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Preface	
  

	
  
This	
  PhD	
  thesis	
  presents	
  results	
  obtained	
  from	
  The	
  Childhood	
  Health,	
  Activity	
  and	
  Motor	
  
Performance	
  study,	
  Denmark	
  –	
  The	
  CHAMPS	
  study-­‐	
  DK.	
  In	
  2007	
  the	
  city	
  council	
  of	
  the	
  
municipality	
  of	
  Svendborg,	
  Denmark	
  decided	
  to	
  create	
  sports	
  schools	
  with	
  the	
  intention	
  to	
  
improve	
  physical	
  health	
  of	
  children	
  (the	
  Svendborg	
  project).	
  The	
  CHAMPS	
  study	
  was	
  made	
  
responsible	
  for	
  the	
  evaluation	
  of	
  this	
  project.	
  The	
  study	
  is	
  on	
  going	
  since	
  August	
  2008	
  and	
  
has	
  the	
  overall	
  aim	
  to	
  investigate	
  the	
  effect	
  of	
  additional	
  physical	
  education	
  in	
  a	
  school	
  
based	
  curriculum	
  on	
  children’s	
  health.	
  The	
  studies	
  of	
  this	
  thesis	
  have	
  focus	
  on	
  bone	
  health	
  
in	
  childhood.	
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  support	
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  process.	
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  always	
  highly	
  qualified	
  feedback	
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works.	
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  thank	
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  supervisors	
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  Steffen	
  Husby	
  for	
  believing	
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  project	
  and	
  being	
  helpful	
  initiating	
  the	
  project,	
  Professor	
  Niels	
  Wedderkopp	
  for	
  
including	
  the	
  bone	
  health	
  project	
  in	
  the	
  CHAMPS	
  study.	
  Thank	
  you	
  for	
  support	
  and	
  help	
  in	
  
all	
  phases	
  of	
  the	
  study.	
  Many	
  thanks	
  to	
  PhD,	
  MD,	
  Anders	
  Schou	
  for	
  the	
  initiation	
  of	
  the	
  
project	
  and	
  for	
  including	
  me	
  in	
  the	
  idea	
  in	
  the	
  first	
  place.	
  Thank	
  you	
  for	
  support	
  and	
  
scientific	
  guidance.	
  I	
  owe	
  gratitude	
  to	
  associate	
  professor	
  Lone	
  Agertoft	
  for	
  introducing	
  me	
  
to	
  the	
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  scan.	
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  owe	
  many	
  thanks	
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my	
  colleagues	
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  the	
  CHAMPS	
  study:	
  Heidi	
  Klakk,	
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  Jespersen,	
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  Franz,	
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Christiansen	
  and	
  Niels	
  Christian	
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  sharing	
  hard	
  work,	
  but	
  most	
  of	
  all	
  laughs	
  and	
  many	
  
good	
  moments.	
  	
  Thanks	
  to	
  friends	
  at	
  RICH	
  for	
  companionship	
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  conferences	
  in	
  Cornwall	
  
and	
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1.	
  Introduction	
  

1.1.	
  Why	
  is	
  it	
  important	
  to	
  focus	
  on	
  bone	
  health	
  in	
  childhood?	
  
This	
  question	
  was	
  asked	
  in	
  our	
  research	
  group	
  before	
  we	
  entered	
  The	
  CHAMPS	
  study-­‐DK	
  
during	
  the	
  fall	
  2008.	
  

Many	
  factors	
  have	
  an	
  impact	
  on	
  bone	
  health	
  such	
  as	
  gender,	
  genetics,	
  
vitamins,	
  lifestyle	
  and	
  various	
  diseases	
  1,	
  2.	
  Weight-­‐baring	
  activity	
  increases	
  bone	
  mineral	
  
content	
  (BMC)	
  whereas	
  inactivity	
  during	
  bed	
  rest	
  caused	
  by	
  disease	
  decreases	
  BMC	
  3.	
  

Osteoporosis	
  is	
  a	
  systemic	
  skeletal	
  disease	
  characterized	
  by	
  a	
  low	
  bone	
  
mineral	
  density	
  (BMD)	
  and	
  deterioration	
  of	
  the	
  inner	
  microarchitecture	
  of	
  the	
  bone	
  tissue	
  
4,	
  5.	
  Osteoporosis	
  has	
  traditionally	
  been	
  considered	
  a	
  disease	
  of	
  the	
  elderly,	
  however,	
  there	
  
is	
  an	
  increasing	
  recognition	
  of	
  the	
  importance	
  of	
  bone	
  mineral	
  acquisition	
  during	
  growth	
  as	
  
one	
  way	
  to	
  prevent	
  this	
  disease	
  6.	
  Approximately	
  200	
  million	
  people	
  are	
  affected	
  by	
  
osteoporosis	
  worldwide	
  and	
  the	
  prevalence	
  is	
  expected	
  to	
  increase	
  due	
  to	
  aging	
  of	
  the	
  
population7.	
  I	
  the	
  year	
  2000	
  there	
  were	
  an	
  estimated	
  9.0	
  million	
  osteoporotic	
  fractures	
  
worldwide,	
  and	
  the	
  greatest	
  number	
  of	
  the	
  fractures	
  occurred	
  in	
  Europe	
  (34.8%)8.	
  It	
  is	
  
estimated	
  that	
  30-­‐50%	
  of	
  all	
  women	
  and	
  15-­‐30%	
  of	
  men	
  will	
  suffer	
  from	
  an	
  osteoporosis	
  
related	
  fracture	
  during	
  a	
  lifetime	
  9,	
  10.	
  Osteoporosis	
  is	
  considered	
  to	
  be	
  one	
  of	
  the	
  most	
  
common	
  public	
  diseases	
  and	
  a	
  considerable	
  socio-­‐economic	
  burden.	
  A	
  recent	
  estimate	
  for	
  
the	
  direct	
  costs	
  of	
  osteoporotic	
  related	
  fractures	
  are	
  €	
  29	
  billion	
  in	
  the	
  five	
  largest	
  EU	
  
countries	
  (France,	
  Germany,	
  Italy,	
  Spain	
  and	
  UK)8,	
  11.	
  Although	
  osteoporosis	
  is	
  not	
  a	
  
paediatric	
  disease	
  that	
  will	
  affect	
  otherwise	
  healthy	
  children,	
  the	
  magnitude	
  of	
  the	
  problem	
  
in	
  the	
  old	
  age	
  emphasises	
  the	
  need	
  for	
  preventive	
  strategies	
  in	
  childhood.	
  	
  

Bone	
  accumulation	
  occurs	
  throughout	
  the	
  entire	
  childhood	
  and	
  adolescence	
  
and	
  reaches	
  a	
  maximum,	
  which	
  is	
  called	
  peak	
  bone	
  mass	
  (PBM).	
  This	
  maximum	
  of	
  bone	
  
mineral	
  acquisition	
  serves	
  as	
  an	
  important	
  protective	
  advantage	
  as	
  bone	
  mineral	
  density	
  
declines	
  as	
  a	
  result	
  of	
  aging,	
  illness	
  or	
  diminished	
  sex	
  steroid	
  production	
  9.	
  Childhood	
  is	
  a	
  
critical	
  time	
  for	
  the	
  development	
  of	
  lifestyle	
  habits	
  conductive	
  to	
  maintaining	
  good	
  bone	
  
health	
  throughout	
  life.	
  

The	
  Childhood	
  Health	
  Activity	
  and	
  Motor	
  Performance	
  School	
  Study,	
  Denmark	
  
(The	
  CHAMPS	
  study,	
  DK)	
  is	
  a	
  large	
  longitudinal	
  natural	
  experiment	
  including	
  ten	
  public	
  
schools	
  in	
  the	
  municipality	
  of	
  Svendborg.	
  The	
  study	
  was	
  conducted	
  to	
  evaluate	
  various	
  
possible	
  health	
  effects	
  of	
  extra	
  physical	
  education	
  lessons	
  in	
  a	
  school-­‐based	
  curriculum	
  12	
  
and	
  the	
  evaluation	
  of	
  children’s	
  bone	
  health	
  provides	
  the	
  basis	
  of	
  this	
  present	
  PhD	
  thesis.	
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1.2.	
  Bone	
  development	
  

1.2.1.	
  During	
  growth	
  
The	
  skeleton	
  changes	
  across	
  the	
  human	
  lifespan.	
  This	
  is	
  characterised	
  predominantly	
  by	
  
bone	
  formation	
  and	
  growth	
  throughout	
  childhood.	
  Followed	
  by	
  a	
  gradual	
  loss	
  of	
  bone	
  
density	
  that	
  can	
  accelerate	
  in	
  older	
  adults.	
  The	
  skeleton	
  serves	
  three	
  main	
  functions:	
  It	
  
provides	
  support	
  for	
  locomotion	
  and	
  protects	
  vital	
  inner	
  organs,	
  it	
  serves	
  as	
  a	
  reservoir	
  of	
  
calcium	
  and	
  phosphate	
  and	
  it	
  contains	
  the	
  bone	
  marrow	
  where	
  haematopoietic	
  cells	
  are	
  
developed13.	
  The	
  bone	
  tissue	
  is	
  a	
  dynamic	
  tissue	
  that	
  undergoes	
  significant	
  changes	
  
throughout	
  life.	
  Bone	
  comprises	
  of	
  a	
  collagen	
  matrix	
  into	
  which,	
  hydroxyapatite	
  crystals	
  
containing	
  calcium	
  and	
  phosphate	
  are	
  deposited	
  14.	
  The	
  bone	
  mass	
  is	
  a	
  composite	
  tissue	
  
consisting	
  of	
  an	
  organic	
  collagen	
  protein	
  and	
  inorganic	
  mineral	
  hydroxyapatite	
  and	
  the	
  
arrangement	
  of	
  these	
  composites	
  determine	
  two	
  macroscopically	
  different	
  types	
  of	
  bone	
  
tissue15.	
  The	
  cortical	
  bone	
  is	
  a	
  dense	
  tissue	
  although	
  containing	
  blood	
  vessels	
  in	
  canaliculi	
  
and	
  it	
  is	
  primarily	
  found	
  in	
  the	
  shaft	
  of	
  the	
  long	
  bones.	
  The	
  trabecular	
  bone	
  is	
  a	
  porous	
  
tissue	
  with	
  a	
  complex	
  three-­‐	
  dimensional	
  structure	
  and	
  is	
  primarily	
  situated	
  near	
  the	
  joint	
  
surfaces	
  and	
  in	
  the	
  vertebrae	
  16.	
  The	
  bone	
  mass	
  increase	
  throughout	
  childhood	
  and	
  
adolescence	
  and	
  undergoes	
  rapid	
  changes	
  due	
  to	
  growth.	
  The	
  skeletal	
  calcium	
  increases	
  
form	
  approximately	
  25	
  g	
  at	
  birth	
  to	
  900	
  to	
  1200	
  g	
  in	
  adult	
  females	
  and	
  males	
  respectively.	
  
The	
  density	
  of	
  bone	
  is	
  modulated	
  by	
  a	
  group	
  of	
  cells	
  including	
  the	
  osteoclasts	
  that	
  resorb	
  
bone	
  and	
  osteoblasts	
  that	
  refill	
  the	
  cavities	
  with	
  new	
  bone.	
  The	
  osteoclasts	
  dissolve	
  the	
  
bone	
  mineral	
  content	
  and	
  followed	
  by	
  this	
  process	
  the	
  osteoblasts	
  produce	
  and	
  deposit	
  
organic	
  matrix	
  called	
  osteoid	
  predominantly	
  made	
  by	
  collagen,	
  and	
  protein.	
  This	
  cycle	
  of	
  
bone	
  resorption	
  and	
  bone	
  formation	
  is	
  called	
  bone	
  remodeling.	
  The	
  process	
  of	
  bone	
  
formation	
  by	
  osteoblasts	
  without	
  prior	
  bone	
  resorption	
  by	
  osteoclasts	
  is	
  called	
  bone	
  
modeling.	
  This	
  results	
  in	
  an	
  increase	
  in	
  bone	
  mass	
  and	
  bone	
  size.	
  The	
  bone	
  formation	
  and	
  
bone	
  modelling	
  is	
  important	
  for	
  bone	
  growth,	
  particular	
  in	
  childhood	
  and	
  promotes	
  bone	
  
strength.	
  Remodeling	
  also	
  plays	
  an	
  important	
  role	
  during	
  growth	
  by	
  optimizing	
  bone	
  
structure.	
  With	
  advanced	
  age	
  in	
  the	
  elderly	
  there	
  is	
  an	
  advanced	
  loss	
  of	
  bone	
  mass	
  due	
  to	
  a	
  
decrease	
  in	
  osteoblast	
  activity	
  relatively	
  to	
  osteoclast	
  activity.	
  17.	
  During	
  the	
  first	
  two	
  
decades	
  of	
  life	
  the	
  modelling	
  process	
  is	
  dominating	
  and	
  result	
  in	
  the	
  growth	
  of	
  the	
  bones.	
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Figure	
  1:	
  Schematic	
  view	
  of	
  the	
  modeling	
  and	
  remodeling	
  process.	
  	
  
In	
  modelling	
  osteoblasts	
  and	
  osteoclast	
  action	
  are	
  not	
  linked	
  and	
  rapid	
  changes	
  occur	
  in	
  
the	
  amount,	
  shape	
  and	
  position	
  of	
  bone.	
  In	
  remodelling	
  osteoblast	
  action	
  is	
  coupled	
  to	
  prior	
  
osteoclast	
  action.	
  Net	
  changes	
  in	
  the	
  amount	
  and	
  shape	
  of	
  bone	
  are	
  minimal	
  unless	
  there	
  is	
  
a	
  remodelling	
  imbalance.	
  From	
  Rauch	
  2004	
  
	
  

	
  
	
  

1.2.3.	
  The	
  impact	
  of	
  puberty	
  on	
  bone	
  mineralisation	
  
Bone	
  undergoes	
  rapid	
  changes	
  during	
  puberty.	
  The	
  onset	
  of	
  puberty	
  corresponded	
  earlier	
  
to	
  a	
  biological	
  age	
  of	
  11	
  and	
  13	
  years	
  of	
  age	
  in	
  girls	
  and	
  boys,	
  respectively	
  18	
  but	
  the	
  age	
  of	
  
onset	
  of	
  puberty	
  has	
  over	
  the	
  past	
  decades	
  declined	
  19-­‐21.	
  Puberty	
  is	
  a	
  dynamic	
  period	
  of	
  
development	
  marked	
  by	
  rapid	
  changes	
  in	
  body	
  size,	
  shape,	
  body	
  composition,	
  and	
  a	
  rise	
  in	
  
sex-­‐	
  and	
  growth	
  hormones.	
  In	
  puberty	
  bone	
  mass	
  increases	
  as	
  the	
  pubertal	
  sex	
  hormones	
  
secretion	
  increases	
  and	
  the	
  growth	
  spurt	
  takes	
  place	
  with	
  a	
  dramatic	
  increase	
  in	
  height	
  and	
  
weight	
  22.	
  During	
  this	
  period	
  there	
  is	
  an	
  increase	
  in	
  bone	
  width	
  due	
  to	
  deposition	
  of	
  new	
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bone	
  on	
  the	
  periosteal	
  surface	
  in	
  boys	
  and	
  girls	
  and	
  more	
  than	
  half	
  of	
  the	
  adult	
  bone	
  is	
  
accrued	
  during	
  the	
  pubertal	
  years	
  14.	
  Pubertal	
  growth	
  is	
  characterized	
  by	
  sexual	
  
differentiation	
  and	
  rapid	
  growth.	
  During	
  puberty	
  BMD	
  increases,	
  but	
  mainly	
  as	
  a	
  
consequence	
  of	
  an	
  increase	
  in	
  bone	
  size.	
  The	
  maximal	
  rates	
  of	
  bone	
  mineral	
  accrual	
  lag	
  
behind	
  the	
  peak	
  height	
  velocity	
  and	
  hence	
  the	
  growth	
  in	
  bone	
  size	
  (Figure	
  2),	
  which	
  results	
  
in	
  relatively	
  under	
  mineralized	
  bone	
  and	
  increased	
  fracture	
  risk	
  in	
  the	
  pubertal	
  years	
  23-­‐25.	
  	
  
The	
  bone	
  mineral	
  is	
  accrued	
  at	
  different	
  rates	
  at	
  different	
  anatomic	
  sites.	
  Gains	
  in	
  the	
  
appendicular	
  skeleton	
  predominate	
  before	
  puberty,	
  whereas	
  spinal	
  growth	
  is	
  influenced	
  by	
  
sex-­‐steroids	
  and	
  therefore	
  dominate	
  during	
  puberty	
  26.	
  
	
  
Figure	
  2:	
  BMC	
  (TBLH)	
  peak	
  bone	
  mineral	
  content	
  velocity	
  curve	
  illustrating	
  the	
  velocity	
  at	
  
peak	
  BMC	
  and	
  peak	
  height	
  velocities	
  by	
  chronological	
  age	
  for	
  boys	
  and	
  girls.	
  Adapted	
  from	
  
Bailey	
  et	
  al.,	
  27,	
  28.	
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1.2.4.	
  Peak	
  bone	
  mass	
  (PBM)	
  
The	
  bone	
  mass	
  reaches	
  a	
  plateau	
  called	
  peak	
  bone	
  mass	
  (PBM),	
  which	
  is	
  the	
  maximum	
  bone	
  
mass	
  an	
  individual,	
  obtains	
  during	
  growth.	
  Gains	
  in	
  bone	
  mass	
  are	
  most	
  rapid	
  during	
  
adolescence,	
  with	
  25%	
  of	
  the	
  PBM	
  acquired	
  during	
  the	
  two-­‐year	
  period	
  surrounding	
  peak	
  
height	
  velocity	
  28.	
  The	
  PBM	
  is	
  usually	
  reached	
  in	
  the	
  early	
  twenties,	
  however	
  the	
  exact	
  age	
  
at	
  which	
  PBM	
  is	
  reached	
  is	
  uncertain.	
  There	
  are	
  gender	
  differences	
  in	
  the	
  level	
  of	
  PBM	
  with	
  
boys	
  reaching	
  higher	
  levels	
  of	
  PBM	
  than	
  girls.	
  These	
  differences	
  are	
  largely	
  due	
  to	
  genetic	
  	
  
variations	
  but	
  also	
  different	
  effects	
  of	
  sex	
  hormones	
  during	
  puberty,	
  with	
  oestrogen	
  
playing	
  a	
  key	
  role	
  in	
  both	
  genders	
  29.	
  The	
  PBM	
  is	
  relatively	
  stable	
  until	
  the	
  onset	
  of	
  natural	
  	
  
loss	
  with	
  aging.	
  At	
  menopause,	
  women	
  experience	
  an	
  accelerated	
  loss	
  for	
  3-­‐6	
  years	
  and	
  
thereafter	
  a	
  continued	
  loss	
  of	
  bone	
  mineral	
  for	
  both	
  men	
  and	
  women	
  27.	
  	
  The	
  PBM	
  may	
  be	
  
an	
  important	
  	
  predictor	
  for	
  bone	
  mineral	
  density	
  (BMD)	
  in	
  the	
  elderly	
  and	
  thereby	
  fracture	
  
risk	
  later	
  in	
  life	
  and	
  hence,	
  maximising	
  the	
  PBM	
  may	
  be	
  essential	
  in	
  the	
  prevention	
  strategy	
  
towards	
  osteoporosis	
  9.	
  

1.2.5.	
  Influences	
  of	
  genetics	
  and	
  lifestyle	
  on	
  bone	
  health	
  
The	
  BMD	
  is	
  as	
  PBM	
  a	
  key	
  predictor	
  of	
  fracture	
  risk	
  in	
  adulthood	
  and	
  it	
  accounts	
  for	
  up	
  to	
  
70%	
  of	
  the	
  variance	
  in	
  the	
  bone	
  strength	
  and	
  it	
  is	
  estimated	
  that	
  up	
  to	
  60-­‐80%	
  of	
  the	
  
variance	
  in	
  BMD	
  is	
  due	
  to	
  genetics	
  9.	
  Osteoporosis	
  is	
  a	
  polygenetic	
  disease	
  and	
  no	
  single	
  
gene	
  explains	
  the	
  disease.	
  In	
  twin	
  studies	
  several	
  genes	
  have	
  been	
  identified	
  to	
  be	
  
associated	
  with	
  variations	
  in	
  BMD	
  and	
  many	
  of	
  these	
  genes	
  were	
  identified	
  as	
  candidate	
  
genes	
  in	
  the	
  pathways	
  of	
  either	
  bone	
  formation	
  or	
  bone	
  resorption	
  30.	
  
	
   Many	
  factors	
  play	
  an	
  important	
  role	
  in	
  the	
  development	
  and	
  maintenance	
  of	
  
healthy	
  bone	
  mass.	
  Early	
  factors	
  are	
  birth	
  weight	
  and	
  infant	
  weight,	
  which	
  have	
  been	
  
linked	
  to	
  bone	
  health	
  later	
  in	
  life	
  31.	
  There	
  are	
  indications	
  of	
  intrauterine	
  conditions	
  with	
  an	
  
impact	
  of	
  the	
  development	
  of	
  bone.	
  These	
  are	
  maternal	
  smoking,	
  diet,	
  physical	
  activity	
  (PA)	
  
and	
  vitamin	
  D	
  insufficiency	
  32.	
  In	
  childhood	
  several	
  chronic	
  diseases	
  may	
  lead	
  to	
  
osteoporosis	
  due	
  to	
  decreased	
  formation	
  or	
  increased	
  bone	
  resorption.	
  Among	
  these	
  is	
  use	
  
of	
  	
  excessive	
  corticosteroid	
  in	
  diseases	
  with	
  increased	
  inflammatory	
  response,	
  eating	
  
disorders	
  such	
  as	
  anorexia	
  nervosa	
  and	
  growth	
  hormone	
  deficiency.	
  Otherwise	
  healthy	
  
children	
  do	
  not	
  experience	
  conditions	
  that	
  mimic	
  osteoporosis,	
  but	
  they	
  are	
  able	
  to	
  
influence	
  and	
  optimize	
  their	
  bone	
  development	
  through	
  lifestyle.	
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1.2.6.	
  The	
  impact	
  of	
  physical	
  activity	
  on	
  bone	
  mass 

It	
  is	
  belived	
  that	
  osteocytes	
  are	
  sensitive	
  to	
  workload,	
  also	
  referred	
  to	
  as	
  strain	
  and	
  thereby	
  
mediates	
  a	
  response	
  by	
  increasing	
  the	
  activity	
  of	
  the	
  osteoblasts	
  to	
  increase	
  bone	
  density.	
  
The	
  opposite	
  response	
  is	
  observed	
  with	
  physical	
  inactivity	
  and	
  an	
  increased	
  activity	
  of	
  
osteoclasts	
  is	
  seen.	
  This	
  was	
  described	
  by	
  Harrold	
  Frost	
  as	
  the	
  mechanostat	
  theory	
  (Figure	
  
3)33.	
  Loading	
  on	
  the	
  bones	
  from	
  physical	
  activity	
  is	
  generally	
  accepted	
  to	
  have	
  a	
  positive	
  
effect	
  on	
  BMD	
  and	
  also	
  bone	
  structure	
  in	
  both	
  animal	
  studies34,	
  35	
  and	
  human	
  studies.	
  
Positive	
  effects	
  on	
  the	
  bones	
  are	
  seen	
  in	
  childhood	
  	
  and	
  in	
  some	
  studies	
  it	
  is	
  suggested	
  that	
  
the	
  initial	
  benefits	
  of	
  PA	
  in	
  childhood	
  are	
  long	
  lasting	
  regardless	
  of	
  PA	
  levels	
  later	
  in	
  
childhood,	
  adolescence	
  or	
  in	
  adulthood	
  36-­‐39	
  although	
  these	
  studies	
  are	
  short	
  term	
  follow	
  
up	
  and	
  must	
  be	
  interpreted	
  with	
  caution.	
  Other	
  studies,	
  both	
  cross-­‐sectional	
  and	
  
longitudinal	
  indicate	
  that	
  the	
  cessation	
  of	
  sports	
  is	
  associated	
  with	
  greater	
  reduction	
  in	
  
aBMD	
  whereas	
  changes	
  in	
  bone	
  size	
  may	
  be	
  permanent40.	
  The	
  decreased	
  fracture	
  rate	
  	
  
among	
  adults	
  who	
  were	
  previously	
  active41	
  may	
  also	
  be	
  caused	
  by	
  non-­‐skeletal	
  effects	
  such	
  
as	
  increased	
  lean	
  mass	
  or	
  improved	
  coordination	
  and	
  balance.	
  The	
  impact	
  of	
  weight	
  baring	
  
exercise	
  appears	
  to	
  be	
  positive	
  and	
  well	
  documented	
  as	
  reviewed	
  by	
  Hind	
  et	
  al.,	
  2007	
  3,	
  
especially	
  during	
  pre-­‐pubertal	
  years.	
  Studies	
  have	
  examined	
  relationships	
  between	
  
physical	
  activity	
  and	
  bone	
  mass.	
  Several	
  of	
  these	
  studies	
  were	
  longitudinal	
  and	
  the	
  PA	
  
measured	
  included	
  weight	
  baring	
  elements	
  42-­‐44.	
  In	
  cross-­‐sectional	
  studies	
  of	
  tennis	
  players	
  
it	
  was	
  demonstrated	
  how	
  the	
  loaded	
  arm	
  had	
  significantly	
  greater	
  bone	
  size	
  and	
  mass	
  than	
  
the	
  non-­‐loaded	
  arm	
  with	
  particular	
  differences	
  depending	
  on	
  pubertal	
  stage	
  45,	
  46.	
  In	
  studies	
  
focusing	
  on	
  the	
  impact	
  of	
  habitual	
  PA	
  on	
  bone	
  health	
  different	
  methods	
  are	
  used	
  for	
  
collecting	
  information	
  about	
  the	
  type,	
  duration	
  and	
  intensity	
  of	
  the	
  PA	
  and	
  the	
  bone	
  traits.	
  
In	
  general,	
  the	
  conclusion	
  is	
  that	
  the	
  effect	
  of	
  PA	
  on	
  bone	
  mass	
  in	
  childhood	
  is	
  mainly	
  
related	
  to	
  vigorous	
  intensity	
  level	
  47-­‐50.	
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Figure	
  3:	
  A	
  model	
  of	
  regulation	
  of	
  bone	
  strength	
  development	
  during	
  growth	
  based	
  on	
  
Frost’s	
  mechanostat	
  theory.	
  From	
  Kontulanien	
  SA,	
  2007	
  13	
  
	
  

	
  
	
  

1.3.	
  Measuring	
  body	
  composition	
  in	
  childhood	
  
The	
  body	
  composition	
  describes	
  the	
  percentages	
  of	
  bone	
  mass,	
  fat	
  mass	
  and	
  muscle	
  mass	
  
in	
  human	
  bodies.	
  Numerous	
  assessments	
  methods	
  for	
  body	
  composition	
  exist.	
  The	
  most	
  
commonly	
  used	
  methods	
  are	
  bioelectrical	
  impedance,	
  air	
  displacement	
  pletysmography,	
  
DXA	
  scans	
  and	
  MR	
  51.	
  The	
  indications	
  for	
  measuring	
  body	
  composition	
  apart	
  from	
  research	
  
are	
  the	
  need	
  to	
  describe	
  deficiencies	
  or	
  excess	
  of	
  one	
  component	
  related	
  to	
  health	
  risk	
  in	
  
order	
  to	
  create	
  suitable	
  interventions	
  to	
  reduce	
  morbidity.	
  In	
  childhood	
  the	
  indication	
  is	
  
mainly	
  research.	
  The	
  DXA	
  scans	
  provides	
  estimates	
  of	
  fat	
  mass,	
  lean	
  mass	
  and	
  bone	
  mass.	
  
The	
  DXA	
  scan	
  has	
  several	
  strengths	
  as	
  a	
  method	
  for	
  measuring	
  body	
  composition,	
  
particular	
  in	
  children.	
  The	
  scan	
  duration	
  is	
  short,	
  especially	
  the	
  GE	
  Lunar	
  Prodigy	
  (used	
  in	
  
the	
  present	
  study)	
  that	
  uses	
  narrow	
  angle	
  fan	
  beam.	
  The	
  procedure	
  is	
  non-­‐invasive	
  the	
  
accuracy	
  and	
  reproducibility	
  is	
  high	
  in	
  normal	
  weight	
  individuals	
  52	
  whereas	
  the	
  accuracy	
  
of	
  the	
  GE	
  Lunar	
  Prodigy	
  is	
  significantly	
  reduced	
  in	
  obese	
  individuals	
  53	
  .	
  The	
  limitations	
  of	
  
DXA	
  is	
  radiation,	
  however	
  the	
  effective	
  dose	
  from	
  a	
  total	
  body	
  scan	
  is	
  low	
  (<1.0𝜇𝑆𝑣)	
  and	
  
corresponds	
  to	
  less	
  than	
  5%	
  of	
  a	
  chest	
  X-­‐ray	
  or	
  5-­‐15%	
  of	
  naturally	
  occurring	
  background	
  
radiation	
  54.	
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Table	
  1:	
  Radiation	
  doses	
  from	
  DXA*	
  compared	
  to	
  other	
  procedures	
  or	
  activities,	
  from	
  MS	
  
Fewtrell	
  55	
  
	
  

	
  

	
  

1.4.	
  Measuring	
  bone	
  mass	
  and	
  densitometry	
  in	
  childhood	
  
To	
  assess	
  bone	
  density,	
  size	
  and	
  structure	
  several	
  methods	
  exists.	
  Quantitative	
  ultrasound	
  
(QUS)	
  was	
  developed	
  in	
  1984	
  for	
  the	
  assessments	
  of	
  calcaneal	
  bone	
  status	
  in	
  adults	
  56.	
  The	
  
QUS	
  measures	
  the	
  speed	
  and	
  attenuation	
  of	
  sound	
  through	
  the	
  appendicular	
  bone.	
  The	
  
method	
  is	
  based	
  on	
  ultrasound	
  and	
  has	
  several	
  advantages	
  in	
  childhood.	
  The	
  QUS	
  is	
  
portable	
  and	
  suitably	
  for	
  large	
  school	
  studies,	
  there	
  is	
  no	
  radiation	
  exposure	
  and	
  it	
  is	
  
technically	
  simple.	
  However,	
  if	
  there	
  are	
  decreased	
  values	
  of	
  the	
  output	
  from	
  the	
  QUS	
  it	
  
may	
  not	
  be	
  possible	
  to	
  detect	
  the	
  reason	
  for	
  this	
  since	
  the	
  QUS	
  is	
  dependent	
  on	
  the	
  density	
  
and	
  the	
  stiffness	
  as	
  well	
  as	
  micro-­‐	
  and	
  macrostructure	
  16.	
  
	
   Quantitative	
  computed	
  tomography	
  is	
  another	
  method	
  for	
  assessing	
  bone	
  
traits.	
  The	
  method	
  provides	
  a	
  cross-­‐sectional	
  cQCT	
  image	
  slice	
  and	
  	
  measures	
  volumetric	
  
BMD	
  (vBMD)	
  in	
  the	
  peripheral	
  skeleton	
  and	
  hence,	
  not	
  size	
  dependent.	
  The	
  method	
  is	
  
based	
  on	
  computed	
  tomography	
  and	
  was	
  developed	
  in	
  1976	
  57.	
  The	
  advantage	
  of	
  this	
  
method	
  is	
  the	
  ability	
  to	
  distinguish	
  between	
  trabecular	
  and	
  cortical	
  bone	
  and	
  it	
  estimates	
  
geometric	
  properties.	
  The	
  trabecular	
  bone	
  is	
  more	
  metabolic	
  active	
  than	
  cortical	
  bone	
  and	
  
therefor	
  more	
  sensitive	
  to	
  change	
  in	
  BMD.	
  A	
  disadvantage	
  is	
  a	
  tendency	
  to	
  underestimate	
  	
  
vBMD	
  when	
  the	
  cortical	
  bone	
  thickness	
  is	
  low16.	
  The	
  Dual	
  energy	
  x-­‐ray	
  absorptiometry	
  	
  
(DXA)	
  was	
  used	
  in	
  this	
  present	
  study.	
  The	
  DXA	
  is	
  the	
  preferred	
  method	
  for	
  assessing	
  BMC	
  
and	
  areal	
  BMD	
  58.	
  The	
  method	
  was	
  developed	
  in	
  the	
  late	
  1980s.	
  The	
  DXA	
  provides	
  a	
  2-­‐
dimensinal	
  measure	
  of	
  a	
  3-­‐dimensional	
  structure.	
  The	
  method	
  is	
  based	
  on	
  x-­‐ray	
  at	
  two	
  
different	
  energies,	
  which	
  are	
  absorbed	
  by	
  the	
  different	
  types	
  of	
  tissue	
  differently.	
  In	
  this	
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way	
  DXA	
  distinguish	
  between	
  hard	
  tissue	
  and	
  soft	
  tissue;	
  bone	
  mass,	
  lean	
  mass	
  and	
  fat	
  
mass.	
  The	
  method	
  has	
  several	
  advantages	
  but	
  also	
  limitations	
  as	
  mentioned	
  in	
  section	
  1.3.	
  

1.5.	
  Challenges	
  with	
  the	
  interpretation	
  of	
  DXA	
  outcome	
  in	
  childhood	
  
When	
  measuring	
  bone	
  density	
  by	
  DXA	
  it	
  is	
  not	
  a	
  true	
  bone	
  density	
  measured	
  since	
  the	
  DXA	
  
only	
  measures	
  a	
  cross-­‐sectional	
  area	
  of	
  the	
  bone	
  and	
  not	
  a	
  volume	
  59.The	
  estimates	
  of	
  bone	
  
by	
  the	
  DXA	
  scan	
  is	
  converted	
  into	
  grams	
  (g)	
  of	
  bone	
  tissue	
  by	
  the	
  projected	
  scan	
  area,	
  
measured	
  in	
  cm2	
  and	
  consequently	
  the	
  density	
  of	
  bone	
  estimated	
  by	
  DXA	
  is	
  defined	
  as	
  areal	
  
BMD	
  (g/cm2)=BMC	
  (g)/	
  BA	
  (cm2)	
  60.	
  In	
  adults	
  the	
  projected	
  BA	
  is	
  relatively	
  stable	
  over	
  
time	
  compared	
  to	
  children	
  and	
  does	
  therefore	
  not	
  pose	
  a	
  major	
  problem	
  in	
  a	
  longitudinal	
  
perspective.	
  In	
  growing	
  children	
  bone	
  changes	
  in	
  three	
  dimensions	
  over	
  time	
  and	
  thereby	
  
the	
  size	
  dependence	
  poses	
  a	
  potential	
  pitfall	
  when	
  evaluating	
  bone	
  changes	
  in	
  longitudinal	
  
studies	
  as	
  demonstrated	
  by	
  example	
  in	
  Figure	
  4.	
  

	
  
Figure	
  4:	
  Size	
  dependence	
  of	
  DXA:	
  An	
  example	
  of	
  two	
  “bones”	
  with	
  the	
  same	
  volumetric	
  
density,	
  however,	
  different	
  areal	
  BMD,	
  from	
  Carter	
  et	
  al.	
  61	
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The	
  net	
  result	
  of	
  the	
  example	
  given	
  in	
  Figure	
  4	
  is	
  an	
  overestimation	
  of	
  the	
  BMD	
  in	
  large	
  
bones	
  and	
  an	
  underestimation	
  of	
  the	
  BMD	
  in	
  small	
  bones.	
  	
  The	
  WHO	
  criteria	
  for	
  diagnosing	
  
osteoporosis	
  in	
  adults	
  are	
  based	
  on	
  a	
  T-­‐score	
  defined	
  as	
  the	
  standard	
  deviation	
  of	
  the	
  
observed	
  BMD	
  compared	
  with	
  that	
  of	
  a	
  normal	
  young	
  adult	
  62.	
  The	
  T-­‐scores	
  are	
  
meaningless	
  in	
  childhood	
  55.	
  Several	
  methods	
  have	
  been	
  proposed	
  to	
  adjust	
  for	
  size.	
  
	
   One	
  of	
  these	
  methods	
  as	
  described	
  by	
  Ann	
  Prentice	
  in	
  1994	
  is	
  the	
  use	
  of	
  
multiple	
  regression	
  analysis	
  and	
  simultaneously	
  adjust	
  BMC	
  for	
  BA,	
  weight,	
  height	
  and	
  
other	
  relevant	
  factors,	
  i.e.	
  age,	
  gender,	
  pubertal	
  stage	
  63.	
  Another	
  method	
  described	
  by	
  
Mølgaard	
  et	
  al.,	
  1997	
  uses	
  a	
  stepwise	
  approach	
  expressing	
  height	
  for	
  age,	
  BA	
  for	
  height	
  and	
  
BMC	
  for	
  BA	
  to	
  distinguish	
  three	
  different	
  possible	
  situations	
  in	
  which	
  reduced	
  bone	
  mass	
  
may	
  occur:	
  “short”	
  bones,	
  “narrow”	
  bones	
  and	
  “thin”	
  bones	
  64.	
  A	
  third	
  approach	
  used	
  for	
  
only	
  spine	
  and	
  hip	
  is	
  the	
  use	
  of	
  calculated	
  volumetric	
  bone	
  density	
  (bone	
  mineral	
  apparent	
  
density	
  (BMAD))	
  in	
  which	
  BMC	
  is	
  adjusted	
  for	
  calculated	
  bone	
  volume	
  rather	
  than	
  bone	
  
area	
  61.	
  Finally	
  a	
  method,	
  which	
  is	
  a	
  modification	
  of	
  the	
  third	
  method	
  where	
  bone	
  volume	
  is	
  
additionally	
  adjusted	
  for	
  height	
  to	
  correct	
  for	
  body	
  size	
  was,	
  described	
  by	
  CM	
  Schmidt	
  et	
  
al.,	
  2006	
  65.	
  	
  

1.6.	
  Measuring	
  physical	
  activity	
  in	
  childhood	
  
Physical	
  activity	
  is	
  defined	
  by	
  the	
  world	
  health	
  organisation	
  (WHO)	
  as	
  any	
  bodily	
  
movement	
  by	
  skeletal	
  muscles	
  that	
  require	
  energy	
  expenditure.	
  The	
  energy	
  expenditure	
  or	
  
the	
  movement	
  can	
  be	
  measured	
  in	
  different	
  ways	
  and	
  estimate	
  a	
  person’s	
  physical	
  activity	
  
(PA)	
  level.	
  The	
  most	
  important	
  dimensions	
  of	
  PA	
  are	
  frequency,	
  duration	
  and	
  intensity.	
  
