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Introduction	  

According	   to	   population	   statistics	   from	   most	   countries,	   the	   computerization	   and	  

industrialization	  of	  environment	  are	  associated	  with	  the	  increase	  of	  sedentary	  behaviors	  (SBs)	  

(1).	  More	   than	  half	   of	  waking	  hours	   among	  Americans	  was	   sedentary	   (2),	  which	  have	  drawn	  

considerable	  attention	  to	  study	  the	  SBs	  and	  their	  health	  consequences	  lately.	  	  

Metabolic	  Equivalent	  (MET)	  is	  used	  to	  describe	  the	  energy	  expenditure	  (EE)	  in	  physical	  

activities.	  It	  is	  the	  ratio	  of	  working	  metabolic	  rate	  to	  resting	  metabolic	  rate.	  One	  MET	  refers	  to	  

1kcal/kg/hour,	  which	   roughly	   equals	   to	   the	   EE	   of	   sitting	   quietly.	   It	   also	   refers	   to	   the	   oxygen	  

uptake	  in	  ml/kg/min,	  which	  is	  roughly	  equivalent	  to	  3.5ml/kg/min	  oxygen	  uptake	  (3).	  In	  2008,	  

Pate	  et	  al	  defined	  the	  concept	  of	  SBs	  to	  extinguish	  them	  from	  light-‐intensity	  activities.	  The	  SBs	  

have	   the	   EE	  within	   the	   rage	   of	   1.0-‐1.5	  METs	   and	   they	   include	   activities	   such	   as	   sitting,	   lying	  

down,	  sleeping,	  watching	  television,	  using	  computer,	  and	  other	  forms	  of	  screen-‐based	  activities	  

(4,	   5).	   During	   last	   few	   years,	   most	   health-‐	   related	   scientific	   societies,	   especially	   in	   the	  

cardiologic	   and	   metabolic	   areas,	   have	   made	   a	   series	   of	   recommendations	   for	   the	   public	   to	  

avoid	   being	   sedentary	   and	   change	   lifestyle	   into	   active	   mode	   (6,	   7).	   For	   instance,	   adults	   are	  

recommended	   to	   accumulate	   at	   least	   thirty	  minutes	   of	  moderate-‐intensity	   physical	   activities	  

preferably	  all	  days	  in	  a	  week,	  for	  the	  sake	  of	  health	  promotion	  and	  disease	  prevention	  (8).	  The	  

recommendation	  is	  similar	  for	  older	  adults	  while	  the	  type	  and	  intensity	  of	  physical	  activity	  are	  

adjusted	   based	   on	   personal	   health	   conditions	   (9).	   It	   has	   been	   reported	   by	   the	  World	  Health	  

Organization	   (WHO)	   that	  more	   than	   60%	   of	   the	  world’s	   population	   failed	   to	   accomplish	   this	  

physical	   activity	   recommendation.	  Moreover,	   even	   those	   adults	  who	  met	   the	   recommended	  

amount	  of	  physical	  activities	  still	  spend	  nine	  to	  ten	  hours	  sitting	  during	  the	  remaining	  time	  (10).	  
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Increasing	   evidences	   have	   shown	   that	   SB	   is	   an	   independent	   risk	   factor	   for	   inducing	   varied	  

health	   problems	   (4),	   such	   as	   overweight	   (11,	   12),	   obesity	   (13),	   Type	   2	   diabetes	   (14-‐16),	   and	  

mortality	  in	  adults	  (17).	  

According	   to	   the	   report	   from	   WHO,	   updated	   transportation	   mode,	   occupational	   and	  

domestic	  activities	  along	  with	  insufficient	  accumulation	  of	  physical	  activities	  during	  leisure	  time	  

are	   the	   major	   reasons	   that	   cause	   sedentary	   lifestyle	   (4).	   Moreover,	   numerous	   studies	   have	  

compared	  the	  situation	  of	  SBs	  according	  to	  different	  societies,	  gender,	  age,	  socioeconomic	  and	  

educational	   levels.	   Physical	   activity	   levels	   vary	  with	   different	   societies	   and	   sociodemographic	  

groups.	  The	  activity	   levels	   are	  higher	   in	  Northern	  European	  countries	  when	  compared	   to	   the	  

Mediterranean	  countries	  (18).	  One	  out	  of	  seven	  people	  in	  West	  Africa	  is	  reported	  as	  physically	  

inactive	   (19).	   SBs	   also	   increase	   with	   age,	   both	   in	   adolescents	   and	   adults	   (19,	   20).	   When	  

compared	  between	  genders,	  women	  are	  more	  sedentary	  than	  men	  (18,	  20,	  21).	  Evidences	  also	  

suggest	  that	  the	  levels	  of	  urbanization	  affect	   lifestyle.	  Changing	  diet	  style	  to	  high	  fat	  and	  high	  

sugar	  and	  increasing	  sedentary	  occupations	  are	  the	  outcomes	  of	  urbanization;	  therefore,	  urban	  

residents	   are	  more	   sedentary	   in	   comparison	  with	   rural	   residents	   (18,	   20).	   In	   addition,	   adults	  

with	  lower	  socioeconomic	  status	  (22,	  23,	  24)	  and	  educational	  level	  (18,	  21)	  usually	  have	  more	  

sedentary	  time.	  

WHO	  reported	  that	  obesity	  (individual	  with	  body	  mass	  index:	  BMI	  >	  30	  kg/m2)	  is	  one	  of	  the	  

most	  serious	  health	  problems	  in	  this	  century	  (4).	  The	  prevalence	  of	  obesity	  keeps	  rising	  around	  

the	  world	  (25),	  and	  developing	  countries	  are	  also	  affected	  (4).	  Obese	  individuals	  are	  at	  high	  risk	  

of	   cardiovascular	  disease	  and	   type	  2	  diabetes,	  hypertension,	   cancers	  and	  other	  diseases.	  The	  

large	  portion	  of	  fat	   in	  the	  abdominal	  region	  is	  a	  more	  serious	  risk	  factor	  than	  the	  total	  excess	  
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weight	  per	  se	  or	  fat	  in	  the	  gluteofemoral	  region	  (26).	  The	  abdominal	  obesity	  and	  increased	  level	  

of	   visceral	   fat	   are	   significantly	   associated	   with	   the	   risk	   of	   metabolic	   disease,	   defined	   as	   a	  

constellation	   of	   metabolic	   abnormalities	   including	   glucose	   intolerance	   and	   insulin	   resistance	  

(27).	  	  

The	  two	  major	  contributors	  to	  overweight	  and	  obesity	  are	  excessive	  dietary	  energy	  intake	  

and	  physical	   inactivity.	  However,	  data	  have	  shown	  that	  SBs	   to	  be	  a	  more	  dominate	  power	   in	  

producing	  overweight/obesity	  in	  recent	  years	  (28).	  Researches	  have	  shown	  that	  sedentary	  men	  

and	   women	   have	   an	   increase	   in	   body	   weight,	   visceral	   fat	   and	   metabolic	   deterioration	   (29).	  

