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Summary
Objectives.  —  To  validate  accelerometer  counts  against  oxygen  uptake  in  9  to  11  years  old  chil-
dren performing  a  number  of  highly  variable  physical  activities  and  to  determine  accelerometer
cut-off points  for  sedentary  behavior,  light,  moderate,  and  vigorous  physical  activities.
Equipment  and  methods.  —  Eight  boys  and  6  girls  aged  9  to  11  years  old  (height:  1.40  ±  0.06  m,
body mass:  33.5  ±  5.1  kg,  BMI:  16.9  ±  2.0  kg/m2,  body  fat:  17.0  ±  4.8%,  estimated  VO2max:
50.85 ±  4.8  ml.kg−1.min−1)  volunteered  to  participate  in  this  study.  They  performed  eight  activ-
ities of  different  intensity  namely  watching  TV,  arts-crafts,  slow  and  brisk  forward  walking,
slow backward  walking,  forward  running,  aerobics  and  step-ups  while  VO2 and  counts  were
determined  using  indirect  calorimetry  and  accelerometer,  respectively.
Results.  —  A  highly  significant  correlation  was  found  between  accelerometer  counts  and  VO2

(r  =  0.86,  P  <  0.01).  Significant  differences  were  observed  between  predicted  and  measured
VO2 for  ART,  SWB  and  Aerobic  activities  (P  =  0.0003;  P  <  0.0001  and  P  =  0.0004,  respectively).
Bland and  Altman  plot  revealed  no  significant  bias  for  all  other  activities  (−0.6  ml.kg−1.min−1,
P =  0.347)  with  95%  limits  of  agreement  (LoA)  ±  9.7  ml.kg−1.min−1.  In  addition,  watching  TV
and participating  in  art  activities  were  classified  as  sedentary  activities  (<  61  counts.  min−1),
slow walking  forward  was  classified  as  light  activity  (61—3435  counts.  min−1),  slow  backward

walking, brisk  walking  and  aerobics  were  classified  as  moderate  activities  (3436—6100  counts.
min−1)  and  step-ups  and  running  were  defined  as  vigorous  activities  (≥  6101  counts.  min−1).
© 2018  Elsevier  Masson  SAS.  All  rights  reserved.
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Résumé
Objectifs.  —  Valider  les  données  d’un  accéléromètre  par  rapport  aux  valeurs  de  la  consommation
d’oxygène  chez  des  enfants  âgés  entre  9  et  11  ans  réalisant  des  activités  physiques  d’intensités
variables et  de  déterminer  les  points  de  rupture  de  l’accéléromètre  entre  les  activités  dites
sédentaires,  légères,  modérées  et  vigoureuses.
Matériels  et  méthodes.  —  Huit  garçons  et  6  filles  âgés  entre  9  et  11  ans  (taille  :  1,40  ±  0,06  m,
masse corporelle  :  33,5  ±  5,1  kg,  IMC  :  16,9  ±  2,0  kg/m2,  masse  grasse  :  17,0  ±  4,8%,  VO2max
estimé :  50,85  ±  4,8  mL.kg−1.min−1)  ont  participé  volontairement  à  cette  étude.  Ils  ont  réalisé
8 activités  d’intensités  variables  :  regarder  la  télévision,  participer  à  des  activités  artistiques,
marche  lente  et  rapide,  marche  lente  vers  l’arrière,  course  avant,  aérobic  et  step-ups  durant
lesquelles  le  nombre  de  coups  et  la  consommation  d’oxygène  sont  déterminés  en  utilisant
respectivement  la  calorimétrie  indirecte  et  l’accéléromètre.
Résultats.  — Une  forte  corrélation  est  enregistrée  entre  le  nombre  de  coups  donné  par
l’accéléromètre  et  la  consommation  d’oxygène  (r  =  0,86,  p  <  0,01).  Des  différences  significatives
ont été  observées  entre  les  valeurs  mesurées  et  celles  prédites  pour  les  activités  artistiques,  la
marche en  arrière  et  aérobie  (respectivement,  p  =  0,0003  ;  p  <  0,0001  et  p  =  0,0004).  La  figure
de Bland  et  Altman  montre  des  différences  non  significatives  au  niveau  du  biais  pour  toutes
les autres  activités  (−0.6  mL.kg−1.min−1 p  =  0,347)  avec  95%  des  limites  de  concordance  (LoA)
±9.7 mL.kg−1.min−1.  En  plus,  regarder  la  télévision  et  participer  aux  activités  artistiques  sont
classés comme  comportements  sédentaires  (<  61  coups.min−1),  la  marche  lente  vers  l’avant
est classée  comme  activité  légère  (61—3435  coups.min−1),  la  marche  lente  vers  l’arrière,  la
marche rapide  et  l’aérobic  sont  classés  comme  intensité  modérée  (3436—6100  coups.min−1) et
la course  avant  et  le  step-ups  sont  classés  comme  activités  vigoureuses  (≥  6101  coups.min−1).
© 2018  Elsevier  Masson  SAS.  Tous  droits  réservés.
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1. Introduction

The  increasing  prevalence  of  accelerometer  use  has
revealed  different  approaches  to  converting  accelerometer
output  (counts.min−1)  into  appropriate  biological  variables
(e.g.  energy  expenditure)  to  define  the  physical  activ-
ity  intensity  [1—6].  Studies  have  calibrated  accelerometer
counts  based  on  a  predictive  energy  expenditure  equation
derived  from  adults  [7—9].  However,  many  factors  exist  that
restrict  the  use  of  adult  prediction  equations  with  children,
such  as  children’s  higher  resting  metabolic  rate  (RMR)  and
poorer  biomechanical  efficiency  of  movements  in  perfor-
mance,  compared  to  adults  [7,10—16].