Several	
  methods	
  for	
  measuring	
  or	
  estimating	
  these	
  dimensions	
  of	
  PA	
  are	
  developed	
  and	
  
well	
  described.	
  Among	
  these	
  are	
  self-­‐reports	
  based	
  on	
  specifically	
  designed	
  PA	
  
questionnaires	
  or	
  recall	
  that	
  rely	
  on	
  the	
  cognitive	
  ability	
  of	
  the	
  participant.	
  Other	
  methods	
  
are	
  direct	
  observations,	
  which	
  are	
  time-­‐consuming	
  and	
  unsuitably	
  for	
  large-­‐scale	
  cohort	
  
studies	
  and	
  measurements	
  of	
  heart	
  rate	
  or	
  activity	
  monitors	
  (i.e.	
  accelerometers)	
  66.	
  The	
  
accelerometer	
  is	
  frequently	
  used	
  to	
  assess	
  PA	
  in	
  childhood	
  and	
  has	
  several	
  advantages.	
  It	
  is	
  
an	
  objective	
  measure;	
  the	
  monitors	
  are	
  easy	
  to	
  use	
  for	
  the	
  participants	
  67.	
  The	
  
accelerometer	
  captures	
  estimates	
  of	
  duration	
  and	
  intensity	
  and	
  thereby	
  two	
  of	
  the	
  
important	
  dimensions	
  of	
  PA.	
  The	
  out	
  -­‐put	
  from	
  the	
  accelerometer	
  is	
  counts/	
  minutes	
  and	
  
corresponds	
  to	
  metabolic	
  equivalent	
  (MET).	
  The	
  standard	
  metabolic	
  equivalent	
  is	
  a	
  unit	
  
used	
  to	
  estimate	
  the	
  amount	
  of	
  oxygen	
  used	
  by	
  the	
  body	
  during	
  physical	
  activity.	
  1	
  MET	
  =	
  
the	
  energy	
  (oxygen)	
  used	
  by	
  the	
  body	
  at	
  rest,	
  while	
  sitting	
  quietly	
  or	
  reading	
  a	
  book,	
  for	
  
example.	
  The	
  harder	
  the	
  body	
  works	
  during	
  the	
  activity,	
  the	
  more	
  oxygen	
  is	
  consumed	
  and	
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the	
  higher	
  the	
  MET	
  level.	
  Activity	
  that	
  burns	
  4	
  to	
  6	
  METs	
  is	
  considered	
  moderate-­‐intensity	
  	
  
physical	
  activity.	
  Activity	
  that	
  burns	
  >	
  6	
  METs	
  is	
  considered	
  vigorous-­‐intensity	
  physical	
  
activity68.	
  The	
  Actigraph	
  GT3X	
  was	
  used	
  in	
  the	
  present	
  study.	
  The	
  Short	
  Messaging	
  Service-­‐
Track-­‐Questionnaire	
  (SMS-­‐T-­‐Q)	
  described	
  in	
  section	
  4.5.6.	
  was	
  used	
  in	
  study	
  II	
  to	
  assess	
  
information	
  about	
  the	
  amount	
  of	
  leisure	
  time	
  PA	
  activities	
  and	
  contain	
  information	
  about	
  
type	
  of	
  PA	
  in	
  addition	
  to	
  duration.	
  The	
  Actigraph	
  GT3X	
  has	
  low	
  intra-­‐	
  instrument	
  
coefficient	
  of	
  variation	
  as	
  well	
  as	
  inter-­‐	
  instrument	
  CV	
  at	
  lower	
  frequencies	
  (Hz)	
  ranging	
  
from	
  CV	
  0.8-­‐3.7%	
  whereas	
  the	
  CV	
  values	
  increases	
  at	
  higher	
  frequencies	
  69,	
  70.
	
   Tracking	
  studies	
  concludes	
  that	
  habits	
  of	
  PA	
  tracks	
  from	
  childhood	
  into	
  
adulthood	
  and	
  also	
  that	
  youth	
  PA	
  seem	
  to	
  decrease	
  over	
  time	
  71.	
  In	
  a	
  tracking	
  study	
  of	
  PA	
  
and	
  sedentary	
  behaviour	
  in	
  childhood	
  from	
  the	
  Iowa	
  Bone	
  Development	
  Study,	
  a	
  moderate	
  
tracking	
  correlation	
  was	
  found.	
  The	
  conclusion	
  was	
  that	
  children	
  that	
  are	
  initially	
  labelled	
  
as	
  inactive	
  or	
  active	
  may	
  change	
  PA	
  pattern	
  and	
  that	
  prevention	
  efforts	
  should	
  focus	
  on	
  
maintaining	
  and	
  increasing	
  PA	
  for	
  all	
  children	
  72.	
  Physical	
  activity	
  is	
  an	
  important	
  
contributor	
  to	
  health	
  status	
  and	
  prevention	
  of	
  several	
  diseases	
  and	
  it	
  is	
  important	
  with	
  
valid	
  tools	
  to	
  estimate	
  PA	
  in	
  order	
  to	
  monitor	
  the	
  development	
  in	
  children	
  and	
  adult’s	
  PA	
  
habits.	
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1.7.	
  School	
  based	
  physical	
  education	
  intervention	
  programmes	
  and	
  bone	
  health	
  
A	
  brief	
  summary	
  of	
  selected	
  school-­‐based	
  PA	
  interventions	
  including	
  6-­‐14	
  year	
  old	
  
children	
  is	
  referred	
  to	
  below.	
  Selected	
  studies	
  from	
  the	
  past	
  7	
  years	
  (2006-­‐	
  2012)	
  in	
  which	
  
bone	
  health	
  is	
  evaluated	
  are	
  included.	
  Studies	
  with	
  special	
  populations	
  are	
  not	
  included.	
  
There	
  have	
  been	
  a	
  number	
  of	
  school-­‐based	
  PE	
  programs	
  with	
  the	
  specific	
  aim	
  to	
  enhance	
  
bone	
  health	
  in	
  childhood.	
  The	
  intervention	
  programs	
  vary	
  in	
  length	
  and	
  type,	
  nevertheless	
  
many	
  of	
  these	
  have	
  demonstrated	
  positive	
  effects	
  on	
  the	
  bone	
  traits.	
  

	
  
	
  
Hasselstrøm	
  HA	
  and	
  Andersen	
  LB,	
  2006.	
  Denmark:	
  The	
  prospective	
  School	
  Child	
  
Intervention	
  Study	
  (CoSCIS).	
  Three-­‐year	
  intervention.	
  
The	
  CoSCIS	
  study	
  was	
  a	
  prospective	
  intervention	
  study	
  that	
  recruited	
  n=135	
  girls	
  and	
  
n=108	
  boys	
  6-­‐8	
  years	
  who	
  were	
  included	
  in	
  a	
  school-­‐based	
  curriculum	
  intervention	
  
program	
  of	
  180	
  minutes	
  per	
  week.	
  The	
  control	
  group	
  comprised	
  of	
  age-­‐matched	
  children	
  
(n=62	
  boys	
  and	
  n=76	
  girls)	
  who	
  participated	
  in	
  the	
  mandatory	
  60	
  minutes	
  of	
  PE	
  per	
  week.	
  
BMD	
  was	
  measured	
  by	
  peripheral	
  DXA	
  in	
  the	
  forearm	
  and	
  the	
  calcaneus.	
  The	
  study	
  
concluded	
  that	
  the	
  increase	
  in	
  PE	
  for	
  prepubertal	
  children	
  was	
  associated	
  with	
  a	
  higher	
  
accrual	
  of	
  bone	
  mineral	
  and	
  bone	
  size	
  after	
  3	
  years	
  in	
  girls	
  but	
  not	
  in	
  boys	
  73.	
  
	
  
Linden	
  C	
  and	
  Karlsson	
  MK,	
  2006,	
  Sweden:	
  The	
  Malmö	
  Paediatric	
  Osteoporosis	
  
Prevention	
  (POP)	
  study.	
  Five-­‐year	
  intervention.	
  	
  
The	
  POP	
  study	
  is	
  a	
  prospective,	
  controlled	
  exercise	
  intervention	
  study	
  following	
  skeletal	
  
traits	
  and	
  fracture	
  incidence	
  in	
  children.	
  Children	
  were	
  recruited	
  from	
  four	
  neighbour	
  
elementary	
  schools	
  in	
  a	
  middle-­‐class	
  area	
  in	
  Malmö.	
  Forty-­‐	
  nine	
  girls	
  and	
  81	
  boys,	
  7-­‐9	
  
years	
  of	
  age	
  were	
  included	
  in	
  a	
  school-­‐based	
  curriculum	
  based	
  exercise	
  intervention	
  
program	
  of	
  general	
  PA	
  for	
  40	
  minutes	
  per	
  school	
  day	
  (200	
  minutes	
  per	
  week).	
  Fifty	
  healthy	
  
age-­‐matched	
  healthy	
  girls	
  and	
  57	
  boys	
  assigned	
  to	
  the	
  general	
  Swedish	
  school	
  curriculum	
  
of	
  60	
  minutes	
  per	
  week	
  and	
  served	
  as	
  controls.	
  Children	
  were	
  examined	
  by	
  DXA	
  scans	
  
(total	
  body,	
  femoral	
  neck	
  and	
  lumbar	
  spine)	
  at	
  baseline	
  and	
  at	
  two	
  years	
  follow	
  up.	
  Results	
  
showed	
  that	
  there	
  was	
  a	
  significant	
  effect	
  of	
  the	
  intervention	
  on	
  the	
  annual	
  gain	
  in	
  BMC	
  
and	
  aBMD	
  of	
  the	
  lumbar	
  spine	
  and	
  the	
  femoral	
  neck	
  in	
  girls	
  74	
  and	
  of	
  the	
  lumbar	
  spine	
  in	
  
boys	
  75.	
  At	
  three,	
  four	
  and	
  five	
  year	
  follow	
  up	
  a	
  study	
  of	
  fracture	
  risk	
  was	
  performed	
  and	
  
concluded	
  that	
  the	
  school-­‐based	
  intervention	
  did	
  not	
  affect	
  the	
  fracture	
  risk	
  76-­‐78.	
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Macdonald	
  HM	
  and	
  McKay	
  HA,	
  2007.	
  The	
  Action	
  Schools!	
  BC	
  (AS!	
  BC),	
  Vancouver,	
  
Canada.	
  16-­‐month	
  intervention.	
  
The	
  AS!	
  BC	
  is	
  a	
  randomized,	
  controlled	
  school-­‐based	
  intervention	
  study.	
  Children	
  (n=410)	
  	
  
aged	
  9-­‐11	
  years	
  in	
  the	
  AS!	
  BC	
  study	
  was	
  allocated	
  to	
  intervention	
  (n=281)	
  and	
  control	
  	
  
group	
  (n=129).	
  The	
  bone-­‐loading	
  component	
  of	
  the	
  AS!	
  BC	
  consisted	
  of	
  a	
  daily	
  jumping	
  
program	
  (Bounce	
  at	
  the	
  Bell)	
  and	
  15	
  minutes	
  per	
  day	
  of	
  classroom	
  PA	
  in	
  addition	
  to	
  
regular	
  PE.	
  pQCT	
  and	
  DXA	
  were	
  used	
  to	
  evaluate	
  the	
  bone	
  traits.	
  The	
  study	
  concluded	
  that	
  
the	
  school-­‐	
  based	
  program	
  with	
  PA	
  enhanced	
  bone	
  strength	
  measured	
  by	
  pQCT	
  at	
  the	
  
distal	
  tibia	
  in	
  pre-­‐pubertal	
  boys	
  79	
  and	
  beneficial	
  effects	
  on	
  the	
  bone	
  mineral	
  evaluated	
  by	
  
DXA	
  were	
  reported	
  80	
  

	
  
Weeks	
  BK	
  and	
  Beck	
  B,	
  2008.	
  The	
  Preventing	
  Osteoporosis	
  With	
  Exercise	
  Regimens	
  in	
  
Physical	
  Education	
  (POWER	
  PE)	
  study,	
  Australia.	
  
The	
  Power	
  PE	
  was	
  a	
  prospective	
  8-­‐month	
  randomized,	
  controlled	
  exercise	
  intervention.	
  
Exercise	
  session	
  took	
  place	
  every	
  week	
  of	
  the	
  school	
  year	
  except	
  from	
  holidays.	
  Eighty-­‐one	
  
adolescents	
  aged	
  13.8	
  ±	
  0.4	
  years	
  (n=43	
  intervention;	
  n=38	
  control)	
  were	
  examined	
  at	
  
baseline	
  and	
  at	
  follow	
  up.	
  The	
  intervention	
  consisted	
  of	
  10	
  minutes	
  of	
  jumping	
  in	
  the	
  
beginning	
  of	
  every	
  PE	
  lesson	
  (twice	
  per	
  week)	
  so	
  the	
  jumping	
  activities	
  were	
  additional	
  to	
  
the	
  mandatory	
  PE	
  lessons.	
  Bone	
  parameters	
  were	
  assessed	
  by	
  QUS-­‐2	
  Ultrasound	
  
Densitometer	
  to	
  evaluate	
  broadband	
  ultrasound	
  attenuation	
  (BUA)	
  of	
  the	
  non-­‐dominant	
  
calcaneus.	
  Measures	
  of	
  BMC,	
  BMD	
  and	
  BA	
  of	
  the	
  femoral	
  neck,	
  trochanter,	
  lumbar	
  spine	
  
and	
  whole	
  body	
  were	
  made	
  with	
  an	
  XR-­‐36	
  Quick-­‐scan.	
  The	
  conclusion	
  was	
  that	
  
participants	
  of	
  the	
  jumping	
  intervention	
  achieved	
  significantly	
  higher	
  bone	
  mass	
  at	
  femoral	
  
neck,	
  trochanter,	
  whole	
  body	
  and	
  calcaneus	
  81.	
  
	
  
Meyer	
  U	
  and	
  Kriemler	
  2011,	
  The	
  Kinder	
  Sports	
  Study	
  (KISS),	
  Switzerland.	
  
One-­‐year	
  intervention.	
  
The	
  Kiss	
  is	
  a	
  randomized	
  controlled	
  trial.	
  Children	
  at	
  6-­‐12	
  years	
  were	
  recruited	
  to	
  
participate	
  in	
  the	
  KISS	
  study,	
  n=243	
  were	
  randomized	
  to	
  an	
  intervention	
  and	
  n=134	
  to	
  a	
  
control	
  school.	
  The	
  intervention	
  consisted	
  of	
  a	
  multicomponent	
  PA	
  intervention	
  including	
  
daily	
  PE	
  lessons	
  containing	
  at	
  least	
  10	
  minutes	
  of	
  specific	
  weight-­‐baring	
  exercise.	
  Children	
  
were	
  examined	
  at	
  baseline	
  and	
  at	
  one-­‐year	
  follow-­‐up	
  by	
  DXA	
  scans	
  (Total	
  body,	
  femoral	
  
neck	
  and	
  lumbar	
  spine).	
  The	
  conclusion	
  was	
  that	
  BMC	
  and	
  BMD	
  were	
  positively	
  affected	
  in	
  
pre-­‐	
  and	
  early	
  pubertal	
  boys	
  and	
  girls	
  with	
  higher	
  effects	
  during	
  pre-­‐puberty	
  82.	
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1.8.	
  	
  The	
  need	
  for	
  new	
  information	
  
The	
  relationship	
  between	
  weight-­‐bearing	
  PA	
  is	
  well	
  described.	
  Less	
  is	
  known	
  about	
  the	
  
impact	
  of	
  habitual	
  activities	
  on	
  children’s	
  bone	
  health	
  and	
  information	
  is	
  needed	
  to	
  develop	
  
recommendations	
  in	
  this	
  field.	
  
	
   In	
  many	
  of	
  the	
  recent	
  school	
  intervention	
  projects	
  the	
  PE	
  programs	
  were	
  
designed	
  to	
  enhance	
  bone	
  health	
  by	
  including	
  elements	
  of	
  weight-­‐bearing	
  PA	
  into	
  the	
  
intervention	
  program.	
  Information	
  about	
  intervention	
  programs	
  that	
  are	
  easily	
  
implemented	
  in	
  public	
  schools	
  is	
  still	
  needed	
  to	
  either	
  confirm	
  or	
  reject	
  the	
  potential	
  
beneficial	
  effects	
  of	
  such	
  school	
  intervention	
  programs.	
  Children	
  attend	
  leisure	
  time	
  sport	
  
(LTS)	
  regardless	
  of	
  school	
  type	
  and	
  knowledge	
  and	
  valid	
  data	
  in	
  this	
  field	
  is	
  limited	
  
regarding	
  the	
  effect	
  of	
  LTS	
  on	
  bone	
  health.	
  Many	
  parameters	
  influence	
  bone	
  development	
  
in	
  childhood,	
  adolescence	
  and	
  in	
  adulthood.	
  Due	
  to	
  increased	
  prevalence	
  of	
  obesity	
  many	
  
studies	
  have	
  been	
  conducted	
  to	
  establish	
  the	
  impact	
  of	
  fat	
  mass	
  on	
  bone	
  development.	
  
Knowledge	
  in	
  the	
  field	
  about	
  the	
  relationship	
  between	
  anthropometric	
  and	
  body	
  
composition	
  measures	
  impact	
  on	
  bone	
  development	
  in	
  childhood	
  in	
  a	
  longitudinal	
  
perspective	
  is	
  limited.	
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2.	
  Aims	
  of	
  the	
  study	
  	
  
	
  
The	
  overall	
  aim	
  of	
  this	
  PhD	
  thesis	
  was	
  to	
  achieve	
  more	
  knowledge	
  about	
  the	
  longitudinal	
  
relationships	
  between	
  physical	
  activity,	
  growth	
  and	
  body	
  composition	
  on	
  bone	
  accruement	
  
in	
  children.	
  The	
  aims	
  of	
  the	
  three	
  studies	
  were:	
  
	
  
Study	
  I	
  
	
  

o To	
  evaluate	
  the	
  effect	
  of	
  physical	
  activity	
  at	
  different	
  intensity	
  on	
  children’s	
  bone	
  
health	
  measured	
  by	
  DXA	
  scans.	
  	
  

o To	
  evaluate	
  the	
  effect	
  of	
  changes	
  in	
  proportion	
  of	
  the	
  time	
  in	
  PA	
  at	
  different	
  
intensity	
  levels.	
  

	
  
Study	
  II	
  
	
  

o To	
  evaluate	
  the	
  effect	
  of	
  attending	
  schools	
  with	
  four	
  additional	
  PE	
  lessons	
  per	
  week	
  
during	
  a	
  two-­‐year	
  follow-­‐up	
  period	
  on	
  children’s	
  bone	
  health	
  measured	
  by	
  DXA	
  
scans	
  compared	
  to	
  children	
  in	
  public	
  schools	
  attending	
  the	
  mandatory	
  two	
  PE	
  
lessons	
  per	
  week.	
  	
  

o To	
  evaluate	
  the	
  effect	
  of	
  attending	
  leisure	
  time	
  sport	
  on	
  children’s	
  bone	
  health,	
  
regardless	
  of	
  school	
  type.	
  

	
  
Study	
  III	
  
	
  

o To	
  investigate	
  the	
  parameters	
  that	
  influenced	
  bone	
  accruement	
  during	
  a	
  two-­‐year	
  
period	
  with	
  particular	
  interest	
  in	
  measurements	
  related	
  to	
  anthropometry	
  (height	
  
and	
  BMI)	
  and	
  body	
  composition	
  (lean	
  mass	
  and	
  body	
  fat	
  percentage)	
  

	
  
o To	
  investigate	
  possible	
  gender	
  differences	
  in	
  these	
  effects.	
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3.	
  Materials	
  and	
  methods	
  

3.1.	
  The	
  CHAMPS	
  study,	
  DK	
  

3.2.	
  Study	
  design	
  
Nineteen	
  primary	
  schools	
  in	
  the	
  municipality	
  of	
  Svendborg	
  (population	
  of	
  27.000),	
  
Denmark,	
  were	
  invited	
  to	
  participate	
  in	
  the	
  CHAMPS	
  project	
  as	
  intervention	
  schools.	
  The	
  
overall	
  purpose	
  of	
  the	
  CHAMPS	
  project	
  is	
  to	
  examine	
  the	
  possible	
  health	
  related	
  effect	
  
caused	
  by	
  attending	
  extra	
  physical	
  education	
  lessons	
  in	
  public	
  schools.	
  The	
  study	
  is	
  an	
  on-­‐
going	
  observational	
  cohort	
  study	
  including	
  approximately	
  1200	
  children	
  attending	
  
preschool	
  to	
  fourth	
  grade.	
  The	
  study	
  can	
  be	
  described	
  as	
  a	
  natural	
  experiment,	
  in	
  which	
  the	
  
variations	
  in	
  exposure	
  (the	
  sports-­‐schools	
  versus	
  the	
  traditional	
  schools)	
  and	
  outcomes	
  
were	
  analysed	
  with	
  the	
  intent	
  of	
  making	
  causal	
  inferences	
  on	
  the	
  effect	
  of	
  the	
  intervention	
  
in	
  other	
  words;	
  the	
  researcher	
  has	
  not	
  manipulated	
  the	
  exposure	
  to	
  the	
  event	
  or	
  
intervention	
  83.	
  	
  
	
   Ten	
  of	
  the	
  19	
  schools	
  agreed	
  to	
  be	
  sports	
  schools,	
  but	
  only	
  the	
  participating	
  six	
  
schools	
  were	
  able	
  to	
  finance	
  the	
  extra	
  physical	
  education	
  (PE)	
  lessons.	
  The	
  municipality	
  
provided	
  six	
  matched	
  control	
  schools	
  but	
  only	
  four	
  schools	
  agreed	
  to	
  become	
  a	
  control	
  
school.	
  The	
  six	
  intervention	
  schools	
  and	
  the	
  four	
  control	
  schools	
  were	
  matched	
  based	
  on	
  
school	
  size,	
  urban/rural	
  area	
  and	
  socio-­‐economic	
  position.	
  Parents	
  and	
  children	
  were	
  
unaware	
  of	
  the	
  initiation	
  of	
  this	
  project	
  until	
  two	
  months	
  before	
  the	
  following	
  school	
  year	
  
avoiding	
  parents	
  making	
  an	
  influenced	
  school	
  choice	
  

The	
  school	
  leaders	
  and	
  PE	
  teachers	
  of	
  the	
  sports	
  schools	
  were	
  invited	
  to	
  
design	
  the	
  set-­‐up	
  for	
  an	
  optimal	
  PE	
  intervention.	
  The	
  six	
  intervention	
  schools	
  chose	
  to	
  
implement	
  four	
  additional	
  PE	
  lessons	
  per	
  week	
  to	
  their	
  mandatory	
  PE	
  program.	
  This	
  
initiative	
  resulted	
  in	
  a	
  minimum	
  of	
  4.5	
  hours	
  of	
  PE	
  per	
  week	
  divided	
  over	
  at	
  least	
  3	
  
sessions	
  of	
  at	
  least	
  60	
  minutes	
  and	
  to	
  educate	
  PE-­‐teachers	
  in	
  specific	
  age-­‐related	
  training	
  
principles.	
  The	
  four	
  control	
  schools	
  continued	
  their	
  regular	
  PE	
  curriculum	
  of	
  2	
  PE	
  lessons	
  
per	
  week	
  resulting	
  in	
  1.5	
  hours	
  of	
  PE	
  per	
  week	
  12.	
  

	
  

3.3	
  Participants	
  of	
  the	
  sub	
  study	
  	
  
A	
  subsample	
  comprising	
  children	
  attending	
  2nd	
  to	
  4th	
  grade	
  (age	
  range	
  7.7-­‐12	
  years)	
  at	
  
baseline	
  in	
  year	
  2008	
  was	
  created	
  for	
  this	
  study.	
  The	
  reason	
  for	
  not	
  including	
  the	
  two	
  
youngest	
  classes	
  (preschool	
  to	
  first	
  grade)	
  was	
  logistic	
  as	
  well	
  as	
  ethical	
  considerations	
  of	
  
sending	
  children	
  aged	
  5-­‐7	
  years	
  to	
  examinations	
  at	
  the	
  hospital	
  followed	
  only	
  by	
  a	
  teacher	
  
and	
  without	
  their	
  parents.	
  Children	
  were	
  examined	
  at	
  baseline	
  and	
  at	
  two-­‐	
  year	
  follow	
  up	
  
examination.	
  Examinations	
  of	
  the	
  children	
  took	
  place	
  at	
  The	
  Hans	
  Christian	
  Andersen	
  
Children’s	
  Hospital,	
  Odense,	
  Denmark	
  and	
  at	
  the	
  Department	
  of	
  Radiology,	
  Odense	
  
University	
  Hospital,	
  Denmark.	
  A	
  teacher	
  followed	
  the	
  children	
  every	
  school	
  day;	
  12	
  
children	
  per	
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day	
  for	
  13	
  consecutive	
  weeks	
  with	
  the	
  exception	
  of	
  the	
  Christmas	
  and	
  winter	
  holiday.	
  This	
  
examination	
  program	
  was	
  repeated	
  at	
  two-­‐year	
  follow	
  up	
  in	
  October	
  2010-­‐	
  February	
  2011.	
  
Children	
  were	
  examined	
  in	
  the	
  same	
  order	
  as	
  they	
  were	
  at	
  baseline	
  and	
  they	
  were	
  all	
  DXA	
  
scanned	
  within	
  a	
  range	
  of	
  2	
  years	
  ±	
  14	
  days.	
  

	
  

3.4	
  Ethical	
  considerations	
  
All	
  children	
  and	
  parents	
  from	
  the	
  participating	
  schools	
  received	
  information	
  about	
  the	
  
study	
  through	
  school	
  meetings	
  during	
  the	
  spring	
  2008	
  and	
  written	
  information.	
  Parents	
  
signed	
  informed	
  consent	
  forms.	
  Children	
  participating	
  in	
  this	
  particular	
  sub	
  study	
  signed	
  
informed	
  consent	
  forms	
  concerning	
  the	
  DXA	
  scan	
  and	
  the	
  hand	
  radiograph	
  (data	
  not	
  
presented	
  in	
  this	
  thesis).	
  Participation	
  was	
  at	
  any	
  time	
  voluntary.	
  Permission	
  to	
  conduct	
  
The	
  CHAMPS	
  Study–DK	
  was	
  granted	
  by	
  the	
  Regional	
  Scientific	
  Ethical	
  Committee	
  of	
  
Southern	
  Denmark	
  (Project	
  number:	
  S-­‐20080047).	
  

	
  

3.5	
  Data	
  collection	
  

3.5.1.	
  Anthropometrical	
  data	
  
Anthropometric	
  measures	
  were	
  measured	
  barefoot	
  in	
  a	
  thin	
  T-­‐shirt	
  and	
  stockings.	
  Body	
  
weight	
  was	
  measured	
  to	
  the	
  nearest	
  0.1	
  kg	
  on	
  an	
  electronic	
  scale,	
  SECA	
  861	
  and	
  height	
  was	
  
measured	
  to	
  the	
  nearest	
  0.5	
  cm	
  using	
  a	
  portable	
  stadiometer,	
  SECA	
  214	
  (both	
  Seca	
  
Corporation,	
  Hannover,	
  MD).	
  All	
  data	
  were	
  entered	
  and	
  stored	
  in	
  the	
  DXA	
  machine.	
  

	
  

3.5.2.	
  Dual	
  Energy	
  X	
  ray	
  absorptiometry	
  
Dual	
  Energy	
  X	
  ray	
  Absorptiometry	
  (DXA),	
  GE	
  Lunar	
  Prodigy	
  (GE	
  Medical	
  Systems,	
  Madison,	
  
WI),	
  equipped	
  with	
  ENCORE	
  software	
  (version	
  12.3,	
  Prodigy;	
  Lunar	
  Corp,	
  Madison,	
  WI),	
  
was	
  used	
  to	
  measure	
  estimates	
  of	
  bone	
  mineral	
  content	
  (BMC),	
  bone	
  mineral	
  density	
  
(BMD)	
  and	
  bone	
  area	
  (BA)	
  as	
  well	
  as	
  lean	
  mass	
  (LM)	
  (in	
  this	
  study	
  synonymously	
  with	
  
muscle	
  mass)	
  and	
  fat	
  mass	
  (FM).	
  The	
  body	
  fat	
  per	
  cent	
  (BF%)	
  was	
  calculated	
  as	
  
BF%= !"

!"!!"!!"#
  𝑥  100%.	
  The	
  total	
  body	
  less	
  head	
  (TBLH)	
  and	
  lower	
  limb	
  (LL)	
  values	
  

were	
  used	
  in	
  the	
  studies	
  of	
  this	
  thesis	
  but	
  values	
  from	
  different	
  regions	
  are	
  available.	
  
Machine	
  calibration	
  was	
  done	
  daily	
  and	
  quality	
  assurance	
  tests	
  were	
  performed	
  daily	
  and	
  
weekly	
  as	
  recommended	
  by	
  the	
  manufacturer.	
  The	
  scanner	
  computer	
  selected	
  the	
  scanning	
  
mode	
  (thin,	
  standard	
  or	
  thick)	
  after	
  the	
  data	
  of	
  the	
  height	
  and	
  weight	
  of	
  the	
  subject	
  was	
  
entered	
  to	
  the	
  machine.	
  The	
  typical	
  scan	
  duration	
  was	
  5	
  minutes	
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depending	
  on	
  the	
  child’s	
  height	
  and	
  weight.	
  Two	
  technologists	
  (Mette	
  V.	
  Hviid	
  and	
  the	
  
author	
  Malene	
  Heidemann	
  (MH))	
  performed	
  all	
  scans	
  and	
  all	
  data	
  were	
  analysed	
  by	
  one	
  
person	
  (MH).	
  The	
  children	
  were	
  positioned	
  on	
  the	
  scanner	
  table	
  by	
  the	
  technologist	
  and	
  
were	
  instructed	
  to	
  lie	
  still	
  in	
  a	
  supine	
  position	
  wearing	
  underwear;	
  a	
  thin	
  T-­‐shirt,	
  stockings	
  
and	
  a	
  thin	
  blanket	
  for	
  the	
  duration	
  of	
  the	
  DXA	
  scan.	
  The	
  positioning	
  of	
  the	
  child,	
  the	
  quality	
  
of	
  the	
  scan	
  and	
  the	
  regions	
  of	
  interest	
  were	
  checked	
  immediately	
  and	
  if	
  these	
  were	
  
unsatisfactory	
  the	
  DXA	
  scan	
  procedure	
  was	
  either	
  ended	
  and	
  restarted	
  or	
  performed	
  again.	
  
The	
  GE	
  Lunar	
  Prodigy	
  has	
  reproducibility	
  with	
  precision	
  errors	
  (1	
  SD)	
  of	
  approximately	
  
0.75	
  %	
  CV	
  (Coefficient	
  of	
  Variation)	
  for	
  bone	
  mass,	
  2.01%	
  for	
  LM	
  and	
  1.29%	
  for	
  BF%	
  in	
  
children	
  and	
  adolescents	
  with	
  a	
  mean	
  age	
  11.4	
  years	
  (5-­‐17	
  years)	
  in	
  children	
  and	
  
adolescents	
  having	
  a	
  mean	
  age	
  11.4	
  years	
  (5-­‐17	
  years)	
  52,	
  84.	
  The	
  reproducibility	
  of	
  the	
  DXA	
  
measurements	
  performed	
  in	
  the	
  present	
  studies	
  was	
  not	
  examined	
  due	
  to	
  ethical	
  
consideration.	
  However,	
  repeated	
  daily	
  scans	
  of	
  a	
  phantom	
  were	
  performed	
  to	
  assess	
  the	
  
coefficient	
  of	
  variation	
  (CV)	
  during	
  the	
  two	
  test	
  periods.	
  The	
  CV	
  values	
  were	
  0.27-­‐0.33%	
  
and	
  corresponded	
  well	
  with	
  the	
  mentioned	
  studies	
  above.	
  

	
  

3.5.3.	
  Pubertal	
  self-­‐assessment	
  
Tanner	
  pubertal	
  stages	
  self-­‐assessment	
  questionnaire	
  (SAQ)	
  which	
  consists	
  of	
  drawings	
  of	
  
the	
  5	
  Tanner	
  stages	
  for	
  pubic	
  hair	
  (boys,	
  girls)	
  and	
  breast	
  development	
  (girls),	
  respectively	
  
85	
  with	
  explanatory	
  text	
  in	
  Danish	
  were	
  used	
  86	
  to	
  evaluate	
  sexual	
  maturation.	
  Children	
  
were	
  presented	
  with	
  standard	
  pictures	
  showing	
  the	
  pubertal	
  Tanner	
  staging	
  and	
  asked	
  to	
  
indicate	
  which	
  stage	
  best	
  referred	
  to	
  their	
  own	
  pubertal	
  stage.	
  A	
  validation	
  study	
  of	
  the	
  
SAQ	
  used	
  in	
  this	
  study	
  was	
  performed	
  in	
  which	
  n=63/120	
  invited	
  children	
  participated.	
  
Agreement	
  between	
  self-­‐	
  assessment	
  of	
  pubertal	
  maturation	
  and	
  the	
  objective	
  examination	
  
performed	
  by	
  an	
  experienced	
  paediatric	
  endocrinologist	
  was	
  calculated.	
  The	
  conclusion	
  
was	
  a	
  perfect	
  agreement	
  for	
  girls	
  (weighted	
  kappa	
  (WK)	
  0.83	
  CI	
  0.71-­‐0.93)	
  and	
  a	
  moderate	
  
to	
  substantial	
  agreement	
  for	
  boys	
  (WK	
  0.74	
  CI	
  0.56-­‐0.91)	
  (unpublished	
  data).	
  	
  

	
  

3.5.4.	
  Physical	
  activity	
  	
  
Physical	
  activity	
  (PA)	
  was	
  assessed	
  using	
  the	
  Actigraph	
  GT3X	
  accelerometer.	
  The	
  GT3X	
  is	
  a	
  
light,	
  solid-­‐state	
  triaxial	
  accelerometer,	
  designed	
  to	
  monitor	
  human	
  activity	
  and	
  provide	
  an	
  
estimate	
  of	
  energy	
  expenditure.	
  The	
  accelerometer	
  has	
  the	
  ability	
  to	
  measure	
  the	
  rate	
  of	
  
acceleration/movement	
  in	
  three	
  different	
  directions:	
  the	
  z-­‐axis/	
  medio-­‐lateral	
  axis,	
  x-­‐	
  	
  
axis/anterior-­‐posterior	
  axis	
  and	
  the	
  y-­‐axis/	
  vertical	
  axis.	
  The	
  data	
  from	
  the	
  vertical	
  axis	
  	
  
were	
  used	
  in	
  this	
  study	
  as	
  only	
  these	
  are	
  validated	
  and	
  well	
  described	
  68..	
  Assessments	
  of	
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PA	
  were	
  performed	
  during	
  November	
  2009	
  to	
  January	
  2010	
  (the	
  middle	
  of	
  the	
  two-­‐year	
  
test	
  period).	
  The	
  children	
  attended	
  3rd-­‐	
  5th	
  grade.	
  The	
  signal	
  (counts	
  for	
  each	
  movement)	
  
was	
  digitalized	
  and	
  passed	
  through	
  a	
  filter	
  with	
  band	
  limits	
  of	
  0.25-­‐2.5	
  Hz	
  in	
  order	
  to	
  help	
  
eliminate	
  extraneous	
  accelerations	
  that	
  were	
  not	
  due	
  to	
  human	
  movement	
  (e.g.,	
  vibration).	
  	
  
The	
  accelerometer	
  was	
  set	
  to	
  record	
  PA	
  data	
  every	
  2	
  seconds	
  (2-­‐sec.	
  epoch).	
  Researchers	
  
from	
  the	
  project	
  personally	
  delivered	
  the	
  accelerometers	
  to	
  the	
  children	
  at	
  the	
  schools.	
  
Both	
  verbal	
  and	
  written	
  information	
  and	
  instructions	
  were	
  given	
  to	
  children	
  along	
  with	
  
their	
  parents.	
  The	
  children	
  were	
  instructed	
  to	
  wear	
  the	
  device	
  from	
  the	
  time	
  they	
  woke	
  up	
  
in	
  the	
  morning	
  until	
  bedtime	
  in	
  order	
  to	
  capture	
  their	
  entire	
  PA	
  for	
  each	
  day,	
  for	
  7	
  full,	
  
consecutive	
  days,	
  thus	
  including	
  all	
  weekdays	
  and	
  a	
  full	
  weekend.	
  The	
  only	
  exception	
  was	
  
to	
  remove	
  the	
  monitor	
  when	
  showering	
  or	
  swimming	
  in	
  order	
  to	
  prevent	
  damage	
  to	
  the	
  
device.	
  After	
  the	
  measurement	
  period	
  the	
  accelerometers	
  were	
  recollected	
  and	
  data	
  
downloaded	
  to	
  a	
  computer.	
  The	
  period	
  of	
  seven	
  days	
  of	
  measurement	
  was	
  selected	
  in	
  
accordance	
  with	
  the	
  findings	
  of	
  Trost	
  et	
  al.,	
  implying	
  that	
  an	
  average	
  of	
  7	
  days	
  is	
  required	
  
in	
  order	
  to	
  reliably	
  characterize	
  a	
  child’s	
  habitual	
  PA	
  behaviour	
  87.	
  	
