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 ABSTRACT & KEYWORDS 

 BACKGROUND:  Interoception  is  defined  as  the  sense  of  physiological  condition  of  the 

 body.  The  interoception  is  divided  in  3  dimensions:  Interoceptive  Accuracy,  Interoceptive 

 Sensibility  and  Interoceptive  Awareness.  High  interoceptive  ability  and  aerobic  exercise  are 

 associated  with  high  cardiovascular  capability,  structural  and  functional  change  in  the 

 neurological  system.  It  is  suggested  that  high  intensity  aerobic  exercise  will  provide  more 

 health  benefits.  Aerobic  exercise  improves  interoception,  however,  the  most  beneficial 

 exercise  intensity  has  not  been  determined.  The  aim  of  this  study  will  be  to  determine  the 

 effects aerobic exercise at high versus moderate intensity on interoception. 

 METHOD:  This  study  will  be  a  triple-blind  randomized  control  trial,  multicenter.  Healthy  adult 

 between  18  and  65  years-old  living  near  the  physiotherapist  center  will  be  included  after 

 answering  no  at  every  questions  of  the  Physical  Activity  Readiness  Questionnaire, 

 presenting  a  systolic  blood  pressure  <120  mmHg  and  <80mmHg  in  diastolic,  normal 

 Electrocardiogram,  oxygen  saturation  >95%  and  giving  their  consent  to  participate.  An 

 independent  researcher  will  randomly  allocate  subjects.  The  participants,  physiotherapists  in 

 charge  of  the  intervention  and  the  assessors  will  be  blind.  The  High-Intensity  Training  (HIT) 

 group  will  practice  3  times  per  week  during  8  weeks,  24  running  sessions  of  50  minutes  on 

 treadmill  composed  by  10  minutes  of  walking,  30  minutes  of  running  at  a  Target  Heart  Rate 

 (THR)  >  70%  and  10  minutes  of  walking.  The  Moderate-Intensity  Training  (MIT)  group  will 

 practice  3  times  per  week  during  8  weeks  24  running  sessions  of  50  minutes  on  a  treadmill 

 consisting  of  10  minutes  of  walking,  30  minutes  of  running  at  a  THR  between  50%  and  70% 

 and  10  minutes  of  walking.  The  primary  outcome  is  the  Multidimensional  Assessment  of 

 Interoceptive  Awareness  2.  The  secondary  outcomes  are  the  Heartbeat  Tracking  Task,  the 

 Area  Under  the  ROC  curve  using  subjective  confidence  and  the  6MWT.  All  outcomes  will  be 

 assessed at baseline, 4 and 8 weeks. The statistical data will be analysed with ANOVA. 

 DISCUSSION:  It  is  expected  that  high-intensity  aerobic  training  improves  more  the  3 

 dimensions of interoception than moderate-intensity aerobic training. 

 KEYWORDS:  Interoception, Aerobic exercise, Intensity,  randomized-control trial. 



 INTRODUCTION 

 Introduced  by  Sherrington  (1),  Interoception  is  defined  as  the  sense  of  physiological 

 condition  of  the  body.  This  definition  created  by  Craig  in  2002  (2)  has,  over  the  years,  gained 

 in  popularity  and  its  interpretation  has  also  changed.  Initially,  the  interoception  was  more 

 restricted;  it  considered  only  the  visceral  sensation  of  the  organs.  Nowadays,  interoception 

 is  described  as  the  eight  sensory  system  with  a  more  inclusive  definition,  considering  the 

 internal  sensation  or  perception  of  our  own  tissues.  Garfinkel  et  al.  have  identified  3 

 dimensions of interoception (3). 

