strength gain, and 
metabolic improvements, as previously observed [10].

Except for the increase in energy-vitality that was associated with decreased weight, BMI, 
and fat mass, none of the HRQOL and HP improvements were significantly associated with 
anthropometric, body composition, and physical capacities changes. Thus, the greater HRQOL 
improvement observed in the ECC group compared to the CON group does not seem to be 
related to the previously documented higher effectiveness of ECC training on body compo-
sition and functional capacities [10]. In the literature, the potential associations between 
induced body weight and body composition improvements with the observed HRQOL changes 
are debatable. While most studies describe negative associations between HRQOL and obesity 
indicators (body weight, BMI, and fat mass percentage) [2, 5, 8], several recent interventional 
studies have failed to observe any relationship between these indicators and HRQOL in young 
patients. Rank et al. [7] showed that a 4- to 6-week multidisciplinary weight loss intervention 
induced improved HRQOL independently of body composition changes. Similarly, Hoedjes et 
al. [6] showed that a 1-year inpatient lifestyle treatment improved the overall HRQOL and 
that this improvement was maintained 1 year after treatment despite a partial weight regain, 
suggesting that antiobesity interventions improved HRQOL independently of body weight 
and body composition changes. In a similar population, recent results from Khammassi et al. 
[20] also failed to observe any association between improved HRQOL and HP and body 
weight, fat mass, and fat-free mass changes after a 10-month multidisciplinary intervention. 
Some studies, however, have suggested a positive correlation between HRQOL and anthropo-
metric but not with cardiorespiratory fitness responses to weight loss [34]. Interestingly, 
Evaristo et al. [35] showed that physical fitness but not body composition or body mass modi-
fications mediated HRQOL changes in response to weight loss in children with obesity. The 
present results do not seem to support this association since we failed to observe any asso-
ciation between the improvements and changes in HRQOL and HP with both our aerobic and 
our anaerobic fitness indicators. Previous studies have suggested that the lack of an associ-
ation between HRQOL and body composition changes could explain the commonly observed 
maintained HRQOL improvement despite weight regain several months after weight loss 
interventions [6, 24, 36]. The central effects of cardiorespiratory fitness could partly explain 
this lack of an association. Indeed, recent neuroimaging studies in children with obesity have 
shown that cardiorespiratory fitness (independent of BMI) induce greater grey and white 
matter volume of numerous brain structures, which are engaged in attention, memory, and 
cognitive performance, and particularly the hippocampus, which is implicated in memory, 
anxiety, and mood [37].

The present results must be considered and interpreted in light of some limitations. First, 
QOL includes dynamic components such as changes in family situation, school, or social 
context, which are partly biased due to the supervised nature of our medical center and the 
short duration of the intervention (12 weeks). Nevertheless, self-reported questionnaires of 
HRQOL are subjective evaluations, which can be subject to perception bias. Concerning the 
relatively small sample size, the number of patients recruited was preliminarily fixed by a 
sample size estimation based on previous literature relative to the effect of ECC training on 
body composition parameters and involving 10–15 individuals per group [38]. Moreover, it 
would have been interesting to conduct a follow-up assessment to analyze whether the 
observed changes are maintained over time after the training programs, which has not been 
possible here for practical reasons.

The present work is the first to evaluate the impact of ECC training on HRQOL and 
provides new insights regarding the effect of the training modality on both HRQOL and HP in 
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adolescents with obesity. We showed that the 2 training modalities performed at the same 
VO2 improved HRQOL. Though associated, these improvements may not be explained by 
changes in weight loss, body composition, aerobic capacity, or strength. ECC training induced 
a greater gain in HRQOL compared to CON training, which does not seem related to the previ-
ously documented higher effectiveness of ECC training on body composition. While these 
results seem to reinforce that ECC exercise is an effective strategy to treat pediatric obesity, 
further work is required to confirm and encourage its clinical use.
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