  

3.5.5.	
  Data	
  reduction	
  and	
  analysis	
  

The	
  data	
  were	
  downloaded	
  to	
  a	
  computer,	
  and	
  the	
  customized	
  program,	
  Propero	
  was	
  used	
  
to	
  clean	
  and	
  break	
  down	
  raw	
  accelerometer	
  outcome	
  data,	
  and	
  PA	
  was	
  adjusted	
  for	
  various	
  
factors	
  in	
  order	
  to	
  minimize	
  bias.	
  The	
  children	
  were	
  informed	
  to	
  wear	
  the	
  accelerometer	
  
during	
  waking	
  hours	
  only,	
  however	
  it	
  is	
  probable	
  that	
  some	
  children	
  did	
  not	
  remove	
  the	
  
accelerometer	
  during	
  sleep	
  at	
  night.	
  In	
  order	
  to	
  avoid	
  bias,	
  Propero	
  was	
  set	
  up	
  to	
  include	
  
only	
  activity	
  in	
  different	
  time	
  blocks	
  depending	
  on	
  grades	
  (2nd	
  grade:	
  07.00-­‐20.30	
  hours,	
  3rd	
  
grade:	
  07.00-­‐21.00	
  and	
  hours,	
  4th	
  grade:	
  07.00-­‐21.00	
  hours).	
  This	
  was	
  a	
  decision	
  made	
  
from	
  the	
  assumption	
  that	
  these	
  time	
  intervals	
  were	
  considered	
  appropriate	
  for	
  Danish	
  
children	
  in	
  2nd	
  to	
  4th	
  grade,	
  also	
  during	
  weekends.	
  Furthermore,	
  to	
  distinguish	
  between	
  true	
  
intervals	
  of	
  inactivity	
  and	
  “false	
  inactivity”	
  recorded	
  when	
  the	
  monitor	
  had	
  been	
  taken	
  off,	
  
all	
  strings	
  of	
  zero	
  for	
  20	
  min	
  or	
  more	
  were	
  defined	
  as	
  “accelerometer	
  not	
  worn”	
  and	
  
subsequently	
  deleted	
  from	
  the	
  summation	
  of	
  activity.	
  Thus,	
  these	
  periods	
  did	
  not	
  
contribute	
  to	
  the	
  required	
  minimum	
  of	
  valid	
  registered	
  activity.	
  
	
   	
   Activity	
  data	
  were	
  included	
  for	
  further	
  analyses,	
  if	
  the	
  child	
  had	
  a	
  minimum	
  of	
  4	
  
days	
  with	
  10	
  hours	
  per	
  day	
  of	
  valid	
  recording	
  after	
  the	
  removal	
  of	
  non-­‐wear	
  time.	
  
Recording	
  time	
  did	
  not	
  need	
  to	
  be	
  consecutive	
  time.	
  Cut-­‐off	
  points	
  for	
  activity	
  intensity	
  
levels	
  were	
  defined	
  according	
  to	
  Evenson	
  et	
  al.	
  68.	
  For	
  each	
  individual	
  there	
  could	
  therefore	
  
be	
  different	
  numbers	
  of	
  days	
  with	
  valid	
  registration	
  of	
  physical	
  activity.	
  The	
  data	
  
(counts/minutes)	
  were	
  differentiated	
  into	
  a	
  percentage	
  of	
  the	
  total	
  wear	
  time	
  spent	
  in	
  
sedentary,	
  low,	
  moderate	
  and	
  high	
  activity.	
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Table	
  2:	
  Classification	
  of	
  physical	
  activity	
  intensity	
  based	
  on	
  Evenson	
  accelerometer	
  cut-­‐
off	
  points	
  and	
  corresponding	
  MET	
  thresholds	
  as	
  described	
  in	
  chapter	
  1.6.	
  68	
  
	
  
Physical	
  activity	
  intensity	
   Accelerometer	
  cut	
  points	
   Units	
  of	
  metabolic	
  equivalent	
  

(MET)	
  
Sedentary	
  activity	
   ≤	
  100	
  counts/min	
   METs	
  <	
  1.5	
  
Light	
  physical	
  activity	
   >	
  100	
  counts/min	
   1.5	
  ≤	
  METs	
  <	
  4	
  
Moderate	
  physical	
  activity	
   ≥	
  2296	
  counts/min	
   4	
  ≤	
  METs	
  <	
  6	
  
Vigorous	
  physical	
  activity	
   ≥	
  4012	
  counts/min	
   METs	
  ≥	
  6	
  
	
  

	
  

3.5.6.	
  Short	
  Messaging	
  Service-­‐Track-­‐Questionnaire	
  (SMS-­‐T-­‐Q)	
  
Information	
  about	
  sports	
  participation	
  used	
  in	
  study	
  II	
  was	
  measured	
  weekly	
  by	
  “Short	
  
Messaging	
  Service-­‐Track-­‐Questionnaire”	
  (SMS-­‐T-­‐Q)	
  version	
  2.1	
  (New	
  Agenda	
  Solutions,	
  
SMS-­‐Track	
  ApS,	
  Esbjerg).	
  SMS-­‐Track	
  is	
  a	
  web	
  based	
  IT-­‐system	
  (SMS	
  Survey)	
  developed	
  as	
  a	
  
tool	
  for	
  frequent	
  surveillance	
  88.	
  The	
  method	
  functions	
  as	
  a	
  “follow	
  up”	
  procedure	
  and	
  was	
  
used	
  in	
  study	
  II	
  to	
  investigate	
  leisure	
  time	
  sports	
  (LTS)	
  participation	
  over	
  time	
  89.	
  The	
  
questionnaire	
  was	
  automatically	
  sent	
  to	
  the	
  parent’s	
  mobile	
  phone	
  once	
  a	
  week	
  including	
  a	
  
question	
  about	
  LTS:	
  “How	
  many	
  times	
  did	
  [NAME	
  OF	
  CHILD]	
  engage	
  in	
  sports	
  during	
  the	
  last	
  
week”?	
  The	
  parents	
  answered	
  with	
  a	
  relevant	
  number	
  between	
  0	
  and	
  8.	
  The	
  answers	
  0	
  to	
  7	
  
represented	
  the	
  unique	
  number	
  of	
  times	
  engaging	
  in	
  sports,	
  whereas	
  8	
  indicated	
  “more	
  
than	
  7	
  times”.	
  The	
  returned	
  answers	
  were	
  automatically	
  recorded	
  and	
  inserted	
  into	
  a	
  
database.	
  To	
  improve	
  compliance	
  rate,	
  a	
  reminder	
  was	
  automatically	
  sent,	
  if	
  participants	
  
had	
  not	
  responded	
  48	
  hours	
  and	
  96	
  hours	
  after	
  receiving	
  the	
  initial	
  message.	
  Parent	
  
reports	
  were	
  considered	
  appropriate	
  in	
  this	
  cohort	
  as	
  self-­‐reported	
  questionnaires	
  in	
  
young	
  children	
  are	
  considered	
  unreliable	
  90.	
  SMS-­‐T-­‐Q	
  was	
  introduced	
  to	
  the	
  first	
  three	
  
schools	
  in	
  November	
  2008	
  and	
  thereafter	
  one	
  school	
  at	
  a	
  time	
  was	
  randomly	
  included	
  
every	
  month	
  with	
  all	
  10	
  schools	
  included	
  by	
  August	
  2009.	
  	
  
	
  

3.6.	
  Statistical	
  analyses	
  
In	
  all	
  three	
  studies	
  descriptive	
  statistics	
  were	
  calculated	
  for	
  all	
  dependent	
  and	
  independent	
  
variables	
  at	
  baseline	
  and	
  follow	
  up	
  the	
  results	
  were	
  presented	
  as	
  means,	
  standard	
  
deviations	
  (SD),	
  range,	
  and	
  medians	
  and	
  lower	
  and	
  upper	
  quartiles	
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(only	
  study	
  I)	
  for	
  continuous	
  variables	
  and	
  frequencies	
  by	
  pubertal	
  stages	
  were	
  stratified	
  
by	
  gender.	
  Shapiro-­‐Wilk’s	
  test	
  and	
  q-­‐q	
  plots	
  were	
  used	
  along	
  with	
  residual	
  plots	
  from	
  the	
  
regressions,	
  to	
  check	
  assumptions	
  of	
  normality	
  of	
  the	
  data.	
  These	
  gave	
  no	
  reason	
  for	
  
concern	
  in	
  either	
  of	
  the	
  studies.	
  Linearity	
  between	
  the	
  transformed	
  responses	
  and	
  the	
  
explanatory	
  variables	
  under	
  consideration	
  were	
  assessed	
  graphically	
  and	
  explanatory	
  
variables	
  were	
  transformed	
  when	
  needed.	
  Multilevel	
  linear	
  regression	
  model	
  was	
  used	
  
(using	
  xtmixed	
  command	
  from	
  STATA	
  12.1)	
  to	
  assess	
  the	
  relationship	
  between	
  BMC,	
  BMD	
  
and	
  BA	
  accretion	
  and	
  variables	
  of	
  interest.	
  Data	
  were	
  sampled	
  in	
  a	
  hierarchical	
  structure	
  
(schools,	
  classes,	
  children)	
  and	
  each	
  level	
  in	
  this	
  structure	
  adds	
  to	
  the	
  random	
  variation	
  in	
  
the	
  data	
  and	
  therefor	
  the	
  choice	
  of	
  using	
  a	
  random	
  effect	
  model	
  was	
  made.	
  Backward	
  
elimination	
  was	
  used	
  for	
  reduction	
  from	
  an	
  initial	
  model,	
  containing	
  all	
  the	
  explanatory	
  
variables,	
  at	
  each	
  stage;	
  the	
  variable	
  chosen	
  for	
  exclusion	
  was	
  the	
  one	
  leading	
  to	
  the	
  
smallest	
  reduction	
  in	
  the	
  regression	
  sum	
  of	
  squares.	
  Effects	
  with	
  p-­‐values	
  <	
  0.05	
  were	
  
considered	
  significant.	
  All	
  statistical	
  calculations	
  were	
  performed	
  using	
  the	
  STATA	
  (version	
  
12,	
  Stata	
  Corp	
  LP,	
  College	
  Station,	
  TX).	
  	
  

	
  

3.6.1.	
  Study	
  I	
  
Mean	
  number	
  of	
  minutes,	
  in	
  each	
  activity	
  intensity	
  level	
  per	
  day	
  of	
  the	
  child	
  was	
  generated	
  
from	
  the	
  accelerometer	
  output.	
  	
  These	
  were	
  further	
  converted	
  into	
  percentages	
  of	
  activity	
  
in	
  each	
  of	
  the	
  three	
  intensity	
  intervals,	
  “sedentary”,	
  “low”	
  and	
  “moderate	
  to	
  high"	
  The	
  
proportions	
  are	
  denoted	
  πs,	
  πl	
  and	
  πmh	
  respectively,	
  and	
  are	
  subject	
  to	
  the	
  constraints	
  
	
  	
  

	
  

	
  
	
  
and	
  

	
  
	
  

	
  
This	
  form	
  is	
  not	
  suitable	
  when	
  considering	
  linear	
  regression	
  models.	
  Note	
  also	
  that	
  only	
  
two	
  of	
  them	
  can	
  vary	
  freely	
  within	
  the	
  given	
  boundaries.	
  In	
  order	
  to	
  handle	
  the	
  above-­‐
mentioned	
  boundaries	
  a	
  method	
  not	
  previously	
  described	
  was	
  developed	
  for	
  this	
  
presented	
  study.	
  To	
  express	
  the	
  physical	
  activity	
  variables	
  in	
  a	
  way	
  that	
  handles	
  the	
  
constraints,	
  we	
  choose	
  one	
  level	
  as	
  a	
  reference.	
  The	
  proportions	
  of	
  the	
  two	
  remaining	
  
intensity	
  levels	
  are	
  converted	
  into	
  log	
  odds	
  relative	
  to	
  the	
  proportion	
  of	
  the	
  reference	
  level.	
  	
  
	
  

π s +π l +πmh =100%

0<π s, π l, πmh<100%.
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In	
  this	
  case	
  low	
  activity	
  was	
  chosen	
  as	
  the	
  reference	
  level.	
  This	
  gives	
  us	
  two	
  variables	
  that	
  	
  
will	
  represent	
  the	
  physical	
  activity:	
  
	
  
	
  

𝜃!! = log(
𝜋!!
𝜋!

)	
  

and	
  	
  

𝜃! = log  (
𝜋!
𝜋!
)	
  

The	
  relationship	
  between	
  BMC,	
  BMD	
  and	
  BA	
  accretion	
  and	
  the	
  two	
  categories	
  of	
  physical	
  
activity	
  intensity	
  levels	
  as	
  described	
  above	
  were	
  assessed	
  by	
  multilevel	
  regression	
  
analyses.	
  BMC,	
  BMD	
  or	
  BA	
  at	
  follow	
  up	
  was	
  adjusted	
  for	
  BA	
  (only	
  BMC),	
  height,	
  
log(weight),	
  age,	
  gender,	
  puberty	
  stage	
  at	
  follow	
  up	
  and	
  BMC,	
  BMD	
  or	
  BA	
  at	
  baseline,	
  all	
  
representing	
  fixed	
  effects	
  and	
  with	
  school	
  and	
  class	
  as	
  random	
  effects.	
  By	
  adjusting	
  for	
  
baseline	
  DXA	
  outcome	
  we	
  captured	
  the	
  bone	
  accrual	
  during	
  the	
  two	
  year	
  follow	
  up	
  period.	
  
The	
  study	
  aimed	
  to	
  evaluate	
  the	
  relationship	
  between	
  proportions	
  of	
  physical	
  activity	
  at	
  
different	
  intensity	
  levels,	
  sedentary,	
  low	
  and	
  moderate-­‐high	
  activity,	
  and	
  the	
  outcome	
  
variables	
  BMC,	
  BMD	
  and	
  BA.	
  	
  
	
   A	
  linear	
  regression	
  model	
  gives	
  the	
  best	
  fitting	
  straight	
  line	
  to	
  describe	
  the	
  
association	
  between	
  a	
  variable	
  and	
  an	
  outcome.	
  A	
  multiple	
  linear	
  regression	
  model	
  for	
  the	
  
effect	
  of	
  say	
  two	
  exposure	
  variables,	
  x1	
  and	
  x2,	
  on	
  an	
  outcome	
  variable	
  y	
  is	
  given	
  by:	
  
	
  

𝑦 = 𝛽! + 𝛽!𝑥! + 𝛽!𝑥!.	
  
	
  
In	
  our	
  context	
  the	
  exposure	
  variables	
  are	
  the	
  physical	
  activity	
  variables,	
  𝑥! = log !!!

!!
	
  and	
  

𝑥! = log !!
!!
	
  that	
  represents	
  the	
  physical	
  activity	
  on	
  logit	
  scale,	
  and	
  we	
  consequently	
  test	
  

the	
  impact	
  of	
  on	
  our	
  outcome	
  variables	
  yBMC,	
  yBMD,	
  and	
  yBA.	
  
To	
  explain	
  the	
  model	
  we	
  consider	
  what	
  happens	
  when	
  the	
  distribution	
  between	
  the	
  
physical	
  activity	
  categories	
  change	
  from	
  (𝜋!,𝜋! ,𝜋!!)	
  to	
  (𝜋!,′𝜋!′,𝜋!!′)  	
  
	
  
The	
  change	
  in	
  the	
  mean	
  value	
  is	
  then:	
  
	
  
∆𝜇 = 𝜇! − 𝜇	
  

            = 𝛽! log(
𝜋!!
𝜋!

)′+ 𝛽!log  (
𝜋!
𝜋!
)′− 𝛽! log(

𝜋!!
𝜋!

)+ 𝛽!log  (
𝜋!
𝜋!
)	
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  =𝛽! log !!!!
!!!

− log !!!
!!

+ 𝛽! log !!!
!!!

− log !!
!!

	
  

            = 𝛽! log
𝜋!!!
𝜋!!

+ 𝛽!
𝜋′!
𝜋!

− 𝛽! + 𝛽! log
𝜋′!
𝜋!

	
  

	
  
The	
  values	
  of	
  𝛽!  and  𝛽!	
  hence	
  determine	
  the	
  size	
  of	
  the	
  change	
  in	
  ∆𝜇	
  as	
  a	
  function	
  of	
  the	
  log	
  
of	
  the	
  relative	
  changes	
  within	
  each	
  intensity	
  level.	
  
Consider	
  in	
  particular	
  the	
  cases	
  (displayed	
  graphically)	
  of	
  an	
  exchange	
  in	
  activity	
  between	
  
two	
  groups,	
  keeping	
  the	
  third	
  constant.	
  If	
  for	
  example	
  �′! = 𝜋! 	
  we	
  get:	
  
	
  
∆𝜇 = 𝜇! − 𝜇	
  

            = 𝛽! log
𝜋!!!
𝜋!!

+ 𝛽!
𝜋!!
𝜋!

− 𝛽! + 𝛽! log
𝜋!!
𝜋!

	
  

            = 𝛽! log
𝜋!!!
𝜋!!

+ 𝛽!
𝜋!!
𝜋!

− 𝛽! + 𝛽! log 1	
  

            = 𝛽! log
𝜋!!!
𝜋!!

+ 𝛽!
𝜋!!
𝜋!

	
  

	
  
	
  
The	
  graphs	
  (Figure	
  4)	
  provided	
  to	
  interpret	
  the	
  results	
  were	
  conducted	
  to	
  display	
  the	
  
prediction	
  of	
  the	
  mean	
  values	
  for	
  different	
  combinations	
  of	
  the	
  three	
  levels	
  of	
  physical	
  
activity;	
  sedentary	
  (πs),	
  low	
  (πl),	
  moderate	
  to	
  high	
  (πmh).	
  

	
  

3.6.2.	
  Study	
  II	
  
In	
  the	
  initial	
  model	
  we	
  examined	
  the	
  impact	
  on	
  follow	
  up	
  bone	
  traits	
  of	
  baseline	
  bone	
  traits,	
  
height,	
  log(weight)	
  gender,	
  puberty,	
  all	
  at	
  follow	
  up,	
  school	
  type,	
  mean	
  leisure	
  time	
  sports	
  
participation	
  (LTS)	
  interactions	
  between	
  school	
  type	
  and	
  LTS	
  participation,	
  gender	
  and	
  
puberty,	
  gender	
  and	
  school	
  type	
  and	
  gender	
  and	
  mean	
  LTS	
  participation.	
  We	
  adjusted	
  for	
  
baseline	
  bone	
  traits	
  to	
  control	
  for	
  the	
  children’s	
  initial	
  size	
  In	
  addition	
  BMC	
  was	
  adjusted	
  
for	
  BA	
  at	
  follow	
  up	
  to	
  avoid	
  possible	
  size-­‐	
  related	
  artefacts	
  in	
  the	
  analysis	
  of	
  bone	
  mineral	
  
data	
  63.	
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3.6.3.	
  Study	
  III	
  
Two	
  different	
  models	
  were	
  designed	
  to	
  describe	
  the	
  relationship	
  between	
  each	
  of	
  the	
  
outcome	
  variables	
  BMC	
  and	
  BA	
  and	
  the	
  explanatory	
  variables.	
  The	
  first	
  set	
  of	
  models	
  
described	
  how	
  the	
  outcome	
  variables	
  depend	
  on	
  anthropometric	
  measures	
  (height,	
  BMI)	
  in	
  
combination	
  with	
  age,	
  gender	
  and	
  puberty.	
  The	
  second	
  set	
  of	
  models	
  was	
  designed	
  to	
  
describe	
  the	
  same	
  variables	
  by	
  BC	
  variables	
  (LM,	
  BF%)	
  and	
  age,	
  gender	
  and	
  puberty.	
  In	
  all	
  
cases	
  gender	
  specific	
  roles	
  of	
  anthropometric	
  and	
  BC	
  related	
  measures	
  were	
  
accommodated	
  by	
  interaction	
  terms	
  in	
  the	
  regressions	
  models.	
  The	
  variance	
  inflation	
  
factor	
  was	
  used	
  to	
  assess	
  potential	
  multi	
  collinearity	
  between	
  explanatory	
  variables.	
  
Variables	
  causing	
  conflicts	
  of	
  independence	
  were	
  removed	
  from	
  the	
  models.	
  Box-­‐Cox	
  
analyses	
  were	
  used	
  to	
  identify	
  transformations	
  that	
  would	
  ensure	
  normality	
  of	
  the	
  
residuals.	
  BMC	
  was	
  transformed	
  by   𝐵𝑀𝐶 !.!	
  and	
  BA	
  was	
  transformed	
  by	
  (BA)0.4	
  	
  in	
  model	
  
I.	
  BMC	
  was	
  transformed	
  by	
     𝐵𝑀𝐶 !.!  in	
  model	
  II.	
  The	
  Box-­‐Cox	
  analyses	
  indicated	
  no	
  need	
  
for	
  transformation	
  of	
  BA	
  in	
  model	
  II.	
  Linearity	
  between	
  the	
  transformed	
  responses	
  and	
  the	
  
explanatory	
  variables	
  were	
  assessed	
  graphically.	
  None	
  of	
  the	
  explanatory	
  variables	
  were	
  
transformed.	
  	
  

BMD	
  is	
  defined	
  as	
  a	
  BMC/	
  BA	
  and	
  hence	
  assessed	
  by	
  the	
  regression	
  models	
  for	
  
these	
  two	
  quantities.	
  Data	
  (BMC	
  and	
  BA)	
  were	
  transformed	
  to	
  meet	
  the	
  requirements	
  of	
  
normality.	
  The	
  usual	
  interpretations	
  of	
  the	
  parameters	
  therefore	
  apply	
  on	
  the	
  transformed	
  
scale.	
  The	
  fitted	
  models	
  for	
  the	
  impact	
  on	
  bone	
  health	
  of	
  each	
  of	
  the	
  outcome	
  variables	
  are	
  
presented	
  on	
  the	
  ordinary	
  scale	
  in	
  Figure	
  5	
  for	
  the	
  explanatory	
  variables	
  of	
  particular	
  
interest.	
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4.	
  Results	
  

4.1.	
  Participants	
  characteristics	
  	
  
A	
  total	
  of	
  1512	
  children	
  from	
  the	
  preschool	
  year	
  to	
  4th	
  grade	
  (age	
  range	
  5.5-­‐11	
  years)	
  were	
  
invited	
  to	
  participate	
  in	
  The	
  CHAMPS	
  study-­‐DK	
  from	
  baseline	
  in	
  September	
  2008,	
  of	
  which	
  
1210	
  (80	
  %)	
  accepted.	
  	
  
	
   A	
  sub	
  group	
  was	
  created	
  for	
  the	
  three	
  studies.	
  This	
  group	
  comprised	
  of	
  
children	
  from	
  2nd	
  to	
  4th	
  grade	
  (7.2-­‐12	
  years)	
  at	
  baseline.	
  Of	
  these,	
  742/800	
  (93%)	
  accepted	
  
the	
  invitation	
  to	
  participate	
  and	
  682/742	
  (92%)	
  participated	
  at	
  two-­‐year	
  follow	
  up	
  (49%	
  
boys,	
  51%	
  girls).	
  The	
  characteristics	
  of	
  the	
  participants	
  at	
  baseline	
  and	
  follow	
  up	
  regarding	
  
age,	
  gender,	
  anthropometry,	
  densitometry,	
  accelerometer	
  data	
  are	
  reported	
  in	
  Table	
  3a-­‐3c.	
  	
  
	
  
Figure	
  5:	
  Flowchart	
  of	
  the	
  participants	
  
	
  
	
  

	
  
	
  
	
  



	
  
Table	
  3a:	
  Baseline	
  (2008)	
  and	
  follow	
  up	
  (2010)	
  characteristics	
  of	
  the	
  boys	
  participating	
  in	
  The	
  CHAMPS	
  study-­‐dk	
  stratified	
  by	
  
school	
  type.	
  
	
  

Key	
  variables	
   Boys	
  baseline	
  (2008)	
  
(n=344)	
  

Boys	
  follow-­‐up	
  (2010)	
  

(n=335)	
  

Sports-­‐schools	
  
(n=180)	
  

Traditional	
  schools	
  
(n=164)	
  

Sports-­‐schools	
  

(n=176)	
  

Traditional	
  schools	
  

(n=159)	
  

Age	
  (yrs.)	
  
Weight	
  (kg)	
  
Height	
  (cm)	
  
BMI	
  
DXA	
  measures	
  
(body	
  composition)	
  
Lean	
  mass	
  (kg)	
  
Fat	
  mass	
  (kg)	
  
Body	
  fat	
  percentage(%)	
  
DXA	
  measures	
  (bone)(TBLH)	
  
	
  	
  BMC	
  (g)	
  
	
  	
  BMD	
  (g/cm2)	
  
	
  	
  BA	
  (cm2)	
  
	
  (Lower	
  limb)	
  
	
  	
  BMC	
  (g)	
  
	
  	
  BMD	
  (g/cm2)	
  
	
  	
  BA	
  (cm2)	
  
Pubertal	
  status	
  	
  
Tanner	
  stage	
  (n)	
  
1/2/3/4/5	
  

9.6(0.9)	
  
33.3(6.6)	
  
140.6(7.5)	
  
16.7(2.3)	
  

	
  
	
  

25.5(3.4)	
  
6.2(4.1)	
  
17.5(8.0)	
  

	
  
896.9(186.0)	
  
0.76(0.05)	
  

1158.1(174.8)	
  
	
  

432.1(100.4)	
  
0.87(0.07)	
  
489.1(78.9)	
  

	
  
	
  

81/87/9/0/0	
  

9.6(0.9)	
  
32.7(6.4)	
  
139.6(8.1)	
  
16.7(1.9)	
  

	
  
	
  

25.0(3.3)	
  
6.2(3.9)	
  
17.9(7.5)	
  

	
  
879.7(196.5)	
  
0.76(0.05)	
  

1139.5(177.1)	
  
	
  

424.7(108.5)	
  
0.87(0.08)	
  
480.5(80.3)	
  

	
  
	
  

89/66/8/1/0	
  

11.5(0.9)	
  
4.7(8.4)	
  
151.5(8.5)	
  
17.6(2.4)	
  

	
  
	
  

30.8(5.1)	
  
8.1(4.7)	
  
18.9(7.5)	
  

	
  
1196.9(271.7)	
  
0.84(0.06)	
  

1409.3(225.0)	
  
	
  

598.8(139.2)	
  
0.98(0.08)	
  
602.3((93.0)	
  

	
  
	
  

33/81/51/9/2	
  

11.5(0.9)	
  
40.9(9.1)	
  
150.9(9.4)	
  
17.8(2.5)	
  

	
  
	
  

30.5(5.2)	
  
8.5(5.3)	
  
19.7(8.2)	
  

	
  
1184.4(293.5)	
  
0.83(0.06)	
  

1401.7(234.4)	
  
	
  

595.9(156.0)	
  
0.98(0.1)	
  
599.6(99.3)	
  

	
  
	
  

22/93/36/6/1	
  
	
  
Note:	
  Results	
  are	
  reported	
  as	
  mean	
  (SD)	
  sorted	
  by	
  gender	
  and	
  schools.	
  Results	
  for	
  pubertal	
  stage	
  are	
  reported	
  as	
  numbers	
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Table	
  3b:	
  Baseline	
  (2008)	
  and	
  follow	
  up	
  (2010)	
  characteristics	
  of	
  the	
  girls	
  participating	
  in	
  The	
  CHAMPS	
  study-­‐dk	
  stratified	
  by	
  
school	
  type.	
  
	
  
Key	
  variables	
   Girls	
  baseline	
  (2008)	
  

(n=373)	
  
Girls	
  follow-­‐up	
  (2010)	
  

(n=348)	
  

Sports-­‐schools	
  
(n=222)	
  

Traditional	
  schools	
  
(n=	
  151)	
  

Sports-­‐schools	
  

(n=205)	
  

Traditional	
  schools	
  

(n=143)	
  

Age	
  (yrs.)	
  
Weight	
  (kg)	
  
Height	
  (cm)	
  
BMI	
  
DXA	
  measures	
  
(body	
  composition)	
  
Lean	
  mass	
  (kg)	
  
Fat	
  mass	
  (kg)	
  
Body	
  fat	
  percentage(%)	
  
DXA	
  measures	
  (bone)(TBLH)	
  
	
  	
  BMC	
  (g)	
  
	
  	
  BMD	
  (g/cm2)	
  
	
  	
  BA	
  (cm2)	
  
	
  (Lower	
  limb)	
  
	
  	
  BMC	
  (g)	
  
	
  	
  BMD	
  (g/cm2)	
  
	
  	
  BA	
  (cm2)	
  
Pubertal	
  status	
  	
  
Tanner	
  stage	
  (n)	
  
1/2/3/4/5	
  

9.5(0.9)	
  
32.1(6.0)	
  
138.1(7.2)	
  
16.7(2.1)	
  

	
  
	
  

22.9(3.1)	
  
7.5(3.7)	
  
22.6(7.2)	
  

	
  
843.6(203.6)	
  
0.75(0.06)	
  

1103.2(179.4)	
  
	
  

410.1(102.1)	
  
0.86(0.08)	
  
467.7(74.6)	
  

	
  
	
  

160/54/4/3/0	
  

9.6(0.8)	
  
32.9(7.2)	
  
138.7(7.3)	
  
16.9(2.4)	
  

	
  
	
  

22.9(3.4)	
  
8.3(4.4)	
  
24.0(7.8)	
  

	
  
849.5(205.9)	
  
0.75(0.06)	
  

1109.0(183.9)	
  
	
  

413.1(105.7)	
  
0.86(0.08)	
  
470.7(78.7)	
  

	
  
	
  

121/29/1/1/0	
  

11.4(0.9)	
  
40.6(8.6)	
  
150.4(8.5)	
  
17.8(2.5)	
  

	
  
	
  

28.5(5.1)	
  
10.1(4.7)	
  
24.2(6.9)	
  

	
  
1182.7(320.7)	
  
0.83(0.67)	
  

1390.1(245.2)	
  
	
  

579.7(150.4)	
  
0.98(0.11)	
  
581.3(89.9)	
  

	
  
	
  

64/67/58/15/1	
  

11.5(0.9)	
  
40.9(9.1)	
  
150.9(9.4)	
  
17.7(2.4)	
  

	
  
	
  

30.5(5.2)	
  
8.5(5.3)	
  
25.2(7.8)	
  

	
  
1187.2(295.3)	
  
0.83(0.07)	
  

1397.5(229.0)	
  
	
  

580.9(137.5)	
  
0.98(0.1)	
  
584.0(82.2)	
  

	
  
	
  

33/57/44/8/1	
  
	
  
Note:	
  Results	
  are	
  reported	
  as	
  mean	
  (SD)	
  sorted	
  by	
  gender	
  and	
  schools.	
  Results	
  for	
  pubertal	
  stage	
  are	
  reported	
  as	
  numbers	
  

	
  



	
  

Results	
  
	
  

Table	
  3c:	
  Descriptive	
  statistics	
  of	
  the	
  participants	
  with	
  complete	
  datasets	
  n=602.	
  October	
  

2010	
  to	
  March	
  2011.	
  	
  

	
  

Variable	
   Gender	
   Mean	
  (SD)	
   25th	
  %	
   Median	
   75th	
  %	
  

Age	
  (yrs.)	
   Boys	
   11.5	
  (0.89)	
   10.8	
   11.4	
   12.2	
  
Girls	
   11.5	
  (0.87)	
   10.7	
   11.4	
   12.2	
  

Height	
  (cm)	
   Boys	
   151.2	
  (8.88)	
   145	
   151.1	
   156.5	
  
Girls	
   150.5	
  (8.3)	
   144.4	
   150.4	
   156.5	
  

Weight	
  (kg)	
   Boys	
   40.7	
  	
  (8.46)	
   34.5	
   39.3	
   45.2	
  
Girls	
   40.9	
  	
  (8.81)	
   34.8	
   40.05	
   46	
  

Fat	
  mass	
  (kg)	
   Boys	
   8.2	
  (5.02)	
   4.6	
   6.8	
   10.2	
  
Girls	
   10.5	
  (5.0)	
   6.8	
   9.5	
   13.03	
  

Lean	
  mass	
  (kg)	
   Boys	
   30.7	
  (4.97)	
   27.2	
   30.1	
   33.2	
  
Girls	
   28.4	
  (4.96)	
   24.5	
   27.8	
   31.8	
  

BMC	
  (g)	
   Boys	
   1189	
  (267)	
   1007	
   1169	
   1314	
  
Girls	
   1183	
  (313)	
   945.5	
   1142	
   1363	
  

BMD	
  (g/cm2)	
   Boys	
   0.83	
  (0.06)	
   0.79	
   0.83	
   0.87	
  
Girls	
   0.83	
  (0.08)	
   0.78	
   0.83	
   0.88	
  

BA	
  (cm2)	
   Boys	
   1405	
  (222)	
   1246	
   1399	
   1540	
  
Girls	
   1390	
  (249)	
   1211.2	
   1372.3	
   1545.5	
  

Accelerometer	
  (Days	
  
registered)	
  
	
  

Boys	
   6.1	
  (0.97)	
   5	
   6	
   7	
  
Girls	
   6.1	
  (0.96)	
   5	
   6	
   7	
  

Sedentary	
  
Activity	
  (%)	
  

Boys	
   62	
   58	
   62	
   65	
  
Girls	
   64	
   61	
   64	
   68	
  

Low	
  activity	
  (%)	
   Boys	
   29	
   26	
   29	
   31	
  
Girls	
   29	
   26	
   29	
   31	
  

Moderate	
  to	
  high	
  activity	
  (%)	
   Boys	
   9	
   6	
   7	
   9	
  
Girls	
   7	
   6	
   7	
   9	
  

	
  
Pubertal	
  stages	
   Boys	
  (n)	
   Girls	
  (n)	
  
Tanner	
  stage	
  1	
  (n)	
   55	
   97	
  

Tanner	
  stage	
  2	
  (n)	
   139	
   124	
  

Tanner	
  stage	
  3	
  (n)	
   87	
   102	
  

Tanner	
  stage	
  4	
  (n)	
   15	
   23	
  

Tanner	
  stage	
  5	
  (n)	
   3	
   2	
  

Fishers	
  exact	
  test	
   	
   <0.001*	
  

	
  

Note:	
  *The	
  Fishers	
  exact	
  refers	
  to	
  the	
  comparison	
  of	
  the	
  pubertal	
  stages	
  between	
  boys	
  and	
  girls	
  at	
  follow-­‐up	
  
Figures	
  are	
  means	
  (SD)	
  presented	
  along	
  with	
  median,	
  25th	
  %	
  and	
  75th%	
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4.2.	
  Study	
  I	
  
Complete	
  datasets	
  (DXA	
  scans	
  and	
  accelerometer)	
  were	
  obtained	
  in	
  602/742	
  (81%)	
  
children.	
  	
  
	
   The	
  relationship	
  between	
  BMC	
  and	
  the	
  PA	
  intensity	
  levels	
  represented	
  by	
  𝜃!!	
  
and	
  𝜃!  were	
  assessed	
  (Table	
  4).	
  There	
  was	
  a	
  positive	
  relationship	
  between	
  𝜃!!	
  and	
  BMC	
  
and	
  a	
  positive	
  relationship	
  between	
  𝜃!  and	
  BMC.	
  There	
  was	
  a	
  gender	
  interaction	
  with	
  
𝜃!  leading	
  to	
  an	
  additional	
  negative	
  effect	
  for	
  boys	
  on	
  BMC.	
  
	
  
Example	
  1:	
  The	
  fitted	
  model	
  predicts	
  that	
  for	
  a	
  girl	
  a	
  change	
  in	
  proportions	
  of	
  activity	
  
levels	
  from	
  (π!,π!  and  π!")	
  =	
  (60%,	
  30%,	
  10%)	
  to	
  (65%,	
  27%,	
  8%)	
  will	
  lead	
  to	
  a	
  change	
  in	
  
BMC	
  of	
  20.94 ∗ log !.!"

!.!"
+ 27.77 ∗ log !.!"

!.!"
− 20.94 ∗ log !.!

!.!
− 27.77 ∗ log !.!

!.!
= 2.7g,	
  

whereas	
  it	
  will	
  be	
  -­‐4.0	
  g	
  for	
  a	
  boy	
  (see	
  section	
  4.6.1	
  Study	
  I).	
  	
  
	
  
Example	
  2:	
  A	
  change	
  in	
  proportions	
  of	
  activity	
  levels	
  from	
  (π!,π!  and  π!")	
  =	
  (70%,	
  22%,	
  
8%)	
  to	
  (75%,	
  15%,	
  10%)	
  will	
  lead	
  to	
  a	
  change	
  in	
  BMC	
  of	
  20.94 ∗ log !.!

!.!"
+ 27.77 ∗

log !.!"
!.!"

− 20.94 ∗ log !.!"
!.!!

− 27.77 ∗ log !.!"
!.!!

= 25  g,	
  whereas	
  it	
  will	
  be	
  8.9	
  g	
  for	
  a	
  boy.	
  
	
  
	
  
Table	
  4:	
  Effect	
  of	
  the	
  physical	
  activity	
  on	
  BMC	
  at	
  follow	
  up	
  
	
  
Variable	
   Coefficient	
  estimate	
  

	
  
Standard	
  error	
   P-­‐	
  value	
  

BMC	
  baseline	
   0.44	
   0.03	
   <0.001	
  
BA	
  follow	
  up	
   0.97	
   0.04	
   <0.001	
  
Gender	
  	
   35.20	
   9.50	
   <0.001	
  

𝜽𝒎𝒉 = 𝐥𝐨𝐠(
𝝅𝒎𝒉
𝝅𝒍

)	
   20.94	
   6.58	
   0.001	
  

𝜽𝒔 = 𝐥𝐨𝐠  (
𝝅𝒔
𝝅𝒍
)	
   27.77	
   8.17	
   0.001	
  

Gender	
  #  𝜽𝒔	
  	
   -­‐36.03	
   13.11	
   0.006	
  
Height	
  follow	
  up	
   -­‐3.96	
   0.17	
   <0.001	
  
Puberty	
  follow	
  up	
   29.99	
   3.52	
   <0.001	
  
Gender	
  #	
  puberty	
  	
   -­‐16.95	
   5.14	
   0.001	
  
	
  
	
  
Note:	
  𝝅𝒎𝒉,	
  𝝅𝒔,	
  𝝅𝒍	
  represents	
  the	
  percentage	
  of	
  the	
  total	
  time	
  spent	
  in,	
  moderate-­‐high,	
  sedentary	
  and	
  low	
  
Intensity	
  activity	
  respectively.	
  #:	
  Interaction.	
  The	
  girls	
  were	
  chosen	
  as	
  the	
  reference	
  level	
  for	
  gender.	
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The	
  relationship	
  between	
  BMD	
  and	
  the	
  PA	
  intensity	
  levels	
  represented	
  by	
  𝜃!!	
  and	
  𝜃!	
  were	
  
assessed	
  (Table	
  5).	
  There	
  was	
  a	
  positive	
  relationship	
  between	
  𝜃!!and	
  BMD.	
  There	
  was	
  no	
  
significant	
  relationship	
  between	
  𝜃!and	
  BMD	
  and	
  no	
  gender	
  interaction.	
  