 The  first  dimension  is  the  “sensibility”,  referring  to  the  subjective  sensation  of  being 

 self-sensitive  of  interoception  or  the  self-perception  of  internal  sensation.  It  is  assessed  with 

 subjective  self-report  measures,  the  2nd  version  Multidimensional  Assessment  of 

 interoceptive  awareness  (MAIA  2)  (4).  The  MAIA’s  2  Item  have  shown  a  good  sensitivity  to 

 change,  it  has  been  validated  for  its  use  to  assess  the  interoceptive  dimension  of  the 

 sensibility  in  clinical  settings  (5).  A  high  interoceptive  sensibility  reflects  that  the  patient  can 

 interpret and recognize the sensation of interoception. 

 The  second  dimension:  The  “Interoception  accuracy”  or  sensitivity,  is  the  objective  accuracy 

 in  detecting  internal  stimuli.  Two  tests  have  been  suggested  to  measure  interoception 

 accuracy,  the  Heartbeat  discrimination  task,  which  consists  in  presenting  the  subject  with  an 

 external  periodic  signal  (such  as  a  light,  a  sound  or  a  line),  the  participants  will  have  to 

 estimate  if  the  signal  are  synchronized  or  not  with  their  own  cardiac  rhythm  (6).  The  second 

 test,  the  Heartbeat  Tracking  Task  (HTT),  involves  counting  his  own  heart  rate  during  6 

 attempts  lasting  between  25  and  50  seconds  without  measuring  his  heart  rate  with  his 

 fingers  (7).  Despite  a  significant  lack  of  validity  (8,  9),  for  people  with  high  interoceptive 

 accuracy,  the  HTT  shows  a  better  correlation  with  the  interoceptive  awareness,  moreover  it 

 is  easily  replicable  and  frequently  used  to  assess  interoception  accuracy  in  research  papers. 

 Based  on  the  previous  arguments  and  building  on  current  knowledge,  HTT  is  the  best  test  to 

 objectively  measure  interoception  accuracy.  A  good  interoceptive  accuracy  means  that  the 

 individual can correctly detect internal body sensation. 

 The  last  dimension  of  the  interoception  concept  is  the  “interoceptive  awareness”,  it  is  a 

 metacognition  awareness  of  interoception  accuracy.  With  metacognition  being  defined  as  the 

 process  of  thinking  about  how  we  think.  It  can  be  assessed  easily  following  the  HTT  by 

 asking  if  the  subject  thinks  that  he  is  correctly  or  incorrectly  assessing  his  number  of  heart 

 rates.  It  is  the  relationship  between  objective  performance  and  subjective  awareness  of 
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 performance  calculated  with  the  area  under  the  ROC  curves  representing  the  confidence  in 

 the  precision  (10).  Lower  the  area  is,  higher  the  interoceptive  awareness  is,  so  the  patients 

 are  confident  about  their  own  interoceptive  sensation  and  think  they  have  made  a  good 

 measurement during the HTT. 

 Interoception  is  a  concept  exponentially  studied,  in  biopsychosocial  medicine,  recent 

 neuroanatomical  and  neurobiological  studies  have  show  that  this  interoceptive  process 

 comprises  ascending  neurological  sensory  signals  from  different  organs  of  the  body  through 

 specific  afferent  primary  fibers  (Aδ  and  C)  of  the  vagal  and  spinal  nerve  (figure  1).  These 

 signals  are  integrated  into  the  anterior  insular  cortex  (11)  and  then  into  the  anterior  cingulate 

 cortex  (12).  Similar  findings  have  been  found  in  children  as  young  as  the  age  of  six  years-old 

 (13).  The  anterior  cingulate  cortex  has  a  role  of  controlling,  avoiding,  and  regulating  painful 

 emotions.  An  interoceptive  dysfunction  will  therefore  have  a  psychological  effect,  linked  in 

 particular  to  a  fear  of  movement  or  to  exacerbated  pain.  This  will  decrease  the  wellbeing  of 

 the patient and the outcome of the treatment. 

 Figure  1  :  Illustrative  Diagram  of  Sample  Ascending  Neural  Pathways  of  Interoception. 

