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Abstract

\We evaluated the influence of bariatric surgery on the
balance of energy substrates during exercise, compared to
matched obese and nonobese subjects. Exercise calorimetry
was used for determining the LIPOXmax (exercise level at
which lipid oxidation reaches a maximum) in 28 obese pa-
tients after bariatric surgery (17 by sleeve gastrectomy, 7 by
Roux-en-Y gastric by-pass and 4 by gastric ring), compared to
two groups of obese, 33 matched with the preoperative BMI
and 87 matched for the actual BMI, and 322 nonobese sub-
jects, matched for age and gender. The LIPOXmax occurs at a
lower exercise intensity in obese patients treated by bariatric
surgery (23 = 0.33 %Pmax) compared to each of the other
groups (p<0.001). The maximal lipid oxidation rate was higher
in the WL group compared to OC (p<0.001) and was similar
to the WLC maximal lipox rate. However it remained lower
than in the control group (p=0.005). In conclusion, patients
who have lost an average of 42 kg after bariatric surgery have
an improved ability to oxidize fat at exercise but their peak of
lipid oxidation is shifted to lower exercise intensities.
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Introduction

Exercise is an important tool in the management of obe-
sity [1], although its effects on weight loss, considered alone,
are generally described as rather moderate [2]. It is well estab-
lished that it improves the efficiency of weight reducing proce-
dures and prevents weight regain [1].

Progresses in bariatric surgery over the last decades have
given it an increasing importance in the treatment of obesity,
due to its potent and long lasting effects of weight loss that
results in a decrease in obesity related morbidities [3].

It is attractive to develop combined strategies in which
exercise will be employed to improve the effects of bariatric
surgery and provide to patient the possibility to become less
sedentary on the long term, as has been successfully done in
other chronic diseases.

However, in the case of obesity after bariatric surgery, the
question arises of which kind of exercise should be proposed.
Recent studies propose in metabolic diseases (obesity, diabetes
mellitus) to target exercise training at the intensity level where
lipid oxidation is maximal (LIPOXmax) [4-7]. Interestingly, a pre-
liminary report indicates that this variety of exercise training
improves the weight-reducing effect of sleeve gastrectomy [8].

However, in the case of obese subjects that have lost an
important quantity of fat after bariatric surgery, there is no in-
formation available about the exercise intensity level at which
this maximal lipid oxidation occurs.

Thus, the purpose of this study was to determine LIPOX-
max in obese patients that had lost weight after bariatric sur-
gery, prior to define strategies in which exercise training will be
employed associated to surgery.

Subjects

Four groups of patients were studied. One group consist-
ed of 28 previously grade 3 obese patients (BMI > 40 Kg/m?)
who underwent bariatric surgery to induce weight loss (WL
group) after a multidisciplinary evaluation. The operative pro-
cedure consisted in 17 laparoscopic sleeve gastrectomy with
conservation of the antrum as described by Nocca and al [9], 7
laparoscopic Roux-en-Y gastric bypass as described by Gagner
and al [10], and 4 laparoscopic gastric banding by Pars Flacida
approach (Swedish Adjustable Gastric Banding) as described by
Forsell and all [11].

The average BMI in this group before surgery was 45.5 +
1.3 Kg/m?; after a follow-up of 12.9 + 3.6 months, an average
weight loss of 41.7 + 0.8 Kg was obtained, with a significant
decrease of BMI from 45.5 + 1.3 t0 32.7 + 1.2 Kg/m?2.

Two other groups of obese patients were matched for age,
gender, and respectively for post weight loss BMI (weight loss
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control group (WLC), BMI: 32.35 + 0.01 Kg/m?) and for initial
BMI (obese control group (OC), BMI: 45.23 + 0.14 Kg/m?). See
table 1.

Table 1
Weight Loss Obese control Weight Loss Control group
group group control group
n=28 n=33 n=87

n=322

Matched for
pre-operative BMI

Matched for
post-operative
BMI
39.9+0.14

Post-operative
patients

Age (years) 38.6+2.34 42.9+0.41 36.4+1.23°

BMI (Kg/m?) 455+13 4523+0.14 32.35+0.01 2238+2.04
389+23 (pre-operative)
cop Watts 50.9 +0.74 512123 62.2+0.46 41434
%Pmax 27% % 0.42 36% + 1.08 34.5%+02 3%+ 1.7
LIPOX- Watts 42.9+0.54 522408 558+035 5326
max %Pmax 23%+033 34% + 0.4%%* 30.4% + 3305+ 1. 2%%%
0.13%

Maximal lipid oxida- 2.34+0.21 1.26 £0.13*** 2.380.13 3.43+0.21%*

tion rate (mg.Kg'.min")

An additional control group (C group) was composed by
322 non obese patients (BMI: 22.38 + 2.04 Kg/m?).