	
  
Table	
  5:	
  Effect	
  of	
  the	
  physical	
  activity	
  on	
  bone	
  mineral	
  density	
  at	
  follow	
  up	
  
	
  
Variable	
   Coefficient	
  estimate	
  

	
  	
  
Standard	
  error	
   P-­‐	
  value	
  

BMD	
  baseline	
   0.966	
   0.02	
   <0.001	
  

𝜽𝒎𝒉 = 𝐥𝐨𝐠(
𝝅𝒎𝒉
𝝅𝒍

)	
   0.009	
   0.001	
   <0.001	
  

Height	
  follow	
  up	
   0.001	
   0.0002	
   <0.001	
  
Log(weight	
  follow	
  up)	
   0.039	
   0.008	
   <0.001	
  
Gender	
  	
   0.017	
   0.005	
   0.001	
  
Puberty	
  follow	
  up	
   0.016	
   0.002	
   <0.001	
  
Gender	
  #	
  puberty	
  	
   -­‐0.014	
   0.003	
   <0.001	
  
Intercept	
   -­‐0.150	
   0.018	
   <0.001	
  
	
  
Note:	
  𝝅𝒎𝒉,	
  𝝅𝒍	
  represents	
  the	
  percentage	
  of	
  the	
  total	
  time	
  spent	
  in,	
  moderate-­‐high	
  and	
  low	
  intensity	
  
activity	
  respectively.	
  #:	
  Interaction.	
  The	
  girls	
  were	
  chosen	
  as	
  the	
  reference	
  level	
  for	
  gender.	
  
	
  
The	
  relationships	
  between	
  BA	
  and	
  the	
  PA	
  levels	
  represented	
  by	
  𝜃!!	
  and	
  𝜃!	
  were	
  
assessed	
  (Table	
  6).	
  There	
  was	
  a	
  positive	
  relationship	
  between	
  𝜃!!	
  and	
  BA	
  
but	
  no	
  significant	
  relationship	
  between	
  𝜃!	
  and	
  BA	
  and	
  furthermore	
  there	
  was	
  no	
  
significant	
  gender	
  interaction.	
  

	
  
Table	
  6:	
  Effect	
  of	
  the	
  physical	
  activity	
  on	
  bone	
  area	
  at	
  follow	
  up	
  
	
  
Variable	
   Coefficient	
  estimate	
  

	
  
Standard	
  error	
   P-­‐	
  value	
  

BA	
  baseline	
   0.62	
   0.49	
   <0.0001	
  

𝜽𝒎𝒉 = 𝐥𝐨𝐠(
𝝅𝒎𝒉
𝝅𝒍

)	
   22.18	
   4.20	
   <0.001	
  

Height	
  follow	
  up	
   6.87	
   0.69	
   <0.001	
  
Log(weight	
  follow	
  up)	
   285.20	
   18.12	
   <0.001	
  
Puberty	
  follow	
  up	
   24.47	
   2.32	
   <0.001	
  
Gender	
  	
   -­‐26.33	
   5.52	
   <0.001	
  
Intercept	
   -­‐1405.85	
   86.01	
   <0.001	
  
	
  
Note:	
  𝝅𝒎𝒉,	
  𝝅𝒍	
  represents	
  the	
  percentage	
  of	
  the	
  total	
  time	
  spent	
  in,	
  moderate-­‐high	
  and	
  low	
  intensity	
  
activity	
  respectively.	
  The	
  girls	
  were	
  chosen	
  as	
  the	
  reference	
  level	
  for	
  gender.	
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Figure	
  6:	
  Graphs	
  presenting	
  the	
  effect	
  of	
  changes	
  in	
  different	
  configurations	
  of	
  the	
  
proportion	
  of	
  total	
  time	
  in	
  physical	
  activity	
  and	
  sedentary,	
  low	
  and	
  moderate	
  to	
  high	
  level	
  
activity	
  on	
  the	
  bone	
  traits	
  BMC,	
  BMD	
  and	
  BA	
  

	
  
	
  

	
  
	
  
	
  
Note:	
  The	
  different	
  intensity	
  levels	
  were	
  fixed	
  at	
  the	
  mean	
  values.	
  The	
  exchange	
  between	
  the	
  two	
  
remaining	
  intensity	
  levels	
  were	
  between	
  the	
  proportions	
  of	
  the	
  total	
  time	
  in	
  activity,	
  at	
  the	
  10th,	
  25th,50th,	
  
75th	
  and	
  90th	
  percentiles.	
  The	
  solid	
  lines	
  refer	
  to	
  the	
  girls	
  whereas	
  the	
  dotted	
  lines	
  refer	
  to	
  the	
  boys.	
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The	
  graphs	
  in	
  Figure	
  6	
  illustrate	
  the	
  impact	
  on	
  bone	
  health	
  represented	
  by	
  BMC,	
  BMD	
  and	
  
BA	
  when	
  a	
  certain	
  level	
  of	
  physical	
  intensity	
  was	
  kept	
  fixed	
  at	
  the	
  mean	
  value	
  allowing	
  an	
  
exchange	
  of	
  time	
  spent	
  in	
  the	
  two	
  remaining	
  intensity	
  levels	
  to	
  occur.	
  This	
  exchange	
  
occurred	
  between	
  the	
  time	
  spent	
  in	
  the	
  two	
  remaining	
  intensity	
  levels	
  at	
  their	
  10th,	
  25th,	
  
50th,	
  75th	
  and	
  90th	
  percentiles.	
  The	
  solid	
  lines	
  refer	
  to	
  the	
  girls	
  whereas	
  the	
  dotted	
  lines	
  
refer	
  to	
  the	
  boys.	
  

In	
  the	
  first	
  column	
  sedentary	
  intensity	
  level	
  is	
  fixed	
  at	
  the	
  mean	
  value	
  64%	
  
and	
  62%	
  of	
  the	
  total	
  time	
  in	
  activity	
  for	
  girls	
  and	
  boys	
  respectively.	
  An	
  exchange	
  between	
  
low-­‐level	
  activity	
  and	
  moderate	
  to	
  high	
  level	
  activity	
  can	
  occur	
  and	
  when	
  increasing	
  the	
  
proportion	
  of	
  time	
  in	
  low-­‐level	
  activity	
  the	
  BMC,	
  BMD	
  and	
  BA	
  values	
  will	
  decrease	
  for	
  both	
  
genders.	
  In	
  the	
  second	
  column	
  low	
  intensity	
  PA	
  is	
  fixed	
  at	
  the	
  mean	
  level	
  29%	
  of	
  the	
  total	
  
time	
  in	
  activity	
  for	
  boys	
  and	
  girls,	
  and	
  an	
  exchange	
  between	
  moderate	
  to	
  high	
  and	
  
sedentary	
  can	
  occur.	
  	
  The	
  bone	
  traits	
  increases	
  as	
  the	
  proportion	
  of	
  time	
  spent	
  in	
  moderate	
  
to	
  high-­‐level	
  PA	
  increases	
  opposed	
  to	
  sedentary	
  level	
  PA.	
  In	
  the	
  third	
  column	
  moderate	
  to	
  
high	
  level	
  PA	
  is	
  fixed	
  at	
  the	
  mean	
  value	
  7%	
  and	
  9%	
  of	
  the	
  total	
  time	
  in	
  activity	
  for	
  girls	
  and	
  
boys	
  respectively.	
  An	
  exchange	
  between	
  sedentary	
  level	
  activity	
  and	
  low-­‐level	
  activity	
  
reveals	
  an	
  increase	
  in	
  bone	
  outcome	
  when	
  the	
  proportion	
  of	
  time	
  in	
  sedentary	
  level	
  activity	
  
increases	
  opposed	
  to	
  low-­‐level	
  activity.	
  	
  

	
  

4.3.	
  Study	
  II	
  
Complete	
  datasets	
  were	
  obtained	
  in	
  633/742	
  (85%)	
  children.	
  Fifty-­‐six	
  per	
  cent	
  of	
  the	
  
children	
  attended	
  sport	
  schools	
  and	
  44%	
  traditional	
  schools	
  at	
  baseline	
  and	
  follow-­‐up	
  
(Table	
  7).	
  Of	
  the	
  children	
  who	
  did	
  not	
  participate	
  in	
  LTS,	
  we	
  found	
  that	
  the	
  majority	
  of	
  this	
  
group	
  of	
  children	
  attended	
  sports	
  schools	
  n=131/195	
  (67%).	
  The	
  response	
  rate	
  of	
  SMS	
  (Q-­‐
T)	
  was	
  95.9	
  %.	
  	
  
	
   The	
  relationship	
  between	
  school-­‐type	
  and	
  BMC,	
  BMD	
  and	
  BA	
  accretion	
  was	
  
assessed	
  separately.	
  All	
  subsequent	
  results	
  refer	
  to	
  the	
  final	
  models	
  for	
  bone	
  traits	
  at	
  
follow	
  up.	
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BMC	
  (TBLH)	
  (Table	
  8)	
  was	
  adjusted	
  for	
  BMC	
  at	
  baseline,	
  BA,	
  height	
  and	
  puberty,	
  all	
  at	
  
follow	
  up.	
  Puberty	
  had	
  a	
  positive	
  effect	
  for	
  girls	
  but	
  was	
  insignificant	
  for	
  boys.	
  The	
  amount	
  
of	
  LTS	
  was	
  significant	
  with	
  different	
  effects	
  for	
  boys	
  and	
  girls.	
  The	
  estimated	
  increase	
  of	
  
BMC	
  for	
  each	
  extra	
  hour	
  of	
  LTS	
  for	
  boys	
  was	
  9.48	
  g	
  and	
  the	
  estimated	
  increase	
  of	
  BMC	
  for	
  
girls	
  was	
  9.48-­‐6.63=	
  2.85	
  g.	
  All	
  effects	
  of	
  school	
  type	
  were	
  insignificant.	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  BMC	
  (LL)	
  (Table	
  8)	
  was	
  adjusted	
  for	
  the	
  same	
  variables	
  as	
  for	
  BMC	
  (TBLH).	
  
However,	
  height	
  at	
  follow	
  up	
  was	
  insignificant	
  whereas	
  log(weight)	
  was	
  significant	
  with	
  
a	
  positive	
  effect.	
  The	
  amount	
  of	
  LTS	
  was	
  significant	
  with	
  different	
  effects	
  for	
  boys	
  and	
  girls.	
  
All	
  effects	
  of	
  school	
  type	
  were	
  insignificant.	
  
	
  
Table	
  8:	
  The	
  impact	
  on	
  BMC	
  accruement	
  of	
  different	
  variables,	
  during	
  a	
  two-­‐year	
  period.	
  
Multilevel	
  regression	
  analyses	
  with	
  backward	
  elimination	
  of	
  insignificant	
  variables	
  were	
  
performed.	
  
	
  
Variable	
   Coefficient	
  estimate	
  

(𝜷)	
  
Standard	
  error	
  

TBLH4	
   LL5	
   TBLH4	
   LL5	
  

BMC	
  Baseline	
   0.42***	
   0.68***	
   0.03	
   0.03	
  
BA	
  Follow-­‐up	
   0.99***	
   0.55***	
   0.03	
   0.04	
  
Height	
  Follow	
  up	
   -­‐4.20***	
   -­‐-­‐-­‐	
   0.12	
   -­‐-­‐-­‐	
  
Log(weight)	
  Follow	
  up	
   -­‐-­‐-­‐	
   105.96***	
   -­‐-­‐-­‐	
   12.03	
  
Puberty	
  Follow	
  up	
   13.82***	
   9.25***	
   3.02	
   1.75	
  
Gender#Puberty1	
   16.12***	
   6.62***	
   2.63	
   1.55	
  
Mean	
  LTS3	
   9.48***	
   6.76***	
   2.25	
   1.33	
  
Gender#Mean	
  LTS2	
   -­‐6.63*	
   -­‐4.15***	
   3.05	
   1.79	
  
	
  
Note:1+2	
  The	
  interactions	
  between	
  gender	
  and	
  puberty	
  and	
  gender	
  and	
  mean	
  sport	
  respectively,	
  with	
  boys	
  
representing	
  the	
  reference	
  group.3Leisure	
  time	
  sport	
  (LTS),	
  4Total	
  body	
  less	
  head	
  (TBLH),	
  5	
  Lower	
  limb	
  (LL)	
  
*p<0.05,	
  **p<0.01,	
  ***p<0.001	
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BMD	
  (TBLH)	
  (Table	
  9)	
  was	
  adjusted	
  for	
  BMD	
  at	
  baseline,	
  height,	
  log(weight)	
  at	
  follow	
  up	
  
and	
  gender	
  and	
  a	
  significant	
  positive	
  interaction	
  was	
  observed	
  between	
  gender	
  and	
  
puberty	
  for	
  only	
  girls.	
  The	
  amount	
  of	
  LTS	
  was	
  significant.	
  School	
  type	
  and	
  interactions	
  
between	
  school	
  type	
  and	
  gender	
  and	
  school	
  type	
  and	
  mean	
  LTS	
  participation	
  were	
  all	
  
insignificant.	
  (All	
  p>0.05)	
  
	
   BMD	
  (LL)	
  was	
  adjusted	
  for	
  the	
  same	
  variables	
  as	
  BMD	
  (TBLH).	
  The	
  amount	
  of	
  
LTS	
  was	
  significant.	
  School	
  type	
  and	
  interactions	
  between	
  school	
  type	
  and	
  gender	
  and	
  
school	
  type	
  and	
  the	
  amount	
  of	
  LTS	
  were	
  all	
  insignificant.	
  
	
   	
  
Table	
  9:	
  The	
  impact	
  on	
  BMD	
  accruement	
  of	
  different	
  variables,	
  during	
  a	
  two-­‐year	
  period.	
  A	
  
multilevel	
  regression	
  analyses	
  with	
  backward	
  elimination	
  of	
  insignificant	
  variables	
  were	
  
performed.	
  
	
  
Variables	
   Coefficient	
  estimate	
  

(𝜷)	
  
Standard	
  error	
  

TBLH4	
   LL5	
   TBLH4	
   LL5	
  

BMD	
  Baseline	
   0.963***	
   0.975***	
   0.021	
   0.022	
  
Height	
  	
  Follow	
  up	
   0.001***	
   -­‐-­‐-­‐	
   0.0002	
   -­‐-­‐-­‐	
  
Log(weight)	
  Follow	
  up	
   0.043***	
   0.088***	
   0.007	
   0.009	
  
Gender1	
   -­‐0.017***	
   -­‐0.019***	
   0.004	
   0.006	
  
Gender#puberty2	
   0.016***	
   0.019***	
   0.001	
   0.002	
  
Mean	
  LTS3	
   0.004***	
   0.007***	
   0.001	
   0.001	
  
	
  
Note:1Boys	
  are	
  the	
  reference	
  group.2	
  The	
  interactions	
  between	
  gender	
  and	
  puberty	
  (the	
  difference	
  between	
  boys	
  
and	
  girls)	
  with	
  boys	
  representing	
  the	
  reference	
  group.	
  3Leisure	
  time	
  sport,	
  4Total	
  body	
  less	
  head	
  (TBLH),	
  5	
  Lower	
  
limb	
  (LL)	
  *p<0.05,	
  **p<0.01,	
  ***p<0.001	
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BA	
  (TBLH)	
  (Table	
  10)	
  was	
  adjusted	
  for	
  BA	
  at	
  baseline,	
  height,	
  log(weight),	
  age,	
  puberty	
  at	
  
follow	
  up.	
  There	
  was	
  a	
  significant	
  interaction	
  between	
  gender	
  and	
  puberty	
  leading	
  to	
  an	
  
additional	
  positive	
  effect	
  on	
  BA	
  for	
  girls.	
  The	
  amount	
  of	
  LTS	
  was	
  significant.	
  School	
  type	
  
and	
  interactions	
  between	
  school	
  type	
  and	
  gender	
  and	
  school	
  type	
  and	
  the	
  amount	
  of	
  LTS	
  
were	
  all	
  insignificant	
  (All	
  p>0.05).	
  
	
   BA	
  (LL)	
  (Table	
  10)	
  was	
  adjusted	
  for	
  the	
  same	
  variables	
  as	
  BA	
  (TBLH).	
  The	
  
amount	
  of	
  LTS	
  was	
  however	
  insignificant.	
  School	
  type	
  and	
  interactions	
  between	
  school	
  
type	
  and	
  gender	
  and	
  school	
  type	
  and	
  the	
  amount	
  of	
  LTS	
  were	
  all	
  insignificant	
  (All	
  p>0.05).	
  
	
  
Table	
  10:	
  The	
  impact	
  on	
  BA	
  accruement	
  of	
  different	
  variables,	
  during	
  a	
  two-­‐year	
  period.	
  A	
  
multilevel	
  regression	
  analysis	
  with	
  backward	
  elimination	
  of	
  insignificant	
  variables	
  was	
  
performed.	
  
	
  
Variables	
   Coefficient	
  estimate	
  

(𝜷)	
  
Standard	
  error	
  

TBLH4	
   LL5	
   TBLH4	
   LL5	
  

BA	
  Baseline	
   0.65***	
   0.65***	
   	
  0.03	
   0.23	
  
Height	
  Follow	
  up	
   7.09***	
   2.64***	
   0.49	
   0.18	
  
Log(weight)	
  Follow	
  up	
   273.48***	
   104.92***	
   20.20	
   6.95	
  
Age	
  Follow	
  up	
   -­‐6.55*	
   -­‐2.27*	
   2.99	
   1.13	
  
Puberty	
  Follow	
  up	
   16.96***	
   3.86***	
   3.19	
   1.14	
  
Gender#puberty1	
   10.99***	
   -­‐1.92***	
   1.75	
   0.62	
  
Mean	
  LTS3	
   4.65*	
   -­‐-­‐-­‐	
   1.99	
   -­‐-­‐-­‐	
  
	
  
Note:	
  1	
  The	
  interactions	
  between	
  gender	
  and	
  puberty	
  with	
  boys	
  representing	
  the	
  reference	
  group.	
  
3Leisure	
  time	
  sport,	
  4Total	
  body	
  less	
  head	
  (TBLH),	
  5	
  Lower	
  limb	
  (LL).	
  *p<0.05,	
  **p<0.01,	
  ***p<0.001	
  

	
   	
  



	
   43	
  

Results	
  

4.4.	
  Study	
  III	
  
The	
  accretions	
  of	
  BMC	
  and	
  BA	
  were	
  assessed	
  by	
  two	
  different	
  sets	
  of	
  predictors	
  using	
  
multilevel	
  regression	
  models	
  with	
  schools,	
  classes	
  and	
  children	
  as	
  random	
  effects.	
  Model	
  I	
  
used	
  simple	
  anthropometric	
  variables	
  whereas	
  model	
  II	
  used	
  BC	
  variables.	
  Results	
  are	
  
listed	
  in	
  Table	
  11	
  and	
  Table	
  12	
  respectively.	
  Except	
  for	
  BA	
  in	
  model	
  II,	
  the	
  outcome	
  
variables	
  were	
  transformed	
  by	
  suitable	
  power	
  transformations	
  to	
  ensure	
  normality.	
  The	
  
estimated	
  effects	
  described	
  below	
  are	
  therefore	
  only	
  linear	
  on	
  the	
  scale	
  of	
  the	
  transformed	
  
outcomes.	
  The	
  effects	
  do	
  however	
  retain	
  the	
  same	
  directions	
  when	
  back	
  transformed,	
  as	
  
the	
  transformations	
  are	
  monotonic	
  
	
  	
  
Model	
  I	
  	
  
The	
  relationship	
  between	
  BMC  accretion	
  and	
  anthropometry	
  was	
  assessed.	
  Of	
  the	
  
examined	
  explanatory	
  variables;	
  height,	
  BMI,	
  gender	
  and	
  puberty	
  in	
  girls	
  positively	
  
predicted	
  the	
  accrual	
  of	
  BMC.	
  The	
  effect	
  on	
  BMC	
  of	
  puberty	
  in	
  boys	
  was	
  insignificant	
  (Table	
  
11).	
  Gender	
  interactions	
  with	
  height	
  and	
  BMI	
  were	
  removed	
  from	
  the	
  model	
  due	
  to	
  multi	
  
co-­‐linearity.	
  
	
   The	
  relationship	
  between	
  BA  accretion	
  and	
  anthropometry	
  was	
  assessed.	
  
From	
  the	
  initial	
  model	
  the	
  explanatory	
  variables	
  height	
  and	
  BMI	
  predicted	
  the	
  BA	
  
accruement	
  positively.	
  The	
  effect	
  on	
  BA	
  of	
  puberty	
  was	
  insignificant	
  (Table	
  11).	
  Gender	
  
interactions	
  with	
  height	
  and	
  BMI	
  were	
  removed	
  from	
  the	
  model	
  due	
  to	
  multi	
  co-­‐linearity.	
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Table	
  11:	
  Model	
  I.	
  Coefficient	
  estimates	
  of	
  the	
  significant	
  parameters	
  for	
  the	
  regression	
  of	
  
the	
  Box	
  Cox	
  transformed	
  BMC	
  and	
  BA.	
  Backward	
  elimination	
  of	
  insignificant	
  parameters	
  
was	
  performed.	
  
	
  
Parameter	
   Coefficient	
  estimate	
  for	
  the	
  

regression	
  of	
  (𝑩𝑴𝑪)𝟎.𝟐  	
  
𝜷	
  (CI)	
  

P	
  
Value	
  

Coefficient	
  estimate	
  
for	
  the	
  regression	
  

of	
  
     𝑩𝑨 𝟎.𝟒  	
  
𝜷	
  (CI)	
  

P	
  
Value	
  

Height	
   0.022	
  (0.020-­‐0.023)	
   <0.001	
   0.113(0.111-­‐0115)	
   <0.001	
  

Body	
  mass	
  index	
  

(BMI)	
  

0.0185(0.0182-­‐0.0187)	
   <0.001	
   0.128(0.119-­‐0.137)	
   <0.001	
  

Gender	
   0.029(0.017-­‐0.041)	
   <0.001	
   	
   NS	
  

Puberty	
  girls	
   0.012(0.009-­‐0.016)	
   <0.001	
   	
   NS	
  

Intercept	
   0.89	
  (0.85-­‐0.92)	
  	
   <0.001	
   -­‐1.47	
  (-­‐1.67-­‐	
  -­‐1.28)	
   <0.001	
  

	
  

Note:	
  In	
  the	
  initial	
  model	
  one	
  (BMC)0.2	
  and	
  (BA)0.4	
  were	
  adjusted	
  for	
  height,	
  BMI,	
  gender,	
  puberty	
  and	
  the	
  
interaction	
  between	
  gender	
  and	
  puberty.	
  The	
  girls	
  were	
  chosen	
  as	
  the	
  reference	
  level	
  for	
  gender.	
  
	
  
Model	
  II	
   	
  
The	
  relationship	
  between	
  BMC  accretion	
  and	
  BC	
  was	
  assessed	
  in	
  model	
  two	
  (Table	
  12).	
  
From	
  the	
  initial	
  model	
  the	
  examined	
  explanatory	
  variables,	
  LM,	
  BF%,	
  age,	
  puberty	
  
predicted	
  the	
  BMC  accretion.	
  There	
  was	
  an	
  interaction	
  between	
  gender	
  and	
  BF%	
  with	
  a	
  
higher	
  effect	
  for	
  boys	
  than	
  for	
  girls	
  (Table	
  12).	
  	
  
	
   The	
  relationship	
  between	
  BA	
  accretion	
  and	
  BC	
  was	
  assessed.	
  There	
  were	
  
positive	
  associations	
  between	
  LM,	
  BF%,	
  age	
  and	
  an	
  interaction	
  between	
  gender	
  and	
  
puberty	
  with	
  a	
  positive	
  impact	
  of	
  puberty	
  in	
  girls.	
  
	
   	
  BMD	
  was	
  described	
  as	
  a	
  function	
  of	
  BMC	
  and	
  BA	
  it	
  was	
  therefore	
  redundant	
  
to	
  perform	
  a	
  regression	
  for	
  the	
  outcome	
  variable	
  BMD.	
  The	
  result	
  of	
  the	
  functional	
  
description	
  of	
  BMD	
  is	
  displayed	
  in	
  Figure	
  2.	
  	
  
	
   In	
  model	
  I	
  height	
  was	
  the	
  most	
  precise	
  predictor	
  of	
  BMC	
  compared	
  to	
  BMI	
  
(lowest	
  AIC	
  value)	
  in	
  both	
  genders.	
  In	
  model	
  II	
  LM	
  was	
  the	
  most	
  precise	
  predictor	
  of	
  BMC	
  
compared	
  to	
  BF%	
  in	
  both	
  genders.	
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Table	
  12:	
  Model	
  II.	
  Coefficient	
  estimates	
  of	
  the	
  significant	
  parameters	
  for	
  the	
  regression	
  of	
  
the	
  Box	
  Cox	
  transformed	
  BMC	
  and	
  BA.	
  Backward	
  elimination	
  of	
  insignificant	
  parameters	
  
was	
  performed.	
  
	
  
Parameter	
   Coefficient	
  estimate	
  for	
  the	
  

regression	
  of	
   𝑩𝑴𝑪	
  
𝜷	
  (CI)	
  

P	
  
Value	
  

Coefficient	
  estimate	
  for	
  
the	
  regression	
  of	
  𝑩𝑨  	
  

𝜷	
  (CI)	
  

P	
  
Value	
  

Lean	
  mass	
  (LM)	
   6.03e-­‐04(5.8e-­‐04-­‐6.2e-­‐o4)	
   <0.001	
   0.035(0.035-­‐0.037)	
   <0.001	
  

Fat	
  percentage	
  

(BF%)	
  

0.103(0.091-­‐0.114)	
   <0.001	
   6.475(5.893-­‐7.056)	
   <0.001	
  

Age	
   0.684(0.619-­‐0.749)	
   <0.001	
   30.974(27.270-­‐34.678)	
   <0.001	
  

Fat	
  percentage	
  

boys	
  

0.015(0.004-­‐0.027)	
   0.008	
   	
   NS	
  

Puberty	
  girls	
   0.337(0.246-­‐0.428)	
   <0.001	
   13.190(8.122-­‐18.257)	
   <0.001	
  

Puberty	
  boys	
   -­‐0.122(-­‐0.220-­‐	
  -­‐0.024)	
   0.014	
   	
   NS	
  

Intercept	
   5.815(5.386-­‐6.243)	
   <0.001	
   -­‐168.253(-­‐193.329-­‐	
  -­‐

143.178)	
  

<0.001	
  

	
  

Note:	
  In	
  the	
  initial	
  model	
  one	
   𝐵𝑀𝐶	
  and	
  BA	
  were	
  adjusted	
  for	
  lean	
  mass,	
  fat	
  percentage,	
  the	
  interaction	
  between	
  
body	
  fat	
  percentage	
  and	
  gender	
  (the	
  interaction	
  between	
  body	
  lean	
  mass	
  and	
  gender	
  was	
  omitted	
  from	
  the	
  
model	
  due	
  to	
  co-­‐linearity),	
  age,	
  puberty	
  and	
  the	
  interaction	
  between	
  gender	
  and	
  puberty.	
  
The	
  girls	
  were	
  chosen	
  as	
  the	
  reference	
  level	
  for	
  gender.	
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Figure	
  7:	
  Graphs	
  representing	
  the	
  effect	
  of	
  changes	
  of	
  height,	
  body	
  mass	
  index,	
  lean	
  mass,	
  
body	
  fat	
  percentage	
  on	
  bone	
  outcome	
  (BMC,	
  BA	
  and	
  BMD)	
  
	
  

	
  
Note:	
  The	
  values	
  of	
  age,	
  puberty,	
  height,	
  BMI	
  (model	
  one)	
  and	
  age	
  puberty,	
  lean	
  mass	
  and	
  body	
  fat	
  (model	
  two)	
  were	
  chosen	
  at	
  
the	
  mean	
  values.	
  The	
  impact	
  on	
  bone	
  outcome	
  of	
  a	
  change	
  in	
  the	
  parameters	
  of	
  interest	
  (keeping	
  the	
  other	
  explanatory	
  variables	
  
constant)	
  is	
  shown	
  above	
  for	
  each	
  parameter	
  of	
  interest	
  in	
  model	
  one	
  (height,	
  BMI)	
  and	
  model	
  two	
  (LM	
  and	
  BF%).	
  	
  
The	
  solid	
  lines	
  refer	
  to	
  the	
  girls	
  whereas	
  the	
  dotted	
  lines	
  refer	
  to	
  the	
  boys	
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5.	
  Discussion	
  
	
  
The	
  findings	
  presented	
  in	
  this	
  PhD	
  thesis	
  are	
  based	
  on	
  the	
  results	
  obtained	
  in	
  three	
  studies	
  
of	
  children	
  aged	
  7-­‐9	
  years	
  old	
  from	
  the	
  CHAMPS	
  study	
  DK	
  in	
  a	
  two-­‐year	
  follow-­‐up	
  design.	
  
All	
  the	
  presented	
  studies	
  are	
  concerning	
  bone	
  health	
  in	
  childhood.	
  The	
  major	
  reason	
  for	
  the	
  
interest	
  in	
  bone	
  health	
  is	
  to	
  prevent	
  osteoporosis	
  and	
  fracture	
  risk	
  later	
  in	
  life.	
  The	
  
presented	
  studies	
  aimed	
  to	
  describe	
  influences	
  with	
  an	
  impact	
  on	
  bone	
  accruement	
  in	
  
childhood	
  in	
  different	
  ways	
  and	
  from	
  different	
  perspectives.	
  In	
  study	
  I	
  the	
  focus	
  was	
  on	
  the	
  
impact	
  of	
  the	
  intensity	
  of	
  PA	
  on	
  bone	
  accruement.	
  In	
  study	
  II	
  the	
  focus	
  was	
  to	
  describe	
  the	
  
impact	
  of	
  school	
  type	
  and	
  LTS	
  participation	
  on	
  bone	
  accruement	
  and	
  in	
  study	
  III	
  the	
  focus	
  
was	
  to	
  describe	
  predictors	
  of	
  bone	
  accruement	
  from	
  two	
  different	
  models	
  of	
  growth.	
  The	
  
three	
  studies	
  described	
  a	
  large	
  cohort	
  of	
  healthy	
  children	
  in	
  a	
  longitudinal	
  design	
  and	
  
thereby	
  add	
  new	
  perspectives	
  into	
  the	
  research	
  field.	
  
	
  

5.1.	
  Study	
  I	
  
The	
  relationship	
  between	
  the	
  proportions	
  of	
  time	
  spent	
  in	
  PA	
  at	
  different	
  intensity	
  levels	
  
and	
  bone	
  development	
  represented	
  by	
  BMC,	
  BMD,	
  and	
  BA	
  accrual	
  during	
  two	
  years	
  was	
  
examined.	
  
	
   There	
  was	
  a	
  positive	
  relationship	
  of	
  the	
  log	
  odds	
  of	
  moderate	
  to	
  high	
  and	
  low	
  
intensity	
  activity	
  and	
  BMC,	
  BMD	
  and	
  BA	
  accruement	
  over	
  a	
  two-­‐	
  year	
  period	
  indicating	
  that	
  
changing	
  the	
  proportion	
  of	
  time	
  in	
  PA	
  towards	
  moderate	
  to	
  high	
  intensity	
  would	
  have	
  
beneficial	
  effects	
  on	
  bone	
  health.	
  There	
  was	
  a	
  significant	
  relationship	
  between	
  the	
  log	
  odds	
  
of	
  sedentary	
  relative	
  to	
  low	
  intensity	
  activity	
  and	
  BMC	
  indicating	
  that	
  changing	
  the	
  
proportion	
  of	
  time	
  in	
  PA	
  towards	
  sedentary	
  opposed	
  to	
  low-­‐level	
  intensity	
  also	
  had	
  a	
  
positive	
  influence	
  on	
  bone	
  health.	
  This	
  rather	
  surprising	
  but	
  interesting	
  result	
  may	
  reflect	
  
that	
  sedentary	
  behaviour	
  is	
  not	
  necessarily	
  negative	
  for	
  the	
  bones	
  compared	
  to	
  a	
  general	
  
low	
  PA	
  level.	
  
	
  	
   The	
  positive	
  relationship	
  between	
  weight	
  bearing	
  exercises,	
  and	
  bone	
  health	
  
during	
  growth	
  has	
  been	
  well	
  described	
  3,	
  91.	
  This	
  study	
  adds	
  information	
  about	
  the	
  intensity	
  
of	
  PA	
  rather	
  than	
  the	
  type	
  of	
  PA.	
  
	
   Previous	
  studies	
  have	
  examined	
  the	
  impact	
  of	
  intensity	
  on	
  bone	
  health.	
  Tobias	
  
JH	
  et	
  al.	
  (2007)	
  examined	
  a	
  cohort	
  of	
  n=4457	
  children	
  in	
  the	
  Avon	
  Longitudinal	
  Study	
  of	
  
Parents	
  and	
  Children	
  (ALSPAC)	
  study.	
  The	
  study	
  was	
  performed	
  in	
  a	
  cross-­‐sectional	
  design.	
  
They	
  found	
  a	
  positive	
  relationship	
  between	
  BA	
  and	
  BMD	
  and	
  moderate	
  PA	
  only	
  92.	
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Several	
  other	
  studies	
  have	
  presented	
  cross-­‐sectional	
  data	
  on	
  the	
  relationship	
  between	
  
habitual	
  PA	
  and	
  bone	
  health	
  48,	
  93	
  whereas	
  this	
  study	
  provides	
  longitudinal	
  data.	
  Sardina	
  et	
  
al.	
  (2008)	
  examined	
  the	
  relationship	
  between	
  intensity	
  and	
  duration	
  of	
  PA	
  and	
  composite	
  	
  
indices	
  of	
  femoral	
  neck	
  strength	
  and	
  bone	
  mineral	
  content	
  of	
  the	
  femoral	
  neck,	
  lumbar	
  
spine	
  and	
  total	
  body.	
  They	
  concluded	
  that	
  vigorous	
  activity	
  measured	
  by	
  accelerometers	
  
emerged	
  as	
  the	
  main	
  PA	
  predictor	
  of	
  femoral	
  neck	
  strength	
  only	
  47.	
  
	
   Habits	
  of	
  physical	
  activity	
  can	
  be	
  traced	
  from	
  childhood	
  to	
  adolescence	
  and	
  
adulthood	
  94,	
  95,	
  and	
  habits	
  developed	
  in	
  early	
  life	
  may	
  persist	
  into	
  adulthood.	
  It	
  has	
  been	
  
suggested	
  that	
  children	
  become	
  less	
  physically	
  active	
  and	
  spend	
  more	
  time	
  in	
  sedentary	
  
activity	
  as	
  they	
  age	
  71.	
  It	
  therefore	
  seems	
  of	
  great	
  importance	
  to	
  influence	
  these	
  behaviours	
  
of	
  PA	
  positively	
  in	
  childhood	
  to	
  prevent	
  future	
  side	
  effects	
  of	
  sedentary	
  behaviour.	
  	
  
	
   Osteoporosis	
  is	
  a	
  growing	
  problem	
  in	
  adults	
  and	
  the	
  elderly	
  9,	
  96.	
  When	
  
planning	
  prevention	
  strategies	
  towards	
  osteoporosis,	
  all	
  of	
  the	
  factors	
  that	
  affect	
  bone	
  
health	
  including	
  PA	
  patterns	
  should	
  be	
  considered.	
  The	
  results	
  of	
  study	
  I	
  suggest	
  that	
  small	
  
changes	
  in	
  PA	
  behaviour	
  in	
  childhood	
  towards	
  more	
  moderate	
  to	
  high	
  level	
  PA	
  opposed	
  to	
  
low	
  and	
  sedentary	
  intensity	
  levels	
  are	
  sufficient	
  to	
  achieve	
  beneficial	
  effects	
  on	
  bone	
  traits.	
  
	
   Focus	
  on	
  habitual	
  physical	
  activity	
  during	
  childhood	
  is	
  of	
  major	
  importance	
  to	
  
consider	
  when	
  planning	
  preventive	
  strategies	
  towards	
  osteoporosis.	
  Also	
  in	
  relation	
  to	
  
bone	
  health	
  it	
  is	
  important	
  to	
  change	
  children’s	
  lifestyle	
  from	
  mainly	
  inactivity	
  to	
  higher	
  
activity	
  levels.	
  	
  
	
  

5.2.	
  Study	
  II	
  
In	
  study	
  II	
  the	
  effect	
  of	
  a	
  school	
  based	
  PE	
  programme	
  and	
  the	
  effect	
  of	
  participation	
  in	
  LTS	
  
on	
  children’s	
  bone	
  health	
  was	
  examined.	
  LTS	
  had	
  a	
  positive	
  impact	
  on	
  bone	
  accrual	
  in	
  
children	
  with	
  boys	
  having	
  the	
  greatest	
  effect	
  from	
  LTS	
  participation.	
  However,	
  the	
  analyses	
  
revealed	
  no	
  effect	
  of	
  school	
  type	
  on	
  children’s	
  bone	
  mineral	
  accrual	
  during	
  the	
  two-­‐year	
  
observation	
  time.	
  The	
  hypothesis	
  of	
  a	
  positive	
  effect	
  on	
  bone	
  traits	
  of	
  the	
  sports	
  schools	
  for	
  
children	
  with	
  low	
  amount	
  of	
  LTS	
  participation	
  suggested	
  an	
  examination	
  of	
  the	
  
interactions	
  between	
  school	
  type	
  and	
  the	
  amount	
  of	
  LTS	
  participation.	
  Such	
  an	
  effect	
  was	
  
not	
  found.	
  
	
   The	
  design	
  of	
  the	
  sports	
  schools	
  in	
  the	
  present	
  study	
  was	
  not	
  specifically	
  
intended	
  to	
  influence	
  bone	
  health	
  in	
  childhood	
  and	
  contained	
  no	
  specific	
  elements	
  of	
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repetitive	
  jumping	
  or	
  similar	
  activities,	
  although	
  we	
  would	
  expect	
  a	
  school	
  based	
  PE	
  
programme	
  with	
  four	
  extra	
  PE	
  lessons	
  to	
  include	
  weight-­‐bearing	
  elements.	
  