Studies	   also	   reported	   that	   these	   health	   consequences	   of	   obesity	   could	   all	   be	   decreased	   if	  

individuals	  start	  to	  engage	  in	  sufficient	  exercises	  (30).	  Therefore,	  obesity	  may	  be	  prevented	  or	  

substantially	  reduced	  if	  individuals	  become	  more	  physically	  active	  and	  less	  sedentary.	  	  

Insulin	   resistance	   plays	   a	   vital	   role	   in	   several	   health	   conditions,	   such	   as	   obesity	   (31),	  

hypertension	  (32),	  type	  2	  diabetes	  and	  cardiovascular	  diseases	  (33).	  A	  research	  studying	  three	  

thousand	  Iranian	  adults	  showed	  that	  lower	  level	  of	  physical	  activity	  would	  significantly	  increase	  

insulin	   resistance.	   Both	   low	   intensity	   and	   short	   duration	   of	   the	   physical	   activity	   would	  

significantly	  increase	  insulin	  resistance.	  In	  addition,	  the	  duration	  of	  SBs	  was	  significantly	  higher	  

in	   individuals	  with	  higher	   insulin	   resistance	   in	  both	  genders	   (34).	   Through	   increasing	  physical	  

activity,	   the	  mitochondrial	  oxidative	  capacity	   in	   skeletal	  muscle	  can	   improve	   insulin	  action	  by	  

decreasing	   the	   accumulation	   of	   incompletely	   oxidized	   fatty	   acids	   (29).	   Moreover,	   lacking	  

physical	  activity	  and	  having	  excess	  weight	  are	  two	  crucial	  determinants	  of	  metabolic	  syndrome.	  

It	   has	   been	   reported	   that	   in	   addition	   to	   increasing	   physical	   activity,	   reducing	   sedentary	   time	  

such	   as	   using	   a	   computer	   for	   less	   than	   1	   hr/day,	   the	   prevalence	   of	   the	  metabolic	   syndrome	  
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could	  be	  potentially	  decreased	  by	  30%	   -‐	  35%	   in	  American	  adults	   (35).	  A	   research	  based	  on	  a	  

representative	  sample	  of	  American	   individuals	  has	   reported	   that	   the	  prevalence	  of	  metabolic	  

syndrome	  would	  be	  increased	  by	  30%-‐35%	  when	  individuals	  spent	  more	  than	  four	  hours	  in	  SBs	  

compared	  to	  those	  spent	  less	  than	  one	  hour	  per	  day	  (36).	  Similar	  evidences	  also	  showed	  that	  

higher	   levels	  of	   SBs	   are	   significantly	   associated	  with	   increasing	   cardiometabolic	   risks,	   such	  as	  

unhealthy	   levels	  of	   total	   cholesterol,	  HDL	  cholesterol,	   triglycerides,	  non-‐fasting	  blood	  glucose	  

and	  systolic	  blood	  pressure	  (37).	  

In	   addition,	   being	   sedentary	   without	   sufficient	   physical	   activity	   has	   already	   been	  

demonstrated	  as	  an	  important	  factor	  affecting	  bone	  mineral	  density.	  A	  research	  studying	  young	  

Chinese	  women	   showed	   that	   being	   physically	   inactive	   could	   increase	   the	   risk	   of	   lower	   bone	  

mineral	   density	   in	   spine	   and	   hip.	   This	   study	   also	   suggested	   that	   reducing	   sedentary	   lifestyle	  

would	  maximize	  bone	  mass	  and	  reduce	  the	  risk	  of	  osteoporosis	  in	  later	  life	  (38).	  Furthermore,	  

low	   level	   of	   physical	   activity	   and	   long-‐time	   sitting	   as	  watching	   television	   are	   associated	  with	  

poorer	  muscular	  fitness	  among	  young	  adults	  (39).	  

Long	  sedentary	  time	   is	  also	  detrimental	  even	  when	  the	  adults	  are	  physically	  active.	  Four	  

thousand	  active	  adults	  with	  more	  than	  2.5	  hr/week	  of	  moderate-‐	  to	  vigorous-‐intensity	  physical	  

activity	   were	   studied	   to	   examine	   the	   metabolic	   variables.	   Significant	   and	   detrimental	  

associations	   were	   found	   between	   sedentary	   time	   and	   observations	   including	   waist	  

circumference,	  systolic	  blood	  pressure	  and	  2-‐hr	  post-‐prandial	  plasma	  glucose	  in	  both	  genders.	  	  

The	   associations	   were	   found	   stronger	   in	   women	   regarding	   triglycerides	   and	   HDL-‐cholesterol	  

levels	   (10).	   Therefore,	   the	   American	   College	   of	   Sports	   Medicine	   (ACSM)	   recommended	   that	  
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frequent	  and	  short	  bouts	  of	  physical	  activity	  should	  be	  added	  between	  periods	  of	  SB	  in	  order	  to	  

gain	  healthy	  benefits	  (40).	  	  

In	  the	  last	  two	  decades,	  the	  working	  mode	  in	  developed	  countries	  has	  become	  computer-‐

based	  in	  offices	  (41).	  This	  change	  of	  mode	  has	  made	  office	  workers	  (OWs)	  spend	  most	  of	  their	  

workdays	  sitting	  at	  the	  desk	  (42).	  In	  addition,	  the	  obese	  individuals	  tend	  to	  be	  seated	  two	  hours	  

more	  than	  lean	  individuals	  in	  their	  regular	  days	  (43).	  Epidemiologic	  observations	  showed	  that	  a	  

man	   having	   a	   job	   requires	   long	   sitting	   hours	   would	   have	   a	   2	   fold	   increase	   in	   the	   risk	   of	  

cardiovascular	   disease	   when	   compared	   to	   having	   a	   job	   requires	   physical	   activities	   (44).	  

Therefore,	   it	   is	   urgent	   to	   encourage	   OWs	   engaging	   in	   physical	   activities	   to	   break	   down	  

continuous	  sedentary	  time	  and	  increase	  EE.	  	  

Energy	  expenditure	  has	  three	  components:	  basal	  metabolic	  rate	  (BMR),	   thermic	  effect	  

of	  food	  (TEF)	  and	  physical	  activity.	  The	  BMR	  accounts	  for	  about	  60%	  of	  total	  EE	  of	  a	  sedentary	  

individual.	  Due	  to	  the	  fact	  that	  lean	  body	  mass	  is	  positively	  associated	  with	  BMR,	  around	  73%	  of	  

BMR	  is	  determined	  by	  lean	  body	  mass	  of	  the	  individual.	  The	  TEF	  covers	  approximately	  10%	  of	  

the	  total	  EE.	   It	  accounts	  for	  the	  EE	  related	  to	   ingestion,	  digestion,	  absorption	  of	  food	  and	  the	  

conversion	  into	  intermediary	  metabolites.	  The	  physical	  activity	  is	  responsible	  for	  the	  rest	  of	  the	  

EE	  (45)	  and	  is	  the	  component	  with	  the	  large	  individual	  variability	  and	  is	  totally	  self-‐controlled.	  	  