Identification  of  these  important  differences  between
children  and  adults  highlights  the  necessity  of  defining
physical  activity  (PA)  intensity  in  children  using  child  spe-
cific  energy  expenditure  prediction  equations  [11].  For  this
reason,  many  studies  began  to  consider  the  physiological  dif-
ferences  between  the  two  populations  and  have  calibrated
accelerometer  counts  in  a  controlled  laboratory  environ-
ment  with  samples  of  children  using  both  heart  rate  (HR)  and
energy  expenditure  as  an  objective  measurement  criterion
[7,10—15,17—19].  Some  studies  have  focused  on  calibrating
walking  and  running  activities  at  different  speeds  using  the
treadmill  [7,15,20].  Others  have  included  some  structured
free-living  activities  in  the  calibration  process  [3,10,14].
In  view  of  the  fact  that  the  relationship  between
accelerometer  counts  and  energy  expenditure  is  dependent
on  the  type  of  activities  performed  [21],  studies  have  estab-
lished  different  thresholds  to  define  PA  intensities  in  chil-
dren  and  adolescents  [3,11,14,22,23].  Nevertheless,  these
thresholds  vary  significantly.  For  instance,  the  light  physi-
cal  activity  intensity  (LPA)  has  been  defined  as  any  activity
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ount  between  100  and  1262  counts.min−1 by  Freedson  et  al.
22]  using  walking  and  running  activities  only.  Eston  et  al.
13], Puyau  et  al.  [10]  and  Treuth  et  al.  [14]  have  included
ree-living  activities  with  running  and  walking  activities  in
heir  studies  and  defined  the  light  activity  threshold  as
ny  count  between  500  and  3999  counts.min−1,  800  and
199  counts.min−1 and  between  100  and  2999  counts.min−1,
espectively.  Thus,  studies  have  provided  an  enormous  range
f  values;  between  100  and  3999  counts.min−1, with  which
o  define  LPA  intensity  [7,10,13—15].  In  addition,  for  moder-
te  and  vigorous  PA  intensity  thresholds  in  children,  studies
aried  widely  in  their  results.  Moderate  intensity  ranged
etween  1263  to  5700  counts.min−1,  while  the  range  of  4136
o  10,000  counts.min−1 has  been  used  to  define  vigorous
ntensity  activity  [7,10,13,14,22]. The  range  and  overlap
etween  PA  intensity  thresholds  (counts.min−1)  highlights
he  problem  of  how  to  correctly  distinguish  light  activ-
ty  from  moderate  physical  activity  intensity  levels  using
ccelerometer.  Child  and  adolescent  studies  also  illustrated

 wide  range  of  metabolic  equivalent  of  task  (MET)  values
or  the  different  PA  intensity  levels.  According  to  laboratory
tudies,  Freedson  et  al.  [7]  revealed  that  sedentary,  light,
oderate  and  vigorous  intensity  activity  were  represented
y  <1.5,  1.5—3,  3—6,  and  ≥  6  METs,  respectively.  However,
sing  both  forwards  ambulatory  and  free-living  activities,
ston  et  al.  [13]  and  Freedson  et  al.  [18]  later  revised  these

alues  and  defined  sedentary,  light,  moderate  and  vigor-
us  intensity  activity  as  equivalent  to  <3  METs,  3—6,  6—9
nd  ≥9  METs,  respectively.

In  practice,  as  the  majority  of  the  studies  have  vali-
ated  the  accelerometer  counts  in  children  and  adolescents
gainst  calorimetry  methods,  several  existing  accelerom-
ter  cut-off  points  and  MET  scales  are  available  for
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Table  1  Daily  time  plan  and  intensity  of  activities  protocol.

Day  one  protocol  5  min
resting

10  min
Watching  TV

2  min
resting

10  min
Aerobics

Day two  protocol  5  min
resting

10  min
Participating  in  art\craft

2  min
resting

10  min
Brisk  waking

Day three  protocol  5  min
resting

10  min
Slow  walking  forwards

2  min
resting

10  min
Step-up
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Day four  protocol 5  min
resting

10  min
Slow  walking

etermining  activity  intensity  [10,14,24].  However,  the
ifferences  in  age  group,  number  of  subjects,  range  of  activ-
ties  that  have  been  studied,  speed  of  locomotion  and  the
tatistical  process  used  to  create  the  thresholds  have  led
o  dissimilarity  in  cut-off  point  values  [11,22,25].  The  vari-
tions  in  the  PA  thresholds  confirm  the  idea  that  there  is
o  standard  approach  to  define  PA  intensity  in  children  and
dolescents.

Fundamentally,  as  activity  type  is  the  main  impact  on
he  accelerometer  count  thresholds  that  have  been  devel-
ped  [23],  it  has  been  documented  that  studies  applying

 treadmill-based  predictive  equation  to  estimate  energy
xpenditure  from  accelerometer  counts  underestimate  the
nergy  expenditure  of  free-living  activities  [21].  Moreover,
hen  a  cross-validity  study  applied  different  types  of  activ-

ties  rather  than  just  walking  and  running,  a  higher  level
f  classification  error  occurred  [26].  Critically,  accelerom-
ter  prediction  equations  developed  under  a  controlled
etting  do  not  accurately  predict  energy  expenditure  in  chil-
ren  during  walking  and  running  in  free-living  conditions
27].  Factors  that  may  influence  these  developed  equations
nclude  the  environmental  conditions,  ground  surface  type
nd  differences  in  pace  and  mechanical  work  under  both
onditions  [28].