The	
  majority	
  of	
  the	
  children	
  who	
  did	
  not	
  participate	
  in	
  LTS,	
  attended	
  sports	
  schools	
  
n=131/195	
  (67%).	
  The	
  reason	
  for	
  this	
  is	
  uncertain	
  but	
  may	
  be	
  due	
  to	
  a	
  behavioural	
  effect	
  
of	
  attending	
  a	
  sports	
  school	
  causing	
  parents	
  to	
  reduce	
  their	
  child’s	
  LTS	
  due	
  to	
  practical	
  
reasons	
  or	
  that	
  the	
  child	
  become	
  less	
  physically	
  active	
  during	
  the	
  leisure	
  time	
  due	
  to	
  the	
  
increased	
  activity	
  during	
  school	
  time	
  even	
  though	
  children	
  in	
  the	
  two	
  school	
  types	
  had	
  
equal	
  access	
  to	
  LTS	
  facilities.	
  This	
  effect	
  may	
  represent	
  a	
  part	
  of	
  the	
  reason	
  why	
  extra	
  PE	
  
lessons	
  in	
  school	
  do	
  not	
  have	
  the	
  expected	
  effect	
  on	
  bone	
  accruement	
  during	
  the	
  two-­‐year	
  
follow	
  up	
  period.	
  However,	
  we	
  found	
  that	
  participation	
  in	
  LTS	
  had	
  a	
  highly	
  significant	
  
impact	
  on	
  bone	
  accruement.	
  We	
  expect	
  that	
  the	
  children	
  participate	
  in	
  LTS	
  due	
  to	
  interest	
  
in	
  a	
  specific	
  sport	
  and	
  this	
  group	
  of	
  children	
  may	
  represent	
  a	
  proxy	
  group	
  for	
  the	
  most	
  
active	
  children	
  regardless	
  of	
  school	
  type.	
  	
  
	
  	
   The	
  findings	
  in	
  study	
  II	
  differ	
  from	
  several	
  other	
  well-­‐designed	
  studies	
  where	
  
participation	
  in	
  different	
  PE	
  programs	
  and	
  the	
  impact	
  on	
  bone	
  health	
  were	
  examined	
  74,	
  76,	
  
82,	
  97.	
  In	
  several	
  of	
  these	
  studies	
  the	
  PE	
  programs	
  were	
  designed	
  to	
  enhance	
  bone	
  health	
  and	
  
PE	
  lessons	
  and	
  PE	
  homework	
  contained	
  elements	
  of	
  weight-­‐bearing	
  exercise,	
  and	
  impacts	
  
on	
  bone	
  mineralisation	
  were	
  seen	
  81,	
  98-­‐101.	
  	
  

Several	
  studies	
  have	
  examined	
  the	
  impact	
  of	
  specific	
  LTS	
  activities	
  of	
  bone	
  
accruement,	
  such	
  as	
  the	
  study	
  where	
  young	
  tennis	
  players	
  were	
  found	
  to	
  have	
  increased	
  
BMC	
  on	
  their	
  loaded	
  arm	
  45	
  and	
  a	
  study	
  of	
  non-­‐elite	
  gymnastics	
  participation	
  which	
  was	
  
associated	
  with	
  musculoskeletal	
  benefits	
  on	
  upper	
  limb	
  bone	
  geometry,	
  strength	
  and	
  
muscle	
  function	
  102.	
  To	
  our	
  knowledge	
  no	
  other	
  study	
  has	
  explored	
  the	
  relationship	
  
between	
  general	
  LTS	
  participation	
  and	
  bone	
  health	
  in	
  childhood.	
  

The	
  study	
  presented	
  does	
  not	
  support	
  the	
  creation	
  of	
  sports	
  schools	
  with	
  the	
  
presented	
  design	
  if	
  the	
  main	
  purpose	
  is	
  to	
  enhance	
  bone	
  health.	
  The	
  specific	
  weight	
  baring	
  
elements	
  included	
  in	
  other	
  of	
  the	
  mentioned	
  studies	
  seems	
  important	
  to	
  induce	
  skeletal	
  
benefits.	
  

The	
  study	
  finds	
  positive	
  relationships	
  between	
  LTS	
  participation	
  and	
  bone	
  
health,	
  and	
  a	
  hypothesis	
  might	
  be	
  that	
  the	
  intensity	
  achieved	
  during	
  LTS	
  as	
  opposed	
  to	
  PE	
  
lessons	
  reaches	
  higher	
  levels	
  and	
  thereby	
  benefits	
  the	
  bone	
  accruement	
  as	
  demonstrated	
  in	
  
study	
  I	
  103.	
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5.3.	
  Study	
  III	
  
In	
  study	
  III	
  the	
  aim	
  was	
  to	
  describe	
  the	
  influence	
  of	
  anthropometry	
  and	
  BC	
  on	
  bone	
  accrual	
  
in	
  a	
  large	
  cohort	
  of	
  healthy	
  Danish	
  children.	
  The	
  main	
  finding	
  of	
  the	
  study	
  was	
  that	
  height;	
  
BMI,	
  LM	
  and	
  BF%	
  were	
  all	
  positive	
  predictors	
  of	
  bone	
  accruement	
  in	
  children	
  with	
  height	
  
being	
  a	
  more	
  precise	
  predictor	
  than	
  BMI	
  and	
  LM	
  being	
  a	
  more	
  precise	
  predictor	
  than	
  BF%	
  
in	
  both	
  genders.	
  	
  
	
   An	
  important	
  reason	
  for	
  focusing	
  on	
  BC	
  and	
  the	
  effect	
  on	
  bone	
  health	
  is	
  that	
  
the	
  incidence	
  and	
  prevalence	
  of	
  overweight	
  and	
  adiposity,	
  usually	
  assessed	
  by	
  BMI,	
  has	
  
increased	
  in	
  most	
  developed	
  countries	
  over	
  the	
  past	
  decades	
  104,	
  105.	
  Several	
  studies	
  
evaluated	
  the	
  effect	
  of	
  overweight	
  and	
  adiposity	
  on	
  bone	
  traits	
  in	
  childhood	
  106-­‐109.	
  In	
  most	
  
studies	
  the	
  conclusion	
  is	
  that	
  body	
  mass	
  and	
  the	
  relative	
  changes	
  in	
  the	
  different	
  
components	
  of	
  BC	
  are	
  essential	
  in	
  the	
  regulation	
  of	
  bone	
  growth	
  and	
  accruement	
  of	
  bone	
  
mineral.	
  	
  In	
  the	
  HELENA	
  study	
  330	
  adolescents	
  were	
  examined.	
  The	
  authors	
  aimed	
  to	
  
examine	
  the	
  independent	
  association	
  of	
  FM	
  and	
  LM	
  with	
  bone	
  mass.	
  The	
  conclusion	
  was	
  
that	
  a	
  high	
  bone	
  mass	
  in	
  adipose	
  adolescents	
  is	
  explained	
  by	
  their	
  higher	
  levels	
  of	
  LM	
  110.	
  In	
  
study	
  III,	
  model	
  I,	
  both	
  height	
  and	
  BMI	
  predicts	
  BMC,	
  BA	
  and	
  BMD	
  positively	
  as	
  well	
  as	
  LM	
  
and	
  BF%.	
  	
  
	
   In	
  study	
  III,	
  the	
  impact	
  of	
  changes	
  in	
  anthropometry	
  (height,	
  BMI)	
  and	
  BC	
  (LM	
  
and	
  BF%)	
  on	
  bone	
  health	
  parameters	
  was	
  evaluated	
  and	
  the	
  gender	
  differences	
  of	
  these	
  
effects.	
  The	
  two	
  models	
  created	
  in	
  this	
  study	
  reflected	
  two	
  different	
  approaches	
  to	
  explain	
  
the	
  development	
  in	
  bone	
  traits	
  in	
  a	
  longitudinal	
  perspective	
  form	
  different	
  sets	
  of	
  
parameters.	
  The	
  overall	
  conclusion	
  of	
  model	
  I	
  is	
  that	
  no	
  gender	
  differences	
  in	
  the	
  effect	
  of	
  
height	
  and	
  BMI	
  on	
  BMC,	
  BA	
  and	
  BMD	
  are	
  observed.	
  In	
  model	
  II	
  the	
  effect	
  of	
  LM	
  on	
  BMC,	
  BA	
  
and	
  BMD	
  is	
  the	
  same	
  in	
  boys	
  and	
  girls	
  and	
  the	
  curves	
  show	
  similar	
  patterns	
  of	
  dependency	
  
with	
  height	
  and	
  BMI	
  (Figure	
  7).	
  Gender	
  differences	
  are	
  observed	
  for	
  the	
  effect	
  of	
  only	
  BF%	
  
on	
  BMC,	
  BA	
  and	
  BMD.	
  Girls	
  reach	
  higher	
  values	
  of	
  BMC	
  at	
  lower	
  BF%	
  values	
  than	
  boys	
  with	
  
the	
  same	
  BF%.	
  Girls	
  reach	
  higher	
  BA	
  than	
  boys	
  with	
  the	
  same	
  BF%	
  although	
  with	
  parallel	
  
curves.	
  The	
  effect	
  of	
  BF%	
  on	
  BMD	
  shows	
  two	
  different	
  curves	
  with	
  girls	
  having	
  higher	
  BMD	
  
values	
  at	
  low	
  BF%	
  whereas	
  this	
  relationship	
  is	
  opposite	
  at	
  the	
  higher	
  BF%	
  values.	
  
	
   In	
  a	
  cross-­‐sectional	
  study	
  111	
  of	
  267	
  students	
  (8-­‐18	
  years)	
  a	
  correlation	
  
between	
  bone	
  mass	
  and	
  BC	
  in	
  both	
  genders	
  was	
  observed	
  with	
  LM	
  and	
  fat	
  mass	
  index	
  
being	
  the	
  predictor	
  of	
  bone	
  mass	
  in	
  males	
  and	
  females,	
  respectively.	
  In	
  this	
  longitudinal	
  
study	
  all	
  the	
  regression	
  analyses	
  were	
  stratified	
  by	
  gender	
  and	
  height	
  was	
  found	
  to	
  be	
  the	
  
most	
  precise	
  predictor	
  of	
  bone	
  traits	
  in	
  both	
  boys	
  and	
  girls	
  in	
  model	
  I	
  and	
  LM	
  was	
  the	
  most	
  
precise	
  predictor	
  of	
  bone	
  health	
  model	
  II.	
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Height	
  and	
  BMI	
  have	
  independently	
  effects	
  on	
  BMC,	
  BA	
  and	
  BMD	
  in	
  model	
  I	
  and	
  LM	
  and	
  
BF%	
  have	
  independently	
  effects	
  on	
  bone	
  health	
  in	
  model	
  II.	
  
	
   The	
  two	
  models	
  reflected	
  two	
  different	
  approaches	
  to	
  explain	
  the	
  
development	
  in	
  bone	
  traits	
  in	
  a	
  longitudinal	
  perspective.	
  The	
  two	
  models	
  explain	
  gender	
  
specific	
  differences	
  in	
  the	
  impacts	
  of	
  anthropometry	
  and	
  BC	
  on	
  bone	
  accruement	
  in	
  a	
  
simple	
  easy	
  assessable	
  and	
  cheap	
  model	
  (anthropometry)	
  and	
  a	
  more	
  complex	
  model	
  (BC).	
  
Both	
  models	
  predict	
  bone	
  accruement	
  in	
  similar	
  patterns	
  although	
  only	
  a	
  gender	
  difference	
  
is	
  observed	
  with	
  BF%	
  as	
  the	
  predictor	
  of	
  bone	
  accruement.	
  
	
  

5.4.	
  Strengths	
  and	
  limitation	
  
The	
  study	
  had	
  some	
  limitations.	
  The	
  creation	
  of	
  sports	
  schools	
  was	
  a	
  political	
  decision	
  in	
  
the	
  municipality	
  of	
  Svendborg	
  therefore	
  the	
  design	
  was	
  not	
  a	
  randomized	
  controlled	
  trial	
  
but	
  a	
  natural	
  experiment	
  83.	
  The	
  children	
  in	
  the	
  two	
  groups	
  were	
  however,	
  comparable	
  at	
  
baseline	
  regarding	
  all	
  measurements	
  presented	
  in	
  this	
  article.	
  Information	
  on	
  the	
  
children’s	
  PA	
  level	
  at	
  baseline	
  was	
  not	
  available,	
  and	
  it	
  is	
  not	
  possible	
  to	
  conclude	
  that	
  the	
  
patterns	
  of	
  activity	
  were	
  equal	
  at	
  the	
  beginning	
  of	
  the	
  experiment.	
  	
  

Some	
  other	
  methodological	
  aspects	
  need	
  to	
  be	
  mentioned.	
  The	
  collection	
  of	
  
accelerometer	
  data	
  was	
  performed	
  at	
  one-­‐year	
  follow-­‐up.	
  We	
  had	
  no	
  knowledge	
  of	
  how	
  
this	
  one	
  period	
  of	
  measurements	
  represented	
  the	
  child’s	
  activity	
  level	
  over	
  a	
  longer	
  time	
  
period,	
  but	
  we	
  assumed	
  that	
  the	
  measurements	
  reflected	
  the	
  child’s	
  activity	
  level	
  in	
  
general.	
  Accelerometers	
  have	
  practical	
  limitations	
  as	
  participant’s	
  willingness	
  to	
  wear	
  the	
  
them.	
  However,	
  we	
  succeeded	
  in	
  obtaining	
  complete	
  datasets	
  on	
  81%	
  of	
  the	
  participants.	
  
Another	
  positive	
  aspect	
  of	
  our	
  study	
  was	
  that	
  the	
  children	
  included	
  in	
  the	
  analyses	
  were	
  
measured	
  with	
  accelerometers	
  at	
  a	
  mean	
  of	
  6.1	
  days	
  (4-­‐11	
  days)	
  and	
  at	
  a	
  mean	
  of	
  13	
  hours	
  
per	
  day	
  (11-­‐14	
  hours	
  per	
  day).	
  Trost	
  et	
  al	
  demonstrated	
  that	
  4-­‐5	
  days	
  of	
  monitoring	
  were	
  
needed	
  to	
  obtain	
  an	
  intra	
  class	
  coefficient	
  of	
  0.8	
  in	
  children	
  87,	
  which	
  we	
  	
  exceeded.	
  In	
  study	
  
I	
  the	
  analyses	
  only	
  addressed	
  the	
  effect	
  of	
  the	
  relative	
  distribution	
  of	
  PA	
  among	
  three	
  
levels.	
  Although	
  the	
  total	
  amount	
  of	
  activity	
  may	
  have	
  an	
  impact	
  on	
  the	
  bone	
  health,	
  the	
  
data	
  analysed	
  here	
  are	
  not	
  amenable	
  for	
  this	
  question.	
  PA	
  measurements	
  by	
  
accelerometers	
  were	
  obtained	
  during	
  the	
  same	
  yearly	
  season	
  for	
  all	
  children.	
  The	
  analyses	
  
in	
  any	
  of	
  the	
  studies	
  did	
  not	
  consider	
  potential	
  confounders	
  such	
  as	
  vitamin	
  D	
  status	
  or	
  
nutritional	
  habits.	
  Data	
  on	
  the	
  children’s	
  socio-­‐economic	
  status	
  were	
  also	
  not	
  mentioned.	
  
However,	
  we	
  presented	
  data	
  obtained	
  from	
  a	
  cohort	
  of	
  healthy	
  children	
  that	
  show	
  
homogeneity	
  in	
  relation	
  to	
  anthropometry	
  and	
  BC	
  at	
  baseline.	
  
	
   The	
  strengths	
  of	
  the	
  study	
  include	
  the	
  population	
  size,	
  the	
  high	
  percentage	
  of	
  
follow-­‐up	
  measurements	
  and	
  the	
  longitudinal	
  design	
  with	
  the	
  ability	
  to	
  measure	
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accruement	
  of	
  bone	
  health	
  outcome.	
  Another	
  strength	
  is	
  the	
  data	
  collection,	
  including	
  	
  
DXA	
  as	
  the	
  reference	
  standard	
  method,	
  for	
  the	
  measurement	
  of	
  the	
  bone	
  parameters	
  BMC,	
  
BA	
  and	
  BMD	
  and	
  body	
  composition	
  (LM	
  and	
  BF%).	
  Valid	
  information	
  on	
  the	
  children’s	
  
sports	
  participation	
  was	
  achieved	
  through	
  SMS-­‐T-­‐QS	
  with	
  a	
  large	
  response	
  rate	
  of	
  95.9	
  %	
  
in	
  a	
  reliable	
  follow	
  up	
  design.	
  	
  
	
  

5.5.	
  Closing	
  remarks	
  
The	
  three	
  longitudinal	
  studies	
  presented	
  provide	
  additional	
  and	
  new	
  information	
  on	
  the	
  
relationships	
  between	
  physical	
  activity,	
  physical	
  education,	
  body	
  composition	
  and	
  bone	
  
accruement.	
  Physical	
  activity	
  has	
  an	
  impact	
  on	
  bone	
  accruement	
  with	
  different	
  effects	
  of	
  
the	
  different	
  intensity	
  levels	
  of	
  PA.	
  Leisure	
  time	
  sport	
  has	
  a	
  positive	
  impact	
  on	
  bone	
  
accruement	
  regardless	
  of	
  school	
  type	
  (sport	
  schools	
  versus	
  normal	
  schools).	
  Attending	
  a	
  
sports	
  school	
  as	
  described	
  in	
  the	
  present	
  study	
  does	
  not	
  have	
  a	
  positive	
  influence	
  on	
  the	
  
bone	
  accruement	
  in	
  the	
  examined	
  children,	
  which	
  in	
  part	
  may	
  be	
  explained	
  by	
  behavioural	
  
changes	
  in	
  the	
  children	
  resulting	
  in	
  less	
  LTS	
  participation	
  for	
  children	
  attending	
  sports	
  
schools.	
  Measurements	
  of	
  growth	
  and	
  body	
  composition	
  are	
  all	
  positive	
  predictors	
  of	
  bone	
  
accruement.	
  Most	
  important	
  height	
  is	
  shown	
  to	
  be	
  a	
  positive	
  predictor	
  even	
  when	
  adjusted	
  
for	
  BMI	
  and	
  vice	
  versa,	
  and	
  lean	
  mass	
  is	
  a	
  positive	
  predictor	
  when	
  adjusted	
  for	
  BF%	
  and	
  
vice	
  versa.	
  In	
  other	
  words	
  the	
  predictors	
  are	
  independent	
  of	
  each	
  other	
  within	
  the	
  two	
  
models	
  described.	
  Whether	
  the	
  effect	
  of	
  PA	
  and	
  LTS	
  is	
  mediated	
  by	
  changes	
  in	
  body	
  
composition	
  remains	
  unanswered	
  in	
  these	
  studies	
  but	
  poses	
  an	
  important	
  and	
  interesting	
  
question	
  for	
  further	
  research.	
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6.1.	
  Study	
  I	
  
A	
  positive	
  association	
  was	
  observed	
  between	
  physical	
  activity	
  and	
  bone	
  mineral	
  accretion	
  
in	
  childhood.	
  In	
  particular	
  moderate	
  to	
  high	
  intensity	
  activity	
  had	
  a	
  positive	
  influence	
  on	
  
the	
  bone	
  development.	
  The	
  data	
  suggest	
  that	
  changes	
  in	
  the	
  distribution	
  of	
  time	
  spent	
  in	
  
different	
  activity	
  intensity	
  levels	
  will	
  influence	
  the	
  bone	
  mineral	
  accruement	
  during	
  a	
  two	
  
year	
  period	
  with	
  moderate	
  to	
  high	
  intensity	
  activity	
  having	
  a	
  positive	
  effect	
  on	
  bone	
  
outcome,	
  whereas	
  an	
  increase	
  in	
  low-­‐level	
  and	
  sedentary	
  activity	
  opposed	
  to	
  moderate	
  to	
  
high-­‐level	
  activity	
  will	
  have	
  a	
  negative	
  impact	
  on	
  bone	
  health	
  in	
  childhood.	
  This	
  knowledge	
  
has	
  public	
  health	
  as	
  well	
  as	
  clinical	
  relevance.	
  Further	
  research	
  should	
  focus	
  on	
  detecting	
  
the	
  threshold	
  of	
  the	
  beneficial	
  effects	
  of	
  physical	
  activity	
  on	
  bone	
  health.	
  

	
  

6.2.	
  Study	
  II	
  
There	
  was	
  a	
  highly	
  significant	
  positive	
  relationship	
  between	
  participation	
  in	
  LTS	
  and	
  bone	
  
health.	
  We	
  did	
  not	
  find	
  any	
  impact	
  on	
  bone	
  development	
  (TBLH	
  and	
  lower	
  limb)	
  for	
  
children	
  attending	
  sports	
  schools	
  compared	
  to	
  children	
  in	
  traditional	
  schools.	
  

	
  

6.3.	
  Study	
  III	
  
Height	
  and	
  BMI	
  were	
  both	
  independent	
  positive	
  predictors	
  of	
  BMC,	
  BA	
  and	
  BMD	
  in	
  
childhood.	
  However,	
  height,	
  BMI	
  and	
  LM	
  did	
  not	
  reveal	
  gender	
  differences	
  in	
  bone	
  mineral	
  
accrual	
  as	
  well	
  as	
  BF%.	
  Height	
  is	
  a	
  more	
  precise	
  predictor	
  of	
  BMC,	
  BA	
  and	
  BMD	
  than	
  BMI.	
  
LM	
  and	
  BF%	
  are	
  both	
  positive	
  predictors	
  of	
  bone	
  accruement	
  with	
  LM	
  being	
  a	
  the	
  most	
  
precise	
  predictor	
  of	
  bone	
  accruement	
  in	
  both	
  boys	
  and	
  girls,	
  supporting	
  increased	
  physical	
  
activity	
  and	
  training	
  for	
  increased	
  bone	
  accruement	
  in	
  children.	
  From	
  simple	
  
anthropometry	
  measured	
  in	
  every	
  physical	
  examination	
  of	
  a	
  child,	
  valuable	
  predictive	
  
information	
  is	
  offered	
  and	
  seems	
  to	
  predict	
  bone	
  accruement	
  in	
  the	
  same	
  pattern	
  as	
  the	
  
more	
  complex	
  measurement	
  of	
  LM.	
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7.	
  Perspectives	
  
	
  
When	
  recognising	
  osteoporosis	
  as	
  an	
  increasing	
  problem	
  and	
  a	
  threat	
  to	
  public	
  health	
  and	
  
socioeconomic	
  it	
  is	
  important	
  to	
  develop	
  preventive	
  strategies	
  towards	
  the	
  disease.	
  
Childhood	
  is	
  an	
  optimal	
  period	
  of	
  introducing	
  lifestyle	
  changes	
  and	
  providing	
  good	
  habits	
  
of	
  PA,	
  which	
  may	
  have	
  beneficial	
  effects	
  on	
  bone	
  health.	
  Reaching	
  a	
  high	
  PBM	
  may	
  possibly	
  
delay	
  the	
  development	
  of	
  osteoporosis.	
  It	
  seems	
  important	
  to	
  find	
  recommendations	
  that	
  
will	
  enhance	
  bone	
  health	
  in	
  childhood.	
  
	
   In	
  the	
  three	
  studies	
  presented	
  results	
  suggests	
  that	
  the	
  intensity	
  of	
  the	
  PA	
  is	
  
important	
  to	
  enhance	
  bone	
  health	
  and	
  small	
  changes	
  in	
  the	
  proportion	
  in	
  PA	
  at	
  different	
  
activities	
  are	
  beneficial	
  to	
  bone	
  health.	
  Although	
  no	
  positive	
  effect	
  of	
  attending	
  sports	
  
school	
  was	
  revealed	
  the	
  LTS	
  participation	
  has	
  a	
  positive	
  influence	
  on	
  the	
  bone	
  accruement.	
  
By	
  supporting	
  LTS	
  and	
  the	
  national	
  recommendations	
  of	
  PA	
  including	
  the	
  
recommendations	
  of	
  high	
  intensity	
  PA,	
  children	
  will	
  possibly	
  achieve	
  beneficial	
  effects	
  on	
  
their	
  bone	
  health.	
  However,	
  these	
  studies	
  are	
  not	
  suitable	
  for	
  assessing	
  specific	
  general	
  
recommendations,	
  as	
  this	
  was	
  not	
  the	
  aim.	
  
	
   Blood	
  samples	
  were	
  collected	
  at	
  baseline	
  (2008)	
  and	
  at	
  two	
  year	
  follow	
  up	
  
(2010)	
  and	
  these	
  will	
  hopefully	
  be	
  analysed	
  during	
  2013	
  giving	
  excellent	
  opportunities	
  to	
  
investigate	
  relationships	
  between	
  biomarkers	
  of	
  bone	
  metabolism	
  and	
  PA,	
  BC	
  and	
  bone	
  
health.	
  
	
   In	
  future	
  studies	
  the	
  evaluation	
  of	
  bone	
  health	
  and	
  BC	
  related	
  to	
  fractures	
  and	
  
PA	
  will	
  proceed,	
  continuing	
  the	
  analyses	
  collected	
  in	
  this	
  large-­‐scale	
  school	
  study.	
  A	
  special	
  
interest	
  in	
  the	
  effects	
  and	
  interactions	
  of	
  puberty,	
  glucose	
  metabolism,	
  and	
  FM	
  on	
  bone	
  
outcome	
  will	
  hopefully	
  form	
  the	
  basis	
  of	
  the	
  5	
  year	
  follow	
  up	
  measurements	
  on	
  the	
  cohort	
  
of	
  The	
  CHAMPS	
  study-­‐	
  DK	
  during	
  the	
  fall	
  2013	
  and	
  possibly	
  another	
  PhD	
  study.	
  
	
   Achieving	
  more	
  knowledge	
  about	
  the	
  relationships	
  between	
  PA	
  and	
  BC	
  and	
  
the	
  interactions	
  between	
  these	
  parameters	
  effects	
  on	
  bone	
  health	
  is	
  possible	
  by	
  combining	
  
the	
  knowledge	
  of	
  the	
  three	
  studies	
  presented.	
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8.	
  Summary	
  

8.1.	
  Summary	
  in	
  English	
  
This	
  PhD	
  thesis	
  is	
  based	
  upon	
  three	
  studies	
  and	
  the	
  results	
  obtained	
  from	
  The	
  Childhood,	
  
Health,	
  Activity	
  and	
  Motor	
  Performance	
  School	
  study,	
  Denmark.	
  
	
  

1. In	
  study	
  I	
  we	
  evaluated	
  the	
  effect	
  of	
  physical	
  activity	
  (PA)	
  at	
  different	
  intensity	
  on	
  
children’s	
  bone	
  health	
  measured	
  by	
  DXA	
  scans.	
  We	
  also	
  evaluated	
  the	
  effect	
  of	
  
changes	
  in	
  proportion	
  of	
  the	
  time	
  in	
  PA	
  at	
  different	
  intensity	
  levels.	
  

2. In	
  study	
  II	
  we	
  evaluated	
  the	
  effect	
  of	
  attending	
  schools	
  with	
  four	
  additional	
  physical	
  
education	
  (PE)	
  lessons	
  per	
  week	
  on	
  children’s	
  bone	
  health	
  measured	
  by	
  DXA	
  scans	
  
compared	
  to	
  children	
  in	
  public	
  schools	
  attending	
  the	
  mandatory	
  two	
  PE	
  lessons	
  per	
  
week.	
  	
  We	
  also	
  evaluated	
  the	
  effect	
  of	
  attending	
  leisure	
  time	
  sport	
  (LTS)	
  on	
  
children’s	
  bone	
  health,	
  regardless	
  of	
  school	
  type.	
  

3. In	
  study	
  III	
  we	
  evaluated	
  the	
  parameters	
  that	
  influenced	
  bone	
  accruement	
  during	
  a	
  
two-­‐year	
  period	
  with	
  particular	
  interest	
  in	
  measurements	
  related	
  to	
  body	
  
composition	
  (BC)	
  and	
  anthropometry	
  regardless	
  of	
  PA	
  or	
  school	
  type.	
  

	
  
All	
  three	
  studies	
  were	
  based	
  on	
  the	
  same	
  cohort	
  of	
  approximately	
  717	
  children	
  with	
  a	
  
mean	
  age	
  of	
  9.5	
  years	
  (range:	
  7.7-­‐12.0)	
  attending	
  2nd-­‐4th	
  grade	
  at	
  baseline	
  (fall	
  2008).	
  The	
  
children	
  were	
  attending	
  sports	
  schools	
  (n=	
  402)	
  defined	
  as	
  public	
  schools	
  with	
  4	
  extra	
  PE	
  
lessons	
  and	
  traditional	
  schools	
  (n=315)	
  with	
  the	
  two	
  mandatory	
  PE	
  lessons.	
  Two	
  year	
  
follow	
  up	
  examination	
  were	
  performed	
  in	
  n=660	
  children.	
  
In	
  study	
  I	
  we	
  found	
  a	
  positive	
  association	
  between	
  PA	
  and	
  bone	
  mineral	
  accretion	
  in	
  
childhood.	
  In	
  particular	
  moderate	
  to	
  high	
  intensity	
  activity	
  had	
  a	
  positive	
  influence	
  on	
  the	
  
bone	
  health	
  and	
  a	
  change	
  in	
  the	
  distribution	
  of	
  time	
  spent	
  in	
  different	
  activity	
  intensity	
  
levels	
  has	
  an	
  influence	
  on	
  the	
  bone	
  mineral	
  accruement	
  during	
  a	
  two-­‐year	
  period.	
  	
  
	
  
In	
  study	
  II	
  a	
  positive	
  relationship	
  between	
  participation	
  in	
  LTS	
  and	
  bone	
  health	
  was	
  found.	
  
There	
  was	
  no	
  impact	
  of	
  school	
  type	
  on	
  bone	
  health	
  (total	
  body	
  less	
  head	
  and	
  lower	
  limb).	
  	
  
	
  
In	
  study	
  III	
  we	
  found	
  that	
  different	
  models	
  of	
  growth	
  and	
  BC	
  may	
  describe	
  and	
  predict	
  
bone	
  mineral	
  accrual	
  differently.	
  Height	
  and	
  BMI	
  are	
  both	
  independent	
  predictors	
  of	
  bone	
  
mineral	
  content,	
  bone	
  area	
  and	
  bone	
  mineral	
  density	
  in	
  childhood.	
  However,	
  BMI	
  and	
  
height	
  do	
  not	
  distinguish	
  gender	
  difference	
  in	
  bone	
  mineral	
  accrual	
  as	
  well	
  as	
  lean	
  mas	
  and	
  
body	
  fat	
  percentage.	
  Lean	
  mass	
  and	
  body	
  fat	
  percentage	
  are	
  both	
  independent	
  
predictors	
  of	
  bone	
  accruement	
  with	
  lean	
  mass	
  being	
  a	
  better	
  predictor	
  of	
  bone	
  accruement	
  
in	
  boys	
  and	
  in	
  girls.	
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Summary	
  

8.2.	
  Summary	
  in	
  Danish	
  (Resumé	
  på	
  dansk)	
  
Denne	
  Ph.D.-­‐afhandling	
  er	
  baseret	
  på	
  tre	
  undersøgelser	
  der	
  alle	
  er	
  baseret	
  på	
  resultater	
  
opnået	
  fra	
  Svendborg	
  studiet.	
  

1. I	
  studie	
  I	
  evaluerede	
  vi	
  effekten	
  af	
  fysisk	
  aktivitet	
  ved	
  forskellig	
  intensitet	
  på	
  børns	
  
knogle	
  sundhed	
  målt	
  ved	
  DXA	
  scanninger.	
  Vi	
  evaluerede	
  ligeledes	
  betydningen	
  af	
  
ændringer	
  i	
  forhold	
  mellem	
  tid	
  i	
  fysisk	
  aktivitet	
  ved	
  forskellig	
  intensitet	
  og	
  knogle	
  
parametre	
  målt	
  ved	
  DXA	
  skanning.	
  

2. I	
  studie	
  II	
  evaluerede	
  vi	
  effekten	
  på	
  børns	
  knogle	
  sundhed	
  målt	
  ved	
  DXA-­‐scanninger	
  
af	
  at	
  deltage	
  i	
  skoler	
  med	
  fire	
  ekstra	
  idrætstimer	
  om	
  ugen	
  i	
  forhold	
  til	
  børn	
  i	
  
offentlige	
  skoler	
  med	
  to	
  obligatoriske	
  idrætstimer	
  om	
  ugen.	
  Vi	
  vurderede	
  ligeledes	
  
effekten	
  på	
  børns	
  knogle	
  sundhed	
  af	
  at	
  deltage	
  fritids	
  sport,	
  uanset	
  skoletype.	
  

3. I	
  studie	
  III	
  undersøgte	
  vi	
  de	
  parametre,	
  som	
  påvirker	
  knogle	
  opbygningen	
  i	
  løbet	
  af	
  
en	
  to	
  årig	
  periode	
  med	
  særlig	
  interesse	
  for	
  målinger	
  relateret	
  til	
  
kropssammensætning	
  (muskel	
  masse,	
  fedt	
  masse	
  og	
  fedt	
  procent)	
  samt	
  
betydningen	
  af	
  antropometri	
  (højde	
  og	
  vægt)	
  uanset	
  niveau	
  af	
  daglig	
  fysisk	
  aktivitet	
  
eller	
  skole	
  type.	
  

Alle	
  tre	
  undersøgelser	
  er	
  baseret	
  på	
  den	
  samme	
  kohorte	
  af	
  717	
  børn	
  med	
  en	
  
gennemsnitsalder	
  på	
  9,5	
  år	
  (7,7	
  -­‐	
  12,0)	
  fra	
  2.-­‐4.	
  klasse	
  ved	
  studiets	
  begyndelse	
  (efteråret	
  
2008).	
  Børnene	
  deltog	
  i	
  idrætsskoler	
  (n	
  =	
  402)	
  defineret	
  som	
  folkeskoler	
  med	
  4	
  ekstra	
  
idrætstimer/uge	
  sammenlignet	
  med	
  folkeskoleskoler	
  (n	
  =	
  315)	
  med	
  to	
  obligatoriske	
  
idrætstimer.	
  Ved	
  to	
  års	
  opfølgning	
  blev	
  660	
  børn	
  undersøgt.	
  
	
  
I	
  studie	
  I	
  var	
  der	
  en	
  positiv	
  sammenhæng	
  mellem	
  fysisk	
  aktivitet	
  og	
  knoglemineralindhold	
  
tilvækst	
  i	
  barndommen.	
  Især	
  moderat	
  til	
  høj	
  intensiv	
  aktivitet	
  har	
  en	
  positiv	
  indflydelse	
  på	
  
knogle	
  sundhed.	
  Vi	
  fandt,	
  at	
  en	
  ændring	
  i	
  fordelingen	
  af	
  tid	
  brugt	
  på	
  fysisk	
  aktivitet	
  ved	
  
forskellig	
  intensitet	
  har	
  indflydelse	
  på	
  knogle	
  mineral	
  tilvæksten	
  i	
  løbet	
  af	
  en	
  to	
  årig	
  
observationsperiode.	
  
	
  
I	
  studie	
  II	
  var	
  der	
  en	
  positiv	
  sammenhæng	
  mellem	
  deltagelse	
  i	
  fritidssport	
  og	
  
knoglesundhed.	
  Der	
  var	
  ingen	
  indvirkning	
  af	
  skoletype	
  på	
  knogle	
  sundhed	
  i	
  den	
  
observerede	
  periode.	
  
	
  
I	
  studie	
  III	
  kunne	
  forskellige	
  modeller	
  for	
  vækst	
  og	
  kropssammensætning	
  beskrive	
  og	
  
prædiktere	
  udviklingen	
  i	
  knoglemineralindhold	
  .	
  BMI	
  og	
  højde	
  er	
  vigtige	
  uafhængige	
  
prædiktorer	
  for	
  udviklingen	
  i	
  knogle	
  mineralisering	
  i	
  barndommen	
  men	
  effekten	
  synes	
  
ikke	
  at	
  være	
  forskellig	
  for	
  de	
  to	
  køn	
  til.	
  Muskel	
  masse	
  og	
  fedtprocenten	
  er	
  begge	
  
prædiktorer	
  for	
  knogle	
  tilvæksten.	
  Højde	
  og	
  muskelmassen	
  konkluderes	
  at	
  være	
  den	
  
bedste	
  prædiktor	
  for	
  knogle	
  udviklingen	
  hos	
  piger	
  og	
  drenge.	
  



	
   57	
  

9.	
  References	
  

	
  
1.	
   Krall	
  EA,	
  Dawson-­‐Hughes	
  B.	
  Heritable	
  and	
  life-­‐style	
  determinants	
  of	
  bone	
  mineral	
  

density.	
  J	
  Bone	
  Miner	
  Res	
  1993;8:1-­‐9.	
  
2.	
   Cvijetic	
  S,	
  Colic	
  Baric	
  I,	
  Satalic	
  Z.	
  Influence	
  of	
  heredity	
  and	
  environment	
  on	
  peak	
  

bone	
  density:	
  a	
  parent-­‐offspring	
  study.	
  J	
  Clin	
  Densitom	
  2010;13:301-­‐6.	
  
3.	
   Hind	
  K,	
  Burrows	
  M.	
  Weight-­‐bearing	
  exercise	
  and	
  bone	
  mineral	
  accrual	
  in	
  children	
  

and	
  adolescents:	
  a	
  review	
  of	
  controlled	
  trials.	
  Bone	
  2007;40:14-­‐27.	
  
4.	
   Kanis	
  JA,	
  Melton	
  LJ,	
  3rd,	
  Christiansen	
  C,	
  et	
  al.	
  The	
  diagnosis	
  of	
  osteoporosis.	
  J	
  Bone	
  

Miner	
  Res	
  1994;9:1137-­‐41.	
  
5.	
   Christodoulou	
  C,	
  Cooper	
  C.	
  What	
  is	
  osteoporosis?	
  Postgrad	
  Med	
  J	
  2003;79:133-­‐8.	
  
6.	
   Carrie	
  Fassler	
  AL,	
  Bonjour	
  JP.	
  Osteoporosis	
  as	
  a	
  pediatric	
  problem.	
  Pediatr	
  Clin	
  

North	
  Am	
  1995;42:811-­‐24.	
  
