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ABSTRACT

Exercise reverses muscular metabolic defects involved in the impairment of lipids oxidation in obesity, and modifies eating habits,

exerting both an orexigenic and a satietogenic effect.

Our working hypothesis is that the orexigenic effect, which is triggered by glycogen depletion and high intensity exercise, is minimized
when exercise is performed at the level of the LIPOXmax, and thus uses lipids and spares glycogen. Accordingly, its weight-lowering
effect could be related to a mostly satietogenic with little orexigenic effect, while exercises at higher intensities would be more orexigenic

because of an important use of carbohydrates.

We studied over 24 hours the effects of an exercise targeted by exercise calorimetry, in 10 normal weight volunteers. Subjects
performed at random order three sessions: 45 minutes of steady state exercise targeted on the LIPOXmax, an isoenergetic exercise
targeted at the LIPOXzero (exercise intensity in which there is no longer lipid oxidation and only carbohydrate oxidation) and a morning

without exercise.

The evolution of appetite and satiety is measured with an analogous visual scale (Hill and Blundell). Capillary blood glucose is also
measured. 20 minutes after exercise and after the morning without activity a meal test is proposed, along with a scale of palatability.

Energy ingested over the 24 hours is calculated with a food notebook filled by the subjects.

In these subjects after the LIPOXmax session, the following breakfast contains fewer calories and fewer carbohydrates. After the
LIPOXzero session, the breakfast remains unchanged. Blood glucose decreases during the LIPOXzero session and remains stable
during the LIPOXmax session. When the blood glucose decreases there is a parallel increase in hunger.

These findings are in agreement with our working hypothesis. Orexigenic effects of exercise mostly occur at levels where carbohydrate
oxidation predominates, resulting in a decrease in blood glucose. On the other hand, satietogenic effects prevail at exercise levels close
to the LIPOXmax, where lipid oxidation results in a sparing of carbohydrates.

The paradox of the fair weight-reducing effect of moderate volumes of LIPOXmax exercise in spite of its low intensity, while exercise
at higher intensities is deceiving for this purpose unless it is used at high volumes, is likely to be due (at least in part) to their different

effects on eating behaviour.
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INTRODUCTION

Exercise is an essential component of the management of obesity.
Its weight-lowering effect is classically assumed to be explained by
the energy deficit it induces, but there are clearly other mechanisms
that have been highlighted more recently. Exercise has been shown to
reverse metabolic muscular defects that result in a decrease of lipid
oxidation in sedentary obese patients [1]. In addition, it also modifies
eating behaviour. This last effect is complex, since it includes both an
orexigenic and a satietogenic component [2].

Therefore exercise can either increase or decrease food ingestion
according to the balance between these two effects. The literature on
this topic is quite complex [3].

Recently the Energy Balance Study demonstrated in a series of
421 subjects that low levels of physical activity are associated with
dysregulation of energy intake and fat mass gain, with a threshold of
activity at 7116 steps/day [4]. However, which exercise procedure can
reverse this dysregulation and restore an energy balance sufficient for
correcting obesity is not clearly established in the current literature.
According to a recent review by John Bludell, individual responses
of appetite to exercise are highly variable and difficult to predict [5].

Our working hypothesis is that (a) orexigenic effects are mostly
triggered by exercise bouts that involve glycogen depletion and/or
hypoglycaemia, and thus predominate after high intensity exercise,

Table 1 : Characteristics of the 12 subjects of the study (3 females and 9 males).

Age Weight Height Fat Free Muscle
(years) (kg) (kg) mass (kg) mass (kg)
24,92 + 1,69 69,80 + 2,43 17554 +£2,39  58,54+232 31,61+2,09
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and (b) on the opposite, orexigenic effects are minimal when
exercise is performed at the level of the LIPOXmax which burns less
carbohydrates and allows glycogen sparing. Therefore, we hypothesize
that the weight-lowering effect of endurance training targeted at low
intensity (50% VO2max or below) in the zone of lipid oxidation, is at
least in part explained by a favourable balance between satietogenic
and orexigenic effects, favouring satiety, while exercise at higher
intensity are more orexigenic because of a more important use of
carbohydrates.

MATERIALS AND METHODS
Subjects

The study was performed in 10 normal weight volunteers, (age:
24.1 £ 0.46; Body Mass index: 22.2 + 1.36 kg/m?; theoretical VO2max:
44.2 + 8.26 ml/min). Characteristics of these subjects are given on
table 1.

