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Summary
Introduction.  —  The  main  problem  in  obesity  management  is  weight  regain  that  occurs  after
all currently  used  slimming  procedures.  Regular  physical  activity  remains  the  most  effective
measure  to  stop  this  weight  regain.  Among  the  varieties  of  training  that  can  be  offered,
endurance  exercise  at  low  to  moderate  intensities  targeted  at  the  level  of  maximum  lipid
oxidation  (LIPOX  max)  is  one  of  the  easiest  to  implement  and  has  well-documented  effects  on
glucose metabolism,  blood  lipids,  eating  behavior,  and  body  composition.  Our  purpose  in  this
study was  to  study  the  effect  of  this  type  of  exercise  on  body  composition  over  2  years.
Methods. —  Nonrandomized  controlled  longitudinal  study.  Forty-five  obese  subjects  (14  men,  31
women,  age  =  20—85  years  old)  were  re-trained  with  LIPOXmax  (3  ×  45  min/week  at  home  with
regular follow-up  after  induction  in  hospital)  over  2  years.  They  were  compared  to  a  matched
control group  of  26  subjects.  Exercise  calorimetry  and  segmental  bioelectric  impedance  were
performed  at  the  beginning  and  at  the  24th  month.
Results.  —  Trained  group  lost  weight  (−  6  ±  1.44  kg)  over  2  years.  This  is  explained  by  a  loss  of  fat
mass (−  5  ±  1.26  kg),  affecting  truncal  fat  mass  (−  2.66  ±  0.62  kg  P  <  0.0001),  and  appendicular
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fat mass  (1.38  ±  0.72  kg  P  <  0.01).  There  is  also  a  reduction  in  lean  body  mass  (−  2.41  ±  0.86  kg,
P <  0.01).  Controls  gain  3  ±  0.85  kg  (P  <  0.001).  In  the  trained  group,  the  ability  to  oxidize  lipids
increased  (P  <  0.001)  and  there  was  a  positive  correlation  between  weight  changes  and  mean
arterial blood  pressure  at  24  months  (R  =  0.37  P  =  0.02).
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Conclusion.  —  The  weight  loss  effectiveness  of  endurance  training  targeted  at  the  LIPOXmax  is
maintained  for  24  months.  This  weight  loss  affects  both  trunk  and  appendicular  fat  mass  but
also lean  mass.  It  associated  with  a  decrease  in  blood  pressure  and  an  improvement  in  the
ability to  oxidize  lipids  during  exercise.
© 2019  Elsevier  Masson  SAS.  All  rights  reserved.
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Résumé
Introduction.  — Le  grand  problème  de  l’obésité  est  la  reprise  pondérale  qui  peut  s’observer
après toutes  les  thérapeutiques  actuellement  utilisées.  L’activité  physique  régulière  reste
la mesure  la  plus  efficace  permettant  d’enrayer  cette  reprise  de  poids.  Parmi  les  types
d’entraînement  proposés,  l’endurance  à  des  intensités  faibles  à  modérées  ciblée  sur  le  niveau
d’oxydation  lipidique  maximale  (LIPOX  max)  est  une  des  plus  faciles  à  mettre  en  œuvre  et  a  des
effets bien  documentés  sur  le  métabolisme  gluco-lipidique,  le  comportement  alimentaire,  et
la composition  corporelle.  Nos  objectifs  dans  cette  étude  ont  été  d’étudier  l’effet  de  ce  type
d’exercice sur  la  composition  corporelle  sur  2  ans.
Méthodes.  —  Étude  longitudinale  contrôlée  non  randomisée.  Quarante-cinq  sujets  obèses
(14 hommes,  31  femmes,  âge  =  20—85  ans)  ont  été  réentraînés  au  LIPOXmax  (3  ×  45  min/semaine
à la  maison  avec  suivi  régulier,  après  induction  en  milieu  hospitalier)  sur  2  ans.  Ils  ont  été
comparés  à  un  groupe  témoin  apparié  de  26  sujets.  La  calorimétrie  d’exercice  et  l’impédance
bioélectrique  segmentaire  ont  été  réalisées  au  début  et  au  24e mois.
Résultats.  —  Le  groupe  réentraîné  a  perdu  du  poids  (−  6  ±  1,44  kg)  sur  2  ans  et  −  6  ±  2,2  kg  après
5 ans.  Cela  s’explique  par  une  perte  de  masse  grasse  (−  5  ±  1,26  kg),  affectant  la  masse  grasse
tronculaire  (−  2,66  ±  0,62  kg  p  <  0,0001),  et  la  masse  grasse  appendiculaire  (1,38  ±  0,72  kg
p <  0,01).  Il  y  a  aussi  une  réduction  de  masse  maigre  (−  2,41  ±  0,86  kg,  p  <  0,01).  Les  contrôles
gagnent 3  ±  0,85  kg  (p  <  0,001).  Dans  le  groupe  réentraîné,  la  capacité  à  oxyder  les  lipides  a
augmenté (p  <  0,001)  et  on  retrouve  une  corrélation  positive  entre  les  changements  de  poids  et
la pression  artérielle  moyenne  à  24  mois  (r  =  0,37  p  =  0,02).
Conclusion.  — L’efficacité  amaigrissante  de  l’entraînement  en  endurance  au  LIPOX  Max  est  main-
tenue à  24  mois  et  l’on  observe  que  cette  perte  de  poids  affecte  la  masse  grasse  tronculaire
et appendiculaire  mais  aussi  la  masse  maigre  et  s’accompagne  d’une  diminution  de  la  pression
artérielle  et  d’une  amélioration  de  la  capacité  à  oxyder  les  lipides  à  l’exercice.
© 2019  Elsevier  Masson  SAS.  Tous  droits  réservés.
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. Introduction