7.	
   Cooper	
  C.	
  Epidemiology	
  of	
  osteoporosis.	
  Osteoporos	
  Int	
  1999;9	
  Suppl	
  2:S2-­‐8.	
  
8.	
   Johnell	
  O,	
  Kanis	
  JA.	
  An	
  estimate	
  of	
  the	
  worldwide	
  prevalence	
  and	
  disability	
  

associated	
  with	
  osteoporotic	
  fractures.	
  Osteoporos	
  Int	
  2006;17:1726-­‐33.	
  
9.	
   NIH	
  Consensus	
  Development	
  Panel	
  on	
  Osteoporosis	
  Prevention	
  D,	
  and	
  Therapy.	
  

Osteoporosis	
  prevention,	
  diagnosis,	
  and	
  therapy.	
  JAMA	
  2001;285:785-­‐95.	
  
10.	
   Rachner	
  TD,	
  Khosla	
  S,	
  Hofbauer	
  LC.	
  Osteoporosis:	
  now	
  and	
  the	
  future.	
  Lancet	
  

2011;377:1276-­‐87.	
  
11.	
   Strom	
  O,	
  Borgstrom	
  F,	
  Kanis	
  JA,	
  et	
  al.	
  Osteoporosis:	
  burden,	
  health	
  care	
  provision	
  

and	
  opportunities	
  in	
  the	
  EU:	
  a	
  report	
  prepared	
  in	
  collaboration	
  with	
  the	
  
International	
  Osteoporosis	
  Foundation	
  (IOF)	
  and	
  the	
  European	
  Federation	
  of	
  
Pharmaceutical	
  Industry	
  Associations	
  (EFPIA).	
  Arch	
  Osteoporos	
  2011;6:59-­‐155.	
  

12.	
   Wedderkopp	
  N,	
  Jespersen	
  E,	
  Franz	
  C,	
  et	
  al.	
  Study	
  protocol.	
  The	
  Childhood	
  Health,	
  
Activity,	
  and	
  Motor	
  Performance	
  School	
  Study	
  Denmark	
  (The	
  CHAMPS-­‐study	
  DK).	
  
BMC	
  Pediatr	
  2012;12:128.	
  

13.	
   Kontulainen	
  SA,	
  Hughes	
  JM,	
  Macdonald	
  HM,	
  et	
  al.	
  The	
  biomechanical	
  basis	
  of	
  bone	
  
strength	
  development	
  during	
  growth.	
  Med	
  Sport	
  Sci	
  2007;51:13-­‐32.	
  

14.	
   Mughal	
  MZ,	
  Khadilkar	
  AV.	
  The	
  accrual	
  of	
  bone	
  mass	
  during	
  childhood	
  and	
  puberty.	
  
Curr	
  Opin	
  Endocrinol	
  Diabetes	
  Obes	
  2011;18:28-­‐32.	
  

15.	
   Grabowski	
  P.	
  Physiology	
  of	
  bone.	
  Endocr	
  Dev	
  2009;16:32-­‐48.	
  
16.	
   Binkley	
  TL,	
  Berry	
  R,	
  Specker	
  BL.	
  Methods	
  for	
  measurement	
  of	
  pediatric	
  bone.	
  Rev	
  

Endocr	
  Metab	
  Disord	
  2008;9:95-­‐106.	
  
17.	
   Bachrach	
  LK.	
  Acquisition	
  of	
  optimal	
  bone	
  mass	
  in	
  childhood	
  and	
  adolescence.	
  

Trends	
  Endocrinol	
  Metab	
  2001;12:22-­‐8.	
  
18.	
   Tanner	
  JM,	
  Whitehouse	
  RH,	
  Marshall	
  WA,	
  et	
  al.	
  Prediction	
  of	
  adult	
  height	
  from	
  

height,	
  bone	
  age,	
  and	
  occurrence	
  of	
  menarche,	
  at	
  ages	
  4	
  to	
  16	
  with	
  allowance	
  for	
  
midparent	
  height.	
  Arch	
  Dis	
  Child	
  1975;50:14-­‐26.	
  

19.	
   Biro	
  FM,	
  Greenspan	
  LC,	
  Galvez	
  MP.	
  Puberty	
  in	
  girls	
  of	
  the	
  21st	
  century.	
  J	
  Pediatr	
  
Adolesc	
  Gynecol	
  2012;25:289-­‐94.	
  

20.	
   Aksglaede	
  L,	
  Sorensen	
  K,	
  Petersen	
  JH,	
  et	
  al.	
  Recent	
  decline	
  in	
  age	
  at	
  breast	
  
development:	
  the	
  Copenhagen	
  Puberty	
  Study.	
  Pediatrics	
  2009;123:e932-­‐9.	
  



	
   58	
  

21.	
   Sorensen	
  K,	
  Aksglaede	
  L,	
  Petersen	
  JH,	
  et	
  al.	
  Recent	
  changes	
  in	
  pubertal	
  timing	
  in	
  
healthy	
  Danish	
  boys:	
  associations	
  with	
  body	
  mass	
  index.	
  J	
  Clin	
  Endocrinol	
  Metab	
  
2010;95:263-­‐70.	
  

22.	
   Krabbe	
  S,	
  Transbol	
  I,	
  Christiansen	
  C.	
  Bone	
  mineral	
  homeostasis,	
  bone	
  growth,	
  and	
  
mineralisation	
  during	
  years	
  of	
  pubertal	
  growth:	
  a	
  unifying	
  concept.	
  Arch	
  Dis	
  Child	
  
1982;57:359-­‐63.	
  

23.	
   Goulding	
  A.	
  Risk	
  factors	
  for	
  fractures	
  in	
  normally	
  active	
  children	
  and	
  adolescents.	
  
Med	
  Sport	
  Sci	
  2007;51:102-­‐20.	
  

24.	
   Clark	
  EM,	
  Ness	
  AR,	
  Bishop	
  NJ,	
  et	
  al.	
  Association	
  between	
  bone	
  mass	
  and	
  fractures	
  in	
  
children:	
  a	
  prospective	
  cohort	
  study.	
  J	
  Bone	
  Miner	
  Res	
  2006;21:1489-­‐95.	
  

25.	
   Karlsson	
  M.	
  Does	
  exercise	
  reduce	
  the	
  burden	
  of	
  fractures?	
  A	
  review.	
  Acta	
  Orthop	
  
Scand	
  2002;73:691-­‐705.	
  

26.	
   Bass	
  S,	
  Delmas	
  PD,	
  Pearce	
  G,	
  et	
  al.	
  The	
  differing	
  tempo	
  of	
  growth	
  in	
  bone	
  size,	
  mass,	
  
and	
  density	
  in	
  girls	
  is	
  region-­‐specific.	
  J	
  Clin	
  Invest	
  1999;104:795-­‐804.	
  

27.	
   Faulkner	
  RA,	
  Bailey	
  DA.	
  Osteoporosis:	
  a	
  pediatric	
  concern?	
  Med	
  Sport	
  Sci	
  
2007;51:1-­‐12.	
  

28.	
   Bailey	
  DA,	
  McKay	
  HA,	
  Mirwald	
  RL,	
  et	
  al.	
  A	
  six-­‐year	
  longitudinal	
  study	
  of	
  the	
  
relationship	
  of	
  physical	
  activity	
  to	
  bone	
  mineral	
  accrual	
  in	
  growing	
  children:	
  the	
  
university	
  of	
  Saskatchewan	
  bone	
  mineral	
  accrual	
  study.	
  J	
  Bone	
  Miner	
  Res	
  
1999;14:1672-­‐9.	
  

29.	
   Orwoll	
  ES.	
  Men,	
  bone	
  and	
  estrogen:	
  unresolved	
  issues.	
  Osteoporos	
  Int	
  2003;14:93-­‐8.	
  
30.	
   Duncan	
  EL,	
  Brown	
  MA.	
  Clinical	
  review	
  2:	
  Genetic	
  determinants	
  of	
  bone	
  density	
  and	
  

fracture	
  risk-­‐-­‐state	
  of	
  the	
  art	
  and	
  future	
  directions.	
  J	
  Clin	
  Endocrinol	
  Metab	
  
2010;95:2576-­‐87.	
  

31.	
   Patel	
  MB,	
  Makepeace	
  AE,	
  Jameson	
  KA,	
  et	
  al.	
  Weight	
  in	
  infancy	
  and	
  adult	
  calcium	
  
absorption	
  as	
  determinants	
  of	
  bone	
  mineral	
  density	
  in	
  adult	
  men:	
  the	
  hertfordshire	
  
cohort	
  study.	
  Calcif	
  Tissue	
  Int	
  2012;91:416-­‐22.	
  

32.	
   Ioannou	
  C,	
  Javaid	
  MK,	
  Mahon	
  P,	
  et	
  al.	
  The	
  effect	
  of	
  maternal	
  vitamin	
  D	
  concentration	
  
on	
  fetal	
  bone.	
  J	
  Clin	
  Endocrinol	
  Metab	
  2012;97:E2070-­‐7.	
  

33.	
   Frost	
  HM.	
  Bone's	
  mechanostat:	
  a	
  2003	
  update.	
  Anat	
  Rec	
  A	
  Discov	
  Mol	
  Cell	
  Evol	
  Biol	
  
2003;275:1081-­‐101.	
  

34.	
   Huang	
  TH,	
  Chang	
  FL,	
  Lin	
  SC,	
  et	
  al.	
  Endurance	
  treadmill	
  running	
  training	
  benefits	
  the	
  
biomaterial	
  quality	
  of	
  bone	
  in	
  growing	
  male	
  Wistar	
  rats.	
  J	
  Bone	
  Miner	
  Metab	
  
2008;26:350-­‐7.	
  

35.	
   Chen	
  X,	
  Aoki	
  H,	
  Fukui	
  Y.	
  Effect	
  of	
  exercise	
  on	
  the	
  bone	
  strength,	
  bone	
  mineral	
  
density,	
  and	
  metal	
  content	
  in	
  rat	
  femurs.	
  Biomed	
  Mater	
  Eng	
  2004;14:53-­‐9.	
  

36.	
   Karlsson	
  MK,	
  Nordqvist	
  A,	
  Karlsson	
  C.	
  Sustainability	
  of	
  exercise-­‐induced	
  increases	
  
in	
  bone	
  density	
  and	
  skeletal	
  structure.	
  Food	
  Nutr	
  Res	
  2008;52.	
  

37.	
   Foley	
  S,	
  Quinn	
  S,	
  Dwyer	
  T,	
  et	
  al.	
  Measures	
  of	
  childhood	
  fitness	
  and	
  body	
  mass	
  index	
  
are	
  associated	
  with	
  bone	
  mass	
  in	
  adulthood:	
  a	
  20-­‐year	
  prospective	
  study.	
  J	
  Bone	
  
Miner	
  Res	
  2008;23:994-­‐1001.	
  

38.	
   Specker	
  B,	
  Binkley	
  T,	
  Fahrenwald	
  N.	
  Increased	
  periosteal	
  circumference	
  remains	
  
present	
  12	
  months	
  after	
  an	
  exercise	
  intervention	
  in	
  preschool	
  children.	
  Bone	
  
2004;35:1383-­‐8.	
  



	
   59	
  

39.	
   Kontulainen	
  SA,	
  Kannus	
  PA,	
  Pasanen	
  ME,	
  et	
  al.	
  Does	
  previous	
  participation	
  in	
  high-­‐
impact	
  training	
  result	
  in	
  residual	
  bone	
  gain	
  in	
  growing	
  girls?	
  One	
  year	
  follow-­‐up	
  of	
  a	
  
9-­‐month	
  jumping	
  intervention.	
  Int	
  J	
  Sports	
  Med	
  2002;23:575-­‐81.	
  

40.	
   Karlsson	
  MK.	
  Does	
  exercise	
  during	
  growth	
  prevent	
  fractures	
  in	
  later	
  life?	
  Med	
  Sport	
  
Sci	
  2007;51:121-­‐36.	
  

41.	
   Karlsson	
  MK.	
  Physical	
  activity,	
  skeletal	
  health	
  and	
  fractures	
  in	
  a	
  long	
  term	
  
perspective.	
  J	
  Musculoskelet	
  Neuronal	
  Interact	
  2004;4:12-­‐21.	
  

42.	
   Bakker	
  I,	
  Twisk	
  JW,	
  Van	
  Mechelen	
  W,	
  et	
  al.	
  Ten-­‐year	
  longitudinal	
  relationship	
  
between	
  physical	
  activity	
  and	
  lumbar	
  bone	
  mass	
  in	
  (young)	
  adults.	
  J	
  Bone	
  Miner	
  Res	
  
2003;18:325-­‐32.	
  

43.	
   Kemper	
  HC,	
  Twisk	
  JW,	
  van	
  Mechelen	
  W,	
  et	
  al.	
  A	
  fifteen-­‐year	
  longitudinal	
  study	
  in	
  
young	
  adults	
  on	
  the	
  relation	
  of	
  physical	
  activity	
  and	
  fitness	
  with	
  the	
  development	
  of	
  
the	
  bone	
  mass:	
  The	
  Amsterdam	
  Growth	
  And	
  Health	
  Longitudinal	
  Study.	
  Bone	
  
2000;27:847-­‐53.	
  

44.	
   Gunter	
  K,	
  Baxter-­‐Jones	
  AD,	
  Mirwald	
  RL,	
  et	
  al.	
  Impact	
  exercise	
  increases	
  BMC	
  during	
  
growth:	
  an	
  8-­‐year	
  longitudinal	
  study.	
  J	
  Bone	
  Miner	
  Res	
  2008;23:986-­‐93.	
  

45.	
   Bass	
  SL,	
  Saxon	
  L,	
  Daly	
  RM,	
  et	
  al.	
  The	
  effect	
  of	
  mechanical	
  loading	
  on	
  the	
  size	
  and	
  
shape	
  of	
  bone	
  in	
  pre-­‐,	
  peri-­‐,	
  and	
  postpubertal	
  girls:	
  a	
  study	
  in	
  tennis	
  players.	
  J	
  Bone	
  
Miner	
  Res	
  2002;17:2274-­‐80.	
  

46.	
   Kannus	
  P,	
  Haapasalo	
  H,	
  Sankelo	
  M,	
  et	
  al.	
  Effect	
  of	
  starting	
  age	
  of	
  physical	
  activity	
  on	
  
bone	
  mass	
  in	
  the	
  dominant	
  arm	
  of	
  tennis	
  and	
  squash	
  players.	
  Ann	
  Intern	
  Med	
  
1995;123:27-­‐31.	
  

47.	
   Sardinha	
  LB,	
  Baptista	
  F,	
  Ekelund	
  U.	
  Objectively	
  measured	
  physical	
  activity	
  and	
  bone	
  
strength	
  in	
  9-­‐year-­‐old	
  boys	
  and	
  girls.	
  Pediatrics	
  2008;122:e728-­‐36.	
  

48.	
   Sayers	
  A,	
  Mattocks	
  C,	
  Deere	
  K,	
  et	
  al.	
  Habitual	
  levels	
  of	
  vigorous,	
  but	
  not	
  moderate	
  or	
  
light,	
  physical	
  activity	
  is	
  positively	
  related	
  to	
  cortical	
  bone	
  mass	
  in	
  adolescents.	
  J	
  
Clin	
  Endocrinol	
  Metab	
  2011;96:E793-­‐802.	
  

49.	
   Gracia-­‐Marco	
  L,	
  Moreno	
  LA,	
  Ortega	
  FB,	
  et	
  al.	
  Levels	
  of	
  physical	
  activity	
  that	
  predict	
  
optimal	
  bone	
  mass	
  in	
  adolescents:	
  the	
  HELENA	
  study.	
  Am	
  J	
  Prev	
  Med	
  2011;40:599-­‐
607.	
  

50.	
   Deere	
  K,	
  Sayers	
  A,	
  Rittweger	
  J,	
  et	
  al.	
  Habitual	
  levels	
  of	
  high,	
  but	
  not	
  moderate	
  or	
  low,	
  
impact	
  activity	
  are	
  positively	
  related	
  to	
  hip	
  BMD	
  and	
  geometry:	
  results	
  from	
  a	
  
population-­‐based	
  study	
  of	
  adolescents.	
  J	
  Bone	
  Miner	
  Res	
  2012;27:1887-­‐95.	
  

51.	
   Lee	
  SY,	
  Gallagher	
  D.	
  Assessment	
  methods	
  in	
  human	
  body	
  composition.	
  Curr	
  Opin	
  
Clin	
  Nutr	
  Metab	
  Care	
  2008;11:566-­‐72.	
  

52.	
   Margulies	
  L,	
  Horlick	
  M,	
  Thornton	
  JC,	
  et	
  al.	
  Reproducibility	
  of	
  pediatric	
  whole	
  body	
  
bone	
  and	
  body	
  composition	
  measures	
  by	
  dual-­‐energy	
  X-­‐ray	
  absorptiometry	
  using	
  
the	
  GE	
  Lunar	
  Prodigy.	
  J	
  Clin	
  Densitom	
  2005;8:298-­‐304.	
  

53.	
   Wells	
  JC,	
  Haroun	
  D,	
  Williams	
  JE,	
  et	
  al.	
  Evaluation	
  of	
  DXA	
  against	
  the	
  four-­‐component	
  
model	
  of	
  body	
  composition	
  in	
  obese	
  children	
  and	
  adolescents	
  aged	
  5-­‐21	
  years.	
  Int	
  J	
  
Obes	
  (Lond)	
  2010;34:649-­‐55.	
  

54.	
   Njeh	
  CF,	
  Fuerst	
  T,	
  Hans	
  D,	
  et	
  al.	
  Radiation	
  exposure	
  in	
  bone	
  mineral	
  density	
  
assessment.	
  Appl	
  Radiat	
  Isot	
  1999;50:215-­‐36.	
  

55.	
   Fewtrell	
  MS.	
  Bone	
  densitometry	
  in	
  children	
  assessed	
  by	
  dual	
  x	
  ray	
  absorptiometry:	
  
uses	
  and	
  pitfalls.	
  Arch	
  Dis	
  Child	
  2003;88:795-­‐8.	
  



	
   60	
  

56.	
   Langton	
  CM,	
  Palmer	
  SB,	
  Porter	
  RW.	
  The	
  measurement	
  of	
  broadband	
  ultrasonic	
  
attenuation	
  in	
  cancellous	
  bone.	
  Eng	
  Med	
  1984;13:89-­‐91.	
  

57.	
   Ruegsegger	
  P,	
  Elsasser	
  U,	
  Anliker	
  M,	
  et	
  al.	
  Quantification	
  of	
  bone	
  mineralization	
  
using	
  computed	
  tomography.	
  Radiology	
  1976;121:93-­‐7.	
  

58.	
   Lewiecki	
  EM,	
  Gordon	
  CM,	
  Baim	
  S,	
  et	
  al.	
  International	
  Society	
  for	
  Clinical	
  
Densitometry	
  2007	
  Adult	
  and	
  Pediatric	
  Official	
  Positions.	
  Bone	
  2008;43:1115-­‐21.	
  

59.	
   Molgaard	
  C,	
  Thomsen	
  BL,	
  Michaelsen	
  KF.	
  Influence	
  of	
  weight,	
  age	
  and	
  puberty	
  on	
  
bone	
  size	
  and	
  bone	
  mineral	
  content	
  in	
  healthy	
  children	
  and	
  adolescents.	
  Acta	
  
Paediatr	
  1998;87:494-­‐9.	
  

60.	
   van	
  Kuijk	
  C.	
  Pediatric	
  bone	
  densitometry.	
  Radiol	
  Clin	
  North	
  Am	
  2010;48:623-­‐7.	
  
61.	
   Carter	
  DR,	
  Bouxsein	
  ML,	
  Marcus	
  R.	
  New	
  approaches	
  for	
  interpreting	
  projected	
  bone	
  

densitometry	
  data.	
  J	
  Bone	
  Miner	
  Res	
  1992;7:137-­‐45.	
  
62.	
   Kanis	
  JA.	
  Assessment	
  of	
  fracture	
  risk	
  and	
  its	
  application	
  to	
  screening	
  for	
  

postmenopausal	
  osteoporosis:	
  synopsis	
  of	
  a	
  WHO	
  report.	
  WHO	
  Study	
  Group.	
  
Osteoporos	
  Int	
  1994;4:368-­‐81.	
  

63.	
   Prentice	
  A,	
  Parsons	
  TJ,	
  Cole	
  TJ.	
  Uncritical	
  use	
  of	
  bone	
  mineral	
  density	
  in	
  
absorptiometry	
  may	
  lead	
  to	
  size-­‐related	
  artifacts	
  in	
  the	
  identification	
  of	
  bone	
  
mineral	
  determinants.	
  Am	
  J	
  Clin	
  Nutr	
  1994;60:837-­‐42.	
  

64.	
   Molgaard	
  C,	
  Thomsen	
  BL,	
  Prentice	
  A,	
  et	
  al.	
  Whole	
  body	
  bone	
  mineral	
  content	
  in	
  
healthy	
  children	
  and	
  adolescents.	
  Arch	
  Dis	
  Child	
  1997;76:9-­‐15.	
  

65.	
   Smith	
  CM,	
  Coombs	
  RC,	
  Gibson	
  AT,	
  et	
  al.	
  Adaptation	
  of	
  the	
  Carter	
  method	
  to	
  adjust	
  
lumbar	
  spine	
  bone	
  mineral	
  content	
  for	
  age	
  and	
  body	
  size:	
  application	
  to	
  children	
  
who	
  were	
  born	
  preterm.	
  J	
  Clin	
  Densitom	
  2006;9:114-­‐9.	
  

66.	
   Ekelund	
  U,	
  Tomkinson	
  G,	
  Armstrong	
  N.	
  What	
  proportion	
  of	
  youth	
  are	
  physically	
  
active?	
  Measurement	
  issues,	
  levels	
  and	
  recent	
  time	
  trends.	
  Br	
  J	
  Sports	
  Med	
  
2011;45:859-­‐65.	
  

67.	
   Rowlands	
  AV.	
  Accelerometer	
  assessment	
  of	
  physical	
  activity	
  in	
  children:	
  an	
  update.	
  
Pediatr	
  Exerc	
  Sci	
  2007;19:252-­‐66.	
  

68.	
   Evenson	
  KR,	
  Catellier	
  DJ,	
  Gill	
  K,	
  et	
  al.	
  Calibration	
  of	
  two	
  objective	
  measures	
  of	
  
physical	
  activity	
  for	
  children.	
  J	
  Sports	
  Sci	
  2008;26:1557-­‐65.	
  

69.	
   Santos-­‐Lozano	
  A,	
  Marin	
  PJ,	
  Torres-­‐Luque	
  G,	
  et	
  al.	
  Technical	
  variability	
  of	
  the	
  GT3X	
  
accelerometer.	
  Med	
  Eng	
  Phys	
  2012;34:787-­‐90.	
  

70.	
   Rothney	
  MP,	
  Apker	
  GA,	
  Song	
  Y,	
  et	
  al.	
  Comparing	
  the	
  performance	
  of	
  three	
  
generations	
  of	
  ActiGraph	
  accelerometers.	
  J	
  Appl	
  Physiol	
  2008;105:1091-­‐7.	
  

71.	
   Knuth	
  AG,	
  Hallal	
  PC.	
  Temporal	
  trends	
  in	
  physical	
  activity:	
  a	
  systematic	
  review.	
  J	
  
Phys	
  Act	
  Health	
  2009;6:548-­‐59.	
  

72.	
   Janz	
  KF,	
  Burns	
  TL,	
  Levy	
  SM.	
  Tracking	
  of	
  activity	
  and	
  sedentary	
  behaviors	
  in	
  
childhood:	
  the	
  Iowa	
  Bone	
  Development	
  Study.	
  Am	
  J	
  Prev	
  Med	
  2005;29:171-­‐8.	
  

73.	
   Hasselstrom	
  HA,	
  Karlsson	
  MK,	
  Hansen	
  SE,	
  et	
  al.	
  A	
  3-­‐year	
  physical	
  activity	
  
intervention	
  program	
  increases	
  the	
  gain	
  in	
  bone	
  mineral	
  and	
  bone	
  width	
  in	
  
prepubertal	
  girls	
  but	
  not	
  boys:	
  the	
  prospective	
  copenhagen	
  school	
  child	
  
interventions	
  study	
  (CoSCIS).	
  Calcif	
  Tissue	
  Int	
  2008;83:243-­‐50.	
  

74.	
   Linden	
  C,	
  Ahlborg	
  HG,	
  Besjakov	
  J,	
  et	
  al.	
  A	
  school	
  curriculum-­‐based	
  exercise	
  program	
  
increases	
  bone	
  mineral	
  accrual	
  and	
  bone	
  size	
  in	
  prepubertal	
  girls:	
  two-­‐year	
  data	
  
from	
  the	
  pediatric	
  osteoporosis	
  prevention	
  (POP)	
  study.	
  J	
  Bone	
  Miner	
  Res	
  
2006;21:829-­‐35.	
  



	
   61	
  

75.	
   Alwis	
  G,	
  Linden	
  C,	
  Ahlborg	
  HG,	
  et	
  al.	
  A	
  2-­‐year	
  school-­‐based	
  exercise	
  programme	
  in	
  
pre-­‐pubertal	
  boys	
  induces	
  skeletal	
  benefits	
  in	
  lumbar	
  spine.	
  Acta	
  Paediatr	
  
2008;97:1564-­‐71.	
  

76.	
   Lofgren	
  B,	
  Detter	
  F,	
  Dencker	
  M,	
  et	
  al.	
  Influence	
  of	
  a	
  3-­‐year	
  exercise	
  intervention	
  
program	
  on	
  fracture	
  risk,	
  bone	
  mass,	
  and	
  bone	
  size	
  in	
  prepubertal	
  children.	
  J	
  Bone	
  
Miner	
  Res	
  2011;26:1740-­‐7.	
  

77.	
   Lofgren	
  B,	
  Dencker	
  M,	
  Nilsson	
  JA,	
  et	
  al.	
  A	
  4-­‐year	
  exercise	
  program	
  in	
  children	
  
increases	
  bone	
  mass	
  without	
  increasing	
  fracture	
  risk.	
  Pediatrics	
  2012;129:e1468-­‐
76.	
  

78.	
   Detter	
  FT,	
  Rosengren	
  BE,	
  Dencker	
  M,	
  et	
  al.	
  A	
  5-­‐year	
  exercise	
  program	
  in	
  pre-­‐	
  and	
  
peripubertal	
  children	
  improves	
  bone	
  mass	
  and	
  bone	
  size	
  without	
  affecting	
  fracture	
  
risk.	
  Calcif	
  Tissue	
  Int	
  2013;92:385-­‐93.	
  

79.	
   Macdonald	
  HM,	
  Kontulainen	
  SA,	
  Khan	
  KM,	
  et	
  al.	
  Is	
  a	
  school-­‐based	
  physical	
  activity	
  
intervention	
  effective	
  for	
  increasing	
  tibial	
  bone	
  strength	
  in	
  boys	
  and	
  girls?	
  J	
  Bone	
  
Miner	
  Res	
  2007;22:434-­‐46.	
  

80.	
   Macdonald	
  HM,	
  Kontulainen	
  SA,	
  Petit	
  MA,	
  et	
  al.	
  Does	
  a	
  novel	
  school-­‐based	
  physical	
  
activity	
  model	
  benefit	
  femoral	
  neck	
  bone	
  strength	
  in	
  pre-­‐	
  and	
  early	
  pubertal	
  
children?	
  Osteoporos	
  Int	
  2008;19:1445-­‐56.	
  

81.	
   Weeks	
  BK,	
  Young	
  CM,	
  Beck	
  BR.	
  Eight	
  months	
  of	
  regular	
  in-­‐school	
  jumping	
  improves	
  
indices	
  of	
  bone	
  strength	
  in	
  adolescent	
  boys	
  and	
  Girls:	
  the	
  POWER	
  PE	
  study.	
  J	
  Bone	
  
Miner	
  Res	
  2008;23:1002-­‐11.	
  

82.	
   Meyer	
  U,	
  Romann	
  M,	
  Zahner	
  L,	
  et	
  al.	
  Effect	
  of	
  a	
  general	
  school-­‐based	
  physical	
  
activity	
  intervention	
  on	
  bone	
  mineral	
  content	
  and	
  density:	
  a	
  cluster-­‐randomized	
  
controlled	
  trial.	
  Bone	
  2011;48:792-­‐7.	
  

83.	
   Craig	
  P,	
  Cooper	
  C,	
  Gunnell	
  D,	
  et	
  al.	
  Using	
  natural	
  experiments	
  to	
  evaluate	
  population	
  
health	
  interventions:	
  new	
  Medical	
  Research	
  Council	
  guidance.	
  J	
  Epidemiol	
  
Community	
  Health	
  2012.	
  

84.	
   Lohman	
  M,	
  Tallroth	
  K,	
  Kettunen	
  JA,	
  et	
  al.	
  Reproducibility	
  of	
  dual-­‐energy	
  x-­‐ray	
  
absorptiometry	
  total	
  and	
  regional	
  body	
  composition	
  measurements	
  using	
  different	
  
scanning	
  positions	
  and	
  definitions	
  of	
  regions.	
  Metabolism	
  2009;58:1663-­‐8.	
  

85.	
   Duke	
  PM,	
  Litt	
  IF,	
  Gross	
  RT.	
  Adolescents'	
  self-­‐assessment	
  of	
  sexual	
  maturation.	
  
Pediatrics	
  1980;66:918-­‐20.	
  

86.	
   Tanner	
  JM.	
  Growth	
  at	
  Adolescence:	
  Blackwell	
  Scientific	
  Publications,	
  1962.	
  
87.	
   Trost	
  SG,	
  Pate	
  RR,	
  Freedson	
  PS,	
  et	
  al.	
  Using	
  objective	
  physical	
  activity	
  measures	
  with	
  

youth:	
  how	
  many	
  days	
  of	
  monitoring	
  are	
  needed?	
  Med	
  Sci	
  Sports	
  Exerc	
  
2000;32:426-­‐31.	
  

88.	
   Shiffman	
  S,	
  Stone	
  AA,	
  Hufford	
  MR.	
  Ecological	
  momentary	
  assessment.	
  Annu	
  Rev	
  Clin	
  
Psychol	
  2008;4:1-­‐32.	
  

89.	
   Johansen	
  B,	
  Wedderkopp	
  N.	
  Comparison	
  between	
  data	
  obtained	
  through	
  real-­‐time	
  
data	
  capture	
  by	
  SMS	
  and	
  a	
  retrospective	
  telephone	
  interview.	
  Chiropr	
  Osteopat	
  
2010;18:10.	
  

90.	
   Baranowski	
  T,	
  Smith	
  M,	
  Baranowski	
  J,	
  et	
  al.	
  Low	
  validity	
  of	
  a	
  seven-­‐item	
  fruit	
  and	
  
vegetable	
  food	
  frequency	
  questionnaire	
  among	
  third-­‐grade	
  students.	
  J	
  Am	
  Diet	
  
Assoc	
  1997;97:66-­‐8.	
  

91.	
   Boreham	
  CA,	
  McKay	
  HA.	
  Physical	
  activity	
  in	
  childhood	
  and	
  bone	
  health.	
  Br	
  J	
  Sports	
  
Med	
  2011;45:877-­‐9.	
  



	
   62	
  

92.	
   Tobias	
  JH,	
  Steer	
  CD,	
  Mattocks	
  CG,	
  et	
  al.	
  Habitual	
  levels	
  of	
  physical	
  activity	
  influence	
  
bone	
  mass	
  in	
  11-­‐year-­‐old	
  children	
  from	
  the	
  United	
  Kingdom:	
  findings	
  from	
  a	
  large	
  
population-­‐based	
  cohort.	
  J	
  Bone	
  Miner	
  Res	
  2007;22:101-­‐9.	
  

93.	
   Harvey	
  NC,	
  Cole	
  ZA,	
  Crozier	
  SR,	
  et	
  al.	
  Physical	
  activity,	
  calcium	
  intake	
  and	
  childhood	
  
bone	
  mineral:	
  a	
  population-­‐based	
  cross-­‐sectional	
  study.	
  Osteoporos	
  Int	
  
2012;23:121-­‐30.	
  

94.	
   Taylor	
  WC,	
  Blair	
  SN,	
  Cummings	
  SS,	
  et	
  al.	
  Childhood	
  and	
  adolescent	
  physical	
  activity	
  
patterns	
  and	
  adult	
  physical	
  activity.	
  Med	
  Sci	
  Sports	
  Exerc	
  1999;31:118-­‐23.	
  

95.	
   Craigie	
  AM,	
  Lake	
  AA,	
  Kelly	
  SA,	
  et	
  al.	
  Tracking	
  of	
  obesity-­‐related	
  behaviours	
  from	
  
childhood	
  to	
  adulthood:	
  A	
  systematic	
  review.	
  Maturitas	
  2011;70:266-­‐84.	
  

96.	
   Winsloe	
  C,	
  Earl	
  S,	
  Dennison	
  EM,	
  et	
  al.	
  Early	
  life	
  factors	
  in	
  the	
  pathogenesis	
  of	
  
osteoporosis.	
  Curr	
  Osteoporos	
  Rep	
  2009;7:140-­‐4.	
  

97.	
   Valdimarsson	
  O,	
  Linden	
  C,	
  Johnell	
  O,	
  et	
  al.	
  Daily	
  physical	
  education	
  in	
  the	
  school	
  
curriculum	
  in	
  prepubertal	
  girls	
  during	
  1	
  year	
  is	
  followed	
  by	
  an	
  increase	
  in	
  bone	
  
mineral	
  accrual	
  and	
  bone	
  width-­‐-­‐data	
  from	
  the	
  prospective	
  controlled	
  Malmo	
  
pediatric	
  osteoporosis	
  prevention	
  study.	
  Calcif	
  Tissue	
  Int	
  2006;78:65-­‐71.	
  

98.	
   Heinonen	
  A,	
  Sievanen	
  H,	
  Kannus	
  P,	
  et	
  al.	
  High-­‐impact	
  exercise	
  and	
  bones	
  of	
  growing	
  
girls:	
  a	
  9-­‐month	
  controlled	
  trial.	
  Osteoporos	
  Int	
  2000;11:1010-­‐7.	
  

99.	
   MacKelvie	
  KJ,	
  McKay	
  HA,	
  Petit	
  MA,	
  et	
  al.	
  Bone	
  mineral	
  response	
  to	
  a	
  7-­‐month	
  
randomized	
  controlled,	
  school-­‐based	
  jumping	
  intervention	
  in	
  121	
  prepubertal	
  boys:	
  
associations	
  with	
  ethnicity	
  and	
  body	
  mass	
  index.	
  J	
  Bone	
  Miner	
  Res	
  2002;17:834-­‐44.	
  

100.	
   MacKelvie	
  KJ,	
  Petit	
  MA,	
  Khan	
  KM,	
  et	
  al.	
  Bone	
  mass	
  and	
  structure	
  are	
  enhanced	
  
following	
  a	
  2-­‐year	
  randomized	
  controlled	
  trial	
  of	
  exercise	
  in	
  prepubertal	
  boys.	
  Bone	
  
2004;34:755-­‐64.	
  

101.	
   Fuchs	
  RK,	
  Bauer	
  JJ,	
  Snow	
  CM.	
  Jumping	
  improves	
  hip	
  and	
  lumbar	
  spine	
  bone	
  mass	
  in	
  
prepubescent	
  children:	
  a	
  randomized	
  controlled	
  trial.	
  J	
  Bone	
  Miner	
  Res	
  
2001;16:148-­‐56.	
  

102.	
   Burt	
  LA,	
  Naughton	
  GA,	
  Greene	
  DA,	
  et	
  al.	
  Non-­‐elite	
  gymnastics	
  participation	
  is	
  
associated	
  with	
  greater	
  bone	
  strength,	
  muscle	
  size,	
  and	
  function	
  in	
  pre-­‐	
  and	
  early	
  
pubertal	
  girls.	
  Osteoporos	
  Int	
  2012;23:1277-­‐86.	
  

103.	
   Heidemann	
  M,	
  Molgaard	
  C,	
  Husby	
  S,	
  et	
  al.	
  The	
  intensity	
  of	
  physical	
  activity	
  
influences	
  bone	
  mineral	
  accrual	
  in	
  childhood:	
  the	
  childhood	
  health,	
  activity	
  and	
  
motor	
  performance	
  school	
  (the	
  CHAMPS)	
  study,	
  Denmark.	
  BMC	
  Pediatr	
  2013;13:32.	
  

104.	
   Reilly	
  Jj	
  Fau	
  -­‐	
  Methven	
  E,	
  Methven	
  E	
  Fau	
  -­‐	
  McDowell	
  ZC,	
  McDowell	
  Zc	
  Fau	
  -­‐	
  Hacking	
  
B,	
  et	
  al.	
  Health	
  consequences	
  of	
  obesity.	
  	
  2013.	
  

105.	
   Pearson	
  S,	
  Olsen	
  LW,	
  Hansen	
  B,	
  et	
  al.	
  [Increase	
  in	
  overweight	
  and	
  obesity	
  amongst	
  
Copenhagen	
  schoolchildren,	
  1947-­‐2003].	
  Ugeskr	
  Laeger	
  2005;167:158-­‐62.	
  

106.	
   Dimitri	
  P,	
  Wales	
  JK,	
  Bishop	
  N.	
  Fat	
  and	
  bone	
  in	
  children:	
  differential	
  effects	
  of	
  obesity	
  
on	
  bone	
  size	
  and	
  mass	
  according	
  to	
  fracture	
  history.	
  J	
  Bone	
  Miner	
  Res	
  2010;25:527-­‐
36.	
  

107.	
   Goulding	
  A,	
  Grant	
  AM,	
  Williams	
  SM.	
  Bone	
  and	
  body	
  composition	
  of	
  children	
  and	
  
adolescents	
  with	
  repeated	
  forearm	
  fractures.	
  J	
  Bone	
  Miner	
  Res	
  2005;20:2090-­‐6.	
  

108.	
   Goulding	
  A,	
  Taylor	
  RW,	
  Jones	
  IE,	
  et	
  al.	
  Overweight	
  and	
  obese	
  children	
  have	
  low	
  bone	
  
mass	
  and	
  area	
  for	
  their	
  weight.	
  Int	
  J	
  Obes	
  Relat	
  Metab	
  Disord	
  2000;24:627-­‐32.	
  



