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ABSTRACT 
Introduction: Obstructive Sleep Apnea 
(OSA) is associated with cardiovascular 
morbidity including hypertension. Beyond 
the severity of nocturnal hypoxia, others 
factors such as metabolic abnormalities but 
also sedentary behaviors and insufficient 
physical activity may contribute to 
elevated blood pressure (BP). To clarify 
the respective role of these factors as 
determinants of BP in OSA patients, we 
examined the relationship between BP and 
anthropometrics, severity of sleep apnea 
and objectively measured physical activity 
and sedentary behaviors.  
Methods: Ninety-five adults presenting 
with OSA (Apnea-Hypopnea Index (AHI) 
>10 events/hr) and high cardiovascular risk 
(63.3±8.8 years; BMI: 29.9±4.9 kg/m2; 
AHI: 41.3±17.5/hour; cardiovascular risk 
SCORE: 13.5±3.7) were included. Physical 
activity and sedentary behaviors were 
objectively assessed by actigraphy and 
self-measured home BP monitoring was 
measured. Logistic regression models 

adjusted for sex, age and BMI were built to 
identify the predictors of self-measured 
morning and evening BP.  
Results: Physical activity was significantly 
related to obesity but not with the severity 
of sleep apnea or sleepiness. Sedentary 
behaviors were associated with self-
measured morning and evening systolic BP 
(r=0.32; p=0.0021; r=0.29; p=0.0043). 
Steps per day were inversely associated 
with evening BP (r=-0.27; p=0.0095). 
Univariate analysis identified steps per day 
and time spent in vigorous physical 
activity as determinants for evening self-
measured BP. In multivariate analysis, 
only steps per day were identified as a 
significant determinant of evening BP.  
Conclusion: Physical activity is the major 
determinant for evening BP in adults with 
OSA presenting high cardiovascular risk. 
Our results emphasize the need for lifestyle 
counseling programs in combination with 
CPAP to encourage regular physical 
activity in OSA subjects and obtain better 
BP control. 

  

INTRODUCTION 
Obstructive sleep apnea syndrome (OSA) 
has been associated with cardiovascular 
morbidity and, in particular, hypertension.1, 

2 The repetitive occurrence of apneas and 
hypopneas with the associated intermittent 

hypoxia sequence causes acute surges in 
blood pressure, sleep fragmentation, and 
chronic sympathetic activation that 
ultimately lead to sustained hypertension.3 
A large body of evidence from animal 
models, intermittent hypoxia exposure of 
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healthy humans4 and epidemiological 
studies support an independent role of 
OSA in the pathogenesis of daytime 
hypertension.2, 5, 6 However, it has been 
shown that continuous positive airway 
pressure (CPAP), the first line therapy of 
OSA has a limited effect on blood pressure 
control7, 8 and the size of the effect is 
highly related to the duration of nightly 
CPAP usage.9, 10 This suggests that in these 
frequently obese and comorbid OSA 
patients, the severity of abnormalities 
during sleep is only one of the numerous 
factors explaining elevated daytime blood 
pressure. 
Lack of physical activity (PA) is an 
established modifiable risk factor for 
cardiovascular disease and premature 
mortality.11, 12 Most studies examining PA 
and cardiovascular risk are based on 
subjective questionnaires and the majority 
of surveys have reported higher rates of 
elevated blood pressure in inactive vs. 
active individuals.13, 14 Recent evidence 
recognises that time spent in self-reported 
sedentary behaviors is a unique and 
independent risk factor for cardiovascular 
disease.15 Previous studies have also 
reported an association between sedentary 
behaviors and increased risk of 
hypertension.16, 17 OSA severity has been 
associated with self-reported lack of 
exercise and potentially impairs exercise 
performance.18 
Sleep duration is another modifiable risk 
factor that may impact blood pressure 
(BP), PA and sedentary behaviors. Short-
term sleep deprivation studies suggest that 
acute sleep deprivation increases BP.19, 20 
Furthermore, a relationship between 
habitual sleep duration and BP21 and an 
inverse relation between sleep duration and 
body mass index (BMI)22, 23 have been 
demonstrated. Hypertension in short 
sleepers may then also be favoured by the 
development of overweight. 24, 25 A recent 
study has shown that short-term sleep loss 
reduces daytime overall spontaneous 
physical activity and shifts the intensity of 
physical activity toward lower levels under 
free-living conditions. 26 Accordingly, 

alterations in sleep quantity and quality 
during OSA and the associated daytime 
sleepiness and fatigue may be reasons for 
reduced physical activity and increased 
sedentary behaviours.27 However, there is 
limited data regarding objective measures 
of different intensities of physical activity 
and sedentary behaviors and their relation 
to cardiovascular risk factors and blood 
pressure in OSA patients.  
We hypothesized that daytime sleepiness, 
fatigue and obesity frequently exhibited by 
OSA patients would lead to lower levels of 
physical activity and increased sedentary 
behavior which, in turn, can negatively 
impact BP. The aim of the present study 
was to assess the predictors of elevated BP 
in OSA patients with high cardiovascular 
risk. Accordingly, we examined the 
relationship between BP and 
anthropometrics, severity of sleep apnea 
and objectively measured physical activity 
and sedentary behaviors.  
 
2. METHODS 
2.1 Study design and participants 
Ninety five adults with OSA were 
prospectively included. Inclusion criteria 
were the following: 18-85 year old men 
and women allowing a representation of 
OSA adults that are active in the workforce 
or retired and that are capable of 
demonstrating at least light physical 
activity, BMI < 40 kg/m2, OSA diagnosed 
with polysomnography or polygraphy, 
cardiovascular score > 5 % 28 or secondary 
prevention with a past history of 
cardiovascular disease (transient ischemic 
attack, stroke; cerebral haemorrhage, 
myocardial infarction, angina, coronary 
revascularization, arteriopathy, aortic 
aneurism). Subjects were recruited from 13 
centers across France. Mean recruitment 
per center was 8 subjects. Stratification 
was carried out to adjust the models with 
regards to the recruiting center.! Non-
inclusion criteria were the following: 
central sleep apnea syndrome, 
cardiovascular score < 5% in primary 
prevention28, cardiac failure, history of 
hypercapnic chronic respiratory failure, 
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incapacitated patients in accordance with 
article L 1121-6 of the French public 
health code or patients taking part in 
another clinical trial. The study protocol 
was approved by the ethical committee 
(CPP Sud Est V, 09-PROR-1). All of the 
subjects provided written informed consent 
to participate in the study. The different 
assessments in this study corresponded to a 
baseline evaluation before being included 
in a prospective randomized controlled 
trial targeting the efficiency of a 
telemedicine program in addition to 
standard CPAP treatment (Clinical Trials 
registration # NCT01226641). 
 
2.2 Dyspnea and fatigue questionnaires 
Levels of fatigue over the past 6 months 
were measured using the 11-item Chalder 
Fatigue Scale29, which consists of four 
items for mental fatigue and seven items 
for physical fatigue. Dyspnea was 
evaluated with the Sadoul questionnaire.30 
 
2.3 Cardiovascular score 
Ten-year risk of fatal cardiovascular event 
(SCORE calculation for European 
countries: Systematic Coronary Risk 
Evaluation Project) was calculated.28 For 
data analysis, cardiovascular SCORE was 
automatically set at 15% if participants 
were in secondary prevention (i.e. suffered 
a cardiovascular event in the past).  
 
2.4 Blood pressure and heart rate 
measurements  
Clinic BP was measured in the lying 
position by mercury sphygmomanometer 
on two occasions (two consecutive days), 
with three measurements spaced by one 
minute on each occasion, according to 
European guidelines on hypertension.31 
Clinic heart rate was measured by pulse 
palpation (30 seconds) after the third 
measurement in the lying position. The 
following clinic parameters were assessed: 
systolic BP (SBP), diastolic BP (DBP) and 
HR. Office hypertension was defined as a 
mean (average of the three measurements 
at each of the two office sessions) office 

SBP > 140 mmHg and/or a mean office 
DBP > 90 mmHg.31 
Self-measured home BP monitoring was 
performed on three consecutive days using 
validated fully automated electronic device 
Omron 705CP® (Omron Corp., Tokyo, 
Japan). Participants were trained to use this 
device and they were instructed to take 
three measures in the morning (between 
awakening and breakfast) and three 
measures in the evening (between dinner 
and bedtime) after 5 minutes sitting at rest 
and with one-minute intervals between 
measurements. A form was supplied to the 
participants to report all self-measured BP 
values. For each subject, mean of morning 
and evening measures was made. The 
circumference at the midpoint of the upper 
arm was measured and a normal cuff was 
used for circumferences below 32 cm; 
otherwise a large cuff was used. 
Target blood pressures for home readings 
were based on the then current UK NICE 
guidelines for hypertension and diabetes, 
adjusted down by 10/5 mm Hg in 
accordance with the recommendations of 
the British Hypertension Society (home 
readings tend to be lower than office 
readings). Target values were therefore 
135/85 mm Hg for subjects without 
diabetes and 125/80 mm Hg for subjects 
with diabetes.32, 33 
 
2.5 Sleep studies 
OSA diagnosis was obtained by full 
polysomnography or by simplified 
polygraphy without electroencephalogram 
(EEG) recordings. Sleep was scored 
manually according to standard criteria. 
Polysomnography used continuous 
acquisition of the following recordings: 
electro-oculogram (EOG; 3 channels), 
electro-encephalogram (EEG; 3 channels), 
electromyogram (EMG; 1 channel) and 
electrocardiogram (ECG; 1 channel). 
Airflow was measured using nasal pressure 
associated with the sum of oral and nasal 
thermistor signals. Respiratory effort was 
monitored with abdominal and thoracic 
bands. An apnea was defined as a complete 
cessation of airflow for at least 10 s and a 
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hypopnea as a reduction of at least 50% in 
the nasal pressure signal or a decrease 
between 30% and 50% associated with 
either oxygen desaturation of at least 4% 
or EEG arousal. Apneas were classified as 
obstructive, central or mixed according to 
the presence or the absence of respiratory 
effort. The criterion for sleep apnea in this 
study was an apnea–hypopnea index (AHI) 
!10 events per hour of sleep. 
 
2.6 Accelerometer data collection and 
analysis 
Daily physical activity was assessed using 
an activity monitor (Sensewear Pro2 
armband, SWA; Body Media, Pittsburgh, 
PA, USA).34 The Sensewear Pro2 armband 
contains accelerometers that sense 
movement in two planes, a galvanic skin 
sensor, a temperature sensor, and a near-
patient temperature sensor. Subjects wore 
the activity monitor for the same period as 
blood pressure monitoring (i.e. 72 hours) 
allowing an estimate of mean daily 
physical activity by averaging data over 1 
weekday and the weekend.  
The intensity of activity for each minute of 
wear time was calculated and expressed 
using metabolic equivalents (METs) to 
determine daily time spent in sedentary, 
light, or moderate-to-vigorous activity. 
Sedentary behavior was defined as 
activities resulting in energy expenditure 
<1.5 METs, which is equivalent to 
sitting.35 Light-intensity PA was defined as 
1.5–3 METs, moderate PA as 3-6 METs, 
vigorous PA as 6-9 METs and very 
vigorous > 9 METs.  This device also 
allows estimating sleep duration. 
 
2.7 Statistical analysis 
Continuous data were presented as mean ± 
standard deviation (SD) and categorical 
data as percentages (%). Variables with 
over 15% of missing values weren’t 
included in the analysis. Colinearity was 
assessed with Pearson’s or Spearman’s 
coefficient (depending on validation of 
normality distribution) or Cramer’s V2. 
Normality of the data was verified using 
Skewness and Kurtosis’ tests.  

Relationship between self-measured blood 
pressure and physical activity was 
analyzed with logistics regressions. A SBP 
! 135 mmHg or a DBP ! 85 mmHg, for 
non diabetic subjects, and a SBP ! 125 
mmHg or a DBP ! 80 mmHg for diabetic 
subjects were considered as high levels of 
blood pressure.32, 33 
Two sex-, age-, BMI-adjusted linear 
regression models, stratified by recruiting 
centers were built; one for self-measured 
morning blood pressure and the other, for 
self-measured evening blood pressure. In 
the univariate logistic regression, when a 
continuous variable was not log-linear, it 
was recoded by creating a new variable 
from the quartiles or the median depending 
on the quality of information. Independent 
parameters were included in the 
multivariate model when significance was 
" 0.1 in the univariate model. Missing 
values were replaced by the median for 
continuous data and by the most frequent 
value for categorical data. A backward 
selection was employed for multivariate 
model.  
Results were considered statistically 
significant when p-value was <0.05. 
Statistical analysis was performed with 
SAS 9.1.3 package (SAS Institute, Cary, 
NC, USA). 
 
3. RESULTS 
3.1 Study participants characteristics  
Subjects’ characteristics are presented in 
Table 1. Subjects’ mean age was 63.3 ± 8.8 
years, they were predominantly male 
(83.2%) and overweight or obese (BMI of 
29.9 ± 4.9 kg/m2). By definition, subjects 
had high 10-year cardiovascular risk scores 
(13.5 ± 3.7%). They exhibited moderate to 
severe apnea+hypopnea index (41.3 ± 
17.5/hour) with a significant amount of 
nocturnal hypoxia (CT90: 14.64 ± 
19.73%). Sleepiness as measured by the 
Epworth Sleepiness Scale was at the upper 
limit of the normal range (8.0 ± 4.4). Sleep 
duration estimated at home on three 
different nights by accelerometer was 
353.7 ± 85.1 minutes (5.9 ± 1.4 hours) 
(Table 2). 
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3.2 Physical activity and sedentary 
behaviors  
Average number of steps per day (SPD) 
was 7393 ± 3545 and mean daily energy 
expenditure was 2622.6 ± 515.9 kcal 
(Table 2). Average daily METs levels were 
1.32 ± 0.28, which is significantly lower 
than 1.5 (i.e., the cut-off point below 
which sedentary behavior is defined).35 
Time spent in sedentary behaviors, light 
physical activity and moderate-to-vigorous 
physical activity were 736.3 ± 138.6, 224.1 
± 90.9 and 98.0 ± 91.7 minutes, 
respectively (12.7 ± 2.3; 3.7 ± 1.51 and 1.6 
± 1.5 hours, respectively) (Table 2).  

!
Figure 1. Correlation between body mass index 
(BMI) and steps per day (SPD). The dotted line 
represents the recommended level of steps per day 
for optimal health (Tudor-Locke, 2010) 

!
Figure 2. Epworth sleepiness score (A) and mean nocturnal oxygen saturation (SaO2) plotted 
against steps per day (B). 

!
!
Figure 3. Correlation between steps per day and self-measured evening SBP (A). Correlation 
between time spent in sedentary behaviour and self-measured evening SBP (B). 
!
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3.3 Association between obesity and 
sleep apnea severity and physical 
activity and sedentary behaviors 
Body mass index was inversely correlated 
with SPD (r=-0.2781; p=0.0073) (Figure 1) 
and daily METs (r=-0.4287; p<0.0001). 
SPD did not correlate with sleepiness or 
other indices of OSA severity (Figure 2: 
panel A: ESS and panel B: mean nocturnal 
SaO2). 
3.4 Association of physical activity and 
sedentary behaviors with BP 
Total energy expenditure was inversely 
correlated with office diastolic BP (r=-
0.2185; p=0.0374). SPD were inversely 
correlated with evening self-measured 
systolic BP (r=-0.2690; p=0.0095, figure 
3A) but not morning self-measured blood 
pressure. Time spent in sedentary 
behaviors (0–1.5 METs) was positively 
associated with self-measured morning and 
evening SBP (figure 3B) and DBP 
(r=0.315, p=0.0021; r=0.2807, p=0.0064 
and r=0.293, p=0.0043; r=0.268, p=0.0093, 
respectively).  
3.5 Determinants of blood pressure  
Morning BP 
Univariate analysis, adjusted for age, sex 
and BMI and stratified for recruiting 
center, identified cardiovascular SCORE 
and cumulative time spent with SaO2 
below 90% as significant determinants for 
morning self-measured BP (Table S1). In 
multivariate analysis, secondary prevention 
was associated with morning self-

measured BP in the normal range (OR, 
0.222; 95% CI, 0.053-0.925; p=0.039) 
whereas alcohol consumption was 
associated with higher values of self-
measured BP (OR, 10.427; 95% CI, 2.362 
- 46.041; p=0.0020).  
Evening BP 
In univariate analysis, cardiovascular risk 
SCORE, cumulative time spent with SaO2 
below 90%, number of steps per day and 
time spent in very vigorous physical 
activity (> 9 METs) were linked with 
evening self-measured BP in the normal 
range (Table S1). On the other hand, time 
spent in sedentary behaviors, BMI, type 2 
diabetes, high scores for Sadoul and 
Chadler scales were identified as 
determinants of elevated evening self-
measured BP. Smoking was not identified 
as a predictor of elevated morning or 
evening BP. 
Multivariate analysis identified 
cardiovascular score above 15% (OR, 
0.199; 95% CI, 0.041-0.957; p=0.0439) 
and number of steps per day (for 6932.50 < 
SPD < 10012 vs < 4974.50 SPD: OR, 
0.147; 95% CI, 0.024-0.892; p=0.0371) 
and (for SPD ! 10012 vs < 4974.50: OR, 
0.143; 95% CI, 0.024 - 0.859; p=0.0335) 
as significant determinants of evening self-
measured BP in the normal range = (Figure 
4). Presence of diabetes was associated 
with elevated evening self-measured BP 
(OR, 7.37; 95% CI, 1.71 -31.73, 
p=0.0073). 

!
!
  

Figure 4. 
Multivariate analysis 

for self-measured 
evening blood 

pressure. Odds ratios 
and 95% Confidence 

intervals are 
depicted. 

!
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4. DISCUSSION 
In adults with OSA presenting high 
cardiovascular risk, physical activity is 
reduced and far from consensus 
recommendations for optimal health. The 
level of physical activity is significantly 
related to the degree of obesity but not 
linked with the severity of sleep apnea or 
sleepiness. The main finding of our study 
was that steps per day and sedentary 
behaviors are the most important 
predictors of evening self-measured BP. 
Thus, in individuals with OSA, daily 
physical activity impacts BP levels but 
with a different magnitude in the morning 
and evening. Self-measured BP measures 
were performed, as this type of measure 
seems to have a stronger predictive power 
for future cardiovascular events.36 Both 
morning and evening home BP have been 
shown to be positively associated with the 
incidence of stroke36, 37, indicating that 
evening BP has clinical relevance. Thus in 
the present study, we created two 
univariate models: for morning and 
evening BP. 
Our study is the first having examined the 
relationship between objective measures of 
physical activity and sedentary behaviors 
and home self-measured BP in high 
cardiovascular risk OSA subjects. Only 
two previous studies in the field have 
reported interesting but more limited data 
on higher energy expenditure during 
sleep38 or mean activity in arbitrary units. 39 
Interestingly physical activity was not 
increased by CPAP treatment suggesting 
that OSA per se is not the main contributor 
to reduced BP.39 In our study, we measured 
physical activity patterns with an 
accelerometer validated in healthy 
subjects40 and in diabetics 34. This device, 
which has also been recently validated in 
OSA during sleep38, is considered one of 
the most reliable means of estimating 
physical activity and its patterns in free 
living conditions.41, 42 In a recent study 
comparing the validity of six activity 
monitors, the SenseWear Armband (a 
biaxial monitor) was one of the two most 
valid monitors during standardized 

physical activities.43 A major strength of 
our study was to provide objective 
measures of sedentary behaviors 
concurrently to home self-measurement of 
BP. The recommended duration for such a 
BP assessment is 72 hours44 and we 
decided to correlate physical activity and 
BP measurement in this time window. We 
do however acknowledge that averaging 
measures from a 7-day period would have 
been ideal. Another strength and 
originality is that BP was assessed by 
home self-measurement of BP which is 
now accepted as a better predictor of target 
organ damages and even incident 
cardiovascular events compared to office 
measurements of BP.45 
Study participants were representative of a 
typical middle-aged, male OSA population 
with co-morbidities.5, 46 Sleepiness for the 
whole group was at the upper limit of the 
normal range. OSA patients also suffering 
from associated cardiovascular diseases47 
or diabetes48 tend to not complain from 
sleepiness but rather of fatigue or dyspnea. 
Only 25% of the included subjects reached 
recommended levels of physical activity, 
(i.e. 10,000 steps per day). There was an 
inverse correlation between the number of 
steps per day and BMI consistent with the 
well documented inverse relationship 
between physical activity and weight 
gain.49 A previous study that assessed 
physical activity by questionnaires found 
that physical activity was a stronger 
predictor of perceptions of fatigue and 
energy than OSA severity50. These results 
contrast with our study, in which 
subjective sleepiness was not associated 
with spontaneous physical activity. As 
questionnaires are known to be subject to 
widely varying bias51, our study has the 
advantage of providing objectively-
measured spontaneous physical activity in 
individuals with OSA.  
 
Blood pressure: respective role of 
physical activity and OSA 
Approximately, sixty percent of 
individuals with OSA exhibit daytime 
hypertension.52 The dose-response 
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relationship between the severity of OSA 
and incident hypertension has been clearly 
demonstrated both in the general 
population2 and in clinical cohorts1. OSA is 
now acknowledged as a cause of 
hypertension in European and American 
guidelines on hypertension management.31, 

53 However, it has been recently shown that 
CPAP intervention only has a limited 
effect on BP control with pooled mean 
changes of -2.46 mm Hg in systolic BP 
and -1.83 mm Hg in diastolic 24-hour BP.7 
This suggests that OSA per se, which is 
frequently associated with obesity, is only 
one of the many potential contributors to 
uncontrolled BP. In the multivariate 
analysis of morning self-measured BP, 
only alcohol consumption and diabetes 
were identified as determinants for 
hypertension. Secondary cardiovascular 
prevention was associated with lower 
morning self-measured BP. The relation 
between hypertension and excess alcohol 
consumption, and diabetes is well 
established.54 Among the potential 
contributors to elevated BP is sedentary 
behaviors, which has emerged as an 
independent risk factor for cardiovascular 
disease.55 In the present study, sedentary 
behaviors were positively associated with 
self-measured morning and evening SBP 
and DBP. Furthermore, univariate analysis 
identified time spent in sedentary 
behaviors as a determinant of elevated 
evening self-measured BP. Our results are 
supported by a prospective cohort study in 
which self-reported total sedentary 
behaviors were directly associated with a 
higher risk of incident hypertension.17 
In our study, multivariate analysis 
identified steps per day as a determinant of 
lower evening self-measured BP. A recent 
population-based study showed that leisure 
activity at different life stages was 
associated with lower SBP and DBP in 
mid-adulthood by about 1–2 mmHg and 
with reduced risk of hypertension by about 
23% (active vs. non-active), though this 
reduction was influenced by age.56 
 
 

Study limitations 
This study could have benefited from a 
control group, which would have allowed 
establishing whether the same 
determinants impact BP in individuals 
presenting high cardiovascular risk without 
OSA. It would have been interesting to 
measure dietary patterns of participants in 
the present study to establish whether or 
not certain dietary habits contributed to 
elevated BP as several epidemiological 
surveys have suggested that diet is an 
important factor in modulating blood 
pressure. 57  
Practical implications in the 
management of OSA patients 
In our final multivariate model, only steps 
per day were identified as a determinant 
for lower evening self-measured BP. Steps 
per day can be measured simply with a 
pedometer, which is far less expensive 
than the accelerometer we used in the 
present study. Emergent body of evidence 
suggests that pedometer-determined 
physical activity is related to a number of 
cardiovascular health outcomes.58 
Pedometers may prove a more financially 
viable option to increase physical activity 
levels and concomitantly reduce sedentary 
behaviour. Simpler recommendations such 
as increasing SPD, ideally to 10,000/day, 
can be easily integrated in daily life 
activities (transport, domestic tasks) and 
should be implemented as a combined 
therapy with CPAP treatment. Moreover, 
as the effects of CPAP on cardiometabolic 
markers are controversial59-61, any increase 
in physical activity will positively impact 
on lipid and glucose metabolism 
abnormalities.  
Thus, for individuals with OSA presenting 
high cardiovascular risk, a combined 
approach integrating CPAP and lifestyle 
interventions including physical activity 
programs would improve BP control and in 
turn potentially reduce mortality. Regular 
physical activity can also enhance the 
effects of CPAP therapy, as it has been 
associated with reduced incidence and 
severity of sleep- disordered breathing in 
longitudinal and cross-sectional studies.62-65
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Table 1. Anthropometric, clinical and polysomnographic characteristics.  
  Mean ± SD (min-max) (n=95) 

Clinical data  
Age (years) 63.3 ± 8.8 (40.0 – 82.0) 
Gender (men, %) 79 (83.2%) 
BMI (kg/m2) 29.9 ± 4.9 (21.0 – 45.0) 
BMI < 25 kg/m2 (n, %) 12 (12.6) 
25 < BMI < 30 kg/m2 (n, %) 40 (42.1) 
30 < BMI < 35 kg/m2 (n, %) 29 (30.5) 
35 < BMI < 40 kg/m2 (n, %) 11 (11.6) 
BMI > 40 kg/m2 (n, %) 3 (3.1) 
Office systolic BP (mm Hg) 138.4 ± 18.4 (108.0 – 200.0) 
Office diastolic BP (mm Hg) 80.7 ± 12.4 (57.0 – 120.0) 
Type 2 diabetes (%) 34.0  
Smoker (never:current:ex) 32 (33.7%): 15 (15.8%): 48 (50.5%)  
Alcohol (units/day) 1.2 ± 1.7 (0 – 7.0) 
Cardiovascular risk score (%) 13.5 ± 3.7 (5.0 – 27.6) 
Secondary prevention (number, %)  57 (60%) 
Home Self-measured blood pressure  
Morning systolic BP (mm Hg) 135.2 ± 13.7 (105.9 – 164.0) 
Morning diastolic BP (mm Hg) 81.3 ± 9.7 (60.8 – 122.1) 
Evening systolic BP (mm Hg) 130.5 ± 15.3 (102.3 – 174.9) 
Evening diastolic BP (mm Hg) 77.1 ± 9.5 (46.8 – 105.0) 
Lipid profile  
Total cholesterol (mmol.L-1) 4.71 ± 1.13 (2.66 – 7.79) 
HDL (mmol) 1.29 ± 0.53 (0.37 – 4.14) 
LDL (mmol) 2.56 ± 1.06 (0.81 – 5.33) 
Fasting glucose (g/L) 1.13 ± 0.32 (0.51 – 2.63) 
Epworth Sleepiness Score 8.0 ± 4.4 (0 – 20.0) 
Chadler Fatigue Scale  
Physical symptoms 16.15 ± 3.63 (7.0 – 28.0) 
Mental symptoms 9.05 ± 1.94 (5.0 – 15.0) 
Sadoul dyspnea score 41.34 ± 17.50 (0 – 5.0) 
Sleep studies  
AHI (number of events/h of sleep) 41.34 ± 17.50 (9.0 – 98.6) 
Mean nocturnal SaO2 (%)  92.40 ± 2.35 (83.0 – 96.0) 
Minimum nocturnal SaO2 (%) 78.46 ± 8.46 (49.0 – 92.0) 
CT 90 (%) 14.64 ± 19.73 (0 – 85.0) 

AHI: apnea hypopnea index; n: number of subjects; CT 90 (%): cumulative time spent with SaO2 below 90% (% 
of time of recording) SaO2: oxygen saturation. 
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Table 2. Physical activity measurements.  
 Mean ± SD (min-max) (n=95) 

Energy expenditure (kcal) 2622.59 ± 515.86 (1625.0 – 3892.0) 
Steps per day (number) 7392.99 ± 3544.78 (801.0 – 17761.0) 
Average METs 1.32 ± 0.28 (0.80 – 2.40) 
Exercise intensity  

Total time in sedentary behaviors (0 – 1.5 METs, min) 736.3 ± 138.6 (342.0 – 1062.0) 
Total time in light physical activity (1.5 – 3 METs, min) 224.1 ± 90.9 (48.0 – 505.0) 
Total time in moderate physical activity (3 – 6 METs, min) 95.07 ± 86.47 (0 – 416.0) 
Total time in vigorous physical activity (6 – 9 METs, min) 2.89 ± 7.79 (0 – 59.0) 
Total time in very vigorous physical activity (> 9 METs, min) 0.05 ± 0.37 (0 – 3.0) 

Sleep duration (min) 353.71 ± 85.13 (120.0 – 516.0) 
Total time lying down (min) 453.34 ± 86.61 (213.0 – 720.0) 
!
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ABSTRACT  

Purpose. The aim of this study was to compare 
markers of cardiovascular risk (lipid profile, 
arterial blood pressure, vascular remodelling) 
and cardio-metabolic adaptations during exercise 
between recently diagnosed non-obese OSA 
patients and controls matched for age, BMI and 
physical activity levels. 
Methods. Twelve recently diagnosed non-obese 
severe OSA patients (apnea-hypopnea 
index=39.1±21.0 events/hr, body mass index, 
BMI=27.8±2.3 kg/m2) and twelve controls 
matched for age, BMI and physical activity 
levels were included in the study. Subjects 
underwent polysomnography, ultrasonography 
measurement of carotid intima-media thickness 
(CIMT) and biological measurements (lipid 
profile, glucose metabolism, hsCRP). Subjects 
performed a maximal progressive exercise test as 

well as a standardized exercise calorimetry test 
to assess maximal fat oxidation (MFO) and 
Lipoxmax. 
Results. OSA patients presented increased right 
CIMT, blood levels of free fatty acids and 
hsCRP. However, maximal exercise capacity, 
MFO and Lipoxmax did not differ between 
groups.  
Conclusion. Our results suggest that despite 
vascular remodeling indicating an increased 
cardiovascular risk, exercise capacity and 
metabolic adaptation (fat oxidation) are not 
altered in non-obese severe OSA patients when 
compared with controls matched for age, BMI 
and physical activity levels. Exercise training 
should be integrated however into patient care in 
order to limit the development of 
cardiometabolic morbidity. 

1. INTRODUCTION 

Obstructive sleep apnea (OSA) syndrome is a 
common chronic sleep disorder characterized by 
repetitive episodes of upper airway obstruction 
during sleep [1]. OSA has been independently 
associated with hypertension and metabolic 
consequences [2]. This can potentially contribute 
to impairing cardiovascular, ventilatory and 
metabolic responses to exercise [3]. Previous 
studies conducted over the past decade have 
found conflicting results regarding peak aerobic 
capacity (VO2peak) in OSA patients, with five 
showing decreased VO2peak and six showing no 
difference [3].  

The metabolic complications related to OSA, 
associated to the increased cardiovascular risk 

can alter substrate utilization during exercise and 
alter endurance capacity. A recent study in OSA 
patients with type 2 diabetes and/or the 
metabolic syndrome showed that the severity of 
OSA aggravated the well-known impairment of 
fat oxidation during exercise in these subjects 
[4]. Conversely, a study examining healthy 
subjects exposed to chronic intermittent hypoxia, 
showed increased fat oxidation and unaltered 
exercise capacity [5]. Whether fat oxidation 
during exercise is modified in OSA patients, and 
its association with cardiometabolic morbidity 
remains to be determined.  

Thus, the aim of the present study was to 
compare cardio-metabolic and vascular 
abnormalities at rest, maximal exercise capacity 
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and substrate balance during exercise in recently 
diagnosed non-obese OSA patients with controls 
matched for age, BMI and physical activity 
levels.  

2. METHODS  
2.1. Subjects 
A total of 24 consecutive male subjects 
underwent baseline screening before being 
potentially included in the study. Twelve 
inactive non-obese patients recently diagnosed 
with OSA (AHI>30 events.h-1, measured within 
3 months of inclusion) and 12 controls (AHI<5 
events.h-1) matched for age, BMI and physical 
activity levels volunteered to participate. The 
local Human Research Ethics Committee 
approved this study. Exclusion criteria were: age 
<18 or > 65 years, BMI>30 kg.m-2, AHI between 
5 and 30 events.h-1, level of physical activity 
determined with Voorips score > 9, which 
corresponds to the threshold beyond which 
individuals are no longer considered inactive [6], 
alcohol consumption > 5 units/day, tobacco 
consumption, unstable cardiovascular and/or 
hepatic disease, treatment for cholesterol and/or 
vasoactive treatment. 
 
2.2. Polysomnography 
Measurement of sleep apnea–hypopnea was 
performed by full overnight polysomnography 
and analyzed as previously described [7]. 
Measurements of respiratory events were made 
by a sleep specialist according to the American 
Academy of Sleep Medicine guidelines [8]: 
apnoea (> 90% nasal flow reduction for ! 10 s) 
and hypopnoea (!50% reduction in nasal flow 
associated with ! 3% desaturation). None of 
these patients were being treated with a 
continuous positive airway pressure mask. 
 
2.3. Cardiovascular measurements 
Ultrasonography measurement of carotid intima-
media thickness (CIMT) was performed by the 
same experienced cardiologist after an overnight 
fast. B-mode ultrasonography was performed 
with a HP Sonos 2500 (Hewlett Packard, UK) 
system using a sectorial probe of 7.5 MHz with 
axial and lateral resolution of 0.15 mm. The 
methodology used to determine right and left 
CIMT, the carotid lumen diameter has 
previously been described [9]. A plaque was 

defined as an echogenic structure encroaching 
into the vessel lumen with a distinct area and 
with a CIMT more than 50% greater than those 
of the neighboring sites.  
 
2.4. Maximal exercise test 
Subjects performed a maximal progressive 
exercise test to exhaustion on an electromagnetic 
cycle ergometer (Ergoselect, Medisoft, Dinant, 
Belgium). Exercise began at 40 W and power 
output was increased by 20 W every minute until 
exhaustion. ECG, heart rate (HR) (ECG, 
Schiller, CardioLaptop AT-110, Switzerland) 
and gas exchange (Ergocard, Medisoft, Belgium) 
were monitored.! Peak VO2 was defined as the 
highest VO2 that could be sustained for at least 
30 s during the last stage of cycling exercise.  
 
2.5. Submaximal exercise test 
2.5.1 Procedure 
All subjects completed a submaximal exercise 
test in the morning, after an overnight fast. A 2-
min recording of resting ventilation and 
respiratory exchange ratio parameters was 
performed to obtain stable values followed by 
the submaximal exercise test. The test followed 
the procedures of Brun et al. [10]. A 3-min 
warm-up at 20% was followed by four 6-min 
steady-state workloads at 30, 40, 50 and 60% of 
their maximal aerobic power, previously 
determined during the maximal exercise test. In 
order to avoid hyperventilation before exercise, 
subjects were not allowed to start cycling if RER 
was greater than 0.85.  
 
2.5.2 Determination of metabolic indices during 
exercise 
The Lipoxmax is the exercise intensity at which 
lipid oxidation induced by increasing intensity 
reaches a maximum (maximal fat oxidation rate: 
MFO) and after which it decreases as 
carbohydrates becomes the predominant fuel. 
MFO and Lipoxmax were assessed using indirect 
calorimetry. Calculation of carbohydrate and 
lipid oxidation rates was assessed from gas 
exchange measurements during the last 2 min of 
each workload period and according to the non-
protein respiratory quotient technique as 
described previously [10, 11]. 
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2.6. Biological measurements 
A venous blood sample was obtained to measure 
lipid profile, plasma glucose, HbA1C, hsCRP, 
insulin resistance (homoeostasis model 
assessment for insulin resistance or HOMA2-IR) 
that was calculated by the! HOMA2 program 
[12], in the morning after a 12-h fast. Plasma 
glucose, triglycerides and cholesterol 
concentrations were determined using enzymatic 
colorimetric methods on a Modular® analyzer 
(Roche Diagnostics). LDL-cholesterol was 
calculated using the Friedewald formula [Total 
cholesterol ! (HDLcholesterol + 
triglycerides/5)]. Serum insulin was measured by 
immunoradiometric assay (Bis-Insulin IRMA®, 
CisBio, France). Serum high-sensitive CRP 
(hsCRP) was measured by immunonephelometry 
using a BN2 automated system (Dade Berhing, 
USA). 
 
2.7. Statistical analysis 
Data are reported as mean ± SD. T-tests were 
used to compare OSA and controls when 
normality and equality of variance were reached. 
Otherwise, a non-parametric Mann & Whitney 
test was performed. Statistical significance was 
set at p < 0.05. 
 
3. RESULTS  

3.1 Participants’ characteristics 

Baseline anthropometric, clinical and 
polysomnographic characteristics are presented 
in Table 1. OSA patients were non obese 
(BMI=27.8 ± 2.3 kg.m-2) but severe with an AHI 
of 39.1 ± 21.0 events.h-1 and a minimal nocturnal 
SaO2 of 81.6 ± 9.8%. Despite no difference in 
blood pressure compared to controls, OSA 
patients exhibited increased right carotid intima-
media thickness (CIMT). OSA presented higher 
free fatty acids (FFA) and hsCRP.  

 

 

 

 

 

Table 1. Baseline anthropometric, clinical, polysomnographic and 

exercise characteristics. 

 Control 
(n=12) 

OSA 
(n=12) 

 Anthropometric Data   
Age (years) 47.3 ± 6.8 49.4 ± 8.4 
BMI (kg.m-2) 
Waist/hip ratio 

25.5 ± 3.8 
0.98 ± 0.04 

27.8 ± 2.3 
0.99 ± 0.10 

Blood pressure   
SBP (mm Hg) 128 ± 14 131 ± 13 
DBP (mm Hg) 80 ± 14 86 ± 9 

 Intima-media thickness   
Right CIMT (µm) 543 ± 71 664 ± 153 * 
Left CIMT (µm) 639 ± 142 711 ± 188 

Biological Parameters   
Glucose (mmol.L-1) 5.14 ± 0.37  5.47 ± 0.67 
Insulin (µUI.mL-1) 6.15 ± 2.07 7.24 ± 3.03 
HOMA % B 75.2 ± 15.1 75.5 ± 25.2 
HOMA % S 135.6 ± 40.9 127.8 ± 64.6 
HOMA-2 IR 0.80 ± 0.27 0.95 ± 0.43 
HbA1c ( % ) 5.39 ± 0.25 5.62 ± 0.55 
HDL-c (g.L-1)  0.54 ± 0.11 0.52 ± 0.12 
LDL-c (g.L-1) 1.33 ± 0.27  1.27 ± 0.21 
Total cholesterol (g.L-1) 2.12 ± 0.23 2.00 ± 0.26  
Triglycerids (g.L-1) 1.23 ± 0.66 1.02 ± 0.47 
FFA ( mmol.L-1 ) 274 ± 88 460 ± 11 * 
hsCRP (mg.L-1) 0.93 ± 0.68  4.32 ± 4.84 * 

Polysomnography Data   
AHI (events/h of sleep) 5.2 ± 4.5 39.1 ± 21.0 * 
Mean SaO2 (%)  94.2 ± 1.5 93.0 ± 2.1!
Min SaO2 (%) 90.3 ± 1.5 81.6 ± 9.8 * 
ESS 7.1 ± 5.7 11.9 ± "#$!%!

Physical Activity   
Voorips score 6.3 ± 6.6 5.3 ± 3.5 

Maximal Exercise Test   
VO2peak (L.min-1) 3.1 ± 0.8 3.1 ± 0.6 
VO2peak (%predicted) 114.2 ± 18.0 120.3 ± 40.4 
Wmax (W) 232.1 ± 49.8 203.8 ± 57.5 
Wmax (%predicted) 113.1 ± 14.6 106.5 ± 31.2 
HRmax (bpm) 174.3 ± 6.9 168.7 ±10.6 
HRmax (%predicted) 97.3 ± 4.2 94.2 ± 5.5 
Max lactate (mmol.L-1) 8.8 ± 2.2 8.9 ± 1.9 

Exercise calorimetry   
Lipoxmax (W) 89.4 ± 38.9 76.5 ± 27.5 
Lipoxmax (%Wmax) 37.6 ± 16.6 39.5 ± 11.2 
MFO (mg.min-1) 281.0 ± 93.3 289.5 ± 103.6 
MFO (mg.kg-1.min-1) 3.5 ± 1.4 3.4 ± 1.1  

BMI : body mass index ; SBP: systolic blood pressure ; DBP : 
diastolic blood pressure ; HR : heart rate ; CIMT : carotid intima 
media thickness ; HOMA2-IR : homoeostasis model assessment for 
insulin resistance; HOMA2-%S : insulin sensitivity; HOMA2-%B: 
steady-state beta cell function&!AHI : apnoea-hypopnea index ; ESS: 
Epworth sleepiness score; SaO2 : oxygen saturation. Wmax : 
maximal power output ; HRmax : maximal heart rate ; MFO: 
maximal fat oxidation.  * P < 0.05. 
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3.2 Maximal and sub-maximal exercise tests 

Response to maximal exercise was similar in 
both groups. Moreover, substrate utilization 
during submaximal exercise did not differ (Table 
1, Figure 1). 

 

Figure 1. Fat oxidation rate during submaximal exercise in 
OSA (triangle) and control (square) participants. 

 

4. DISCUSSION  

The main result of the present study was that 
recently diagnosed OSA patients show altered 
lipid profile, inflammation and signs of 
cardiovascular remodeling, but no decrease in fat 
oxidation or maximal exercise performance 
when compared with controls matched for age, 
BMI and physical activity levels.  

Cardiorespiratory fitness 

In the present study, OSA patients and controls 
matched for physical activity levels did not 
present differences in maximal exercise 
performance. Previous studies have reported 
conflicting results regarding cardiorespiratory 
fitness in OSA patients. While some have found 
no difference in exercise capacity [13, 14], 
others have found decreased maximal oxygen 
consumption [15, 16]. However, in these studies, 
habitual levels of daily physical activity were not 

reported which can account for variations in 
cardiorespiratory fitness.  

Fat oxidation 

 In our study, fat oxidation was not altered in 
OSA patients, as Lipoxmax and MFO did not 
differ between groups. A recent study in OSA 
patients with type 2 diabetes and/or the 
metabolic syndrome showed that the severity of 
OSA aggravated the well-known impairment of 
fat oxidation during exercise in this population 
[4]. Thus, these impairments may contribute to 
the decrease in exercise endurance in OSA 
patients presenting metabolic co-morbidities 
[10]. 