 (Chen et al. 2021) 
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 Aerobic  exercise  (AE)  or  cardiovascular  exercise  is  described  as  an  exercise  which 

 uses  oxygen  to  fulfill  the  metabolic  demand  of  our  body.  After  the  phosphocreatine  is 

 exhausted,  the  carbohydrates  take  over  to  meet  the  energy  needs  of  the  body  during 

 exercise.  Since  glucose  and  glycogen  can  only  be  partially  broken  down  to  produce  energy 

 during  exercise  without  oxygen,  lactic  acid  is  formed,  preventing  the  muscles  from 

 functioning  properly.  After  10  minutes  of  exercise,  the  aerobic  pathway  takes  over  by 

 improving  the  efficiency  and  effectiveness  of  the  combustion  of  carbohydrates,  amino  acids, 

 and fats, allowing the body to produce physical effort over a longer time without lactic acid. 

 AE  has  various  effects  on  the  physiology  of  the  brain,  in  particular  on  anterior  insular  cortex 

 and  anterior  cingulate  cortex.  It  has  been  shown  that  a  subject  with  higher  aerobic  capacity 

 has  a  thicker  gray  matter  in  the  anterior  insular  cortex,  moreover  the  structural  changes  are 

 associated  with  psychological  benefits  such  as  self-acceptance  of  physical  area  and 

 subjective  happiness  (15).  Several  studies  have  shown  that  local  gray  matter  volume  of  the 

 anterior  insular  cortex  has  been  correlated  with  better  interoceptive  accuracy,  awareness 

 (16).  Interoceptive  accuracy  and  sensibility  are  associated  with  an  increased  anterior  insular 

 cortex  activation  (11).  AE  increases  the  thickness  of  the  anterior  cingulate  cortex  (17)  which 

 influences  cognitive  functions  such  as  motivation,  decision  making,  learning  or  even 

 cost-benefit  calculation  (18).  Important  in  healthy  adults,  improving  these  functions  will 

 directly  positively  impact  the  quality  of  life,  which  will  reduce  the  risk  of  injury  (19)  and 

 increase cognitive (20) and physical performance (21, 22). 

 Glutamate  is  an  excitatory  neurotransmitter,  when  present  in  high  concentration  in  the 

 central  nervous  system,  improves  fundamental  functions  of  neural  cells  such  as  plasticity, 

 memory  and  neural  development  (23,  24).  High  glutamate  concentration  in  the  anterior 

 cingulate  cortex  is  associated  with  high  interoceptive  awareness  (25)  and  has  been  found  in 

 subjects following AE. (26). 

 The  vagus  nerve  has  been  shown  to  be  directly  implicated  in  the  afferent  information  of  the 

 interoceptive  signal,  by  stimulating  the  vagus  nerve,  participants  increased  their 

 interoceptive  sensitivity  and  sensibility  (27).  Studies  found  that  vagus  nerve  activity 

 increases  after  AE  cessation  (28),  a  high  vagus  activity  is  strongly  correlated  with  aerobic 

 capacity  (29).  The  vagus  nerve  has  an  important  role  in  cardiovascular  activity.  When 

 activated,  it  reduces  the  heart  rate  (30)  and  it  determines  our  ability  to  exercise  (29). 

 Interestingly,  a  study  evaluating  the  interoceptive  accuracy  on  dancers  shows  a  significant 

 difference  on  HTT  in  dancers  compared  with  the  control  group  (not  dancers).  Between  the 

 two  groups,  only  the  hours  of  training  per  week,  the  experiences  in  the  art,  the  numbers  of 

 years  of  experience  in  the  dances  and  the  resting  heart  rate  differentiate  from  the  control 
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 group.  Knowing  that  the  questionnaires  relating  to  the  psychological  and  emotional  evaluation 

 of  the  subjects  did  not  show  any  significant  differences,  the  study  suggests  that  the  resting 

 heart rate may be associated with interoceptive accuracy (31). 