Exercise calorimetry

Exercise calorimetry was performed as previously described
[6] in order to analyse the balance of energetic substrates. Patients
should remain fasting for 12 hours. The test is composed of 4 steps of
6 minutes steady state exercise set at respectively 30, 40, 50 and 60%
of the maximal predicted power on cycloergometer connected with a
gas exchange analyser allowing an analysis cycle by cycle with control
of ECG and measurements of VO,, VCO,, and respiratory exchange

waist Hip

%fat circumference circumference BMI (kg/m?)
(cm) (cm)

15,98 + 2,53 79,13+ 2,68 87,50+ 2,15 22,65+ 1,28
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ratio. At the end of each stage, during the fifth and the sixth minute,
values of VO, and VCO, were measured every 30 seconds and then
averaged over 2 min.

From these values we determined the respective part of oxidation
of carbohydrates and lipids by applying the equations of indirect
calorimetry. The point where lipids oxidation reaches its top is called
LIPOXmax. This point is calculated from smoothing the relation L
(mg/min) = 1.7 VO2 (1- RQ), as the power intensity at which the
derivative of this equation is equal to zero. There is another point
where carbohydrates become the predominant substrate used for
oxidation and represents more than 70 of energy: this point is called
the Crossover Point (CXP) [6]. We also calculated the VO2max
ACSM according to the guidelines of the American College of Sports
Medicine. This value was used to express LIPOXmax and CXP as
percentages of VO

2max’

Experimental protocol

We studied over 24 hour the effects of an exercise bout targeted
at a level determined by exercise calorimetry, each subject performed
at random order (according to Cochran and Cox’s random sampling
numbers table [7]) three sessions. They performed either 45 minutes
of steady state exercise at the LIPOXmax level, either an isoenergetic
exercise at the LIPOXzero (exercise intensity in which lipids are no
longer oxidized) or one morning at rest without any exercise.

Subjective appetite sensations. Ratings of motivation to eat
(appetite and satiety) during each session was assessed with a 140
mm Visual Analogue Scale (VAS) with words anchored at either end,
evaluating hunger, fullness, prospective consumption, and desire to
eat, adapted to French from Hill and Blundell [8]. The original version
of this questionnaire contained six questions: “How much food do
you think you could eat now” (A large amount-Nothing at all);

“Preoccupation with thoughts of food” (no thoughts of food/very
preoccupied difficult to concentrate on other things); “How hungry
do you feel?” (As hungry as I have ever felt- Not at all hungry); “How
full do you feel?” (Very full-Not at all full), “Urge to eat” (no urge to
eat/strong, want to eat now, waiting is very uncomfortable); “How
much do you think you could eat now?” (A large amount-Nothing
at all). A seventh item was added here: “My hunger has: increased/
decreased”. The energy consumed over the 24 hours is calculated
thanks to a food notebook filled by the subjects. We also applied a
dietary auto questionnaire previously validated in sedentary and
athlete subjects [9] in order to calculate caloric intake, protein
intake, and the balance among nutrients. The French version of this
classical British questionnaire of motivation to eat (appetite and
satiety) derived from Hill’s one [8] and which was used here has been
previously published elsewhere [10].

Capillary glucose was measured with the OneTouch Verio Flex™
meter (Life Scan S.A.S - 1 rue Camille Desmoulins, 92130 Issy Les
Moulineaux - France). 20 minutes after exercise and also at the end
of the morning without activity a test meal (pasta box) is proposed,
along with a scale of palatability (data not shown).

STATISTICAL ANALYSIS

Results are presented as mean + the SEM. A value of p < 0.05
was considered as significant. Comparisons were made with
nonparametric analysis of variance, and with the nonparametric tests
of Mann-Whitney and Wilcoxon. Correlations were tested by least
square fitting.
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RESULTS

On the average the LIPOXmax of these subjects occurred at 42 +
0.06 % of VO2 max and the LIPOXzero (level of exercise where the
use of lipids is none) was at 76 + 0.14 % of VO2max.

Eating behaviour

As shown on figures 1 & 2, it was observed that in these subjects
both exercise bouts increased in a similar manner on the Hill’s scale
the drive to eat ( p < 0.01) and its intensity ( p < 0.01) and have a
similar orexigenic effect.

Dietary questionnaire

As shown on figure 3, after the exercise session performed at the
LIPOXmax, the breakfast eaten in the following morning contained
less calories ( p < 0.02) and less carbohydrates ( p < 0.02) compared to
the breakfast of the preceding day. After the LIPOXzero exercise, the
breakfast remained unchanged compared to the morning following
the session without activity. There was a nonsignificant tendency to
eat more over the 24 hr after LIPOXzero (11059.7 + 1506 kJ/24hr)
compared to LIPOXmax (9678.6 + 854 kJ/24hr) and controls (9718
+925 kJ/24hr).