The classical physiological modifiers of 
substrate balance during exercise are gender and 
exercise training status [10], which were 
controlled in our study. Obesity and type 2 
diabetes have been shown to shift MFO and 
Lipoxmax to lower intensities [17]. In our study, 
OSA patients were non-obese and free of type 2 
diabetes but presented vascular remodeling 
compatible with the early independent effects of 
OSA and early signs of inflammation (increased 
hsCRP). Therefore, even in the presence of early 
markers of cardiovascular risk, the OSA patients 
in our study did not present impaired lipid 
oxidation during exercise. It could also be 
hypothesized that lipid oxidation during exercise 
is not sensitive enough to detect early metabolic 
alterations. The only metabolic abnormality 
reported in the OSA patients included in our 
study is higher level of FFA at rest despite 
similar BMI and waist/hip ratio with controls. 
This could be the result of different body 
composition between groups (i.e. increased fat 
mass in OSA patients), which was not measured 
in the present study. The installation of OSA 
complications seems to be variable; in the 
present study we observed early signs of 
inflammation (greater hsCRP) and vascular 
remodeling while metabolic modifications seem 
to be delayed as we did not observe modified fat 
oxidation during exercise.  
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Practical implications 

Our results showed that OSA patients with early 
cardio-vascular remodeling and few metabolic 
changes present unaltered maximal exercise 
response and lipid oxidation during sub-maximal 
exercise. In order to limit cardio-vascular 
morbidity and prevent metabolic abnormalities 
induced by intermittent hypoxia, structured 
exercise training combined with apnea treatment 
appears to be an appropriate strategy.  

 

5. CONCLUSION  

This study demonstrates signs of cardiovascular 
remodeling but no modification of substrate 
utilization during exercise, in non-obese patients 
with severe OSA. Although this small study 
cannot be interpreted as definitive evidence of 
the sequence of pathophysiological events in the 
cardiovascular morbidity associated with OSA, 
these results suggest that early intimal changes 
precede changes in substrate utilization.  
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ABSTRACT 
Aim. To examine the role of ventilatory 
constraint on cardiorespiratory fitness in 
obese adolescents.  
Methods. Thirty obese adolescents 
performed a maximal incremental cycling 
exercise and were divided into two groups 
based on maximal oxygen uptake 
( O2peak): a group presenting decreased (D; 
n=20; VO2peak: 63±14% predicted) or 
normal (N; n=10; O2peak: 87±7% 
predicted) cardiorespiratory fitness. Both 
were compared with a group of healthy 
controls. Ventilatory responses were 
explored using the flow-volume loop 
method.  
Results: Cardiorespiratory fitness was 
lower in N and D compared with controls. 
During submaximal exercise (40% O2peak), 
breathing frequency was greater in D 

compared to N (32.0±2.8 vs. 28.9±2.6 
breaths.min-1, p=0.04). Slightly greater end 
expiratory lung volume was observed in D 
at 40 and 60 % O2peak compared with N 
(e.g. at 60% O2peak, 28.3±4.1 vs. 38.1±1.7 
% functional vital capacity, p<0.05 in D 
and N), which was compatible with the 
greater breathing frequency. At peak 
exercise, end inspiratory lung volume was 
lower in D compared with N and C 
(78.3±10.8 and 88.1±10.5 % functional 
vital capacity in D and N; p=0.05), which 
could be attributed to the lower maximal 
ventilation reached in D.  
Conclusion. Ventilatory responses to 
incremental exercise did not differ 
markedly between N and D, suggesting 
that exercise intolerance in this population 
is not the result of altered ventilatory 
factors. 

 
INTRODUCTION 
The prevalence of childhood obesity has 
reached alarming rates even though it 
seems to be plateauing (1). Obesity in 
adolescence predicts a broad range of later 
health problems including an increased risk 
of cardiovascular morbidity and mortality 
(2). 
Regular physical activity is critical for the 
prevention of future cardiovascular risk 
acquisition (3) and should be maintained 
over time. However, many obese children 
complain of activity-related breathlessness 
and exercise intolerance, which impacts 
their achievement of required levels of 
physical activity. Part of this reduced 

exercise tolerance is attributed to decreased 
cardiopulmonary fitness, which has been 
frequently reported in obese children and 
adolescents (4-6). Even though this low 
cardiorespiratory fitness has been found to 
be unchanged by some authors (7), it has 
been found to be associated with an 
excessive ventilatory response (4, 8-10) 
and ventilatory inefficiency. The latter has 
been associated with hyperpnea and 
dyspnea (11). Therefore, low 
cardiorespiratory fitness and excessive 
ventilation may contribute to exercise 
intolerance.  
Moreover, even when lung function is 
normal, exercise ventilation may be 
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constrained which suggests that respiratory 
factors may contribute to exercise 
intolerance in obese individuals (12, 13). 
Obesity is often associated with decreased 
thoracic compliance, increased airway 
resistance and breathing at low pulmonary 
volumes (14-16). This may contribute to 
ventilatory constraint (increased risk of 
expiratory flow limitation) (13), inspiratory 
muscle fatigue (17) and ultimately, 
exertional dyspnea. Ventilatory response to 
exercise in children is excessive relative to 
metabolic demand (18), which may 
enhance ventilatory constraint in children 
and adolescents suffering from severe 
obesity (18, 19). In addition, since children 
have small airways relative to lung size 
(20), the risk of expiratory flow limitation 
is increased.  
The impact of breathing strategies on 
exercise performance, already explored in 
obese adults (12, 21) has rarely been 
examined in overweight/obese adolescents 
(22). Gibson et al. (22) found that 
overweight adolescents were more likely to 
display expiratory flow limitation during 
submaximal exercise than their healthy-
weight peers. Furthermore, the use of 
compensatory breathing strategies enables 
overweight adolescents to avoid activity-
related breathlessness at this intensity of 
exercise. However, this study did not 
examine breathing strategies during 
maximal exercise, thus they cannot 
conclude as to whether ventilatory factors 
contribute to decreased exercise 
performance in obese adolescents. It is 
important to examine obese adolescents’ 
performance at peak exercise because 
many school-based physical activities 
often include short bouts of intense 
exercise (i.e. basketball, football, etc.).  
Thus, the aim of this study was to compare 
ventilatory responses, using the flow 
volume loop method during maximal 
incremental exercise, in obese adolescents 
presenting normal or decreased 
cardiorespiratory fitness with healthy 
normal-weight adolescents. We 
hypothesised that severe obese adolescents 

with decreased cardiorespiratory fitness 
will have more difficulty facing the load 
imposed by chest fat, thus impairing 
ventilatory adaptations to exercise, and 
increasing dyspnea when compared with 
obese adolescents presenting normal 
cardiorespiratory fitness.  

 
MATERIAL AND METHODS 
Participants  
Obese adolescents with a (body mass index 
i.e. weight/(height)2 or BMI greater than 
the IOTF C-30 centile of the International 
Obesity Task Force) (23) were recruited 
prospectively from patients seen at the 
Grenoble University Hospital. Thirty eight 
obese adolescents (OB) and twenty healthy 
normal-weight controls (C) were enrolled 
in this study, after they and their parents 
gave their written informed consent 
(Comité de Protection des Personnes Sud 
Est V IRB approval : 2007-A00714-49). 
The obese adolescents included in the 
present study were referred to our clinic 
before initiating a weight management 
program and did not participate in any 
extra-curricular physical activities. All 
participants underwent complete clinical 
examination and were free of cardiac or 
respiratory diseases including exercise-
induced asthma, musculoskeletal and 
metabolic abnormalities. Sexual 
maturation was assessed by a trained 
pediatrician using brief observation, 
according to Tanner and Whitehouse (24). 
Breast development in girls and genital 
development in boys were used for 
pubertal classification (24). All participants 
were physically active in school-based 
physical education, which consisted of 3 
hours of moderate to high intensity 
activities per week. The level of physical 
activity (in daily life and in sport-leisure) 
was assessed by a short questionnaire 
currently used in our clinical practice (25), 
which yields a score between 5 and 40 
(inactive: <16; 16<active<32; very active: 
>32). 
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Study design 
Participants completed a lung function test, 
and an incremental cycling exercise test 
during which we looked for ventilatory 
constraint and studied the ventilatory 
strategy (i.e. expiratory flow limitation 
(EFL) and pulmonary volumes using the 
flow volume loop (FVL) method). 
Thereafter, 2 subgroups of obese 
adolescents were drawn on the basis of 
their maximal oxygen uptake or O2peak 

(“normal group” or N: O2peak greater than 
80% of the predictive value; “decreased 
group” or D: O2peak lower than 80% of the 
predictive value according to Wasserman 
(26) and were compared for all the 
measured variables. Ten adolescents 
composed N and 20 adolescents composed 
D (Table 1). 
 
Lung function 
All subjects had standard spirometry and 
lung volume determinations 
(MedisoftBodybox 5500, Dinan, Belgium) 
and all lung function tests were carried out 
by the same technician and followed the 
guidelines of the American Thoracic 
Society and European Respiratory Society 
task force (27).  
 
Maximal incremental cycling exercise 
Subjects performed a maximal progressive 
exercise test to exhaustion on an 
electromagnetic cycle ergometer 
(Ergoselect, Medisoft, Dinant, Belgium). 
Exercise began at 40 W and power output 
was increased by 20 W every 2 minutes 
until exhaustion. 
Gas exchange (Ergocard, Medisoft, 
Belgium), ECG, heart rate (HR) (ECG, 
Schiller, CardioLaptop AT-110, 
Switzerland), ratings of exertional dyspnea 
and leg discomfort (0-10 on a visual analog 
scale), arterial oxygen saturation by ear 
pulse oximetry (SaO2%; 3800 S, Datex 
Ohmeda, Madison, WI after vasodilatation 
of the earlobe with an ointment) were 
monitored during rest and exercise.  

Peak O2 was defined as the highest O2 
that could be sustained for at least 30 
seconds during the last stage of cycling 
exercise. It was expressed as a percentage 
of predictive values (Wasserman, 1987) 
accounting for sex, height and ideal body 
weight calculated from the IOTF C-25 
centile of the International Obesity Task 
Force (23). For boys, predicted O2peak was 
calculated as 52.8 x ideal weight – 303.4 
and for girls 28.5 x ideal weight + 288.1 
(26). 
The ventilatory threshold was determined 
by an increase in ventilation ( E) and 
ventilatory equivalent for oxygen ( E/ O2) 
while ventilatory equivalent for carbon 
dioxide ( E/ CO2) or end-tidal carbon 
dioxide pressure (PETCO2) remain stable 
(26). 
We looked for expiratory flow limitation 
(EFL) (% of tidal volume or VT limited) 
and assessed variations in breathing 
strategy (end-expiratory lung volume i.e., 
EELV and end-inspiratory lung volume 
i.e., EILV) allowing for determination of 
dynamic hyperinflation (EELV during 
exercise greater than that obtained at rest) 
as recommended with the tidal FVL method 
(28, 29). We requested that subjects carry 
out a maximal inspiratory capacity (IC) 
twice in the last minute of each stage of 
cycling exercise. When the subject 
approached theoretical maximal heart rate 
(and when respiratory exchange ratio was 
greater than 1), we regularly asked the 
participant as to whether or not he/she 
could complete the current stage. In case of 
a negative response, we performed two 
final measures of IC. If the subject was not  
able to perform the requested manoeuvre, 
we considered the last two IC manoeuvres 
performed in the previous stage as IC at 
peak exercise. The exercise tidal FVL were 
plotted within the maximal FVL 
determined before exercise or within 5 min 
following exercise. This is to take into 
account the possible exercise induced 
bronchodilation or bronchoconstriction, 
however none of the subjects experienced 
either. EELV was estimated from 
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measurement of IC and functional vital 
capacity (FVC) (EELV = FVC - IC) and 
reported as a percentage of FVC [(EELV / 
FVC)*100]. End-inspiratory lung volume 
was calculated (EILV = EELV + tidal 
volume, VT) and expressed as a percentage 
of FVC.  
 
Statistical Analysis 
All values are given as mean±SD unless 
specified otherwise. The statistical analysis 
was performed using statistical software 
(StatView version 5, SAS institute Inc., 
Cary, NC, USA). Normality was assessed 
using tests of Skewness and Kurtosis or 
Shapiro-Wilk and equality of variance was 
assessed by Levene’s test. Sex distribution 
or frequency of expiratory 
limitation/dynamic hyperinflation was 
compared between the two subgroups 
using the chi-square test. Healthy controls 
(C) and the obese subgroups (N and D) 
were compared using a one-way ANOVA 
and during exercise using a two-way 
ANOVA for repeated measures on the last 
factor (exercise intensity). The Tukey or 
Games-Howell (depending on results of 
the homogeneity of variance) post-hoc 
tests were used to locate differences 
between groups. Evolution of variables 
relative to exercise intensity for a given 
group over cycling exercise was compared 
using a one-way ANOVA for repeated 
measures.  In case of statistical 
significance a Wilcoxon test or student’s 
paired t-tests with Bonferroni correction 
for multiple comparisons were applied to 
locate differences. Relationships between 
variables characterizing ventilatory 
constraint at peak exercise (EI or EELV, 
EFL…) and O2peak or O2peak/HRpeak were 
assessed using Pearson or Spearman’s 
regressions (depending on data 
distribution). The level of significance was 
set at p<0.05. 
 
 
 
 
 

RESULTS 
Participant characteristics 
When compared with normal-weight 
adolescents (C group), the OB groups (N 
and D) presented greater body mass, BMI 
and waist-hip ratio (Table 1). Twenty 
(70%) subjects (group D: 11 girls, 9 boys) 
presented lower O2peak compared to the 
predicted value ( O2peak=63±14 % 
predicted) whereas 10 (30%) subjects 
(group N: 6 girls, 4 boys) presented a 

O2peak in the normal range (87±7 % 
predicted). Baseline characteristics were 
similar between the two subgroups, as 
evidenced by similar stature, body mass, 
BMI and sexual maturation (Table 1).  

 
Lung function  
Normal-weight adolescents had greater 
FEV1/FVC, MEF75%, MEF50% and 
MEF25% when compared with both 
subgroups N and D (Table 2). However, no 
significant difference was observed 
between the two subgroups. 

 
Metabolic and cardiorespiratory 
response during maximal incremental 
cycling exercise 
Table 3 and Figure 1 present metabolic, 
cardiorespiratory and subjective perception 
variables obtained at rest and during 
cycling exercise. The exercise test was 
maximal for all participants, as evidenced 
by respiratory exchange ratio (C: 
1.13±0.05; N: 1.15±0.07; D: 1.12±0.08), 
blood lactate (C: 8.6±2.4; N: 8.5±1.8; D: 
8.1±1.7 mmol.L-1) and exertional dyspnea 
and leg discomfort at peak exercise. 

 
At rest  
At rest, E/ O2 was lower in N (10.9; 
95%CI: -18.1 – -3.7; p=0.002) and D (-
11.1; 95%CI: -17.1 – -5.1; p<0.0001) 
compared with C. PETCO2 was greater in 
N (5.8 mm Hg; 95%CI: 3.0 – 8.5; 
p<0.0001) and D (5.1 mm Hg; 95%CI: 3.0 
– 7.3; p<0.0001) when compared with C. 
At rest, O2/HR was lower in N (-0.05 mL 
O2. kg-1. beat-1; 95%CI: -0.06 – -0.04; 
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p<0.0001) and D (-0.03 O2. kg-1. beat-1; 
95%CI: -0.04 – -0.03; p<0.0001) when 
compared with C. 

 
Maximal incremental exercise 
Breathing frequency (Fb) was greater in D 
at 40% O2peak compared with N and C 
(p<0.05) (Figure 1). Heart rate was greater 
in D at 30 and 50% O2peak compared with 
N and C and greater in D compared with C 
at 40 and 60% O2peak. Oxygen pulse was 
greater in C at 30, 40 and 50 % O2peak 
compared with N and D (p<0.05). 

O2peak was lower in D (-16.7 mL.kg-1.min-

1; 95%CI: -23.1 – -10.3; p<0.0001) and N 
(-8.7 mL.kg-1.min-1; 95%CI: -16.9 – -0.42; 
p=0.037) when compared with C (Table 3). 
Peak work rate was lower in D when 
compared with C (-46.2 watt; 95%CI: -
66.5 – -25.9; p<0.0001). At peak exercise, 

E/ O2 was lower in N (-5.5; 95%CI: -
10.5 – -0.5; p=0.028) and D (-6.3; 95%CI: 
-10.2 – -2.4; p<0.001). At peak exercise, 
PETCO2 was greater in N (2.6 mm Hg; 
95%CI: -0.5 – 5.6; p<0.0001) and D (4.1 
mm Hg; 95%CI: 1.8 – 6.6; p<0.0001) 
compared with C. Maximal E was lower 
in D compared with C. At peak exercise, 
VT (C: 2.01±0.48; N: 1.93±0.67; 
D:1.69±0.51 L) and Fb (C: 47±11; N: 
47±10; D: 44±10 breath.min-1) did not 
differ. At peak exercise (Table 3), D 
presented a lower O2/HR (-0.05 O2. kg-1. 
beat-1; 95%CI: -0.08 – -0.099; p=0.0025) 
compared to N and C. Despite a lower 

O2peak in D (-8.0 mL.kg-1.min-1; 95%CI: -
0.00 – -16.0; p=0.047), dyspnea and leg 
discomfort perceptions were similar in 
both groups.  
 
Flow limitation, breathing pattern and 
ventilatory strategy 
Four subjects in D (20%), 2 subjects in N 
(20%) and no control subjects presented 
moderate expiratory flow limitation (EFL) 
i.e. greater than 30% but lower than 50% 
of limited VT (28) during submaximal 
exercise which was not maintained at peak 

exercise. During submaximal exercise, 
EFL was mild in both obese subgroups 
(figure 2A) and did not differ between 
groups. At peak exercise, neither N nor D 
presented EFL.  
EELV was lower at 40 and 60 % O2peak in 
N compared with C and D. EILV was 
greater at peak in N compared with D 
(Figure 2C).  
Compared to rest, EELV was lower in N at 
40, 60 and 80% O2peak (Figure 2). The D 
group did not decrease EELV compared to 
rest.  
End inspiratory lung volume was increased 
from rest to peak exercise in N and D and 
was significantly lower in D compared to 
N and C at peak exercise (Table 3, Figure 
2).  
The increase in EILV during maximal 
exercise was associated with an increase in 

O2peak expressed as a percentage of 
predicted (pooled subgroups: r=0.69; 
r2=0.48, p=0.0002) and O2peak/HRpeak 

(pooled subgroups:r=0.53; r2=0.28, 
p=0.017). 
 
DISCUSSION 
 
The main finding of this study is that obese 
adolescents with decreased 
cardiorespiratory fitness reached lower 
pulmonary volumes at peak exercise, 
which was associated with exercise 
capacity. The results of the present study 
confirm the possibility of decreased 
cardiorespiratory fitness during cycling 
exercise in severely obese adolescents (10, 
30). However, this decrease does not seem 
to be due to ventilatory constraint, thus 
rejecting our initial hypothesis. 

 
Cardiorespiratory fitness 
We assessed cardiorespiratory fitness in 
severely obese adolescents during 
stationary cycling. To standardize the 
motor task, we chose cycling exercise, as it 
is known that the increased metabolic cost 
of weight-bearing exercise (i.e. walking) is 
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amplified for a given exercise intensity in 
obesity (31).  
The evaluations of severely obese 
adolescents in a clinical setting allowed us 
to isolate a group with decreased 
cardiorespiratory fitness (D) and a group 
presenting “normal” cardiorespiratory 
fitness (N). Baseline characteristics and 
maximal exercise solicitation (i.e. RER, 
blood lactate) were similar in both groups, 
thus they were comparable on the basis of 
their cardio-respiratory responses to 
maximal exercise.  
Traditional methods of reporting O2peak 
(relative to body weight, lean mass, or 
absolute values) does not allow adequate 
assessment of cardiorespiratory fitness in 
obese adults (32). Predicted O2peak allows 
a normalized evaluation of 
cardiorespiratory fitness in obese 
individuals. Thus, in the present study, we 
calculated a predictive value based on ideal 
body weight accounting for sex and 
stature, as already done in adult obesity 
(21). We observed a great proportion of 
obese children presenting decreased 

O2peak (70%), which is likely due to 
recruitment design. The obese adolescents 
included in the present study were referred 
to our clinic before initiating a weight 
management program and did not 
participate in any extra-curricular physical 
activities. 
Several factors may be responsible for the 
differences in physical fitness between N 
and D including cardio-circulatory factors. 
Another potential confounder is habitual 
levels of physical activity. Though the 
difference between groups did not reach 
statistical significance (p=0.08), N 
presented a slightly higher score (Table 1); 
thus is it possible that the decreased 
cardiorespiratory fitness observed in the D 
group is due to lower levels of free-living 
physical activity.  
 
Are ventilatory factors involved in this 
exercise intolerance? 
Low EELV has been observed in obese 
adults (21). This may occur when the 

functional residual capacity or expiratory 
reserve volume are decreased. We did not 
observe any differences in lung function 
between the two groups. Hence, difference 
in lung function could not account for the 
difference in exercise capacity between our 
2 groups. 
Accordingly, we did not observe a clear 
expiratory flow limitation at rest and 
during exercise for either group which 
contrasts with a study conducted with 
obese adults (21), suggesting an age effect. 
It is possible that the change in lung 
connective tissue matrix in older subjects 
could decrease the propensity for EFL and 
dynamic hyperinflation during incremental 
exercise. 
During submaximal exercise, EFL did not 
differ between D and N. End expiratory 
lung volume (EELV), was decreased from 
rest in N and may account for the residual 
EFL in this subgroup when compared with 
D. This result confirms the possible 
existence of a deflation pattern in obese 
adolescents during exercise as recently 
reported in 30% of II-III class obese adults 
(33). This pattern may help the N group to 
encroach on expiratory reserve volume 
during maximal incremental exercise. We 
observed lower operating lung volumes 
(EELV and EILV) in both OB subgroups 
when compared with C, illustrating the 
effects of excess trunk adiposity on 
dynamic lung volumes. This result is 
consistent with a previous study also 
conducted in obese adolescents during 
cycling (34) and during a step-test (22) 
though in the latter study EFL was 
observed in the group of obese adolescents. 
This is likely due to the nature of the 
exercise in Gibson et al.’s study. 
The slightly greater end expiratory lung 
volume (EELV) exhibited in D compared 
with C is compatible with their slightly 
greater breathing frequency but it was not 
accompanied by lower VT nor greater 
dyspnea or leg discomfort. The latter could 
have occurred if this greater EELV had 
been associated with dynamic 
hyperinflation, thus reflecting ventilatory 
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constraint (29). However, the number of 
subjects exhibiting dynamic hyperinflation 
was low and not significantly different 
between our 2 groups, which is consistent 
with the frequency of EFL. It is possible 
that this modification of operating lung 
volumes is aimed at accommodating the 
ventilatory demand and attenuating EFL 
(21) as observed in our 2 subgroups at 
peak exercise.  
Finally, during submaximal exercise (at the 
same exercise intensity), both obese groups 
exhibited similar ( E, VT, EILV) 
ventilatory adaptations (except Fb and 
EELV at submaximal exercise for D), 
metabolic indices ( O2) and perceptual 
responses (dyspnea and leg discomfort) 
suggesting similar respiratory efforts. 
Hence, despite a different ventilatory 
pattern during submaximal exercise, our 
results did not show a clear ventilatory 
constraint associated with dyspnea, which 
could have explained part of their 
decreased cardiorespiratory fitness. 
At peak exercise, the level of EILV 
reached by D was lower compared to that 
obtained by N. Owing to the relationship 
we found between EILV and O2peak on 
one hand and with O2peak/HRpeak on the 
other hand, one can speculate that the 
ability to increase EILV may impact 
cardiorespiratory fitness.  
Indeed, in highly fit athletes, elevation of 
lung volumes using slight expiratory 
resistance has been shown to improve 

O2peak(35). Moreover, during exercise, 
voluntary ventilation toward high lung 
volumes in a model of expiratory flow 
limitation increased stroke volume and 

cardiac output (36). However, the lower 
EILV observed in D indicates lower 
maximal ventilation reached by this group 
at peak exercise. 
 
LIMITS 
Our study did have some limitations. 
Firstly, the rather small sample size may 
limit the sensitivity of the current study to 
detect differences between the normal and 
decreased cardiorespiratory fitness groups. 
Better-designed subsequent studies 
including a larger sample size should be 
carried out to better understand precise 
mechanisms underlying exercise tolerance 
in obese adolescents. Furthermore, there 
were more girls in the N group, which 
could have influenced the results. 
However, we did not find any notable 
differences in lung function or ventilatory 
responses between boys and girls.   

 
CONCLUSION 
The results of the present study showed a 
high prevalence of decreased 
cardiorespiratory fitness in obese 
adolescents. Ventilatory adaptations to 
incremental exercise did not differ 
markedly between normal and decreased 
cardiorespiratory fitness groups. This 
suggests that exercise tolerance in this 
population is not the result of altered 
ventilatory factors but more likely due to a 
multitude of different factors including 
cardiovascular, muscular metabolic factors, 
and perhaps even habitual levels of 
physical activity. 
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TABLES & FIGURES 

Table 1. Subject characteristics. 

C: control subjects; N: obese adolescents with “normal” cardiorespiratory fitness; D: obese 
adolescents with “decreased” cardiorespiratory fitness; BMI: body mass index. 
Significantly different between N and D:    
* p<0.01 between N and D.  
§ p<0.01 C different from N & D. 
 
Table 2. Lung function. 
 

 
FVC: functional vital capacity; FEV1: force expired volume in 1 second; MEF75%, 50% and 
25%: maximal expiratory flow at 75%, 50% and 25% of FVC.  
§ p<0.01 C greater than N & D 

 C N D 
VO2peak (%predicted) 107 ± 11§ 87 ± 7  63 ± 14  * 

Sex ratio F/M 10/10 6/4 11/9 
Age (years) 15 ± 1.3 15 ± 3 14 ± 2 
Stature (m)  1.68 ± 0.8 1.64 ± 1.2 1.65 ± 0.9 

Body mass (kg) 55.9 ± 6.6§ 89.7 ± 19.2  93.8 ± 15.0  
BMI (kg.m-!) 19.9 ± 1.4§ 33.3 ± 4.9  34.3 ± 4.1  

Waist/hip ratio 0.85 ± 0.04§ 0.98 ± 0.02  0.96 ± 0.04 
Maturation level (Tanner stage) IV IV IV 

Physical activity score 
Inactive: <16; 16<Active<32; Very Active>32 

18.1 ± 1.2 19.2 ± 3.5 16.2 ± 6.0 

 C N D 

FVC (L) 
%predicted 

4.12 ± 0.72 
107 ± 10 

4.20±2.32 
113±19 

3.73±1.15 
104±17 

FEV1 (L) 
%predicted 

3.63±0.66 § 
103±14  

3.07±1.06 
94±9 

2.87±0.89 
89±16 

FEV1/FVC (%) 88±5 § 78±8  78±10  
MEF75% (L.s-1) 

% predicted 
6.55±1.45 § 

109±19 
4.26±1.42  

79±19 
4.39±1.42  

78±21 
MEF50% (L.s-1) 

% predicted 
4.84±1.24§ 

108±21 
3.20±0.95  

78±20 
3.52±1.31  

83±27 
MEF25% (L.s-1) 

% predicted 
2.71±0.73§ 

106±38 
1.7±0.27  
74±13 

1.64±0.70  
71±29 
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Table 3. Metabolic, cardiorespiratory, perceived dyspnoea and leg discomfort variables at rest 
and at peak exercise during cycling exercise. 
 

 Rest Peak exercise 

 C N D C N D 
       
Work rate (watt) - - - 192±17 172±48 142±34 $ 

O2 (mL.kg-1.min-1) 5.6 ±2.2 5.5±2.1 4.4±1.6 40.6 ± 8.9 § 30.3±3.3 22.6±5.1*  

HR (beat.min-1) 81 ± 12 93±16 87±14 188±12 196±13 190±15 
Dyspnea (0-10) 0±0 0.1±0.2 1.1±1.6 7.8±2.6 8.4±1.3 7.9±2.0 
Leg discomfort (0-10) 0.3±0.7 0.1±0.3 0.5±0.8 9.6±0.5 7.9±1.0 8.1±2.3 

O2/HR  
(mL O2.kg-1. beat-1) 

0.08±0.03 §  0.03±0.01  0.05±0.02* 0.21±0.04 0.17 
±0.02 

0.13±0.03 *$ 

E (L.min-1) 13.2±2.8 14±6 15±5 100.3±14.3 95±24 76±25 $ 

E/ O2 41.4±4.3 § 30.2±8.2 36.3±16.5 41.0±7.0 § 35.2±2.9  34.4±4.9 

E/ CO2 

PETCO2 
42.1±5.2 § 
32.1±4.3 § 

33.5±3.5 
37.2±2.7 

33.4±4.0 
37.4±2.5 

36.2±7.3 § 
32.8±3.9 § 

32.8±3.4 
35.1±2.1 

33.0±3.2 
36.7±2.9 

EELV(%FVC) 41.2 ± 10.8 40.0 ± 8.3 35.1 ± 7.9 35.1 ± 9.4 35.4 ± 12.6 37.9 ± 10.9 
EILV(%FVC) 74.1 ± 13.9 68.4 ± 11.9 64.1 ± 13.5 89.9± 9.1 88.1 ± 10.5‡ 78.3 ± 10.8 $ ‡ * $ 
 

O2/HR: oxygen pulse; E/ O2: ventilatory equivalent for oxygen; E/ CO2: ventilatory 
equivalent for carbon dioxide; PETCO2: end-tidal carbon dioxide pressure; EELV: end 
expiratory lung volume; EILV: end inspiratory lung volume; FVC: functional vital capacity.  
§ p<0.05: C versus D and N;  
*p<0.05: D versus N;  
‡ p<0.05: significantly different from rest. 
$ p<0.05: D versus C 
 

. 



Cardiorespiratory fitness and ventilatory constraint, Ped Ex Sci (Under review) 

 -109- 

Figure 1. Mean metabolic and cardiorespiratory variables and perceived dyspnoea and leg discomfort obtained 
during submaximal cycling exercise in 2 groups of obese adolescents. Values are presented without SD for 
clarity purposes.  
* p<0.05: N versus D; $ p<0.05 D versus C; § p<0.05: C versus D and N  

 
Figure 2. Mean ± SD of expiratory flow limitation (expressed as % limited VT) (panel A) and pulmonary 
volumes obtained during cycling exercise in groups N (square) and D (circle) (panel B); C (triangle) and D 
(panel C) and C and N (panel D). EILV : end inspiratory lung volume ; EELV : end expiratory lung volume ; 
FVC : functional vital capacity.  
*p<0.05: D versus N; ‡ p<0.05: significantly different from rest; $ p<0.05 D versus C; # p <0.05 N versus C 
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a  b  s  t  r  a  c  t

The  aim  of this  study  was  to examine  ventilatory  responses  to  training  in obese  adolescents.  We  assessed
body  composition,  pulmonary  function  and  ventilatory  responses  (among  which  expiratory  flow  lim-
itation  and  operational  lung  volumes)  during  progressive  cycling  exercise  in  16  obese  adolescents
(OB)  before  and  after  12  weeks  of  exercise  training  and  in 16  normal-weight  volunteers.  As expected,
obese  adolescents’  resting  expiratory  reserve  volume  was  lower  and  inversely  correlated  with  thoraco-
abdominal  fat mass  (r =  −0.74,  p < 0.0001).  OB presented  lower  end  expiratory  (EELV)  and  end  inspiratory
lung  volumes  (EILV)  at rest  and  during  submaximal  exercise,  and modest  expiratory  flow limitation.
After  training,  OB increased  maximal  aerobic  performance  (+19%)  and  maximal  inspiratory  pressure
(93.7  ±  31.4  vs  81.9  ±  28.2  cm H2O,  +14%)  despite  lack  of  decrease  in  trunk  fat  and  body  weight.  Fur-
thermore,  EELV  and  EILV  were  greater  during  submaximal  exercise  (+11%  and  +9%  in  EELV  and  EILV,
respectively),  expiratory  flow  limitation  delayed  but  was  not  accompanied  by increased  VT. However,
submaximal  exertional  symptoms  (dyspnea  and  leg  discomfort)  were  significantly  decreased  (−71.3%
and −70.7%,  respectively).  Our  results  suggest  that  exercise  training  can  improve  pulmonary  function
at  rest  (static  inspiratory  muscle  strength)  and  exercise  (greater  operating  lung  volumes  and  delayed
expiratory  flow  limitation)  but these  modifications  did  not  entirely  account  for  improved  dyspnea  and
exercise  performance  in  obese  adolescents.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Worldwide, childhood and adolescent obesity has reached
epidemic proportions despite major efforts to promote weight
reduction. Pediatric obesity commonly presages adult obesity
(Whitaker et al., 1997) and is associated with the development
of weight-related comorbid conditions and increased morbidity
(Must, 1996; Must et al., 1992). Exercise training is an impor-
tant modality of weight management in obesity, which must be

∗ Corresponding author at: Exercise Research and Exploration Department, Uni-
versity Clinic of Physiology, Sleep and Exercise, Rehabilitation and Physiology
Department, South Hospital, BP 338, Echirolles Cedex 38434, France.
Tel.: +33 4 76 76 72 26; fax: +33 4 76 76 89 21.

E-mail address: PFlore@chu-grenoble.fr (P. Flore).
1 Both authors are senior authors.

undertaken as soon as possible, due to the early onset of cardiovas-
cular risk factors (Jolliffe and Janssen, 2006).

Several respiratory factors accompanying obesity, such as
decreased thoracic compliance, increased airway resistance and
breathing at low pulmonary volumes (Parameswaran et al., 2006;
Schiel et al., 2006; Sinha et al., 2002) contribute to ventilatory
constraint (increased risk of expiratory flow limitation) (Wang
and Cerny, 2004), inspiratory muscle fatigue (Chlif et al., 2007)
and ultimately, exertional dyspnea. Ventilatory response to exer-
cise in children is excessive relative to metabolic demand, which
may  enhance ventilatory constraint in children and adolescents
suffering from severe obesity (Cooper et al., 1987; Rowland and
Cunningham, 1997). In addition, since children have small airways
relative to lung size (Mead, 1980) the risk of expiratory flow limi-
tation is increased.

Exercise training contributes to decreasing ventilatory demand
(Kaufman et al., 2007; Prado et al., 2009) and possibly limits the
effects of ventilatory constraint on exercise capacity. In addition,

1569-9048/$ – see front matter ©  2012 Elsevier B.V. All rights reserved.
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it may  constitute a way to increase inspiratory muscle function
(Laoutaris et al., 2011).

To our knowledge, ventilatory adaptations to exercise training
in adolescent obesity and its effects on ventilation, operational lung
volumes, dyspnea and their interactions have yet to be described.
Thus, the aims of the present study are to firstly describe ventila-
tory responses to incremental exercise in normal-weight and obese
adolescents and secondly, before and after a 12-week supervised
exercise-training program in obese adolescents.

2. Methods

2.1. Subjects

Sixteen obese adolescents (OB) and 16 age and gender-matched
normal-weight adolescents (NW), were recruited from the Pedi-
atrics Department of Grenoble University Hospital. Subjects were
enrolled in this study, after giving their written informed consent
(Comité de Protection des Personnes Sud-Est V approval: 2007-
A00714-49) and after complete clinical examination. All subjects
were free of cardiac or respiratory diseases including exercise-
induced asthma, musculoskeletal and metabolic abnormalities. All
participants were only physically active in school-based physical
education, which consisted in 1–3 h of moderate intensity exercise
per week.

Sample size was calculated on the basis of a 10% expected
increase in V̇O2peak values after training in obese adolescents and
normal-weight healthy control subjects (Kaufman et al., 2007).

2.1.1. Body composition
Standard measures of height and weight were made at the initial

visit of the subjects.

2.1.2. Fat distribution
Whole body magnetic resonance imagery (MRI) allowing for

total fat and lean mass determinations were obtained on a Gen-
eral Electric Signa Advantage 1.5-tesla scanner (General Electric
Medical Systems, Milwaukee, WI,  USA) using a validated protocol
(Ross et al., 1992). In addition, we developed a standardized proto-
col for the differentiation of abdominal fat within trunk fat mass.
Two sets of 10 images extended from L4 to L5 to the diaphragm
domes and the other set extended from the diaphragm domes to
C6–C7. The images were analyzed manually with homemade soft-
ware (MatlabR2006, The Math Works, Inc., Natick, MA  01760-2098,
USA) allowing adipose tissue identification. Whole body adipose
tissue and lean tissue volume was calculated by adding the volumes
of truncated pyramids (Ross et al., 1996). Images were obtained and
analyzed by the same observer.

2.2. Lung function test

All subjects had standard spirometry and lung volume deter-
minations (MedisoftBodybox 5500, Dinan, Belgium) and all lung
function tests were carried out by the same technician and followed
the guidelines of the American Thoracic Society (Miller et al., 2005).

2.3. Maximal incremental cycling exercise

Subjects performed a maximal progressive exercise test to
exhaustion on an electromagnetic cycle ergometer (Ergoselect,
Medisoft, Dinant, Belgium). Exercise began at 30 W and power out-
put was increased by 20 W every 2 min  until exhaustion.

ECG, heart rate (HR) (ECG, Schiller, CardioLaptop AT-110,
Switzerland), ratings of exertional dyspnea and leg discomfort

(0–10 on a visual analog scale), and gas exchange (Ergocard, Medis-
oft, Belgium) were monitored.

Peak V̇O2 was defined as the highest V̇O2 that could be sustained
for at least 30 s during the last stage of cycling exercise (CE). It was
compared to predicted normal values (Wasserman, 1987) account-
ing for gender, height and ideal body weight calculated from the
IOTF C-25 centile of the International Obesity Task Force which is
the limit beyond overweight is defined (Cole et al., 2000).

We looked for expiratory flow limitation (EFL: %VT limited)
and assessed variations in breathing strategy (end-expiratory lung
volume, i.e. EELV and end-inspiratory lung volume, i.e. EILV) as rec-
ommended with the tidal flow volume loop (FVL) method (Johnson
et al., 1999; O’Donnell et al., 2001). We  requested that subjects carry
out a maximal inspiratory capacity (IC) twice in the last minute of
each stage of cycling exercise. When the subject approached the-
oretical maximal heart rate (and when RER was greater than 1),
we regularly interrogated the subject as to whether or not he/she
could complete the current stage. In case of a negative response,
we performed two  final measures of IC. If the subject was  not able
to perform the requested maneuver, we considered the last two
IC maneuvers performed in the previous stage as IC at peak exer-
cise. The tidal FVL were plotted during exercise within the maximal
flow-volume loop (MFVL) determined before exercise or within
5 min  following exercise (to take into account the possible exercise
induced bronchodilation or bronchoconstriction which none of the
subjects experienced). EELV was  estimated from measurement of
IC and total lung capacity (TLC) as measured in the body plethysmo-
graph (EELV = TLC − IC) and reported as a percentage of predicted
TLC [(EELV/TLC) × 100]. End-inspiratory lung volume was calcu-
lated (EILV = EELV + tidal volume, VT) and expressed as a percentage
of predicted TLC.

2.4. Exercise training

Obese adolescents participated in a 12-week supervised
exercise-training (EXT) program consisting of two  60-min and one
120-min exercise sessions per week. The 60-min EXT sessions took
place after school on Mondays and Fridays and the 120-min exer-
cise session took place on Wednesday afternoon at the Fitness
Center in the Grenoble University Hospital. EXT was  supervised
by a trained exercise physiologist who constructed individual-
ized training programs for each subject based on the results of
their maximal incremental cycling exercise. EXT focused mainly
on aerobic exercises (cycling, treadmill, rower) and initial aero-
bic exercise intensity was set at 60% of VO2peak and reached 80%
at the end of the EXT protocol. Exercise intensity was monitored
by heart rates corresponding to the desired percentage of V̇O2  peak .
A short period of resistance training including exercises with resis-
tance bands and adapted squats and push-ups were integrated
in each EXT session (approximately 20% of the total duration).
Compliance was assessed as the percentage of exercise sessions
attended. Compliance with this exercise program was acceptable
as the adolescents attended more than 85% of the scheduled EXT
sessions.

2.5. Statistical analysis

Results are expressed as mean ± SD unless specified otherwise.
The statistical analysis was  performed using statistical software
(StatView version 5, SAS institute Inc., Cary, NC, USA). The two
subgroups (OB and NW)  were compared at rest and over CE with
the Mann–Whitney test. The OB group was compared at rest and
over CE before (OB) and after (OB post) exercise training with
the non parametric Wilcoxon test. Relationships between differ-
ent variables were assessed using Pearson or Spearman regressions
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Table  1
Subjects’ characteristics.

NW (n = 16) OB (n = 16) OB post (n = 16)

Age, year 14.3 ± 1.3 13.8 ± 1.7 14.2 ± 1.8
Height, cm 173 ± 8 166 ± 10 168 ± 8
Weight, kg 57.5 ± 6.5 94.8 ± 20.9* 96.4 ± 20.8
Body mass index, kg m−2 19.1 ± 1.2 34.1 ± 4.9* 33.7 ± 5.1
Female/male 8/8 8/8 8/8
Fat mass, kg 18.2 ± 3.2 53.9 ± 12.8* 50.3 ± 14.4$

Fat mass, %weight 25.8 ± 4.0 57.5 ± 9.8* 53.1 ± 10.3$

Abdominal fat mass, kg 4.5 ±1.2 17.5 ± 6.5* 17.7 ± 4.4
Trunk fat mass, kg 5.6 ± 1.3 24.2 ± 7.5* 23.5 ± 7.7
Lean mass, kg 39.3 ± 6.0 40.9 ± 14.9 44.7 ± 15.4$

Lean mass, %weight 70.2 ± 5.0 42.5 ± 9.8* 46.9 ± 10.3$

Lower limb lean mass, kg 23.6 ± 4.4 23.1 ± 5.7 25.4 ± 6.9$

Values are mean ± SD; n: no. of subjects.
* P < 0.05 OB vs NW.
$ P < 0.05 OB vs OB post.