 Depending  on  the  intensity  of  AE  chosen,  the  effects  on  the  physiology  and  health 

 can  be  different.  The  central  and  peripheral  adaptation  and  the  peak  oxygen  uptake  is 

 associated  with  high-intensity  training  (32).  High-intensity  training  improves  bone  mineral 

 density  (33),  and  symptoms  related  to  non-specific  chronic  low-back  pain  compared  with 

 moderate-intensity  (34),  however,  high-intensity  AE  has  not  been  better  at  improving  body 

 composition (35, 36) than moderate-intensity AE. 

 The  intensity  of  AE  seems  to  have  a  different  effect  on  the  cardiovascular  system.  The 

 aerobic  capacity,  measured  with  the  %  of  VO2  maximum,  improves  significantly  after 

 higher-intensity  exercise  when  volume  is  controlled  in  healthy  adults  (37).  Evidence 

 suggests  that  the  effect  of  training  on  the  resting  heart  rate  is  higher  after  high-intensity  AE 

 compared  with  low-intensity  AE  (38)  as  well  as  vagus  nerve  activity  appears  to  be  greater 

 following high-intensity aerobic activity (29). 

 Concerning  the  structural  and  functional  change  in  the  brain  related  to  AE  at  different 

 intensity,  moderate-intensity  aerobic  training  increases  gray  matter  volume  and  thickness  of 

 the  anterior  cingulate  cortex  (17).  No  studies  have  investigated  the  effects  of  high-intensity 

 aerobic  training  on  the  anterior  cingulate  cortex  compared  with  moderate-intensity  aerobic 

 training,  however  evidence  suggests  that  following  a  high-intensity  training,  the  concentration 

 of  glutamate  in  the  anterior  cingulate  cortex  increases  (26).  The  functional  connectivity  of  the 

 anterior  insular  cortex  increases  significantly  more  after  a  high-intensity  exercise  compared 

 with low-intensity exercise (39). 

 Based  on  the  evidence  cited  above,  high-intensity  aerobic  exercise  will  affect  the 

 cardiovascular  system  and  the  structure  and  function  of  the  brain,  which  will  increase  the 

 interoceptive ability of patients. 

 Knowledge gap : 

 Interestingly,  interoception  abilities  have  similarities  with  the  benefits  of  practicing 

 aerobic  exercises:  Higher  BMI  is  associated  with  a  deficit  of  interoception  (40),  AE  assists 

 in  weight  management  and  weight  loss  (41);  Subjects  with  chronic  pain  present  a  low 

 interoceptive  accuracy,  and  interoceptive  accuracy  correlates  with  symptoms  severity 

 specific  disorder  (42),  AE  have  been  shown  to  decrease  chronic  pain  in  long  term  (43); 

 subject  with  Low  back  pain  present  lower  interoceptive  awareness  (44,  45),  AE  improves  the 
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 condition  of  low  back  pain  (46);  Patient  with  depressive  disorder  have  lower  Interoceptive 

 accuracy  (47),  however,  AE  decreases  the  symptoms  of  depression  (48);  AE  has  been 

 found  to  improve  reaction  time  (49)  and  patients  with  a  high  interoceptive  awareness  have  a 

 greater motor reactivity (50). 

 In  2017,  a  study  investigated  the  effects  of  a  meditation  and  aerobic  exercise  program  on 

 interoceptive  awareness.  Participants  in  this  program  showed  significant  improvement  in 

 their  MAIA  scores  after  12  weeks  of  training  (51).  At  the  time  of  writing  the  protocol,  only  one 

 study  has  investigated  the  effect  of  AE  solely  on  interoception.  After  2  months  of  aerobic 

 exercise  at  50%  of  the  Heart  rate  reserve,  at  a  frequency  of  3  sessions  per  week,  the 

 healthy subject significantly improved their interoceptive accuracy (52). 