The	  EE	  related	  to	  physical	  activity	  includes	  purposeful	  exercise	  and	  non-‐exercise	  activity	  

thermogenesis	  (NEAT)	  (11).	  The	  purposeful	  exercise	  is	  defined	  as	  “bodily	  exertion	  for	  the	  sake	  

of	  developing	  and	  maintaining	  physical	   fitness”.	   	   Engaging	   in	   sports,	   exercising	   in	   the	  gym	  or	  

club	   are	   examples	  of	   purposeful	   exercise	   (46).	  However,	   only	   20%	  of	  Americans	   are	   exercise	  

regularly	  (45).	  The	  majority	  of	  public	  do	  not	  engage	  in	  exercise	  for	  the	  purpose	  of	  fitness	  and	  
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thus	   the	  EE	   from	  purposeful	  activity	   is	  not	  a	  significant	  contributor	   to	  EE	   (11).	  Therefore,	   the	  

NEAT	  accounts	  for	  the	  major	  variance	  of	  EE	  in	  daily	  living	  (45),	  ranging	  from	  around	  15%	  of	  total	  

EE	  among	  very	  sedentary	   individuals	   to	  more	   than	  50%	  of	  EE	  among	  highly	  active	   individuals	  

(47).	   NEAT	   is	   the	   EE	   of	   all	   physical	   activity	   except	   for	   volitional	   sporting-‐like	   exercise	   (11),	  

including	  EE	  of	  activities	  such	  as	  occupational	  and	  leisure	  activities,	  walking,	  dancing,	  standing,	  

sitting,	  talking,	  toe-‐tapping,	  playing	  music	  instruments	  and	  shopping	  (47).	  	  

There	  are	  a	  variety	  of	  factors	  that	  could	  affect	  NEAT	  levels	  among	  individuals.	  The	  most	  

important	  variance	  is	  associated	  with	  different	  occupation.	  Sedentary	  OWs	  have	  a	  mean	  BMR	  

of	   1500	   kcal/day	   while	   individuals	   working	   in	   construction	   or	   agriculture	   could	   increase	   the	  

NEAT	  by	  1200	  kcal/day	  (11).	  The	  environment	  also	  plays	  a	  role	  in	  affecting	  NEAT.	  Urbanization	  

has	  been	  proved	  to	  be	  associated	  with	   lower	   level	  of	  physical	  activity.	  Services	  for	  optimizing	  

convenience	   and	   the	   expense	   of	   necessitating	   locomotion	   in	   developed	   countries	   have	  

encouraged	  sedentary	  trend.	  NEAT	  can	  also	  be	  affected	  by	  age,	  gender	  and	  body	  compositions.	  

Studies	  have	  demonstrated	  that	  physical	  activity	  declines	  with	  aging	   in	  both	  men	  and	  women	  

(48).	  Gender	  has	  a	  more	  subtle	  effect	  on	  physical	  activity.	  Male	  and	  female	  adults	  in	  the	  United	  

States	  were	  reported	  to	  have	  similar	   levels	  of	  physical	  activity;	  however,	  males	   from	  Canada,	  

Australia	   and	   England	   were	   reported	   being	   1.5	   to	   3	   times	   more	   active	   than	   females	   (49).	  

Moreover,	   there	   have	   been	   sufficient	   evidences	   showing	   that	   lean	   individuals	   have	   higher	  

levels	   of	   physical	   activity	   than	   overweight	   individuals,	   across	   all	   ages,	   genders	   and	   ethnic	  

groups	  (50).	  

Plenty	   of	   researches	   aimed	   at	   increasing	   purposeful	   exercise	   have	   demonstrated	   that	  

these	  types	  of	  exercise,	  such	  as	  walking	  and	  using	  treadmills,	  to	  be	  inconvenient	  and	  unrealistic	  
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for	  OWs,	  due	  to	  disturbing	  regular	  work,	  requiring	  large	  office	  space	  or	  requiring	  a	  high	  cost	  of	  

purchasing	  facilities/equipment	  (51).	  Instead,	  attention	  should	  be	  paid	  to	  improve	  NEAT	  in	  OWs,	  

for	   their	   long	   sitting-‐hours,	   regular	   deskwork	   and	   limited	   office	   space.	   Therefore,	   increasing	  

physical	   activity	   that	  would	  not	  disturb	  working	  would	  be	  more	   feasible	  and	  efficient	   for	   the	  

OWs.	  This	  research	  studied	  a	  portable	  and	  inexpensive	  device	  that	  was	  designed	  to	  help	  OWs	  

reverse	  the	  SB	  and	  increase	  EE	  during	  the	  time	  working	  at	  the	  desk.	  It	  requires	  the	  OWs	  to	  be	  

seated	   and	   pedal	   their	   feet	   backward	   and	   forward	   like	   walking	   without	   disturbing	   regular	  

deskwork.	  The	  aim	  of	  this	  research	  was	  to	  investigate	  whether	  using	  the	  DJ	  by	  long	  sitting-‐time	  

OWs	   could	   significantly	   improve	   NEAT	   so	   that	   EE	   and	   HR	   could	   be	   increased	   in	   a	   simulated	  

office	  environment.	  	  
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Materials	  and	  Methods	  

Subjects	  

After	   the	   research	  was	   approved	   by	   Institutional	   Review	   Board	   (IRB)	   of	  Wayne	   State	  

University,	  the	  study	  flyers	  (Appendix	  A)	  were	  posted	  on	  the	  Wayne	  State	  campus	  and	  Wayne	  

State	   Facebook	   website.	   Participants	   between	   18	   and	   70	   years	   of	   age	   were	   recruited	   and	  

contacted	  through	  emails.	  Pregnant	  or	  nursing	  women	  and	  individuals	  with	  joint/hip	  problems,	  

diabetes,	   cardiovascular	   disease	   and	   hypertension	   were	   excluded.	   Sixteen	   participants	   were	  

recruited	  into	  this	  study.	  Three	  participants	  withdrew	  in	  the	  middle	  of	  research	  due	  to	  different	  

expectations	  and	  limited	  available	  time.	  	  

Every	  participant	  was	  led	  to	  the	  Exercise	  Physiology	  Laboratory	  located	  at	  the	  College	  of	  

Pharmacy	   and	   Health	   Sciences	   (EACPHS)	   in	   Wayne	   State	   University.	   Study	   was	   conducted	  

individually	   and	   privately,	   one	   participant	   at	   a	   time.	   The	   consent	   form	   (Appendix	   B)	   was	  

explained	  to	  each	  participant,	  and	  was	  signed	  by	  the	  participant	  after	  reading	  and	  questioning.	  