he  importance  of  exercise  training  in  the  management  of
besity  is  now  well  recognized  [1],  although  its  effects  on
eight  loss,  considered  alone,  are  generally  described  as

ather  moderate  [2].  It  is  well  established  that  it  improves
he  efficiency  of  weight  reducing  procedures  and  prevents
eight  regain  [3].  Even  more,  it  is  clear  that  high  amounts

15  hrs/wk  or  more)  of  endurance  and/or  resistance  exer-
ise,  can  induce  an  important  weight  loss  together  with

 host  of  beneficial  biological  alterations  [4].  The  issue
s  more  controversial  with  low  volumes  of  exercise  train-
ng.  Numerous  studies  investigate  the  promising  effects  of
ophisticated  strategies  based  on  interval  training  [5],  but
here  is  also  some  literature  on  the  effects  of  low  volumes
f  endurance  training  [6].  Surprisingly,  low  volumes  (eg:

 ×  45  min/week)  of  low-to-moderate  intensity  endurance
xercise  have  proven  to  be  an  efficient  tool  for  reducing
ody  fat  stores  and  improving  carbohydrate  metabolism,
hile  at  higher  intensities  the  metabolic  benefit  is  less  obvi-
us  [7].  This  paradox  is  explained  by  the  fact  that  exercise
Please  cite  this  article  in  press  as:  Hammoudi  L,  et  al.  Effec
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s  not  only  a  mean  to  induce  an  energy  deficit,  but  exerts
dditional  effects  on  metabolism  that  are  obvious  at  low
olume,  and  that  low  intensity  exercise  involves  more  lipid

i
e
s

xidation  than  high  intensity  [8].  Even  more,  low  volumes
f  exercise  targeted  at  an  intensity  that  privilegiates  car-
ohydrate  oxidation  often  induce  a  paradoxical  weight  gain
9]  explained  by  the  fact  that  they  increase  hunger  and  food
ntake  [10].

Therefore,  there  is  a rationale  to  target  low  volumes  of
xercise  at  the  intensities  where  lipids  are  oxidized  [11,12]
ather  to  higher  intensities.  This  approach  has  been  demon-
trated  to  induce  weight  loss  by  its  own  [13]  and  to  have  a
rolonged  effect  over  more  than  3  years  [14].

Therefore,  it  is  clearly  established  that  exercise  targeted
n  lipid  oxidation  is  an  easy  and  efficient  way  to  obtain  a
eight  loss  on  the  long  term.  However,  little  is  known  until
ow  on  the  tissues  affected  by  this  weight  loss.  Weight  loss
trategies  that  maximize  fat  mass  loss  —  while  minimizing
ean  mass  loss  —  are  generally  assumed  to  provide  the  great-
st  health  benefit  for  this  demographic,  although  evidence
rom  well-designed  trials  is  needed  to  guide  recommenda-
ions  [15].  Actually,  over  a  short  period  (3  months),  several
tudies  have  shown  that  training  targeted  on  lipid  oxidation
nduced  a  decrease  in  fat  mass  associated  with  a  maintain-
ts  of  2  years  endurance  training  targeted  at  the  level  of
,  https://doi.org/10.1016/j.scispo.2019.11.003

ng  or  even  an  increase  in  fat-free  mass  [13]. This  protective
ffect  on  fat-free  mass  consists  with  the  effect  of  high  inten-
ity  which  may,  on  the  opposite,  decrease  fat-free  mass  [16].