 Current  literature  suggests  an  effect  of  aerobic  exercise  on  interoception,  however,  it  would 

 be  important  to  determine  an  intensity  of  AE  for  which  interoception  increases  the  most  in 

 order  to  get  a  more  holistic  rehabilitation,  more  suitable  for  patients.  For  that,  this  trial  will  try 

 to  support  or  refute  the  evidence,  as  well  as  to  determine  an  optimal  intensity  of  training  to 

 increase interoception. 

 The  aim  of  this  study  will  be  to  assess  the  effects  of  high  versus  moderate  intensity  aerobic 

 exercise on the three dimensions of interoception. 

 9 



 HYPOTHESIS 

 Null  hypothesis:  High-intensity  aerobic  training  has  an  equal  effect  on  interoception 

 sensibility compared with moderate-intensity aerobic training in healthy adults. 

 Alternative  hypothesis:  High-intensity  aerobic  training  has  a  better  effect  on  interoception 

 sensibility compared with moderate-intensity aerobic training. 

 OBJECTIVES 

 The  main  objective  is  to  determine  the  effect  of  aerobic  training  at  high-intensity 

 versus  moderate-intensity  aerobic  training  on  interoceptive  sensibility  on  healthy  adults.  The 

 secondary  objectives  are  to  determine  the  effect  of  high-intensity  versus  moderate-intensity 

 aerobic  training  on  interoceptive  sensitivity  on  healthy  adults  and  to  determine  the  effect  of 

 high-intensity  versus  moderate-intensity  aerobic  training  on  interoceptive  awareness  on 

 healthy adults. 
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 STUDY DESIGN 

 The  aim  of  the  proposed  study  is  to  conduct  a  triple-blind  randomized  control  trial  with 

 two  parallel  groups  with  an  allocation  ratio  of  1:1.  Group  1  will  be  submitted  to  a  High 

 Intensity  Training  (HIT)  and  the  group  2  to  a  Moderate  Intensity  Training  (MIT).  The  trial  will 

 be  a  multi-center  study,  with  2  centers  for  the  intervention  and  one  1  for  the  assessment  of 

 the outcomes. 

 The SPIRIT guidelines will be followed to construct this study. 
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 FLOW DIAGRAM OF THE STUDY DESIGN 
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 ELIGIBILITY CRITERIA 

 Inclusion criteria : 

 ●  Men and Women of 18 - 65y 

 ●  Blood pressure <120 mmHg in Systolic and <80mmHg in diastolic 

 ●  Normal ECG 

 ●  Oxygen saturation : >95% 

 ●  Living in London at less than 30 minutes of the two Physiotherapist’s centers 

 ●  Physical Activity Readiness Questionnaire : Answer NO at every questions 

 Exclusion criteria : 

 ●  Pregnant women 

 ●  Amputation 

 ●  Psychological disorder 

 ●  English speaker 

 ●  Subject having no time to do sport 3 times a week 

 ●  Subject missing the first appointment 

 ●  Subject missing more than 2 sessions 

 ●  Subject not having signed the informed consent (Annexe 4) 

 SAMPLE SIZE 

 The  sample  size  calculation  will  be  based  on  the  Minimal  Clinically  Important 

 Difference  (MCID)  or  Minimal  Important  Difference  (MID)  of  the  main  outcome,  the 

 Multidimensional  Assessment  on  interoceptive  awareness  versions  2  (MAIA  2).  Only  one 

 study  has  determined  the  MID  (5)  .  The  MID  using  the  distribution-based  methods  for  each 

 unique  item  differs  from  0.38  (not-distracting)  from  0.61  (trusting)  point.  To  determine  the 

 sample size, it will therefore include in the calculi the highest MID of the Items, which is 0.61. 
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 OUTCOMES 

 Primary outcomes : 

 The  main  outcome  of  the  study  is  the  interoceptive  sensibility  using  the 

