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Introduction
Whether exercise training is an important component of weight-

reducing strategy has been assumed for a long time [1] but strong 
evidence for this has been provided only quite recently [2]. High 
volumes of exercise are a powerful weight-reducing procedure, 
regardless the type of training (endurance or resistance) and its 
intensity [3]. However, they are too much time consuming and 
potentially harmful and therefore are not a realistic approach for the 
burden of obesity in the western countries. Surprisingly low volumes of 
exercise can also be quite efficient weight-reducing tools, although they 
induce a rather modest energy deficit [4]. This is explained by the fact 
that they modify in muscle cell an obesity-related metabolic program 
that is favorized by sedentarity. Therefore, exercise is more efficient for 
weight loss than can be explained by the energy deficit it induces [5]. 

Some sophisticated protocols involving low volumes of high 
intensity training are currently a matter of intensive research and 
give promising results [6]. However, in some individuals, it has been 
reported that low volumes of high intensity exercise increase appetite, 
apparently because they mostly promote carbohydrate oxidation, 
and can thus result in a decrease in blood glucose responsible for 
overfeeding uncompensated by calorie expenditure, which in turn 
results into a paradoxical weight gain [7]. Therefore, this approach with 
high intensity training probably requires a careful dietary control to 
avoid overfeeding. In addition, its efficiency over the long term is not 
well known. 
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While C gained weight over this period, LFD and LIPOXmax group lose weight. Weight loss at 1 year was the same in exercise and diet group, but at 2 years and 
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(r=0,523 p<0,001) but not at 2 and 3 years. At 1 year subjects with LIPOX max in the lower quartile (<35% VO2max n=23) lose less weight than the others (-2.3 ± 
0.98 vs -5.4 ± 0.83 p=0,05) but this difference vanishes over time. This study shows that this low intensity exercise training maintains its weight-reducing effect 3 years 
while diet is no longer efficient, and that this effect is initially related to muscular ability to oxidize lipids but that metabolic and behavioral adaptations have been 
further developed and contribute to a long lasting effect. 

By contrast, low intensity endurance, that promotes lipid oxidation, 
has been proposed since almost twenty years as a promising strategy 
against obesity [8-12] .When targeted with exercise calorimetry at 
levels where lipid oxidation is maximal (LIPOXmax), it has been shown 
to improve mitochondrial respiration [13], blood glucose control and 
blood lipids, low grade inflammation and body composition, even at 
low weekly volume [14]. Surprisingly, this approach generated less 
literature, perhaps because its weight-reducing effects over the short 
term, although significant, were not spectacular. 

However, its prolonged use has been shown to result in a sustained 
weight loss [15] which contrasts with the quite constant weight regain 
observed in almost all classical strategies [16]. In this study we aimed 
at determining over 3 years the kinetics of weight evolution of patients 
trained with low volumes of low intensity exercise targeted by exercise 
calorimetry in comparison with controls who did not change their 
lifestyle and classical diet without exercise. 
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Materials and Methods
Subjects 

We investigated in this study the weight loss over 3 years in three 
groups. A cohort of 88 subjects that continued LIPOXmax training 
more than 1 year (23 men, 65 women, age: 20-85 years, body mass 
index: 23-48 kg/m2) was compared to two matched groups: low fat diet 
without exercise (LFD) and a control group without any exercise or 
diet (C). 

Low fat diet was prescribed after a personal dietary assessment by 
trained health professionals in order to reduced global fat intake, to 
add a breakfast (containing a significant amount of proteins) if it was 
skipped, and to suppress all fat in the evening meal. On the average this 
diet is close to that recommended by the American Heart Association 
guidelines, aiming at an energy intake of 1500 kcal per day for women 
and 1800 kcal per day for men, with 30% of calories from fat, 10% 
of calories from saturated fat, and an intake of 300 mg of cholesterol 
per day. The participants were counseled to consume low-fat grains, 
vegetables, fruits, and legumes and to limit their consumption of 
additional fats, sweets, and high-fat snacks.