https://doi.org/10.1016/j.scispo.2019.11.003


 IN+Model

p
t
t
b
C
c
c
b
a
n
c
c
w
b
e
m
e
i
f
a
f

2

E
i
d
h
s
m
3

2

D
v
a
i
0

3

O
g
c
t
8
(
g
i
s

o
L
o

ARTICLESCISPO-3402; No. of Pages 8

2  years  training  at  LIPOXmax  

Presumably,  maintaining  a  greater  fat-free  mass  is  likely
to  be  beneficial  for  metabolism  and  for  health.  However,
recent  studies  suggest  that  this  issue  is  more  complex  and
that  the  higher  fat-free  mass  observed  in  obese  sedentary
patients  is  associated  with  insulin  resistance  [17]. There-
fore,  it  is  not  sure  that  the  maintaining  or  the  increase  of
this  fat-free  mass  during  a  weight-loss  strategy  is  beneficial.

It  is  clear  on  the  other  hand  that  exercise  training  is  an
efficient  technique  for  maintaining  fat-free  mass  in  people
involved  in  a  weight-loss  strategy  [18].  This  is  true  even  for
moderate  intensity  exercise  [19].

Therefore,  the  purpose  of  this  study  was  to  assess  on  the
long  term  (2  years)  the  effects  of  low  volumes  of  exercise
targeted  on  lipid  oxidation  on  fat  mass  and  fat-free  mass  in
obese  subjects.

2. Materials and methods

2.1.  Subjects

We  investigated  in  this  study  the  weight  loss  of  a  cohort  of
45  subjects  that  continued  LIPOXmax  training  over  2  years
(14  men,  31  women,  age:  20—85  years,  body  mass  index:
22—43  kg/m2)  was  compared  to  a  matched  control  group.
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’  char-
acteristics  are  shown  in  Table  1.  The  2  cohorts  were  matched
for  weight  and  body  mass  index.

2.2.  Bioelectrical  impedance  measurements

Prior  to  the  exercise-test,  subjects’  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  [20,21].

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  [21].  Muscle  mass  was  assessed  with
Janssen’s  equation  from  hand-foot  resistance  at  50  kHz  [22].

2.3.  Bioelectrical  impedance  measurements

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  theo-
retically  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
Please  cite  this  article  in  press  as:  Hammoudi  L,  et  al.  Effec
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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
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arameters  were  monitored  continuously  throughout  the
est  by  standard  12-lead  procedures.  Metabolic  and  ventila-
ory  responses  were  assessed  using  a  digital  computer-based
reath  to  breath  exercise  analyzing  system  (COSMED  Quark
PET).  Thus,  we  could  measure  VO2,  VCO2  mL/min)  and
alculate  the  non-protein  RER.  Lipid  oxidation  (Lipox)  and
arbohydrate  utilization  (Glucox)  rates  were  calculated
y  indirect  calorimetry  from  gas  exchange  measurements
ccording  to  the  non-protein  respiratory  quotient  tech-
ique  as  previously  reported  [23].  This  technique  provided
arbohydrate  and  lipid  oxidation  rates  at  different  exer-
ise  intensities.  Additionally,  after  smoothing  the  curves,
e  calculated  the  two  parameters  quantifying  the  balance
etween  carbohydrates  and  lipids  induced  by  increasing
xercise  intensity:  the  maximal  lipid  oxidation  point  (LIPOX-
ax)  and  the  Crossover  Point  (COP).  The  LIPOXmax  is  the

xercise  intensity  at  which  lipid  oxidation  reaches  its  max-
mal  level  before  decreasing  while  carbohydrate  utilization
urther  increases.  It  is  calculated  as  previously  reported
fter  smoothing  of  the  curve  plotting  lipid  oxidation  as  a
unction  of  power.