All subjects in control groups (WLC, OC and C groups) were
stable for weight, sedentary and not performing regular exer-
cise.

The experimental design consisted of comparing the bal-
ance of energy substrates during exercise by indirect exercise
calorimetry to evaluate influence of bariatric surgery in obese
patients.

All subjects were asked to come and perform test in the
morning after an overnight fast (12 hours).

As generally used to individualize the increment of ex-
ercise intensity during cardiopulmonary exercise testing, the
theoretical maximal aerobic power (P__), corresponding to the
power reached when theoretical Vo, s reached, was calcu-
lated from Wassermann’s equations modified for overweight
subjects.

The test consisted of five six minute steady-state work-
loads at 20, 30, 40, 50, and 60% of P__. Consequently, they
underwent a test with the same relative incremental workload
and were compared at the same percentage of their P__ .

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 com-
puter based breath to breath exercise analyzing system (Jae-
ger MS-CPX). Thus, we could measure VO,, VCO, (in ml/min)
and calculate the non-protein respiratory quotient (RER=VCO,/
VO,).
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Calculation of Substrate Utilization, COP
and LIPOXmax

Lipid oxidation (Lipox) and carbohydrate utilization (Glu-
cox) rates were calculated by indirect calorimetry from gas ex-
change measurements according to the non-protein respirato-
ry quotient technique as previously reported [4].

VO, and VCO, were determined as the mean of measure-
ments during the fifth and sixth minutes of each step, where
CO, production from bicarbonates to compensate for lactate
acidosis becomes negligible [12].

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 carbohy-
drates 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 oxida-
tion reaches its maximal level before decreasing while carbohy-
drate utilization further increases. It is calculated as previously
reported after smoothing of the curve plotting lipid oxidation as
a function of power [4]. The maximal lipid oxidation rate at the
LIPOXmax was expressed in mg.kg™.min™.

The crossover point (COP) is the exercise intensity at which
the part of carbohydrate utilization used to provide energy be-
comes predominant over lipid oxidation. Beyond this point, the
subject is referred to as “glucodependent”. It was calculated as
the exercise intensity where 70% of the substrates used to pro-
vide energy are carbohydrates and 30% are lipids, according to
Brooks and Mercier. [13].

The LIPOXmax and the COP were expressed either in ab-
solute power values (watts) or in percentage of the theoretical
P (%P

max max)'

Validity and reproducibility of this test were assessed in a
previous publication. Coefficients of variation (CV) were calcu-
lated for RER, LIPOXmax and COP at four different intensities.
CV of RER were between 2.8 and 4.75%. CV of LIPOXmax and
COP was respectively 11.41%P__ and 11.63%P__. VO,, CO,,
RER, CHO and lipid oxidation rates were also compared during
the incremental test and during single steady-state workloads
of the same intensity performed at random order. These pa-

rameters were not significantly different.

Overall comparisons between mean values were per-
formed by Kruskall-Wallis one way ANOVA on ranks, followed
by pairwise multiple comparisons using Dunn’s method. Signif-
icant differences were accepted at p<0.05. All values are mean
+ S.E.M. Statistical analyses were performed with SigmaStat 1.0
(Jandel Scientific GmbH, Germany).
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Indirect Exercise Calorimetry

Calorimetry

There were no significant differences between obese
groups in COP neither expressed in absolute power values nor
in %P__ . However, it seems to be a trend for a shift to lower
exercise intensity for WeightlLoss group (27 + 0.42 %P __ ) com-
pared to post-operative matched group (WLC group: 34.5 *
0.02 %P__) (p=0.08). The COP in non-obese controls subjects

(C group) occurs at a higher exercise intensity level (37 + 0.01
%P, p=0.029).

LIPOXmax and Maximal Lipid Oxidation
Level

The LIPOXmax occurs at a significant lower exercise inten-
sity (23 £ 0.33 %P__) in the WL group compared to all others
groups (WLC group: 30.4 £ 0.13 %P__, p=0.002; OC group: 34

+0.42 %P__, p=0.001 and C group: 33 + 1.2 %P__, p<0.001).
Results are presented in figure 1.
90% -
40%
>
E 30% -
Q 20% -
=
10% -
0% -
WL WLC
groups

Figure 1: LIPOXmax (%P__ ).