	
   63	
  

109.	
   Ivuskans	
  A,	
  Latt	
  E,	
  Maestu	
  J,	
  et	
  al.	
  Bone	
  mineral	
  density	
  in	
  11-­‐13-­‐year-­‐old	
  boys:	
  
relative	
  importance	
  of	
  the	
  weight	
  status	
  and	
  body	
  composition	
  factors.	
  Rheumatol	
  
Int	
  2012.	
  

110.	
   Gracia-­‐Marco	
  L,	
  Ortega	
  FB,	
  Jimenez-­‐Pavon	
  D,	
  et	
  al.	
  Adiposity	
  and	
  bone	
  health	
  in	
  
Spanish	
  adolescents.	
  The	
  HELENA	
  study.	
  Osteoporos	
  Int	
  2012;23:937-­‐47.	
  

111.	
   Carvalho	
  WR,	
  Goncalves	
  EM,	
  Ribeiro	
  RR,	
  et	
  al.	
  Influence	
  of	
  body	
  composition	
  on	
  
bone	
  mass	
  in	
  children	
  and	
  adolescents.	
  Rev	
  Assoc	
  Med	
  Bras	
  2011;57:662-­‐7.	
  

	
  
	
  
	
   	
  



	
   64	
  

10.	
  Appendix	
  I	
  

	
  
Pubertal	
  self-­‐assessment	
  questionnaire	
  
	
  
Girls	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  



	
   65	
  

	
  
Boys	
  
	
  
Pubertal	
  self-­‐assessment	
  questionnaire	
  

	
  

	
  



	
   66	
  

11.	
  Appendix	
  II	
  Manuscripts	
  
	
  
Manuscript	
  I	
  
	
  
Heidemann	
  M,	
  Molgaard	
  C,	
  Husby	
  S,	
  Schou	
  AJ,	
  Klakk	
  H,	
  Moller	
  NC,	
  Holst	
  R,	
  Wedderkopp	
  N.	
  
The	
  intensity	
  of	
  physical	
  activity	
  influences	
  bone	
  mineral	
  accrual	
  in	
  childhood:	
  the	
  
childhood	
  health,	
  activity	
  and	
  motor	
  performance	
  school	
  (the	
  CHAMPS)	
  study,	
  
Denmark.	
  BMC	
  Pediatr	
  2013;13:	
  32.	
  
	
  
	
  
	
  
Manuscript	
  II	
  
	
  
Heidemann	
  M,	
  Jespersen	
  E,	
  Holst	
  R,	
  Schou	
  AJ,	
  Husby	
  S,	
  Molgaard	
  C,	
  Wedderkopp	
  N.	
  	
  
The	
  impact	
  on	
  children's	
  bone	
  health	
  of	
  a	
  school-­‐based	
  physical	
  education	
  program	
  
and	
  participation	
  in	
  leisure	
  time	
  sports:	
  The	
  Childhood	
  Health,	
  Activity	
  and	
  Motor	
  
Performance	
  School	
  (the	
  CHAMPS)	
  study,	
  Denmark.	
  Prev	
  Med	
  2013;57:	
  87-­‐91.	
  
	
  
Manuscript	
  III	
  
	
  
Heidemann	
  M,	
  Holst	
  R,	
  Wedderkopp	
  N,	
  Husby	
  S,	
  Schou	
  AJ,	
  Klakk	
  H,	
  Molgaard	
  C.	
  
The	
  Influence	
  of	
  Anthropometry	
  and	
  Body	
  Composition	
  on	
  Children’s	
  Bone	
  Health	
  
The	
  Childhood	
  Health,	
  Activity	
  and	
  Motor	
  Performance	
  School-­‐	
  (The	
  CHAMPS)	
  study,	
  
Denmark	
  (Submitted	
  to	
  Bone,	
  June	
  2013)	
  



RESEARCH ARTICLE Open Access

The intensity of physical activity influences bone
mineral accrual in childhood: the childhood
health, activity and motor performance school
(the CHAMPS) study, Denmark
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René Holst4 and Niels Wedderkopp2

Abstract

Background: Studies indicate genetic and lifestyle factors can contribute to optimal bone development. In
particular, the intensity level of physical activity may have an impact on bone health. This study aims to assess the
relationship between physical activity at different intensities and Bone Mineral Content (BMC), Bone Mineral Density
(BMD) and Bone Area (BA) accretion.

Methods: This longitudinal study is a part of The CHAMPS study-DK. Whole-body DXA scans were performed at
baseline and after two years follows up. BMC, BMD, and BA were measured. The total body less head (TBLH) values
were used. Physical activity (PA) was recorded by accelerometers (ActiGraph, model GT3X). Percentages of different
PA intensity levels were calculated and log odds of two intensity levels of activity relative to the third level were
calculated. Multilevel regression analyses were used to assess the relationship between the categories of physical
activity and bone traits.

Results: Of 800 invited children, 742 (93%) accepted to participate. Of these, 682/742 (92%) participated at follow
up. Complete datasets were obtained in 602/742 (81%) children. Mean (range) of age was 11.5 years (9.7-13.9). PA
at different intensity levels was for boys and girls respectively, sedentary 62% and 64%, low 29% for both genders
and moderate to high 9% and 7% of the total time. Mean (range) BMC, BMD, and BA was 1179 g (563–2326),
0.84 g/cm2 (0.64-1.15) and 1393 cm2 (851–2164), respectively. Valid accelerometer data were obtained for a mean of
6.1 days, 13 hours per day.

Conclusions: There 7was a positive relationship between the log odds of moderate to high-level PA versus low
level activity and BMC, BMD and BA. Children with an increased proportion of time in moderate to high-level
activity as opposed to sedentary and low-level activity achieved positive effects on BMC, BMD and BA.

Keywords: Dual energy X- ray absorptiometry, Bone health, Physical activity, Accelerometers

Background
Osteoporosis is a highly prevalent disease [1,2], which is
costly for society [3]. The disease is characterized by sys-
temic impairment of bone mass, bone strength and alter-
ations in the bone micro architecture resulting in an
increased risk of fractures [4]. Research has focused on the

treatment of osteoporosis and the consequences of the
disease. However, it is equally important to focus on dis-
ease prevention during childhood and adolescence. Peak
bone mass (PBM) is the highest bone mass an individual
obtains during a lifetime [5]. Factors that determine PBM
are not fully understood. Studies indicate that both genetic
factors and lifestyle, such as diet and physical activity dur-
ing childhood can contribute to optimal bone develop-
ment [6]. Low PBM is an important determinant of later
osteoporosis and risk of fractures [7].
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Previous research has shown positive effects of weight-
bearing exercise on bone mineral accrual [8] and PA
undertaken in childhood have sustained lasting positive
influence on the adult skeleton [9].
Dual Energy X-ray Absorptiometry (DXA) can evalu-

ate bone health by providing estimates of bone mineral
density (BMD), bone mineral content (BMC), and bone
area (BA). Workload during physical activity can be
measured by oxygen consumption (VO2) and heart rate
(HR) [10]. These measures correspond well to an indi-
vidual’s speed or power output [10]. However, neither of
these methods were well suited for large-scale popula-
tion based studies. The recently developed ActiGraph
GT3X monitors use a triaxial accelerometer and provide
activity counts for each vector as well as a composite
vector magnitude of the three axes [11]. This method
gives the opportunity to capture the complexity of habit-
ual activity and to stratify the activity intensity into sed-
entary, low, moderate, and high activity by using the
data from the vertical axis. The results from the vertical
axis were used in this research study.
It still remains uncertain to what degree physical activ-

ity (PA) as measured by accelerometers has an impact
on children’s bones, and there is no knowledge about
which level, intensity or volume of PA is the most bene-
ficial regarding bone mineral accrual in childhood.
Previous studies have reported cross-sectional data on

the relationship between PA and bone health in child-
hood [12,13], but the longitudinal data on this relation-
ship has not been published. This study provides such
longitudinal data. The aim was to evaluate how habitual
PA, defined as any PA involving muscle force including
walking, running, cycling as well as more passive activ-
ities, influences bone health. The specific objective was
to assess the relationship between physical activity at
different intensities, measured by accelerometers, and
BMC, BMD and BA accrual measured by DXA scans
during a two-year period.

Methods
Study design
The study is a sub study of the CHAMPS study, DK, a
natural experiment [14]. The study embraces ten public
schools in the municipality of Svendborg, Denmark, with
children from the pre-school year to 4th grade. Six
schools chose to implement four additional lessons of
physical education (PE) to their usual PE program and
to educate PE-teachers in special age- related training
principles (“sports schools”), and were matched to four
schools continued with two PE lessons as usual (“normal
schools”) based on school size and location. The study
has been described in details elsewhere [14].
A subsample comprised of children attending 2nd to

4th grade (7.2-12 years) at baseline in year 2008 was

formed for this study. These children were invited to
participate in DXA scans. The children were examined
by DXA at baseline and the follow-up examination was
performed after two years. Accelerometer measurements
were performed in the middle of the two-year test
period. Examinations of the children took place at
The Hans Christian Andersen Children’s Hospital,
Odense, Denmark.

Ethics
Participation was voluntary. Children and parents received
information about the study through school meetings and
written information. The parents signed informed consent
forms. Permission to conduct The CHAMPS Study–DK
was granted by the Regional Scientific Ethics committee
(Project number: S-20080047).

Data collection
Anthropometrical data
Body weight was measured to the nearest 0.1 kg on an
electronic scale, SECA 861. Height was measured to the
nearest 0.5 cm using a portable stadiometer, SECA 214
(both Seca Corporation, Hanover, MD). Body weight
was measured in a thin T-shirt and stockings and both
anthropometric measures were conducted barefoot.

Dual energy X ray absorptiometry
Dual Energy X ray Absorptiometry (DXA), GE Lunar
Prodigy (GE Medical Systems, Madison, WI), ENCORE
software (version 12.3, Prodigy; Lunar Corp, Madison,
WI), measured BMC, BMD and BA. The total body
less head (TBLH) values was used. The children were
instructed to lie still in a supine position wearing under-
wear; a thin T-shirt, stockings and a blanket for the dur-
ation of the DXA scan. The typical scan duration was
5 min, depending on subjects’ height and weight. The in-
strument automatically altered scan depth depending on
the size of the subject, as estimated from age, height, and
weight. Two operators performed the DXA scans. The
data form the DXA scans were analyzed by one person
(MH). The DXA scanner was reset every day following
standardized procedures. The GE Lunar Prodigy has repro-
ducibility with precision errors (1 SD) of approximate-
ly 0.75% CV (Coefficient of Variation) for bone mass
in children and adolescents with a mean age 11.4 years
(5–17 years) [15].

Pubertal self- assessment
The children were presented with standard pictures show-
ing the pubertal Tanner staging [16] and asked to indicate
which stage best referred to their own pubertal stage. The
Tanner pubertal stages self-assessment questionnaire
(SAQ) used in this study consists of drawings of the 5
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Tanner stages for pubic hair and breast development, re-
spectively [17]. Explanatory text in Danish supported the
self-assessment. Boys were presented with pictures and
text of Tanner staging for pubic hair development,
whereas girls were presented with pictures and text
representing breast development and pubic hair. The pro-
cedure took place in a private space with sufficient time to
self assess the pubertal stage.

Physical activity
Assessments were performed in the middle of the two-
year test period (November 2009 to January 2010), when
the children attended 3rd- 5th grade. Physical activity
was assessed using the Actigraph GT3X accelerometer.
The GT3X is a light, solid-state triaxial accelerometer,
designed to monitor human activity and provide an esti-
mate of energy expenditure. It measures the rate of ac-
celeration in the (Cartesian coordinate system) z-axis
/medio-lateral axis, x-axis/anterior-posterior axis and
the y-axis/vertical axis. In the Actigraph GT3X, the sig-
nal is digitalized and passed through a filter with band
limits of 0.25-2.5 Hz in order to help eliminate extrane-
ous accelerations not due to human movement (e.g., vi-
bration). The measurements of the vertical axis were
used in this study [18]. The accelerometer was set to ac-
cumulate PA data every 2 seconds (2-sec. epoch) and
subsequently collapsed to 10 seconds epoch [19].
Verbal and written information and instructions were

given to the children along with their parents. The chil-
dren were instructed to wear the device from the time
they woke up in the morning until bedtime in order to
capture their entire physical activity (PA) for each day, for
7 full consecutive days, thus theoretically including all
weekdays and a full weekend. The children should remove
the monitor when showering or swimming in order to
prevent damage to the device. After the measurement
period, the accelerometers were recollected and data
downloaded to a computer.

Data reduction and analysis
The customized computer program, Propero [20], was
used to process accelerometer data files. Propero was set
up to include only activity in different time blocks de-
pending on grades (2nd grade: 07.00-20.30 hours, 3rd
grade: 07.00-21.00 and hours, 4th grade: 07.00-21.00 -
hours) to avoid measurements during sleeping hours as
some participants forgot to take off the accelerometer
during the night. Furthermore, in order to distinguish
between true intervals of inactivity and “false intervals”
of inactivity recorded when the monitor had been taken
off, all strings of consecutive zero for 20 min or more
were defined as “accelerometer not worn” and subse-
quently deleted from the summation of activity. Thus,

these periods did not contribute to the required mini-
mum of valid registered activity.
Activity data were included for further analyses if the

child had a minimum of 4 separate days with 10 hours
per day of valid recording after the removal of non-wear
time.
Cut-off points for activity intensity levels were defined

according to Evenson et al. [18] (see Table 1).

Statistical analysis
Descriptive statistics were presented as means and SD, and
medians and lower and upper quartiles. Explorative plots
assessed linearity between the outcome variables (BMC,
BMD and BA) and the covariates. Non-linear covariates
were transformed to achieve linearity. Shapiro-Wilk’s test
and q-q plots were used to check assumptions of normality.
Residuals plots were inspected to check for variance of
homogeneity. These tests did not indicate any violations of
the model assumptions.
A multilevel linear regression model (using the xtmixed

option from STATA 12.1), taking into account the hier-
archical structure of the data was used to assess the rela-
tionship between BMC, BMD and BA accretion and the
categories of physical activity intensity levels. Models were
checked by residual plots. Effects with p-values < 0.05 were
considered significant.
Backward elimination was used for reduction from an

initial model, containing all the explanatory variables
that included height, log(weight), age and puberty at fol-
low up, bone outcome at baseline and interactions
between gender and the activity levels as well as interac-
tions between gender and puberty. BMC was in the final
model adjusted for BMC at baseline, BA and height at
follow up to avoid the possibility of size- related artifacts
in the analysis of bone mineral data [21], and puberty at
follow up and gender. BMD was in the final model ad-
justed for BMD at baseline log(weight); height and pu-
berty at follow up. BA was adjusted for BA at baseline,
log(weight), height, age and puberty at follow up and
gender, all representing fixed effects. School and class
were chosen as random effects. The information in the
regression analyses was weighed by the total days of ac-
celerometer measurements accepted (using the pweight
option from STATA 12.1). By adjusting for baseline
DXA outcomes, we captured the bone accrual during
the two-year follow up period.
The accelerometer output generated the child’s num-

ber of minutes, in each activity intensity level per day.
The data were further converted into proportions πs, πl
and πmh of activity in “sedentary”, “low” and “moderate
to high” intensity intervals, respectively.
The inherent ties in the proportions πs, πl and πmh

(adding up to 100%) were handled by choosing low ac-
tivity level as a reference level and calculating the log
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odds of the proportions of the two remaining intensity
levels relative to the proportion of the reference level.
This way the physical activity was represented by the

two parameters θmh ¼ log πmh
πl

� �
and θs ¼ log πs

πl

� �
.

These parameters cannot be interpreted separately but
must be understood as an entity. This difficulty is

addressed by visualizing how the bone health measures
depend on PA (Figure 1). The effect upon the outcome
variables of a change in activity intensity levels depends
on the relative change among the proportions and is
therefore suitably assessed for changes in particular con-
figurations. This is demonstrated by an example in the
result section.

Results
A total of 1512 children from the preschool year to 4th
grade (age range 5.5-11 years) were invited to participate
in The CHAMPS study-DK from baseline in September
2008, of which 1210 (80%) accepted.
A sub group was created for the present study. This

group comprised of children from 2nd to 4th grade (7.2-
12 years) at baseline. Of these, 742/800 (93%) accepted the
invitation to participate and 682/742 (92%) participated at
two-year follow up (49% boys, 51% girls). Complete
datasets were obtained in 602/742 (81%) children. The
characteristics of the participants at follow up regarding

Figure 1 Graphs presenting the effect of changes in different configurations of the proportion of total time in physical activity and
sedentary, low and moderate to high level activity on the bone traits BMC, BMD and BA.

Table 1 Classification of physical activity intensity based
on Evenson accelerometer cut-off points and MET
thresholds [18]

Physical activity
intensity

Accelerometer cut
points

Units of metabolic
equivalent (MET)

Sedentary activity ≤ 100 counts/min METs < 1.5

Light physical
activity

> 100 counts/min 1.5≤METs < 4

Moderate physical
activity

≥ 2296 counts/min 4≤METs < 6

Vigorous physical
activity

≥ 4012 counts/min METs≥ 6
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age, gender, anthropometry, densitometry, accelerometer
data are reported in Table 2. Children, n = 152 (97 girls, 55
boys) reported Tanner stage 1, n = 263 (124 girls, 139
boys) Tanner stage 2, n = 189 (103 girls, 87 boys) Tanner
stage 3, n = 38 (23 girls, 15 boys) Tanner stage 4 and n = 5
(2 girls, 3 boys) Tanner stage 5.
The relationship between BMC and the PA intensity

levels represented by θmh and θs were assessed
(Table 3). There was a positive relationship between θmh

and BMC β̂θmh ¼ 20:94; p ¼ 0:001
� �

and a

positive relationship between θs and BMC

β̂θs ¼ 27:77; p ¼ 0:001
� �

. There was a gender inter-

action with θs leading to an additional negative effect for

boys on BMC β̂θs; boys ¼ � 36:03; p ¼ 0:006
� �

.

By way of example, the fitted model predicts that for a girl
a change in proportions of activity levels from (πsπl and -
πmh) = (60%, 30%, 10%) to (65%, 27%, 8%) will lead to a
change in BMC of 20:94 � log 0:08

0:27

� � þ 27:77

� log 0:65
0:27

� �� 20:94 � log 0:1
0:3

� �� 27:77 � log 0:6
0:3

� � ¼ 2:7g;
whereas it will be −4.0 g for a boy. In a different example
we observe a change in proportions of activity levels from
(πs,πl and πmh) = (70%, 22%, 8%) to (75%, 15%, 10%) will
lead to a change in BMC of 20:94 � log 0:1

0:15

� �
þ 27:77 � log 0:75

0:15

� �� 20:94 � log 0:08
0:22

� �� 27:77

� log 0:70
0:22

� � ¼ 25g, whereas it will be 8.9 g for a boy.
The relationship between BMD and the PA intensity

levels represented by θmh and θs were assessed (Table 4).
There was a positive relationship between θmh and BMD

β̂θmh ¼ 0:009; p < 0:001
� �

. There was no signifi-

cant relationship between θs and BMD and no gender
interaction.
The relationships between BA and the PA levels

represented by θmh and θs were assessed (Table 5). There
was a positive relationship between θmh and BA

β̂θmh ¼ 22:18; p < 0:001
� �

but no significant rela-

tionship between θs and BA and further there was no sig-
nificant gender interaction.
The graphs in Figure 1 illustrate the impact on bone

health represented by BMC, BMD and BA when a cer-
tain level of physical intensity was kept fixed at the mean
value allowing an exchange of time spent in the two
remaining intensity levels to occur. This exchange oc-
curred between the time spent in the two remaining in-
tensity levels at their 10th, 25th, 50th, 75th and 90th
percentiles. The solid lines refer to the girls whereas the
dotted lines refer to the boys.
In the first column sedentary intensity level is fixed at

the mean value 64% and 62% of the total time in activity
for girls and boys respectively. An exchange between
low-level activity and moderate to high level activity can

occur and when increasing the proportion of time in
low-level activity the BMC, BMD and BA values will de-
crease for both genders. In the second column low in-
tensity PA is fixed at the mean level 29% of the total
time in activity for boys and girls, and an exchange be-
tween moderate to high and sedentary can occur. The
bone traits increases as the proportion of time spent in
moderate to high-level PA increases opposed to seden-
tary level PA. In the third column moderate to high level
PA is fixed at the mean value 7% and 9% of the total
time in activity for girls and boys respectively. An ex-
change between sedentary level activity and low-level ac-
tivity reveals an increase in bone outcome when the
proportion of time in sedentary level activity increases
opposed to low-level activity.

Discussion
A major reason for the interest in increasing bone health
during growth is to prevent fractures due to osteoporosis
later in life. This longitudinal study examined the rela-
tionship between the proportion of time spent at PA in
different intensity levels and bone health represented by
BMC, BMD, and BA accrual during two years, and
showed a positive relationship of the log odds of moder-
ate to high and low intensity activity and BMC, BMD
and BA accruement over a two- year period.
We also found a significant relationship between the log

odds of sedentary relative to low intensity activity and
BMC as well as a significant gender interaction with an
additional negative effect on BMC for boys. The changes
in particular configurations between the three categories
of PA revealed positive effects on bone traits when in-
creasing the proportion of time in moderate to high-level
activity opposed to sedentary and low-level activity behav-
ior, but also a positive effect on bone traits when increas-
ing the proportion of time in sedentary activity on behalf
of low level activity. This rather surprising but interesting
result may reflect that sedentary behavior is not necessar-
ily negative for the bones compared to a general low activ-
ity level. However, this result was only found for BMC and
not BMD and BA and should be confirmed in other
studies.
The positive relationship between weight-bearing exer-

cises, and bone health during growth has been well de-
scribed [22]. However, this study provides additional
information about the association between children’s ha-
bitual PA reported as the relationships between the pro-
portion of time spent in different intensity levels of PA
and the outcome variables BMC, BMD and BA accrual.
The strengths of the study included the population

size, the large numbers of participants at follow up and
the longitudinal design. There was an equal distribution
between genders, and children attending sports schools
and normal schools. The data collection included the
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gold standard method of measuring bone health parame-
ters, DXA, and objective information on the children’s
physical activity (PA) level. Assessment of PA by acceler-
ometers provided valid information on the frequency,
intensity and duration of PA. The accelerometer output
correlated well with ground reaction force (GRF) which
is pertinent to bone health [23]. The objective measures
of accelerometers had the advantage that the children
did not need to recall behaviors of physical activity, and
therefore output did not rely on cognitive ability and re-
call bias.
Accelerometers have limitations as to the technical spec-

ifications and the participant’s willingness to wear the

accelerometers. However, we succeeded in obtaining
complete datasets on 81% of the participants. Another
positive aspect of our study was that the children included
in the analyses were measured with accelerometers at a
mean of 6.1 days (4–11 days) and at a mean of 13 hours
per day (11–14 hours per day). Trost et al. demonstrated
that 4–5 days of monitoring were needed to obtain an
intra class coefficient of 0.8 in children [24], which we
exceeded. The analyses only addressed the effect of the
relative distribution of PA among three levels. Although
the total amount of activity may have an impact on the
bone health, the data analyzed here are not amenable for
this question.

Table 2 Descriptive statistics of the participants with complete datasets n = 602 at follow up

Variable Sex Mean (SD) 25th% Median 75th%

Age (yrs.) Boys 11.5 (0.89) 10.8 11.4 12.2

Girls 11.5 (0.87) 10.7 11.4 12.2

Height (cm) Boys 151.2 (8.88) 145 151.1 156.5

Girls 150.5 (8.3) 144.4 150.4 156.5

Weight (kg) Boys 40.7 (8.46) 34.5 39.3 45.2

Girls 40.9 (8.81) 34.8 40.05 46

Fat mass (kg) Boys 8.2 (5.02) 4.6 6.8 10.2

Girls 10.5 (5.0) 6.8 9.5 13.03

Lean mass (kg) Boys 30.7 (4.97) 27.2 30.1 33.2

Girls 28.4 (4.96) 24.5 27.8 31.8

BMC (g) Boys 1189 (267) 1007 1169 1314

Girls 1183 (313) 945.5 1142 1363

BMD (g/cm2) Boys 0.83 (0.06) 0.79 0.83 0.87

Girls 0.83 (0.08) 0.78 0.83 0.88

BA (cm2) Boys 1405 (222) 1246 1399 1540

Girls 1390 (249) 1211.2 1372.3 1545.5

Accelerometer (Days registered) Boys 6.1 (0.97) 5 6 7

Girls 6.1 (0.96) 5 6 7

Sedentary Activity (%) Boys 62 58 62 65

Girls 64 61 64 68

Low activity (%) Boys 29 26 29 31

Girls 29 26 29 31

Moderate to high activity (%) Boys 9 6 7 9

Girls 7 6 7 9

Pubertal stages Boys (n) Girls (n)

Tanner stage 1 (n) 55 97

Tanner stage 2 (n) 139 124

Tanner stage 3 (n) 87 102

Tanner stage 4 (n) 15 23

Tanner stage 5 (n) 3 2

Fishers exact test <0.001*

October 2010 to March 2011. Figures are means (SD) presented along with median, 25th% and 75th%.
Note: *The Fishers exact refers to the comparison of the pubertal stages between boys and girls at follow-up.

Heidemann et al. BMC Pediatrics 2013, 13:32 Page 6 of 9
http://www.biomedcentral.com/1471-2431/13/32



Some other methodological aspects need to be men-
tioned. The collection of accelerometer data was performed
at one-year follow-up. We had no knowledge of how this
one period of measurements represented the child’s activity
level over a longer time period, but we assumed that the
measurements reflected the child’s activity level in general.
This assumption was based on the knowledge that although
PA and activity patterns varies from day to day as well as
by season [25], children exhibit less day-to- day variability
than adults [24]. PA measurements by accelerometers were
obtained during the same yearly season for all children.
Diet was not considered in this study. However, the chil-
dren’s diet habits and variation in these may serve as a pos-
sible confounding factor when monitoring bone health.
Our findings of an association between the intensity

levels of PA and bone traits corresponded well with the
findings in a study by Tobias JH et al. (2007) in which
the results presented were derived from a cross-sectional
design [13]. In a previous study, Sardina et al. (2008) ex-
amined the relationship between intensity and duration
of physical activity and composite indices of femoral

neck strength and bone mineral content of the femoral
neck, lumbar spine and total body. They concluded that
vigorous activity measured by accelerometers emerged
as the main PA predictor of femoral neck strength [26].
This corresponded well with our results, although we
measured TBLH BMC, BMD, and BA, and not indices
of bone strength. We found that greater discrepancies in
activity level are necessary to disclose the effects of
physical activity on bone accretion.
Several other studies have presented cross-sectional

data on the positive relationship between habitual levels
of physical activity at different intensity and bone mass,
in particular moderate to high intensity PA [12,13,27].
Our study provides longitudinal data from a large two-
year follow up study.
Habits of physical activity can be traced from child-

hood to adolescence and adulthood [28,29], and habits
developed in early life may persist into adulthood. It has
been suggested that children become less physically ac-
tive and spend more time in sedentary activity as they
age [30]. However, this suggestion has been questioned
in other studies [31,32]. Our graphic presentation of the
data emphasizes the importance of spending a higher
proportion of the total time in higher activity levels to
maintain a beneficial bone mineral accrual during a two-
year observational time. Our results suggest that small
changes in PA behavior towards more moderate to high
level activity opposed to low and sedentary intensity
levels are sufficient to achieve these beneficial effects on
bone traits.
In recent years, osteoporosis has been recognized as a

growing problem in adults and the elderly [1,2]. When
planning prevention strategies towards osteoporosis, all
of the factors that affect bone health including the size
of PBM should be considered. Bone growth during
childhood and adolescence is important for reaching op-
timal PBM [7]. Thus it is crucial to optimize these modi-
fiable factors with regard to bone development in
childhood. Although up to 60-80% of the variance in
PBM is accounted for by genetic factors, the remaining

Table 5 Effect of the physical activity on BA at follow up

Variable Coefficient estimate Standard error P - value

BA baseline 0.62 0.49 <0.0001

θmh ¼ log πmh
πl

� �
22.18 4.20 <0.001

Height follow up 6.87 0.69 <0.001

Log(weight follow up) 285.20 18.12 <0.001

Puberty follow up 24.47 2.32 <0.001

Gender −26.33 5.52 <0.001

Intercept −1405.85 86.01 <0.001

Note: πmh,πl represents the percentage of the total time spent in, moderate-
high and low intensity activity respectively. The girls were chosen as the
reference level for gender.

Table 4 Effect of the physical activity on BMD at follow
up

Variable Coefficient estimate Standard error P- value

BMD baseline 0.966 0.02 <0.001

θmh ¼ log πmh
πl

� �
0.009 0.001 <0.001

Height follow up 0.001 0.0002 <0.001

Log(weight follow up) 0.039 0.008 <0.001

Gender 0.017 0.005 0.001

Puberty follow up 0.016 0.002 <0.001

Gender # puberty1 −0.014 0.003 <0.001

Intercept −0.150 0.018 <0.001

Note: πmh,πl represents the percentage of the total time spent in, moderate-
high and low intensity activity respectively. #: Interaction. The girls were
chosen as the reference level for gender.

Table 3 Effect of the physical activity on BMC at follow
up

Variable Coefficient estimate Standard error P- value

BMC baseline 0.44 0.03 <0.001

BA follow up 0.97 0.04 <0.001

Gender 35.20 9.50 <0.001

θmh ¼ log πmh
πl

� �
20.94 6.58 0.001

θs ¼ log πs
πl

� �
27.77 8.17 0.001

Gender # θs −36.03 13.11 0.006

Height follow up −3.96 0.17 <0.001

Puberty follow up 29.99 3.52 <0.001

Gender # puberty −16.95 5.14 0.001

Note: πmh,πs, πl represents the percentage of the total time spent in,
moderate-high, sedentary and low intensity activity respectively. #: Interaction.
The girls were chosen as the reference level for gender.
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20-40% are influenced by lifestyle factors such as phys-
ical activity [7,33].
Focus on habitual physical activity during childhood is

of major importance to consider when planning prevent-
ive strategies towards osteoporosis. Also in relation to
bone health it is important to change children’s lifestyle
from mainly inactivity to higher activity levels.

Conclusion
A positive association was observed between physical ac-
tivity and bone mineral accretion in childhood. In particu-
lar moderate to high intensity activity had a positive
influence on the bone health. The data suggest that
changes in the distribution of time spent in different activ-
ity intensity levels will influence the bone mineral accrue-
ment during a two year period with moderate to high
intensity activity having a positive effect on bone outcome,
whereas an increase in low-level and sedentary activity op-
posed to moderate to high-level activity will have a nega-
tive impact on bone health in childhood. This knowledge
has public health as well as clinical relevance. Further re-
search should focus on detecting the threshold of the
beneficial effects of physical activity on bone health.
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Objective. To evaluate the effect of a school based physical education (PE) program and the amount of lei-
sure time sport (LTS) on children's bone health and to examine if LTS influences the impact of school type on
children's bone health.

Methods. Children attending “sports” schools (6 × 45 min PE lessons per week) were compared to children
at “traditional” schools (2 × 45 min of PE lessons per week) in Svendborg, Denmark. Whole-body DXA scans
were performed at baseline (2008) and at a two-year follow-up (2010). Bonemineral content (BMC), bonemin-
eral density (BMD), and bone area (BA) were measured. Multilevel regression analyses examined the impact of
school type and LTS participation on bone.

Results. 742/800 (93%) invited children accepted to participate. 682/742 (92%) participated at two-year
follow-up. Mean (SD) age was 9.5 years (0.9) at baseline. A positive association between LTS and BMC, BMD
(p b 0.001) and for BA (p b 0.05) (total body less head (TBLH) and lower limb (LL)) was found. All effects re-
garding school type were insignificant.

Conclusion. A positive impact of attending LTS on bone traits was found. There was no effect on BMC, BMD
and BA (TBLH, and LL) for children attending sports schools compared to traditional schools.

© 2013 Elsevier Inc. All rights reserved.

Introduction

The peak bone mass (PBM) is the maximum attained bone mass in
a lifetime. A low PBM is a predisposing factor to later development of
osteoporosis (Bachrach, 2001). Several factors affect the magnitude of
the PBM such as genetics, and lifestyle including nutrition and phys-
ical activity (PA) (Berger et al., 2010; Fewtrell et al., 2009). It is im-
portant to optimize the modifiable factors during childhood and

adolescence when bone growth occurs in order to achieve the highest
possible PBM according to our genetic potential, since low bone mass
in elderly people is associated with a high fracture risk (Johnston and
Slemenda, 1994). The optimal time for bone mineral accrual is pre-
puberty and early puberty (Bass et al., 2002).

Adiposity and inactivity in childhood is an increasing problem in
high-income countries (Brisbois et al., 2012). The impact of adiposity
on bone health in childhood and adulthood is contradictory (Dimitri
et al., 2012). However, as commonly known inactivity is highly corre-
lated to adiposity and has a negative impact on bone health and may
cause a lower PBM and a later increased risk of osteoporosis. The
behavior of inactivity tracks from early childhood into adulthood
(Janz et al., 2005) and it is important to influence children's behavior
of physical activity at an early stage in life to ensure future health
and good habits of PA.

The objective of the study was to evaluate the effect of a general-
ized school based PE program on children's bone health, and to exam-
ine if participation in leisure time sport (LTS) influences the impact of
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school type on children's bone health or has an independent impact
on bone health in childhood.

Methods

Study design

The study was a part of the CHAMPS study, DK an on-going prospective
observational cohort study (Wedderkopp et al., 2012). The CHAMPS-study,
is a natural experiment, in which the variations in exposure (i.e. the sports
schools versus the traditional schools) and outcomes are analyzed with the
intent of making causal inferences (Craig et al., 2012) on the effect of the
intervention.

Nineteen primary schools in the municipality of Svendborg, Denmark,
were invited to participate in the project, six schools agreed to participate.
The final concept for the six sports schools included a minimum of 4.5 h of
PE, divided into at least 3 sessions per week, at 60 min each. Parents and chil-
dren were unaware of the initiation of this project until two months before
the following school year. Four traditional schools were matched on size
and geographic location (rural or urban) (Wedderkopp et al., 2012).

Children attending 2nd to 4th grade (7.7–12 years) were invited at baseline
in year 2008. No child was excluded since none of the children received medi-
cation with an influence on bonemetabolism. Children were examined at base-
line (2008) and at two-year follow-up (2010). Examinations of the children
took place at the Hans Christian Andersen Children's Hospital, Odense,
Denmark (Fig. 1).

Ethical considerations

All children and parents from the participating schools received informa-
tion about the study through school meetings and written information.
Parents signed informed consent forms. Permission to conduct the CHAMPS
study — DK was granted by the Regional Scientific Ethical Committee of
Southern Denmark (project number: S-20080047).

Data collection

Anthropometrical data

Anthropometric measuresweremeasuredwith children required to
go barefoot, wearing only a thin T-shirt, underwear and stockings. Body
weight wasmeasured to the nearest 0.1 kg on an electronic scale, SECA
861, and height was measured to the nearest 0.5 cm using a portable
stadiometer, SECA 214 (both from Seca Corporation, Hannover, MD).

Dual energy X-ray absorptiometry

Dual energy X-ray absorptiometry (DXA), GE Lunar Prodigy (GE
Medical Systems, Madison, WI), equipped with ENCORE software
(version 12.3, Prodigy; Lunar Corp, Madison, WI), was used to mea-
sure BMC, BMD and BA. The total body less head (TBLH) and lower
limb (LL) values were used (Lewiecki et al., 2008). The children were
scanned in a supine position wearing underwear, a thin T-shirt, stock-
ings and a blanket for the duration of the DXA scan. The GE Lunar
Prodigy has reproducibility with precision errors (1 SD) of approxi-
mately 0.75% CV (coefficient of variation) for BMC in children and
adolescents with mean age 11.4 years (5–17 years) (Margulies et al.,
2005).

Pubertal self-assessment

Tanner pubertal stages self-assessment questionnaire (SAQ)which
consists of drawings of the 5 Tanner stages for pubic hair (boys, and
girls) and breast development (girls), respectively (Tanner, 1962)
with explanatory text in Danish was used to evaluate sexual matura-
tion. Children were presentedwith standard pictures showing the pu-
bertal Tanner stages and asked to indicate which stage best referred to
their own pubertal stage (Duke et al., 1980).

Short Messaging Service-Track-Questionnaire

Sports participation was measured weekly by “Short Messaging
Service-Track-Questionnaire” (SMS-T-Q) version 2.1 (New Agenda
Solutions, SMS-Track ApS, Esbjerg). SMS-Track is a web based
IT-system (SMS survey) developed as a tool for frequent surveillance
(Shiffman et al., 2008). The method is a “follow-up” procedure and
was used in this study to investigate LTS participation over time
(Johansen and Wedderkopp, 2010). The questionnaire was automat-
ically sent to the parent's mobile phone once a week including a ques-
tion about LTS: “How many times did [NAME OF CHILD] engage
in sports during the last week?” The parents were instructed to an-
swer with a relevant number between 0 and 8. The answers 0 to 7
represent the unique number of times engaging in sports, whereas
8 indicated “more than 7 times”. The returned answers were auto-
matically recorded and inserted into a database.

Statistical analyses

An initial analysis found mean (±SD) of key physical characteris-
tics at baseline and at two-year follow-up. Explorative plots assessed
linearity between the outcome variables (BMC, BMD and BA) and
non-linear covariates were transformed to achieve linearity. Model
assumptions of normality of the residuals were checked by Shapiro–
Wilk's test and q–q plots. There was no indication of deviation from
normality.

The effect of variables of interest upon the accrual of BMC, BMD
and BA between baseline and follow-up was analyzed in a multilevel
linear regression model (using xtmixed command from STATA 12.1).
Backward eliminationwas used to reduce the initial model, containing
all the explanatory variables including baseline bone traits and height,
log(weight), gender, puberty, all at follow-up, school type, the amountFig. 1. Flowchart of the participants.
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of LTS, and interactions between school type and the amount of LTS,
gender and puberty, gender and school type and gender and LTS.
Adjusting for baseline bone traits controlled for the children's initial
size and BMC was adjusted for BA at follow-up to avoid possible
size-related artifacts in the analysis of bone mineral data (Prentice
et al., 1994). The significance level was set at p b 0.05.

Results

The children attended 2nd to 4th grade (7.7–12 years) at baseline
(2008). Of these, 742/800 (93%) accepted to participate and 682/742
(92%) participated at follow-up (47% boys, and 53% girls). The charac-
teristics of the participants at baseline and at follow are reported in
Tables 1 and 2. There were no differences in the participant's height,
weight, or DXA values, or in the distribution of pubertal stages be-
tween the two school types.