.4.  Coaching  and  follow-up  of  patients

ach  subject  included  in  the  exercise  group  was  enrolled
n  eight  exercise  sessions  of  45  min  at  the  LIPOXmax
etermined  with  the  exercise  test  in  order  to  include  in
is/her  everyday  life  at  least  3  similar  bouts  of  low  inten-
ity  endurance  exercise  per  week.  Subjects  were  followed
onthly  in  outpatient  unit  for  the  first  year  and  then  every

 or  4  months  [24].

.5.  Statistical  analysis

escriptive  statistics  were  performed.  A  two-way  analysis  of
ariance  (ANOVA)  was  used  to  determine  whether  there  was
n  effect  of  training  vs.  non  training  over  time  and  whether
t  was  different  between  the  two  groups.  A  P-value  less  than
.05  was  used  to  assess  statistical  significance.

.  Results

n  the  average  there  was  a  gradual  weight  loss  in  the  trained
roup  (−  6  ±  1.44  kg  after  2  years  P  <  0.0001)  while  in  the
ontrol  group  there  was  a  trend  to  weight  increase.  Among
rained  subjects,  39  lose  weight  (from  1  to  36.9  kg)  e.g.
6.7%,  while  6  lose  no  weight  or  actually  gained  weight
13.3%).  The  Fig.  1  shows  the  difference  between  the  two
roups  showing  an  increasing  difference  among  non  trained
ndividuals  who  gain  weight  on  the  average  while  trained
ubjects  lose  weight.

The  Fig.  1  shows  the  average  evolution  of  body  weight
ver  2  years.  While  controls  gained  weight  over  this  period,
IPOXmax  group  lose  weight.  Weight  loss  at  1  year  was
bserved  in  exercise  and  controls  group,  but  at  2  years  there
ts  of  2  years  endurance  training  targeted  at  the  level  of
,  https://doi.org/10.1016/j.scispo.2019.11.003

as  a  weight  regain  (P  <  0.01)  in  controls  so  that  results  were
etter  (P  <  0.0001)  in  the  exercise  group  who  maintained
eight  loss  in  86.7%  of  subjects.  Average  weight  loss  was

 6  ±  1.44  kg  after  2  years  for  the  LIPOX  max  group.

https://doi.org/10.1016/j.scispo.2019.11.003
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Table  1  Study  subjects  (mean  ±  SEM).

Gender  (F/M)  AGE  (yr)  Weight  (kg)  BMI  (kg/m2)

LIPOXmax  (N  =  45)  31F/14  M  52  ±  2  88  ±  3.22  31  ±  4.81
Controls (N  =  26)  18F/8  M  49  ±  2  90  ±  3.29  32  ±  0.83

Comparison: LIPOXmax and control groups are matched for age, weight and body mass index. No significant difference between the
two groups.

Figure  1  Respective  evolution  of  weight  (in  kg)  over  the  2  years.  It  can  be  seen  that  controls  gained  weight  over  this  period,
while LIPOXmax  group  lose  weight.  Weight  loss  at  1  year  was  observed  in  exercise  and  controls  group,  but  at  2  years  there  was
a weight  regain  (P  <  0.01)  in  controls  so  that  results  were  better  (P
86.7% of  subjects.  Average  weight  loss  was  −  6  ±  1.44  kg  after  2  yea

Figure  2  Individual  weight  loss  responses  in  the  LIPOXmax
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roup. There  are  86.7%  responders  (among  whom  20%  are  good
esponders  losing  more  than  10%  of  the  initial  weight),  and
3.3% non  responders  who  lose  no  weight  or  even  gain  weight.

The  Fig.  2  shows  the  individual  responses  to  the  exer-
ise  strategy  over  2  years.  It  can  be  seen  that  there  are
6.7%  responders  (among  whom  20%  are  good  responders
Please  cite  this  article  in  press  as:  Hammoudi  L,  et  al.  Effec
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osing  more  than  10%  of  the  initial  weight),  and  13.3%  non
esponders.

As  shown  on  Fig.  3,  the  body  composition  changes
ver  2  years.  The  LIPOX  max  group  loses  fat  mass

a
e
t

 <  0.0001)  in  the  exercise  group  who  maintained  weight  loss  in
rs  for  the  LIPOX  max  group.

FM)  (−  5  ±  1.26  kg,  P  <  0.001)  and  loses  lean  mass
−  2.41  ±  0.86  kg,  P  <  0.01),  while  controls  gain  fat  mass
ith  an  average  of  3  ±  0.85  kg  (P  <  0.001).