 Multidimensional  Assessment  on  interoceptive  awareness  versions  2  (MAIA  2).  MAIA  2 

 comprises  37  questions  divided  into  8  items  (Annexe  1):  noticing,  not  distracting, 

 not-worrying,  attention  regulation,  emotional  awareness,  self  regulation,  body  listening  and 

 trusting.  Subjects  need  to  indicate  how  often  each  statement  applies  to  them  in  daily  life  by 

 scoring  from  0  to  5,  with  0  representing  never  and  5  always.  For  example,  in  the  noticing’s 

 item:  I  notice  when  I  am  uncomfortable  in  my  body:  if  the  subject  notices  his  body  frequently 

 but  not  always  he  can  circle  4.  The  average  of  each  item  will  be  calculated  between  0  and  5. 

 The higher the total score is, the more the subject has a high interoceptive sensibility. 

 Secondary outcomes : 

 The  interoceptive  sensitivity  will  be  assessed  with  the  Heartbeat  Tracking  Task 

 (HTT).  Before  starting  the  assessment,  the  investigator  should  tell  the  participants  "Without 

 manually  checking,  can  you  silently  count  each  heartbeat  you  feel  in  your  body  from  the  time 

 you  hear  “start”  to  when  you  hear  “stop”.  6  trials  will  be  done  randomly  using  6  different 

 time-windows  (25,  30,  35,  40,  45  and  50s).  For  each  trial,  an  accuracy  score  will  be  given 

 with the following formula : 

 The  6  resulting  scores  will  be  averaged  for  each  subject  to  determine  a  total  HTT  score. 

 Closer  the  average  will  be  from  1,  higher  the  interoceptive  sensitivity  will  be.  ((Schandry, 

 1981)) 

 Interoceptive  awareness  will  be  assessed  with  the  Area  Under  ROC  Curve  (AUC)  at 

 the  end  of  each  trial  of  the  HTT  by  asking  the  subject  “Do  you  know  whether  you  are 

 accurately  or  inaccurately  assessing  your  heart-timing?”.  The  judgment  of  confidence  will  be 

 made  using  a  visual  analogue  scale  (VAS)  of  10cm  (Annexe  2).  If  the  subject  chooses  0cm 

 this  will  mean  that  the  subject  answered  randomly  during  the  HTT  and  inversely  if  he 

 chooses  10cm  it  will  mean  that  he  has  complete  confidence  in  his  perception  of  heartbeat. 

 The  interoceptive  awareness  will  be  calculated  using  receiver  operating  characteristic 

 (ROC)  curve  analysis  (50).  The  area  under  the  ROC  curve  will  define  the  level  of 
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 interoceptive  awareness,  a  large  area  will  represent  low  interoceptive  awareness  and  a  low 

 area will mean a high interoceptive awareness. 

 The  6  Minutes  Walking  Test  (6MWT)  is  a  well-known  physical  endurance  test,  widely 

 used  in  research  and  clinical  settings.  During  this  assessment,  the  participant  needs  to  walk 

 for  6minutes  on  a  straight  30m  track.  The  subject  will  have  to  walk  as  fast  as  possible  for  6 

 minutes.  The  investigators  have  an  important  role  in  this  test.  They  need  to  follow  strict 

 guidelines  (Annexe  3)  explaining  the  goal  of  the  test  and  encouraging  the  patient  every 

 minute  by  saying:  At  1  minute:  “You  are  doing  well.  You  have  5  minutes  to  go.”  At  2  minute: 

 “Keep  up  the  good  work.  You  have  4  minutes  to  go.”  At  3rd  minute:  “You  are  doing  well.  You 

 are  halfway  done.”  At  4th  minute:  Keep  up  the  good  work.  You  have  only  2  minutes  left.”  At 

 5th  minute:  You  are  doing  well.  You  have  only  1  minute  to  go.”  At  6th  minute:  Please  stop 

 where  you  are.”.  The  result  will  be  expressed  in  meters  and  the  aim  of  this  test  will  be  to 

 evaluate the change of performance throughout the complete study. 