Concerning the maximal lipid oxidation rates at LIPOXmax,
a significant difference was observed with a higher maximal
lipox rate for WL group compared to OC group, matched for
pre-operative BMI (2.34 + 0.13 mg.Kg*.min? vs. 1.26 + 0.13
mg.Kg*.min; p<0.001) . this rate was similar to the WLC maxi-
mal lipox rate (2.34 £ 0.13 mg.Kg*.min? vs. 2.39 + 0.13 mg.Kg™.
min™? ; ns) but remain lower than control group (2.34 + 0.13
mg.Kgt.mintvs. 3.43 £ 0.21 mg.Kg™*.min*; p=0.005) (Figure 1).

These increase maximal lipox rate in WL group was ob-
served despite the LIPOXmax shift to lower exercise intensity.
(Figure 2).
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Figure 2: Maximum lipid oxidation rate.

This shift to lower %P__ was not due to an artificial
“weight-loss effect” resulting in decreased theoretical P__, in-
deed theoretical P__ calculated from Wassermann’s equations
were similar in WL group before and after weight loss. Besides,
there were no significant difference between theoretical P__
calculated either from Wassermann’s equation or Astrand’s no-
mogram.

The main results of this study, as shown in figure 2, are
that obese patients that have lost an average 41 Kg after bar-
iatric surgery exhibit a higher maximal lipid oxidation rate than
obese patients matched for their pre-operatory BMI. This max-
imal lipid oxidation rate is at the same level as obese patients
matched for their post-operatory BMI. These results suggest
that the maximal lipid oxidation rate has been restored after
the important weight loss induced by bariatric surgery. By con-
trast, the exercise intensity at which this LIPOXmax occurs is
shifted to a lower value compared to those two groups of obese
subjects.

Substrate utilization during exercise in grade 3 obese
patients after weight loss, and compared with that in weight
matched patients has been already examined in previous stud-
ies. [14-15]. Actually, most of these studies used only one-step
steady-state workload and not, as we did here, multiple step
steady-state workloads. Such an experimental design is unable
to describe the bell-shaped curve of lipid oxidation. This could
explain some discrepancies among the reported results. It
seems obvious that exercise tests using several steps and al-
lowing COP and LIPOXmax determination can provide a more
precise picture of the balance of substrates during exercise.
Dealing with a bell-shaped curve, and given the wide inter-in-
dividual variability of this balance of substrates in a population,
it is impossible to know whether a single steady-state workload
is actually situated below or above the LIPOXmax. This makes
the comparison of single workloads difficult to interpret. In this
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study, a picture of the bell-shaped curve is given in every sub-
ject, allowing a comparison among all the groups.

This study is cross-sectional and should be confirmed by a
prospective one which is in progress in our unit, but it is very
likely to suggest that bariatric surgery-induced weight loss im-
proves the ability to oxidize lipids an sets it at a level of subjects
exhibiting this lower BMI, but that a marked left-shifting occurs,
so that the power intensity at which lipid oxidation is maximal,
the LIPOXmax, is lowered.

Such a shift may be a mechanism of resistance to weight
reduction that could be counteracted by adequate training.
Presumably, if theoretical levels of exercise targeting are pro-
posed without taking into account this specific situation, train-
ing would act rather at the level where carbohydrates are the
major fuel used for oxidation. We have previously demonstrat-
ed that training above the LIPOXmax mostly improves the abil-
ity to oxidize CHO at exercise rather than the oxidation of lipids
[16-17]. In others terms, training based on common guidelines
will mostly improve carbohydrate rather than lipid oxidation.

Although training regardless its metabolic meaning has
been shown to be beneficial in the management of obesity
[18] our working hypothesis is that a precise targeting at the LI-
POXmax will make it more efficient. Such a procedure has been
shown to be effective for reducing fat mass while maintaining
lean mass, and improve further ability to oxidize fat during ex-
ercise [5, 19]. Most of its weight-lowering effect seems to be
explained by an impact on eating behavior [6].

The lipid oxidation rate measured with this procedure of
exercise calorimetry at the level of LIPOXmax has been shown
to be the same as the lipid oxidation rate maintained over 45
min. of steady state exercise targeted at LIPOXmax [20].

Thus, it is attractive to propose in such obese patients to
target training at the individual LIPOXmax they exhibit after
weight reduction. The efficiency of this procedure as well as
its advantage over less specific training guideline require to be
specifically studied.

On the whole, this study shows that previously grade 3
obese patients, that have lost 41 kg on the average, are able to
oxidize lipids at exercise, and thus are likely to obtain benefit
from exercise training. However, their ability to oxidize lipids is
shifted at a lower exercise intensity so that it seems logic to pro-
pose a specific targeting of exercise training to these patients.
Further studies are in progress to answer to this question.
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