Although  there  was  an  overall  effect  of  training  on  fat-
ree  mass,  analysis  of  the  various  components  of  fat  free
ass  especially  the  muscular  mass  assessed  by  Janssen’s

quation  (Fig.  4) did  not  change  over  the  2  years  in  either  of
he  two  groups.  By  contrast,  the  effect  on  fat  mass  (FM)
s  shown  on  Fig.  5. It  can  be  seen  that  the  two  compo-
ents  of  FM  are  significantly  decreased.  The  LIPOX  max
roup  lost  2.66  ±  0.62  kg  of  truncal  fat  mass  (P  <  0.0001),
nd  1.38  ±  0.72  kg  of  appendicular  fat  mass  (P  <  0.01)  over

 years  of  re-training.  By  contrast,  there  is  no  significant
hange  in  the  body  composition  of  fat  mass  in  the  control
roup.

The  Fig.  6  shows  the  evolution  of  fat  oxydation  of  the
rained  (LIPOX  max)  group.  There  is  a  better  fat  oxydation
P  <  0.001)  over  2  years  of  training.

. Discussion

his  study  confirms  that  low  intensity  exercise  training  tar-
eted  at  the  LIPOXmax  has  a  long-term  efficiency  on  weight
oss,  and  evidences  for  the  first  time  that  this  weight  loss
omprises  a  decrease  in  both  truncular  and  appendicular  fat
tores  together  with  a  decrease  in  fat-free  mass.
ts  of  2  years  endurance  training  targeted  at  the  level  of
,  https://doi.org/10.1016/j.scispo.2019.11.003

The  main  limit  of  this  study  is  obviously  that  this  is
n  observational  study,  without  initial  randomization.  How-
ver,  this  is  a controlled  study  since  the  cohort  of  LIPOXmax
rained  subjects  is  compared  to  a  control  group.  The  groups

https://doi.org/10.1016/j.scispo.2019.11.003
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Figure  3  Body  composition  of  the  2  groups  after  2  years.
There is  a  significant  decrease  (P  <  0.01)  withan  average  of
2.41 ±  0.86  kg  of  lean  mass  (LM)  for  the  Lipox  group  after  2  years
of re-training,  with  also  a  significant  decrease  (P  <  0.001)  with
an average  of  5  ±  1.26  kg  fat  mass  (FM).  Whereas,  there  is  a  sig-
nificant  increase  (P  <  0.001)  with  an  average  of  3  ±  0.85  kg  fat
mass (FM)  after  2  years  in  the  control  group.  The  comparison
of the  2  groups  by  ANOVA  test  reveals  a  significant  difference
(P <  0.0003)  between  the  groups.

Figure  4  Evolution  of  free  fat  mass  and  its  two  components
(muscle  and  non-muscle  FFM)  over  2  years.  There  is  an  overall

Figure  5  Fat  mass  body  composition  (Truncular  FM,  Appen-
dicular  FM)  of  the  two  groups.  There  is  a  significant  decrease
(P <  0.0001)  with  an  average  of  2.66  ±  0.62  kg  of  truncal  fat
mass, as  well  as  an  average  of  loss  of  1.38  ±  0.72  kg  of  appen-
dicular  fat  mass  (P  <  0.01)  in  the  group  LIPOX  after  2  years  of
re-trainig.  By  contrast,  there  is  no  significant  change  in  the
control  group.

Figure  6  Lipid  oxidation  during  exercise  calorimetry  in  the
LIPOX  group  before  and  after  2  years  of  training.  There  is  a  sig-
nificant  (P  <  0.001)  increase  in  lipid  oxidation  at  rest,  at  the  first
decrease  in  FFM  in  trained  subjects  but  neither  muscle  nor  non-
muscle  FFM  is  significantly  modified.

LIPOXmax  and  control  have  the  same  BMI  and  age  and
are  thus  well  matched  for  possible  confounding  factors.
Another  limitation  is  the  fact  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  pro-
Please  cite  this  article  in  press  as:  Hammoudi  L,  et  al.  Effects  of  2  years  endurance  training  targeted  at  the  level  of
maximal  lipid  oxidation  on  body  composition.  Sci  sports  (2020),  https://doi.org/10.1016/j.scispo.2019.11.003

cedure  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.  By

level (P  <  0.001)  and  at  second  level  of  the  stress  test  (P  <  0.01)
after 2  years  of  re-training.

https://doi.org/10.1016/j.scispo.2019.11.003
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ontrast  a  strength  of  this  study  is  to  show  a  sample  of  sub-
ects  in  conditions  of  ‘‘true  life’’,  continuing  their  training
ver  2  years  or  more  with  on  the  average  persisting  weight-
educing  effects.