Height	   (portable	   stadiometer,	  Model	  242,	   Seca	  Corp,	  Hanover,	  MD)	  and	  body	  weight	   (Model	  

644,	   Seca	   Corp.)	   of	   participant	  were	  measured	   for	   three	   times	   and	   the	   average	   values	  were	  

used.	  At	  the	  beginning	  of	  the	  study,	  the	  participant	  would	  first	  sit	  comfortably	  on	  an	  office	  chair,	  

put	  their	  feet	  on	  the	  pedals	  and	  get	  used	  to	  the	  environment.	  Then	  the	  indirect	  calorimeter’s	  

mask	  and	  nose	  clips	  were	  placed	  on	  the	  participant’s	  face	  to	  collect	  oxygen	  consumption	  and	  

carbon	  dioxide	  production	  data.	  Every	  participant	  would	  randomly	  test	  five	  different	  sessions	  in	  

two	   days.	   Each	   session	   was	   divided	   into	   ten	   minutes	   of	   sitting	   in	   a	   chair	   without	   any	   leg	  

movement	   to	   achieve	   a	   resting	   state,	   twenty	   minutes	   of	   pedaling	   and	   twenty	   minutes	   of	  

recovery.	  Data	  were	  collected	  over	  the	  fifty	  minutes	  in	  each	  session.	  	  
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Equipment	  

1. The	  Desk	  Jockey	  (Desk	  Jockey	  LLC,	  Detroit,	  MI)	  

The	  Desk	  Jockey	  (DJ)	  is	  a	  simple,	  portable	  and	  convenient	  device	  designed	  by	  Desk	  

Jockey	  LLC	  (Detroit,	  MI.	  Figure	  1).	  	  It	  contains	  2	  pedals	  spaced	  with	  15°	  angle	  rather	  than	  

parallel	  to	  be	  ergonomic	  and	  simulating	  the	  natural	  feet	  angle	  while	  walking.	  	  The	  resistance	  

level	  of	  this	  device	  was	  determined	  by	  the	  weight	  added	  under	  the	  pedals.	  	  It	  was	  placed	  in	  the	  

Exercise	  Physiology	  Lab	  in	  EACPHS	  building.	  The	  appropriate	  resistance	  level	  was	  modified	  first	  

according	  to	  the	  session	  order	  of	  each	  participant.	  The	  heavier	  the	  weight	  added,	  the	  higher	  the	  

resistance.	  Then	  the	  DJ	  was	  placed	  on	  the	  floor	  directly	  in	  front	  of	  the	  participant’s	  chair.	  It	  was	  

adjusted	  close	  to	  the	  participant	  for	  a	  safe	  and	  comfortable	  use.	  The	  participant	  then	  placed	  

his/her	  feet	  firmly	  over	  the	  center	  of	  the	  foot	  pedals	  and	  both	  feet	  were	  secured	  with	  a	  fasten	  

band.	  Then	  the	  participant	  cycled	  the	  foot	  pedals	  forward	  and	  backward,	  so	  that	  the	  right	  and	  

left	  pedals	  were	  moved	  in	  the	  opposite	  direction	  from	  each	  other,	  as	  in	  the	  walking	  motion.	  

This	  walking	  motion	  covered	  the	  entire	  span	  of	  track	  from	  the	  front	  to	  the	  back.	  	  The	  speed	  of	  

pedaling	  was	  determined	  by	  the	  session	  order	  of	  the	  participant.	  Each	  participant	  was	  

instructed	  to	  pedal	  according	  to	  the	  speed	  of	  a	  metronome	  that	  was	  placed	  adjacent	  to	  the	  DJ	  

so	  the	  participant	  could	  easily	  follow	  its	  motion.	  

	  

2. Indirect	  calorimeter:	  TrueMax	  2400	  computerized	  metabolic	  systems	  (ParvoMedics,	  Salt	  

Lake	  City,	  UT)	  

The	  indirect	  calorimeter	  (Figure	  2)	  was	  housed	  in	  the	  Exercise	  Physiology	  Lab	  in	  EACPHS	  

Building.	  It	  calculates	  the	  heat	  produced	  by	  measuring	  the	  production	  of	  carbon	  dioxide	  and	  the	  
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consumption	  of	  oxygen.	  After	  the	  calibration,	  each	  participant	  was	  fitted	  with	  a	  mask	  with	  a	  

mouthpiece	  and	  nose	  clip.	  	  Through	  this	  mask	  and	  nose	  clip,	  the	  volume	  of	  oxygen	  consumed	  

and	  carbon	  dioxide	  exhaled	  by	  the	  participant	  would	  all	  be	  measured	  through	  the	  collecting	  

tube	  connected	  to	  the	  calorimeter.	  Then	  the	  system	  would	  calculate	  and	  save	  the	  results	  of	  

METs	  and	  EE.	  The	  indirect	  calorimeter	  was	  calibrated	  two	  times	  per	  day,	  in	  the	  morning	  and	  

afternoon,	  with	  the	  standard	  room	  air	  concentration	  of	  20.94	  %	  oxygen	  and	  0.03%	  carbon	  

dioxide.	  Data	  were	  collected	  in	  the	  environment	  with	  temperature	  22.0	  ±	  0.5	  0C	  and	  barometric	  

pressure	  746.0	  ±	  2.1	  mmHg.	  	  This	  calibration	  took	  about	  15	  min	  to	  complete.	  	  	  

	  

3. Pulse	  Oximeter:	  CMS50E	  (	  FaceLake,	  Lake	  Bluff,	  IL)	  

A	   fingertip	  Pulse	  Oximeter	  was	  used	  to	  measure	   the	  pulse	   rate	   (beats	  per	  minute,	  BPM)	  

during	  the	  entire	  data	  collection	  periods.	   It	  was	  a	  non-‐invasive	  device	  with	  the	  attachment	  to	  

the	  index	  finger.	  	  
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Methods	  

Based	   on	   the	   pedaling	   resistance	   and	   frequency,	   5	   sessions	   were	   administered	   to	   each	  

participant	  in	  random	  orders:	  

	  

1. Total	  sedentary	  (TS)	  

After	  the	  participant	  was	  seated	  in	  the	  chair	  for	  acclimatization	  for	  10	  min,	  the	  mask	  and	  

nose	  clip	  were	  placed	  on	  the	  face	  of	  participant	  and	  the	  indirect	  calorimeter	  started	  to	  collect	  

O2	  consumption	  and	  CO2	  production	  data	  for	  50	  min.	  The	  participant	  was	  required	  to	  put	  both	  

feet	  on	  the	  ground	  for	  the	  first	  10	  min	  and	  then	  put	  both	  feet	  on	  the	  pedals	  of	  the	  DJ	  without	  

any	  movement	  for	  20	  min.	  After	  that,	  the	  participant	  put	  both	  feet	  on	  the	  ground	  for	  the	  last	  20	  

min.	  During	  the	  50	  min	  testing	  session,	  all	   the	  participants	  were	  asked	  to	  engage	   in	  activities	  

such	  as	  reading,	  writing	  or	  working	  with	  the	  computer.	  