Physical  activity,  particularly  under  free-living  condi-
ions,  is  considered  to  be  one  of  the  most  complex
ehaviours  to  measure  accurately.  To  our  knowledge,  there
s  no  study  that  has  validated  accelerometer  counts  against
nergy  expenditure  in  9  to  11  years  old  children  in  a
ree-living  environment  using  both  ambulatory  and  non-
mbulatory  activities.  The  purpose  of  the  present  study  was
wofold:

 to  validate  accelerometer  counts  against  oxygen  uptake
(energy  expenditure)  in  9  to  11  years  old  children  perform-
ing  a  number  of  highly  variable  physical  activities  typical
of  those  undertaken  in  free-living  conditions;

 to  determine  cut-off  points  for  sedentary  (S),  light  (L),
moderate  (M)  and  vigorous  (V)  physical  activity  using
accelerometer  counts  in  9  to  11  years  old  children.

. Materials and methods

.1.  Subjects’  characteristics
ourteen  children  (8  males  and  6  females)  aged  9  to  11
ears  old  (height:  1.40  ±  0.06  m,  body  mass:  33.5  ±  5.1  kg,
MI:  16.9  ±  2.0  kg/m2,  body  fat:  17.0  ±  4.8%,  estimated
O2max:  50.85  ±  4.8  ml.kg−1.min−1)  volunteered  to  take
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kwards
2  min
resting

10  min
Running

art  in  this  study.  Children  and  their  parents  were  informed
eforehand  about  the  objectives  and  scope  of  the  project,
he  procedures,  risks,  and  benefits  of  the  study  and  gave
heir  written  consent.  The  present  study  was  conducted
ccording  to  the  Declaration  of  Helsinki  and  the  protocol
as  fully  approved  by  the  Institutional  research  ethics
ommittee  of  ASSIX  University.

.2.  Structured  protocol  and  data  collection

ll  participants  completed  eight  activities  of  different  inten-
ity,  each  of  10  minute  duration,  across  four  different
onitoring  days  (Table  1).  These  activities  included  watch-

ng  TV,  arts-crafts,  pedestrian  locomotion  (slow  and  brisk
orward  walking,  slow  backward  walking,  forward  running)
nd  fitness  exercises  without  covering  distances  (aerobics
nd  step-ups).

.3.  Instrumentation

.3.1.  Indirect  calorimetry
espiratory  gas  exchange  was  measured  using  a  portable
reath-by-breath  gas  analysis  system  (MetaMax

®
3B  manu-

actured  by  Cortex  Biophysik,  Germany).  The  gas  analysis
ystem  provided  direct  measurement  of  gas  exchange
ncluding  O2 and  CO2 concentrations  of  the  expired  air
nd  other  physiological  variables.  O2 uptake  and  CO2 out-
ut  were  measured  during  each  breath  whilst  participants
erformed  different  physical  activities.  The  gas  analysis
ystem  takes  a  sample  of  expired  air  to  the  O2 and  CO2 sen-
ors  straight  from  the  turbine  through  the  sample  line  and
etermines  expired  O2 and  CO2 concentration.  The  system
easures  volume  continuously  and  simultaneously.  Before

ach  testing  session  started,  respired  O2 and  CO2 concen-
ration  and  respired  volume  and  flow  calibrations  were
erformed  according  to  the  manufacturer’s  guidelines.  After
arming  up  the  unit  for  40  minutes,  the  following  four  stages
f  calibration  were  applied.  Firstly,  O2 and  CO2 analysers
ere  calibrated  against  the  room  ambient  gas  alignment.
econdly,  O2 and  CO2 analysers  were  calibrated  with  a  refe-
ence  gas  of  known  composition;  oxygen  16.93%  and  carbon
ioxide  5.04%  using  a  disposable  calibration  check  gas.  Fol-
owing  this  step,  a  calibration  of  the  turbine  volume  was
ndertaken  using  a  standard  3000  mL  calibration  syringe
model  7200  WYANDOTTE,  Hans  Rudolph  Inc.  USA).  The  last

tep  is  the  one  point  calibration  and  is  performed  immedi-
tely  before  the  test  starts  to  check  for  accurate  reading
uring  all  measurements,  as  well  as  to  check  the  associa-
ion  between  the  gas  flow  and  gas  concentrations.  All  data
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collected  during  the  measurement  were  stored  in  the  inter-
nal  data  logger  for  later  downloading  to  a  PC  using  Metasoft,
version  1.3.

2.3.2.  Accelerometry
Participant  activity  was  monitored  during  eight  different
activities  (as  described  previously)  using  a  unidirectional
accelerometer  that  measures  acceleration  in  the  vertical
plane  (model  ActiGraph  GT1  M,  ActiGraph  LLC,  Fort  Walton
Beach,  FL).  The  ActiGraph  is  a  uniaxial  accelerometer  that
measures  body  movement  in  terms  of  acceleration,  which
can  then  be  used  to  estimate  physical  activity  intensity  lev-
els  over  time  [28,29].  This  instrument  has  the  ability  to
detect  the  normal  human  motion  and  to  reject  high  fre-
quency  motion  vibrations  encountered  while  performing  the
activities  [27].  The  accelerometer  is  a  compact  instrument,
which  means  it  does  not  inhibit  the  participant  during  the
study.  It  measures  3.8  ×  3.7  ×  1.8  cm  and  weighs  just  27  g
and  detects  acceleration  in  the  range  of  0.05—2.0  g  with  a
frequency  response  between  0.25—2.5  Hz  and  memory  stor-
age  capacity  of  1MB  RAM  [5].  Each  digitised  signal  is  summed
according  to  a  user  specified  time  interval  (epoch),  which
is  then  stored  internally  at  the  end  of  each  epoch.  The
ActiGraph  was  used  according  to  the  manufacturer’s  instruc-
tions  for  setting  the  initiation  and  data  downloading.  In  the
present  study,  the  ActiGraph  was  set  to  record  the  move-
ment  counts  for  a  5  second  epoch.  Activity  counts  were
expressed  as  the  average  counts  per  minute  over  10  minutes
for  each  activity.