Table 2
Pulmonary function.

NW OB OB post

FVC, L 4.17 ± 0.79 3.89 ± 1.04 4.03 ± 1.02
%Predicted 103 ± 10 103 ± 11 103 ± 10
FEV1, L 3.70 ± 0.72 3.17 ± 0.86 3.30 ± 0.87
%Predicted 98 ± 13 95 ± 13 96 ± 11
FEV1/FVC, % 89.3 ± 4.9 82.1 ± 5.2* 83.1 ± 7.4
ERV/FVC, % 36.2 ± 6.3 24.3 ± 6.4* 24.7 ± 6.3
IC/FVC, % 61.1 ± 7.2 74.1 ± 11.2* 75.8 ± 6.1
FRC, L 3.39 ± 0.70 2.38 ± 0.55* 2.51 ± 0.63
%Predicted 139 ± 23 105 ± 28 106 ± 28
MEF  75, L min−1 263.4 ± 85.2 344.4 ± 105 345.0 ± 100.8
%Predicted 102 ± 15 98 ± 24 108 ± 31
MEF  50, L min−1 297.0 ± 81 235.8 ± 80.4 242.4 ± 72.6
%Predicted 107 ± 23 90 ± 24 92 ± 22
MEF  25, L min−1 165.0 ± 44.4 109.8 ± 39.6* 117.0 ± 37.8
%Predicted 111 ± 28 78 ± 26* 82 ± 22
MIP, cm H2O 97.2 ± 34.3 81.9 ± 28.2 93.7 ± 31.4$

%Predicted 84 ± 26 71 ± 22 82 ± 24
MEP, cm H2O 118.8 ± 37.5 96.1 ± 36.5 105.7 ± 40.0
%Predicted 81 ± 21 67 ± 24 72 ± 22
TLC, L 5.81 ± 0.9 5.24 ± 1.2 5.53 ± 1.2
%Predicted 115.1 ± 15.0 110 ± 14 112 ± 16
RV  1.66 ± 0.5 1.33 ± 0.4 1.46 ± 0.6
%Predicted 156 ± 43 132 ± 43 140 ± 51
RV/TLC 28.6 ± 6.5 26.0 ± 8.2 25.9 ± 7.3

Values are mean ± SD. FVC: forced vital capacity; FEV1: force expired volume in 1 s;
ERV: expiratory reserve volume; IC: inspiratory capacity; FRC: functional residual
capacity; MEF: maximal expiratory flow at 75, 50 and 25% of FVC; MIP: maximal
inspiratory pressure; MEP: maximal expiratory pressure; TLC: total lung capacity;
RV:  residual volume.

* P < 0.05 OB vs NW.
$ P < 0.05 OB vs OB post.

(depending on data distribution). A p < 0.05 level of statistical sig-
nificance was used for all analyses.

3. Results

3.1. Comparison between obese and normal-weight adolescents

Subjects’ characteristics are shown in Table 1. As expected, body
weight, body mass index, fat mass, abdominal fat mass and trunk
fat mass were greater in OB compared with NW.

Baseline lung function was within normal range in both groups
(Table 2). Nonetheless, FEV1/FVC, ERV, FRC and MEF25 were lower
in OB while as IC was greater. Moreover, ERV correlated with trunk
fat (r = −0.74, p < 0.0001) and MIP  correlated with BMI  (r = −0.49,
p = 0.005).

During submaximal exercise, V̇O2 , HR, dyspnea and leg discom-
fort were increased while as V̇E/V̇CO2 was  lower in OB compared to
NW (Fig. 1).

At peak exercise (Table 3), V̇O2  peak expressed in mL kg−1 min−1

was decreased in OB compared to NW.  When expressed in L min−1

both groups presented similar V̇O2 peak , greater than predicted val-
ues despite slightly but non-significantly, lower power output in
OB. Moreover, when expressed relative to lean mass (mL  kg−1 lean
mass min−1), V̇O2  peak did not differ between the 2 groups. At peak
exercise, mechanical efficiency was decreased in OB. Both groups
presented similar high values for dyspnea and leg discomfort at
peak exercise.

In both groups, there was  no EFL at rest. During exercise, in 8
out of the 16 OB and no NW subjects, exercise VT was under some
degree of EFL; i.e. 25–85% of VT. OB subjects presented EFL from
70 W which reached 29.4 ± 33% VT at peak exercise.

For given ventilation levels, EELV was lower at rest, and both
EELV and EILV were lower during submaximal exercise in OB (Fig. 2,
panel A), indicating OB breathed at lower lung volumes compared
with NW.  At peak exercise, EILV was lower in OB and was associ-
ated with V̇O2 peak /HRmax and V̇O2  peak (r = 0.51; p = 0.02 and r = 0.43;
p = 0.04, respectively). In OB, EELV tended to be correlated with total
fat mass (r = −0.57; p = 0.07) and abdominal fat mass (r = −0.54;
p = 0.08).

3.2. Effects of exercise training in obese adolescents

Following exercise training (EXT), total fat mass decreased and
total and lower limb lean mass increased while as body weight,
trunk and abdominal fat mass remained unchanged (Table 1).

Pulmonary function variables did not vary after EXT except MIP,
which increased (+14.4%).

Despite similar ventilation and lack of significant increase in VT,
fR was significantly decreased during submaximal exercise (aver-
age submaximal decrease: −13%) (Fig. 3). HR was also decreased
during submaximal exercise (on average by −8.7%: p < 0.05) (results
not shown). Exertional dyspnea and leg discomfort perceptions
were significantly improved after EXT during submaximal exercise
(−71.3% and −70.7%, respectively) (Fig. 3). Peak work rate and peak
V̇O2 were greater in OB post (Table 3).

After EXT, 4 OB post compared with 8 OB subjects presented
expiratory flow limitation (EFL) varying from 25 to 85% VT (p = 0.38).
Moreover, EFL was delayed and reached only 13.3 ± 21% VT at peak
exercise compared to 29.4 ± 33% VT, although lack of statistical sig-
nificance (p = 0.15).

After EXT, during submaximal exercise, for a given ventilation,
EILV and EELV were greater (average submaximal exercise increase
of EELV and EILV: +11% and +8.6%, respectively) (Fig. 2B). At peak
exercise, EILV was  increased (+24%) (Fig. 2B), though ventilation
remained unchanged (results not shown). These results indicate
that OB subjects breathed at higher lung volumes and increased
their VT by encroaching on inspiratory reserve volume. Further-
more, the increase in EILV correlated with the increase in V̇O2  peak

(mL  kg−1 min−1) (r = 0.67; p = 0.0062).

4. Discussion

The main finding of the present study is that a 3-month super-
vised exercise-training program decreases exertional dyspnea and
improves inspiratory muscle strength, operating lung volumes,
breathing pattern and cardiorespiratory fitness in obese adoles-
cents.
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Fig. 1. (A) Oxygen consumption (V̇O2 ), (B) minute ventilation (V̇E), (C) ventilation equivalent for carbon dioxide production (V̇E/V̇CO2 ) and (D) heart rate (HR) relative to power
output during maximal incremental cycle exercise in normal-weight (NW) adolescents (triangle) and obese adolescents (OB) (empty square). Values are mean ± SD. *P < 0.05
OB  vs NW.

Table 3
Cardiorespiratory and metabolic responses and perceived discomfort at rest and at the peak of incremental symptom-limited cycle exercise.

Rest Peak exercise

NW OB OB post NW OB OB post

Work rate, Watt – – – 163 ± 42 132 ± 40 159 ± 47$

V̇O2 , %predicted 12 ± 5 16 ± 6 13 ± 4 107 ± 18 113 ± 21 120 ± 11
V̇O2 , L min−1 0.31 ± 0.09 0.47 ± 0.12 0.42 ± 0.13 2.34 ± 0.63 2.21 ± 0.59 2.64 ± 0.78$

V̇O2 , mL−1 kg−1 min−1 5.6 ± 2.2 5.1 ± 1.3 4.5 ± 1.5 40.6 ± 8.9 23.8 ± 5.7* 27.3 ± 4.6$

V̇O2 , mL−1 kg−1 LM min−1 8.3 ± 3.5 13.1 ± 6.0* 10.8 ± 7.7 59.1 ± 9.9 58.6 ± 19.4 59.1 ± 7.8
HR,  bpm 81 ± 12 98 ± 12* 93 ± 14 188 ± 12 185 ± 15 184 ± 10
RER  0.98 ± 0.08 0.92 ± 0.12 0.86 ± 0.10 1.13 ± 0.05 1.10 ± 0.06 1.12 ± 0.07
Blood  lactate, mmol  L−1 0.8 ± 0.4 1.4 ± 0.5* 1.1 ± 0.3 8.6 ± 2.4 7.4 ± 1.6 7.2 ± 1.9
Dyspnea (0–10) 0 ± 0 0.3 ± 1.2 0 ± 0 7.8 ± 2.6 7.9 ± 2.3 8.1 ± 2.4
Leg  discomfort (0–10) 0.3 ± 0.7 0.3 ± 0.9 0.3 ± 0.5 9.6 ± 0.5 8.7 ± 1.7 8.9 ± 2.1
VE, L min−1 13.2 ± 2.8 14.3 ± 4.1 12.1 ± 2.8 101.2 ± 34.3 81.9 ± 23.8 92.3 ± 25.1
fR, breaths min−1 18.3 ± 6.1 17.4 ± 6.8 19.1 ± 5.0 47.2 ± 11.1 45.0 ± 8.7 43.1 ± 7.2
VT, L 1.65 ± 1.13 1.21 ± 0.75 1.84 ± 1.21 2.01 ± 0.48 1.67 ± 0.45 1.90 ± 0.53
V̇E/V̇O2 41.4 ± 4.3 31.0 ± 6.7* 35.6 ± 5.6 41.0 ± 7.0 35.6 ± 5.6* 29.7 ± 2.5
V̇E/V̇CO2 42.1 ± 5.2 33.2 ± 4.3* 34.2 ± 3.9 36.2 ± 7.3 36.1 ± 4.2 33.1 ± 4.8
PETco2, Torr 32.1 ± 4.3 36.1 ± 3.0* 36.2 ± 2.1 32.8 ± 3.9 36.2 ± 2.8 36.8 ± 3.9
BR,  % – – – 30.6 ± 19.3 36.1 ± 18.9 28.2 ± 14.9
Mechanical efficiency (W/L/min) – – – 67.7 ± 5.4 59.6 ± 9.1* 60.7 ± 5.6

Values are mean ± SD. n: no. of subjects; V̇O2 : oxygen consumption; LM:  lean mass; HR: heart rate; RER: respiratory exchange ratio; V̇E: minute ventilation; fR: breathing
frequency; VT: tidal volume; V̇E/V̇O2 : respiratory equivalent for oxygen; V̇E/V̇CO2 : respiratory equivalent for carbon dioxide; PETco2: partial pressure of end-tidal carbon
dioxide; BR: breathing reserve.

* P < 0.05 OB vs NW.
$ P < 0.05 OB vs OB post.
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Fig. 2. Changes in operational lung volumes from rest to maximal exercise during maximal incremental cycle exercise (A) in normal-weight (NW) adolescents (triangle)
and  obese adolescents (OB) (empty square); and (B) before (OB pre) and after (OB post) (filled square) exercise training. Values are presented without standard deviation for
clarity  purposes. *P < 0.05 OB vs NW. $P < 0.05 OB vs OB post.

Fig. 3. (A) Respiratory frequency (fR), (B) tidal volume (VT) and (C) dyspnea and (D) leg discomfort relative to ventilation during maximal incremental cycle exercise in obese
adolescents before (OB pre) (empty square) and after (OB post) (filled square) exercise training. Values are mean ± SD. $P < 0.05 OB vs OB post.
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4.1. Differences between OB and NW

Our findings suggest that pulmonary function in obese adoles-
cents is altered; FEV1/FVC, ERV and FRC are significantly reduced
and IC is significantly increased. The baseline alterations in rest-
ing pulmonary function were consistent with the findings reported
by other studies in children (Inselma et al., 1993; Spathopoulos
et al., 2009). Interestingly, ERV correlated with trunk fat (r = −0.74,
p < 0.0001) confirming the potential influence of trunk fat mass on
pulmonary mechanics, as reported previously (Ofir et al., 2007).
Surprisingly, despite advantage of lower operating lung volume
MIP  was decreased in OB despite lack of significance. However, it
was correlated with BMI  (r = −0.49, p = 0.005) as established previ-
ously (Chlif et al., 2005).

During submaximal exercise we found higher oxygen uptake
but similar ventilation in OB before EXT. This appears in contrast
with previous studies in children and adults (Kaufman et al., 2007;
Marinov et al., 2002; Ofir et al., 2007; Prado et al., 2009; Romagnoli
et al., 2008) that found higher V̇O2 and V̇E in obese individuals at
the same work rate during cycle ergometer exercise. The reason
for the difference in our study is unclear but could be the result of
a blunted ventilatory response as evidenced by V̇E/V̇CO2 at rest and
during submaximal exercise in OB when compared with NW.

EELV (at rest and during submaximal exercise) and EILV (dur-
ing submaximal exercise and at peak exercise) were significantly
reduced in OB when compared with NW,  illustrating the impact of
excess trunk adiposity on dynamic lung volumes (Parameswaran
et al., 2006). In the present study, OB did not hyperinflate during
exercise, which is consistent with results from a study examining
normal-weight children showing that expiratory flow limitation
was not associated with breathing at high lung volumes (Nourry
et al., 2006). Nonetheless, our results contrast with studies in obese
and normal-weight adults (Ofir et al., 2007) perhaps because in the
present study, OB experienced lesser expiratory flow limitation.

OB subjects experienced increased exertional symptoms dur-
ing submaximal exercise when compared to NW subjects, despite
identical ventilation. At peak exercise, the same pattern is observed
despite lack of significance: in OB compared to NW,  exertional
symptoms reached the same level for lower V̇O2  peak , power output
and ventilation.

The consequences of specific ventilatory adaptations and exer-
tional symptoms on maximal exercise performance (peak power
output and V̇O2  peak ) appear rather weak despite the well known

decreased mechanical efficiency (Hulens et al., 2001) and V̇O2  peak

(expressed relative to body weight) in obesity. The relationship we
found at peak exercise between EILV and V̇O2  peak /HRmax can be
interpreted as a favorable effect of breathing at higher operational
lung volumes on cardiac output. However, a causal relationship
cannot be ascertained.

Finally, these results point toward exertional symptoms as
potentially contributory to OB’s exercise limitation.

4.2. Physiological training effects in OB

There was no exercise training-induced change in resting lung
function except for MIP, which increased (+14.4%). The absence of
improvement in lung function can be explained by the lack of trunk
fat mass alteration after EXT as opposed to Babb et al.’s recent study
in obese adults (Babb et al., 2011). Subsequently, exercise training
can only have a modest effect on resting lung function when it is
not associated with reduction in trunk fat.

As expected, physical fitness was improved after EXT (+20%) in
OB and associated with decreased perceptions of leg discomfort
(70%). These improvements can be explained by the well known
improvement in muscle metabolism and the greater lower limb

muscular mass (Hamilton et al., 1995) observed in our subjects.
Decreased exertional dyspnea and breathing frequency, which is
not systematically reported in normal weight children (Nourry
et al., 2005b),  may  have also contributed to improved cardiores-
piratory fitness.

After EXT, decreased respiratory frequency and exertional
dyspnea during exercise reinforces the paradoxical idea that a ven-
tilatory adaptation oriented toward higher pulmonary volumes
(i.e. return to a more normal position, similar to observed NW
values) is beneficial in OB. This alteration may  minimize poten-
tial EFL development (Babb, 1999; Ofir et al., 2007). Furthermore,
it may restore ventilation in the more advantageous part of the
thoraco-pulmonary compliance curve. Nevertheless, this did not
translate to significant attendant increase in VT recruitment mit-
igating such a conclusion. These modifications in EELV and EILV
cannot be explained by modifications in trunk fat in the present
study unlike in Babb et al.’s study, in which similar increases in
EELV were associated with a decrease in chest wall fat (Babb et al.,
2011). Rather, it seems that increased inspiratory muscle strength
contributed to the improved breathing mechanics observed in OB
after EXT and may  also contribute to the increased aerobic capacity
after training as supported by the correlation between changes in
EILV and V̇O2  peak . Furthermore, reduced exertional dyspnea is con-
sistent with increased MIP  as less central neural drive is required
for a given force generated by the muscle (Chlif et al., 2007).

It is also possible that regular vigorous and regular increases in
VE during exercise training could have reduced micro-atelectasis
(Dronkers et al., 2008) and led to volume recruitment, improve-
ment of lung compliance, attenuation of expiratory flow limitation
and increased MIP. This remains speculative, as we did not measure
micro-atelectasis.

Finally, since decrease in dyspnea seems out of proportion to the
small physiological changes we observed, we cannot exclude the
contribution of the potential alteration of the affective dimension
of dyspnea after EXT (i.e. de-sensitization, improved self-efficacy
related to breathing, reduced anxiety related to dyspnea). Unfor-
tunately, this was  not measured but may  have contributed to
improved exercise tolerance.

5. Limits

Owing to the onerous requirements of our study and the dif-
ficulty we encountered when recruiting healthy normal-weight
volunteers, the NW group did not benefit from EXT. Pulmonary
mechanics are scarcely documented in children (Nourry et al.,
2005a, 2006). However, one study showed no difference in pul-
monary volumes during exercise in highly aerobically trained and
untrained prepubescent children (Nourry et al., 2005a).  Hence, it
appears unlikely that a 3-month exercise program would alter pul-
monary volumes during exercise in a normal-weight control group.
Furthermore, we did not include an untrained age and gender-
paired group of obese adolescents. Nonetheless, it seems unlikely
that the improvements in breathing mechanics are due to a habit-
uation effect seeing as the end of protocol exercise testing was
carried out 3 months after baseline testing and that HRmax did not
differ between OB pre and OB post. Better-designed subsequent
studies including untrained OB and trained NW groups should be
carried out to better understand precise mechanisms underlying
improved exercise tolerance in obese adolescents after EXT.

6. Conclusion

This study confirms the existence of specific exercise ventila-
tory responses associated to severe obesity in obese adolescents.
These responses do not seem to greatly impact physical fitness of
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this population despite greater exertional symptom during sub-
maximal exercise. Three months of supervised exercise training are
associated with improved exercise tolerance and dyspnea, though
the mechanisms remain unclear. Improvements in maximal inspi-
ratory pressure, breathing pattern and operating lung volumes may
be contributory. This reinforces the importance of engaging in reg-
ular physical activity in order to improve exertional symptoms,
especially in youth populations in which the management of obe-
sity must be undertaken as early as possible.
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ABSTRACT  
Objectives. We aimed to examine ventilatory 
responses during the six-minute walk test in 
healthy-weight and obese adolescents before 
and after exercise training. 
Methods. Twenty obese adolescents (OB) (age: 
14.5±1.5 years; BMI: 34.0±4.7 kg/m2) and 20 
age and gender-matched healthy-weight 
adolescents (HW) completed six-minute walk 
test during which breath-by-breath gas analysis 
and expiratory flow limitation were measured. 
OB participated in a 12-week exercise-training 
program.  
Results. Distance achieved during the 6MWT 
was lower in OB participants (-111.0m, 95%CI: 
-160.1–62.0, p<0.05) and exertional 
breathlessness was greater (+0.78 a.u., 95%CI: 
0.091–3.27, p=0.039) when compared with HW. 
Obese adolescents breathed at lower lung 
volumes, as evidenced by lower end expiratory 
and end inspiratory lung volumes during 
exercise (p<0.05). Prevalence of expFL (8 OB 
vs 2 HW, p=0.028) and mean expFL (14.9 ± 

21.9 vs 5.32 ± 14.6 % VT, p=0.043, in OB and 
HW) were greater in OB. 
After exercise training, mean increase in the 
distance achieved during the 6MWT was 64.5 
meters (95%CI: 28.1–100.9, p=0.014) and mean 
decrease in exertional breathlessness was 1.62 
(95%CI:  0.47–2.71, p=0.05). Obese adolescents 
breathed at higher lung volumes, as evidenced 
by the increase in end inspiratory lung volume 
from rest to 6-min exercise (9.9±13.4 vs 20.0 ± 
13.6%TLC, p<0.05). Improved performance 
was associated with improved change in end 
inspiratory lung volume from rest to 6-min 
exercise (r=0.65, p=0.025).  
Conclusion. Our results suggest that exercise 
training can improve breathing strategy during 
submaximal exercise in obese adolescents and 
that this increase is associated with greater 
exercise performance. 

INTRODUCTION 
Childhood obesity has reached epidemic 
proportions although its prevalence seems to 
have reached a plateau [1]. Obesity in childhood 
and adolescence is particularly alarming since it 
has been associated with increased 
cardiovascular mortality and morbidity in 
adulthood [2]. It has been suggested that the 
adverse effects of obesity can be countered by 
increasing physical activity, which leads to 

higher cardiorespiratory fitness [3]. Non-
physically active children are more likely to 
become non-physically active adults thus 
encouraging the development of physical 
activity habits in adolescents helps establish 
patterns that continue into adulthood [4]. 
Respiratory factors that accompany obesity such 
as increased work of breathing due to altered 
pulmonary function have been shown to 
contribute to increased risk of expiratory flow 
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limitation and exertional breathlessness [5]. 
Exertional breathlessness has been reported in 
obese children [6] and can be a barrier to the 
achievement of recommended levels of physical 
activity in this population. However, it remains 
unclear whether this breathlessness is due to the 
increased metabolic cost of locomotion 
associated with obesity, altered perception of 
effort or abnormal respiratory mechanics 
resulting from increased thoracic fat mass.   
The increased metabolic cost of weight-bearing 
exercise in obesity (e.g. walking) is amplified 
for a given external work rate when compared 
with weight-supported exercise (e.g. cycling) 
[7]. However, most activities in daily life are 
weight bearing, therefore it is important to have 
access to a test that reflects and mirrors this type 
of activity.  The six-minute walk test (6MWT) 
is classified to represent the most suitable 
method to assess the submaximal level of 
functional exercise capacity [8]. Validity and 
reproducibility of the 6MWT have been 
investigated in healthy children and in obese 
children and adolescents [9-11].  
Exercise training has been shown to improve 
ventilatory efficiency [12, 13]. However, to our 
knowledge, the effects of exercise training on 
ventilatory constraint (expiratory flow 
limitation) and breathing strategy during a 
weight-bearing submaximal exercise in obese 
adolescents have yet to be examined.!!
Thus, the aims of the present study are to firstly 
describe ventilatory constraint and breathing 
strategy during submaximal exercise in healthy-
weight and obese adolescents and secondly, 
before and after a 12-week supervised exercise-
training program in obese adolescents. We 
hypothesized that obese adolescents would 
present expiratory flow limitation during the 
6MWT compared to healthy-weight peers and 
that exercise training would improve ventilatory 
constraint thus leading to better exercise 
performance. 
 
 
METHODS 
Participants 
Twenty obese adolescents (OB) and twenty age 
and gender-matched healthy-weight adolescents 
(HW) were included in this study. A complete 

clinical examination was carried out by a 
physician to search for contraindications to 
exercise in all subjects. All subjects were free of 
cardiac or respiratory diseases. All participants 
were only physically active in school-based 
physical education, which consisted in 3 hours 
of moderate to high intensity exercises. The 
experimental protocol was approved by the 
local Ethics Committee (Comité de Protection 
des Personnes Sud Est V: 2007-A00714-49). 
Participants and their parents received a verbal 
description of the experiment and completed a 
written informed consent form. The OB group 
participated in a 12-week exercise-training 
program and were re-evaluated after exercise 
training. Participants were instructed not to 
change dietary habits.  
 
Anthropometry  
Standard measures of height and weight were 
made at the initial visit of the subjects.  
 
Lung function 
All subjects had standard spirometry and lung 
volume determinations (Medisoft Bodybox 
5500, Dinan, Belgium) and all lung function 
tests were carried out by the same technician 
and followed the guidelines of the American 
Thoracic Society [14].  
 
Six-minute walk test 
The 6-minute walk test was performed in 
accordance with the American Thoracic Society 
guidelines [15]. Patients were asked to walk as 
fast as possible for 6 min. Only standardized 
phrases of encouragement were used during the 
test.  Identical procedures were used before and 
after training.  
 
Gas exchange measures 
Inspired and expired gases were monitored 
continuously with measurement of breath-by-
breath rate of oxygen consumption, carbon 
dioxide production and ventilation using the 
MetaMax 3B (Cortex Biophysik GmbH, 
Leipzig, Germany). Gas analyzers were 
calibrated prior to each test according to 
manufacturer’s instructions. Gas exchange and 
ventilation were averaged to minute-by-minute 
values.  
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Expiratory flow limitation 
We looked for expiratory flow limitation 
(expFL: %tidal volume or VT limited) and 
assessed variations in breathing strategy (end-
expiratory lung volume i.e., EELV and end-
inspiratory lung volume i.e., EILV) as 
recommended with the tidal flow volume loop 
method [16, 17]. 
We requested that subjects carry out a maximal 
inspiratory capacity (IC) every minute during 
the 6MWT. An investigator unaffiliated with the 
study determined expiratory flow limitation 
visually. ExpFL was computed as the 
percentage of the expiratory tidal flow-volume 
loop that met or exceeded the expiratory 
boundary of the maximal flow-volume loop and 
expressed as %VT, as described previously in 
children [18]. The tidal flow volume loops were 
plotted during exercise within the maximal 
flow-volume loop determined before exercise.  
EELV was estimated from measurement of IC 
and total lung capacity (TLC) (EELV = TLC – 
IC) and reported as a percentage of TLC 
[(EELV / TLC)*100]. End-inspiratory lung 
volume was calculated (EILV = EELV + tidal 
volume, VT) and expressed as a percentage of 
TLC.  
 
 
Rating of perceived exertion 
Rating of perceived exertion related to 
breathlessness was obtained at the end of the 
6MWT using the Children’s OMNI scale of 
perceived exertion (category range, 0-10) [19].  

Exercise training 

Obese adolescents participated in a 12-week 
supervised exercise-training (EXT) program 
consisting of two 60-min and one 120-min 
exercise sessions per week. The 60-min EXT 
sessions took place after school on Mondays 
and Fridays and the 120-min exercise session 
took place on Wednesday afternoon at the 
Fitness Center in the Grenoble University 
Hospital. EXT was supervised by a trained 

exercise physiologist who constructed 
individualized training programs for each 
subject based on the results of their maximal 
incremental cycling exercise. EXT focused 
mainly on aerobic exercises (cycling, treadmill, 
rower) and initial aerobic exercise intensity was 
set at 60 % of maximal aerobic capacity and 
reached 80 % at the end of the EXT protocol. 
Exercise intensity was monitored by heart rates 
corresponding to the desired percentage of 

O2peak. A short period of resistance training 
including exercises with resistance bands and 
adapted squats and push-ups were integrated in 
each EXT session (approximately 20% of the 
total duration). Compliance was assessed as the 
percentage of exercise sessions attended. 
Compliance with this exercise program was 
acceptable as the adolescents attended more 
than 85 % of the scheduled EXT sessions. 
 

Statistical Analysis 
All values are given as means±SD unless 
specified otherwise. Normality was assessed 
using tests of Skewness and Kurtosis and 
equality of variance was assessed by Levene’s 
test. For all tests, a significance level of 0.05 
was used. The two subgroups (OB and HW) 
were compared at rest and during the 6MWT 
with t-tests or the non-parametric Mann-
Whitney test as appropriate. The OB group was 
compared at rest and during the 6MWT before 
(OB) and after (OB Post) exercise training with 
t-tests or the non-parametric Wilcoxon test, as 
appropriate. Categorical variables (i.e. presence 
of expiratory flow limitation) were compared 
between groups using chi-square tests. 
Relationships between different variables were 
assessed using Pearson or Spearman regression 
(depending on data distribution). Sample size 
was calculated on the basis of a 10% expected 
increase in O2peak after EXT (Kaufman et al. 
2007). A p < 0.05 level of statistical 
significance was used for all analyses. The 
statistical analysis was performed using SPSS 
statistical software (version 20.0; SPSS Inc.).  
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RESULTS 
 
Comparison between OB and NW 
 
Participants’ characteristics and lung function 
values are presented in Table 1. As expected, 
body mass and body mass index were greater in 
OB. Baseline lung function was within the 
normal range for both groups, however the 
forced expiratory volume in 1 sec to functional 
vital capacity ratio (FEV1/FVC) was lower in 
OB.  
 
Table 1. Participants’ characteristics and lung function  

 HW 
(n=20) 

OB 
(n=20) 

OB Post 
(n=20) 

Age, yr 15.5 ± 1.5 14.5 ± 1.7 14.9 ± 1.6 
Height, cm 167.8 ± 7.5 165.3 ± 8.1 167.5 ± 6.9 
Weight, kg 57.5 ± 7.2 93.9 ± 17.9 * 94.1 ± 17.4 
BMI, kg.m-2 19.9 ± 1.4 34.0 ± 4.7 * 33.6 ± 4.6 
Female/male 10/10 10/10 10/10 
FVC, L 
% predicted 

4.12 ± 0.72  
103 ± 10 

3.91 ± 0.85 
105 ± 12 

4.09 ± 0.85 § 
108 ± 11 

FEV1, L 
% predicted 

3.63 ± 0.66 
103 ± 14 

3.3 ± 0.71 
98 ± 12 

3.41 ± 0.74 § 
99 ± 11 

FEV1/FVC, %  88.3 ± 4.7 82.1 ± 5.2 * 83.1 ± 7.4 
TLC, L 
% predicted 

5.81 ± 0.95 
116 ± 15 

5.4 ± 1.0 
113 ± 12 

5.6 ± 1.0 
115 ± 15 

MIP, cm H2O 108 ± 30.7 89.8 ± 24.6 107 ± 28.3§ 
% predicted    
MEP, cm H2O 125.3 ± 38.9 107.3 ± 31.2 111.3 ± 37.2 
% predicted    
Data is presented as mean±SD. FVC: functional vital Capacity; FEV1: 
forced expiratory volume in 1 sec; TLC: total lung capacity; MIP: 
maximal expiratory pressure; MEP: maximal expiratory pressure. 
* p<0.05 between HW and OB; § p<0.05 between OB and OB Post. 

 
Distance achieved during the 6MWT was lower 
in OB participants (-111.0 m, 95%CI: -160.1 – 
62.0, p<0.05) and exertional breathlessness was 
greater (+0.78 a.u., 95% CI: 0.091 – 3.27, 
p=0.039) when compared with HW (Table 2).  

 
VO2 was greater at rest and during the 6MWT in 
OB compared with HW (Figure 1a). VE and HR 
were greater in OB at rest but did not differ 
between groups during submaximal exercise 
(Figure 1b and Figure 2, respectively).  

 
 
 
 
 

Table 2. Six minute walk test  
 HW 

(n=20) 
OB 

(n=20) 
OB Post 
(n=20) 

Six minute walk test 
distance (m) 

693.6 ± 
64.3 

582.5 ± 
76.1 * 

659.3 ± 
78.7 § 

Exertional 
breathlesness at end 
of test (a.u.) 

4.1 ± 1.5 5.7 ± 2.3 
* 

4.1 ± 1.6 
§ 

Expiratory flow 
limitation at rest, n 
(% of group) 

0 (0%) 0 (0%) 0 (0%) 

Expiratory flow 
limitation during 
6MWT, n (% of 
group) 

2 (10%) 7 (35%) 
* 

8 (40%) 

Mean expiratory 
flow limitation 
during 6MWT 
(%VT) 

5.3 ± 
14.6 

14.9 1 ± 
21.9 * 

7.6 1 ± 
13.2 

EELV/TLC, 
difference from rest 
to 6-min exercise 

-2.2 ± 8.1 -2.1 ± 
13.4 

-0.9 ± 
7.4 

EILV/TLC, 
difference from rest 
to 6-min exercise 

21.7 ± 
14.3 * 

9.9 ± 
13.4 

20.0 ± 
13.6 § 

Data is presented as mean±SD. a.u.: arbitrary units.  
* p<0.05 between HW and OB; § p<0.05 between OB and OB Post. 
 
Neither group presented expFL at rest. During 
the 6MWT, 8 OB participants (40%) and 2 HW 
participants (10%) (p=0.028). Mean expFL 
during submaximal exercise was greater in OB 
(14.9 ± 21.9 vs 5.32 ± 14.6 % VT, p=0.043, in 
OB and HW respectively). 
At rest and during the entire 6MWT, EELV was 
lower in OB (Figure3a), indicating that OB 
breathing at lower lung volumes compared with 
HW. EILV was lower at the 3rd and 6th minute of 
the 6MWT in OB.   

 
Figure 2. Heart rate responses during the 6MWT in healthy-weight 
(triangle) and obese (OB) adolescents before (OB pre, empty square) 
and after (square) exercise training.  Values are mean ± SD. * p<0.05 
OB vs HW. § p<0.05 OB vs OB post-EXT. 
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Effets of exercise training in OB 
After EXT, body mass and body mass index 
remained unchanged (Table 1). Pulmonary 
function improved as evidenced by increased 
FEV1, FVC and maximal inspiratory pressure 
(MIP) (Table 1). 
Mean increase in the distance achieved during 
the 6MWT was 64.5 meters (95% CI: 28.1 – 
100.9, p=0.014) and mean decrease in exertional 
breathlessness was 1.62 (95% CI:  0.47 – 2.71, 
p=0.05) (Table 2).  

After EXT, despite unchanged O2, VE and HR 
(Figure 1 and 2), EELV increased at the 2nd, 3rd 
and 5th minute and EILV increased at the 1st, 2nd 
and 5th minute (Figure 3b) indicating that OB 
participants breathed at higher lung volumes. 
We found an association between improvement 
in 6MWT distance and changes in EILV 
variation from rest to 6-min exercise after EXT 
(r=0.64; r2=0.41; p=0.025). 
 
 

 
Figure 1. Oxygen consumption ( O2) and minute ventilation (VE) measured at rest and at each minute during the 6MWT in obese (empty square before 
EXT; full-square after EXT) and healthy-weight (triangle) adolescents. Values are mean ± SD. * p<0.05 OB vs HW. § p<0.05 OB vs OB post-EXT. 
 

 
Figure 3. Changes operational lung volumes during 6MWT in healthy-weight (triangle) and obese (OB) adolescents before 
(OB pre, empty square) and after (square) exercise training.  
Values are presented with standard error of mean (SEM) for clarity purposes. * p<0.05 OB vs HW. § p<0.05 OB vs OB post-
EXT.  
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DISCUSSION 
 
The main finding of the present study is that a 
3-month supervised exercise-training program 
increases 6MWT performance in obese 
adolescents. This improved exercise 
performance was accompanied by a decrease in 
exertional breathlessness and increased 
operating lung volumes.  
 
Differences between OB and HW 
HW adolescents achieved a greater distance on 
the 6MWT when compared with OB, which is 
consistent with previous studies in children and 
adolescents [11]. Greater O2 at rest and during 
the 6MWT observed in OB compared with HW 
reflects the oxygen cost of moving their larger 
body mass against gravity and is consistent with 
previous results [20].  
We found increased prevalence and severity of 
expFL in the OB adolescents compared with 
HW. Our results are consistent with a recent 
study assessing expFL and breathing strategies 
in overweight adolescents during a six-minute 
step [20].  
OB adolescents breathed at lower lung volumes 
during the 6MWT as evidenced by lower EELV 
(at rest and during submaximal exercise) and 
EILV (during submaximal exercise), 
consequently illustrating the impact of excess 
trunk adiposity on dynamic lung volumes [21]. 
This is consistent with previous results also 
observed in obese adolescents during a cycling 
exercise [22]. We did not observe dynamic 
hyperinflation in the OB and HW participants 
who presented expFL, which is consistent with 
previous studies in overweight and healthy-
weight children [18, 20]. Dynamic 
hyperinflation is a breathing strategy employed 
by individuals with expFL during which EELV 
is increased [16]. The reason participants in the 
present study did not present dynamic 
hyperinflation is most likely due to the 
submaximal nature of the test a well as the short 
time frame (6 minutes).  
 
Physiological effects of exercise training in OB  
OB adolescents increased their distance 
achieved during the 6MWT after EXT. Similar 
results have been observed in overweight 

children and adolescents after a weight-reducing 
program, including diet and exercise [23]. 
After EXT, OB adolescents breathed at higher 
lung volumes (reaching the values of HW), as 
indicated by increased EELV and EILV. The 
association we observed between changes in 
6MWT distance and variation in EILV from rest 
to 6 min exercise suggests that breathing at 
higher lung volumes had a positive impact on 
exercise performance. One potential mechanism 
illustrating the beneficial effect of breathing at 
higher lung volumes could be that ventilation is 
restored in the more advantageous part of the 
thoraco-pulmonary compliance curve. This 
adaptation has been shown to minimize the 
development of expFL [24, 25].  
We did not observe a decrease in the prevalence 
of expFL or mean expFL after EXT in OB 
adolescents. However, the expFL we observed 
in OB participants after EXT was mild to 
moderate (mean=7.6 ± 13.2 % VT), thus we 
believe that it did not limit submaximal exercise 
performance.   
After EXT, OB reported decreased exertional 
breathlessness at the end of the 6MWT. 
However, we did not measure the affective 
dimension of breathlessness (improved self-
efficacy related to breathing, reduced anxiety 
related to breathlessness) therefore we cannot 
exclude its potential effect on improved exercise 
tolerance after EXT. Improvement of exertional 
breathlessness is of notable importance in youth 
obesity and could contribute to increasing daily 
free-living physical activity. In fact, we 
observed increased objectively measured 
physical activity in OB after EXT (i.e. steps per 
day: 11837.4 ± 2972.8 vs 8946.5 ± 3589.5, 
p<0.06, results presented in an article submitted 
to Pediatrics).  
One potential mechanism to explain the 
improved breathing strategy and exertional 
dyspnea observed in OB is greater inspiratory 
muscle strength, as evidenced by increased 
MIP.  
Some limitations should be taken into 
consideration when interpreting the data of our 
study. One of them is the lack of a longitudinal 
OB control group as well as a trained group of 
HW adolescents. Furthermore, it would be 
interesting to carry out a maximal exercise to 
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see if expFL limits exercise performance during 
a weight-bearing maximal exercise (i.e. 
treadmill) in obese adolescents.  
 
CONCLUSION 
This study confirms the existence of specific 
exercise ventilatory responses during 

submaximal exercise in obese adolescents (i.e. 
breathing at lower lung volumes and expiratory 
flow limitation). Exercise training enables obese 
adolescents to improve performance on the 
6MWT, modify their breathing strategy 
(breathing at higher lung volumes) and 
experience less exertional breathlessness.  
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ABSTRACT  
Aims. The aim of this study was to evaluate the 
impact of a 12-week exercise-training program 
(without caloric restriction) for improving obese 
adolescents’ cardio-metabolic and vascular risk 
profiles (including inflammation, oxidative 
stress, endothelial function, lipid profile). 
 
Methods. We measured systemic markers of 
oxidation (F2t-isoprostanes, thiols, and total 
antioxidant status), inflammation (cytokines, 
leptin, adiponectin), metabolic variables 
(insulin, glucose, lipid profile, lipid oxidation 
during exercise) and endothelial function (RH-
PAT) in 20 obese adolescents (OB) (age: 
14.5±1.5 years; BMI: 34.0±4.7 kg.m-2) and 20 
age and gender-matched healthy-weight 
adolescents (HW). Body composition was 
assessed by magnetic resonance imagery. Peak 
aerobic capacity and maximal fat oxidation 
were evaluated during specific incremental 
exercise tests. OB participated in a 12-week 
exercise-training program. 
 
Results. When compared with HW, OB 
presented lower peak aerobic capacity (24.2±5.9 
vs 39.8±8.3 mL.kg-1.min-1, p<0.05) and maximal 
fat oxidation (p<0.05). OB displayed elevated  
F2t-Isoprostanes (20.5±6.7 vs 13.41±4.25 
ng.mmol-1 creatinine), IL-1Ra (1794.8±532.2 vs  
 

 
 
835.1±1027.4 pg.mL-1), TNF! (2.05±1.18 vs  
1.46±0.97 pg.mL-1) and sTNF!-rII, leptin, 
insulin, HOMA2-IR, triglycerides and lower  
adiponectin and high-density-lipoprotein 
cholesterol (all p<0.05).  
After exercise training, despite lack of weight 
loss, VO2peak and maximal fat oxidation 
increased (p<0.05). Inflammatory profile 
improved as evidenced by decreases in IL-1Ra 
and IP-10 (p<0.05). Insulin and HOMA2-IR 
decreased (14.8±1.5 vs 10.2±4.2 µUI.mL-1 and 
1.92±0.82 vs 1.32±0.56, respectively, p<0.05). 
Change in visceral fat mass was inversely 
associated with change in maximal fat oxidation 
(r=-0.54; p=0.024). The subgroup of 
participants who lost visceral fat mass showed 
greater improvements in triglycerides and 
insulin-resistance (HOMA2-IR, HOMA2-%B 
and HOMA2-%S).  
 