Blood glucose

During all exercise sessions, capillary glucose was monitored.

Selection of subjects

Exercise Calorimetry

Bioimpedance analysis
RANDOMIZATION

‘ Isoenergetic LIPOXzero exercise‘ ‘ Control (no exercise) day

‘ 45 min LIPOXmax exercise ‘

Each subject at random order performs the 3 sessions
/ during each session :

blood glucose monitoring

pasta box, eating ad libitum in lab

VAS 24hr recording food intake

breakfast at home (recorded)

Figure 1: Design of the study.
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Figure 2: Evolution of subjective feelings of appetite and satiety after a single
exercise bout. *p < 0.05. Both exercise bouts increase hunger on a rather
similar manner, and the satietogenic effects of LIPOXmax exercise that are
evidenced after a series of training sessions [10] are not observed here.
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Blood glucose was shown to significantly decrease during the session
performed at LIPOXzero (-0.06 *+ 0.02 mmol/l, p < 0.02). In this
case the decrease occurred 8 times on 10. By contrast there was no
significant change in capillary glucose during exercise performed at
LIPOXmax, since in 50% of the cases it increased and decreased in
50% of cases. As shown on figure 4, all exercise sessions that resulted
in a decrease in blood glucose induced an increase in hunger on the
VAS (p < 0.001). By contrast when exercise did not decrease blood
glucose, it was followed by a significant decrease in calorie intake over
the next 24 hours (p < 0.005) as shown on figure 5.

DISCUSSION

This randomized controlled study shows that spontaneous food
intake is decreased over the period following a bout of exercise
performed at the LIPOXmax. More precisely, the next breakfast
contains less calories and less carbohydrates. By contrast, after an
exercise bout performed at the LIPOXzero, the breakfast remains
unchanged. Blood glucose decreases during the exercise bout
performed at the LIPOXzero while it remains stable (on the average)
during an exercise bout performed at the LIPOXmax. When the
exercise bout induces a decrease in blood glucose, it increases hunger,
while exercise that does not induce a fall in blood glucose results in a
lower calorie intake over the following 24 hours.

These results lead to think that in normal weight subjects, 45 min
of exercise performed at the intensity where lipid oxidation is optimal
has a satietogenic effect. This satietogenic effect is associated on the
average with a stability of blood glucose. By contrast when exercise
is performed at the LIPOXzero and thus uses only carbohydrate as
a fuel, it frequently determines a decrease in blood glucose and an
increase in hunger.

In another work dealing with obese subjects followed during a
few months, we observed that LIPOXmax training increases the
feeling of satiety, decreases gradually the orexigenic effect of an
isolated session and decreases the caloric intake which is correlated to
a decrease of food thoughts and leads to weight loss in 72% of subjects
[10]. Therefore, this controlled randomized study extends to normal

Breakfast day -1 Breakfast day +1

2500 200
2000 4 200
i 1500 1 i 150
3 1000 | 3 100
500 - %00
04 o4
pe0.02
pe0.02

Figure 3: Upper pannel: composition in nutrients of the breakfast taken the
morning before (left) or after (right) the experimental day for the 3 experimental
procedures. Lower pannel : comparison of the two exercoise procedures with
control. Left : effect of a 45 min exercise bout targeted at the LIPOXmax on
the breakfast taken the following morning (compared to the preceding day);
Right : effect of an isoenergetic exercise bout targeted at the LIPOXzero on
the breakfast taken the following morning. It can be seen that after LIPOXmax
the breakfast has a lower calorie and carbohydrate content. On the other way
about, after LIPOXzero, it is unchanged compared to the morning following
the non exercise session.
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Effect of exercise on appetite and satiety depending on its effect on blood glucose

Delta satiety

Delta appetite

p<0,05

Figure 4: Effect of an exercise bout resulting in a decrease in blood glucose
compared to an exercise bout resulting in no decrease in blood glucose
on appetite (“How hungry do you feel”) and satiety (“How full do you feel”)
measured on the modified (and translated into French) Hill’s scale. It can be
seen that exercise bouts that decrease blood glucose result in an increase in
the score of hunger.