Controls were subjects that did not start any change in their diet 
or exercise habits despite repeated advice, but still attended regularly 
outpatient consultations. Patients’ characteristics are shown on Table 1. 
The 3 cohorts were matched for weight and body mass index. However 
the control group is slightly younger (38 vs 52 and 48 years) compared 
to the 2 others (p=0.016). This difference is not likely to induce a bias 
in the analysis. 

Bioelectrical impedance measurements

Prior to the exercise-test, subject’s body composition was 
assessed with bioimpedance analysis with a six-terminal impedance 
plethismograph BIACORPUS RX 4000 Biacorpus RX4000, (SoAGIL 
DEVELOPPEMENT, 8 avenue Jean-Jaurès F-92130 Issy-les-
Moulineaux, France) with data analysis with the software BodyComp 
8.4. This device measures total resistance of the body to an alternative 
electric current of 50 kHz [17-18]. Body fat mass, fat-free mass were 
calculated in each segment of the body according to manufacturer's 
database-derived disclosed equations, and total water with published 
equations using the classical cylindric model and Hanai’s mixture 
theory [19].

Exercise Calorimetry 

All subjects were asked to come and perform test in the morning 
after an overnight fast (12 hours). The test consisted of five six 
minute steady-state workloads theoretically set at 20, 30, 40, 50, and 
60% of Pmax. However these intensity levels can be modified during 
the test according to the evolution of the respiratory exchange ratio 
(RER=VCO2/VO2) in order to obtain values of RER below and above 0.9 
which is the level of the Crossover Point (COP) which is defined below. 
The subjects performed the test on an electromagnetically braked cycle 
ergometer (Ergoline Bosch 500). Heart rate and electrocardiographic 
parameters were monitored continuously throughout the test by 

standard 12-lead procedures. Metabolic and ventilatory responses 
were assessed using a digital computer based breath to breath exercise 
analyzing system (COSMED Quark CPET). 

Thus, we could measure VO2, VCO2 (in ml/min) and calculate 
the non-protein RER. Lipid oxidation (Lipox) and carbohydrate 
utilization (Glucox) rates were calculated by indirect calorimetry from 
gas exchange measurements according to the non-protein respiratory 
quotient technique as previously reported [20]. This technique 
provided carbohydrate and lipid oxidation rates at different exercise 
intensities. Additionally, after smoothing the curves, we calculated 
the two parameters quantifying the balance between carbohydrates 
and lipids induced by increasing exercise intensity: the maximal lipid 
oxidation point (LIPOXmax) and the Crossover Point (COP). The 
LIPOXmax is the exercise intensity at which lipid oxidation reaches its 
maximal level before decreasing while carbohydrate utilization further 
increases. It is calculated as previously reported after smoothing of the 
curve plotting lipid oxidation as a function of power. 

Coaching and follow-up of patients

Each subject included in the exercise group was enrolled in eight 
exercise sessions of 45 min at the LIPOXmax determined with the 
exercise test in order to include in his/her everyday life at least 3 similar 
bouts of low intensity endurance exercise per week. Subjects were 
followed monthly in outpatient unit for the first year and then every 
3 or 4 months [21]. Only subjects who had not discontinued training 
after 1 year were included in this analysis and compared with the two 
other cohorts whose results were available in our database. 

Results
There were 327 patients included in the LIPOXmax group, 

compared to 183 in the low fat group and 63 in the control group. We 
only considered in this study patients following the program after 1 
year. There were respectively 88 at one year, 37 at 2 years and 8 at three 
years. In comparison in the low fat group there were 183 subjects at the 
beginning, 48, 9 and 8. Controls were 63, 16, 7 and 5. 

Therefore at 1 year the percentage of drop-out was the same 
(respectively of -73%, -74% and -75%). If we consider only subjects 
that continued more than 1 year, among them, at 2 years there were 
respectively -58%, -81% and -56% drop-outs. At 3 years there were 
respectively -91% -83% and -69% drop-outs. However, since the study 
is still in progress, these rates of drop out do not mean that all these 
subjects discontinue the weight reducing procedure, as commented in 
the discussion. 