Conclusion. Our data confirmed the role of 
exercise training on inflammatory profile and 
insulin-resistance of obese adolescents in the 
absence of weight loss. However those who lost 
a greater amount of visceral fat mass showed 
greater benefits in terms of decreased insulin 
profile and triglycerides.  
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INTRODUCTION 
Childhood obesity has reached epidemic 
proportions despite major efforts to encourage 
weight loss. Obesity in adolescence predicts a 
broad range of later health problems including 
an increased risk of cardiovascular morbidity 
and mortality (Srinivasan et al. 1996). The 
prevalence of insulin-resistance (IR) and 
cardiovascular abnormalities that are predictive 
of cardiovascular disease in adulthood are 
increased in youth obesity (Weiss et al. 2004). 
Obesity, low-grade inflammation, insulin 
resistance and oxidative stress often occur in 
concert, and are potential triggers of early 
vascular damage in obese children (Tounian et 
al. 2010). 
Endothelial dysfunction (Ribeiro et al. 2005; 
Aggoun et al. 2008), inflammation (Giordano et 
al. 2011; Pedrosa et al. 2011) and oxidative 
stress (Araki et al. 2010; Codoner-Franch et al. 
2010; Oliver et al. 2010) have been observed in 
obese children and adolescents. The association 
of these risk factors allows better understanding 
of the initiation and progression of obesity-
related arterial diseases in youth. 
Obese adolescents provide an interesting model 
to explore the initiation of cardiovascular and 
metabolic abnormalities. It is well known that in 
lean (Hannon et al. 2006) and obese children 
(Brandou et al. 2005), puberty reduces insulin-
sensitivity and triggers hyperinsulinaemia both 
of which are related to endothelial dysfunction 
(Kim et al. 2006).  
Previous studies have reported beneficial effects 
of EXT on endothelial function, insulin-
resistance and markers of inflammation in 
children and adolescents (Kelly et al. 2004; Bell 
et al. 2007). Some authors have shown an 
association between alteration of body weight 
and body composition (in adults) and 
improvements of endothelial function and 
insulin-resistance (Christiansen et al. 2010; 
Tryggestad et al. 2012), while as others have 
found improved insulin sensibility 
independently of changes of body composition 
(Bell et al. 2007). These authors did not 
measure visceral fat, which has been shown to 
be an independent cardiovascular risk factor 
(Bjorntorp 1997) particularly in obese 

adolescents, in which cardiovascular morbidity 
is being installed. 
The aim of the present study was to characterize 
obese adolescents’ cardio-metabolic and 
vascular risk profiles (including inflammation, 
oxidative stress, endothelial function, lipid 
profile) and to evaluate the effect of exercise 
training alone (without caloric restriction) on 
this risk profile. We hypothesized that exercise 
training alone would improve the cardiovascular 
and metabolic risk factors in obese adolescents 
as a result of changes in body composition and 
particularly a decrease in visceral fat, despite 
lack of weight loss.  
 
METHODS 
 
Subjects 
Twenty obese adolescents (OB) and twenty age 
and gender-matched normal-weight adolescents 
(NW) completed this study. A complete clinical 
examination was carried out by a physician to 
search for contraindications to exercise in all 
subjects. All subjects were free of cardiac or 
respiratory diseases. All participants were only 
physically active in school-based physical 
education, which consisted in 3 hours of 
moderate to high intensity exercises. The 
experimental protocol was approved by the 
local Ethics Committee (Comité de Protection 
des Personnes Sud Est V: 2007-A00714-49). All 
subjects and their parents received a verbal 
description of the experiment and completed a 
written informed consent form. The OB group 
participated in a 12-week exercise-training 
program and were re-evaluated after ET (Post-
ET). Subjects were instructed not to change 
dietary habits. Dietary habits were evaluated 
with the REAP-S (Rapid Eating Assessment for 
Participants-Short Version) (Segal-Isaacson et 
al. 2004). Sample size was calculated on the 
basis of a 10% expected increase in VO2peak 
values after training in obese adolescents 
(Kaufman et al. 2007). 

Body composition  
Standard measures of height and weight were 
made at the initial visit of the subjects.  
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Fat distribution 
Whole body Magnetic Resonance Imagery 
(MRI) allowing for total fat and lean mass 
determinations were obtained on a General 
Electric Signa Advantage 1.5-tesla scanner 
(General Electric Medical Systems, Milwaukee, 
WI, USA) using a validated protocol (Ross et al. 
1992) (Ross 1992). In addition, we developed a 
standardized protocol for the differentiation of 
abdominal fat within trunk fat mass. Two sets of 
10 images extended from L4-L5 to the 
diaphragm domes and the other set extended 
from the diaphragm domes to C6-C7. The 
images were analyzed manually with homemade 
software (Matlab R2006, The Math Works, Inc. 
Natick, MA 01760-2098 USA) allowing 
adipose tissue identification. Whole body 
adipose tissue and lean tissue volume was 
calculated by adding the volumes of truncated 
pyramids (Ross et al. 1996). Images were 
obtained and analyzed by the same observer.  

 
Blood Collection/Analysis 
After an overnight fast, a blood sample was 
drawn by vena puncture for analysis of lipids, 
blood glucose, insulin, CRP, leptin and 
adiponectin. Blood glucose, cholesterol, and 
triglycerides were determined by colorimetric 
reflectance spectrophotometry. Insulin was 
determined by chemiluminescent 
immunoassay.  Based on the fasting plasma 
concentrations of glucose and insulin, the level 
of insulin resistance was calculated using the 
homeostasis model assessment of insulin 
resistance, version 2 (HOMA2-IR) of 1998 
(software available at http://www.dtu.ox.ac.uk/) 
(Levy et al. 1998). The serum profile of an 
extensive panel of nine chemokines was 
measured by multiplex beads immunoassays 
(Fluorokine MAP Multiplex Human Cytokine 
Panel and Obesity Panel; R&D Systems) and 
read by the Bioplex 200 array reader (Bio-Rad 
Laboratories), which used Luminex xMAP 
technology (Luminex Corporation). CRP was 
measured with an ultra-sensitive assay using 
rate nephlometry. Urinary 15-F2t-isoprostanes 
concentrations were quantified by liquid 
chromatography coupled to electrospray source 
ionization–tandem mass spectrometry (LC–
ESI–MS/MS), after immunoextraction as 
previously described (Monneret et al. 2010). 

Reactive hyperemia peripheral arterial 
tonometry  
Flow mediated arterial vasodilatation was 
assessed by reactive hyperhemia (RH-PAT) 
with finger plethysmographic methodology 
using Endo-PAT device (Itamar Medical Ltd, 
Caesarea, Israel). As previously described 
(Kuvin et al. 2003), two finger probes were put 
on the indexes of both hands. The probes were 
inflated with uniform pressure (near diastolic 
blood pressure) to the surface of the distal finger 
throughout the test and they measured pulse 
volume change and arterial pulse wave 
amplitude. Patients were comfortably settled in 
supine position in a quiet room with neutral 
temperature. A blood pressure cuff was placed 
above the elbow. The reactive hyperhemia test 
consisted of three stages: baseline pulse 
amplitude was recorded during five minutes, 
then brachial arterial flow was interrupted for 5 
minutes by inflating the cuff 60mmHg above 
systolic pressure then the cuff was suddenly 
deflated for 5 minutes of post-occlusion 
recording. As previously published, RH-PAT 
index was calculated as the natural logarithm of 
the average amplitude of PAT signal after 90 to 
120 second deflation divided by average 
amplitude of the PAT signal during 210 second 
prior the cuff inflation (Hamburg et al. 2008).  
 
Maximal exercise testing  
Subjects performed a maximal progressive 
exercise test to exhaustion on an 
electromagnetic cycle ergometer (Ergoselect, 
Medisoft, Dinant, Belgium). Exercise began at 
30 W and power output was increased by 20 W 
every 2 minutes until exhaustion. 

ECG, heart rate (HR) (ECG, Schiller, 
CardioLaptop AT-110, Switzerland), ratings of 
exertional dyspnea and leg discomfort (0-10 on 
a visual analog scale), and gas exchange 
(Ergocard, Medisoft, Belgium) were monitored.  

Peak VO2 was defined as the highest VO2 that 
could be sustained for at least 30 seconds during 
the last stage of cycling exercise (CE). It was 
compared to predicted normal values 
(Wasserman, 1987) accounting for gender, 
height and ideal body weight calculated from 



Mendelson M et al. Exercise training and cardiovascular risk in obese adolescents 
!

 -136- 

the IOTF C-25 centile of the International 
Obesity Task Force which is the limit beyond 
overweight is defined (Cole et al., 2000). 

Lipid oxidation during submaximal exercise 
All subjects completed a submaximal exercise 
test in the morning, after an overnight fast. A 2-
min recording of resting ventilation and 
respiratory exchange ratio parameters was 
performed to obtain stable values followed by 
the submaximal exercise test. The test followed 
the procedures of Brun et al. (Brun et al. 2007). 
A 3-min warm-up at 20% was followed by four 
6-min steady-state workloads at 30, 40, 50 and 
60% of their maximal aerobic power, previously 
determined during the maximal exercise test. In 
order to avoid hyperventilation before exercise, 
subjects were not allowed to start cycling if 
RER was greater than 0.85.  
The Lipoxmax is the exercise intensity at which 
lipid oxidation induced by increasing intensity 
reaches a maximum (maximal fat oxidation rate: 
MFO) and after which it decreases as 
carbohydrates becomes the predominant fuel. 
MFO and Lipoxmax were assessed using 
indirect calorimetry. Calculation of 
carbohydrate and lipid oxidation rates was 
assessed from gas exchange measurements 
during the last 2 min of each workload period 
and according to the non-protein respiratory 
quotient technique as described previously 
(Brun et al. 2007).  

Exercise training 

Obese adolescents participated in a 12-week 
supervised exercise-training (EXT) program 
consisting of two 60-min and one 120-min 
exercise sessions per week. The 60-min EXT 
sessions took place after school on Mondays 
and Fridays and the 120-min exercise session 
took place on Wednesday afternoon at the 
Fitness Center in the Grenoble University 
Hospital. EXT was supervised by a trained 
exercise physiologist who constructed 
individualized training programs for each 
subject based on the results of their maximal 
incremental cycling exercise. EXT focused 
mainly on aerobic exercises (cycling, treadmill, 
rower) and initial aerobic exercise intensity was 

set at 60 % of VO2peak and reached 80 % at the 
end of the EXT protocol. Exercise intensity was 
monitored by heart rates corresponding to the 
desired percentage of VO2peak. A short period of 
resistance training including exercises with 
resistance bands and adapted squats and push-
ups were integrated in each EXT session 
(approximately 20% of the duration). 
Compliance was assessed as the percentage of 
exercise sessions attended. Compliance with 
this exercise program was acceptable as the 
adolescents attended more than 85 % of the 
scheduled EXT sessions. 
 
Statistical analysis 
Results are expressed as mean ± standard 
deviation (SD). Normality was assessed using 
tests of Skewness and Kurtosis and equality of 
variance was assessed by Levene’s test. The two 
subgroups (OB and NW) were compared with 
the Mann-Whitney test or independent t tests, 
depending on normality. Comparisons before 
(OB) and after exercise training (OB post) in 
obese adolescents were made using paired t tests 
and Wilcoxon signed-rank tests, depending on 
normality. A subgroup analysis based on 
visceral fat mass loss/gain used a similar 
approach. Relationships between different 
variables were assessed using Pearson or 
Spearman’s regressions (depending on data 
distribution). A p < 0.05 level of statistical 
significance was used for all analyses. The 
statistical analysis was performed using 
statistical software (StatView version 5, SAS 
institute Inc., Cary, NC, USA). 

RESULTS              

Comparison between obese and normal-
weight adolescents 
Subjects’ characteristics are shown in Table 1. 
As expected, body weight, body mass index, fat 
mass, abdominal fat mass and visceral fat mass 
were greater in OB compared with NW.  
IL-1Ra, sTNFa-rII, TNF-! , hsCRP, leptin and 
were increased in OB while as adiponectin was 
decreased (Figure 1 and Table 1). Insulin, 
HOMA2-IR, HOMA2-%B were increased and 
HOMA-2%S was decreased in OB compared 
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with controls. HDL-c was decreased and 
triglycerides increased (Table 1).  
As shown in Figure 2, RHI did not differ 
between NW and OB. 
OB showed signs of oxidative stress, as 
evidenced by lower thiols, total antioxidant 
status and greater 15-F2t-isoprostane (Table 1).  
 
Cardiorespiratory fitness and lipid oxidation  
Cardiorespiratory fitness (VO2peak), Lipoxmax 
(watt) and maximal fat oxidation were 
decreased in OB (Table 2). 
 
Effects of exercise training in obese 
adolescents 
Following exercise training (EXT), total fat 
mass decreased and total and lower limb lean 
mass increased while as body weight, 
abdominal and visceral fat mass remained 
unchanged (Table 1). IL-1Ra and IP-10 
decreased (Figure 1). Insulin and HOMA2-IR, 
HOMA2-%B decreased and HOMA2-%S 
increased. Total antioxidant status increased 
(p=0.032) (Figure 1). 
Cardiorespiratory fitness and lipid oxidation  
VO2peak, Lipoxmax (watt), maximal fat 
oxidation (mg/min and mg/kg lean mass/min) 
were improved after EXT. Modification of 
visceral fat mass was inversely associated with 
the change in maximal fat oxidation (r=-0.54; 
p=0.024).  
 
Effects of modification of visceral fat mass  
The subgroup of participants presenting visceral 
fat gain significantly increased their total 
cholesterol and LDL-cholesterol (Table 3). On 
the other hand, those presenting visceral fat loss 
presented decreased triglycerides and HOMA2-
IR, HOMA2-%B and HOMA2-%S.  
 
DISCUSSION 
The main result of the present study is that 
obese adolescents present an inflammatory 
profile, signs of insulin-resistance but no 
endothelial dysfunction when compared with 
normal-weight peers. Exercise training 
improves the inflammatory profile and insulin-
resistance. The subgroup of participants who 
lose a greater amount of visceral fat mass have 

greater benefits on their triglycerides and 
insulin-profile.  

 
Differences between OB and NW  
Inflammation, insulin-resistance, lipid profile, 
oxidative stress and endothelial function 
We found signs of low-grade inflammation in 
obese adolescents, as evidenced by increased 
IL-1Ra, sTNF!-rII, TNF!, hsCRP and 
adiponectin. This result is consistent with 
previous studies (Kelly et al. 2004; Giordano et 
al. 2011; Pedrosa et al. 2011; Stoppa-Vaucher et 
al. 2012). Obese adolescents also displayed 
signs of oxidative stress as evidenced by greater 
isoprostanes, thiols and total antioxidant status, 
which is consistent with previous studies (Araki 
et al. 2010; Codoner-Franch et al. 2010; Oliver 
et al. 2010) and present greater low grade 
inflammation. Lipid profile and insulin-
sensitivity was also altered in obese adolescents 
as evidenced by increased insulin, HOMA2-IR 
(%B and %S), triglycerides and decreased 
HDL-c, which confirm previous results (Thivel 
et al. 2009) and highlight the premature 
morbidity in this population. On the other hand, 
no difference in RHI was observed between the 
OB and NW groups. Studies using flow 
mediated dilatation in children, which measures 
the effect of endothelial reactivity on brachial 
artery diameter, have shown up to 50% 
reduction in obese children (Aggoun et al., 
2008; Tounian et al., 2001)(Farpour-Lambert et 
al. 2009). However, this method reflects the 
macrovascular response to occlusion while as 
the peripheral tonometry approach used in the 
present study reflects more of a 
microvasculature response (Dhindsa et al., 
2008), which could explain observed 
differences. A previous study has shown that 
RHI may begin to decline in OB children after 
15 years (Tryggestad et al. 2012) suggesting 
that cumulative exposure to obesity for 
numerous years may be necessary before 
microvascular reactive hyperemia is adversely 
affected. 
 
Effects of EXT in obese adolescents 
Inflammation, insulin-resistance, lipid profile 
and oxidative stress  
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Total fat mass decreased and total and lower 
limb lean mass increased while as body weight, 
abdominal and visceral fat mass remained 
unchanged in obese adolescents after EXT 
(Table 1).  
The inflammatory profile of obese adolescents 
was improved (decrease in IL-1Ra and IP-10). 
The decrease in IP-10 that we observed suggests 
that exercise training can contribute to vascular 
remodelling as this chemokine is involved in 
angiogenesis. Insulin and HOMA-2IR are 
decreased, indicating improved insulin-
sensitivity. This result is consistent with a study 
in obese children reporting increased insulin 
sensitivity independent of measurable changes 
in body composition (Bell et al. 2007). 
However, in Bell et al.’s study body 
composition was assessed by DEXA and this 
approach did not measure changes in visceral 
fat. Our study therefore confirms the importance 
of this measure as we found decreased insulin-
resistance in the subgroup of participants who 
lost visceral fat. 
Endothelial function, assessed by RHI, is not 
modified after EXT. To our knowledge, our 
study is the first to have examined the effects of 
EXT on this measure of endothelial function in 
obese adolescents. A previous study reported 
decreased BMI and body fat but no 
improvement in endothelial function in obese 
children after EXT (Farpour-Lambert et al., 
2009). The absence of improvement in 
endothelial function in the present study can be 
attributed to the absence of abnormal 
endothelial function, as discussed previously. 
Another possible explanation is ineffective 
targeting of exercise intensity. Though the 
appropriate exercise intensity required to obtain 
beneficial effects on endothelial function 
remains controversial (Murphy et al. 2009; 
Tjonna et al. 2009), in obese adults, high 
intensity interval aerobic training has been 
shown to be more effective at improving 
endothelial function than continuous moderate 
intensity aerobic training (Schjerve et al. 2008). 
 We found decreased oxidative stress in 
obese adolescents after EXT. To our knowledge, 
this is the first study in obese adolescents 
examining the effects of exercise alone, without 
modification of diet on oxidative stress in obese 

adolescents. However, a recent study in obese 
adults also found decreased oxidative stress, 
which was independent of weight loss (Samjoo 
et al. 2013).  
 
Effects of visceral fat mass loss 
Visceral fat mass was not modified after EXT; 
however this absence of difference can be 
attributed to large variability between 
participants. The fact that visceral fat mass was 
gained even though dietary habits were recorded 
underlines the difficulty of conducting research 
when participants are in free-living conditions 
and the potential bias of self-reported data 
(Livingstone and Robson 2000).  
Obese adolescents who gained visceral fat mass 
after the 3-month EXT showed increased total 
cholesterol and LDL-cholesterol. On the other 
hand, those presenting visceral fat loss 
presented decreased triglycerides and HOMA2-
IR, HOMA2-%B and HOMA2-%S.  
Past studies have shown that when weight loss 
is not achieved, EXT fails to decrease oxidative 
stress or adipocytokine levels (Kelly et al. 2004; 
Kelly et al. 2007). These results indicate that 
weight loss alone is not sensitive enough to 
show improved risk and they also highlight the 
importance of fat reduction, and particularly 
visceral fat, as a key mechanism underlying 
inflammatory and oxidative status improvement 
after training.  
A strength of our study is the use of MRI for 
quantifying body composition and in particular 
visceral fat mass. This procedure is quite long 
and onerous and could be simplified to target 
visceral fat mass by taking a single slice at L4-
L5 and following its evolution after an 
intervention allowing to assess CDV risk and its 
evolution.  
 
Limits 
Several limitations to the present study are 
germane. We included adolescents of both sexes 
and at age where puberty influences insulin 
resistance. Ideally, separate analysis of males 
and females using tighter age ranges would be 
used. To reduce this potential error, pubertal 
status was assessed and was clinically 
unchanged for the period of the study in all 
participants. 
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Owing to the onerous requirements of our study 
and the difficulty we encountered when 
recruiting volunteers, the NW group did not 
benefit from EXT and we did not include an 
untrained age and gender-paired group of obese 
adolescents. Better-designed subsequent studies 
including untrained OB and trained NW groups 
should be carried out to better understand 
precise mechanisms underlying improvement in 
cardiovascular risk factors and body 
composition in obese adolescents after EXT. 
 

CONCLUSION 
The main result of the present study was that 
exercise training alone, without a dietary 
intervention, improves inflammatory profile and 
insulin-resistance. Furthermore, participants 
who lose a greater amount of visceral fat further 
improve their insulin-profile and triglycerides. 
Thus, regular physical activity should be 
encouraged in this population and maintained 
over time. 
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Figure 1. 
Inflammatory markers 
before (OB) and after 
(OB Post) 12 weeks of 
exercise training. 
Values are mean ± SD. 
* p < 0.05 OB vs NW. 
§ p < 0.05 OB vs OB 
Post. 
!

Figure 2. Figure illustrating 
the absence of change in 
endothelial function between 
groups and before and after 
12 weeks of EXT.  
!
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Table 1. Subjects’ clinical characteristics.  

 NW 
(n=20) 

OB 
(n=20) 

OB Post 
(n=20) 

Age, yr 15.5 ± 1.5 14.5 ± 1.7 14.9 ± 1.6 
Height, cm 167.8 ± 7.5 165.3 ± 8.1 167.5 ± 6.9 
Weight, kg 57.5 ± 7.2 93.9 ± 17.9 * 94.1 ± 17.4 
Body mass index, kg.m-2 19.9 ± 1.4 34.0 ± 4.7 * 33.6 ± 4.6 
Female/male 10/10 10/10 10/10 
Tanner stage (breast or genitalia)    

Tanner 2 2 (10%) 2 (10%) 2 (10%) 
Tanner 3 4 (20%) 4 (20%) 4 (20%) 
Tanner 4 6 (30%) 4 (20%) 4 (20%) 
Tanner 5 8 (50%) 10 (50%) 10 (50%) 

Body composition    
Fat mass, kg 14.1 ± 5.7 50.8 ± 12.9 46,6 ± 13,7 
Fat mass, % weight 24.2 ± 9.3 54.4 ± 10.9 49.4 ± 11.0 
Abdominal fat mass, kg 2.7 ± 1.4 12.1 ± 2.9 11.2 ± 2.9 
Visceral fat mass, kg 1.0 ± 0.4 3.1 ± 1.5 3.0 ± 1.3 
Visceral fat mass, % weight 1.7 ± 0.6 3.4 ± 1.4 3.2 ± 1.2 
Lean mass, kg 43.4 ± 6.5 43.2 ± 13.8 47.5 ± 13.3 
Lean mass, % weight 75.8 ± 9.3 45.6 ± 10.9 50.6 ± 11.0 

Lipid profile    
Total cholesterol, g/L 1.60 ± 0.30 1.70 ± 0.26 1.65 ± 0.25 
Triglycerides, g/L 0.64 ± 0.27 1.14 ± 0.39 * 1.02 ± 0.30 
HDL, g/L 0.56 ± 0.09 0.44 ± 0.08 * 0.44 ± 0.09 
LDL, g/L 0.95 ± 0.23 1.04 ± 0.27 1.00 ± 0.26 
Total chol/HDL 2.96 ± 0.47 3.97 ± 0.81 * 3.87 ± 0.89 

Insulin-resistance    
Insulin, µUI/mL 5.09 ± 1.95 14.84 ± 1.5* 10.19 ± 4.21 § 
Glucose, mmol 4.84 ± 0.40 5.02 ± 0.91 5.07 ± 0.54 
HOMA2-IR 0.67 ± 0.22 1.92 ± 0.82 * 1.32 ± 0.56 § 
HOMA2-%B 78.3 ± 25.3 140.5 ± 52.7* 112.9 ± 32.3 § 
HOMA2-%S 165.8 ± 52.1 62.8 ± 29.4 * 88.5 ± 37.0 § 

Oxidative stress    
15-F2t-isoprostane, ng/mmol creatinine 13.41 ± 4.25  20.5 ± 6.7 * 18.8 ± 5.6 
Total thiols, µmol/L 508.3 ± 44.3  483.8 ± 49.2 * 498.1 ± 41.5  
Total antioxydant status, mM 1.61 ± 0.13 1.51 ± 0.09 * 1.57 ± 0.14 § 

Values are mean ± SD; n: no. of subjects. * p < 0.05 OB vs NW. § p < 0.05 OB vs OB Post. 
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Table 2. Fat oxidation and maximal exercise data  
 NW 

(n=20) 
OB 

(n=20) 
OB Post  
(n=20) 

VO2peak (L.min-1)    
VO2peak (mL.min-1.kg-1) 39.8 ± 8.3 24.2 ± 5.9 * 26.8 ± 5.6 § 
VO2peak (% predicted)    
Lipoxmax, watt 68.9 ± 16.8 52.4 ± 19.9*  68.8 ± 28.5 § 
Lipoxmax, %Wmax 41.6 ± 12.2 34.9 ± 7.8 39.3 ± 10.2 
Maximal fat oxidation, mg/min 220.6 ± 98.9 163.4 ± 95.4 261.4 ± 111.4 § 
Maximal fat oxidation, mg/kg 
LM/min 5.03 ± 2.13 3.39 ± 1.21 * 5.14 ± 2.31 § 

 
 
Table 3. Changes in inflammation, metabolic parameters, insulin-profile and oxidative stress based on 
visceral fat gain or loss. § p<0.05 between pre and post. 
 
 Visceral fat gain (kg) 

(n=9) 
 

Visceral fat loss (kg) 
(n=11) 

 Pre-EXT Post-EXT Pre-EXT Post-EXT 

Visceral fat mass, kg 3.3 ± 1.0 3.6 ± 0.8 3.4 ± 1.9 2.9 ± 1.7 
Inflammation     
IL-1RA, pg/mL 1868.9 ± 1162.3 1607.1 ± 633.1  1638.0 ± 1162.0 1629.3 ± 1099.7 
IL-8, pg/mL 6.48 ± 7.2 5.85 ± 2.5 4.56 ± 1.65 4.86 ± 1.80 
MCP-1, pg/mL 175.3 ± 85.7 177.0 ± 58.6 4.56 ± 1.65 4.86 ± 1.80 
TNF-! , pg/mL  1.78 ± 1.7 1.22 ± 1.0 1.78 ± 0.8  1.38 ± 0.86 
Rantes, pg/mL 33232.1 ± 12860.5 36250.4 ± 

12824.4 39285.6 ± 18263.7 43443.4±17641.0 

IP-10, pg/mL 7.75 ± 5.5 6.31 ± 4.9 5.89 ± 3.49 5.30 ± 3.1 
sTNF RII, pg/mL 1870.4 ± 723.8 1883.6 ± 493.0 1738.4 ± 647.4 2037.1 ± 502.1 § 
CRPus, mg/L 3.26 ± 3.1 2.47 ± 1.9 2.13 ± 1.6 2.68 ± 1.8 
Adiponectin, ng/mL 6062.1 ± 3320.4 6851.6 ± 

2937.7 6524.8 ± 2378.7 6795.8 ± 2709.1 

Metabolic parameters     
Total cholesterol, g/L 1.75 ± 0.2 1.88 ± 0.1 § 1.63 ± 0.34 1.50 ±0.42 
Triglycerides, g/L 0.89 ± 0.2 1.01 ± 0.3 1.28 ± 0.42 1.05 ± 0.36 § 
HDL, g/L 0.46 ± 0.1 0.47 ± 0.1 0.45 ± 0.06 0.46 ± 0.09 
LDL, g/L 1.11 ± 0.2 1.21 ± 0.1 § 0.93 ± 0.23 0.89 ± 0.23 
Total chol/HDL 4.0 ± 0.8 4.19 ± 0.9 3.70 ± 0.64 3.83 ± 0.90 
Insulin-profile      
Insulin, µUI/mL 13.7 ± 5.8 12.1±4.9 16.2 ± 7.1 9.8 ± 3.2 
Glucose, mmol 5.5 ± 0.7 5.3 ± 0.5 4.6 ± 0.6 4.9 ± 0.6 
HOMA2-IR 1.8 ± 0.8 1.59 ± 0.7 2.06 ± 0.83 1.26±0.44 § 
HOMA2-%B 120.1 ± 35.0 114.3 ± 26.2 167.8 ± 64.8 112.6 ± 34.8 § 
HOMA2-%S 67.8 ± 37.6 69.4 ± 18.2 51.7 ± 17.9 89.8 ± 40.2 § 
Oxidative stress     
15-F2t-isoprostane, 19.8 ± 8.2 19.9 ±5.2 20.9 ± 7.7 17.2 ± 6.7 
ng/mmol creatinine     
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ABSTRACT  
Background. Decreased sleep duration 
and altered sleep quality are important 
factors to consider in the prevention of 
adolescent obesity. Structured exercise 
training has been shown to improve sleep 
duration and quality. This is a case-control 
study evaluating the impact of a 12-week 
exercise-training program for increasing 
sleep duration, sleep quality and physical 
activity in obese adolescents.   
Methods. Twenty obese adolescents (OB) 
(age: 14.5±1.5 years; BMI: 34.0±4.7 
kg/m2) and 20 age and gender-matched 
healthy-weight adolescents (HW) 
completed an overnight polysomnography 
and wore an actigraph monitor for 7 days. 
OB participated in a 12-week exercise-
training program.  
Results. Sleep duration was greater in HW 
compared with OB (p<0.05). OB presented 
higher apnea-hypopnea index, respiratory  
 

 
events and micro-arousals than HW. 
Physical activity (time spent physically 
active and average daily METs), sleep 
duration and sleep efficiency measured by 
accelerometer was greater in HW (p<0.05).  
After exercise training, sleep duration and 
sleep quality increased in OB. Levels of 
physical activity increased as evidenced by 
increased steps per day, METs and time 
spent physically active (p<0.05). Improved 
sleep duration was associated with 
improved average daily METs (r=0.48, 
p=0.04). 
Conclusion. The present study confirms 
altered sleep duration and quality in obese 
adolescents. Exercise training improves 
sleep duration, sleep quality and physical 
activity. The relation between increased 
physical activity and sleep duration 
emphasizes the potential role of physical 
activity on improving sleep in obese 
adolescents.  

 
INTRODUCTION 
Achieving recommended levels of physical 
activity and sleep should be considered 
central components to maintaining a healthy 
lifestyle in youth. Accumulating evidence 
supports the relation between short sleep 
duration and the risk of weight gain in 
youth.1-3 A recent cross-sectional study 
showed that shorter sleep was associated with 
increases in body mass index from 14 to 18 
years old.4 

Recent studies have examined the relation 
between sleep architecture and obesity. Sleep 
is divided into rapid-eye-movement (REM) 
and non-rapid-eye-movement (NREM) 
stages. NREM is further divided into 3 stages: 
N1, a brief transition between wake and sleep, 
N2 and N3, or slow-wave sleep. Increase in 
sleeping metabolic rate has been shown in 
REM sleep and more specifically glucose 
utilization during REM sleep is greater than 
during NREM sleep.5-7 Studies in obese youth 
have shown a positive relation between 
inadequate sleep duration and insulin 
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resistance8, 9 suggesting that inadequate sleep 
duration and altered sleep architecture may 
play a role in the development of type 2 
diabetes in obese adolescents.  
It has been shown that physical activity is 
associated with longer sleep duration and 
better sleep quality in adolescents.10-12 For 
instance, Brand et al. found that adolescents 
engaging in more than 3.5 hours of physical 
activity per week had greater sleep efficiency, 
increased slow-wave-sleep and less REM 
sleep than those engaging in less than 3.5 
hours.10 On the contrary, short-term sleep loss 
has been shown to reduce daytime overall 
spontaneous physical activity and shifts the 
intensity of physical activity toward lower 
levels under free-living conditions.13 Thus, it 
is possible that alterations in sleep quantity 
and quality and the associated daytime 
sleepiness and fatigue may be reasons for 
reduced physical activity in obese 
adolescents.  
A consistent epidemiologic association 
between exercise and sleep quality has been 
shown and experimental studies have found 
that exercise training significantly improves 
sleep14; in particular, exercise training has 
been shown to increase slow-wave-sleep.15 
However, to our knowledge, no studies have 
examined the effects of exercise training on 
improvements in sleep quality measured by 
polysomnography in obese adolescents.  
This case-control study aimed at evaluating 
the efficacy of a 12-week exercise-training 
program for improving sleep duration, sleep 
quality (including sleep architecture) and 
spontaneous physical activity levels in obese 
adolescents. We hypothesized that exercise 
training would improve sleep quality and 
duration and that these improvements would 
be associated with increased spontaneous 
physical activity  
 
METHODS 
Subjects 
Twenty obese adolescents (OB) and twenty 
age and gender-matched healthy-weight 
adolescents (HW) were included in this study. 
A complete clinical examination was carried 
out by a physician to search for 

contraindications to exercise in all subjects. 
All subjects were free of cardiac or 
respiratory diseases. All participants were 
only physically active in school-based 
physical education, which consisted in 3 
hours of moderate to high intensity exercises. 
The experimental protocol was approved by 
the local Ethics Committee (Comité de 
Protection des Personnes Sud Est V: 2007-
A00714-49). Participants and their parents 
received a verbal description of the 
experiment and completed a written informed 
consent form. The OB group participated in a 
12-week exercise-training program and were 
re-evaluated after exercise training. 
Participants were instructed not to change 
dietary habits. The primary aim of this case-
control study was to evaluate the influence of 
cardio-ventilatory factors on exercise 
tolerance in obese adolescents before and 
after exercise training (Clinical Trials 
NCT01411605). A secondary aim was to 
explore the potential existence of obstructive 
sleep apnea (OSA) and its effects on 
cardiovascular adaptations during exercise.  
Sample size was calculated on the basis of a 
10 % variation in VO2peak values between a 
group of obese adolescents and healthy-
weight healthy control subjects.   
Body composition  
Standard measures of height and weight were 
made at the initial visit of the subjects. Whole 
body Magnetic Resonance Imagery allowing 
for total fat and lean mass determinations 
were obtained on a General Electric Signa 
Advantage 1.5-tesla scanner (General Electric 
Medical Systems, Milwaukee, WI, USA) 
using a validated protocol16, as described 
previously.17 
Sleep studies 
Full-night polysomnography (PSG) was 
performed in a sleep laboratory. PSG used 
continuous acquisition of the following 
recordings: electro-oculogram (EOG; 3 
channels), electro-encephalogram (EEG; 3 
channels), electromyogram (EMG; 1 channel) 
and electrocardiogram (ECG; 1 channel). 
Airflow was measured using nasal pressure 
associated with the sum of oral and nasal 
thermistor signals. Sleep stage and respiratory 
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events were scored according to the standard 
of the American Academy of Sleep 
Medicine.18 Respiratory effort was monitored 
with abdominal and thoracic bands. An apnea 
was defined as a complete cessation of 
airflow for at least 10 s and a hypopnea as a 
reduction of at least 50% in the nasal pressure 
signal or a decrease between 30% and 50% 
associated with either oxygen desaturation of 
at least 4% or EEG arousal. Apneas were 
classified as obstructive, central or mixed 
according to the presence or the absence of 
respiratory effort.  
Accelerometer data collection and analysis 
Daily physical activity was assessed using an 
activity monitor (Sensewear Pro2 armband, 
SWA; Body Media, Pittsburgh, PA, USA).19 
The Sensewear Pro2 armband contains 
accelerometers that sense movement in two 
planes, a galvanic skin sensor, a temperature 
sensor, and a near-patient temperature sensor. 
The data from the sensors, together with 
gender, age, height, weight and handedness 
are incorporated into proprietary algorithms to 
estimate energy expenditure and physical 
activity duration, but also to discriminate 
wake from sleep. Subjects wore the activity 
monitor for 7 days immediately before and 
after the intervention. Participants were 
instructed to wear the activity armbands 
around-the-clock except for showering or 
engaging in any activity that could make the 
activity monitor wet. The intensity of activity 
for each minute of wear time was calculated 
and expressed using metabolic equivalents 
(METs) to determine average daily time 
(min/d) spent active (> 3 METs).  
Maximal exercise testing  
Subjects performed a maximal progressive 
exercise test to exhaustion on an 
electromagnetic cycle ergometer (Ergoselect, 
Medisoft, Dinant, Belgium). Exercise began 
at 30 W and power output was increased by 
20 W every 2 minutes until exhaustion. ECG, 
heart rate (HR) (ECG, Schiller, CardioLaptop 
AT-110, Switzerland), ratings of exertional 
dyspnea and leg discomfort (0-10 on a visual 
analog scale), and gas exchange (Ergocard, 
Medisoft, Belgium) were monitored. Peak 
oxygen consumption (VO2) was defined as 

the highest VO2 that could be sustained for at 
least 30 seconds during the last stage of 
cycling exercise.  
Exercise training 
Obese adolescents participated in a 12-week 
supervised exercise-training (EXT) program 
consisting of two 60-min and one 120-min 
exercise sessions per week. The 60-min EXT 
sessions took place after school on Mondays 
and Fridays and the 120-min exercise session 
took place on Wednesday afternoon at the 
Fitness Center in the Grenoble University 
Hospital. EXT was supervised by a trained 
exercise physiologist who constructed 
individualized training programs for each 
subject based on the results of their maximal 
incremental cycling exercise. EXT focused 
mainly on aerobic exercises (cycling, 
treadmill, rower) and initial aerobic exercise 
intensity was set at 60 % of VO2peak and 
reached 80 % at the end of the EXT protocol. 
Exercise intensity was monitored by heart 
rates corresponding to the desired percentage 
of VO2peak. A short period of resistance 
training including exercises with resistance 
bands and adapted squats and push-ups were 
integrated in each EXT session 
(approximately 20% of the duration). 
Compliance was assessed as the percentage of 
exercise sessions attended. Compliance with 
this exercise program was acceptable as the 
adolescents attended more than 85 % of the 
scheduled EXT sessions. 
Statistical Analysis 
Results are expressed as mean ± standard 
deviation (SD). The statistical analysis was 
performed using statistical software 
(StatView version 5, SAS institute Inc., Cary, 
NC, USA). The two subgroups (OB and HW) 
were compared with the Mann-Whitney test. 
The OB group was compared before and after 
exercise training with the non-parametric 
Wilcoxon test.  Relationships between 
different variables were assessed using 
Pearson or Spearman regressions (depending 
on data distribution). A p<0.05 level of 
statistical significance was used for all 
analyses.  
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RESULTS  
Comparison between obese and healthy-weight adolescents 
Subjects’ characteristics are shown in Table 1. As expected, body weight, body mass index and fat 
mass were greater in OB compared with HW. Leptin, insulin and HOMA2-IR were greater in OB 
(p<0.05). Data obtained from polysomnography are presented in Table 2.  

Table 1. Participants’ clinical characteristics. 
 HW 

(n=20) 
OB 

(n=20) 
OB Post 
(n=20) 

Age, yr 15.5 ± 1.5 14.5 ± 1.7 14.9 ± 1.6 
Height, cm 167.8 ± 7.5 165.3 ± 8.1 167.5 ± 6.9 
Weight, kg 57.5 ± 7.2 93.9 ± 17.9 * 94.1 ± 17.4 
BMI, kg.m-2 19.9 ± 1.4 34.0 ± 4.7 * 33.6 ± 4.6 
Female/male 10/10 10/10 10/10 
Tanner stage     

Tanner 2 2 (10%) 2 (10%) 2 (10%) 
Tanner 3 4 (20%) 4 (20%) 4 (20%) 
Tanner 4 6 (30%) 4 (20%) 4 (20%) 
Tanner 5 8 (50%) 10 (50%) 10 (50%) 

Body composition    
Fat mass, kg 14.1 ± 5.7 50.8 ± 12.9 * 46.6 ± 13,7 
Fat mass, % weight 24.2 ± 9.3 54.4 ± 10.9 * 49.4 ± 11.0 

Biological measures    
Insulin 5.1 ± 1.9 14.8 ± 1.5* 10.2 ± 4.2 § 
Glucose 4.8 ± 0.4 5.0 ± 0.9 5.1 ± 0.5 
HOMA2-IR 0.7 ± 0.2 1.9 ± 0.8 * 1.3 ± 0.6 § 
Leptin 5.5 ± 4.5 26.8 ± 10.8 * 24.7 ± 8.9  

VO2peak (mL.min-1.kg-1) 39.8 ± 8.3 24.2 ± 5.9 * 26.8 ± 5.6 § 
Values are mean ± SD or number (%); n: no. of subjects. * p < 0.05 OB vs HW. § p < 0.05 OB vs OB Post. 

 
Table 2. Polysomnography data. 

 HW 
(n=20) 

OB 
(n=20) 

OB Post 
(n=20) 

TST (min) 406.1 ± 28.9 355.3 ± 66.7 * 419.7 ± 62.8§ 
Stage N1 sleep (% TST) 8.1± 3.0 10.6 ± 4.3 7.7 ± 2.3 § 
Stage N2 sleep (% TST) 52.9 ± 7.3 48.7 ± 7.8 49.5 ± 8.5 
Stage N1+N2 sleep (%TST) 59.4 ± 5.3 59.4 ± 5.9 59.4 ± 5.9 
Stage N3 sleep (% TST) 18.3 ± 4.7 21.0 ± 6.5 19.3 ± 7.1 
Non-REM sleep (% TST) 76.5 ± 3.8 80.4 ± 5.1 * 76.6 ± 4.2 § 
REM sleep (% TST) 23.2 ± 3.9 19.4 ± 5.1  * 23.3 ± 4.2 § 
Sleep efficiency index (%) 84.2 ± 7.8 80.4 ± 11.1 88.0 ± 8.6 § 
Sleep continuity index (%) 91.2 ± 7.7 85.4 ± 10.4 93.6 ± 2.9 § 
Apnea index 0.38 ± 0.63 1.1 ± 2.4 1.3 ± 4.2 
Apnea-hypopnea index (nb/hour of sleep) 1.41 ± 0.9 4.2 ± 4.2 * 2.9 ± 2.1 
Respiratory events index  (nb/hour of 
sleep) 

1.73 ± 1.25 7.6 ± 6.6 * 7.1 ± 8.5 

Mean SaO2 (%) 97.0 ± 0.96 96.9 ± 0.8 97.0 ± 0.8 
Min SaO2 (%) 91.2 ± 4.5 88.0 ± 7.2 87.6 ± 7.9 
%TST < SaO2 90 % (%TST) 0.036 ± 0.06 0.05 ± 0.1 0.09 ± 0.16 
Micro-arousals index  (nb/hour of sleep) 0.961 ± 0.88 4.0 ± 3.8 * 3.8 ± 4.1 
Sleep onset latency  18.0 ± 9.6 13.5 ± 11.5 10.3 ± 9.0 

TST, total sleep time; N1-N3, NREM sleep stages 1-3, respectively; SaO2, arterial oxygen saturation; SE, sleep efficiency. 
Values are mean ± SD; n: no. of subjects. * p < 0.05 OB vs HW. § p < 0.05 OB vs OB Post. 
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Total sleep time and REM sleep were lower and NREM sleep was greater in OB compared with 
HW (p<0.05). AHI, respiratory events and micro-arousals were greater in OB (p<0.05). Glucose 
(mM) was inversely associated with REM sleep (r=-0.54; p=0.0030).  
 