24 HOURS SPONTANEOUS FOOD INTAKE

CARBOHYDRATES

PROTEINS

CALORIES LIPIDS

Figure 5: Effect of an exercise bout resulting in a decrease in blood glucose
compared to an exercise bout resulting in no decrease in blood glucose
compared to the day following the non exercise session on the 24 hours
spontaneous food intake. It can be seen that after the exercise bout resulting
in no decrease in blood glucose (ie, after LIPOXmax exercise), there is a
decrease in calorie intake.

weight subjects what we previously reported in a follow-up open
study of obese patients.

These findings are likely to have important implications for
exercise prescription in the context of weight management. Currently,
the importance of physical activity in the management of obesity
is no longer a matter of controversy. It is now well established that
exercise is efficient for preventing obesity, for stabilizing weight after
weight loss, and also to decrease body fat stores. However, for the
later purpose, most studies show a rather modest effect, and there is
no consensus about the intensity level that should be targeted [11].

It has become clear since decades that high volumes of physical
activity, above 15 hours per week, are very efficient for losing weight,
and even more if exercise is practised at high intensity: this has
been remarkably demonstrated by the RESOLVE study [12]. The
important calorie deficit induced by these high volumes of exercise
is likely to explain most of the efficacy of this procedure. However,
large series of patients treated by this approach are not available, since
it is rather difficult for most obese sedentary people to find enough
time and motivation to add such volumes of physical activity to their
regular life.

Interestingly, even low volumes of exercise (3-4 hr/week)
are able to determine weight loss, as clearly evidenced by recent
studies [11,13]. A common belief is that, when exercising at low
volumes, high intensity could be more efficient because it wastes
more energy. However, high intensity exercise mostly involves
carbohydrate oxidation and thus decreases glycogen stores and
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blood glucose concentrations, resulting in increased hunger, and,
in turn, in many cases, paradoxical weight gain [14]. The results of
the current experiment provide a very likely explanation for this
apparently paradoxical observation. In individuals whose blood
glucose decreases during such short and intense exercise bouts, there
may be a predominance of the orexigenic effect of exercise and thus
overeating and weight gain.

The Study of Targeted Risk Reduction Interventions through
Defined Exercise (STRRIDE) confirms that, beside high training
volumes that are obviously a powerful weight-lowering procedure,
low volumes of activity (<4h/week) are also efficient on weight either
at low or high intensity, and are even more efficient for improving
body composition and carbohydrate metabolism at low intensity
[13]. Our current observations are in agreement with that study
and provide an additional explanation for this efficiency: clearly,
the effects of exercise on appetite and satiety are not similar at high
and low intensity, and low intensity exercise is an interesting tool to
regulate appetite.

The methods used in this study require some comments. Since
its first introduction at the end of the nineties, exercise calorimetry
has been the matter of some controversies. In a recent review [15] we
made an attempt to synthesize all this literature. It can be reasonably
considered that the averaged VO, and VCO, values of a 6 min steady
state exercise bout reflects the level of substrate oxidation that could
be measured over a period of 45 min. By contrast, the often employed
measurement on 3 min steps results in overestimation of lipid
oxidation rate. The prediction of the power at which occurs maximal
lipid oxidation by the derivative of the curve of lipid oxidation plotted
against power intensity (LIPOXmax) is fairly reproducible when
measured in standardized conditions, but is quite variable among
individuals and is modified by a host of situations (previous exercise,
feeding, etc...). Actually this level represents the intensity of exercise
that would be spontaneously selected for exercising for a long time
without being stopped by signs of exhaustion such as breathlessness
or excess sweating... Recently some reports have shown that low
volumes (3x45 min/week) of exercise targeted at this level induce
in 85% of patients a prolonged progressive weight loss [16]. Since
the zone of lipid oxidation is frequently not so narrow, it has been
suggested that an exercise calorimetry is not mandatory to prescribe
exercise targeted on lipids. However, one can also observe patients in
whom this zone is very narrow and sometimes shifted to even lower
power intensities. In this case, an exercise calorimetry is probably
helpful to avoid to target exercise in the zone where carbohydrate
wasting induces hunger.

On the whole, this study supports the hypothesis that the weight-
reducing effect of low intensity exercise is at least in part explained
by its effects on eating behavior. They are in agreement with an
observational follow-up study on obese subjects [10]. These data
allow to understand better the efficiency of this soft exercise training
protocol but are still preliminary and must be confirmed. On a
practical point of view, they lead to prompt clinicians involved in
exercise prescription for obesity to carefully take into account the
effects of exercise on appetite and satiety, which are likely to markedly
influence the efficiency of training.
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