2.4.  Statistical  analyses

Oxygen  uptake  and  accelerometer  counts  for  each  10-
minute  session  were  checked  minute  by-minute  by  using  a
one  way  within  subjects  ANOVA,  with  a  posthoc  paired  sam-
ples  t-test  and  Bonferonni  adjustment  to  find  out  if  there
were  any  spurious  data.  After  that  a  period  with  stable
response  of  a  measured  signal  during  the  activities  was  iden-
tified.

Using  this  analysis  it  was  noted  that  VO2 increased  up  to
minute  4 and  remained  almost  stable  thereafter  until  minute
9.  Furthermore,  VO2 either  increased  or  decreased  during
minute  10  because  participants  tended  to  give  either  addi-
tional  or  less  effort  during  the  last  minute  depending  on  the
type  of  activity.  Therefore  VO2 results  from  minute  4  to  9  of
the  data  for  each  activity  were  identified  as  stable  and  used
in  subsequent  data  analysis.

A  one  way  within  subjects  ANOVA,  with  paired  samples  t-
test  and  Bonferonni  correction  factor  were  then  carried  out
to  determine  differences  in  oxygen  uptake  (mL.kg−1.min−1)
and  accelerometer  (counts.min−1)  between  activities  dur-
ing  the  stable  periods.  A  linear  regression  model  was  then
used  to  characterise  the  relationship  between  accelerom-
eter  (counts.min−1)  and  VO2 (mL.kg−1.min−1)  for  only  slow
and  brisk  forwards  walking  and  running  firstly,  and  then  for
all  eight  activities  together.

After  checking  the  normality  of  the  differences  between

subjects’  measured  and  predicted  VO2  (that  is  residual
error)  by  using  the  Kolmogorov-Smirnov  test,  the  95%  limit
of  agreement  (LoA)  method  originally  described  by  Bland
and  Altman  [30]  was  used  to  assess  the  agreement  and
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roportional  bias  between  measured  and  predicted  VO2.
o  investigate  systematic  bias,  a  paired  Student’s  t-test
as  used  to  test  hypothesis  of  no  difference  between  the

ample  mean  values  for  the  measured  versus  the  sample
ean  values  for  predicted  VO2.  Since,  significant  differ-

nces  were  observed  between  predicted  and  measured  VO2
or  ART,  SWB  and  Aerobic  activities  (P  =  0.0003;  P  <  0.0001
nd  P  =  0.0004,  respectively),  Bland  and  Altman  plot  was
resented  for  all  other  activities  (watching  TV,  SWF,  BW,
tep-ups  and  running).  Heteroscedasticity  was  revealed  by
alculating  a  correlation  coefficient  between  the  absolute
ifference  and  the  average  of  measured  and  predicted  VO2.
s  heteroscedasticity  was  found  in  the  present  data,  a

og  transformation  and  antilog  (back  transformation)  were
pplied  giving  values  that  can  be  interpreted  in  relation  to
he  original  scale.

Finally,  all  participants’  VO2 max  were  predicted  from
0  m  Shuttle  Run  Test  (20  m  RST)  with  PA  intensity  lev-
ls  defined  according  to  the  American  College  of  Sports
edicine  (ACSM)  using  oxygen  uptake  reserve  (VO2.R)  as  an
lternative  to  the  maximal  oxygen  consumption  percentage
31]. Accordingly,  a range  of  the  activity  counts  were  then
sed  to  define  thresholds  for  children’s  PA  intensity  levels.
he  selected  method  was  adopted  from  Treuth  et  al.  [14].
he  intensity  classification  method  is  based  on  two  crite-
ia:  firstly,  identification  of  the  highest  activity  intensity
nd  secondly,  identification  of  the  lowest  activity  inten-
ity  level.  This  method  attempts  to  minimise  the  number  of
alse  positives  (counts  observed  for  low  intensity  threshold
hat  go  higher  than  a  given  threshold)  and  negatives  (counts
bserved  for  higher  intensity  threshold  that  fall  below  a
iven  threshold).  Significance  was  set  to  P  ≤  0.05  through-
ut.  All  analyses  were  performed  using  SPSS  software  (SPSS,
ersion  20.  Inc,  Chicago,  IL,  USA)  and  MedCalc  software  pro-
ram.

.  Results

.1.  VO2 and  accelerometer  counts  from  minute  4
o 9  in  all  activities

O2 values  and  accelerometer  data  for  all  activities  are  dis-
layed  in  Fig.  1.  TV  and  art  activities  have  the  lowest  mean
O2 and  accelerometer  values  were  significantly  lower  than
ll  other  activities  (P  <  0.001).  Comparison  between  mean
alues  for  TV  and  art  activities  demonstrated  no  signifi-
ant  difference  in  the  mean  VO2 or  accelerometer  values
P  >  0.05).