A  randomized  control  trial  of  similar  groups  will  be  useful
o  do,  but  such  a  study  will  probably  be  extremely  expensive
nd  difficult  to  manage.  The  control  group  is  not  a  series  of
atients  randomized  and  assigned  to  a  non-treatment  fol-
ow  up,  but  a  sample  of  subjects  that  still  wanted  to  be
ollowed  but  were  unable  to  start  a  weight  reducing  pro-
edure,  expecting  to  do  so  in  a  next  future.  The  evolution
f  weight  in  this  control  group  is  similar  to  that  reported  in
TRRIDE  [25],  which  is  +  1.0  ±  2.7%  of  initial  body  weight.
n  our  series,  it  is  interesting  to  see  that  in  the  control
roup,  weight  gain  increases  after  time:  2.4  ±  5.12  kg  over
wo  years.  This  finding  clearly  shows  that  continued  physical
nactivity  results  in  progressive  weight  gain,  as  pointed  out
y  the  authors  of  STRRIDE  [25].

A  major  originality  of  this  study  on  LIPOXmax  compared
o  other  studies  on  low  intensity  exercise  is  that  training  is
argeted  on  the  basis  of  exercise  calorimetry.  Most  studies
ssume  that  low  intensity  below  50%  VO2max  involves  to

 large  extent  fat  oxidation  [25],  but  when  large  series  of
xercise  calorimetries  are  performed  it  is  clear  that  there  is

 large  interindividual  variability  [26]  so  that  a  theoretical
alue  calculated  with  a  fixed  percentage  of  VO2max  may  fall
utside  of  the  zone  of  maximal  lipid  oxidation  in  60—70%
f  patients  [27].  Therefore,  the  use  of  exercise  calorimetry
elps  to  precisely  target  exercise  on  lipid  oxidation  while
he  use  of  a  theoretical  percentage  of  VO2max  is  far  less
recise.

Some  methodological  aspects  of  the  study  need  to  be
iscussed.  Concerning  exercise  calorimetry,  the  protocol
mployed  for  calculating  lipid  oxidation  is  Pérez—Martin’s
ne  [11]  which  uses  6  min  steps,  while  other  teams  pre-
er  3  min  steps.  We  have  previously  published  that  the

 min  steps  used  by  most  authors  are  too  short  to  achieve
 steady  state  in  obese  patients  [23].  In  addition,  our
rotocol  is  based  on  the  derivation  of  the  equation  of
ipid  oxidation,  the  point  of  maximal  lipid  oxidation  being
ctually  calculated  as  the  point  where  the  derivative
f  the  equation  plotting  lipid  oxidation  against  power
ntensity  becomes  equal  to  zero  [28].  Therefore,  this
rocedure  called  LIPOXmax  is  not  fully  equivalent  to
he  FATmax  procedure  described  by  A.  Jeukendrup  and
oworkers  [29]  and  based  on  3  min  steps  without  such  a
alculation.

On  the  whole,  whatever  its  methodological  limits  due  to
he  lack  of  randomization,  this  study  unequivocally  demon-
trates  that  many  patients  included  in  such  a  protocol
radually  lose  weight  for  at  least  2  years,  and  therefore
hat  low  intensity  endurance  exercise  targeted  on  the  zone
f  maximal  lipid  oxidation  is  efficient  for  losing  weight  on
he  long  term  in  a  significant  percentage  of  obese  sub-
ects.  This  approach  is  not  the  most  widely  used  but  it
as  been  proposed  since  almost  twenty  years  as  a  promis-
ng  strategy  against  obesity  [11,29—34].  When  targeted  with
xercise  calorimetry  at  levels  where  lipid  oxidation  is  maxi-
Please  cite  this  article  in  press  as:  Hammoudi  L,  et  al.  Effec
maximal  lipid  oxidation  on  body  composition.  Sci  sports  (2020)

al  (LIPOXmax),  it  has  been  shown  to  improve  mitochondrial
espiration  [35],  blood  glucose  control  and  blood  lipids,
ow  grade  inflammation  and  body  composition,  even  at  low
eekly  volume  [12].
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Surprisingly,  this  approach  generated  less  literature,  per-
aps  because  its  weight-reducing  effects  over  the  short
erm,  although  significant,  were  not  spectacular.  However,
ts  prolonged  use  has  already  been  shown  to  result  in

 sustained  weight  loss  [24,12]  which  contrasts  with  the
uite  constant  weight  regain  observed  in  almost  all  classical
trategies  [3].