Objectively measured physical activity was greater in HW compared with OB as evidenced by 
greater time spent physically active (>3 METs) and average daily METs (Table 3). Sleep duration 
and sleep efficiency assessed by accelerometer were also greater in HW compared with OB 
(p<0.05).  
 
Effects of exercise training in obese adolescents 
Following exercise training, total fat mass decreased while as body weight and BMI remained 
unchanged (Table 1). Insulin and HOMA2-IR decreased (p<0.05). 
Sleep duration (TST) and sleep quality (sleep efficiency and continuity indexes) increased after 
exercise training (Table 2). Furthermore, REM sleep increased while as NREM sleep and stage N1 
sleep decreased (p<0.05).  
Sleep duration measured by accelerometer increased after exercise training (p<0.05) while sleep 
efficiency remained unchanged (Table 3). Objectively measured physical activity improved as 
evidenced by increased time spent physically active (>3 METs), steps per day and average daily 
METs (p<0.05). Improvement in sleep duration was associated with improved average daily METs 
(r=0.48; p=0.04).  
 

Table 3. Physical activity measurements (actigraphy). 
 HW 

(n=20) 
OB 

(n=20) 
OB Post 
(n=20) 

Total energy expenditure (kcal) 2391.5 ± 469.1 2843.1 ± 425.8* 3059.4 ± 567.3 
Active energy expenditure (> 3 METs) 763.3 ± 376.6 659.9 ± 404.7 951.8 ± 457.8§ 
Time spent active (> 3 METs) 171.5 ± 72.2 100.0 ± 47.5* 142.5 ± 107.7 
Steps per day 10154.7 ± 1955.3 8946.5 ± 3589.5 11837.4 ± 2972.8§  
Average daily METs 1.8 ± 0.2  1.3 ± 0.3* 1.5 ± 0.2§ 
Total sleep time 427.7 ± 39.1 403.2 ± 38.2* 442.6 ± 51.6§ 
Time spent lying down 516. ± 39.0 538.5 ± 45.9 526.9 ± 50.6 
Sleep efficiency (%) 83.2 ± 8.3 75.3 ± 8.3* 81.6 ± 9.3 

METs: metabolic equivalent. 

 
DISCUSSION  
The main results of the present study are: (1) 
obese adolescents present decreased sleep 
duration and altered sleep quality compared 
with healthy-weight peers; (2) structured 
exercise-training improves sleep duration, 
quality and spontaneous physical activity in 
obese adolescents and (3) improved sleep 
duration is associated with increased physical 
activity levels.  

 
Comparison of OB and HW 
Sleep duration 
Our subjects’ mean sleep duration measured 
by accelerometer (HW: 7.1-hr and OB: 6.7-
hr) was similar to the mean 7.2 hours sleep 

duration reported in the 2006 National Sleep 
Foundation poll.20 Lower objectively 
measured sleep duration in obese adolescents 
has been previously reported.21, 22 A large 
body of evidence suggests that short sleep 
duration may contribute to weight gain 1, 2, 23 
and a potential mechanism for this relation is 
a hormonal and metabolic shift.24 However, 
the short sleep duration and obesity relation 
has been challenged 25, 26 suggesting that other 
environmental factors such as sedentary time 
and reduced physical activity may play a 
greater role than sleep duration. Nevertheless, 
population-based studies 23 and experimental 
studies of sleep deprivation 24 have 
consistently shown a relation between short 
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sleep and increased ghrelin and decreased 
leptin. In the present study, we found 
increased leptin in OB, which is consistent 
with the heterogeneity in the leptin system in 
obese individuals 27 and the possibility of 
resistance to the biological actions of leptin in 
obese subjects.28 However, the design of the 
present study does not allow us to conclude 
regarding the consequences of altered sleep 
duration on leptin.  
Sleep quality  
Even though OB presented signs of sleep 
disturbance (increased AHI, micro-arousals), 
we did not find an association between these 
variables and spontaneous physical activity. 
Gupta et al. 22 found that sleep disturbance or 
wakefulness during sleep was mildly 
associated with lower daytime physical 
activity in obese adolescents. However, these 
authors measured sleep disturbance and 
physical activity using accelerometer over a 
24-hr period, which does not allow for a very 
accurate estimation of habitual sleep and 
physical activity patterns.  

 
Effects of EXT in obese adolescents 
Physical activity 
We showed increased physical activity after 
exercise-training in obese adolescents. A 
recent systematic review and meta-analysis 
showed that physical activity interventions 
have had only a small effect on children’s 
overall activity levels.29 We measured 
physical activity levels immediately after the 
intervention. Thus, a limitation of our study is 
that it does not provide insight concerning the 
long-term effects of exercise training on 
sustaining physical activity levels. Also, we 
may have measured physical activity levels 
too close to the end of the intervention. This 
might also explain differences between our 
study and other interventional studies in 
children. Finally, the exercise program lasted 
3 months, with subjects being including at 
different periods of the school year (n=10 
september-december; n=10 march-june), 
therefore we cannot exclude a potential 
seasonal effect on sleep and physical activity 
patterns 30 for some participants.  
 

Sleep duration 
We found increased total sleep time measured 
by polysomnography and accelerometer 
following 12-weeks of exercise training. 
Improvements in accelerometer-measured 
sleep may be the result of increased levels of 
spontaneous physical activity, as evidenced 
by the association found between the 
improved sleep duration and METs. This 
association is consistent with a cross-sectional 
study in adolescents showing an association 
between objectively measured physical 
activity and sleep duration.31 Nixon et al.’s 
study supports these findings as they 
demonstrated that physical activity was 
associated with shorter sleep latency in 
children.32 Thus, it is possible that increased 
levels of physical activity in the OB 
participants after exercise training enabled 
them to fall asleep quicker and maintain 
healthier sleep habits.  
Sleep quality 
Concerning sleep quality measured by 
polysomnography, after exercise training 
NREM sleep and stage N1 decreased and 
REM sleep, sleep continuity and sleep 
efficiency increased. Improvements in sleep 
architecture have been observed following 
exercise training in adult populations with or 
without OSA.33-35 However, to our 
knowledge, this is the first study reporting 
changes in sleep architecture following 
exercise-training in OB adolescents. Exercise 
training has been shown to increase slow-
wave-sleep (i.e. in particular stage N3) 14, 15 
and to decrease REM sleep.36 Our results 
contrast with the expected decrease in REM 
sleep and increase in SWS previously 
reported in healthy adults. To our knowledge, 
no studies have examined the effects of 
exercise training on sleep architecture in 
obese adolescents thus it is difficult to 
compare these results. A study examining the 
effects of acute exercise in healthy children 
on sleep patterns concluded that changes in 
sleep architecture and continuity depended on 
exercise intensity and only high intensity 
exercise resulted in increased SWS.37 
Furthermore, a study in obese children (n=40) 
showed that children with shorter sleep 
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duration have greater insulin resistance than 
children with normal sleep duration and that 
they spend less time proportionally in REM 
sleep.8 Studies have shown that glucose 
utilization during REM sleep is higher than 
during non-REM sleep.7 The inverse 
association between glucose and REM sleep 
observed in the present study supports this 
finding. Thus, it is possible that the increased 
REM duration contributed to improved 
insulin-resistance in OB participants after 
exercise training. However, the design of our 
study does not allow us to conclude 
concerning the respective roles of improved 
sleep or the well known effect of exercise 
training on insulin-resistance.38 
In the present study, sleep disturbance indices 
were not improved following exercise training 
(i.e. AHI, index of micro-arousals) in OB. A 
recent meta-analysis examining the effects of 
exercise training on OSA in adults showed a 
significant effect of exercise in reducing the 
severity of OSA, with minimal changes in 
body weight.39 The reason we did not observe 
a statistically significant effect in these 
indices is likely due to heterogeneity in the 
OB participants with OSA symptomology 
and/or the limited sample size. Nevertheless, 
after exercise-training, AHI tended to 
decrease in the entire group 
(p=0.096). Different mechanisms have been 
suggested as contributory to improved OSA 
symptoms following exercise training 39, one 
of which is improved strength of respiratory 
muscles 33, which we observed in our subjects 
(data not shown). Another potential 
mechanism is decreased leg fluid 
accumulation preventing the nocturnal rostral 
fluid shift that may be implicated in upper 
airway collapse.40, 41 
Strengths & limits 
Polysomnography is the preferred method for 
sleep evaluation however it presents several 
drawbacks. Firstly, overnight PSG sleep in 
the laboratory may not reflect real and stable 
sleep in the natural home environment. 
Furthermore, a potential problem of 
laboratory polysomnography in young 
children is the inability to sleep well in an 
unfamiliar environment, surrounded by 

strangers and monitoring equipment. Thus, 
accelerometers have been commonly used for 
assessing sleep in a free-living environment. 
A study examining the validity of the 
SenseWear Pro Armband for assessing sleep 
in children and adolescents and showed poor 
agreement for assessing sleep duration, sleep 
onset latency, sleep efficiency and wake after 
sleep onset when compared with 
polysomnography.42 While the limitations of 
accelerometers prevent them from being a 
diagnostic tool for sleep disordered breathing 
in children and adolescents, they still has a 
role in evaluating sleep/wake schedules in in 
the home setting over several nights. Thus, a 
strength of the present study is combining 
both of these measures of objective sleep.  
There are several limitations to the present 
study. Firstly, due to the onerous 
requirements of our study, we did not include 
an untrained age and gender-paired group of 
obese adolescents. Second, the exercise 
program was over a 3-month period, therefore 
we cannot exclude a potential seasonal effect 
on sleep and physical activity patterns 30 even 
though participants were included in two 
different periods over the school year. Third, 
the design of our study does not allow insight 
as to whether sleep increases physical activity 
and/or physical activity increases sleep. 
Better-designed subsequent studies should 
address these relations.  
 
Conclusion 
We found an association between increased 
sleep duration and higher levels of 
spontaneous physical activity after exercise 
training. This is of particular interest because 
it has been suggested that the adverse 
consequences of obesity can be countered by 
increasing physical activity, in particular 
fitness.43 Furthermore, adequate sleep is a 
critical factor for adolescent’s health.44 
Education programs aimed at improving sleep 
hygiene practices in adolescents have been 
unsuccessful in increasing sleep duration.45 
Thus, our results emphasize the potential role 
of increased daily physical activity on sleep 
duration in obese adolescents. 
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Abstract

Aim.  –  To verify whether exercise intensities at the crossover point (COP) and maximal lipid oxidation (Lipoxmax) can be used interchangeably
regardless of exercise mode, this study compared COP, Lipoxmax and maximal fat oxidation rate (MFO) obtained during two modes of submaximal
metabolic exercise tests: stationary cycling under laboratory conditions and walking/running on a track.

Methods.  –  After preliminary indirect maximal progressive tests, 15 healthy subjects randomly performed submaximal exercise tests on a
stationary cycle ergometer (E) and on a track (T), during which gas exchanges and substrate oxidation rates were measured.

Results.  –  There were no significant mean differences in COP [heart rate (HR): 149 ±  23 beats.min−1 (T), 145 ±  28 beats.min−1 (E);
VO2: 2168 ±  896 mL.min−1 (T), 2052 ±  714 mL.min−1 (E)], Lipoxmax [HR: 127 ±  27 beats.min−1 (T), 126 ±  23 beats.min−1 (E); VO2:
1638 ±  839 mL.min−1 (T), 1696 ±  656 mL.min−1 (E)] or MFO [498.3 ±  192.0 mg.min−1 (T), 477.7 ±  221.5 mg.min−1 (E)] between the two modes
of exercise. However, Bland–Altman analysis showed a clear disagreement between the two exercise modes and, in particular, a large random error
[bias ±  random error: for COP, −3.5 ±  53.2 beats.min−1 (HR), −116.8 ±  1556.4 mL.min−1 (VO2); for Lipoxmax, −0.4 ±  43.3 beats.min−1 (HR),
−5.7 ±  1286.4 mL.min−1 (VO2); and for MFO, −20.6 ±  384.9 mg.min−1].

Conclusion.  –  This study showed that, in young, healthy, reasonably fit subjects, exercise mode can affect intensities at the COP and the Lipoxmax.
These results, which now have to be confirmed in patients with metabolic defects, suggest the need to perform specific tests to make individualized
adaptations to physical activity outside of clinical settings.
© 2012 Elsevier Masson SAS. All rights reserved.

Keywords: Crossover point; Maximal fat oxidation rate; Lipoxmax; Cycling; Running; Walking

Résumé

Le point d’oxydation lipidique maximal (Lipoxmax) et le point de croisement glucidolipidique déterminés sur ergocycle en laboratoire sont-ils
transférables à la marche/course sur le terrain ?.

Objectifs.  –  Vérifier si les intensités d’exercice au point de croisement glucidolipidique (PCGL) et d’oxydation lipidique maximale (Lipoxmax)
peuvent être interchangeables en fonction du mode d’exercice. Nous avons donc comparé PCGL, Lipoxmax et le taux d’oxydation maximale
lipidique (OLM) obtenus sur ergocycle dans des conditions de laboratoire à ceux obtenus lors d’un test de marche/course sur piste.

Méthodes.  –  Après la réalisation de tests indirects permettant de déterminer la puissance ou la vitesse maximale aérobie, 15 sujets sains ont
effectué deux tests sous-maximaux sur ergocycle (E) ou sur piste (P) durant lesquels les échanges gazeux et l’oxydation des substrats ont été
mesurés.

Résultats.  –  En moyenne, PCGL (fréquence cardiaque [FC] : 149 ±  23 [P] et 145 ±  28 battements par minute [E] et VO2 : 2168 ±  896 [P]
et 2052 ±  714 mL/min [E]), Lipoxmax (FC : 127 ±  27 [P] et 126 ±  23 battements par minute [E] ; VO2 : 1638 ±  839 [P] et 1696 ±  656 mL/min
[E]) et OLM (498,3 ±  192,0 mg/min/ [P] et 477,7 ±  221,5 mg/min [E]) ne différaient pas entre les deux modalités d’exercice. Toutefois,
une analyse en Bland et Altman a montré une grande variabilité individuelle (biais ±  erreur aléatoire : pour PCGL, −3,5 ±  53,2 battements

∗ Corresponding author. Unité d’exploration-recherche sur exercice, pôle rééducation et physiologie, clinique universitaire de physiologie, sommeil et exercice,
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doi:10.1016/j.diabet.2012.02.001
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par minute [FC] et −116,8 ±  1556,4 mL/min [VO2] ; Lipoxmax, −0,4 ±  43,3 battements par minute [FC] et −5,7 ±  1286,4 mL/min [VO2] ; OLM,
−20,6 ±  384,9 mg/min).

Conclusion.  –  Les indicateurs métaboliques déterminés en laboratoire chez le sujet sain sur ergocycle ne sont pas applicables sur le terrain lors
d’un exercice de marche/course. Ces résultats sont à confirmer chez des patients atteints de troubles métaboliques. Ils suggèrent que l’utilisation
de ces indicateurs sur le terrain nécessite une détermination spécifique de l’activité physique adaptée envisagée.
© 2012 Elsevier Masson SAS. Tous droits réservés.

Mots clés : Point de croisement glucidolipidique ; Taux d’oxydation maximal lipidique ; Lipoxmax ; Exercice sur ergocycle ; Course ; Marche

1.  Introduction

Regular exercise is a key part of the treatment for individuals
with metabolic defects such as obesity and type 2 diabetes [1].
Nonetheless, the usual exercise recommendations for these
individuals do not fully take into account the physiological
mechanisms that underlie training effectiveness at an individual
level [2]. Exercise training induces metabolic changes in muscle
that can restore some of the defects associated with obesity [3]
and type 2 diabetes, such as muscle insulin resistance [4,5].
Accordingly, healthcare clinicians have been recommending
regular physical activity to their patients [6].

Exercise intensity is one of the main factors influencing
substrate utilization during exercise. During steady-state
exercise performed at low intensity, a significant amount of
lipids is usually oxidized. Moreover, there is an intensity of
exercise that elicits the maximal oxidation of lipids (Lipoxmax)
[7]. Measurement of Lipoxmax by graded exercise calorimetry
is reproducible, but also modifiable by several physiologi-
cal conditions (training, previous exercise and diet) [7]. Its
measurement closely predicts what will be oxidized during
45–60 min of low- to medium-intensity training performed at
the corresponding intensity. Brooks and Mercier’s ‘crossover
concept’ [8] explains the balance of substrate utilization during
exercise. This concept implies that, although increasing exercise
intensity results in a preferential use of carbohydrate, endurance
training shifts the balance of substrates during exercise towards
a stronger reliance on lipids.

A recent review of studies with triathletes showed that
several physiological differences are found between cycling
and running, as heart rates differ between these two activities at
both maximal and submaximal intensities [9]. One recent study
showed a 28% higher fat oxidation rate when walking/running
compared with cycling, even though the intensity eliciting
the Lipoxmax was similar between the two exercise modes
[10]. However, such comparisons have been performed in
particularly physically fit cyclists, but not in patients with
metabolic defects or in less-fit subjects.

Recently, healthcare professionals have begun training
patients with metabolic diseases (obesity and/or type 2 dia-
betes) at their Lipoxmax. This exercise intensity is usually
determined during exercise calorimetry on a stationary cycle
ergometer in a medical setting. However, when prescribing
physical activity, it is crucial to take the individual’s interests
into account to facilitate long-term compliance with the activity.
For this reason, exercise programs that include more enjoy-
able and more varied outdoor physical activities (involving
walking/running), as proposed for other chronic diseases [11],

compared with exercising in a clinical setting could favour
long-term maintenance of exercise training.

For this reason, the aim of the present study was to ver-
ify whether metabolic indicators such as the crossover point
(COP), Lipoxmax and maximal fat oxidation rate (MFO), which
are determined in a laboratory setting, can be applied to a wider
range of activities such as walking and jogging. Thus, the present
study assessed the influence of the mode of exercise on these
metabolic indicators (cycling on a stationary cycle ergometer vs
running/walking on a track).

2. Methods

2.1.  Subjects

Fifteen healthy subjects (aged 22–29 years) volunteered to
participate in the study (10 men and five women). The study
was conducted according to the Declaration of Helsinki and after
approval from the local Committee on Human Research. Written
informed consent was obtained from all subjects, none of whom
presented with any contraindications to prolonged or heavy exer-
cise, or any diseases. The subjects, whose characteristics are
presented in Table 1, were physical education students who were
relatively physically fit and mostly recreational athletes, except
for two competitive cyclists.

Table 1
Subjects’ characteristics.

Females (n = 5) Males (n = 10)

General information,
anthropometric
measurements
Age (years) 22 ± 1 24 ± 2
Height (cm) 165 ± 7 181 ± 6
Weight (kg) 62 ± 8 73 ± 9
Body mass index (kg/m2) 22.7 ± 1.7 22.4 ± 2.4

Maximal progressive exercise
tests
Maximal aerobic speed
(MAS; km.h−1)

13.4 ± 2.7 14.9 ± 2.4

VO2 max (mL.min−1;
estimated from MAS)

2927 ± 856 3515 ± 832

Maximal aerobic power
(MAP; W)

196 ± 47 270 ± 78

VO2 max (mL.min−1;
estimated from MAP)

2454 ± 519 3278 ± 859

VO2 max (% predicted) 145 ± 35 126 ± 21

Data are expressed as means ± SD.
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The 13 recreational athletes trained for an average of
2.7 ±  0.5 h/week, while the two competitive cyclists trained for
6.2 ±  0.6 h/week at the time of the study.

2.2. Experimental  design

Within the same week, all subjects underwent two indirect
maximal progressive tests (3 days apart), one on the track and
the other on an electromagnetic cycle ergometer (Ergoselect,
Medisoft, Dinant, Belgium), to assess their maximal aerobic
speed (MAS) and maximal aerobic power (MAP), and to esti-
mate their VO2max. Subjects’ MAS was estimated using a
modified version of the University of Montreal track test, as pre-
viously described [12]. During the test, the subjects had to run
at a speed set by audible cues. By the time each cue sounded, the
participant had to have reached the next cone; the cones were
placed every 25 m along the edge of the track. After a 5-min
warm-up, the test began at a running speed of 7 km.h−1, which
was increased by 0.5 km.h−1 every min until exhaustion. The
test ended when the subject could no longer maintain the pace
imposed and/or fell behind and was unable to catch up. When
the participant was farther than 5 m from a cone at the time of
the cue, the test was ended. The MAS was determined as the
speed maintained during the final completed stage.

The maximal progressive test performed on the electro-
magnetic cycle ergometer began at 40 W, and the power output
increased by 20 W/min until exhaustion. MAP was determined
as the power output associated with the last completed stage and
when the maximal heart rate (HRmax) was close to the theoretical
HRmax (220–age).

VO2max was estimated, using the MAS reached on the track
[13] and the MAP achieved on the cycle ergometer [14] at the
end of the maximal progressive tests, according to the follow-
ing formulas: VO2max (mL.min−1) = MAS ×  3.5 ×  body weight
(on the track); and VO2max (mL.min−1) = MAP ×  9.96 + 331 (on
the cycle ergometer). Predicted VO2max values were calculated
using a formula developed on a cycle ergometer [15].

The MAP and MAS values determined during these maximal
progressive tests served as the maximal references on which
to base protocols for the submaximal exercise tests designed
to assess metabolic indices. The order in which the subjects
did the submaximal exercise tests on the electromagnetic cycle
ergometer (the same machine as used for MAP determination)
and the track was assigned randomly.

Before the evaluations, the subjects were familiarized with
the procedures and equipment. Exercise tests were always per-
formed at the same time (between 8:00 and 10:00 AM) after
at least 12 h of fasting and under similar ambient conditions
(15–20 ◦C on the track and 20 ◦C in the laboratory). Subjects
were instructed to record what they ate 24 h prior to the exer-
cise tests and to repeat the exact same dietary pattern for all
subsequent tests.

All exercise tests were conducted within 3 days and during
the week following the two maximal progressive tests. The tests
consisted of five 6-min workloads, as proposed by Brooks and
Mercier’s crossover concept [16,17]. Gas exchanges and heart
rates were continuously recorded with a portable ergospirometer

(MetaMax 3B, Cortex Biophysik, Leipzig, Germany). After a 3-
min rest period and an initial 3-min warm-up at 20% of MAS or
MAP, four 6-min workloads, set at 30%, 40%, 50% and 60% of
the MAS or MAP, were performed.

2.3. Calorimetry

Calculation of carbohydrate (CHO) and lipid oxidation rates
was assessed from gas exchange measurements according to
the non-protein respiratory quotient technique [18]: CHO rate
of oxidation (mg.min−1) = 4.585 VCO2 – 3.2255 VO2; and lipid
rate of oxidation (mg.min−1) = –1.7012 VCO2 + 1.6946 VO2
(with VO2 and VCO2 in mL.min−1).

As recommended elsewhere [7,16], VO2 and VCO2 were
averaged over the last 2 min of each exercise stage to ensure that
a steady state was reached and because, at this time, CO2 produc-
tion from bicarbonate buffers to compensate for the production
of lactic acid becomes negligible. This technique provided CHO
and lipid-oxidation rates for different levels of exercise, using
the assumption that the urinary nitrogen excretion rate was neg-
ligible. These values were then converted into Kcal, with 1 g of
lipids providing approximately 9 Kcal and the oxidation of 1 g
of carbohydrates providing only 4 Kcal. Thus, the percentage
CHO or lipids participating in total energy expenditure could be
determined.

According to the crossover concept proposed by Brooks
and Mercier [8], the COP of substrate utilization is defined
as the intensity at which energy from CHO-derived fuels pre-
dominates over energy derived from lipids. This point can be
identified when approximately 70% of energy is derived from
CHO and 30% from lipids. To assess this specific point, the
curve between the % oxidized CHO and power output over
four points was smoothed to dampen any variations that even-
tually may have been linked to a point departing from the
general curve fit. The MFO point is the exercise intensity at
which the increase in lipid oxidation induced by the increasing
intensity reaches a peak, which is then followed by a decrease
as CHO becomes the predominant fuel. This was calculated
from the above equations using the following empirical for-
mula: fat = 1.6946 VO2 – 1.7012 VCO2, simplified as fat = 1.7
(1 – RER) VO2. MFO corresponds to the maximum point of the
curve associated with this equation. At this point, the derived
equation is equal to zero. As for COP determination, the relation-
ship between RER (respiratory exchange ratio) and power output
was smoothed. All smoothing procedures were performed with
custom-made software developed by Brun et al. [19].

2.4.  Statistical  analysis

All parameters were expressed as means ±  SD unless oth-
erwise specified. According to their distribution, variables
obtained during the track test were compared with those obtained
by the cycle ergometer test using Wilcoxon’s test.

Relationships between the metabolic indices (VO2 and
HR at COP, Lipoxmax, MFO) obtained from the track and
cycle ergometer tests were analyzed using Spearman’s cor-
relation coefficients. Significance was set at P  < 0.05. Also,
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Table 2
Heart rate and oxygen uptake during the cycle ergometer and track-walking/running tests.

Mean comparison Correlation

Track-walking/running Cycle ergometer P value (Wilcoxon’s test) r P

COP
HR (beats.min−1) 149 ± 23 145 ± 28 0.99 0.44 0.10
VO2 (mL.kg−1.min−1) 2168 ±  896 2051 ± 714 0.98 0.53 0.041
VO2 (% estimated V̇O2 max)a 63.3 ± 19.8 64.1 ± 17.3 0.47 0.23 0.43

Lipoxmax
HR (beats.min−1) 127 ± 27 126 ± 23 0.95 0.61 0.015
VO2 (mL.kg−1.min−1) 1638 ± 839 1696 ± 656 0.82 0.64 0.0095
VO2 (% estimated V̇O2 max)a 48.5 ± 20.9 50.5 ± 15.0 0.78 0.02 0.96

MFO (mg.min−1) 498.3 ± 192 477.7 ± 221.5 0.46 0.56 0.03

Data are expressed as means ± SD. COP: crossover point; HR: heart rate; V̇ O2: oxygen consumption; Lipoxmax: exercise intensity at maximal oxidation rate; MFO:
maximal fat oxidation rate.

a Specific to exercise mode.

Bland–Altman analysis was performed to assess, at an individual
level, the agreement between the two modes of exercise.

3. Results

3.1.  Subjects’  characteristics

As presented in Table 1, our study subjects had heteroge-
neous levels of fitness; nonetheless, on the basis of their VO2max,
they were all reasonably physically fit. The heterogeneity of
the subjects’ aerobic aptitudes can be explained by their varied
athletic backgrounds (gymnastics, basketball, cycling and track
and field). However, two subjects were competitive-level
cyclists, and presented MAP of 380 W and 400 W, respectively.
Nevertheless, the physical fitness of all our subjects depended
on exercise mode. As expected, for 11 subjects, the estimated
VO2max was greater for the track test whereas, in the remaining
four, their estimated VO2max was greater for the cycle ergometer
test.

3.2. Influence  of  exercise  mode  on  metabolic  indices

All subjects began the track test by walking (2.0–5.0 km.h−1).
Fig. S1 (see supplementary material associated with this article
online) shows the kinetics of oxygen consumption during the
walk–run test for two subjects who had different body weights
(A was lighter than B). Weight was found to be a determinant of
the metabolic cost during the walk–run transition. The walk–run
transition speed varied between subjects (5.0–7.0 km.h−1) and
was 6.2 ±  0.5 km.h−1 overall.

Values for the COP, Lipoxmax and MFO obtained during the
track and cycle ergometer tests are presented in Table 2. There
was no significant difference between the HR and VO2 at which
COP and Lipoxmax occurred during both exercise modes. How-
ever, the values of COP and Lipoxmax obtained on the track were
moderately correlated with values obtained on the cycle ergome-
ter (Table 2). As for MFO, there was no significant difference
between exercise modes, and a fair relationship was observed
between MFO obtained on the track and cycle ergometer. Simi-
larly, substrate oxidation (CHO and lipid oxidation rates) and

RER did not differ between the two exercise modes (Fig. S2;
see supplementary material associated with this article online).

However, Bland–Altman analysis for COP revealed
a large random error (HR: 53.2 beats.min−1 and VO2:
1556.4 mL.min−1) despite a small bias (HR: −3.5 beat.min−1

and VO2: −116.8 mL.min−1; Fig. S3; see supplementary mate-
rial associated with this article online). As for Lipoxmax, a very
small bias (HR: −0.4 beats.min−1 and VO2: −5.7 mL.min−1)
with a large random error for HR and VO2 measurements
(43.3 beats.min−1 and 1286.4 mL.min−1, respectively) were
observed (Fig. 1). Furthermore, this analysis showed a major
random error with a small bias (384.9 and −20.6 mg.kg−1,
respectively) for MFO (Fig. S4; see supplementary material
associated with this article online).

For all parameters, no proportional systematic errors were
observed, as slopes did not differ significantly from zero
(Lipoxmax: HR, P = 0.95 and VO2, P = 0.68; COP: HR, P = 0.67
and VO2, P  = 0.38; MFO: P  = 0.077). Examination of the indi-
vidual data showed clear inconsistencies between both exercise
modes, with a maximal difference of 63 beats.min−1 for HR
and 2003 mL.min−1 for VO2. The difference in VO2 for the
metabolic indices between exercise modes did not correlate
with the walk–run transition speed (COP: r  = 0.07, P  = 0.36;
Lipoxmax: r  = 0.10; P = 0.73).

Subjects presented with COP values that were higher on the
cycle ergometer (n = 7), or lower (n  = 8) when compared with
the same exercise on the track in terms of both HR and VO2.
Similarly, Lipoxmax values on the cycle ergometer were either
higher (n  = 8) or lower (n  = 7), and the values for MFO were
either higher (n  = 6) or lower (n  = 9) compared with the same
exercise on the track.

4.  Discussion

The main finding of the present study was that the inten-
sities at Lipoxmax and at the COP were indeed affected by
exercise mode. Despite the lack of difference between the mean
exercise intensities (assessed by HR and VO2) at different
metabolic indices (Lipoxmax and COP), marked disagreement
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Fig. 1. Bland–Altman plot agreement between heart rate (HR, A) and VO2 (B)
at Lipoxmax obtained by cycling on a cycle ergometer and walking/running on
a track.

was observed between walking/running and cycling at an indi-
vidual level.

4.1. Determination  of  substrate  oxidation  during  exercise

Carbohydrate (CHO) and fatty acids are the dominant fuels
oxidized by the muscle for energy production during exercise,
and the absolute and relative contributions of these fuels can be
influenced by diet [20], muscle glycogen content [21], exercise
intensity [22], duration [23] and training status [24].

In the present study, diet was controlled, as subjects were
instructed to control and record their food intake 24 h prior to
exercise testing (whether cycling or walking/running) and to
repeat the exact same dietary pattern for the subsequent exer-
cise test. Thus, although an effect of different muscle glycogen
reserves cannot be excluded (a control of diet over a longer
period would have been necessary), diet does not appear to
account for the discrepancy between the two exercise modalities
observed in some subjects.

Also, as ambient temperature can alter substrate oxidation
[25], the different exercise modes were carried out under similar
ambient temperatures, thus controlling potential bias induced by
temperature variations.

One of the most important regulators of substrate oxidation
is exercise intensity, as it has been demonstrated that increases
in glycolytic flux can inhibit long-chain fatty-acid transport to
mitochondria and so reduce long-chain fatty-acid oxidation [26].

In addition, to compare substrate oxidation rates between
exercise modes, we selected values at similar levels of absolute
oxygen uptake, as others have done previously [10]. This
appears to be more relevant, as it takes into account the
differences in VO2max between exercise modes. Also, it
reinforces the lack of difference between metabolic indices
despite greater (but not significant) fat oxidation during the
track test. This also confirmed the results obtained by Achten
et al. in trained cyclists [10].

Our protocols were standardized to obtain similar durations
and metabolic stimulations for both exercise modes. COP and
Lipoxmax are altered when theoretical values for MAP are used
to plan submaximal metabolic tests [27,28], and especially when
the true MAP is lower than the theoretical MAP [28]. However,
as our protocols for the submaximal metabolic tests were based
on true MAP or MAS values, the metabolic indices determined
by each of the exercise modes appear to be valid. Nevertheless,
the alteration in the linearity of metabolic cost for the submaxi-
mal metabolic progressive track protocol remains questionable.
For the track test, all subjects began walking. As the energy cost
is greater for running compared with walking [29], the transition
between walking and running sharply increases the energy cost
(Fig. S1; see supplementary material associated with this article
online), impairing either more or less the linearity between
oxygen uptake and exercise intensity compared with the rela-
tionship obtained on the cycle ergometer. It could be argued that
a greater increment in intensity during the walk–run transition
may have induced earlier reliance on CHO, thus disturbing
calculation of the metabolic indices (earlier occurrence of COP
and Lipoxmax). Indeed, Lipoxmax (in seven subjects) and COP
(in eight subjects) occurred at a lower metabolic cost on track
walking/running vs  cycling. Nonetheless, as only two subjects
presented RER values close to 0.91 at the end of the first stage of
running, it is unlikely that a protocol bias (the walk–run transi-
tion) was responsible for the individual disagreement observed
between exercise modes. Indeed, such a pattern appears to
reflect a glucose-dependent profile, as previously reported in
healthy subjects by Brun et al. [16]. In addition, no correlation
was observed between the differences in VO2 in the two exercise
modes for COP or Lipoxmax and the transition speed. This
suggests that the increased metabolic cost during the transition
does not explain the disagreement between exercise modes. It
would be interesting to verify this aspect in overweight individ-
uals in whom the metabolic cost associated with locomotion is
increased compared with their normal-weight peers.

Furthermore, as the different exercise mode tests were pro-
gressive and the protocols used were based on a specific maximal
intensity (running or cycling) reference, the individual dis-
crepancies cannot be explained by sudden blood lactate and
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H+ increases, shown to restrict carnitine palmitoyltransferase-I
activity [30], a key enzyme in fatty-acid transport and, thus, fat
oxidation.

Training status can be partially reflected by the level of
VO2max, although it may have limited power for predicting
endurance performance [31,32]. Previous studies have shown
a relationship between VO2max and Lipoxmax levels [33–36].
Exercise involving a larger muscle mass (such as running) gene-
rally produces higher VO2max values in untrained individuals
[9]. However, cyclists tested on a cycle ergometer can either
exceed or equal the VO2max obtained by running [37]. In previ-
ous studies, a relationship between metabolic indices (Lipoxmax,
MFO) and the VO2max has been found [33,34,36]. We therefore
hypothesized that differences in VO2max, due to each subject’s
individual preferences/specializations (running vs  cycling),
could be partly responsible for the differences in Lipoxmax and
COP in the two exercise modes. Indeed, there was a discrepancy
in estimated VO2max for the majority of subjects involved in the
present study. In contrast to the above-mentioned studies, several
subjects (n  = 4) in the present study presented with a greater esti-
mated VO2max during cycling vs  running, implying that cycling
was the easier and preferred exercise mode for these subjects.
This observation suggests that the preferred exercise mode may
have influenced substrate oxidation in some subjects.

A recent study by Achten et al. [10] comparing the intensity
that elicits MFO, using cycle ergometer- and treadmill-based
protocols, revealed that fat oxidation was higher during walking
compared with cycling, although the intensity eliciting MFO
did not differ between the two exercise modes. Similarly, our
present study could find no significant mean difference between
the two exercise modes in terms of intensities (expressed as HR
or oxygen consumption) eliciting Lipoxmax and COP. However,
our Bland–Altman analysis showed a large random error and,
consequently, a clear disagreement between the two exercise
modes. Unfortunately, as Achten et al. did not perform such an
analysis, no insight was offered concerning the interindividual
differences in their study.

We expected fat oxidation to be dependent on exercise
mode due to the physiological differences between cycling and
walking/running [9]. During running, a larger muscle mass is
involved whereas, due to the stabilization of the trunk and arms
while cycling, a smaller muscle mass is recruited. Nonetheless,
as already mentioned, no significant mean difference was found
between the two exercise modes for Lipoxmax, COP or MFO.
Moreover, at an individual level, six out of 10 subjects showed
greater COP, Lipoxmax and MFO during cycling compared
with running. Thus, our results from a group of non-specialized
athletes, with a somewhat heterogeneous aerobic capacity,
challenge the current literature and suggest the need to analyze
metabolic outcomes on an individual basis before opting for a
specific exercise mode.

4.2.  Practical  implication  in  patients  with  metabolic  defects

It has been clearly shown that individuals with metabolic
defects have a decreased ability to oxidize fat. However,
previous studies have also suggested that fat oxidation

can be improved over time by regular endurance training
[16].

At present in patients with metabolic diseases, however, the
idea of individualized training is still not widespread. The usual
exercise recommendations for type 2 diabetes do not take into
account the individual patient’s metabolic background, and only
indicate a broad exercise-intensity zone (% VO2max or % HRmax)
that is assumed to be effective. Yet, according to Brun et al. [7],
patients with type 2 diabetes have values of Lipoxmax that are
markedly shifted to lower power intensities, thereby lowering
the MFO. For this reason, individual evaluations of Lipoxmax
have been suggested to devise an exercise program at MFO.
Nevertheless, in individuals with glucose-dependent profiles, it
remains a challenge to identify the precise exercise intensity that
targets maximal lipid oxidation. In this case, a flattened lipid-
oxidation curve should lead to a broader intensity zone, provided
that the recommended exercise duration is fulfilled [38].

To prepare a personalized exercise programme, the
individual’s physiological characteristics should be assessed
and taken into account. However, changing physical activity
behaviours in inactive individuals remains a key challenge.
Many patients with metabolic disease find it difficult to under-
take and adhere to an effective exercise programme, which
highlights the importance of adapting the appropriate physical
activity according to the patients’ interests and capabilities. For
many people, outdoor walking- and running-based activities
are more enjoyable and accessible than exercising in a closed
environment. Together with improvements in metabolic health,
adapted physical activities are more enjoyable and encourage
exercise adherence [11]. This highlights the importance of
verifying whether the metabolic indicators evaluated under
laboratory conditions can be applied to a wider range of
activities in ‘real life’.

Based on the results of our present study, Lipoxmax and COP
should be evaluated under the same conditions in which the
patient intends to either continue or begin an individualized
exercise programme to optimize the effects on metabolic health.

4.3. Limitations

The present study did not directly assess VO2max but,
instead, estimated it in both exercise modes. It would have been
interesting to evaluate VO2max directly on the cycle ergometer
and on the track. Had we carried out such analyses, we might
have been able to directly identify the subjects’ preferred
exercise mode and acquired some insight into this parameter’s
effect on the metabolic indicators being evaluated.

5. Conclusion

The present study showed that the mode of exercise (cycling
vs running/walking on a track) can affect the intensities at the
COP and Lipoxmax in a young, healthy and relatively fit popula-
tion. Consequently, the metabolic indices determined on cycle
ergometry under laboratory conditions are not necessarily appli-
cable in the field. This suggests that designing an individualized
training programme of walking or running requires testing
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specific to the exercise mode. Finally, the results of the present
study need to be confirmed in patients with metabolic diseases.
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Pour chaque enfant, le poids et la taille doivent être mesurés régulièrement. 
L’IMC est calculé et reporté sur la courbe de corpulence.
Courbes de l’IMC diffusées dans le cadre du PNNS à partir des références françaises* issues des données de l’étude séquentielle française de 
la croissance du Centre International de l’Enfance (Pr Michel Sempé), complétées par les courbes de référence de l’International Obesity Task 
Force (IOTF)** atteignant les valeurs 25 pour le surpoids (IOTF-25) et 30 pour l’obésité (IOTF-30) à l’âge de 18 ans.

* Références françaises : Rolland Cachera et coll. Eur J Clin Nutr 1991 ;45:13-21.
** Références internationales (IOTF) : Cole et coll. BMJ 2000;320:1240-3.
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Zone d’insuffisance pondérale

Indice de Masse Corporelle (IMC) = Poids (kg) / Taille2 (m)
 Insuffisance pondérale : < 3e percentile*
 Corpulence normale : 3e – 97e percentile*
 Surpoids (dont obésité) :  97e percentile* ou  seuil IOTF-25**

   v obésité :  seuil IOTF-30**

Zone de surpoids

IOTF-30

IOTF-25

Courbe de Corpulence chez les filles de 0 à 18 ans
Références françaises et seuils de l’International Obesity Task Force (IOTF)

Nom :  Prénom :  Date de naissance :
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Pour chaque enfant, le poids et la taille doivent être mesurés régulièrement. 
L’IMC est calculé et reporté sur la courbe de corpulence.
Courbes de l’IMC diffusées dans le cadre du PNNS à partir des références françaises* issues des données de l’étude séquentielle française de 
la croissance du Centre International de l’Enfance (Pr Michel Sempé), complétées par les courbes de référence de l’International Obesity Task 
Force (IOTF)** atteignant les valeurs 25 pour le surpoids (IOTF-25) et 30 pour l’obésité (IOTF-30) à l’âge de 18 ans.

* Références françaises : Rolland Cachera et coll. Eur J Clin Nutr 1991 ;45:13-21.
** Références internationales (IOTF) : Cole et coll. BMJ 2000;320:1240-3.