In terms  of  VO2,  slow  walking  backwards  (SWB)  was  signi-
cantly  (P  <  0.001)  higher  than  slow  walking  forwards  (SWF).
owever,  when  comparing  SWF  and  SWB  using  the  mean
ccelerometer  counts  it  was  found  that  there  was  no  sig-
ificant  difference  between  activities  (P  >  0.05).  Fig.  1a  also
hows  that  SWB,  brisk  walking  (BW)  and  aerobics  activities
ave  similar  mean  VO2 values.  Mean  accelerometer  counts
or  SWB,  BW  and  aerobics  (Fig.  1b)  were  significantly  dif-

erent  from  one  another  (P  <  0.001).  In  contrast  to  the  VO2

ean  values,  accelerometer  counts  showed  that  aerobics
as  performed  at  a  significantly  higher  intensity  than  SWB
r  BW  (P  <  0.001).
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Figure  1  a:  Relative  VO2 values  in  all  physical  activity  domains  for  minutes  4—9;  b:  accelerometer  counts  (counts.min−1)  in  all
physical activity  domains  for  minutes  4—9.  a:  indicates  significantly  different  from  TV;b:  indicates  significantly  different  from  Art;c:
indicates significantly  different  from  SWF;d:  indicates  significantly  different  from  SWB;e  indicates  significantly  different  from  BW;
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 indicates  significantly  different  from  Aerobic;  g:  indicate  sign
rom running.

Step-ups  and  running  activities  showed  the  greatest
ean  values  for  VO2 and  accelerometer  counts  and  both
ere  significantly  higher  intensities  than  all  other  activi-

ies  (P  <  0.001).  They  were  not  significantly  different  from
ach  other  with  respect  to  the  two  different  methods  of
easurements  (P  >  0.05).

.2.  VO2 as  a  function  of  accelerometer  counts

elationship  between  VO2 values  and  accelerometer  data,
or  ambulatory  activities  (slow  and  brisk  forwards  walk-
ng  and  running)  and  for  all  activities  are  shown  in  Fig.  2.

hen  looking  at  the  mean  values  from  all  eight  activities,
 highly  significant  correlation  (r  =  0.86,  P  <  0.01)  was  found
etween  accelerometer  counts  and  VO2. Fig.  2  also  illus-

rates  that  VO2 for  all  pedestrian  forward  locomotion  (slow
nd  brisk  forwards  walking  and  running  activities)  were  well
xplained  by  accelerometer  counts.  Including  all  eight  activ-
ties  demonstrated,  however,  a  risk  of  underestimation  of

v
s
t

ntly  different  from  step-up;  h:  indicates  significantly  different

O2 with  the  more  coordinative  challenge  such  as  backward
alking.  Moreover,  in  all  eight  activities  linear  regression

ends  to  overestimate  VO2 values  in  activities  with  vertical
ovements  without  significant  locomotion  such  as  in  aero-
ics.

Giavarina  [32]  stated  that  ‘‘correlation  studies  the
elationship  between  one  variable  and  another,  not  the
ifferences,  and  it  is  not  recommended  as  a  method  for
ssessing  the  comparability  between  methods’’.  The  Bland
nd  Altman  plot  analysis  is  a  simple  way  to  assess  a  bias
etween  the  mean  differences,  and  to  estimate  the  limits
f  agreement,  within  which  95%  of  the  differences  of  the
econd  method,  compared  to  the  first  one,  fall.  Our  results
howed  that  mean  bias  between  predicted  and  measured
O2 for  Art,  SWB  and  Aerobic  activities  were  statistically
ignificant  (−2.0,  −22  and  6.1  ml.kg-1.min-1,  respectively).
Bland  and  Altman  plot  of  measured  versus  predicted  VO2
alues  for  watching  TV,  BWF,  BW,  Step-ups  and  running  is
hown  in  Fig.  3.  The  residual  errors  between  scores  on  the
wo  methods  were  normally  distributed  (P  =  0.168)  and  the
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Figure  2  Relationship  between  VO2 values  and  accelerometer  data,  for  slow  and  brisk  forwards  walking  and  running  (dark  line)
and for  all  activities  (dashed  line).

 VO2

g
o

3
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Figure  3  Bland  and  Altman  plot  of  measured  versus  predicted
and running.

heteroscedasticity  coefficients  was  r  =  0.482  (P  <  0.0001).
The  mean  difference  (bias)  and  the  95%  limits  of  agree-
ment  was  −0.6  ±  9.7  ml.kg-1.min-1.  Log  transformation  of
the  measured  and  predicted  VO2  reduce  the  heteroscedas-
ticity  to  r  =  −0.108  (P  =  0.373).  There  is  no  significant  bias
between  log-transformed  mean  scores  for  the  two  methods

(P  =  0.610).  The  residual  errors  between  scores  on  the  two
methods  log  transformed  data  were  normally  distributed
(P  =0.915).  The  mean  difference  (bias)  ±  the  95%  limits  of
agreement  was  −0.01  ±  0.16.  Taking  antilog  of  these  values
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during  watching  TV,  slow  and  brisk  forwards  walking,  step-ups

ave  a  mean  bias  of  1.010  with  an  agreement  component
f  ×  ÷1.174.

.3.  Defining  accelerometer  cut-off  points  for  PA
ntensities
lassification  of  PA  intensity  threshold  [33]  was  defined
ccording  to  the  participant’s  level  of  fitness  related  to  VO2

ax  estimated  from  20  m  SRT  as  shown  in  Table  2.  According
o  the  participants’  average  VO2 max  value,  four  different
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Table  2  Summary  of  PA  intensity  for  sedentary,  light,  mod-
erate and  vigorous  levels,  calculated  from  estimated  VO2

max.