	  

2. Low	  frequency,	  low	  resistance	  (LFLR)	  

After	  acclimatization,	  the	  participant	  sat	  down	  at	  the	  desk	  and	  put	  on	  the	  mask	  for	  the	  

indirect	   calorimeter	   to	   collect	   all	   the	   data.	   The	   participant	   started	   to	   put	   both	   feet	   on	   the	  

pedals	  for	  the	  first	  10	  min	  to	  collect	  the	  baseline	  data.	  Then	  the	  participant	  was	  instructed	  to	  

pedal	  the	  DJ	  for	  20	  min	  at	  low	  resistance	  (77.3	  ounces)	  at	  the	  frequency	  of	  112	  beats	  per	  min	  

following	  the	  motion	  of	  a	  metronome.	  The	  participant	  then	  kept	  both	  feet	  on	  the	  ground	  for	  

the	  remaining	  20	  min.	  The	   indirect	  calorimeter	  was	  stopped	  once	  the	  participant	  finished	  the	  

50	  min	  session.	  
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3. Low	  frequency,	  high	  resistance	  (LFHR)	  

The	   participant	   followed	   the	   same	   procedure	   as	   the	   session	   “LFLR”	   except	   that	   the	  

pedal	  resistance	  was	  increased	  by	  attaching	  higher	  weight	  to	  the	  pedals	  (high	  resistance:	  114.3	  

ounces).	  

	  

4. High	  frequency,	  low	  resistance	  (HFLR)	  

The	   participant	   followed	   the	   same	   procedure	   as	   the	   session	   “LFLR”	   except	   for	   the	  

frequency	  was	  raised	  to	  152	  beats	  per	  min.	  

	  

5. High	  frequency,	  high	  resistance	  (HFHR)	  

The	   participant	   followed	   the	   same	   procedure	   as	   the	   session	   “LFLR”	   except	   for	   the	  

frequency	  was	  raised	  to	  152	  beats	  per	  min	  and	  the	  resistance	  was	  increased	  to	  the	  high	  level	  of	  

114.3	  ounces.	  

	  

Statistical	  analysis	  

All	   the	  data	   from	  the	   five	  resting	  and	  pedaling	  sessions	  were	  entered	   into	  the	  computer	  

and	   were	   analyzed	   by	   the	   SPSS	   22.0	   statistics	   software	   (SPSS,	   Armonk,	   NY).	   After	   the	  

preliminary	  examination	  of	  the	  data	  collected	  from	  5	  session,	  it	  was	  observed	  that	  all	  the	  active	  

sessions	  had	  significantly	  higher	  EE	  and	  METs	  than	  the	  resting	  session,	  a	  2	  (frequency,	  high	  and	  

low)	   by	   2	   (resistance,	   high	   and	   low)	   factorial	   design	   with	   repeated	   measures	   were	   used	   to	  

analyze	  the	  main	  effects	  of	  frequency	  and	  resistance,	  as	  well	  as	  their	  interactions	  on	  METs,	  HRs	  

and	  EE.	  	  Participants	  were	  also	  classified	  into	  two	  groups	  according	  to	  BMI	  to	  find	  out	  whether	  
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METS,	  HRs	  and	  EE	  were	  significantly	  different	  between	  healthy	  weight	  and	  overweight/obese	  

groups.	  The	  correlations	  were	  calculated	  to	  identify	  whether	  METs	  and	  EE	  would	  be	  influenced	  

by	  BMI	  or	  age.	  Significance	  was	  considered	  at	  p	  <	  0.05.	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  



www.manaraa.com

14	  

	  

Results	  

Of	  the	  13	  participants	  completed	  all	  5	  data	  collection	  sessions,	  seven	  participants	  were	  

males	  and	  six	  were	  females.	  	  The	  mean	  body	  weight	  of	  the	  participants	  was	  73.1	  ±	  19.2	  kg,	  and	  

the	  mean	  height	  was	  1.69	  ±	  0.1	  m.	  Eight	  participants	  had	  a	  healthy	  BMI	   (within	   the	   range	  of	  

18.5	  –	  24.9kg/m2),	  3	  had	  the	  BMI	  within	  the	  range	  of	  overweight	  (BMI:	  25.0	  -‐	  29.9	  kg/m2)	  and	  2	  

had	  the	  BMI	  within	  the	  range	  of	  obese	  (BMI	  ≥	  30	  kg/m2).	  The	  mean	  age	  of	  the	  participants	  was	  

25	   ±	   7	   yr,	   and	   the	   mean	   sitting	   hours/day	   was	   8.6	   ±	   3	   hr	   based	   on	   self-‐report.	   All	   the	  

participants	   were	   classified	   into	   two	   groups:	   healthy	   weight	   group	   (BMI	   <	   25	   kg/m2),	   and	  

overweight/obese	  group	  (BMI	  ≥	  25	  kg/m2).	  The	  DJ	  was	  tolerated	  well	  by	  all	  participants;	  no	  falls,	  

slips	  or	  injuries	  reported	  during	  the	  experiment	  periods.	  	  

The	  METs	  increased	  significantly	  during	  the	  pedaling	  periods	  when	  compared	  to	  the	  first	  

10	  min	  resting	  period	  (Figure	  3),	  regardless	  of	  whether	  the	  frequency	  and	  resistance	  were	  high	  

or	  low:	  the	  METs	  increased	  by	  0.9	  ±	  0.3,	  0.9	  ±	  0.3,	  1.3	  ±	  0.5	  in	  the	  sessions	  of	  LFLR,	  LFHR	  and	  

HFLR	  (p	  <	  0.01)	  and	  1.5	  ±	  0.4	  in	  the	  session	  of	  HFHR	  (p	  =	  0.054).	  During	  the	  pedaling	  periods,	  

the	  METs	  were	  still	  very	   low	  (2.5	  ±	  0.6)	  and	  therefore	  were	  considered	  as	   in	  the	  NEAT	  range.	  	  

The	  HRs	  was	  96	  ±	  9	  BPM	  when	  they	  reached	  the	  highest	  point	  during	  pedaling	  activities	  in	  all	  

pedaling	  sessions.	  Both	  METs	  and	  HRs	  were	  still	  higher	  during	  the	  first	  10	  min	  recovery	  period	  

than	   that	   of	   the	   rest	   states	   (p<0.05).	   When	   compared	   between	   two	   frequency	   and	   two	  

resistance	   levels	   during	   pedaling	   periods,	   results	   showed	   that	   increasing	   frequency	   had	   a	  

significant	   enhancement	   on	   both	   METs	   and	   HRs	   (p	   <	   0.01).	   In	   addition,	   raising	   the	   level	   of	  

resistance	  also	  made	  significant	  increase	  in	  METs	  while	  it	  made	  no	  significant	  difference	  in	  HRs.	  