Courbe de Corpulence chez les garçons de 0 à 18 ans

IOTF-25
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Zone d’insuffisance pondérale

Zone de surpoids

Indice de Masse Corporelle (IMC) = Poids (kg) / Taille2 (m)
 Insuffisance pondérale : < 3e percentile*
 Corpulence normale : 3e – 97e percentile*
 Surpoids (dont obésité) :  97e percentile* ou  seuil IOTF-25**

   v obésité :  seuil IOTF-30**

IOTF-30

Nom :  Prénom :  Date de naissance :

Références françaises et seuils de l’International Obesity Task Force (IOTF)
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CPAP treatment supported by telemedicine improves sleepiness and quality of life but not blood 
pressure in high cardiovascular risk OSA patients: a randomized, controlled trial  
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ABSTRACT 
Background: Obstructive sleep apnea (OSA) 
has been associated with hypertension, which is 
one of the intermediary mechanisms leading to 
increased cardiovascular morbidity. This study 
aimed at evaluating the effects of a combination 
of continuous positive airway pressure (CPAP) 
and telemedicine support on blood pressure (BP) 
reduction in high cardiovascular risk OSA 
patients.  
Methods: A total of 107 OSA patients (age: 
63±9 years; BMI: 29.9±4.8 kg/m2; AHI: 39.0 ± 
16.7 /hour; cardiovascular risk SCORE: 13.3 ± 
3.9%) were randomized to CPAP standard care 
or CPAP and telemedicine for 16 weeks. 
Subjects assigned to telemedicine were equipped 
with a smartphone for uploading BP 
measurements, CPAP adherence, sleepiness and 
quality of life data; in return, they received 
pictograms containing health-related messages. 
The main outcome was home self-measured BP 

and secondary outcomes were cardiovascular 
risk evolution, objective physical activity, CPAP 
adherence, sleepiness and quality of life.  
Results: After intervention, sleepiness and 
quality of life scores were improved in both 
groups but telemedicine associated with CPAP 
did not further improve self-measured BP, CPAP 
adherence, cardiovascular SCORE, physical 
activity and sleepiness when compared with 
standard care. Patients in primary prevention 
showed greater BP reduction with CPAP 
treatment than those in secondary prevention. 
Conclusion: CPAP treatment supported by 
telemedicine improved sleepiness and quality of 
life but not BP and cardiovascular risk in high 
cardiovascular risk OSA patients. This study 
emphasizes the need for diet and physical 
activity training programs in addition to CPAP 
when aiming at decreasing cardio-metabolic risk 
factors in these patients.  

 
INTRODUCTION 
Obstructive sleep apnoea (OSA) is a common 
sleep disorder associated with significant 
cardiovascular morbidity1, 2. Hypertension has 
been demonstrated as directly induced by 
nocturnal intermittent hypoxia in animal models 
3 and exposure of healthy humans to intermittent 
hypoxia 4. Furthermore, hypertension constitutes 

an important cardiovascular risk factor in this 
population 5.  
Continuous positive airway pressure (CPAP) 
suppresses repetitive upper airway obstructions 
during sleep and improves daytime sleepiness 6. 
However, the effect of CPAP on blood pressure 
(BP) is limited with an effect size close to -2 
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mmHg in 24h mean BP 7, 8 and is related to the 
night duration of CPAP use 9, 10. Thus, increasing 
adherence to CPAP remains a major challenge.  
Improvement of CPAP adherence can be 
obtained with the use of a web-based 
telemedicine system in patients presenting OSA, 
ideally at initiation of treatment 11, 12. 
Furthermore, in diabetic patients with 
uncontrolled systolic hypertension, home BP 
telemonitoring can contribute to improve 
hypertension control when combined with self-
management of BP 13. Home BP telemonitoring 
system providing self-care messages on 
smartphone devices have been shown to be 
highly effective in lowering BP 14. 
We hypothesized that OSA patients presenting 
high cardiovascular risk factors are likely to 
benefit from a combination of CPAP and 
telemedicine intervention to improve their BP. 
We investigated the effect of a smartphone 
telemedicine intervention in addition to 
traditional CPAP treatment in improving home 
self-measured BP (primary outcome), as well as 
its effect on CPAP compliance, sleepiness, 
physical activity, quality of life and 
cardiovascular risk (secondary outcomes) in OSA 
patients at high cardiovascular risk.  
 
METHODS  
Study design 
The present study was a randomized controlled 
trial conducted between July 2009 and January 
2012. There were 14 recruiting centers in France, 
with Grenoble as the coordinating centre. The 
trial was approved by the local ethical committee 
(CPP Sud Est V, 09-PROR-1). Clinical trials 
registration number: NCT01226641. 
 
Patients 
Patients were eligible for the study if they were 
between 18 and 85 years old, diagnosed OSA on 
the diagnostic sleep study (polygraphy or 
polysomnography) with AHI > 15 events/hr, 
BMI < 40 kg/m2, cardiovascular risk SCORE > 5 
% 15 or being in secondary prevention with a past 
history of cardiovascular disease (transient 
ischemic attack, stroke; myocardial infarction, 
angina, coronary revascularization, arteriopathy, 
aortic aneurism). Non-inclusion criteria were the 
following: central sleep apnea syndrome, 

cardiovascular score < 5%15, cardiac failure, 
history of hypercapnic chronic respiratory 
failure, incapacitated patients and pregnancy in 
accordance with article L 1121-6 of the French 
public health code. All of the patients provided 
written informed consent to participate in the 
study.  
 
Standard Care (SC) 
Patients assigned to standard care were evaluated 
at baseline, fitted with a nasal mask and given an 
autotitrating machine. Patients were contacted 
after 2 days to ask about adherence, side effects 
and any problems encountered with the machine. 
After 4 weeks of treatment, patients met with 
their sleep specialist and information was 
transferred from their machines (adherence, 
mask leak, residual respiratory events). After the 
4 months of treatment, data was downloaded 
from the machine, patients saw their sleep 
specialist and were re-evaluated.  
 
Telemedecine 
Patients assigned to telemedecine were oriented 
to CPAP, fitted with a nasal mask and given an 
autotitrating machine. Patients received a 
smartphone with an application designed to 
transmit clinical information. The patients 
transmitted self-measured morning and evening 
BP (3 day measurements), CPAP adherence and 
subjective sleepiness weekly through a 
questionnaire-based application. Quality of life 
questionnaires were transmitted monthly. 
Patients received daily pictograms with diet and 
physical-activity related messages on their 
smartphones (Figure 1). Apart from telemedicine 
the same follow-up than standard care was 
proposed.   
Outcomes 
The primary outcome for the trial was self-
measured BP. Secondary outcomes were CPAP 
adherence, sleepiness, physical activity, quality 
of life and cardiovascular risk SCORE.  
 
Blood pressure measurements  
Clinic BP was measured at baseline and 4 
months in the lying position by mercury 
sphygmomanometer on two occasions (two 
consecutive days), with three measurements 
spaced by one minute on each occasion, 
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according to European guidelines on 
hypertension 16. Office hypertension was defined 
as a mean (average of the three measurements at 
each of the two office sessions) office SBP > 140 
mmHg and/or a mean office DBP > 90 mmHg 16.  
Self-measured home BP monitoring was 
performed on three consecutive days using 
validated fully automated electronic device 
Omron 705CP® (Omron Corp., Tokyo, Japan). 
Target values were 135/85 mm Hg for patients 
without diabetes and 125/80 mm Hg for patients 
with diabetes (see supplemental file for detailed 
methods and references). 
 
Assessment of sleepiness 
Subjective sleepiness was assessed using the 
Epworth Sleepiness Score 17. 
 
Dyspnea and fatigue questionnaires 
Levels of fatigue over the past 6 months were 
measured using the 11-item Chalder Fatigue 
Scale, which consists of four items for mental 
fatigue and seven items for physical fatigue. 
Dyspnea was evaluated with the Sadoul 
questionnaire. 
 
Cardiovascular risk SCORE 
Ten-year risk of fatal cardiovascular event 
(SCORE calculation for European countries: 
Systematic Coronary Risk Evaluation Project) 
was calculated15. For data analysis, 
cardiovascular SCORE was arbitrarily set at 15% 
if participants were in secondary prevention.  
 
Sleep studies 
OSA diagnosis was obtained by 
polysomnography or by simplified polygraphy 
without electroencephalogram (EEG) recordings. 
Sleep was scored manually according to standard 
criteria. The criterion for sleep apnea in this 
study was an apnoea–hypopnoea index (AHI) ! 
10 events per hour of sleep (see supplemental 
file for detailed methods).  
 
Accelerometer data collection and analysis  
Daily physical activity was assessed using an 
activity monitor (Sensewear Pro2 armband, 
SWA; Body Media, Pittsburgh, PA, USA). The 
Sensewear Pro2 armband contains 
accelerometers that sense movement in two 

planes, a galvanic skin sensor, a temperature 
sensor, and a near-patient temperature sensor. 
Subjects wore the activity monitor for the same 
period as BP monitoring (i.e. 72 hours) allowing 
an estimate of mean daily physical activity (see 
supplemental file for detailed methods).  
 
Sample size calculation  
Based on the decrease in arterial BP after CPAP 
treatment reported in Bazzano et al.’s meta-
analysis 7 (-2.46 ± 0.94 mmHg), we supposed 
that BP would decrease by an additional 15% 
(i.e. -2.83 mmHg) when patients benefited from 
telemedecine. We expected a difference of 0.37 
and a standard error of 0.94. Inclusion rate was 
set at 100 patients per group based on a 
statistical significance set at 0.05, and power at 
80%. To account for a 10% drop-out rate in the 
telemedecine arm, we set inclusion at 110 
patients per group. One blinded interim analysis 
of home self-measured BP was planned halfway 
through the inclusion process to look for 
premature evidence of benefits in the 
telemedicine versus standard care group, or of 
harm in any group. A statistician who was 
independent from the investigators carried out 
the blinded interim analysis. The results of this 
analysis showed that even if the set inclusion rate 
was met, no benefits would be found on the 
primary outcome measure (home self-measured 
BP), thus recruitment was interrupted at 107 
patients (Clinical Trials # NCT01226641).  
 
Randomization 
Participants were enrolled and followed up by 
the research team who assigned them to 
telemedicine or standard care on the basis of a 
computer-generated allocation sequence. 
Randomization was stratified by the recruiting 
center in blocks of 6 participants. Treatment 
allocations were prepared by an individual 
otherwise unaffiliated with the study.  
 
Statistical analysis  
Continuous data was presented as mean ± 
standard deviation (SD) and categorical data as 
percentages (%). Normality was assessed using 
tests of Skewness and Kurtosis and equality of 
variance was assessed by Levene’s test. For all 
tests, a significance level of 0.05 was used. The 
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data for all outcomes were analyzed on an 
intention-to-treat basis. Comparisons between 
baseline and follow-up were made using paired t 
tests and Wilcoxon signed-rank tests, depending 
on normality (for each group). A repeated 
measures analysis of variance was used to 
analyze time (baseline and follow-up) and group 
(telemedicine and standard care) effects for all 
outcomes. A subgroup analysis based on 
cardiovascular risk used similar techniques. To 
compare changes in morning DBP and CPAP 
adherence, a t test or a Mann Whitney test was 
used, depending on normality. The missing 
values at baseline were replaced by the median 
of each group and at follow-up, they was 
substituted by data at baseline (method of means 
bias). Subgroup analysis was based on AHI (30 
and 50 events/hour as threshold), TC90 (10% as 
threshold), gender, age (65 years as threshold), 
BP (125/80 for diabetics and 135/85 for non-
diabetics mmHg as threshold), cardiovascular 
risk (primary vs secondary prevention), CPAP 
compliance (330 min as threshold). A two-way 
analysis of variance was used for the subgroup 
analysis. Mean net change in BP was calculated 
as the difference (telemedicine minus standard 
care) of the change (baseline minus follow-up) in 
mean values. NCSS 97 software (Kaysville, 
Utah, USA) was used for statistical analysis.  
 
RESULTS 
 
Study Flow chart (Figure 2).  
Only one patient (1.9%) withdrew from standard 
care and 8 patients (14.8%) from the 
telemedicine intervention. Participants in both 
groups (Table 1) presented similar clinical data, 
antihypertensive treatments, home self-measured 
BP, lipid profile and polysomnographic data at 
baseline.  
 
Primary Outcome: Home Self-Measured 
Blood Pressure  
Self-measured BP was not modified in either 
group after intervention (Figure 3). A subgroup 
analysis based on cardiovascular risk (primary vs 
secondary prevention) showed that patients in 
primary prevention had higher morning systolic 
BP (baseline BP: 138.5 ± 4.1 and 133.3 ± 3.9 
mmHg, respectively) (Figure 4). After the 

interventions, only patients in primary 
prevention significantly decreased their systolic 
and diastolic morning BP (p=0.0075) (Figure 4). 
 
Secondary outcomes 
CPAP adherence 
CPAP adherence did not differ between standard 
care and telemedicine groups (250 ± 155 and 187 
± 178 min/night, respectively) (Figure 5).  
Subjects were divided into two groups on the 
basis of their CPAP adherence (i.e. < or > 330 
min). In the lower adherence group, 22.4 % of 
participants decreased their BP > 5 mmHg 
versus 42.5% of participants in the higher 
adherence group  (p=0.028). 
 
Subjective sleepiness  
Subjective sleepiness was significantly improved 
after both standard care and telemedicine 
interventions without difference between groups 
(telemedicine: -2.3 ± 4.0 and standard care: -2.1 
± 4.1, p<0.05, see table S1). 
 
Physical activity 
Number of steps per day (telemedicine: -221 ± 
3045 and standard care: -293±2496), energy 
expenditure (telemedicine: -27±352 and standard 
care: -0.04±531) and average daily METs 
(telemedicine: -0.01±0.2 and standard care: -
0.02±0.2) were not increased in either group 
after intervention (Table S1).  
 
Quality of life  
Chalder fatigue scale (physical symptoms: 
telemedicine: -2.8±5.4 and standard care: -
3.0±4.8, p<0.05; mental symptoms: 
telemedicine: -1.3±2.7 and standard care: -
1.5±2.8, p<0.05) and quality of life (mental 
composite score, MCS: telemedicine: 1.6±10.9 
and standard care : 1.6±8., p<0.05) improved in 
both standard care and telemedicine. (Table S1). 
 
Cardiovascular risk SCORE 
Cardiovascular risk SCORE remained 
unchanged in both groups after intervention. 
 
Lipid profile 
Lipid profile (total cholesterol, HDL cholesterol, 
LDL cholesterol) did not improve in either group 
after intervention (Table S1). 
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Effect of primary and secondary 
cardiovascular prevention on outcomes 
Table 2 illustrates the effects of telemedicine and 
standard care on morning and evening systolic 
and diastolic BP. The evening DBP response to 
CPAP was different between genders (Figure 
S1), with women presenting increased self-
measured BP after the standard care intervention 
(p=0.01). However, women represented only 
15% of the entire population included in the 
study. 
 
DISCUSSION 
 The main result of the present study is that 
CPAP treatment even supported by telemedicine 
is unsuccessful in reducing BP in high 
cardiovascular risk OSA patients. In both 
intervention groups, we did not demonstrate 
increased physical activity or improved 
metabolic profile. Furthermore, we found that 
patients presenting primary cardiovascular risk 
showed a greater benefit from CPAP treatment 
on self-measured BP than those presenting 
secondary cardiovascular risk. 
 
The present study reported that a 16-week CPAP 
treatment failed to improve self-measured BP in 
patients with OSA even when telemedicine was 
used. Several randomized controlled trials have 
shown that CPAP treatment reduces 24-hour BP 
18-20 but not across the entire range of patients 
with OSA 9. Furthermore, a significant 
improvement was only observed after 12 
months. One main explanation for these 
discrepancies is that the participants in the 
present study had unexpectedly low BP due to 
the fact that they were mostly well medicated 
(63% of patients in secondary prevention), thus 
their medication regiments may mask the effects 
of CPAP8 Previous studies performed in non-
sleepy patients failed to show any significant 
effect of CPAP treatment on BP 21, 22. One study 
in a cohort of non-sleepy patients showed a 
significant decrease in BP after 1 year of CPAP 
treatment, however no effect was observed after 
3 months 9. These data suggest that in non-sleepy 
patients, CPAP needs more time to be effective. 
In the present study, subjects were at the upper 
limit of the normal range for sleepiness 

(ESS=7.9 ± 4.4), thus it is possible that the 16-
week intervention was not long enough to 
improve their BP. 
)
The effect of CPAP on cardiovascular risk 
factors may be related to numerous factors such 
as initial BP, existent co-morbidities such as 
obesity and type 2 diabetes. In a subgroup 
analysis, we found that subjects who were in 
primary prevention had higher baseline BP than 
those in secondary prevention. Furthermore, only 
these patients decreased significantly their BP 
after the intervention, regardless of whether they 
were in the telemedicine or standard care group. 
This result implies that the effects of CPAP on 
BP impacts mostly subjects whose BP is poorly 
controlled and who are naïve to medication 
Another important factor of response to CPAP 
treatment is adherence. In the present study, a 
greater percentage of participants in the higher 
adherence group (>330 min) decreased their BP 
more than 5 mmHg (42.5% vs 22.4%, 
respectively, p=0.0279). It has been shown that 
there is a dose-response relationship and the 
effect of CPAP on BP is evident only in patients 
who use CPAP more than 330 minutes per night 
10. Recently, Barbé et al. showed no effect of 
CPAP when compared with standard care on 
decreasing incidence of hypertension or 
cardiovascular events; however a per-protocol 
analysis suggested that CPAP may be effective 
in reducing the incidence of hypertension or 
cardiovascular events in patients who use CPAP 
4h/night or longer 23. 
In previous studies in which telemedicine 
interventions aimed specifically at increasing 
CPAP adherence 11, 12, 24, CPAP adherence ranged 
from 105 to 180 min/night in standard care as 
compared with 250 ± 166 min/night in our study. 
These low levels of compliance are probably 
related to health-care in the countries in which 
these studies were conducted. In France it is 
mandatory to have home visits by health-care 
providers (nurses or technicians) at initiation of 
CPAP, after one month, 4 months and every six 
months. Thus, in France average CPAP 
adherence is relatively high, which explains 
difficulties in observing differences between 
intervention groups. Furthermore, it is possible 
that telemedicine was perceived as an additional 
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burden associated with the self-management of 
BP and CPAP by patients randomized to this 
group. In fact, there were more drop-outs in the 
telemedicine group when compared with 
standard care (n=8, 14.8% vs n=1, 1.9 %; 
respectively), which is consistent with another 
study using this type of intervention 13. 
 
We reported an absence of improvement in 
cardiovascular risk SCORE, which is calculated 
with parameters that are either too insensitive or 
unlikely to change over a 4-month period (i.e. 
age, gender, total cholesterol, systolic BP, 
diabetes and smoking), even though we studied a 
specific subset of patients presenting high 
cardiovascular risk. Our results are consistent 
with a recent randomized-controlled trial in 
which a 6-month CPAP treatment did not 
improve cardiovascular risk, assessed by a 
vascular risk algorithm, in minimally 
symptomatic OSA patients 25. 
 
 Participants in the telemedicine group did not 
increase their level of physical activity. It has 
been shown that CPAP alone fails to improve 
physical activity levels despite improvements in 
sleepiness 26. Furthermore, low levels of physical 
activity seem to be independent of subjective 
sleepiness 27. Therefore, it seems that it is not 
symptoms of OSA that impact levels of physical 
activity of these patients but rather other factors 
that CPAP failed to improve, such as body 
weight. A major challenge in numerous chronic 
diseases is modifying patients’ longstanding 
health-related behaviors and changing inactive 
people into active people.  
 
Clinical implications 
 The absence of cardiovascular changes after 
combination of CPAP and telemedicine or CPAP 
alone in high cardiovascular risk OSA patients 
emphasizes the need for multi-modal 
interventions including physical activity and 
dietary modifications 2 when prescribing CPAP 
to patients whose cardio-vascular and metabolic 
profiles are to be successfully modified 28.  
 
Supplementary material 
Supplementary material is available online.  
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 FIGURES 

 
Figure 1. Design of telemedicine intervention. 
 
 

 
 
Figure 2. Flow chart of patient recruitment.  
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Figure 3. Box plots of changes in morning and evening self-measured blood pressure in telemedecine 
and standard care.  

 
Figure 4. Changes in self-measured blood pressure in patients presenting primary and secondary 
cardiovascular risk. Dark grey line represents telemedecine and light grey standard care. 
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Figure 5. Dot plot presenting CPAP adherence in telemedecine and standard care groups. 

 
Figure S1. Forest plot showing the adjusted treatment effects of standard care on BP, with subgroups 
based on clinical characteristics.  
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TABLES 
 
Table 1. Baseline anthropometric, clinical and polysomnographic characteristics. 
 

 Total 
population 
(n = 107) 

Telemedecine 
(n = 54) 

Standard care 
(n = 53) 

Clinical Data    
Age (years) 63 ± 9 62 ± 9 63 ± 9 
Gender (men, %) 83.2 90.7 75.5 
BMI (kg.m-2) 29.9 ± 4.8 29.6 ± 3.9 30.2 ± 5.7 
Office SBP (mm Hg) 138.8 ± 17.7 139.1 ± 19.1 138.4 ± 16.4 
Office DBP (mm Hg) 80.7 ± 11.9 81.6 ± 13.4 79.8 ± 10.3 
Type 2 diabetes (%) 36.4 38.9 34.0 
Smokers (%) 66.4 68.5 64.2 
Alcohol consumers (%) 39.3 40.7 37.7 
Cardiovascular risk score (%) 13.3 ± 3.9 12.8 ± 3.9 13.8 ± 3.8 
Secondary prevention (%) 62.6 55.6 69.8 

Anti-hypertensive treatments    
ß blocker (%) 35.7 37.0 34.1 
Diuretic (%) 21.6 22.4 20.8 
Calcium channel blocker (%) 16.6 14.5 18.2 
Angiotensin II receptor blocker (%)  19.3 18.0 20.7 
Angiotensin-converting enzyme     
blocker (%)  

23.4 24.7 22.0 

Home self-measured BP    
Morning SBP (mm Hg) 135.3 ± 13.2 135.3 ± 12.3 135.3 ± 14.1 
Morning DBP (mm Hg) 81.5 ± 9.6 80.9 ± 9.7 82.0 ± 9.6 
Evening SBP (mm Hg) 131.4 ± 15.2 130.8 ± 13.2 132.0 ± 17.1 
Evening DBP (mm Hg) 77.4 ± 9.5 75.9 ± 8.7 79.0 ± 10.2 

Lipid profile    
Total cholesterol (mmol/L) 4.65 ± 1.10 4.62 ± 1.20 4.68 ± 1.00 
HDL (mmol) 1.28 ± 0.48 1.23 ± 0.30 1.34 ± 0.61 
LDL (mmol) 2.52 ± 0.97 2.52 ± 0.97 2.53 ± 0.98 
Fasting glucose (g/L) 1.13 ± 0.29 1.15 ± 0.27 1.11 ± 0.31 

Sleep studies    
AHI (events/h of sleep) 39.0 ± 16.7 38.0 ± 15.0 40.0 ± 18.4 
Mean nocturnal SaO2 (%)  92.4 ± 2.2 92.3 ± 2.3 92.5 ± 2.2 
CT 90 (%) 14.2 ± 18.7 15.5 ± 19.4 12.8 ± 17.9 
Epworth sleepiness score 7.9 ± 4.4 8.7 ± 4.5 7.2 ± 4.3 

Physical Activity    
Energy expenditure, kcal 2603.3 ± 536.2) 2686.8 ± 515.1) 2569.3 ± 556.9)
Steps per day 7310.2 ± 3490.4 7964.1 ± 3489.3 6643.2 ± 3396.6 
METs 1.3 ± 0.3 1.3 ± 0.3 ) 1.3 ± 0.3)
Data are mean ± standard error or mean number of patients (%).  
SBP: systolic blood pressure; DBP: diastolic blood pressure; METs: metabolic equivalent for tasks. 
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Table S1. Evolution of telemedicine and standard care interventions (intention to treat) 
 Visit 1 

(V1) 
Visit 2 
(V2) 

Difference V1-V2 

BMI    
Telemedecine 29.6 ± 3.9 29.8 ± 2.0 0.1 ± 3.6 
Standard Care 30.2 ± 5.7 29.9 ± 3.5 -0.3 ± 4.4 

Total cholesterol    
Telemedecine 4.6 ± 3.7 4.6 ± 0.8 0.01 ± 0.9 
Standard Care 4.7 ± 1.0 4.5 ± 1.0 -0.2 ± 0.9 

HDL cholesterol    
Telemedecine 1.2 ± 0.3 1.3 ± 0.2 0.03 ± 0.3 
Standard Care 1.3 ± 0.6  1.3 ± 0.4 -0.08 ± 0.5 

LDL cholesterol    
Telemedecine 2.5 ± 1.0 2.4 ± 0.7 -0.07 ± 0.8 
Standard Care 2.5 ± 1.0 2.8 ± 2.0 0.3 ± 1.9 

Glucose    
Telemedecine 1.2 ± 0.3 1.1 ± 0.3 -0.05 ± 0.2 
Standard Care 1.1 ± 0.3 1.1 ± 0.2 -0.03 ± 0.3 

Epworth sleepiness score    
Telemedecine 8.7 ± 4.5 6.4 ± 4.4 -2.3 ± 4.0 * 
Standard Care 7.2 ± 4.3 5.1 ± 3.3 -2.1 ± 4.1 * 

Chalder fatigue score, physical 
symptoms 

   

Telemedecine 16.5 ± 3.5 13.7 ± 4.3 -2.8 ± 5.4 * 
Standard Care 15.9 ± 3.5 12.9 ± 3.9 -3.0 ± 4.8 * 

Chalder fatigue score, mental 
symptoms 

   

Telemedecine 8.9 ± 1.7 7.6 ± 2.3 -1.3 ± 2.7 *  
Standard Care 9.2 ± 2.0 7.7 ± 2.4 -1.5 ± 2.8 * 

Sadoul dyspnea    
Telemedecine 1.7 ± 0.9 1.6 ± 0.8 -0.1 ± 0.7 
Standard Care 1.8 ± 1.0 1.4 ± 0.5 -0.3 ± 0.9*  

Quality of Life (PCS)    
Telemedecine 41.5 ± 9.7 44.6 ± 9.4 3.2 ± 8.6 
Standard Care 43.0 ± 9.3 45.9 ± 8.5 2.9 ± 7.0 

Quality of Life (MCS)    
Telemedecine 45.8 ± 10.2 47.4 ± 10.7 1.6 ± 10.9 *  
Standard Care 44.8 ± 11.1 46.4 ± 9.1 1.6 ± 8.0 * 

Steps per day    
Telemedecine 7964 ± 3489 7743 ± 4344 -221 ± 3045 
Standard Care 6643 ± 3396 6350 ± 2993 -293 ± 2496 

Energy expenditure (kcal)    
Telemedecine 2701 ± 501 2674 ± 527 -27 ± 352 
Standard Care 2558 ± 537 2558 ± 611 -0.04 ± 531 

METs    
Telemedecine 1.3 ± 0.3 1.3 ± 0.3 -0.01 ± 0.2 
Standard Care 1.3 ± 0.3 1.3 ± 0.3 -0.02 ± 0.2 

Adherence (min)    
Telemedecine  187 ± 178  
Standard Care  250 ± 166  
PSC : physical composite score ; MCS : mental composite score. * P < 0.05 V1 vs V2  
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Résumé. Le lipoxmax correspond à l’intensité d’exercice pour laquelle l’oxydation des lipides est
maximale. Cet indice métabolique est déterminé par calorimétrie lors d’une épreuve d’effort progres-
sive. Le lipoxmax peut être utilisé comme cible d’entrâınement dans différentes pathologies, dont
l’obésité et le diabète. L’objectif de cette revue de question est d’énoncer les aspects méthodologiques
de la mesure du lipoxmax en portant une attention particulière à la validité des échanges gazeux,
les particularités du protocole de détermination et les facteurs de variabilité et de fiabilité. Dans un
deuxième temps, l’intérêt et la faisabilité des activités physiques adaptées ciblant le lipoxmax chez
les personnes présentant des troubles métaboliques seront explorés.

Mots clés : Lipoxmax, oxydation lipidique maximale, activité physique adaptée, méthodologie,
anomalies métaboliques

Abstract. Methodological aspects of measuring lipoxmax: applications for individuals
with metabolic defects.

The exercise intensity that elicits maximal lipid oxidation is called lipoxmax. This metabolic mea-
surement is determined during an exercise calorimetry test and can be used as a target for exercise
training in populations with metabolic defects (i.e. obesity, diabetes). The aim of this short review
is to state methodological considerations when measuring lipoxmax. We will mainly focus on the
validity of gas exchanges, specifications of the exercise protocol and factors of variability and relia-
bility. Secondly, the interest and feasibility of using adapted physical activities targeting lipoxmax
in individuals with metabolic defects will be explored.

Key words: Lipoxmax, maximal fat oxidation, adapted physical activity, methodology, metabolic
defects

1 Introduction1

L’intensité d’exercice pour laquelle l’oxydation des lipides2

est maximale est dénommée lipoxmax, mais aussi fatox-3

max ou fatmax. Dans le cadre de cette revue de ques-4

tion, nous emploierons le terme lipoxmax. Le lipoxmax a5

été décrit dans le début des années 2000 (Perez-Martin,6

Dumortier, Raynaud, Brun, Fedou, et al., 2001 ; Achten,7

Gleeson, & Jeukendrup, 2002) et depuis, plusieurs équipes8

ré-entrâınent les individus atteints d’obésité et de diabète9

à cette intensité d’exercice. Les recommandations natio-10

nales françaises font référence à cette intensité d’exercice11

dans leurs communications (Thibault, Duche, Meyer, &12

Peres., 2008) alors que, à ce jour, les recommandations 13

internationales ne le font pas encore (Donnelly, Blair, 14

Jakicic, Manore, Rankin, et al., 2009). 15

Ce lipoxm ax découle de la cinétique de la balance 16

de l’oxydation des substrats à l’exercice et notamment 17

du concept de !! crossover "" qui stipule qu’à partir d’une 18

production énergétique au repos, en majorité à partir 19

de l’oxydation des lipides (60 % au repos), celle-ci di- 20

minue en faveur de l’oxydation glucidique au fur et à 21

mesure que l’intensité de l’exercice augmente (Brooks 22

& Mercier, 1994). L’évolution en miroir de la participa- 23

tion énergétique des deux substrats au cours d’un exer- 24

cice d’intensité croissante se traduit par un croisement 25
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Fig. 1. Évolution de l’utilisation respective des glucides et des
lipides en fonction de l’intensité relative d’exercice (Brooks &
Mercier, 1994).

lorsque l’oxydation lipidique contribue pour 30 % et1

celle des glucides pour 70 % à la dépense énergétique2

totale (Fig. 1). Lorsque l’oxydation glucidique contri-3

bue de façon prépondérante à la dépense énergétique4

(ceci se produit près du point de croisement), il en5

résulte une élévation de la lactatémie et l’apparition6

des seuils ventilatoire et lactique (Brooks & Mercier,7

1994 ; Michallet, Tonini, Regnier, Guinot, Favre-Juvin,8

et al., 2008). Ces trois phénomènes sont souvent, mais pas9

systématiquement concomitants (Brun, Jean, Ghanassia,10

Flavier, & Mercier, 2007).11

Un entrâınement en endurance, parce qu’il améliore12

les possibilités aérobies, modifie le niveau d’oxydation li-13

pidique, qui, selon Brooks (1997), reste minoritaire re-14

lativement à celle des glucides lorsque l’intensité d’exer-15

cice augmente alors que pour Coggan (1997), ce niveau16

d’oxydation lipidique peut devenir tout à fait conséquent17

y compris à l’exercice intense.18

La cinétique d’évolution de la quantité de lipides19

oxydés (en mg/min) décrite ci-après (Section 2) et no-20

tamment la diminution de l’oxydation lipidique alors que21

l’on approche de l’intensité au point de croisement, n’est22

pas complètement élucidée (Sahlin, Sallstedt, Bishop, &23

Tonkonogi, 2008). En accord avec le concept du cros-24

sover, l’intensité de l’exercice est le déterminant le plus25

important de la balance énergétique au cours de l’exer-26

cice. Lorsque cette intensité s’élève, elle limite l’entrée des27

acyl-CoA dans la mitochondrie par une inhibition de la28

Carnitine Palmitoyl Transferase I (sensible au malonyl-29

CoA et au lactate), ou aux activités enzymatiques du30

cycle de Krebs et de la châıne respiratoire. Ces activités31

enzymatiques sont déprimées par une augmentation de32

l’utilisation des glucides (inhibition compétitive). Ainsi,33

l’étude de la cinétique de l’oxydation des lipides par ca-34

lorimétrie indirecte donne accès au lipoxmax, intensité35

d’exercice utilisée par de nombreux auteurs pour stimu-36

ler l’oxydation lipidique chez des sujets présentant des37

troubles métaboliques. Cette individualisation de l’inten- 38

sité de l’exercice qui a fait ses preuves (Romain, Carayol, 39

Desplan, Fedou, Nino, et al., 2012), bien qu’elle soit 40

contestée (Peronnet, Thibault, & Tremblay, 2010), ne 41

prend du sens que si la détermination de cette inten- 42

sité cible, basée sur la calorimétrie indirecte, est valide 43

et fiable. Or, les sources de variations des mesures calo- 44

rimétriques sont nombreuses (Brooks, 2012). 45

L’objectif de cette revue est de considérer, dans un 46

premier temps, les aspects méthodologiques de la mesure 47

du lipoxmax en portant une attention particulière à la 48

validité des échanges gazeux, les particularités du proto- 49

cole de détermination et les facteurs de variabilité et de 50

fiabilité. Dans un deuxième temps, l’intérêt et la faisabi- 51

lité des activités physiques adaptées ciblant le lipoxmax 52

chez les personnes présentant des troubles métaboliques 53

seront explorés. 54

2 Aspects Méthodologiques 55

La détermination du lipoxmax dans un cadre clinique 56

se fait à l’aide d’une épreuve d’effort incrémentale sous- 57

maximale avec mesure des échanges gazeux, le plus 58

souvent sur ergocycle. Le choix des intensités se base 59

sur les capacités maximales (en France, le plus souvent 60

théoriques) du sujet. Les valeurs de V O2 et V CO2 sont 61

moyennées dans la dernière minute de chaque palier, et 62

permettent d’apprécier la part respective des oxydations 63

glucidiques et lipidiques (Peronnet & Massicotte, 1991) : 64

Oxydation des glucides (mg.min−1) = 65

4,585 V CO2 − 3,2255 V O2 66

Oxydation des lipides (mg.min−1) = 67

−1,7012 V CO2 + 1,6946 V O2 68

Les valeurs moyennées sont retenues sur la dernière mi- 69

nute de chaque palier puisque cette zone est considérée 70

comme celle où la production de CO2 à partir de bicar- 71

bonates pour compenser la production de lactate, devient 72

négligeable. L’augmentation de l’intensité de l’exercice est 73

responsable d’une oxydation lipidique dont la cinétique 74

suit une fonction parabolique. La formule empirique qui 75

fournit le débit d’oxydation lipidique est la suivante : 76

Lipides (mg.min−1) = 1,6946 V O2 − 1,7012 V CO2 77

Après lissage de la courbe en cloche entre la puissance de 78

l’exercice (en % de PMA) et l’oxydation lipidique (Lox), 79

on peut calculer la puissance pour laquelle l’utilisation 80

des lipides est maximale (débit d’oxydation maximale li- 81

pidique), qui est le point où la dérivée de cette courbe 82

s’annule (Ghanassia, Brun, Fedou, Raynaud, & Mercier, 83

2006) (Fig. 2). 84

2.1 Validité de la mesure des échanges gazeux 85

Un défaut de validité/fiabilité de la mesure des échanges 86

gazeux, en raison d’une dérive fréquente des mesures 87
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Lipoxmax : aspects méthodologiques et application 3

Fig. 2. Exemple de calorimétrie d’effort chez un sujet
présentant un lipoxmax à 30 % de sa puissance maximale
aérobie (PMA).