Physical  activity  level  VO2.R% VO2 (mL.kg−1.min−1)

Sedentary  <  20  <  13.8
Light  20—39  13.9—22.9
Moderate  40—59  23—32.1
Vigorous 60—84 32.2—43.5
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range  of  motion  at  the  knee  joint.  Moreover,  the  general
VO2.R% indicates the Oxygen uptake reserve.

A  levels  were  found.  Watching  TV  and  participating  in  art
ctivities  were  classified  as  sedentary  intensity,  SWF  was
lassified  as  light  intensity,  SWB,  BW  and  aerobics  were  clas-
ified  as  moderate  intensity  and  step-ups  and  running  were
efined  as  vigorous  intensity.

Table  3  shows  summary  of  the  PA  intensity  threshold
ounts  for  sedentary,  light,  moderate  and  vigorous  levels
nd  the  numbers  of  true  cases,  false  positives  and  false
egatives  for  the  accelerometer  threshold.  Based  on  the
elected  methods  of  defining  the  accelerometer  threshold
n  children’s  PA  intensities;  TV  and  Art  reported  no  false
ositives  or  false  negatives  at  <  61  counts.min−1 as  shown  in
able  3.  However,  only  2  false  positives  were  found  when
lassifying  activity  at  light  intensity;  and  no  false  negatives
ere  reported  at  the  light/moderate  threshold.  When  SWB
as  included  to  define  the  moderate  activity  intensity,  a
igh  number  of  false  negatives  were  recorded.  This  is  a
onsequence  of  the  fact  that  the  accelerometer  could  not
etect  any  significant  differences  between  SWB  and  SWF.  To
inimise  the  number  of  false  negatives  at  moderate  inten-

ity,  SWB  was  excluded  from  the  analysis.  A  lower  number
f  false  positives  and  false  negatives  were  observed  at  the
hreshold  range  from  3436  to  6100  counts.min-1.  Using  both
tep-ups  and  running  activities  to  define  vigorous  PA  inten-
ity  resulted  in  4  false  negative  cases  at  a  threshold  of  ≥  6101
ounts.min−1.  However,  no  false  positive  was  reported  at
his  PA  intensity  level.

. Discussion

he  purpose  of  the  current  study  was  twofold:

 to  validate  accelerometer  counts  against  oxygen  uptake

in  9  to  11  years  old  children  performing  a  number  of  highly
variable  physical  activities  typical  of  those  undertaken  in
free-living  conditions;

m
w
g

Table  3  Summary  of  the  PA  intensity  threshold  counts  for  sedent
false positives  and  false  negatives  for  accelerometer  threshold.

PA  level  Accelerometer  (counts.min−1)  Total  numbe

Sedentary  (SPA)  <  61  28  

Light (LPA)  62—3435  14  

Moderate (MPA)  3436—6100  28  

Vigorous (VPA)  ≥  6101  28  
B.  Al-Hadabi,  R.  Haj  Sassi

 to  determine  cut-off  points  for  sedentary  (S),  light  (L),
moderate  (M)  and  vigorous  (V)  physical  activity  using
accelerometer  counts  in  9  to  11  year  old  children.

The  main  finding  of  the  present  study  was  the  strong
orrelation  (r  =  0.86)  and  the  acceptable  95%  limits  of
greement  between  the  accelerometer  counts  and  energy
xpenditure  as  measured  by  VO2, which  supports  the  sugges-
ion  that  accelerometer-based  activity  monitoring  is  a  valid
nd  useful  assessment  of  children’s  PA  in  general.  However,
hilst  activities  such  as  watching  TV,  BWF,  BW,  Step-ups  and
unning  appear  to  be  robustly  detected  by  accelerometry,
here  are  clear  limitations  concerning  the  correct  detection
f  activity  intensity  of  all  other  activity  domains  like  partic-
pating  to  Art-Craft,  SWB  and  aerobic  activities.  Indeed,  the
ccelerometer  used  in  the  present  study  significantly  under-
stimated  the  energy  expenditure  as  measured  by  VO2  of
rt-Craft  and  SWB  (−2.0,  −9  ml.kg.-1.min-1,  respectively),
ut  significantly  overestimated  the  energy  cost  of  Aerobic
ctivity  (6.1  ml.kg.-1.min-1).

Accelerometry  was  not  able  to  discriminate  between
eal  light  exercise  with  relatively  low  vertical  movements
ike  SWF  and  coordinative  more  complex  activities  such  as
WB,  which  requires  more  muscular  activity  as  indicated
y  the  relatively  high  VO2.  This  additional  muscular  activ-
ty  appears  not  to  induce  sufficient  vertical  movements  of
he  centre  of  body  mass  to  be  measured  by  the  accelerom-
ter.  Reflecting  on  how  the  children  managed  SWB  suggests
hat  the  additional  muscular  activity  compared  to  SWF  were
ncluded  to  performance.  Moreover,  many  body  segments,
ncluding  the  trunk,  are  being  coordinated  during  the  SWB
ctivity;  mainly  compensatory  balance  movements  of  arms
nd  possibly  co-contractions  of  leg  and  trunk  muscles  which
id  not  generate  sufficiently  strong  vertical  movements  of
he  centre  of  body  mass  to  register  on  the  accelerometer
33]. Masumoto  et  al.  [34]  reported  that  walking  back-
ards  in  water  resulted  in  a  significantly  greater  muscle
ctivation  compared  with  walking  forwards;  for  instance
n  paraspinal  muscles,  vastus  medialis  and  tibialis  anterior
uscles.  Furthermore,  numerous  performance  differences
etween  modes  of  locomotion  such  as  forwards  and  back-
ards  movements  have  been  shown  by  empirical  studies
s  reviewed  in  Bates  et  al.  [33].  For  example,  SWB  has
ess  trunk  inclination  and  tends  to  reduce  overall  range  of
otion  at  the  hip  joint  in  terms  of  greater  flexion  and  lesser