The relationship between school-type and BMC, and BMD and BA
accretion was assessed separately using a multilevel regressionmodel
using school and class as random effects. All subsequent results refer
to the final models for bone traits at follow-up.

BMC (TBLH) (Table 3): Puberty had a positive effect for girls
(β̂Puberty, girls = 16.12, p = 0.001) but was insignificant for boys.
The amount of LTS was significant with different effects for boys
and girls (β̂LTS, boys = 9.48, p b 0.001) and the difference between
boys and girls was β̂LTS#gender = −6.63 (p b 0.001) this implies an
estimated increase of 9.48 g BMC for each extra LTS participation
for boys and an increase of 9.48–6.63 = 2.85 g BMC for girls. All
effects of school type were insignificant.

BMC (LL) (Table 3): Log(weight)was significantwith a positive effect
(β̂log(weight) = 105.96, p b 0.002). The amount of LTS was significant
with different effects for boys and girls (β̂LTS, boys = 6.76, p b 0.001)
and the difference between boys and girls was β̂LTS#gender = −4.15
(p b 0.001). All effects of school type were insignificant.

BMD (TBLH) (Table 4): The amount of LTS was significant (β̂ LTS =
0.004 p b 0.001). School type and interactions between school type
and gender and school type and mean LTS participation were all in-
significant (p > 0.05).

BMD (LL): The amount of LTS was significant (β̂LTS = 0.007,
p b 0.001). School type and interactions between school type and

gender and school type and the amount of LTS were all insignificant
(p > 0.05).

BA (TBLH) (Table 5): There was a significant interaction between
gender and puberty leading to an additional positive effect on BA for
girls (β̂Puberty, girls = 10.99 p b 0.001). The amount of LTS was signifi-
cant (β̂LTS = 4.65, p = 0.019). School type and interactions between
school type and gender and school type and the amount of LTS were
all insignificant (p > 0.05).

BA (LL) (Table 5): The amount of LTS was however insignificant.
School type and interactions between school type and gender and
school type and the amount of LTSwere all insignificant (all p > 0.05).

Discussion

In this longitudinal study we examined the effect of a school based
PE program and the effect of participation in LTS on children's bone
health. LTS had a positive impact on bone accrual in children with
boys having the greatest effect from LTS regardless of school type.
The analyses revealed no effect of school type on children's bone min-
eral accrual during the two-year observation time. The hypothesis of
a positive effect on bone traits of the sports schools for children with
low amount of LTS participation suggested an examination of the in-
teractions between school type and the amount of LTS participation,
which were statistically insignificant.

Several studies have shown that weight-bearing exercise stimu-
lates bone mineral accruement in children and adolescents as well
as in adults (Hind and Burrows, 2007). We would expect a school

Table 1
Baseline (2008) and follow-up (2010) characteristics of the participants of the CHAMPS study — DK.

Key variables Boys baseline (2008)
(n = 344)

Girls baseline (2008)
(n = 373)

Boys follow-up (2010)
(n = 335)

Girls follow-up (2010)
(n = 348)

Sports schools
(n = 180)

Traditional schools
(n = 164)

Sports schools
(n = 222)

Traditional schools
(n = 151)

Sports schools
(n = 176)

Traditional schools
(n = 159)

Sports schools
(n = 205)

Traditional schools
(n = 143)

Age (yrs.) 9.6 (0.9) 9.6 (0.9) 9.5 (0.9) 9.6 (0.8) 11.5 (0.9) 11.5 (0.9) 11.4 (0.9) 11.5 (0.9)
Weight (kg) 33.3 (6.6) 32.7 (6.4) 32.1 (6.0) 32.9 (7.2) 40.7 (8.4) 40.9 (9.1) 40.6 (8.6) 40.9 (9.1)
Height (cm) 140.6 (7.5) 139.6 (8.1) 138.1 (7.2) 138.7 (7.3) 151.5 (8.5) 150.9 (9.4) 150.4 (8.5) 150.9 (9.4)
BMI 16.7 (2.3) 16.7 (1.9) 16.7 (2.1) 16.9 (2.4) 17.6 (2.4) 17.8 (2.5) 17.8 (2.5) 17.7 (2.4)
Lean mass (kg) 25.5 (3.4) 25.0 (3.3) 22.9 (3.1) 22.9 (3.4) 30.8 (5.1) 30.5 (5.2) 28.5 (5.1) 30.5 (5.2)
Fat mass (kg) 6.2 (4.1) 6.2 (3.9) 7.5 (3.7) 8.3 (4.4) 8.1 (4.7) 8.5 (5.3) 10.1 (4.7) 8.5 (5.3)
Body fat percent (%) 17.5 (8.0) 17.9 (7.5) 22.6 (7.2) 24.0 (7.8) 18.9 (7.5) 19.7 (8.2) 24.2 (6.9) 25.2 (7.8)
DXA measures
(TBLH)

BMC (g) 896.9 (186.0) 879.7 (196.5) 843.6 (203.6) 849.5 (205.9) 1196.9 (271.7) 1184.4 (293.5) 1182.7 (320.7) 1187.2 (295.3)
BMD (g/cm2) 0.76 (0.05) 0.76 (0.05) 0.75 (0.06) 0.75 (0.06) 0.84 (0.06) 0.83 (0.06) 0.83 (0.67) 0.83 (0.07)
BA (cm2) 1158.1 (174.8) 1139.5 (177.1) 1103.2 (179.4) 1109.0 (183.9) 1409.3 (225.0) 1401.7 (234.4) 1390.1 (245.2) 1397.5 (229.0)
DXA measures
(lower limb)

BMC (g) 432.1 (100.4) 424.7 (108.5) 410.1 (102.1) 413.1 (105.7) 598.8 (139.2) 595.9 (156.0) 579.7 (150.4) 580.9 (137.5)
BMD (g/cm2) 0.87 (0.07) 0.87 (0.08) 0.86 (0.08) 0.86 (0.08) 0.98 (0.08) 0.98 (0.1) 0.98 (0.11) 0.98 (0.1)
BA (cm2) 489.1 (78.9) 480.5 (80.3) 467.7 (74.6) 470.7 (78.7) 602.3 (93.0) 599.6 (99.3) 581.3 (89.9) 584.0 (82.2)
Pubertal status
Tanner stage (n)

1/2/3/4/5 81/87/9/0/0 89/66/8/1/0 160/54/4/3/0 121/29/1/1/0 33/81/51/9/2 22/93/36/6/1 64/67/58/15/1 33/57/44/8/1

Note: Results are reported as mean (SD) sorted by gender and schools. Results for pubertal stage are reported as numbers.

Table 2
Participants of the study at baseline: October 2008–March 2009. Two-year follow-up.

Participants Sports schools Traditional schools

Baseline (n%) 402 (56%) 315 (44%)
Follow-up (n%) 381 (56%) 302 (44%)
LTS participation,
mean times/week (SD)

1.6 (0.9) 1.9 (1.2)

PE lessons in school
(times/week)

4.5 1.5

Note: October 2010 toMarch 2011 andmean (SD) leisure time sport (LTS) participation
during the two-year follow-up period and amount of physical education (PE) lessons in
school (times/week).
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based PE program with four extra PE lessons to include weight-
bearing elements. The main part of the PE lessons was conducted ei-
ther outside or inside sports arenas, only 30 min every week in fifth
grade was set aside for swimming lessons. The design of the sports
schools in the present study was not specifically intended to influence
bone health in childhood and contained no specific elements of repet-
itive jumping or similar activities.

The intensity of PA is important to bone health in childhood
(Sardinha et al., 2008; Tobias et al., 2007) and a potential difference
in intensity levels reached during PE lessons and LTS participation
may in part explain the positive impact of LTS compared to the extra
PE lessons.

The majority of the children who did not participate in LTS,
attended sports schools (67%) and the children in traditional schools
attended more LTS than children in sports schools. The schools were
matched on size and geographic location and the children had equal
access to LTS facilities. Part of the reason for our findings may be
due to a behavioral effect of attending a sports school causing parents
to reduce their child's LTS due to practical reasons or that the child
becomes less physically active during the leisure time due to the in-
creased activity during school time. However, participation in LTS

had an impact on bone accruement. We expect that the children
participate in LTS due to interest in a specific sport and this group of
children may represent a proxy group for the most active children
regardless of school type.

Our findings differ from several other well-designed studies where
participation in different PE programs and the impact on bone health
were examined (Linden et al., 2006; Lofgren et al., 2011; Meyer et
al., 2011; Valdimarsson et al., 2006). In several of these studies the
PE programs were designed to enhance bone health and PE lessons
and PE homework contained elements of weight-bearing exercise,
and impacts on bone mineralization were seen (Fuchs et al., 2001;
Heinonen et al., 2000; MacKelvie et al., 2002; MacKelvie et al., 2004;
Weeks et al., 2008).

Several studies have examined the impact of specific LTS activities
of bone accruement, such as the study wherein young tennis players
were found to have increased BMC on their loaded arm (Bass et al.,
2002) and a study of non-elite gymnastics participation which was
associated with musculoskeletal benefits on upper limb bone geome-
try, strength and muscle function (Burt et al., 2012). To our knowl-
edge no other study has explored the relationship between general
LTS participation and bone health in childhood.

This present study does not support the establishment of sports
schools to achieve a general impact on bone accrual. The present
literature indicates that in order to achieve an impact on bone health
PE intervention programs must contain elements of specific weight-
bearing exercise to be successful. Our study strongly suggests that
attending LTS is beneficial to bone health in childhood.

Limitations and strength

Our study had some limitations. The creation of sports schools was
a political decision in the municipality of Svendborg therefore the de-
sign was not a randomized controlled trial but a natural experiment
(Craig et al., 2012). Children in the two groups were however, compa-
rable at baseline regarding all measurements presented in this article.
Information on the children's PA level at baseline was not available. It
is not possible to conclude that the patterns of activity were equal at
the beginning of the experiment. From previous longitudinal studies
it is known that loaded sites are increasing in density. The lower
limbs extracted from the total body scan, may not be sensitive to
changes predominantly found in the femoral neck. A scan result of
the hip could be a better representative of a loaded region since mea-
surements of the hip are more sensitive to the detection of an effect
on the hip, however we decided to use TBLH measurements since
we in addition in the CHAMPS study wanted to analyze the effect of

Table 3
The impact on BMC accruement of different variables, during a two-year period. Multi-
level regression analyses with backward elimination of insignificant variables were
performed.

Variable Coefficient estimate
(β̂)

Standard error

TBLH4 LL5 TBLH4 LL5

BMCBaseline 0.42⁎⁎⁎ 0.68⁎⁎⁎ 0.03 0.03
BAFollow-up 0.99⁎⁎⁎ 0.55⁎⁎⁎ 0.03 0.04
HeightFollow-up −4.20⁎⁎⁎ – 0.12 –

Log(weight)Follow-up – 105.96⁎⁎⁎ – 12.03
PubertyFollow-up 13.82⁎⁎⁎ 9.25⁎⁎⁎ 3.02 1.75
Gender#puberty1 16.12⁎⁎⁎ 6.62⁎⁎⁎ 2.63 1.55
Mean LTS3 9.48⁎⁎⁎ 6.76⁎⁎⁎ 2.25 1.33
Gender#mean LTS2 −6.63⁎ −4.15⁎⁎⁎ 3.05 1.79⁎⁎

1 The interactions between gender and puberty, with boys representing the refer-
ence group.

2 The interactions between gender and mean sport, with boys representing the ref-
erence group.

3 Leisure time sport (LTS).
4 Total body less head (TBLH).
5 Lower limb (LL).
⁎ p b 0.05.

⁎⁎ p b 0.01.
⁎⁎⁎ p b 0.001.

Table 4
The impact on BMD accruement of different variables, during a two-year period. A
multilevel regression analyses with backward elimination of insignificant variables
were performed.

Variables Coefficient estimate
(β̂)

Standard error

TBLH4 LL5 TBLH4 LL5

BMDBaseline 0.963⁎⁎⁎ 0.975⁎⁎⁎ 0.021⁎⁎ 0.022
HeightFollow-up 0.001⁎⁎⁎ — 0.0002⁎ —

Log(weight)Follow-up 0.043⁎⁎⁎ 0.088⁎⁎⁎ 0.007 0.009
Gender1 −0.017⁎⁎⁎ −0.019⁎⁎⁎ 0.004 0.006
Gender#puberty2 0.016⁎⁎⁎ −0.019⁎⁎⁎ 0.001 0.002
Mean LTS3 0.004⁎⁎⁎ 0.007⁎⁎⁎ 0.001 –0.001

1 Girls (boys are the reference group).
2 The interactions between gender and puberty with boys representing the refer-

ence group.
3 Leisure time sport.
4 Total body less head (TBLH).
5 Lower limb (LL).
⁎ p b 0.05.

⁎⁎ p b 0.01.
⁎⁎⁎ p b 0.001.

Table 5
The impact on BA accruement of different variables, during a two-year period. A multi-
level regression analysis with backward elimination of insignificant variables was
performed.

Variables Coefficient estimate
(β̂)

Standard error

TBLH3 LL4 TBLH3 LL4

BABaseline 0.65⁎⁎⁎ 0.65⁎⁎⁎ 0.03⁎⁎ 0.23
HeightFollow-up 7.09⁎⁎⁎ 2.64⁎⁎⁎ 0.49 0.18
Log(weight)Follow-up 273.48⁎⁎⁎ 104.92⁎⁎⁎ 20.20 6.95
AgeFollow-up −6.55⁎ −2.27⁎ 2.99 1.13
PubertyFollow-up 16.96⁎⁎⁎ 3.86⁎⁎⁎ 3.19 1.14
Gender#puberty1 10.99⁎⁎⁎ −1.92⁎⁎⁎ 1.75 0.62
Mean LTS2 4.65⁎ – 1.99 –

1 The interactions between gender and puberty with boys representing the refer-
ence group.

2 Leisure time sport.
3 Total body less head (TBLH).
4 Lower limb (LL).
⁎ p b 0.05.

⁎⁎ p b 0.01.
⁎⁎⁎ p b 0.001.
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extra PE lessons on the body composition. Furthermore, in children
some authorities recommend to use whole body and spine scans
and not hip scan because of difficulties in the interpretation of the re-
sults when following a child over time due to change in shape
(Lewiecki et al., 2008).

The strengths of the study include the population size, high per-
centage of follow-up measurements and the longitudinal design.
The data collection includes DXA as the reference of measuring
bone health parameters. Valid information on the children's sports
participation was achieved through SMS-T-QS with a response rate
of 95.9% in a reliable follow-up design. This longitudinal study finds
no evidence of an impact of attending a sports school on children's
bone health. However, the study has confirmed the positive effect of
increased LTS participation. The lack of a significant effect of sports
schools suggests that the effect of increased school based PE is bal-
anced out by a reduced amount of LTS participation relative to the
traditional schools.

Conclusion

In conclusion there was a highly significant positive relationship
between participation in LTS and bone health. There was no impact
on bone health (TBLH and lower limb) for children attending sports
schools compared to children in traditional schools.
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Abstract 

Overweight, physical inactivity and sedentary behaviour have become increasing problems during the past decade. 

Increased sedentary behaviour may change the body composition (BC) by increasing the fat mass relative to the lean mass 

(LM). These changes may influence bone health. Purpose: to describe how anthropometry and BC predict the development 

of the bone accruement and to explore differences in their potentials for predicting bone accruement. Methods: The 

longitudinal study is a part of The CHAMPS study- DK. Children were DXA scanned at baseline and at two-year follow up. 

BC (LM, BF%) and BMC, BMD, and BA were measured. The relationship between bone traits, anthropometry and BC 

were analysed by multi level regression analyses. Results: Of the invited children, 742/800 (93%) accepted to participate. 

Of these, 682/742 (92%) participated at follow up. Mean (range) of age at baseline was 9.5 years (7.7-12.1). Height, BMI, 

LM and BF% predicted bone mineral accruement and bone size positively and independently. Conclusions: Height and 

BMI are both positive predictors of bone accruement. LM is a more precise predictor of bone traits than BF% in both 

genders. The effects of height and BMI and LM on bone accruement are similar in the two genders while changes in BF% 

have different effects on bone health in boys and girls. 
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Introduction 

The measurement of body composition (BC) may play an important role in understanding the relationship between body fat 

percentage (BF%), lean mass (LM) and changes in bone mass. Furthermore these relations may vary with age, pubertal 

stages and between genders.  

The accumulation of bone mass in childhood is crucial in the prevention of osteoporosis since peak bone 

mass (PBM) achieved during the mid twenties is influenced by lifestyle exposures such as physical activity and diet in 

childhood as well as changes in BC [1,2]. These exposures help to achieve an optimal bone acquisition during childhood 

and adolescence. The achievement of a high PBM is considered an essential preventive strategy against the development of 

bone fragility and osteoporosis later in life [3].  

 The mechanisms behind the effect of adipose tissue on bone mass and bone mineral density are considered 

diverse. In adulthood, adiposity serves as a protective factor against fractures, whereas some reports suggest an opposite 

effect in childhood [4,5]. Several studies have demonstrated a higher incidence rate of fractures in adipose and obese 

children compared to children with normal weight and height [6-8]. This leads to an increased concern for future bone 

health since adiposity among otherwise healthy children has become an increasing problem in developed countries [9]. 

 LM is defined as the total body weight less FM and BMC. It has an impact on bone accruement, especially 

during puberty. The muscle force incurs a large load on the bone and several studies have reported a close relationship 

between LM and bone development [10,11]. Thus, the muscle mass or LM is considered a key stimulant of bone 

development throughout lifespan [12]. 

 During the past decade children have become less physically active with a tendency of increased 

polarization of physically activity behaviour [13,14]. These changes may lead to a group of sedentary children at increased 

risk of adiposity due to reduced energy consumption with a negative influence on their bone acquisition. 

 Many parameters affect the bone accruement and the development in BMC, BMD and BA. Among these 

are growth and changes in BC. This provides an opportunity to describe the bone development by different sets of 

parameters.  In this longitudinal study the purpose was to describe the parameters of growth that predict the development of 

the bone accruement in a cohort of healthy Danish children. We approached this by introducing two models that both 
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contain key measures of growth. Model I used simple anthropometry (height and body mass index (BMI)), which are easily 

measured in any physical examination of a child, in combination with, age, gender and puberty and allowed for gender 

specific effects of the anthropometric measures. Model II was based on more detailed and complex BC information from 

DXA scans in terms of LM and BF%. This model also included potential effects of age, gender and puberty as well as 

gender specific effects of the BC information.  

 

Materials and Methods 

Study design 

The study is a sub study of the CHAMPS study, DK, a natural experiment. Ten public schools in the municipality of 

Svendborg, Denmark, participated in the study. Six schools chose to implement four additional lessons of physical 

education (PE) weekly to their usual PE program (“sports schools”). These were matched to four schools based on school 

size and location. The children in the “normal schools” continued with two mandatory PE lessons per week. The study has 

been described in details elsewhere [15,16].  

 The population in the CHAMPS study comprised children from the pre-school year
 
to 4

th 
grade. Children 

attending 2
nd 

to 4
th
 grade (7.2-12 years) at baseline in year 2008 were invited to participate in DXA scans at baseline and at 

two-year follow-up. Examinations of the children took place at The Hans Christian Andersen Children’s Hospital, Odense, 

Denmark. 

 

Ethical considerations 

Children and parents received verbal and written information about the study. Participation in the study was at any time 

voluntary. The parents signed informed consent forms. Permission to conduct The CHAMPS Study–DK was granted by the 

Regional Scientific Ethics Committee (Project number: S-20080047). 

 

Data collection 

Anthropometrical data  
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Height was measured to the nearest 0.5 cm using a portable stadiometer, SECA 214. Body weight was measured to the 

nearest 0.1 kg on an electronic scale, SECA 861 (both Seca Corporation, Hannover, MD). Height and weight measurements 

were both conducted barefoot and BW was measured in a T-shirt and underwear.  

 

 

 

Dual Energy X ray Absorptiometry (DXA scans):  

Whole body DXA scans were performed with the GE Lunar Prodigy (GE Medical Systems, Madison, WI), ENCORE 

software (version 12.3, Prodigy; Lunar Corp, Madison, WI). The DXA scans provided estimates of bone mineral content 

(BMC), bone area (BA) and bone mineral density (BMD) as well as lean mass (LM) and fat mass (FM). The body fat 

percentage (BF%) was calculated as � ��
���������� 	
	100%. The total body less head (TBLH) values were used in this 

study. DXA scans were performed at study baseline (fall 2008) and at two-year follow-up (fall 2010). The participants were 

scanned wearing underwear, a thin T-shirt, stockings and a blanket.  The DXA scanner automatically altered scan depth 

depending on the size of the subject. The DXA scanner was reset every day following standardized procedures. The 

coefficient of variation (CV) for BMD was 0.28%- 0.33% during baseline and follow-up examinations. Previous reports 

have demonstrated that GE Lunar Prodigy has reproducibility with precision errors (1 SD) of approximately 0.75% CV for 

BMC, 2.01% for LM and 1.29% for BF% in children and adolescents with a mean age 11.4 years (5-17 years) [17] 

Pubertal self- assessment  

The Tanner pubertal stages self-assessment questionnaire (SAQ) used in this study consists of line drawings of the 5 Tanner 

stages [18] supported by explanatory text. The children were asked to indicate which stage (Tanner stage1-5) best referred 

to their own pubertal stage. Boys were presented with pictures and text of Tanner staging for pubic hair development, 

whereas girls were presented with pictures and text representing breast development and pubic hair [19]. The information 

about puberty was handled as a continuous variable in the analyses. The procedure took place in a private setting with 

sufficient time for self-assessment. 

 

Statistical analyses 

Descriptive statistics for all dependent and independent variables at baseline and follow up are presented as means, range 
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and standard deviation (SD). Frequencies by pubertal stages were stratified by gender.  

Two different models were designed to describe the relationship between each of the outcome variables 

BMC and BA and the explanatory variables. The first set of models described how the outcome variables depend on 

anthropometric measures (height, BMI) in combination with age, gender and puberty. The second set of models was 

designed to describe the same variables by BC variables (LM, BF%) and age, gender and puberty. In all cases gender 

specific roles of anthropometric and BC related measures were accommodated by interaction terms in the regressions 

models. The variance inflation factor was used to assess potential multi collinearity between explanatory variables. 

Variables causing conflicts of independence were removed from the models. Box-Cox analyses were used to identify 

transformations that would ensure normality of the residuals. BMC was transformed by	������.� and BA was transformed 

by (BA)
0.4  

in model I. BMC was transformed by 	������.�	in model II. The Box-Cox analyses indicated no need for 

transformation of BA in model II. Linearity between the transformed responses and the explanatory variables were assessed 

graphically. None of the explanatory variables were transformed.  

Data were sampled in a hierarchical structure (schools, classes, children). Each level in this structure added 

to the random variation in the data. A multilevel random effects model was used for proper modelling of the variance. This 

model was also used to assess the relationships between each of BMC and BA accretion and different explanatory variables. 

The models were reduced by backward elimination. The regression analyses were stratified by gender to find the most 

precise predictor for BMC and BA by the Akaike’s information criteria in each of the two models.  

BMD is defined as a BMC/ BA and hence assessed by the regression models for these two quantities. Data 

(BMC and BA) were transformed to meet the requirements of normality. The usual interpretations of the parameters 

therefore apply on the transformed scale. The fitted models for the impact on bone health of each of the outcome variables 

are presented on the ordinary scale in Figure 2 for the explanatory variables of particular interest.  

 Residual plots; histograms and qq-plots were used to check the assumptions of normality of the residuals. 

The level of significance for all statistical tests was 0.05. All statistical calculations were performed using STATA (version 

12, Stata Corp LP, College Station, TX)  

Results 
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Children from the preschool year to 4
th
 grade were invited to participate in The CHAMPS study-DK from baseline in 

September 2008, of which 1218/1500 (81 %) accepted. Children attending 2
nd 

to 4
th
 grade (7.7 -12 years) at baseline were 

invited for the DXA scans. Of these 742/800 (93%) accepted to participate. At baseline 717/742 (97%) children participated 

and 682/742 (92%) participated at follow up (Figure 1). The characteristics of the participants at baseline and at follow up 

regarding all explanatory variables are reported in Table 1.  

 The accretions of BMC and BA were assessed by two different sets of predictors using multilevel 

regression models with schools, classes and children as random effects. Model I used simple anthropometric variables 

whereas model II used BC variables. Results are listed in Table 2 and Table 3 respectively. Except for BA in model II, the 

outcome variables were transformed by suitable power transformations to ensure normality. The estimated effects described 

below are therefore only linear on the scale of the transformed outcomes. The effects do however retain the same directions 

when back transformed, as the transformations are monotonic.   

Model I  

The relationship between BMC	accretion and anthropometry was assessed. Of the examined explanatory variables; height 

(�������� �0.022, p<0.001), BMI (���� �0.019, p<0.001), gender (��!�"#�$ �0.029, p<0.001), and puberty in girls 

(��%&'�$�(	��$)* � 0.012, p<0.001) predicted the accrual of BMC positively. The effect of puberty in boys was insignificant 

(Table 2). Gender interactions with height and BMI were removed from the model due to multi collinearity. 

 The relationship between BA	accretion and anthropometry was assessed. From the initial model all 

examined explanatory variables, height (�������� �0.113, p<0.001), BMI (���� �0.128, p<0.001), predicted the accrual of 

BA positively. The effect of gender and puberty was insignificant (Table 2). Gender interactions with height and BMI were 

removed from the model due to multi collinearity. 

Model II  

The relationship between BMC +,,-./012 and BC was assessed in model two (Table 3). From the initial model the 

examined explanatory variables, LM (���� �6.03e-04, p<0.001), BF% (����% �0.103, p<0.001), age (��3�� �0.684, 

p<0.001), puberty (��4&'�$�(	��$)* �0.337,	��4&'�$�(	'5(* �-0.122, both p<0.02) predicted the BMC	accretion. There was an 

interaction between gender and BF% with a higher effect ��6��%	'5(* �-0.015, p=0.08) for boys than for girls (Table 3).  
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 The relationship between BA	accretion and BC was assessed. There were positive associations between 

LM, BF%, age and an interaction between gender and puberty with a positive impact of puberty in girls.   

BMD was described as a function of BMC and BA it was therefore redundant to perform a regression for 

the outcome variable BMD. The result of the functional description of BMD is displayed in Figure 2.  

 In model I height was the most precise predictor of BMC compared to BMI (lowest AIC value) in both 

genders. In model II LM was the most precise predictor of BMC in both genders (Table 4).  

 

Discussion 

This study aimed to describe the influence of anthropometry and BC on bone accruement in a large cohort of healthy 

Danish children. The main finding of the study is that height, BMI, LM and BF% are all independently positive predictors 

of bone accruement in children with height being a more precise predictor of bone accruement than BMI and LM being a 

more precise predictor of bone accruement than BF% in both genders.  

 Understanding the impact of growth and BC on bone health and particular gender differences is important 

when planning prevention strategies towards osteoporosis. Approximately 700 children were examined at baseline and at 

two-year follow-up with the intention to achieve more knowledge about the complexity of bone accruement during growth 

in childhood. We therefore evaluated the impact of changes in simple anthropometry, which can easily be evaluated in 

every child compared to the more complex measurements of BC by DXA on bone health parameters and the gender 

differences of these effects.  

 The graphs in Figure 2 display the expected values of BMC and BA as estimated from the regressions. 

Regression on BMD was considered redundant as BMD=BMC/BA and can therefore be assessed as a function of these two 

outcome variables. In model I both height and BMI predicts BMC, BA and BMD positively. The overall conclusion of 

model I is that no gender differences in the effect of height and BMI on BMC, BA and BMD are observed. In model II the 

effect of LM on BMC, BA and BMD is the same in boys and girls and the curves show similar patterns of dependency with 

height and BMI (Figure 2). Gender differences are observed for BF% on BMC, BA and BMD. Girls reach higher values of 

BMC at lower BF% values than boys with the same BF%. Girls reach higher BA than boys with the same BF% although 

with parallel curves. The effect on BF% on BMD shows two different curves with girls having higher BMD values at low 

BF% whereas this relationship is opposite at the higher BF% values (Figure 2). 
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 A cross-sectional study [20] of 267 students (8-18 years) concluded that there was a correlation between 

bone mass and BC in both genders with LM and fat mass index being the predictor of bone mass in males and females, 

respectively. In this longitudinal study, all regression analyses were stratified by gender and LM was found to be a more 

precise predictor of bone traits than BF% in both boys and girls. Height, which is a cheap and an easy accessible 

measurement, predicts bone mineral accruement in childhood equally in boys and girls. In addition, height seems to be a 

more precise predictor of bone mineral accruement than BMI (Table 4).  

 The two models reflect two different approaches to explain the development in bone traits in a longitudinal 

perspective. The two models explain gender specific differences in the impacts of anthropometry and BC on bone 

accruement in a simple easy assessable and cheap model (anthropometry) and a more complex model (BC). Both models 

predict bone accruement in similar patterns although only a gender difference is observed with BF% as the predictor of bone 

accruement. 

 The BC changes through puberty. Both sexes experience increases in total body fat but the proportion of 

body fat decreases in boys as a result of simultaneously rapid increase in LM [21]. Girls reach higher BF% whereas boys 

reach higher levels of LM. These gender differences in the development in BC may be very relevant to consider as BF% 

seem to exert different effects on bone traits in boys and girls as demonstrated in this study. 

 The prevalence of overweight and adiposity, usually assessed by BMI, has increased in most developed 

countries over the past decades [9]. Obesity has become a topic of increased interest in relation to preventive strategies 

towards a wide variety of potential co-morbidities.  Several studies have evaluated the effect of overweight and adiposity on 

bone traits in childhood [22,5-7] and there is an agreement that body mass and the relative changes in the different 

components of BC are important in the regulation of bone growth and accruement of bone mineral.  In the HELENA study 

330 adolescents were examined. The study aimed to examine the independent association of FM and LM with bone mass. 

They concluded that a high bone mass in adipose adolescents is explained by their higher levels of LM [23]. In this 

longitudinal study analyses suggest that BF% exert different effects on bone accruement in boys and girls and BF% and LM 

are both positive predictors with independent effect on bone outcome in boys and girls. This supports the results of 

Heidemann et al. that training and physical activity has positive effect on bone accruement [16]. The effect could be 

mediated through an increase in lean mass that introduces a constant increased traction at the muscle insertions of the bones, 

inducing an increased bone accruement or through a direct impact from physical activity. 
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 The analyses did not consider potential confounders such as vitamin D status or nutritional habits. Nor does 

the study present data on the children’s physical activity. Data on the children’s socio-economic status were also not 

mentioned. However, we presented data obtained from a cohort of healthy children that show homogeneity in relation to 

anthropometry and BC at baseline. 

 In the statistical analyses we find significant interactions of gender and some of the parameters of interest. 

Although these effects are highly significant (p<0.001) they may not be of clinical relevance as demonstrated in Figure 2. 

The reason for this may be that this present study has a high statistical power and therefore we are able to detect small 

differences in the data. 

 An advantage of the longitudinal design is the ability to measure accruement of bone health outcome. 

Another strength is the data collection including DXA as the reference standard method for the measurement of bone health 

parameters (BMC, BA and BMD) and body composition (LM and BF%). 

Conclusions 

In this longitudinal study the purpose was to describe the parameters of growth that predict the development of the bone 

accruement in a cohort of healthy Danish children.  Height and BMI were both independent positive predictors of BMC, BA 

and BMD in childhood. However, height, BMI and LM did not reveal gender differences in bone mineral accrual as well as 

BF%. Height is a more precise predictor of BMC, BA and BMD than BMI. LM and BF% are both positive predictors of 

bone accruement with LM being a the most precise predictor of bone accruement in both boys and girls, supporting 

increased physical activity and training for increased bone accruement in children. From simple anthropometry measured in 

every physical examination of a child, valuable predictive information is offered and seems to predict bone accruement in 

the same pattern as the more complex measurement of LM. 
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Table 1: Participant characteristics at baseline (year 2008) and follow-up (year 2010). Results of anthropometrics and DXA 

values are reported as means (standard deviation; range), and pubertal stages as numbers (n)    

 

 

Baseline, girls 

n= 373 

Baseline, boys 

n=344 

 
 

2 year follow up, girls 

n= 348 

2 year follow-up, boys 
n= 335 

 

Age (yrs.) 

 

9.5 (0.86; 7.8-11.6) 9.5 (0.88; 7.7-12.1) 

 

11.5 (0.87; 9.8-13.5) 

 

11.5 (0.90; 9.7-13.9) 

 

Anthropometric measures 
 

Weight (kg) 32.3 (6.1; 19.7-63.6) 

 

33.1 (6.5; 21-62.7) 

 
 

40.9 (8.6; 24.4-72.7) 

 

40.8 (8.7; 25.4-81.8) 

 

Height (cm) 138.2 (7.1; 122.9-164.6) 

 

140.1 (7.8; 121.1-172.2) 

 

150.7 (8.3; 131.5-174.6) 

 
 

151.2 (8.9; 130.5-185.5) 

BMI 16.82(2.25; 12.36-28.57) 16.70(2.46; 12.86-28.44) 17.86(2.58; 12,38-28.01) 17.70(2.46; 12.86-28.44) 

DXA measures (TBLH) 
 

Lean mass (kg) 22.8 (3.1; 16.3-35.8) 

 

25.3 (3.3; 17.8-40.1) 

 

28.5 (4.9; 14.1-46.9) 

 

30.7 (5.2; 21.1- 62.9) 

 
Fat mass (kg) 

 

7.8 (3.8; 1.2-27.2) 

 

6.2 (3.9; 15.6-24.6) 

 

10.4 (4.9; 2.1- 3.0) 

 

8.3 (5.0; 17.5-32.9) 

 

Fat % 23 (7.4; 6-43) 
 

17 (7.8; 6-42) 
 

25 (7; 8-46) 
 

19 (7.8; 5-43) 
 

 

BMC (g) 
 

846 (208; 453-2005) 
 

888 (191; 408-1771) 
 

1184 (310; 576-2366) 
 

1191 (281; 563-2893) 
 

BMD (g/cm2) 

 

0.75 (0.06; 0.6-1.1) 

 

0.76 (0.05; 0.59-0.96) 

 

0.83(0.08; 0.67-1.15) 

 

0.83 (0 .06; 0.64-1.15) 

 
BA (cm2) 1105 (181; 720-1883) 1149 (175; 686-1842) 

 

 

1393 (238; 851-2164) 

 

 

1405 (229; 874- 2509) 

Pubertal (Tanner) stage (n) 

 

Tanner stage 
I/II/III/IV/V 

281/81/5/4/0 170/155/17/1/0 97/123/102/23/2 55/175/87/15/3 
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Table 2: 

Model I. Coefficient estimates of the significant parameters for the regression of the Box Cox transformed BMC and BA. 

Backward elimination of insignificant parameters was performed. 

 

Parameter Coefficient estimate for the 

regression of �ABC�D.E	 
FG (95% CI) 

P 
Value 

Coefficient estimate for the 
regression of 

		�AH�D.I	 
FG (95% CI) 

P 
Value 

Height 0.022 (0.020-0.023) 
<0.001 

0.113(0.111-0115) <0.001 

Body mass index (BMI) 0.0185(0.0182-0.0187) 
<0.001 

0.128(0.119-0.137) <0.001 

Gender 0.029(0.017-0.041) <0.001  NS 

Puberty girls 0.012(0.009-0.016) <0.001  NS 

Intercept 0.89 (0.85-0.92) <0.001 -1.47 (-1.67- -1.28) <0.001 

 

Note: In the initial model one (BMC)
0.2

 and (BA)
0.4

 were adjusted for height, BMI, gender, puberty and the interaction 

between gender and puberty. 
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Table 3:  

Model II. Coefficient estimates of the significant parameters for the regression of the Box Cox transformed BMC and BA. 

Backward elimination of insignificant parameters was performed. 

 

Parameter Coefficient estimate for the regression of  

	�ABC�D.J
 

FG (95% CI) 

P 

Value 

Coefficient estimate for the regression of 

AH	 
FG (95% CI) 

P 

Value 

Lean mass (LM) 6.03e-04(5.8e-04-6.2e-o4) <0.001 0.035(0.035-0.037) <0.001 

Fat percentage (BF%) 0.103((0.091-0.114) <0.001 6.475(5.893-7.056) <0.001 

Age 0.684(0.619-0.749) <0.001 30.974(27.270-34.678) <0.001 

Fat percentage boys 0.015(0.004-0.027) 0.008  NS 

Puberty girls 0.337(0.246-0.428) <0.001 13.190(8.122-18.257) <0.001 

Puberty boys -0.122(-0.220- -0.024) 0.014  NS 

Intercept 5.815(5.386-6.243) <0.001 -168.253(-193.329- -143.178) <0.001 

 

Note: In the initial model one 	������.�
 and BA were adjusted for lean mass, fat percentage, the interaction between body 

fat percentage and gender (the interaction between body lean mass and gender was omitted from the model due to co-

linearity), age, puberty and the interaction between gender and puberty. 
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Table 4: Predictors of model one and two estimated by Akaike’s Information Criteria. 

Model 

Predictor 

Boys Girls 

BMC BA BMC BA 

Model I 

Height 

BMI 

 

-1828 

-439 

 

284 

1845 

 

-1847 

-816 

 

442 

1643 

Model II 

Lean mass 

Body fat percentage 

 

1809 

2619 

 

7259 

7920 

 

2133 

2855 

 

7723 

8243 

 

Note: The smallest value of Akaike’s information criteria (AIC) (the most precise predictors within each model) is marked 

by italics 
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Figure 1: Flowchart of the participants  

 

 

Figure 2: Graphs representing the effect of the independent changes of height, body mass index, lean mass, body fat 

percentage on bone outcome (BMC, BA and BMD) stratified by gender. 
 

  
Note: The values of age, puberty, height, BMI (model I) and age puberty, lean mass and body fat percentage (model II) were chosen at the mean values. 
The impact on bone outcome of a change in the parameters of interest (keeping the other explanatory variables constant) is shown above for each 

parameter of interest in model one (height, BMI) and model two (LM and BF%). The solid lines refer to the girls whereas the dotted lines refer to the boys 
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