faites par les analyseurs de gaz (Atkinson, Davison, &1

Nevill, 2005) susceptible de se produire lors d’exercices2

prolongés, peut remettre en cause la qualité de la me-3

sure du lipoxmax. Nous avons montré que certains dis-4

positifs commerciaux de mesure des échanges gazeux5

n’étaient pas valides (14 % de valeurs de lipoxmax in-6

interprétables), et pouvaient donc perturber la qualité de7

la mesure du lipoxmax (Michallet, et al., 2008). Ces er-8

reurs de mesure peuvent, par exemple, être la conséquence9

d’une pression saturante de vapeur d’eau trop impor-10

tante (défaillance du dessicateur en amont de la cellule de11

l’analyseur de gaz) ou encore un déphasage dans l’aligne-12

ment des signaux de débit ventilatoire et de fractions de13

gaz. Ceci est en accord avec plusieurs études précédentes14

qui ont montré que les systèmes automatisés ne rap-15

portent pas toujours des données fiables et valides par16

rapport à la méthode traditionnelle des sacs de Douglas,17

considérée comme la méthode de référence pour la mesure18

de calorimétrie indirecte (Carter & Jeukendrup, 2002 ;19

Gore, Clark, Shipp, Van Der Ploeg, & Withers, 2003).20

Des erreurs minimales sur la V O2 et la V CO2 peuvent21

avoir des effets relativement importants sur les valeurs22

calculées d’oxydation glucidique et lipidique. Ainsi, une23

calibration minutieuse et une validation régulière est24

nécessaire lors de l’utilisation des systèmes automatisés25

(Gore, Catcheside, French, Bennett, & Laforgia, 1997)26

surtout lorsqu’une épreuve se prolonge.27

2.2 Protocole de détermination du Lipoxmax28

À partir de la PMA théorique vs réelle.29

Le choix du protocole d’exercice permettant de30

déterminer le lipoxmax doit permettre d’encadrer l’in-31

tensité correspondant à cette variable. Pour ce faire, en32

accord avec la théorie du crossover et les fondements de33

la calorimétrie indirecte, il est souhaitable que la gamme 34

d’intensité d’exercices proposés induise une augmentation 35

progressive du quotient respiratoire des échanges gazeux 36

(QR) entre la valeur de repos (voisine de 0,7 si le sujet a 37

bien respecté le jeûne) et celle de fin d’effort, sans qu’il 38

soit nécessaire de pousser les sujets jusqu’au maximum 39

de leurs possibilités. Idéalement, lors du dernier palier, le 40

QR doit être supérieur à 0,92, ce qui correspond à l’in- 41

tensité au point de croisement glucido-lipidique défini par 42

Brooks et Mercier (1994), ou au seuil lactique (Michallet, 43

et al., 2008), intensités qui sont voisines mais souvent 44

supérieures à celles du lipoxmax. 45

Les protocoles permettant de mesurer le lipoxmax 46

par calorimétrie d’effort à charge croissante peuvent être 47

basés sur la puissance maximale aérobie réelle (rPMA) 48

(Michallet, et al., 2008 ; Gmada, et al., 2012) ou sur la 49

puissance maximale aérobie théorique (tPMA) calculée 50

à partir de l’équation de Wasserman (1987). Gmada, 51

Marzouki, Haboubi, Tabka, Shephard, et al. (2012) ont 52

récemment montré que l’utilisation d’un protocole basé 53

sur la tPMA chez des sujets sédentaires mais en bonne 54

santé, sous-estimait le lipoxmax par rapport aux résultats 55

obtenus grâce à un protocole basé sur la rPMA. En accord 56

avec ces résultats, Aucouturier, Rance, Meyer, Isacco, 57

Thivel, et al. (2009) rapportent une sous-estimation de li- 58

poxmax de l’ordre de 6-14 % selon la méthode de référence 59

pour le calcul de la tPMA. Michallet, et al. (2008) ne rap- 60

portent pas de différence significative entre les valeurs de 61

lipoxmax mesurées à l’aide de la tPMA ou rPMA chez 62

des sujets en bonne condition physique. Toutefois, ces 63

auteurs ont observé une variabilité interindividuelle très 64

importante avec une différence maximale allant jusqu’à 65

150 watts (plus de 100 %) chez les sujets plus entrâınés. 66

Ces auteurs suggèrent ainsi que l’approche optimale pour 67

déterminer le lipoxmax est d’obtenir une valeur réelle de 68

la PMA au préalable. Il semble ainsi qu’en fonction des 69

spécificités des populations testées (sportifs entrâınés) ou 70

des limites des équations de prédiction, le risque d’erreur 71

dans la détermination de lipoxmax au moyen d’un proto- 72

cole conçu à partir de la tPMA soit non négligeable. Ainsi, 73

il parâıt souhaitable, malgré la lourdeur méthodologique, 74

d’évaluer les possibilités maximales du sujet en vue de 75

bâtir un protocole qui permettra une évolution progres- 76

sive du QR et une détermination valide et fiable du 77

lipoxmax. 78

2.2.1 Durée des paliers 79

La calorimétrie d’effort est basée sur l’hypothèse que 80

la production de lactate à l’exercice aurait une in- 81

fluence minimale sur le quotient respiratoire après trois 82

à quatre minutes d’effort à l’état stable. Différentes 83

équipes de recherche ont validé leurs protocoles respec- 84

tifs permettant de mesurer le lipoxmax. Chez les indi- 85

vidus modérément entrâınés et en bonne santé, Achten, 86

Venables, et Jeukendrup (2003) proposent un protocole 87

avec des paliers d’une durée de trois minutes, prolongé 88
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jusqu’aux capacités maximales des sujets. Ceci permet1

la mise en place d’un plus grand nombre de paliers afin2

de déterminer l’intensité d’exercice à laquelle l’oxydation3

des lipides est maximale. Toutefois, ce protocole n’est pas4

applicable à des obèses et des diabétiques de type 2, qui5

ont une condition physique souvent faible (Katoh, Hara,6

Kurusu, Miyaji, & Narutaki, 1996 ; Michallet, Tonini,7

Perrin, Favre-Juvin, Wuyam, et al., 2007). Chez ces indi-8

vidus, un palier de trois minutes est trop court pour que9

les échanges gazeux atteignent un état stable (Bordenave,10

Flavier, Fedou, Brun, & Mercier, 2007). Bordenave, et al.11

(2007) ont comparé les données obtenues par calorimétrie12

entre la deuxième et la troisième minute et entre la cin-13

quième et la sixième minute de chaque palier, à par-14

tir d’un protocole utilisant quatre paliers sous-maximaux15

dans une population de sujets sédentaires incluant des16

obèses et des diabétiques. Ces auteurs ont démontré que17

les paliers de trois minutes sous-estimaient le QR, les18

taux d’oxydation des glucides et le lipoxmax alors que19

l’oxydation des lipides était surestimée. Enfin, une ana-20

lyse en Bland-Altman montrait qu’il existe une grande va-21

riabilité inter-individuelle entre ces deux méthodes. Ces22

auteurs recommandent donc un protocole utilisant des23

paliers de six minutes dans le cas d’une prescription24

ciblée d’activité physique. L’impact de la prolongation25

des paliers au-delà de six minutes a également été étudié26

dans d’autres populations. En effet, une étude récente27

réalisée chez des garçons en surpoids a comparé l’effet28

d’un exercice incrémental plus court (21 minutes) versus29

un exercice prolongé de 30 minutes à différentes inten-30

sités d’exercice (40, 45, 50, 55 et 60 % de V O2pic) sur31

le lipoxmax (Crisp, Guelfi, Licari, Braham, & Fournier,32

2012). Ces auteurs ont montré que la durée de l’exer-33

cice n’influençait pas le lipoxmax ni le taux d’oxydation34

lipidique absolu lors de l’exercice prolongé. Toutefois, il35

existait une variabilité individuelle importante entre les36

deux protocoles (prolongé vs incrémental court).37

2.2.2 Précautions alimentaires38

Ainsi, afin d’éviter une influence de l’apport énergétique39

sur les indicateurs métaboliques mesurés, la plupart des40

auteurs recommandent que l’épreuve soit réalisée le matin41

après un jeûne de 12 heures (Brun, et al., 2007 ; Michallet,42

et al., 2008). Plusieurs études ont montré une augmen-43

tation de l’oxydation glucidique à l’exercice après un44

repas pris jusqu’à quatre heures avant l’épreuve (Coyle,45

Coggan, Hemmert, Lowe, & Walters, 1985 ; Montain,46

Hopper, Coggan, & Coyle, 1991 ; Bergman & Brooks,47

1999). Ainsi, le non respect du jeûne augmente l’oxyda-48

tion des glucides quels que soient l’intensité de l’exercice49

ou l’état d’entrâınement des sujets. Plus récemment, il a50

été montré que le lipoxmax est diminué et décalé vers une51

intensité plus faible lorsque le repas précédent l’épreuve52

est pris moins de trois heures avant celle-ci (Bergman53

& Brooks, 1999 ; Jeukendrup, 2003 ; Friedlander, Jacobs,54

Fattor, Horning, Hagobian, et al., 2007).55

2.3 Facteurs de variabilité et fiabilité du Lipoxmax 56

2.3.1 Fiabilité 57

Les premières études sur la calorimétrie d’effort ont rap- 58

porté une fiabilité acceptable avec des coefficients de va- 59

riations de 11,4 %, 9,6 % et 8,7 % (Perez-Martin, et al., 60

2001 ; Achten, et al., 2003 ; Michallet, et al., 2008) lorsque 61

les conditions de réalisation de l’épreuve sont bien stan- 62

dardisées (pas d’activité physique réalisée avant ni de 63

prise de repas). 64

2.3.2 Stabilité de la ventilation et hyperventilation 65

à l’exercice 66

Des réponses ventilatoires anormalement élevées ou 67

faibles au repos ou à l’exercice modéré telles qu’observées 68

chez des individus déconditionnés, ou à l’inverse des 69

athlètes très entrâınés, peuvent modifier le débit de CO2 70

rejeté et ainsi altérer le quotient respiratoire. Michallet, 71

et al. (2008) rapportent une relation entre la ventilation 72

et le quotient respiratoire et la ventilation et le point de 73

croisement, confirmant ainsi le rôle potentiel de la ventila- 74

tion dans le calcul des indices métaboliques, même si l’ef- 75

fet est relativement faible (la ventilation expliquait 10 % 76

de la variance du lipoxmax). Enfin, afin de s’assurer que 77

les sujets n’hyperventilent pas avant le début de l’épreuve 78

permettant de déterminer le lipoxmax, il faut veiller à ce 79

que le quotient respiratoire ne dépasse pas 0,85. 80

2.3.3 Condition physique 81

Les individus présentant une condition physique aérobie 82

élevée présentent une meilleure capacité à oxyder les li- 83

pides à l’exercice (Bergman & Brooks, 1999 ; Achten, 84

et al., 2003 ; Venables, Achten, & Jeukendrup, 2005 ; 85

Gonzalez-Haro, Galilea, Gonzalez-de-Suso, Drobnic, & 86

Escanero, 2007). Venables, et al. (2005) ont montré que 87

la consommation maximale d’oxygène (V O2max) était un 88

prédicteur de l’oxydation lipidique, que cette dernière soit 89

exprimée en valeur absolue rapportée au poids ou à la 90

masse maigre. Plusieurs études longitudinales (Phillips, 91

Green, Tarnopolsky, Heigenhauser, Hill, et al., 1996 ; 92

Friedlander, Casazza, Horning, Huie, Piacentini, et al., 93

1998 ; Carter, Rennie, Hamilton, & Tarnopolsky, 2001) 94

et transversales (Klein, et al., 1994 ; Sidossis, Wolfe, & 95

Coggan, 1998 ; Coggan, Raguso, Gastaldelli, Sidossis, & 96

Yeckel, 2000 ; Jeukendrup, 2003) évaluant les effets de 97

l’entrâınement en endurance ont montré que les indivi- 98

dus entrâınés oxydaient plus de lipides à la même in- 99

tensité relative (supérieure en valeur absolue) que des 100

individus non-entrâınés. Enfin, en ce qui concerne les 101

mécanismes explicatifs de l’amélioration du débit d’oxy- 102

dation des lipides après entrâınement, en endurance, on 103

constate des modifications biochimiques au niveau mus- 104

culaire ainsi que des adaptations endocriniennes qui fa- 105

vorisent l’épargne du glycogène, adaptent le débit de la 106
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Fig. 3. Analyse en Bland et Altman pour la fréquence cardiaque (FC) et la consommation d’oxygène (V O2) au lipoxmax sur
ergocycle et sur piste (Mendelson, et al. 2012).

glycolyse à celui du cycle de Krebs et accroissent l’oxy-1

dation des lipides à des puissances d’exercice plus faibles.2

Ainsi, une condition physique plus élevée est associée à3

une augmentation du lipoxmax.4

2.3.4 Type d’exercice5

Les études évaluant l’effet du type d’exercice sur l’oxyda-6

tion lipidique ont surtout été réalisées chez des individus7

très entrâınés (e.g.triathlète, cycliste). Elles ont démontré8

les nombreuses différences physiologiques entre la course9

et le cyclisme avec notamment des fréquences cardiaques10

différentes à l’exercice sous-maximal et maximal (Millet,11

Vleck, & Bentley, 2009). Une autre étude, réalisée chez12

des cyclistes, a montré une oxydation lipidique supérieure13

(+ 28 %) lors de la marche/course par rapport à un exer-14

cice réalisé sur ergocycle, même si l’intensité d’exercice à15

lipoxmax ne différait pas entre ces deux modes d’exercice16

(Achten, et al., 2003). Ces résultats contrastent avec une17

étude plus récente, dans laquelle le lipoxmax était plus18

élevé lors de la course (Cheneviere, Malatesta, Gojanovic,19

& Borrani, 2010). Ces auteurs expliquent leurs résultats20

par les différences physiologiques et mécaniques entre ces21

deux types d’exercice. Une masse musculaire plus impor-22

tante pour stabiliser le tronc et les bras lors de la course23

à pied est requise ce qui pourrait contribuer à un taux24

d’oxydation lipidique plus élevé. De plus, lors d’un exer-25

cice sur ergocycle, le type de contraction musculaire domi-26

nant est la contraction concentrique alors que la course à27

pied met en jeu une phase excentrique en plus de la phase28

concentrique (Arkinstall, Bruce, Nikolopoulos, Garnham,29

& Hawley, 2001).30

Ces données ont été confortées chez l’enfant par une31

étude montrant que l’oxydation lipidique était plus élevée32

lors d’un exercice sur tapis roulant comparé à un exercice33

sur ergocycle à différentes intensités d’exercice (absolues34

et relatives). Cette différence était plus prononcée à des 35

intensités plus élevées (Zakrzewski & Tolfrey, 2012). De 36

plus, le lipoxmax (ou fatmax dans cette étude) était plus 37

élevé lors de l’exercice sur tapis roulant, par rapport à 38

l’exercice sur ergocycle. 39

Nous avons récemment montré que les indicateurs 40

métaboliques (lipoxmax, débit d’oxydation maximale li- 41

pidique) déterminés en laboratoire sur ergocycle n’étaient 42

pas applicables à la marche/course sur piste, chez des 43

sujets de condition physique hétérogène (Mendelson, 44

Jinwala, Wuyam, Levy, & Flore, 2012). Dans cette étude, 45

15 sujets sains ont effectué deux tests sous-maximaux 46

sur ergocycle ou sur piste durant lesquels les échanges 47

gazeux et l’oxydation des substrats ont été mesurés. 48

En moyenne, la fréquence cardiaque et la consomma- 49

tion d’oxygène au lipoxmax ne différaient pas entre 50

les deux modes d’exercice. Toutefois, une analyse en 51

Bland et Altman montrait une grande variabilité indi- 52

viduelle (Fig. 3). Ce résultat était surprenant puisque 53

nous avions émis l’hypothèse que l’oxydation lipidique 54

dépendrait du type d’exercice dû aux différences physio- 55

logiques entre le cyclisme (ergocycle) et la marche/course, 56

conformément aux résultats mentionnés préalablement 57

(Achten, et al., 2003 ; Cheneviere, et al., 2010). De plus, 58

six sujets sur quinze présentent des valeurs de lipoxmax 59

plus élevées lors de l’exercice sur ergocycle. Ainsi, nos 60

résultats suggèrent que l’utilisation de ces indicateurs 61

métaboliques sur le terrain nécessite une détermination 62

spécifique de l’activité physique adaptée envisagée. Enfin, 63

ces résultats sont à confirmer chez des patients atteints 64

de troubles métaboliques. 65

2.3.5 Effets de l’entrâınement 66

L’entrâınement en endurance, pratiqué régulièrement, 67

modifie favorablement la balance des substrats 68
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énergétiques, en particulier chez des patients présentant1

des anomalies métaboliques telles que l’obésité (van2

Aggel-Leijssen, Saris, Wagenmakers, Hul, & van Baak,3

2001 ; van Aggel-Leijssen, Saris, Wagenmakers, Senden,4

& van Baak,2002) et le diabète de type 2 (Goodpaster,5

Katsiaras, & Kelley, 2003). L’intensité d’exercice6

nécessaire pour induire des améliorations de l’oxydation7

lipidique dans ces études est relativement faible (40 %8

V O2max).9

À titre d’exemple, une étude comparant des pro-10

grammes d’exercice de différentes intensités sur l’oxyda-11

tion lipidique d’hommes obèses a montré que l’exercice12

de faible intensité (environ 40 % V O2max) augmentait13

l’oxydation lipidique de 40 % alors que l’exercice d’inten-14

sité élevée n’avait aucun effet (van Aggel-Leijssen, et al.,15

2002). L’intensité d’exercice utilisée dans les programmes16

d’entrâınement de ces études correspond approximative-17

ment à l’intensité à lipoxmax dans les populations por-18

teuses d’anomalies métaboliques.19

En ce qui concerne l’entrâınement ciblé spécifi-20

quement au lipoxmax, des études ont été réalisées21

auprès d’adolescents et d’adultes obèses ainsi que22

chez des diabétiques de type 2 (Brandou, Dumortier,23

Garandeau, Mercier, & Brun, 2003 ; Dumortier, Brandou,24

Perez-Martin, Fedou, Mercier, et al., 2003 ; Jean, Grubka,25

Karafiat, Flavier, Fédou, et al., 2006). Dans ces études,26

les participants ont perdu de la masse grasse et du poids27

et ont maintenu leur masse maigre tout en augmentant28

la puissance brute au lipoxmax (+ 20−23 W) et le débit29

d’oxydation lipidique au lipoxmax (+ 34−65,8 mg/min).30

2.4 Anomalies métaboliques et Lipoxmax31

Une diminution de la capacité à oxyder les lipides32

semble être un facteur étiologique important de l’obésité.33

L’obésité est une condition associée à un niveau de tri-34

glycérides intramusculaires et d’acide gras non estérifiés35

métaboliquement actifs (Acyl-CoA) accru et une insulino-36

résistance (Bruce & Hawley, 2004), pour laquelle les37

niveaux d’oxydation lipidique de repos sont perturbés38

(Kelley, Goodpaster, Wing, & Simoneau, 1999). L’obésité39

et le diabète sont des facteurs susceptibles de modi-40

fier l’équilibre des substrats énergétiques à l’exercice.41

Plusieurs études montrent que les valeurs de lipoxmax42

sont plus faibles chez des individus obèses (Perez-Martin,43

et al., 2001 ; Sardinoux, Brun, Lefebvre, Bringer, Fabre,44

et al., 2009). De plus, Wade, Marbut, et Round (1990)45

ont trouvé une relation positive entre la masse grasse46

corporelle et l’oxydation lipidique à l’exercice ; la masse47

grasse était responsable de 40 % de la variance de l’oxy-48

dation lipidique. Cependant, d’autres études contradic-49

toires ont montré qu’au repos et à l’exercice, il n’y a50

pas de relation entre la masse grasse et l’oxydation lipi-51

dique (Geerling, Alles, Murgatroyd, Goldberg, Harding,52

et al., 1994 ; Helge, Fraser, Kriketos, Jenkins, Calvert,53

et al., 1999 ; Goedecke, St Clair Gibson, Grobler, Collins,54

Noakes, et al., 2000). Concernant l’utilisation des lipides à55

l’exercice chez les individus obèses par rapport aux indivi- 56

dus non-obèses, les résultats sont contrastés (Goodpaster, 57

Wolfe, & Kelley, 2002 ; Mittendorfer, Fields, & Klein, 58

2004). Mittendorfer, et al. (2004) ont trouvé une re- 59

lation inverse entre la masse grasse totale et l’oxyda- 60

tion d’acides gras libres plasmatiques et ces auteurs 61

concluent que le taux d’oxydation lipidique est diminué 62

chez les individus obèses et en surpoids par rapport 63

aux individus normopondérés, ce qui limite la disponi- 64

bilité des acides gras libres plasmatiques comme source 65

d’énergie. Toutefois, dans cette étude, le taux d’oxyda- 66

tion lipidique totale ne différait pas entre les groupes 67

en raison d’une augmentation compensatrice d’oxyda- 68

tion des acides gras non-systémiques (intramusculaires). 69

À l’inverse, dans l’étude de Goodpaster, et al. (2002), 70

les individus obèses présentaient une augmentation des 71

taux d’oxydation d’acides gras non-plasmatiques (+50 %) 72

par rapport à des individus normopondérés, ce qui 73

confirme une étude réalisée chez la femme obèse (Kanaley, 74

Weatherup-Dentes, Alvarado, & Whitehead, 2001). 75

2.5 Le lipoxmax peut-il être déterminé sans effectuer 76

de calorimétrie d’effort ? 77

La calorimétrie d’effort permet de cibler les intensités 78

d’entrâınement et de mieux comprendre l’utilisation des 79

substrats énergétiques à l’exercice. Toutefois, cette tech- 80

nique, pas toujours accessible, ne peut pas être appliquée 81

à la population générale. Pour l’instant, les tentatives de 82

prédire le lipoxmax à partir d’autres données que celles 83

du test d’effort n’ont pas été couronnées de succès, du fait 84

de la grande variabilité interindividuelle de ce paramètre, 85

(Brun, et al., 2007) bien qu’une intensité d’exercice à 40 % 86

de V O2max soit parfois utilisée pour cibler l’entrâınement 87

à lipoxmax (Lazzer, Busti, Agosti, De Col, Pozzo, et al., 88

2007). 89

La mesure du lipoxmax est reproductible chez un 90

même individu si le niveau d’entrâınement ne varie pas 91

(Brandou, et al., 2003) ; cependant, cette mesure diffère 92

énormément entre les individus. À ce jour, il n’existe pas 93

encore de protocole simplifié à l’aide de méthodes moins 94

sophistiquées permettant de déterminer précisément le 95

lipoxmax. 96

La calorimétrie d’effort permet de cibler les inten- 97

sités d’entrâınement et de mieux comprendre l’utilisa- 98

tion des substrats énergétiques à l’exercice. Néanmoins, 99

cette technique complexe et sophistiquée ne peut pas être 100

appliquée à la population générale. La prédiction du li- 101

poxmax, à l’aide de données anthropométriques, conduit 102

à des résultats incohérents (Perez-Martin, et al., 2001) 103

et ce, en raison d’une grande variabilité interindividuelle 104

et bien qu’une intensité d’exercice à 40 % de V O2max 105

soit parfois utilisée pour cibler l’entrâınement à lipoxmax 106

(Lazzer, et al., 2007). 107

La mesure du lipoxmax est reproductible chez un 108

même individu si le niveau d’entrâınement ne varie pas 109

(Brandou, et al., 2003), toutefois cette mesure diffère 110
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énormément entre les individus. À ce jour, il n’existe pas1

encore de protocole simplifié à l’aide de méthodes moins2

sophistiquées permettant de déterminer précisément le3

lipoxmax.4

3 Intérêt et faisabilité des activités physiques5

adaptées ciblant le lipoxmax chez6

les personnes présentant des troubles7

métaboliques8

La littérature foisonnante illustrant les bienfaits de l’exer-9

cice sur la prévention du diabète de type 2 (Lindstrom,10

Ilanne-Parikka, Peltonen, Aunola, Eriksson, et al., 2006),11

l’amélioration de l’équilibre glycémique du diabétique12

(Snowling & Hopkins, 2006), la prévention de la re-13

prise de poids après amaigrissement (Bensimhon, Kraus,14

& Donahue, 2006), ainsi que l’amélioration de l’estime15

de soi (Folkins & Sime, 1981 ; Colberg, Sigal, Fernhall,16

Regensteiner, Blissmer, et al., 2010) témoigne de l’im-17

portance de promouvoir l’activité physique comme une18

thérapeutique à part entière au sein d’individus porteurs19

d’anomalies métaboliques.20

Plusieurs études ont démontré les effets bénéfiques21

d’un ciblage de l’entrâınement au lipoxmax chez l’adulte22

obèse présentant un syndrome métabolique (Dumortier,23

et al., 2003), chez l’adolescent obèse (Brandou, et al.,24

2003) ainsi que chez le diabétique de type 2 (Jean, et al.,25

2006) sur la capacité à oxyder les lipides à l’exercice.26

3.1 Le Lipoxmax chez la personne obèse27

Tel que mentionné préalablement, l’intensité à lipoxmax28

est plus faible chez les individus obèses (Perez-Martin,29

et al., 2001 ; Sardinoux, et al., 2009) et apparâıt30

à une intensité d’exercice avoisinant 30-35 % de la31

tPMA. Certains auteurs affirment que la perte de masse32

grasse dépend du déficit énergétique seulement et est33

indépendante de la méthode utilisée pour induire une34

perte de poids (Strasser, Spreitzer, & Haber, 2007).35

Il existe aussi une relation dose-réponse entre le vo-36

lume d’activité physique, exprimée en METs et la perte37

de masse grasse viscérale (Ohkawara, Tanaka, Miyachi,38

Ishikawa-Takata, & Tabata, 2007).39

Cependant, des études récentes suggèrent que la ca-40

pacité à oxyder les lipides pourrait expliquer la variabilité41

interindividuelle dans l’efficacité des programmes d’exer-42

cice à induire une perte de poids. Ainsi, les individus oxy-43

dant plus de lipides au repos (Barwell, Malkova, Leggate,44

& Gill, 2009 ; Rosenkilde, Nordby, Nielsen, Stallknecht,45

& Helge, 2010), ou à l’exercice (Lavault, Deaux, Romain,46

Fedou, Mercier, et al., 2011), répondraient mieux à une47

intervention basée sur l’exercice physique. Ceci explique-48

rait, en partie, la relative inefficacité de l’exercice phy-49

sique comme moyen de perte de poids chez la personne50

obèse.51

Une méta-analyse récente confirme les effets 52

bénéfiques d’un entrâınement à lipoxmax sur le poids, 53

la masse grasse, la circonférence de taille et le cho- 54

lestérol total (Romain, et al., 2012). Toutefois, cette 55

méta-analyse ne fait état que de cinq études avec des 56

groupes de contrôle, par conséquent, ces résultats restent 57

à confirmer lorsqu’un plus grand nombre d’études seront 58

publiées. 59

De plus, une étude réalisée chez l’adulte obèse illustre 60

qu’un entrâınement ciblé au lipoxmax de quatre semaines 61

a induit une amélioration du taux d’oxydation lipidique 62

de 44 % à l’exercice (0,24 ± 0,01 vs 0,35 ± 0,03 g/min ; 63

p < 0,05) par rapport à un entrâınement par intervalles 64

isocalorique (Venables & Jeukendrup, 2008). Une autre 65

étude évaluant l’effet d’un entrâınement ciblé au lipox- 66

max, cette fois-ci réalisée chez l’enfant obèse, a également 67

révélé une amélioration de l’oxydation des lipides au cours 68

de l’exercice (Ben Ounis, Elloumi, Zouhal, Makni, Lac, 69

et al., 2011). 70

Cette méta-analyse soulève aussi la question des ef- 71

fets de l’exercice sur la régulation de l’appétit. Les au- 72

teurs spéculent sur des effets !! satiogènes "" d’un exer- 73

cice réalisé au lipoxmax car ce dernier entrâınerait une 74

moindre déplétion glycogénique limitant ainsi le risque 75

d’hypoglycémie (Hopkins, Jeukendrup, King, & Blundell, 76

2011). Ces données semblent cependant contredites par 77

les études mettant en œuvre des intensités d’exercice 78

supérieure à 70 % de V O2max, au moins chez l’adolescent 79

obèse (Thivel, Blundell, Duche, & Morio, 2012). L’inter- 80

action entre l’exercice, la régulation de l’appétit et la prise 81

alimentaire reste complexe et pourrait dépendre de l’âge 82

et des caractéristiques des populations étudiées. 83

3.2 Lipoxmax et applicabilité sur le terrain : 84

prescription d’activités physiques adaptées 85

Nous avons récemment publié un article dont le but était 86

de vérifier si le lipoxmax déterminé sur ergocycle en la- 87

boratoire était transférable à la marche/course sur le 88

terrain, dans le but de prescrire des activités physiques 89

adaptées à l’aide de cet indice métabolique (Mendelson, 90

Jinwala, Wuyam, Levy, & Flore, 2012) (cf. Facteurs de 91

variabilité et fiabilité du lipoxmax : type d’exercice). 92

Dans ce but, des sujets sains ont effectué deux tests 93

sous-maximaux afin de déterminer leur lipoxmax : sur 94

ergocycle et sur piste d’athlétisme. La détermination 95

du lipoxmax sur piste a été permise par l’utilisation 96

d’un métabographe portable. Nous avons montré que 97

l’utilisation de cet indicateur métabolique sur le ter- 98

rain nécessite une détermination spécifique par rapport 99

à l’activité physique adaptée envisagée (par exemple, 100

marche nordique) (Mendelson, et al., 2012). Toutefois, 101

nos résultats n’ont pas encore été confirmés chez des per- 102

sonnes porteuses d’anomalies métaboliques. Par exemple, 103

chez la personne obèse, le coût énergétique à la marche 104

est majoré puisqu’il s’agit d’une activité nécessitant le 105

port du poids. Ainsi, chez l’obèse morbide (indice de 106
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masse corporelle > 40 kg.m−2), l’intensité métabolique1

d’exercice à la marche pourrait dépasser celle du lipox-2

max, ce qui proscrirait l’utilisation du lipoxmax dans3

des activités adaptées mettant en jeu la marche ou la4

course. Dans ces conditions, seul un entrâınement en la-5

boratoire sur ergocycle serait possible ou alors au cours6

d’activités physiques adaptées dans lesquelles le poids est7

porté ; par exemple, randonnée à bicyclette sur le plat.8

Néanmoins, chez des personnes présentant des d’anoma-9

lies métaboliques (diabète, obésité), il est envisageable de10

réaliser un test de terrain à l’aide d’un métabographe por-11

table afin de mesurer le lipoxmax en adaptant le protocole12

décrit préalablement (cf. Protocole de détermination).13

4 Conclusion14

Le lipoxmax est une mesure reproductible, modifiable15

par de nombreuses conditions physiologiques qui permet16

de prédire la quantité de lipides oxydés à l’exercice. En17

vue d’utiliser cet indice métabolique, il est essentiel de18

veiller à respecter des précautions méthodologiques afin19

d’obtenir une mesure fiable et valide. Dans le cadre de20

la prescription d’activités physiques adaptées (passage21

du laboratoire au terrain) au sein d’individus atteints22

d’anomalies métaboliques, l’utilisation du lipoxmax peut23

s’avérer difficile chez certains patients (ex. : obèse mor-24

bide) mais est tout à fait envisageable chez d’autres en25

réalisant une évaluation spécifique de l’activité physique26

adaptée proposée (cycle vs marche/course).27
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Résumé L’activité physique est un adjuvant important dans
la prise en charge de la personne obèse. Toutefois, l’obésité
est souvent associée à une intolérance à l’effort. L’objectif de
cet article didactique est de clarifier les facteurs respiratoires,
cardiovasculaires, métaboliques et ostéo-articulaires qui
contribuent à l’intolérance à l’effort de la personne obèse.
Dans un deuxième temps, les modalités d’évaluation seront
présentées dans le but de proposer des activités physiques
adaptées à cette population.

Mots clés Obésité · Activité physique · Intolérance à
l’effort · Respiratoire · Cardiovasculaire · Métabolique

Abstract Physical activity is an important modality in the
treatment of obesity. However, obesity is often associated
with exercise intolerance. The aim of this didactic article is
to clarify respiratory, cardiovascular, metabolic and muscu-
loskeletal factors that contribute to exercise intolerance in
obese individuals. Evaluation modalities will also be presen-
ted, in order to individualize adapted physical activities to
this population.

Keywords Obesity · Physical Activity · Exercise
Intolerance · Respiratory · Cardiovascular · Metabolism

Introduction

L’obésité est la principale cause de morbidité et de mortalité
du 21e siècle [1]. Elle se caractérise par un certain nombre
d’anomalies métaboliques et circulatoires qui semblent
constituer une aggravation des phénomènes accompagnant
le syndrome cardio-métabolique [2]. Il existe un consensus
selon lequel le traitement le plus efficace de cette pathologie
consiste en l’association d’une restriction calorique et d’une
augmentation du niveau d’activité physique (AP) [3]. L’AP
permet le maintien de la masse maigre, favorisant de fait la
stabilisation du poids à long terme [4] ainsi que la correction
de la morbidité cardio-vasculaire et métabolique [5].

Cependant, quel que soit l’âge, l’obésité est souvent asso-
ciée à une intolérance à l’effort. Si l’excès de poids semble
jouer un rôle majeur et évident dans cette intolérance, en
augmentant le coût énergétique et en diminuant la réserve
métabolique, notamment lors des activités avec port de poids
(marche, course à pied), d’autres facteurs sont à prendre en
compte. Il semble important de considérer les facteurs respi-
ratoires, cardiovasculaires, métaboliques et ostéo-articulaires
qui contribuent à cette intolérance à l’effort afin de faciliter
l’adhésion des personnes obèses à l’activité physique dans la
durée.

Ainsi, une évaluation médicale approfondie (en particu-
lier à l’effort) doit permettre de mieux apprécier ce niveau
d’intolérance afin de proposer des activités physiques adap-
tées à ces personnes. En effet, chaque modalité d’exercice
proposé doit être individualisée en tenant compte des béné-
fices escomptés mais aussi des particularités (niveau de han-
dicap à l’effort notamment) des personnes évaluées.

L’objectif de cet article didactique est de :

• clarifier les facteurs contribuant à l’intolérance à l’effort
de la personne obèse,

• préciser les modalités d’évaluation dans le but de proposer
des activités physiques adaptées.
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Obstacles à l’activité physique liés à l’obésité

L’AP, qui est définit comme tout mouvement corporel pro-
duit par les muscles squelettiques qui entraîne une augmen-
tation substantielle de la dépense d’énergie au-dessus de la
dépense énergétique de repos, joue un rôle majeur dans la
prise en charge de l’obésité. Un des enjeux importants pour
les personnes obèses est un engagement sur le long terme
afin de favoriser la stabilisation du poids et de maintenir
les bénéfices sur la santé. Cependant, l’intolérance à l’effort
est fréquente dans l’obésité bien que celle-ci reste encore
insuffisamment caractérisée. Celle-ci se manifeste par
une dyspnée excessive chez 80 % des obèses versus 16%
de sujets normo-pondéraux lors d’une montée de 2 volées
d’escaliers [6]. Les facteurs de cette intolérance paraissent
indispensables à comprendre et à prendre en compte pour
améliorer la prise en charge et l’adhésion des sujets obèses
à l’activité physique sur le long terme. Ainsi, un bilan médi-
cal approfondi et en particulier une évaluation systématique
à l’effort doit permettre d’identifier les mécanismes de cette
intolérance afin d’individualiser la prise en charge par un
programme d’exercice structuré (E).

L’intolérance à l’effort est classiquement attribuée à une
augmentation de la demande énergétique induite par les acti-
vités qui nécessitent le déplacement de la masse de ces sujets
[7] ainsi qu’à une diminution du rendement énergétique [8].
Cependant, la diminution de l’aptitude aérobie (VO2max rap-
porté à la masse maigre) au cours d’un exercice (ergocycle)
sans port de poids [8] suggère qu’il existe des anomalies
intrinsèques indépendantes du surcoût énergétique induite
par les AP avec port de poids.

Facteurs respiratoires et intolérance à l’effort

Ces aspects ont fait l’objet d’un article de revue [9] dont les
éléments principaux sont résumés ci-après . On reconnaît
depuis le début des années 1960 que l’obésité morbide (Indice
de Masse Corporelle ou IMC > 40 kg/m2) est associée à une
augmentation du travail respiratoire. Un ensemble de facteurs
contribue à cette élévation. Le premier est une diminution de
la compliance thoracique, liée à l’accumulation de graisse,
dans et autour des côtes, du diaphragme et de l’abdomen.
D’autre part, la fonction respiratoire de repos du sujet obèse
est souvent anormale. Ceci se traduit par une restriction pul-
monaire objectivée par une diminution de capacité vitale et de
volume de réserve expiratoire. Cette restriction, associée à
une respiration à plus faible niveau de volume pulmonaire,
peut entraîner une augmentation de la résistance à l’expira-
tion. Ces anomalies peuvent rendre compte d’une augmenta-
tion de la ventilation (VE), de la consommation d’O2, et de la
dyspnée de repos. Cette dernière peut être majorée en cas de
faiblesse ou fatigabilité des muscles respiratoires. Les effets
de la restriction pulmonaire et de l’altération de la compliance

pulmonaire peuvent être plus prononcés dans une situation
d’exercice musculaire car celle-ci augmente la demande ven-
tilatoire et donc son coût. D’autre part, dans une situation
d’hyperventilation, la mécanique ventilatoire du sujet obèse
pourrait être contrainte, rendant compte d’une partie de la
dyspnée d’exercice fréquemment observée dans cette popula-
tion. Ainsi, l’effet du poids de la graisse sur le thorax incite
le sujet obèse à respirer à bas niveau de volume pulmonaire.
Lorsque la demande ventilatoire de ces sujets augmente
(e.g. à l’exercice musculaire), ce mode ventilatoire peut
entraîner au moins chez certains sujets une limitation de
débit expiratoire et une diminution de performance maximale
à l’effort [10].

Ofir et al. [11] ont mis en évidence, dans un groupe de
femmes présentant une obésité morbide, une hyperinflation
dynamique permettant de faire face à cette limite expiratoire ;
ce comportement ventilatoire fréquemment rencontré en cas
d’obstruction bronchique peut, en théorie, être associé à une
dyspnée puisqu’il impose une contrainte supplémentaire au
diaphragme. Or, les auteurs de cette étude n’ont pas observé
de majoration de la dyspnée autre que celle liée à une
demande ventilatoire supérieure dans le groupe de sujets
obèses par rapport au groupe contrôle. La performance à
l’effort maximal n’était pas modifiée non plus.

Chlif et al. [12] ont démontré une altération de la force des
muscles inspiratoires après un exercice maximal chez des
hommes obèses. Cette altération serait le résultat de l’aug-
mentation de la demande énergétique requise pour faire face
à la masse thoracique durant l’hyperventilation liée à l’exer-
cice. Ceci reflèterait une faiblesse et une fatigue des muscles
respiratoires qui pourraient être à l’origine de la dyspnée
fréquemment rapportée chez la personne obèse et éventuel-
lement d’une diminution de performance.

Notre groupe a mis en évidence l’impact des anomalies de
la fonction respiratoire sur la performance à l’effort comme
facteur possible de l’intolérance à l’effort. En effet, dans une
étude préliminaire, nous avons démontré que les sujets
qui présentaient les données spirométriques de repos (capa-
cité vitale ou CV) et d’exercice (rapport entre volume cou-
rant et CV) les plus faibles étaient les moins performants à
l’effort [13]. Les données spirométriques étant corrélées à un
indicateur indirect de la performance cardiovasculaire cen-
trale (pouls oxygène ou VO2max/FCmax), il apparaît que la
limitation de la performance à l’effort du sujet obèse puisse
en partie être expliquée par des anomalies spirométriques et/
ou du mode ventilatoire (volume courant rapporté à la CV
abaissé signant un comportement plus « restrictif » dans le
sous-groupe le plus déconditionné) à l’effort. Cette diffi-
culté respiratoire impacte les facteurs cardio-circulatoires et
la performance à l’effort. Ces résultats, suggèrent que les
sujets obèses capables de respirer à plus haut niveau de
volume pulmonaire sont ceux qui sont les moins limités à
l’effort en échappant à une contrainte ventilatoire dont le
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retentissement négatif sur le débit cardiaque d’effort est
connu [14]. Ils suggèrent également que ces sujets obèses
sont ceux qui présentent une performance des muscles ins-
piratoires supérieure.

Au total, il semblerait que dans certaines conditions
(faiblesse relative des muscles inspiratoires, altération de
la fonction respiratoire de repos), les facteurs ventilatoires
puissent rendre compte au moins de l’altération de la perfor-
mance à l’effort fréquemment observée dans l’obésité. Une
exploration plus systématique de la force des muscles inspi-
ratoires, et de la contrainte ventilatoire à l’effort (étude de
limitation de débit expiratoire et de la contrainte ventilatoire)
pourrait permettre de clarifier ce point.

Des études épidémiologiques récentes ont identifié l’obé-
sité comme un des facteurs associés voire responsable [15]
de l’asthme et/ou de l’hyper-réactivité bronchique (un des
traits caractéristiques de l’asthme). Les raisons de ces ano-
malies ne sont pas toutes clairement identifiées mais l’asso-
ciation « asthme-obésité » pourrait majorer les symptômes
respiratoires à l’exercice et donc l’intolérance à l’effort,
contribuant à la sédentarité ou à la difficulté à entreprendre
un programme d’AP. Il semble donc important de les recher-
cher avant d’inclure des patients obèses dans des program-
mes d’AP.

Facteurs cardiovasculaires et métaboliques
de l’intolérance à l’effort

Facteurs cardiaques

• Relations entre aptitude aérobie du sujet obèse
et la compliance diastolique et entre l’infiltration lipidique
et le débit cardiaque

Le rôle des facteurs cardiaques dans l’intolérance à l’effort
du sujet obèse est évoqué par différentes études dont une qui
met en évidence un lien entre la compliance diastolique et
l’aptitude aérobie de la personne obèse [16]. Une autre étude
explorant l’altération de l’aptitude aérobie des sujets obèses,
qui atteint un niveau comparable à celle de sujets insuffisants
cardiaques modérés à sévères (classe II-IV de la NYHA,
VO2max moyen : 16 mL. kg-1. min-1) a mis en évidence des
anomalies structurelles subtiles du ventricule gauche [17].
Finalement, une étude a démontré une association négative
entre l’accumulation de lipides péricardiques et le débit car-
diaque [18]. Ces auteurs proposent comme mécanisme
explicatif que l’accumulation de lipides autour du péricarde
réduirait le remplissage diastolique et ainsi affecterait le
débit cardiaque, et donc la performance aérobie.

Cette position est confortée par une diminution de la
réserve cardiaque en raison d’une augmentation de la FC de
repos et à une diminution de la FCmax attribuée en partie à une
insuffisance de la réponse catécholaminergique d’exercice

voire à une altération de la fonction cardiaque [19]. Cette
incompétence chronotrope à l’effort maximal pourrait tenir à
une altération du contrôle de la fonction cardiovasculaire par
le système nerveux sympathique (SNS) dont l’activité, déjà
perturbée dans l’obésité, peut être accrue par la présence
d’un syndrome d’apnée du sommeil qui accompagne sou-
vent cet état [20]. La sur-stimulation du SNS entrainerait
une sous expression des récepteurs β-adrénergiques cardia-
ques, rendant compte de l’incompétence chronotrope à
l’effort maximal.

L’augmentation de la demande ventilatoire et les limites
associées qui ont été évoquées dans le paragraphe précédent
se traduisent par une élévation du coût énergétique de la
respiration et peuvent avoir des conséquences sur les adap-
tations cardiovasculaires à l’effort. Ainsi, une concurrence
pour les apports circulatoires d’oxygène peut s’installer entre
les muscles ventilatoires et les muscles périphériques [21]
expliquant la diminution de la performance à l’exercice
intense du sujet obèse.

Une évaluation à l’effort maximal réalisée en laboratoire
(voire sur le terrain) doit permettre d’étudier les adaptations
cardio-vasculaires centrales (et notamment la FC) qui
doivent être prise en compte pour l’individualisation d’un
programme d’AP.

Facteurs vasculaires

Les anomalies de la fonction vasculaire ont largement été
documentées [22]. Ces anomalies sont à l’origine de l’aug-
mentation du risque cardiovasculaire décrit dans cette popu-
lation mais peuvent également rendre compte de l’intolé-
rance à l’effort, au moins en théorie. En effet, peu d’études
ont permis de mettre en évidence une relation causale directe
entre des anomalies vasculaires et une altération de la per-
formance à l’effort dans l’obésité bien que les améliorations
de la fonction vasculaire soient induites par des interventions
intégrant l’AP [22].

Les anomalies de perfusion musculaire évoquées précé-
demment peuvent rendre compte d’une altération de perfor-
mance dans cette population. Les anomalies de la circulation
veineuse et notamment une altération du retour veineux peu-
vent au moins en théorie limiter le remplissage cardiaque, le
volume d’éjection systolique et donc le débit cardiaque.

Facteurs métaboliques

Le développement d’anomalies métaboliques (syndrome
métabolique, diabète de type II) favorisé par l’obésité peut
perturber le métabolisme oxydatif à l’effort du sujet obèse,
participant à son intolérance à l’effort (diminution de l’endu-
rance). Les obèses présentent une inaptitude relative à utiliser
les lipides [23]. Ce défaut d’oxydation lipidique peut tenir à la
diminution de l’activité d’enzymes du cycle de Krebs, des
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phosphorylations oxydatives, de la bêta-oxydation, de l’acti-
vité de la Carnitine Palmitoyl Transférase 1). Cette limitation
des processus oxydatifs pouvant rendre compte d’une mise en
jeu plus précoce des processus anaérobies.

Ces anomalies peuvent également trouver leur origine
dans la limitation des apports circulatoires musculaires. En
effet, la fonction endothéliale et notamment les possibilités
de vasodilatation artériolaire et donc de recrutement capil-
laire musculaire constituent des éléments importants de la
fonction métabolique musculaire à l’effort.

Facteurs ostéo-articulaires

L’obésité est associée à une augmentation de l’incidence des
douleurs ostéo-articulaires, en particulier au niveau des
membres inférieurs, chez l’adulte [24]. L’augmentation de
l’indice de masse corporelle est associée à une recrudescence
de l’incidence des douleurs des membres inférieurs (avant-
pieds, chevilles, genoux), de l’arthrose des membres infé-
rieurs et des pathologies épiphysaires de la tête fémorale et
du fémur [24]. L’augmentation des contraintes mécaniques
sont la conséquence de l’excès de poids et des modifications
de la biomécanique de la marche. Elle joue un rôle important
dans la genèse des douleurs d’origine ostéo-articulaire chez
les personnes obèses [24]. Cependant, l’apparition de ces
douleurs complexifie la prise en charge des personnes obè-
ses par l’AP. En effet, elles peuvent constituer un frein à
l’initiation ou à l’orientation vers la pratique des AP. Cette
pratique peut également révéler ou aggraver une pathologie
ostéo-articulaire sous-jacente. Ces douleurs peuvent contri-
buer à l’accroissement de la sédentarité et donc à l’aggrava-
tion de l’obésité.

Parallèlement, il a été montré avec un bon niveau de preu-
ves que l’AP, lorsqu’elle est adaptée exerce des effets antal-
giques en particulier dans l’arthrose des membres inférieurs.
Quelles que soient ses modalités (exercices de type aérobie
ou de renforcement musculaire local), elle doit être considé-
rée comme un des éléments thérapeutiques dans cette indi-
cation [25].