Interaction	   of	   frequency	   and	   resistance	   was	   found	   in	   effecting	   METs	   (p	   <	   0.05)	   while	   no	  
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interaction	  was	  showed	  in	  HRs.	  This	  significant	  interaction	  indicated	  that	  higher	  frequency	  level	  

could	  significantly	  increase	  METs	  at	  low	  resistance	  while	  no	  difference	  between	  two	  frequency	  

levels	  could	  be	  found	  at	  high	  resistance.	  

As	  shown	  in	  Figure	  4,	  the	  EE	  was	  up	  to	  99	  ±	  18	  kcal/50min	  when	  participants	  finished	  

the	  session	  of	  HFHR	  while	  the	  EE	  during	  resting	  session	  was	  only	  64	  ±	  19	  kcal.	  The	  EE	  of	  all	  the	  

participants	  was	  raised	  significantly	  during	  the	  pedaling	  sessions	  of	  LFLR,	  LFHR	  and	  HFLR	  above	  

the	  rest	  state	  (13.7	  ±	  3.3):	  9.8	  ±	  3.5,	  10.2	  ±	  2.8,	  13.7	  ±	  5.4,	  (p	  <	  0.05);	  while	  EE	  increased	  by	  16.2	  

±	  4.7	  during	  the	  HFHR	  session	  (p	  =	  0.054).	  During	  10	  min	  recovery	  after	  pedaling,	   the	  EE	  was	  

still	  significantly	  higher	  than	  the	  rest	  state	  (p	  <	  0.01).	  	  Similar	  to	  the	  findings	  of	  HRs,	  raising	  the	  

level	  of	  frequency	  increased	  the	  EE	  significantly	  (p	  <	  0.01)	  during	  the	  pedaling	  states	  while	  no	  

difference	   was	   found	   by	   raising	   resistance	   levels.	   Moreover,	   no	   interaction	   was	   discovered	  

between	  frequency	  and	  resistance	  in	  affecting	  EE.	  	  

There	  were	  significant	  positive	  correlations	  between	  BMI	  and	  EE	   in	  the	  sessions	  of	  TS,	  

LFLR,	  LFHR	  and	  HRLF,	  p’s	  <	  0.01	  (Figure	  5A).	  Regardless	  of	  high	  or	  low	  levels	  of	  frequencies	  and	  

resistances,	   participants	   with	   higher	   BMI	   had	   larger	   energy	   expenditure	   when	   compared	   to	  

participants	  with	  healthy	  BMI.	  The	  results	  also	  showed	  that	  subjects	  with	  similar	  BMIs	  (19.6	  vs.	  

19.1)	  had	  quite	  different	  levels	  of	  EE	  (30	  kcal	  vs.	  61	  kcal).	  And	  similar	  findings	  were	  discovered	  

when	   testing	   the	   correlations	   between	   BMI	   and	  METs	   after	   pedaling	   for	   20min	   (Figure	   5B).	  

Significant	  positive	  correlations	  were	  found	  in	  the	  sessions	  of	  TS,	  LFLR,	  LFHR	  and	  HRLF	  (p	  <	  0.05)	  

while	  no	  correlation	  was	  found	  in	  the	  session	  of	  HFHR.	  In	  addition,	  there	  were	  no	  correlations	  

discovered	  between	  age	  and	  METs	  or	  age	  and	  EE.	  
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As	   shown	   in	   Figure	   6,	   there	   were	   significantly	   different	   METs	   between	   the	   groups	   of	  

lean/healthy	  weight	  and	  overweight/obese,	  not	  only	  at	  the	  sedentary	  state	  (p	  <	  0.01),	  but	  also	  

at	   the	   pedaling	   state	   of	   LFLR,	   LFHR	   and	   HFLR	   (p’s	   <	   0.05).	  Moreover,	   the	   overweight/obese	  

group	  also	  had	  a	  significant	  higher	  EE	  when	  compared	  to	   the	  healthy	  weight	  group	   in	  all	   five	  

sessions	  (p’s	  <	  0.05).	  	  
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Discussion	  

It	  is	  the	  fact	  that	  the	  development	  of	  economy	  and	  social	  environment	  has	  made	  changes	  

in	   communication,	   transportation	   and	   especially	   workplace	   productivity	   (52).	   People	   are	  

spending	  the	  majority	  of	  waking	  hours	  at	  work,	  mostly	  working	  sedentarily	  behind	  computers	  

(53).	   Nutritional	   excess	   and	   lower	   level	   of	   physical	   activity	   have	   produced	   energy	   imbalance	  

resulting	   in	  obesity	  and	  other	  chronic	  diseases	   (54).	  Therefore,	   it	   is	  urgent	   to	   realize	   that	   the	  

prolonged	  sedentary	  time	  at	  work	  is	  unhealthy	  and	  should	  be	  reduced.	  The	  DJ	  we	  studied	  was	  a	  

portable,	   convenient	   and	   inexpensive	   device	   that	   aimed	   at	   reducing	   sedentary	   behaviors	  

among	  OWs	   and	   increasing	   NEAT.	   Our	   results	   demonstrated	   that	   pedaling	   on	   DJ	   for	   twenty	  

minutes	  could	   increase	  NEAT	  up	   to	  70	  kcal/20	  min	  while	   sitting	   for	   twenty	  minutes	  was	  only	  

around	  25	   kcal.	  More	   importantly,	   the	  NEAT	   is	   still	   higher	   than	   sedentary	   state	   10	  min	   after	  

pedaling	  has	  stopped.	  Future	  studies	  should	  lengthen	  the	  pedaling	  time	  and	  examine	  the	  post-‐

pedaling	   EE	   recovery	   pattern.	   It	   is	   expected	   when	   the	   pedaling	   time	   is	   lengthened,	   the	   EE	  

during	  the	  recovery	  time	  will	  be	  increased	  too.	  This	  may	  further	  increase	  EE	  and	  improve	  body	  

weight	  status	  and	  other	  metabolic	  parameters.	  

In	   order	   to	   study	   the	   effects	   of	   physical	   activities	   on	   human	   health,	  most	   researches	  

have	  focused	  on	  the	  effects	  of	  moderate-‐to-‐vigorous	  physical	  activities	  (3	  to	  8	  METs),	  such	  as	  

brisk	  walking	   or	   running	   (4).	   However,	   regular	   desk	   job	   and	   limited	   office	   space	  make	   it	   not	  

realistic	  to	  perform	  any	  moderate-‐to-‐vigorous	  physical	  activities	  during	  work	  time	  in	  the	  office.	  

In	  addition,	  increasing	  physical	  activities	  alone	  is	  not	  enough	  for	  achieving	  health	  benefits.	  Long	  

and	  continuous	  sitting	  and	  using	  computers	  still	  have	  significantly	  negative	  effects	  even	  when	  

OWs	   have	   done	   enough	   purposeful	   exercises	   everyday	   (10).	   Instead,	   enhancing	   short	   and	  
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frequent	  bouts	  of	  physical	  activities	  during	  working	  hours	  is	  more	  beneficial	  for	  OWs	  as	  ACSM	  

has	   recommended	   (40).	   Therefore,	   this	   research	   was	   designed	   to	   study	   the	   impact	   of	   low-‐

intensity	  physical	  activity	  on	  NEAT	  with	  the	  consideration	  of	  OWs’	  working	  environment.	  Once	  

an	   individual	  starts	  walking,	  even	  the	  speed	  as	   low	  as	  1	  mile/hr,	   the	  METS	  could	  be	  doubled.	  