Figure 1 shows the average evolution of body weight over 3 years. 
While C gained weight over this period, LFD and LIPOXmax group 
lose weight. Weight loss at 1 year was the same in exercise and diet 
group, but at 2 years and even more at 3 years there was a weight regain 
in LFD so that results were better (p<0.01) in the exercise group who 
maintained weight loss in 80% of subjects. Average weight loss was 
-2,95 ± 0,37 kg after 3 months, -4,56 ± 0,68 kg after 1 year, -5,31 ± 1,26 
kg at 2 years and -8,49 ± 2,39 kg at 3 years. 

Gender (F/M) AGE (yr) Weight (kg) Height (m) BMI (kg/m²)
CONTROLS (n=5) 4F/1M 38.29 ± 4.07** 102.90 ± 11.05 1.68 ± 0.05 35.74 ± 2.50
LIPOXmax (n=88) 65F/23M 51.66 ± 1.50 93.43 ± 2.18 1.66 ± 0.01 33.86 ± 0.61
LOW FAT (n=34) 21F/7M 48.00 ± 2.41 93.48 ± 4.48 1.63 ± 0.02 35.01 ± 1.44

Table 1. Study subjects (mean ± SEM). Comparison: **LIPOXmax and LFD groups are matched for age, weight and body mass index, but the control group is slightly younger compared 
to the 2 others (p=0.016).
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Figure 2 shows the individual responses to the exercise strategy at 1 
year. It can be seen that there are 82% responders (among whom 25% 
are good responders losing more than 10% of the initial weight), and 
18 % non responders. As shown on Figure 3, weight loss at 3 months is 
a predictor of weight loss at 1 year (r=0,523 p<0,001) but not at 2 and 3 
years. The level at which LIPOXmax occurs is a predictor of weight loss 
at 1 year (r=-0,346 p<0,001) but not at 2 and 3 years. Weight loss at 3 
months is a predictor of weight loss at 1 year (r=0,523 p<0,001) but not 
at 2 and 3 years. As shown on Figure 4, at 1-year subjects with LIPOX 
max in the lower quartile (<35% VO2max n=23) lose less weight than 
the others (-2,3 ± 0,98 vs -5,4 ± 0,83 p=0,05) but this difference vanishes 
over time.

Discussion
This study evidences for the first time that low intensity exercise 

training targeted at the LIPOXmax maintains its weight-reducing 
effect 3 years, while diet, used as a comparator, is no longer efficient. In 
addition, we show that this effect is initially related to muscular ability 
to oxidize lipids. In the subset of subjects who are already “good fat 
oxidizers “at the onset of the study, better results of weight loss are 
evidenced. 

The main limit of this study is obviously that this is an observational 
study, without initial randomization. However the cohort of LIPOXmax 
trained subjects is compared to two control groups. The groups 
LIPOXmax and LFD are matched for BMI and age, but the control 
group is slightly younger (p=0.016) than the two others. This modest 
difference in age is not likely to induce a bias, since it is not likely that 
younger people are prone to a lower weight loss. The opposite should 
rather be expected. Therefore, our groups are probably well matched 
for possible confounding factors.

The design of the study makes that only patients that were still 
followed are included in the analysis, which is thus not performed 
in “intention to treat”. One can assume that a significant proportion 
of subjects that discontinued the procedure are people who were 
deceived by its efficacy and thus were poor responders, so that a study 
in intention to treat would yield on the average a lower weight loss. 
The strength of this study is to show a sample of subjects in conditions 
of ‘true life’, continuing their training over 3 years or more with on 

the average persisting weight-reducing effects. A randomized control 
trial of three similar groups will be useful to do, but such a study will 
probably be extremely expensive and difficult to manage. 