Modalités d’évaluation

Évaluation cardiorespiratoire

La majoration de la dyspnée fréquemment observée lors des
AP chez un sujet obèse, impose une recherche systématique
des anomalies respiratoires au repos et à l’effort, pour au
minimum limiter la symptomatologie à l’effort. En particu-
lier, un bilan médical approfondi permettra de faire le point
sur l’existence d’un asthme et/ou d’un syndrome d’apnée du
sommeil (facteur de fatigue chronique parfois associé à une
altération des possibilités à l’effort [26] voire de les traiter en
amont d’un programme d’AP. En complément d’une explo-

ration fonctionnelle respiratoire approfondie (intégrant la
force des muscles inspiratoires), une épreuve d’effort en
laboratoire avec mesure de la courbe débit volume à l’effort
doit permettre d’apprécier si la symptomatologie est liée à
une limitation de débit expiratoire en raison d’une respira-
tion à bas niveau de volume pulmonaire.

Évaluation de la force musculaire périphérique

Une perte de masse musculaire peut accompagner le vieillis-
sement [27] du sujet obèse ou la restriction calorique néces-
saire pour corriger l’obésité. Cette dernière peut non seule-
ment entraîner une réduction de la dépense énergétique
pouvant favoriser la reprise de poids ultérieure, mais égale-
ment une altération potentielle des capacités fonctionnelles
du patient. L’évaluation de la force musculaire paraît donc
nécessaire dans la prise en charge du patient obèse. La force
maximale volontaire d’un groupe musculaire peut être mesu-
rée à l’aide d’un dynamomètre ou d’un capteur de force.
Toutefois, cette évaluation dépend de nombreux facteurs,
dont la motivation du sujet. Il existe d’autres moyens de
mesure de la force qui ne dépendent pas de la coopération
du sujet (stimulation magnétique et électrique). Néanmoins,
ces méthodes de laboratoire présentent des limites chez le
sujet obèse en raison de l’épaisseur du panicule adipeux.
En effet, elles ne permettent pas une stimulation nerveuse
supra-maximale, entraînant une sous-estimation de la ten-
sion de secousse musculaire évoquée [28].

Finalement, la mesure de la force maximale volontaire
dynamique sur un banc de musculation par la détermination
du poids ne pouvant être soulevé qu’une seule fois (une répé-
tition maximale ou 1RM) peut suffire pour élaborer un
entraînement individualisé en force.

Quelles conséquences pour la prescription
d’AP ?

Les recommandations en matière d’exercice dans l’obésité
sont précisées dans ce même numéro (Mendelson et al.) et
sont centrées sur l’entraînement aérobie et en force.

Cependant, la plupart des études examinant les effets de
l’AP dans le traitement de l’obésité se sont focalisées sur
l’exercice aérobie. Ceci s’explique par la relative inefficacité
des programmes de musculation à induire une perte de poids,
même lorsqu’elle est associée à des mesures diététiques, en
comparaison d’une prise en charge associant une restriction
calorique à l’AP aérobie ou à une combinaison de l’AP aéro-
bie et d’un entraînement en force [29]. Pourtant, l’entraîne-
ment en force a des effets bénéfiques sur la composition
corporelle chez des sujets en restriction calorique, en parti-
culier sur la masse maigre.
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Compte tenu de son aptitude à maintenir la masse maigre
suite à une restriction calorique, certains chercheurs ont sup-
posé que l’entraînement en force pouvait limiter la diminu-
tion du métabolisme de base qui accompagne généralement
la perte de poids. Cependant, cette hypothèse n’a jamais pu
vraiment être vérifiée [29] bien qu’un programme de muscu-
lation de 16 semaines ait produit une augmentation du méta-
bolisme de base dans un groupe de femmes ménopausées en
parallèle d’une augmentation de la masse maigre [30]. Bien
que les effets de l’entraînement en force sur la perte de poids
et la composition corporelle soient modestes, il semble que
cette modalité d’entraînement puisse participer à l’améliora-
tion des facteurs de risque cardiovasculaires (augmentation
du HDL-cholestérol, de l’insulino-sensibilité et diminution
du LDL-cholestérol, des triglycérides, de la pression arté-
rielle [31].

Un programme de musculation peut être proposé de pre-
mière intention pour les sujets très déconditionnés afin de
limiter les douleurs articulaires et de limiter la contrainte
cardio-respiratoire.

Pour ce qui concerne les problèmes ostéo-articulaires, il
convient aussi d’adapter les activités physiques au statut
douloureux (évaluation clinique préalable), en sollicitant
les segments de membres non douloureux et en privilégiant
les activités physiques sans port de poids (bicyclette, nata-
tion, rameur) qui réduisent les contraintes des membres
inférieurs. Chez les sujets non douloureux, la marche active
est recommandée, la course à pied et les exercices avec
impact (réception de saut) devront être évités dans un pre-
mier temps.

Si une limitation expiratoire de débit est présente, un
entraînement spécifique des muscles respiratoires, comme
proposé chez l’athlète [32] et chez la personne obèse [33],
pourrait réduire la dyspnée associée à cette limitation. En
effet, un renforcement des muscles inspiratoires pourrait per-
mettre notamment une respiration à plus haut niveau de débit
pulmonaire. Eventuellement, un entraînement spécifique des
muscles respiratoires en cas de travail respiratoire accru
(comme cela peut être le cas chez un sujet obèse) pourrait
limiter la concurrence entre les muscles ventilatoires et les
muscles périphériques actifs [34].

En cas de normalité de la fonction respiratoire, un moyen
de limiter la dyspnée est de privilégier au moins en début de
programme des activités sans port de poids. Il faut veiller à
bien contrôler l’intensité de l’exercice (surveillance de la FC
cible au minimum) qui peut s’élever au moindre effort dans
l’obésité (marche rapide) à partir du moment où l’activité
nécessite que le sujet déplace son poids.

Enfin, nous pensons qu’après une période de préparation
physique générale permettant d’améliorer la capacité fonc-
tionnelle à l’effort, un entretien par des activités ludiques
adaptées choisies par les individus obèses pourrait favoriser
l’adhésion à l’AP sur le long terme.

Conclusion

Le fait que les recommandations générales en matière d’AP
puissent bénéficier également à la santé du sujet obèse [35],
incite à proposer aux sujets obèses de les suivre au minimum.
Ceci, d’autant que ces recommandations peuvent être appro-
chées à l’aide d’une AP d’intensité modérée très accessible
telle que la marche rapide. Cette activité présente entre autres
avantages (faible coût, pas d’équipement particulier…) d’ini-
tier des individus inactifs à l’AP tout en étant efficace sur les
indicateurs de morbidité cardio-métabolique [36].

L’AP pour les personnes obèses devrait être individuali-
sée en fonction des objectifs fixés mais surtout du handicap à
l’effort des personnes à prendre en charge. Cette intolérance
est un facteur possible de non engagement des personnes
obèses à l’AP sur le long terme. L’intolérance à l’effort de
la personne obèse peut tenir à des facteurs ventilatoires,
cardio-vasculaires, métaboliques et ostéo-articulaires. Ces
aspects nécessitent d’être évalués au plan médical, éventuel-
lement à l’aide d’épreuves d’effort en laboratoire, afin de
prendre en compte les limitations de ces personnes et donc
de faciliter l’adhésion à l’AP sur le long terme.
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Activité physique dans la prise en charge de l’obésité :
effets bénéfiques et modalités pratiques
Physical activity in the treatment of obesity: benefits and modalities
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Résumé L’activité physique régulière constitue une modalité
importante de la prise en charge de l’obésité en participant à la
diminution de la morbidité cardio-vasculaire et métabolique.
Cet article didactique se focalise sur les effets bénéfiques de la
pratique d’une activité physique dans la prise en charge de
l’obésité sur le plan physiopathologique. Les recommanda-
tions en matière d’activité physique ainsi que des alternatives
efficaces seront exposées et ce, dans le but de privilégier la
prise en charge et le traitement de la morbidité cardiovascu-
laire et métabolique associée à l’obésité.

Mots clés Obésité · Activité physique · Modalités
alternatives · Morbidité cardiovasculaire · Morbidité
métabolique

Abstract Regular physical activity is a fully recognized
modality in the treatment of obesity and can contribute to
decrease cardiovascular and metabolic morbidity. This
didactic article focuses on the physiopathological benefits
of physical activity in the treatment of obesity. Physical acti-
vity recommendations as well as efficient alternate modali-
ties are explored in order to favor the management and
treatment of the cardiovascular and metabolic morbidity
associated with obesity.

Keywords Obesity · Physical Activity · Alternate
Modalities · Cardiovascular morbidity · Metabolic
morbidity

Introduction

L’obésité, véritable problème de santé publique, augmente le
risque de développement de pathologies chroniques telles
que les dysrégulations métaboliques (diabète de type 2, dys-
lipidémie), les maladies cardiovasculaires (athérosclérose),
mais également l’incidence de cancer, première cause de
mortalité actuellement. Aux États-Unis, 111 909 décès
annuels ont directement été attribués à l’obésité [1]. L’acti-
vité physique (AP) régulière constitue une des modalités
importantes de sa prise en charge [2] et se définit comme
tout mouvement corporel produit par les muscles squeletti-
ques qui entraîne une augmentation substantielle de la
dépense d’énergie au-dessus de la dépense énergétique de
repos [3]. L’AP peut être classée selon son type, son intensité
et son objectif faisant référence au contexte dans lequel l’AP
est réalisée : professionnel, domestique, lié aux déplace-
ments et aux loisirs. Dans certaines études, un programme
d’exercice structuré (E) est évalué et analysé séparément des
autres types d’AP mentionnés ci-dessus. L’E est une sous-
catégorie de l’AP qui est planifié, structuré, répétitif et
orienté vers un objectif visant l’amélioration ou le maintien
d’une ou plusieurs composantes de la condition physique
reliée à la santé parmi lesquelles l’endurance cardiorespira-
toire (représentée par le VO2max et les seuils ventilatoires/
lactiques), la force et l’endurance musculaires, la composi-
tion corporelle ou la souplesse.

Si elle est considérée comme un facteur de prévention pri-
maire, lorsque l’obésité est installée, l’AP constitue un adju-
vant à son traitement (contrôle du poids). Mais surtout, une
AP régulière peut participer à la maîtrise des facteurs de
risque métaboliques et cardiovasculaires. Elle peut également
participer à l’amélioration de l’estime de soi qui est souvent
altérée chez l’obèse, particulièrement à l’adolescence.

Les objectifs de cet article didactique sont :

• d’exposer les effets bénéfiques de l’AP dans la prise en
charge de la personne obèse et,

• d’en préciser les modalités efficaces.
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Bénéfices de l’activité physique dans l’obésité

Effets sur la morbi-mortalité

On admet que l’AP régulière peut réduire la mortalité précoce,
et particulièrement la mortalité cardiovasculaire de 20 à 30%
[4]. L’étude longitudinale d’observation « The Aerobics Cen-
ter Longitudinal Study » menée chez 26 000 personnes sur
une période de 24 ans suggère que les personnes obèses en
bonne condition physique (endurance cardio-respiratoire ou
capacité maximale des systèmes circulatoire et respiratoire à
fournir de l’oxygène durant l’AP exprimée comme la
consommation maximale d’oxygène [3]) présentent une mor-
talité cardiovasculaire précoce diminuée de moitié par rapport
à des sujets normo-pondérés en mauvaise condition physique
[5]. D’autre part, ces sujets avaient un risque de mortalité
précoce à peine plus élevé que des sujets normo-pondérés et
en bonne condition physique [5].

De nombreux travaux suggèrent que l’AP, indépendam-
ment de ses effets sur le poids, a des effets favorables sur la
pression artérielle, l’insulino-sensibilité, le profil lipidique,
la fréquence de cancer du colon et du sein [6].

Effets sur le poids et la composition corporelle

Perte de poids

De nombreuses études suggèrent que l’exercice musculaire
comme seule modalité de prise en charge en vue d’une perte
de poids est plutôt inefficace [7]. En effet, sur une période de
9 mois, la perte de poids induite par l’exercice aérobie seul
(sans intervention diététique) est modeste: -2,5 à -3 kg [8].
Les raisons de faible contribution de l’AP dans l’amaigrisse-
ment sont d’une part que la prise alimentaire, la plupart du
temps non contrôlée, est souvent augmentée chez les parti-
cipants de ces études malgré les consignes des expérimenta-
teurs, mais surtout, d’autre part, est liée à une variabilité
individuelle [9].

Quoiqu’il en soit, pour «négativer» significativement la
balance énergétique sans restriction calorique associée, le
volume d’AP doit être important [10].

Une balance énergétique négative induite par l’AP peut
entraîner une perte de poids. Cette perte de poids en général
modeste (2 à 3 kg) est plus importante lorsque la dépense
énergétique est contrôlée (études réalisées en laboratoire).
Il existe une relation dose-réponse entre la durée d’AP et la
perte de poids : une durée inférieure à 150 min.semaine-1

d’AP n’est pas efficace alors que des durées supérieures à
150 et à 225 à 420 min.semaine-1 d’AP induisent respecti-
vement une perte de poids de 2 à 3 kg et de 5 à 7,5 kg [11].
Ainsi, dans un objectif de perte de poids, il est préférable de
combiner un programme d’E à un contrôle précis des apports
caloriques.

Maintien de la perte de poids

Malgré son rôle modeste dans la réduction de l’obésité,
l’AP associée à des mesures diététiques semble jouer un rôle
crucial dans le maintien à long terme d’une perte de poids
initiale [12]. A titre d’exemple, on peut citer l’étude améri-
caine du registre national du contrôle du poids impliquant
plus de 5 000 sujets ayant réussi à maintenir une perte de
poids de 15 kg sur une période supérieure à un an. Soixante
dix-sept pourcent des sujets qui sont parvenus à maintenir
leur poids rapportaient la pratique d’au moins 1 h de marche
rapide quotidienne [13]. De plus, environ 20% des sujets
étaient engagés dans des activités de renforcement muscu-
laire. Malgré un niveau de preuve qui n’est pas optimum, il
existe un consensus sur une quantité d’AP comprise entre
200 et 300 min.semaine-1 pour prévenir une reprise de poids
après amaigrissement [11].

Amélioration de la composition corporelle

• Activité physique et masse grasse viscérale

On admet que la graisse viscérale profonde constitue un
dépôt ectopique lié de façon indépendante à la mortalité,
au risque cardio-métabolique et notamment à une dyslipi-
démie et à une insulino-résistance (IR) [14]. Ces anomalies
tiennent à une augmentation de l’efflux d’acides gras libres
et à une production d’adipokines inflammatoires encore
plus prononcées que dans le tissu adipeux de stockage
(sous-cutané). Une diminution de la masse grasse viscérale
s’accompagne d’une amélioration de l’insulino-sensibilité,
une diminution de la prédisposition à la thrombose, des
marqueurs sériques de l’inflammation et une amélioration
de la fonction endothéliale [15].

Une revue de la littérature confirme que l’AP peut induire
une diminution de masse grasse viscérale chez des patients
obèses, d’âge moyen, (45-50 ans), diabétiques de type 2 ou
non [16]. Ces effets ont été obtenus à l’aide de programmes
multi-modalités (endurance, force) d’au moins 8 semaines,
d’intensité modérée à élevée. Ils corroborent les résultats de
plusieurs études d’observation ayant inclus des milliers de
sujets.

• Activité physique et masse musculaire

L’AP peut non seulement stimuler la perte de masse grasse
mais également l’augmentation de la masse musculaire.
Ainsi, elle peut contrer la perte de masse musculaire qui peut
atteindre jusqu’à 30% de la perte totale de poids en cas de
restriction calorique versus 12% seulement en cas d’AP
associée [17] versus 0% dans le cas d’une combinaison res-
triction calorique-AP aérobie-musculation [18]. Ces données
ont été confortées par une étude menée chez la personne
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obèse âgée fragile qui présente un risque de sarcopénie [19].
Ces auteurs ont montré qu’un programme d’E multi-
modalités (entraînement aérobie et musculation) augmentait
la masse musculaire (en parallèle d’une légère diminution de
masse grasse) par comparaison à un traitement par restriction
calorique seule [19]. Ce dernier induit une fonte musculaire
bien qu’il provoque une diminution de masse grasse plus
importante. Un des effets notables du programme d’E est
que parallèlement à une augmentation de l’expression d’un
facteur de croissance musculaire (MGF), il diminue l’expres-
sion des facteurs inflammatoires musculaires tels que le
TNFα et IL-6, impliqués dans le catabolisme musculaire
mais aussi, dans les troubles de l’insulino-sensibilité [20].
L’intérêt d’une prise en charge par l’AP se justifie d’autant
plus que le muscle de l’obèse présente une infiltration
macrophagique, responsable d’une augmentation de l’expres-
sion et de la production de cytokines inflammatoires. Ces
cytokines entraînent une augmentation de la production de
facteurs spécifiques de dégradation musculaire (Ligases
Ubiquitin-E3) impliquées dans l’atrophie (Muscle Atrophy
F-box ou MAFbx et Muscle Ring-Finger Protein-1 ou
MuRF-1) en présence d’une concentration élevée d’acide
palmitique, condition simulant l’obésité [20].

Au total, même si l’AP comme seule modalité de traite-
ment de l’obésité, induit une perte de poids inférieure à celle
d’une restriction calorique, elle peut surtout assurer une
correction de la masse maigre susceptible d’être abaissée
en raison de l’inflammation [20] ou perdue en cas de traite-
ment par restriction calorique seule [17].

Pour ce qui concerne l’AP aérobie, il semblerait que la
relation avec l’augmentation de masse maigre soit plus
étroite avec l’intensité qu’avec le volume de l’AP [13].

Effets sur le métabolisme

Amélioration du métabolisme lipidique

Un des effets centraux de l’AP régulière est sa faculté à sti-
muler la lipolyse adipocytaire et l’oxydation lipidique [21]
qui sont anormalement abaissées dans l’obésité. Cet effet se
traduit par une diminution de la masse grasse proportion-
nelle à la quantité d’AP dans les études réalisées sur une
période inférieure à 16 semaines [10]. Or, l’excès de masse
grasse, en particulier au niveau viscéral, est responsable d’un
état inflammatoire chronique de bas grade et d’un stress oxy-
datif impliqués dans le développement de maladies cardio-
métaboliques [22]. Ainsi, une réduction de cette masse
grasse facilitée par un programme d’E peut prévenir ce
risque cardio-métabolique. La stimulation régulière du méta-
bolisme lipidique permet également d’améliorer la dyslipi-
démie et donc de diminuer le risque de coronaropathie [23].
Une étude contrôlée randomisée a montré que le volume
d’AP était proportionnel à l’amélioration de nombreuses

sous-fractions lipidiques chez des sujets obèses chez les-
quels l’alimentation était contrôlée afin de limiter toute perte
significative du poids [24]. Le profil lipoprotéique est altéré
chez le sujet obèse, notamment, on relève une augmentation
des lipoprotéines athérogènes dans l’obésité telles que le
VLDL-cholestérol et le LDL-cholestérol. Cependant, ces
altérations sont moins fréquemment observées qu’une dimi-
nution des taux de HDL-cholestérol et de ses sous-fractions
responsables de l’athérogénèse (HDL-2, apolipoprotéine A-I
et pré-β-HDL et en particulier une perturbation du rapport
entre de ces sous-fractions pré-β1 et pré β2) [23]. Les raisons
possibles de ces anomalies dans l’obésité peuvent tenir à
l’excès de la masse grasse viscérale abdominale, à l’IR, à
une hypertriglycéridémie, à une augmentation des activités
de la Protéine de Transfert des Esters de Cholestérol, de la
Triglycérides-Lipase Hépatique et de la Protéine de Transfert
des Phospholipides [23]. L’AP corrige le taux de HDL-
cholestérol (ré-augmentation) et ses sous-fractions d’une
manière plus efficace qu’une restriction calorique. D’autre
part, l’AP potentialise les effets de la perte de poids induite
par cette dernière [23].

Enfin, le rôle bénéfique de l’activité physique sur le méta-
bolisme lipidique du sujet obèse a été mis en évidence en
comparant les effets d’un traitement par restriction calorique
seule sur le niveau d’oxydation lipidique de repos, à ceux
d’un traitement combinant restriction calorique et activité
physique [25]. L’AP permet de maintenir le niveau d’oxyda-
tion lipidique de repos. La restriction calorique seule entraî-
nant une augmentation du quotient respiratoire de repos,
correspondant à une diminution de cette oxydation lipidique.

Réduction de l’insulino-résistance

L’obésité est souvent associée au syndrome métabolique, qui
regroupe dans sa définition la présence de plusieurs anoma-
lies métaboliques associées (obésité abdominale, hypertri-
glycéridémie, HDL-cholestérol bas, intolérance au glucose
ou diabète de type 2, hypertension artérielle) [26]. Ce syn-
drome prédispose au développement d’une morbidité car-
diovasculaire et au risque d’évènements cardiovasculaires.

Plusieurs facteurs participent au développement de l’IR,
au niveau du muscle squelettique et du tissu adipeux :

• Le muscle squelettique joue un rôle central dans l’homéo-
stasie glucidique, compte tenu de sa masse et de son
aptitude à capter le glucose sanguin sous l’influence de
l’insuline. Des anomalies musculaires intrinsèques ont
été rapportées dans un état d’IR ou dans le diabète de type
2 parmi lesquelles une diminution des capacités oxydati-
ves et une inaptitude à oxyder les lipides [27]. Ces ano-
malies, liées à l’association de facteurs génétiques et envi-
ronnementaux (suralimentation et inactivité physique)
entraînent une accumulation de lipides intramyocytaires
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[28] et d’acylCoA à chaîne longue et de leurs métabolites
(diacylglycérol, céramides) susceptibles d’altérer la signa-
lisation de l’insuline [29],

• L’inflammation présente dans le tissu adipeux du sujet
obèse [30], et en particulier dans le tissu adipeux viscéral,
se traduit par la sécrétion de cytokines et de chémokines
pro-inflammatoires qui contribuent à l’IR musculaire.
L’infiltration macrophagique induite par la chémokine
MCP-1, tant dans le tissu adipeux que dans le muscle,
contribue largement à cette inflammation [31],

• Les cytokines pro-inflammatoires, reflet d’une inflamma-
tion systémique de bas grade jouent un rôle central et
direct dans le développement de l’IR. La limitation de la
production de cytokines pro-inflammatoires pourrait
constituer une cible thérapeutique potentielle afin de limi-
ter/voire améliorer l’IR.

Différentes anomalies liées au syndrome d’insulino-
résistance ou syndrome cardio-métabolique (tolérance au
glucose, profil lipidique, pression artérielle) sont améliorées
par la pratique régulière d’une AP d’intensité modérée. Chez
des obèses non diabétiques [32], des modifications favora-
bles de la sensibilité à l’insuline peuvent être observées indé-
pendamment des modifications du poids ou de masse grasse.

Plusieurs pistes peuvent être évoquées pour expliquer les
effets bénéfiques de l’AP régulière sur la sensibilité à l’insu-
line chez le sujet obèse. En premier lieu, l’amélioration de la
capacité de transport et d’oxydation des acides gras au
niveau mitochondrial entraîne une diminution du contenu
musculaire mais aussi du niveau de saturation des lipides
intra-myocytaires [21]. Également, l’AP peut diminuer les
niveaux de TNFα produit par les monocytes [33] et d’autres
cytokines pro-inflammatoires [34], pouvant constituer un
des mécanismes explicatifs de l’effet protecteur de l’AP
contre les maladies cardiovasculaires et le diabète de type
2 [31,34]. Enfin, l’AP peut diminuer le niveau de stress oxy-
datif, en excès dans l’obésité et le diabète de type 2, contri-
buant également à l’IR [35].

Activité physique et stéatose hépatique

La stéatose hépatique affecte environ 30% des adultes et une
majorité de personnes obèses [36]. Une accumulation de
graisse dans le foie augmente la mordibité et la mortalité
liées aux maladies hépatiques et constitue un facteur de
risque indépendant pour la maladie cardiovasculaire,
l’insulino-résistance et le diabète de type 2 [36].

Peu d’études randomisées évaluent l’efficacité d’une
prise en charge par l’AP sur la stéatose hépatique en partie
à cause de la nature invasive de son évaluation par biopsie
(méthode de référence). Ceci limite ainsi la capacité de réa-
liser des mesures répétées d’infiltration adipeuse du foie. Les
données existantes démontrent clairement qu’une modifica-

tion du style de vie incluant restriction calorique et AP amé-
liore la stéatose hépatique lorsque la diminution du poids est
de l’ordre de 3 à 10% [37]. Les études isolant les effets de
l’AP ont montré des effets favorables sur la stéatose hépa-
tique [38]. Dans une étude prospective dans laquelle un
sous-groupe atteint de stéatose hépatique a effectué 3 mois
d’activité physique sans intervention nutritionnelle, Sreeni-
vasa Baba et al. rapportent une diminution de 50% de la
concentration plasmatique d’aminotransferase [39]. Les
effets potentiels bénéfiques de l’activité physique sur la stéa-
tose hépatique peuvent être obtenus indépendamment d’une
perte de poids [40]. Les sujets ayant bénéficié de l’améliora-
tion la plus importante sont ceux qui pratiquaient plus de
150 minutes par semaine d’AP modérée et qui obtiennent
la plus grande amélioration de leur VO2max [40].

Effets sur le système vasculaire

L’association entre l’hypertension artérielle et l’obésité n’est
plus à démontrer [41]. Ce facteur de risque cardiovasculaire
(responsable de coronaropathie et accident vasculaire céré-
bral) dont l’étiologie est multifactorielle est un marqueur
des anomalies cardiovasculaires associées à l’obésité.

L’altération de la réactivité vasculaire (RV) endothélium-
dépendante est un marqueur précoce des anomalies vasculai-
res associé au risque cardiovasculaire. Ceci signifie que les
muscles lisses vasculaires sont tout à fait capables de se relâ-
cher sous l’influence du monoxyde d’azote (NO) mais que
les mécanismes responsables de sa sécrétion par l’endothé-
lium vasculaire sont altérés ou que son élimination est
accrue, diminuant sa demi-vie et son activité vasomotrice.
Il semble que la diminution de la RV (évaluée par hyperhé-
mie réactive après interruption de la circulation par un gar-
rot) soit liée à une diminution du taux de NO circulant en
raison d’une réaction avec les radicaux libres en excès dans
l’obésité mais également à cause de l’inflammation chro-
nique. Cette RV peut être améliorée par la perte de poids
mais également par l’AP [42]. La perturbation de la RV peut
également être liée à une majoration des influences vaso-
constrictrices: on note dans l’obésité, une hyper-sensibilité
à l’angiotensine 2, une augmentation des taux d’endothéline-1,
et des prostanoïdes tels que le thromboxane, résultant en
une vasoconstriction. Enfin, à long terme apparait une aug-
mentation de l’activité du système nerveux sympathique,
responsable d’une diminution de la perfusion musculaire
en faveur de celle du territoire mésentérique (cf. activité du
tissu gras viscéral) et d’une hypersensibilité de récepteurs
vasculaires adrénergiques [42]. Des anomalies vasculaires
intrinsèques telles qu’une exagération du tonus myogène
apparaissent sous l’influence de la pression de perfusion.
L’excès de stress oxydatif et notamment d’anion superoxyde
sous l’effet de la pression de perfusion et sa réaction avec le
NO semble participer à ces anomalies [42].
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Les anomalies de perfusion musculaire constatées chez
l’obèse peuvent également provenir d’une diminution du
nombre et de la densité de vaisseaux capillaires approvision-
nant les tissus [43]. En effet, une raréfaction du réseau capil-
laire a été rapportée dans plusieurs tissus/organes en relation
avec le développement du syndrome métabolique qui
accompagne l’obésité [44]. Les mécanismes de cette raréfac-
tion capillaire semblent, ici encore, tenir à la biodisponibilité
du NO, qui peut dans l’obésité être diminuée par l’excès de
stress oxydatif [45]. L’implication du facteur de croissance
de l’endothélium vasculaire (VEGF) et de son récepteur dans
ces modifications n’est pas claire [46]. Cette diminution de
densité capillaire peut entraîner une ischémie, une hypoxie
tissulaire et perturber le métabolisme des tissus, notamment
celui des muscles en activité.

L’hypothèse d’une altération des possibilités de recrute-
ment capillaire par l’insuline en lien avec le développement
de l’IR qui accompagne souvent l’obésité n’est pas à négliger
[47]. En effet, chez l’homme ou l’animal obèse, en cas d’IR la
réponse des muscles lisses vasculaires à l’insuline est dimi-
nuée [47]. Cette altération semble liée à la surproduction de
métabolites des acides gras (céramides), adipokines et autres
chimiokines issus de l’excès de masse grasse viscérale [48].

Enfin, des altérations structurelles vasculaires, toujours en
lien avec le développement du syndrome métabolique et
l’IR, ont été évoquées. De nombreuses études cliniques et
fondamentales ont établi une augmentation de la rigidité et
des résistances artériolaires liée à un épaississement des
membranes basales et à la prolifération des muscles lisses
induit par l’hyper-insulinémie [49].

L’AP régulière peut corriger bon nombre des anomalies
vasculaires citées précédemment par la diminution de la
concentration d’acides gras libres et de TNFα [48] suscepti-
bles d’altérer la réactivité vasculaire et par une restauration
de production du NO [50] qui à terme peut entraîner des
modifications structurales vasculaires. La meilleure sensibi-
lité à l’insuline associée à l’AP peut également participer à
l’amélioration de la fonction vasculaire. Dans l’obésité,
comme dans les pathologies cardiométaboliques, l’AP régu-
lière améliore aussi l’équilibre redox et donc la biodisponi-
bilité du NO en raison d’une amélioration des défenses
antioxydantes enzymatiques, d’une diminution de la masse
grasse et de la concentration des lipides circulants, et d’une
amélioration de l’équilibre glycémique.

De façon générale, l’entraînement en endurance permet
d’améliorer la relaxation endothélium-dépendante des artè-
res à destinée musculaire squelettique via la diminution de la
réponse vascoconstrictrice noradrénergique, la modulation
de la synthèse des prostaglandines avec une augmentation
de la synthèse de prostaglandines vasodilatatrices et la
diminution de la synthèse de thromboxane. La synthèse
d’endothéline-1 (vasoconstrictrice) est également diminuée
au cours d’un entraînement en endurance notamment en

comparaison d’un entraînement en force; la synthèse
d’endothéline-1 vasoconstrictrice augmentant avec la durée
de l’exercice y compris en endurance [51].

L’exercice chronique, d’intensité modérée peut aussi
modifier l’équilibre entre les facteurs de croissance angio-
géniques et angiostatiques et participer ainsi à l’amélioration
de la densité capillaire musculaire chez l’homme comme
chez l’animal [43]. Le stimulus « exercice chronique » chez
le sujet obèse a surtout été appliqué dans une perspective
d’amaigrissement, ou dans le but d’améliorer les facteurs liés
au risque cardiovasculaire (vasodilatation flux-médiée). Sur
la base des quelques études réalisées chez le rat Zucker
(modèle de rat obèse insulino-résistant) [43,44] et chez
l’homme adulte [43], il semble donc que l’exercice chro-
nique augmente la densité capillaire dans l’obésité. Cepen-
dant, il n’est pas facile de distinguer les effets de la perte de
poids associée au programme d’exercice de ceux de l’exer-
cice musculaire per se. Une étude réalisée chez le rat Zucker
[44] a montré les effets bénéfiques d’un programme d’exer-
cice musculaire d’intensité modérée sur la densité capillaire,
son lien avec une plus grande biodisponibilité du NO et une
diminution du stress oxydatif, ce qui peut contribuer à l’amé-
lioration du métabolisme glucidique.

Modalités d’exercice efficaces dans la prise
en charge de l’obésité

Recommandations en matière d’activité physique

Les recommandations concernant l’AP pour la population
générale développées dans le rapport du Surgeon General
publié aux États-Unis [6] – à savoir 30 minutes par jour
d’activité d’intensité modérée la plupart des jours de la
semaine – étaient d’abord centrées sur la dose d’AP néces-
saire (environ 3 km de marche rapide par jour pour une
dépense énergétique totale de 1000 kcal/semaine environ) à
la prévention des pathologies chroniques en général et limi-
ter la mortalité précoce [4], sans s’adresser spécifiquement à
la question de la prise en charge de l’obésité, ni à celle du
contrôle du poids. Cependant, la contribution de ces
30 minutes d’AP d’intensité modérée au maintien de la santé
générale est reconnue, bien que ce volume soit insuffisant
pour entraîner une perte de poids ou la maintenir sur le long
terme. Chez les individus obèses, la pratique de 150-250
minutes d’activité modérée par semaine avec une dépense
énergétique équivalente à 1200-2000 kcal/semaine est donc
recommandée pour la stabilisation du poids [11].

Les recommandations générales en terme d’AP dans
l’obésité de l’adulte, sont les suivantes [52] : sollicitation
de grandes masses musculaires, réalisation d’AP sans port
du poids au moins en début de programme, intensité cible à
50-70% VO2max ou 60-80% de la fréquence cardiaque
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maximale, 1 heure/jour (de manière fractionnée ou non), à la
fréquence de 5 jours/semaine.

L’entraînement en force est également fortement recom-
mandé pour le maintien et le développement de la masse
musculaire. Il semble préférable de réaliser des exercices
de force à une intensité cible minimale de 80% de la force
maximale volontaire (6-8 répétitions maximales par série) à
raison de 3 séries par groupe musculaire [52]. La société
américaine de médecine du sport (ACSM) recommande
d’atteindre cette cible progressivement et notamment de
démarrer le programme à une intensité de 40-50% de la force
maximale volontaire (10-15 répétitions maximales par série)
[52]. De ce fait, un programme de musculation peut être
proposé en première intention pour les sujets très décondi-
tionnés afin de limiter les douleurs articulaires et de limiter la
contrainte cardio-respiratoire. Il convient tout de même
d’adapter les AP au statut articulaire (évaluation clinique
préalable), en sollicitant les segments de membres non dou-
loureux et en privilégiant les AP sans port de poids (bicy-
clette, natation, rameur) qui réduisent les contraintes des
membres inférieurs.

Modalités d’exercice : alternatives efficaces

Dans l’obésité, les recommandations sont plus axées sur la
quantité d’AP (pour une intensité modérée à élevée en fonc-
tion de l’âge de la population considérée) en vue de favoriser
la perte de poids et son maintien sur le long terme. Si ces
programmes ont fait leur preuve, il existe probablement des
effets optimaux différenciés en fonction de l’intensité de
l’entraînement. Chez le sujet sain, il a été démontré que
2 modalités radicalement différentes peuvent entraîner des
bénéfices identiques, soit par un entraînement en endurance
à intensité modérée de longue durée soit par un entraînement
intermittent à haute intensité de courte durée (EIHI), (pour
revue, voir Gibala et al. 2012) [53]. Ceci est particulièrement
intéressant du point de vue de l’engagement envers l’AP
étant donné que le manque de temps est une des barrières à
la pratique régulière d’AP les plus citées [53].

Des études mettant en œuvre ce type d’entraînement chez
des individus présentant des pathologies cardio-métabo-
liques sont limitées.

L’impact de l’EIHI sur la structure et la fonction cardio-
vasculaire a été exploré. Dans plusieurs études, l’augmenta-
tion de l’endurance cardio-respiratoire était majorée chez les
individus présentant diverses pathologies (insuffisance coro-
naire, syndrome métabolique, obésité) ayant bénéficié d’un
EIHI par rapport à un entraînement en endurance d’intensité
modérée [53]. Dans la même lignée, ces études ont montré
une amélioration plus marquée de la fonction endothéliale
après un EIHI [53]. D’autres études ont montré une diminu-
tion plus importante de la tension artérielle de repos et une
évolution plus favorable de la morphologie ventriculaire

gauche [53]. On peut donc penser que ce type d’exercice
puisse prévenir plus efficacement la morbidité cardiovascu-
laire de l’obèse.

Concernant les aspects métaboliques du sujet obèse, il
semble que l’amélioration du profil lipidique et notamment
de HDL-C qui signe une diminution du risque cardiovascu-
laire doit faire appel à des programmes d’entraînement de
longue durée et d’intensité élevée (70-85% intensité maxi-
male sur une période de 9 mois) [23]. Certaines études mon-
trent la faisabilité et l’efficacité d’un entraînement très
intense et de très faible volume (4-6 répétitions de 30 secon-
des d’effort maximal de type Wingate, entrecoupées de 4,5
minutes de repos) [54]. Des études récentes ont montré que
seulement 6 séances de ce type d’EIHI réparties sur 2 semai-
nes permettaient d’améliorer la sensibilité hépatique à
l’insuline chez des individus sédentaires en surpoids [54].
La sensibilité à l’insuline périphérique n’a pas été encore
étudiée chez le sujet obèse, mais une étude chez le sujet
sédentaire montre qu’elle peut être améliorée également
(augmentation de la concentration de GLUT-4 similaire à
celle d’un entraînement en endurance classique) après entraî-
nement [55]. Une étude récente chez le diabétique de type
2 a montré une diminution de la concentration plasmatique
de glucose sur 24h ainsi que des pics de glucose post-
prandiaux après 6 séances de EIHI (10 x 60 secondes à
90% FCmax, 60 secondes de récupération) sur 2 semaines
[56]. Ces adaptations sont particulièrement intéressantes
car elles semblent préserver l’efficacité de l’E en limitant
l’implication temporelle des sujets par rapport aux recom-
mandations classiques (150 minutes d’AP modérée à intense
par semaine). Enfin, une diminution de la lipogenèse et de
l’insulino-résistance plus marquées dans le tissu adipeux
après un EIHI par rapport à un entraînement en endurance
a été rapportée chez des individus porteurs d’un syndrome
métabolique [57]. Ceci suggère que l’EIHI est particulière-
ment efficace pour limiter l’accumulation de graisse dans ce
tissu. Ces données confirment une amélioration plus impor-
tante du métabolisme lipidique avec ce type d’entraînement.
Ceci est en accord avec une étude réalisée chez le sujet sain
montrant une diminution plus marquée du poids, de la masse
grasse (totale et thoracique) et des taux d’insuline sérique
après un EIHI [58].

Il a aussi été montré que l’exercice intense a un effet sur
des marqueurs de l’inflammation. Notamment, une diminu-
tion de la production macrophagique de TNF-α (cytokine
impliquée dans le développement et la stabilité de la plaque
d’athérome) a été montrée chez le sujet sain après un pro-
gramme d’exercice intense [33].

Des études récentes suggèrent que l’AP pourrait avoir
également un effet sur la prise alimentaire et soulignent
l’importance de l’intensité de l’exercice proposé dans ces
régulations de la balance énergétique. Un exercice d’inten-
sité élevée permettant une diminution plus importante de la
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prise alimentaire sur une journée par rapport à un exercice
d’intensité faible-modérée. L’effet anorexigène que pourrait
déclencher l’AP semble être dépendant de l’intensité de cette
dernière [59].

Les mécanismes responsables des effets anorexigènes de
l’exercice ne sont pas connus mais il se pourrait qu’une faci-
litation de la libération de la corticolibérine, un peptide ano-
rexigène puissant, en soit à l’origine [59]. En plus de l’effet
de la cortico-libérine énoncé ci-dessus, il se pourrait qu’une
redistribution du débit sanguin splanchnique induite par
l’exercice participe à l’effet anorexigène observé post-
exercice. En effet, une diminution de 60-70% du débit san-
guin splanchnique chez des sujets réalisant un exercice à
70% VO2max a été documenté [59].

Les résultats des études récentes explorant les effets de
l’intensité de l’exercice sur de nombreux marqueurs physio-
logiques rapportent des résultats encourageants, toutefois
des études sur des effectifs plus grands et dans différentes
populations sont nécessaires. Ceci permettrait d’affirmer
que l’EIHI est une alternative réaliste et peu coûteuse en
temps pouvant participer à réduire le risque de maladie
cardio-métabolique et/ou améliorer la santé et le bien-être
de patients souffrants de pathologies chroniques.

Enfin, les modalités précises d’exercice mériteraient
d’être précisées en fonction des améliorations recherchées
pour les populations présentant des anomalies métaboliques
et vasculaires. Ces études permettraient à terme de proposer
dans un cadre clinique des programmes d’entraînement opti-
maux individualisés qui prendraient en compte les caracté-
ristiques des individus. Pour ce qui concerne l’obésité, on
peut imaginer bâtir des protocoles pour traiter spécifique-
ment les anomalies de réactivité vasculaire ou les anomalies
de l’oxydation lipidique. Les modalités optimales des pro-
grammes d’exercice mis en œuvre (notamment l’intensité)
pourraient différer considérablement. La comparaison chez
le sujet obèse de plusieurs modalités d’exercice d’intensité
différente (modérée versus élevée), notamment sur la morbi-
dité métabolique et vasculaire permettrait à terme de définir,
d’optimiser et d’individualiser la prise en charge par l’acti-
vité physique de ces populations.

Conclusion

L’intérêt de l’AP régulière dans la prévention et la prise en
charge de l’obésité ne fait aucun doute. L’AP seule ne per-
met qu’une faible perte de poids, en revanche, lorsqu’elle
est associée à un contrôle de la prise alimentaire, elle
contribue largement au maintien de la perte de poids à long
terme. Au delà des aspects pondéraux, un des rôles majeurs
de l’AP est la prévention ou le traitement (au moins partiel)
des modifications cardiovasculaires et métaboliques qui
accompagnent l’obésité. Les effets bénéfiques de l’AP

régulière sur la santé cardiovasculaire et métabolique et la
limitation de la mortalité précoce n’attendent pas forcément
une perte de poids importante (concept « fat but fit »).

Des travaux récents démontrent l’intérêt dans l’obésité de
modalités d’exercice jusqu’ici réservées aux sportifs, mais
d’autres études sont nécessaires pour évaluer la faisabilité
et l’efficacité dans la prévention et le traitement des anoma-
lies cardio-métaboliques associées à l’obésité. Parmi ces
modalités, l’exercice intermittent intense pourrait donc être
une alternative d’AP intéressante pour des individus plus
jeunes indemnes de maladie cardiovasculaire, particulière-
ment si une progression vers ces intensités élevées est mise
en place après une période initiale d’AP d’intensité modérée.
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