When	   increase	   the	  walk	   speed	   to	   2	  miles/hr,	   the	   raised	  METs	   could	   burn	   150	   –	   200	   kcal/hr	  

while	   the	  resting	  state	   is	  only	  20	  kcal/hr	   (55).	  The	  study	  of	  using	  DJ	  also	  provided	  supportive	  

evidences.	  When	  pedaling	  with	  the	  DJ,	  the	  METs	  of	  the	  participants	  were	  increased	  significantly	  

in	  each	  session.	  This	  low-‐intensity	  activity	  could	  significantly	  raise	  METs	  and	  increase	  EE	  when	  

compared	  to	  sitting;	  moreover,	  the	  NEAT	  could	  be	  increased	  not	  only	  during	  pedaling,	  but	  also	  

after	   the	  cessation	  of	  activity.	  Results	  showed	  that	   through	  pedaling	  on	  the	  DJ,	   the	  distances	  

traveled	  would	  be	  approximately	  1.54	  mile/hr	  at	   low	  pedaling	  speed	  and	  2.09	  mile/hr	  at	  high	  

pedaling	   speed.	  The	  EE	  was	  47	  ±	  11kcal/20min	  at	   low	  speed	  and	  56	  ±	  10	  kcal/20min	  at	  high	  

speed	   (Figure	   4B).	   Therefore,	   if	   the	   OWs	   would	   use	   the	   DJ	   for	   one	   hour,	   the	   EE	   could	   be	  

increased	   up	   to	   174	   kcal	   to	   198	   kcal.	   This	   amount	   of	   energy	   was	   similar	   to	   the	   amount	   if	  

walking	   at	   the	   speed	   of	   2	   miles/hr;	   moreover,	   using	   DJ	   during	   sitting	   time	   won’t	   disturb	  

deskwork	  when	  compared	  to	  walking.	  

Previous	  researches	  have	  suggested	  that	  METs	  could	  be	  affected	  by	  various	  abiotic	  and	  

biotic	   factors,	   including	   age,	   gender,	   body	   mass,	   activity	   level,	   reproductive	   and	   absorptive	  

state	   and	   behaviors	   (56,	   57).	   Among	   all	   these	   factors,	   body	   mass	   accounts	   for	   the	   major	  

variation	   (90%)	   that	   affects	   the	  METs	   (58,	   59).	  Our	   study	   also	   showed	   that	   participants	  with	  

higher	  BMI	  had	  significantly	  higher	  METs	  and	  EE	  when	  compared	  to	  participants	  with	  healthy	  

BMI,	   both	   during	   sedentary	   state	   and	   pedaling	   sessions.	   Moreover,	   recent	   studies	   have	  
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demonstrated	   that	   METs	   of	   individuals	   of	   similar-‐sized	   could	   differ	   by	   over	   the	   order	   of	  

magnitude	   (60).	   It	   was	   supported	   in	   our	   study	   that	   even	  with	   similar	   sizes,	   participants	   had	  

different	  EEs.	  Therefore,	  using	  DJ	   in	  the	  office	  could	  be	  an	  effective	  way	  for	  OWs	  to	  decrease	  

sedentary	  time	  and	  increase	  NEAT;	  and	  it	  could	  help	  overweight	  and	  obese	  OWs	  expend	  more	  

energy	   than	   lean	   OWs.	   However,	   the	   EE	   expended	   during	   the	   pedaling	   could	   be	   varied	  

significantly.	  

There	  was	  no	  evidence	  from	  this	  study	  indicating	  that	  age	  or	  gender	  was	  correlated	  to	  

METs.	  More	  researches	  with	   large	  sample	  size	  should	  be	  performed	  to	  study	  the	   factors	   that	  

affecting	   METs	   and	   EEs,	   thus	   individuals	   with	   varied	   physical	   conditions	   could	   use	   specific	  

methods	  to	  increase	  NEAT	  efficiently.	  

This	   study	   also	   tested	   the	   effects	   of	   different	   frequencies	   (112	   beats/min	   vs	   152	  

beats/min)	  and	  resistances	  (77.3	  oz.	  vs	  114.3	  oz.)	  on	  increasing	  NEAT.	  As	  Figure	  3	  and	  Figure	  4	  

demonstrated,	  even	  though	  both	  frequency	  and	  resistance	  affected	  METs,	  raising	  frequency	  is	  

more	   effective	   than	   raising	   resistance	   in	   elevating	   HR	   and	   EE.	   Therefore,	   when	   using	   DJ	   to	  

increase	  NEAT,	   choose	   a	   higher	   pedaling	   speed	  would	  help	  OWs	  boost	   EE	  more	   than	   adding	  

resistance	   to	   pedals.	   	   One	   possible	   reason	   that	   resistance	   did	   not	   contribute	   significantly	   to	  

increase	  HRs	  and	  EEs	  may	  be	  due	   to	   the	   fact	   that	   the	  high	   resistance	  was	   too	  high	   for	   some	  

participants	   to	   handle,	   especially	   at	   a	   higher	   frequency.	   As	   a	   result,	   they	  may	   not	   travel	   the	  

entire	   length	   of	   the	   track.	   Further	   studies	   determining	   the	   optimal	   resistance	   level	   are	  

warranted.	  	  

A	   recent	   research	   compared	   the	   effect	   of	   diet	   and	   diet-‐plus-‐exercise	   on	   BMR	   among	  

obese	   participants.	   The	   results	   showed	   that	   the	   additional	   exercise	   not	   only	   increased	  METs	  
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significantly	   but	   also	   maintained	   the	   muscle	   mass	   of	   the	   participants	   (61).	   Further	   research	  

should	   be	   conducted	   to	   study	   the	   long-‐term	   effects	   of	   using	   DJ	   on	   NEAT,	   body	   weight	   and	  

composition	  by	  adjusting	  frequency	  or	  resistance.	  

When	   analyzing	   data	   collected	   from	   five	   different	   sessions,	   significant	   correlations	  

between	  BMI	  and	  EE	  were	  discovered	   in	  all	   four	   sessions	  except	   for	   session	  HFHR	   (Figure	  5).	  