Our low fat diet group is a cohort of obese subjects routinely 
treated by diet only in our unit. As explained above, this low-fat, 
restricted-calorie diet closely fits with the guidelines of the American 
Heart Association [22]. The weight-reducing effect of this procedure at 
24 months (-5.38 ± 2.29) is close to that reported for low fat diet in the 
controlled trial of Shai [23] (3.3 kg, grossly 4 %). 

The control group is not a series of patients randomized and 
assigned to a non-treatment follow up, but a sample of subjects that 
still wanted to be followed but were unable to start a weight reducing 
procedure, expecting to do so in a next future. The evolution of weight 

Figure 2. Individual weight loss responses in the LIPOXmax group. There are 82% 
responders (among whom 25% are good responders losing more than 10% of the initial 
weight), and 18 % non responders who lose no weight or even gain weight.  
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Figure 1. respective evolution of weigh (in kg) over the 3 years. It can be seen that C gained weight over this period, while LFD and LIPOXmax group lose weight. Weight loss at 1 year 
was the same in exercise and diet group, but at 2 years and even more at 3 years there was a weight regain in LFD so that results were better (p<0.01) in the exercise group who maintained 
weight loss in 80% of subjects. Average weight loss was -2,95 ± 0,37 kg after 3 months, -4,56 ± 0,68 kg after 1 year, -5,31 ± 1,26 kg at 2 years and -8,49 ± 2,39 kg at 3 years. 
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r=0,523 p<0,001
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Figure 3. Correlation between weight loss at 3 months and weight loss at 1 year. 
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in this control group is similar to that reported in STRRIDE [24], which 
is +1.0 ± 2.7 % of initial body weight. In our series it is at 8 months 
1.85 ± 0.61%. Interestingly, in this group weight gain increases after 
time: 4.07 ± 1.17 % at 24 months, and 6.82 ± 1.31 % at 36 months. 
This finding clearly shows that continued physical inactivity results in 
progressive weight gain, as pointed out by the authors of STRRIDE [24].

Another concern is the issue of attrition. Obviously, there is a 
significant number of patients that were lost of view during this period. 
Over the first year subjects enrolled in the two programs (LIPOXmax 
or LFD) had the same number of drop outs, e.g. almost 75%, which was 
also the number of control patients (adhering to none of the programs) 
that were lost of view. In obesity trials, attrition rates can be evaluated 
on the average at 50% [25]. Actually a wide range of percentages 
(from 10 to 80%) can be found in the literature [26]. Clearly, attrition 
should be considered as a major cause of treatment failure in the field 
of obesity. In the abovementioned DIRECT study [23], the reported 
attrition rate is much lower, since adherence to diet was 95.4% at 1 year 
and 84.6% at 2 years, but the conditions of this important trial are not those 
of usual obesity managing, and the follow-up of subjects is much closer. 

In our study which represents conditions of usual obesity follow up 
in our unit, the attrition rate at the beginning is rather high, but is not 
significantly higher than in other studies on obesity [27]. Obviously, 
such an elevated number of drop outs may represent a bias. Some 
of these patients have perhaps stopped this protocol because they 
found they did not lose enough weight. However, it is known that the 
percentage of drop out is far to represent a percentage of failures. Over a 
36-month follow-up, it has been reported by Dalle Grave [28] that most 
of the drop outs were actually people confident in their ability to lose 
additional weight without professional help, and that achieved a mean 
weight loss that was on average larger than in continuers. Therefore, it 
is clear that not all the dropouts are treatment failures [28], so that the 
average weight loss measured in continuers is not an overestimation of 
the overall result. 