xtension.  Additionally,  SWB  increases  the  active  functional
uscle  activity  patterns  are  unique  for  each  direction  of
alking  where  the  muscle  activity  of  the  lower  extremities  is
reater  in  backwards  versus  forwards  walking.  This  explains

ary,  light,  moderate  and  vigorous  levels  and,  the  true  cases,

r  of  cases  Truecases  False  positives  False  negatives

28  0  0
12  2  0
20  4  4
24  0  4



n  

p
r
t
T
a
u

e
c
t
f
t
t
t
t
a
h
1
T
F
[

t
V
t
a
n
b
e
t
t
o
e
i
t
s
i
o
w
r
[
w
m
t
t
S
t
a
u
f
f
t
t
a
i
t
m
a
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the  greater  physiological  demands  resulting  in  higher  energy
expenditure  by  SWB  [35].  Unfortunately,  using  a  uniaxial
accelerometer  placed  on  the  right  hip  in  the  current  study
did  not  detect  the  extra  motion  produced  by  different  body
segments  that  led  to  this  additional  energy  expenditure.
Whether  a  three-dimensional  accelerometer  might  be  able
to  recognise  the  potential  slow  hip  movements  is  as  yet
unknown.  Possibly  combinations  of  different  accelerome-
ter  positions  located  at  the  arms  and/or  legs  are  a  feasible
alternative  to  address  this  kind  of  traditionally  undetected
activity.  On  the  other  hand,  the  nature  of  aerobic  activ-
ity  is  a  combination  of  movements  such  as  walking  without
locomotion,  jumping,  and  trunk  bending  etc.,  most  of  which
generate  vertical  hip  movements,  which  may  lead  to  over-
estimation  of  energy  expenditure  via  accelerometer  counts
(Fig.  2).  To  validate  accelerometer  counts  against  oxygen
uptake  (energy  expenditure)  across  a  range  of  physical  activ-
ities  (watching  TV,  SWF,  BW,  Step-ups,  Running)  a  Bland  and
Altman  method  was  used.  No  significant  bias  was  observed
between  the  two  methods.  Bias  ±  95%  LoA  was  given  as  -
0.6  ±  9.7  ml.kg-1.min-1.  This  LoA  seems  to  be  very  large.
Since  heteroscedasticity  was  found  in  the  present  data,  a
log  transformation  and  antilog  (back  transformation)  were
applied  giving  values  that  can  be  interpreted  in  relation  to
the  original  scale  [30].  Log  transformed  data  reduced  het-
eroscedasticity  coefficient  and  gave  a  mean  bias  ±  95%  LoA
of  −0.01  ±  0.16.  When  antilog  of  these  values  was  taken,
the  results  could  be  expressed  as  the  mean  bias  ×  ÷  95%
of  agreement  component  (0.990  ×  ÷1.174).  Consequently,
95%  of  the  ratios  for  the  sample  (log-transformed  measured
values  divided  by  log  transformed  predicted  values)  should
be  contained  between  the  values  1.162  (0.990  ×  1.174)  and
0.844  (0.990  ÷  1.174).  To  put  these  results  in  a  practical  con-
text  [36],  for  a  subject  from  the  study  population  presented
with  measured  VO2  of  20  ml.kg-1.min-1,  there  is  a  95%  prob-
ability  that  their  predicted  values  from  the  accelerometer
could  be  as  high  as  20  ×  1.162  =  23.24  ml.kg-1.min-1,  or  as
low  as  20  ×  0.844  =  16.87  ml.kg-1.min-1.  We  could  consider
these  LoA  very  acceptable.

The  present  results  do  not  fully  support  previous  findings
[9]  that  accelerometry  is  less  sensitive  at  detecting  move-
ments  that  require  raising  the  body  in  the  vertical  plane
compared  with  high  frequency  body  mass  oscillations  such
as  running.

Most  studies  have  used  the  average  counts  of  moderate
and  vigorous  physical  activity  intensities  (MVPA)  to  pre-
dict  the  time  spent  participating  in  free-living  PA.  BW  has
been  previously  identified  as  moderate  activity  intensity
through  the  health  promotion  guideline  recommendation,
which  gives  participating  at  a  minimum  of  moderate  activ-
ity  level  using  BW  as  an  example  [36].  Combining  both  times
spent  at  MVPA  intensities  would  reduce  the  current  study
threshold’s  false  cases  from  28%  and  14%,  respectively,  down
to  only  7%  for  both  intensities.

Comparing  the  accelerometer  thresholds  defined  in  the
current  study  with  the  previously  published  accelerometer
thresholds  in  children  [10,14,22],  illustrated  that  Puyau’s
accelerometer  intensity  threshold  results  in  a  lower  count

threshold  (≥  2880  counts.min−1)  for  moderate  intensity
compared  to  the  present  study.  However,  this  is  combined
with  higher  counts  for  the  lower  border  of  vigorous  inten-
sity  (≥  7380  counts.min−1).  The  higher  vigorous  threshold
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resented  by  Puyau  et  al.  [10]  could  be  due  to  the  use  of
unning  on  a  treadmill  as  well  as  jogging  on  a  track  compared
o  running  at  a  set  speed  of  8  km.h−1 in  the  current  study.
herefore,  the  lower  limit  of  moderate  intensity  might  be
ttributable  to  the  differences  in  the  type  of  activity  being
sed  between  the  two  studies.