The	  METs	   of	   overweight/obese	   group	   in	  HFHR	   session	  were	   unexpectedly	   low	   and	  were	   not	  

significantly	  different	  from	  those	  of	  the	  lean/healthy	  weight	  group	  (Figure	  6).	  This	  could	  be	  the	  

result	   that	   some	   participants,	   especially	   overweight	   and	   obese	   individuals,	   were	   not	   able	   to	  

follow	   the	   high	   frequency	  with	   high	   resistance	   level	   at	   the	   same	   time.	   Thus,	   they	  might	   not	  

move	  the	  pedals	  the	  entire	  length	  of	  the	  tracks.	  It	  also	  is	  possible	  that	  the	  mask	  or	  nose	  clip	  was	  

not	   placed	   tightly	   on	   the	   participant’s	   face	   due	   to	   the	   size	   issue,	   or	   the	   breathing	   tube	  

connected	  to	  the	  mask	  was	  loose	  during	  the	  testing	  process.	  Therefore,	  this	  set	  of	  data	  cannot	  

reflect	   the	   volumes	   of	   oxygen	   and	   carbon	   dioxide	   of	   the	   participant	   properly	   and	   correctly.	  

Through	  increase	  of	  sample	  size	  or	  adjusting	  the	  size	  of	  mask	  and	  nose	  clips,	  such	  errors	  could	  

be	   avoided	   and	   thus	   the	   METs	   and	   EE	   of	   all	   the	   sessions	   from	   two	   groups	   could	   be	   truly	  

representative.	  Moreover,	  the	  range	  of	  age	  could	  be	  expanded	  to	  discover	  the	  effect	  of	  NEAT	  

on	   adults	   of	   varied	   age	   range.	   Various	   frequencies	   could	   be	   adjusted	   for	   best	   effects	   and	  

comfort.	  
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Conclusion	  

Using	  DJ	   in	   the	  office	   is	   an	  efficient	  way	   to	   increase	  NEAT	  and	  EEs	  among	  adults,	  not	  

only	  during	  pedaling	  process	  but	  also	  during	  ten	  minutes	  after	  the	  cessation	  of	  pedaling.	  This	  

portable	   and	   convenient	   device	   could	   reduce	   sedentary	   behaviors	   of	  OWs	   and	   consequently	  

enhance	   EE	   through	   low-‐METs	   activities.	  More	   importantly,	   the	   usage	   of	   DJ	   under	   the	   desk	  

would	  not	  disturb	  OWs’	  regular	  deskwork,	  which	  could	  contribute	  to	  the	  efficiency	  of	  working	  

and	  expending	  energy	  at	   the	  same	  time.	  Further	   researches	  should	   investigate	   the	   long-‐term	  

benefits	  of	  using	  DJ	  based	  on	   large	  sample	  size	  with	  various	  frequencies	  and	   long	  duration	  of	  

using	  DJ,	  as	  well	  as	  the	  metabolic	  changes	  associated	  with	  using	  the	  DJ.	  	  
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Figure	  1:	  The	  picture	  of	  Desk	  Jockey	  
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Figure	  2:	  The	  picture	  of	  Indirect	  Calorimeter	  
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Figure	  3.	  METs	  and	  HRs	  over	  the	  50	  min	  data	  collection	  period	  during	  five	  sessions	  

METs	  increased	  significantly	  during	  pedaling	  periods	  when	  compared	  to	  the	  resting	  

periods	  in	  each	  session.	  Data	  are	  expressed	  as	  mean	  ±	  SD.	  	  

*s*	  

*s*	  

*s*	  

*s*	  
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Figure	  4.	  Energy	  expenditure	  during	  the	  five	  sessions	  

Figure	  4A	  showed	  the	  means	  of	  EE	  among	  all	  participants	  during	  the	  entire	  50	  min	  sessions;	  

figure	  4B	  showed	  the	  means	  of	  EE	  over	  the	  50	  min	  data	  collection	  period	  during	  five	  sessions	  

(mean	  ±	  SD).	  	  
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Figure	  5A.	  The	  relationship	  between	  BMI	  and	  Energy	  Expenditure	  for	  the	  five	  sessions	  
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Figure	  5B.	  The	  relationship	  between	  BMI	  and	  METs	  after	  20min	  pedaling	  in	  five	  sessions	  
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Figure	  6.	  Comparison	  of	  METs	  and	  EE	  between	  lean/healthy	  weight	  and	  overweight/obese	  

groups	  among	  all	  the	  five	  sessions	  	  	  

METs	  were	  compared	  during	  20	  -‐	  30min	  of	  each	  session;	  EE	  represents	  the	  energy	  expenditure	  

for	  the	  entire	  50	  min	  sessions	  (mean	  ±	  SD).	  
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ABSTRACT	  

Desk	  Jockey:	  A	  Device	  to	  Increase	  Non-‐exercise	  Activity	  Thermogenesis	  (NEAT)	  	  
in	  Adults	  
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Increased	  sedentary	  behavior,	  just	  like	  reduced	  physical	  activity,	  has	  been	  shown	  to	  

increase	  the	  risk	  of	  obesity	  and	  chronic	  diseases.	  This	  is	  mostly	  due	  to	  increased	  time	  spent	  

sitting	  at	  the	  office	  desk.	  There	  is	  limited	  research	  studying	  how	  to	  decrease	  such	  risk	  in	  office	  

workers	  (OW).	  This	  study	  was	  to	  investigate	  a	  portable	  device	  “Desk	  Jockey”	  (DJ)	  on	  increasing	  

NEAT	  and	  reducing	  sedentary	  behavior	  in	  a	  simulated	  office	  environment.	  Participants	  whose	  

daily	  work	  requiring	  long	  sitting	  hours	  were	  recruited	  (mean	  sitting	  hours/day:	  8.6	  ±	  3	  hr,	  mean	  

age:	  25	  ±	  7	  yr,	  54%	  male,	  15%	  obese).	  Metabolic	  rates	  (METs),	  energy	  expenditure	  (EE)	  and	  

heart	  rates	  (HRs)	  were	  collected	  during	  five	  sessions,	  including	  one	  sedentary,	  with	  different	  

paddling	  frequencies	  and	  resistances.	  Each	  session	  includes	  10min	  rest,	  20min	  paddling	  and	  

20min	  recovery.	  The	  results	  showed	  that	  paddling	  frequency	  is	  more	  important	  in	  METs	  than	  

resistance	  (p<0.01).	  With	  the	  increase	  of	  BMI,	  EE	  increased	  significantly	  (r=0.77,	  p<0.05)	  

regardless	  of	  different	  frequencies	  or	  resistances.	  METs	  increased	  significantly	  during	  paddling	  
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in	  each	  session	  (0.90,	  0.93,	  1.26,	  1.48,	  p’s	  <0.01)	  compared	  to	  the	  sedentary	  session,	  while	  the	  

METs	  were	  still	  very	  low	  (2.5	  ±	  0.6).	  Moreover,	  the	  METs	  and	  HRs	  during	  the	  first	  10min	  

recovery	  period	  were	  still	  significantly	  higher	  than	  those	  at	  resting	  state	  (p’s<0.05).	  Therefore,	  

DJ	  can	  be	  used	  by	  OWs	  to	  increase	  METs	  and	  EE	  not	  only	  during	  paddling,	  but	  also	  in	  10min	  

after	  cessation	  of	  paddling.	  Thus	  this	  device	  may	  be	  adapted	  for	  OWs	  to	  increase	  NEAT.	  	  
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