The  weight  reducing  effects  found  in  study  over  2  years
re  in  agreement  with  those  of  our  previous  study  with  the
ame  methodology  on  3  years  [14,37]. The  average  weight
oss  after  2  years  (−  6  kg)  and  the  rate  of  positive  results
86.7%)  are  quite  the  same  as  the  weight  loss  at  3  years  in  our
receding  study  (5.31  kg,  efficacy  in  80%  of  subjects).  There-
ore,  LIPOXmax  training  has  a  slow  effect  but  this  effect
ecomes  quite  interesting  on  the  long  term.  In  a  recent
resentation,  we  showed  that  weight  loss  was  actually  main-
ained  over  more  than  4  years,  resulting  at  this  time  into  a
ody  weight  at  −  9.16  ±  3.4%  of  initial  weight  [36,37].

Interestingly,  both  truncular  and  appendicular  fat  mass,
hich  have  different  pathophysiological  relevance  [15],
xhibit  a  significant  decrease  in  the  LIPOX  max  group  over

 years  of  training.  Thus,  clearly,  this  training  procedure
ecreases  fat  stores  in  various  locations  in  the  body.

It  is  more  surprising  to  observe  that  there  is  also  a  signif-
cant  decrease  in  fat-free  mass.  This  finding  contrasts  with
he  effect  of  short  term  LIPOXmax  training  as  presented  in
omain’s  meta-analysis  [13]  which  showed  on  the  average

 preservation  or  an  increase  in  fat  free  mass.  On  the  long
erm,  the  picture  is  thus  different.  Since  the  treatment  of
besity  aims  at  reducing  fat  mass  and  not  fat-free  mass,
he  decrease  of  the  latter  which  is  commonly  observed  in
ost  procedures  is  generally  considered  as  a  concern  and  the

eed  to  preserve  fat-free  mass  is  emphasized  [38].  However,
 paradox  of  fat-free  mass  has  been  recently  pointed  out  by
he  team  of  I.J.  Dionne  who  reported  that  in  sedentary  obese
atients  this  parameter  was  not  associated  with  a  beneficial
etabolic  profile  but  was,  on  the  other  way  about,  an  inde-
endent  determinant  of  insulin  resistance  and  thus  of  the
etabolic  syndrome  [14,39]. Therefore,  in  such  patients,

here  are  compounds  of  fat-free  mas  that  are  not  bene-
cial  for  metabolism  and  that  can  be  losen  during  weight
eduction  without  harm.  Interestingly,  in  this  study,  muscle
ass  as  determined  by  Janssen’s  equation  is  not  decreased
y  training,  indicating  that  the  loss  of  fat  free  mass  affects
nother  component  but  not  muscle  mass.  The  exact  effect  of
his  loss  of  fat  free  mass  after  long  term  LIPOXmax  training
equires  further  studies  to  understand  its  pathophysiological
elevance.

. Conclusion

n  conclusion,  our  study  clearly  demonstrates  that  for  the
roup  of  patients  included  in  the  LIPOXmax  procedure  there
s  still  losing  weight  after  2  years  of  endurance  training  at
ow  intensity.  This  long-term  effect  is  not  usual  in  obesity
tudies  and  will  require  to  be  further  investigated.  One  of
he  next  steps  of  this  study  is  to  investigate  whether  this
ts  of  2  years  endurance  training  targeted  at  the  level  of
,  https://doi.org/10.1016/j.scispo.2019.11.003

eight  loss  persists  in  the  future  years  or  if  there  is  a  later
endency  to  weight  regain  as  observed  with  almost  all  other
limming  procedures.  In  addition,  the  alterations  in  body
omposition  evidenced  here  require  to  be  further  analyzed,

https://doi.org/10.1016/j.scispo.2019.11.003
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since  beside  the  expected  decrease  in  fat  mass  there  is
also  a  decrease  in  fat-free  mass  which  is  likely  to  be  not
deleterious  in  this  context,  but  remains  poorly  understood.
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