On the whole, whatever its methodological limits due to the lack 
of randomization, this study unequivocally demonstrates that many 
patients included in such a protocol lose weight for at least 3 years, 
and therefore that LIPOXmax training is efficient for losing weight on 
the long term in a significant percentage of obese subjects. A more in-
depth analysis of these results shows that the weight-lowering effect is 
initially related to muscular ability to oxidize lipids. This relationship 
is logic. Lipid oxidation during exercise is a reflect of the percentage of 
type 1 (oxidative) muscle fibers [29] and correlated to lipid oxidation 
over 24 hr, indicating that lipid oxidizers during exercise are also lipid 
oxidizers at rest [30]. In addition, an exercise bout of low intensity 
exercise performed at fast in the morning increases the oxidative use 
of lipids all over the day [31]. Exercise targeted on lipids also corrects 
obesogenic disturbances such as insulin resistance [32]. 

Actually, this relationship between lipid oxidation at the beginning 
of the study and weight loss is no longer found after 1 year. This may 
indicate that metabolic and behavioral adaptations have been further 
developed and contribute to a long-lasting effect, regardless the initial 
profile of balance of substrates. As proposed by Houmard [33] exercise 
programs further muscle metabolism in obese subjects and is thus 
efficient as a metabolism programmer even at low intensity, and even 
if it elicits a moderate calorie expenditure [34]. This effect is due to a 
mitochondrial remodeling in human skeletal muscle [35]. 

The average profile of weight loss in the exercise group displays an 
unusual shape which requires some comments. In almost all studies 

there is a tendency to weight regain over time, which is due to many 
endocrine, metabolic and behavioral alterations. On the average weight 
loss induces a host of powerful homeostatic mechanisms aiming at 
preserving or even increasing body fat stores [36]. In obese persons 
who have lost weight, multiple compensatory mechanisms encouraging 
weight gain have been evidenced to persist for at least 1 year. More 
precisely, there is a decrease in hormones which reduce the drive to eat 
(leptin, Peptide YY, Amylin, cholecystokinin) and an increase in the 
orexigenic hormone ghrelin associated with a rise in appetite as well 
as increased fasting and postprandial ratings of hunger and desire to 
eat [37]. 

Interestingly, exercise may modify eating behavior, either by a 
satietogenic effect or by an increase in orexigenic drive [38]. We have 
previously shown that exercise targeted at the LIPOXmax is satietogenic 
and decreases nibbling and calorie intake [39], in contrast with 
exercise targeted at higher intensities where carbohydrate oxidation 
predominates, which are orexigenic and may frequently target weight 
gain [40]. It is likely that when exercise is prescribed at low volumes 
(180-240 min/week) most of its effects are actually due to these effects 
on eating behavior, since the caloric deficit they induce is very low and 
cannot by itself explain weight loss. 

This interesting (and unexpected) long lasting profile of weight loss 
observed in the current study can be explained by several mechanisms. 
First of all, this strategy rather induces muscle metabolism (and eating 
behavior) re-programming than energy deficit [5]. On the other hand, 
patients are in situation of true life and are no longer submitted to a 
constraint, which would include a risk of relapse when the constraint 
weakens, as has been shown in several studies. For example in the 
KAROLA study, patients assigned to regular exercise for the treatment 
of coronary heart disease maintain a regular activity level when it is 
prescribed at 2-4 times a week, while higher activity rates are usually 
not maintained over the 10 years follow-up period [41]. 

In addition, the Weight Loss Maintenance Randomized Controlled 
Trial has shown that over the long term regular follow up of patients 
results in a higher weight loss than telemedicine alone and even 
more simple advice with no follow-up [42]. We think that the shape 
of prolonged efficacy of the weight loss curve is due to both the 
"reprogramming" effect of LIPOXmax training on mitochondrial 
function [13,29,35] and eating behavior [39] and this design with 
regular follow up in outpatient unit and a reasonable number of 
weekly exercise sessions that prevents training discontinuation over 
the long term. 

In conclusion, our study clearly demonstrates that at least a subset 
of patients included in the LIPOXmax procedure are still losing weight 
at 3 years. Such a long-term effect is not usual in obesity studies and will 
require to be further studied. The next step of this study is to investigate 
whether this weight loss persists at 4 years or if there is a later tendency 
to weight regain as observed with almost all other slimming procedures.
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