The  current  study  provided  similar  results  to  Treuth
t  al.  [14]  for  the  threshold  of  sedentary  intensity  (<  90
ounts.min−1).  However,  the  present  study  has  a  higher
hreshold  count  for  the  rest  of  the  intensities.  These  dif-
erences  could  be  interpreted  as  a  result  of  using  different
ypes  and  numbers  of  activities  at  each  intensity  level  (a
otal  of  11  different  activities  in  Treuth  et  al.  [14]  compared
o  8  in  the  current  study).  Freedson  et  al.  [22]  defined  the
hreshold  for  both  moderate  and  vigorous  intensities  with
lmost  twice  the  corresponding  count  numbers  and  also  used
igher  counts  for  the  lower  light  intensity  threshold  with
260  compared  to  62  counts.min−1 for  the  current  study.
hese  large  threshold  differences  may  reflect  the  fact  that
reedson’s  study  has  combined  data  from  both  Puyau  et  al.
10]  and  Treuth  et  al.  [14]  to  develop  his  threshold  model.

In  the  current  study,  two  regression  equations  (Equa-
ion  1:  VO2 =  0.004  x  accelerometer  counts  +  5.14  and  2:
O2 =  0.0043  x accelerometer  counts  +  5.14)  were  developed
o  predict  VO2 values  from  accelerometer  counts  for  all
ctivities  and  slow  and  brisk  forwards  walking  and  run-
ing,  respectively.  Although  high  correlations  were  found
etween  the  two  variables  in  both  equations,  when  all
ight  activities  were  included  the  linear  regression  equa-
ion  demonstrated  a  high  risk  of  underestimating  VO2 with
he  more  coordinative  challenge  of  backward  walking,  and
f  overestimation  in  activities  with  a  high  proportion  of
lements  generating  small  vertical  impulses  without  signif-
cant  locomotion,  such  as  aerobics.  These  results  highlight
hat  the  nature  of  the  activity  is  an  important  factor  that
hould  be  considered  when  the  intensity  of  PA  in  children
s  estimated  based  on  accelerometer  measurements.  Based
n  VO2,  all  forms  of  pedestrian  forward  locomotion  were
ell  described  by  accelerometer  counts,  (R2 =  0.70).  Similar

esults  have  been  reported  by  previous  research  on  children
6,7].  However,  children  do  not  normally  only  perform  for-
ard  walking  and  running  activities.  When  a  comparison  was
ade  between  observed  and  predicted  VO2 values  from  the

wo  energy  expenditure  prediction  equations  developed  in
he  current  study,  equation  1  tended  to  underestimate  only
WB  activity  compared  to  the  ambulatory  activities  equa-
ion,  which  underestimated  and  overestimated  SWB  and
erobics  activities  respectively.  Thus,  equation  1 could  be
sed  in  the  9—11  age-group  to  assess  energy  expenditure
or  two  key  reasons.  Firstly,  children’s  PA  particularly  under
ree-living  conditions  is  considered  to  be  highly  variable  in
erms  of  the  activity  types  they  perform  and  therefore,  since
his  equation  included  both  ambulatory  and  non-ambulatory
ctivities,  it  is  applicable  in  this  case.  Secondly,  as  the  activ-
ty  type  is  the  main  impact  on  the  accelerometer  counts
hreshold  developed  [23],  both  equations  tend  to  underesti-
ate  SWB  activity  only,  which  is  not  one  of  the  most  common

ctivities,  yet  is  one  of  the  types  of  linking  movements

etween  activities,  according  to  the  observation  study  car-
ied  out  by  the  main  author.

In  conclusion,  the  present  study  aimed  to  define
ccelerometer  cut-off  points  for  sedentary,  light,  moderate
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nd  vigorous  PA  intensities  in  9—11  year  old  participants  in
ree-living  activities  using  indirect  calorimetry  as  the  gold
tandard.  The  accelerometer  used  in  this  study  predicted  in

 very  acceptable  way  oxygen  uptake  and  could  be  consid-
red  as  an  interesting  tool  for  predicting  energy  expenditure
uring  physical  activities  such  as  watching  TV,  SWF,  BW,
tep-Ups  and  Running.

In  the  field  of  physical  activity  measurements,  studies  are
ormally  concerned  with  how  much  time  individual  children
pend  participating  at  different  PA  intensity  levels  that  are
perationally  defined  as  sedentary,  light,  moderate  and  vig-
rous  activity.  Therefore,  the  accelerometer  cut-off  points
hat  have  been  defined  in  this  study  could  be  used  to  assess
he  quantity  of  the  PA  levels  in  9-11  years-old  children,  espe-
ially  for  watching  TV,  BWF,  BW,  Step-ups  and  Running.  In
ddition,  using  the  current  study’s  defined  accelerometer
ut-off  points  could  add  more  features  to  enhance  pre-
ision  in  assessing  the  PA  intensities  using  the  same  age
roup.  The  current  study  presented  accelerometer  cut-off
oints  in  terms  of  counts.min−1 for  9—11  year-old  children.
his  method  has  been  used  throughout  the  literature,  and
herefore  allows  for  the  assessment  of  differences  between
tudies.  One  unique  element  of  this  study  was  the  inclusion
f  the  slow  walking  backwards  and  Aerobic  activity  in  the
ccelerometer  validation  approach  in  9—11  year-old  chil-
ren.
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