 The  data  collection  will  be  done  at  the  hospital  St  Thomas  at  T0,  T1  and  T2.  The 

 subjects  will  be  asked  to  fill  the  MAIA  2.  Then  the  participants  will  be  taken  to  a  quiet  room  to 

 do  the  HTT  and  estimate  their  level  of  confidence  on  their  own  measure.  Once  the  tests  are 

 completed,  subjects  will  be  required  to  perform  the  6MWT.  Because  of  a  learning  effect  when 

 performing  the  test,  two  measurements  will  be  taken  during  T0  (at  least  15  minutes  apart 

 between  each  measurement  to  recover).  The  assessors  will  have  to  fill  a  paper  with  all  the 

 measures,  the  name  of  the  assessor  and  the  identification  number  (Annexe  4).  The  paper 

 will be kept in a safe and secure place in the St Thomas Hospital. 

 Each  data  collection  sheet  will  be  digitized  and  saved  in  the  hospital's  database 

 following  each  assessment  to  avoid  any  loss  of  data.  It  will  be  given  to  the  data  analyst  after 

 the last measurement (T2) in order to analyze the results. 
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 ASSESSMENT 

 ETHICS 

 The  ethical  committee  of  the  St.  Thomas  hospital  will  evaluate  the  trial.  The 

 development  of  this  project  will  follow  the  rules  of  good  clinical  practice,  the  principles  set  in 

 the  Helsinki  Declaration  (World  Medical  Association,  1989).  An  informed  consent  will  be 

 requested  for  all  study  participants  and  signed  during  the  first  meeting  with  the  researcher 

 after  an  explanation  of  the  risk  of  adverse  events  during  the  intervention  and  assessment. 

 The  participation  at  this  trial  is  voluntary,  and  the  patient  has  the  right  to  withdraw  at  any  time. 

 (Annexe 4: Informed consent) 

 RECRUITMENT 

 The  center  responsible  for  the  study  is  the  St.  Thomas  Hospital,  two  physiotherapists 

 from the rehabilitation center will carry the assessments out in the Hospital. 

 The  intervention  will  be  done  in  two  different  physiotherapist’s  offices  associated  with  the  St 

 Thomas  Hospital.  To  be  eligible,  the  physiotherapist’s  office  must  have  a  treadmill  equipped 

 with  a  cardiac  sensor.  Two  meetings  with  the  physiotherapists  in  charge  of  the  intervention 

 will  be  held:  the  first  one  will  be  scheduled  before  the  beginning  of  the  study  to  confirm  that 

 the  center  has  the  material  resources  and  the  ability  to  supervise  a  group  of  3  patients  on 

 treadmills.  The  second  meeting  will  be  held  after  the  allocation,  the  aim  will  be  to  share  with 
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 the  physiotherapists  in  charge  of  the  intervention  the  basic  knowledge  about  aerobic  and 

 running  exercise,  the  investigator  will  give  him  the  identity  number  and  the  THR  of  each 

 subject  allocated  in  his  center.  In  case  of  doubt  or  technical  problem,  they  must  inform  the 

 principal investigator. 

 The  subjects  will  be  recruited  via  flyers  present  at  the  reception  of  the  primary  care  and  at 

 the  entrance  of  several  gyms  associated  with  the  hospital.  During  the  first  call,  we  will 

 confirm  the  eligibility  criteria  and  propose  a  meeting  with  the  investigators  at  the  St  Thomas 

 Hospital  in  order  to  do  a  medical  check  and  sign  the  informed  consent.  We  need  to  give  a 

 minimum of information to the subject to not compromise the blinding. 

 RANDOMIZATION 

 An  independent  researcher  will  be  in  charge  of  the  allocation.  This  researcher  will 

 copy  on  an  Excel  spreadsheet  the  name,  surname  and  email  of  the  subjects  and  the 

 software  will  create  a  random  identification  number  (dialed  by  6  digits)  and  allocate  each 

 subject  in  one  of  the  2  groups  with  an  allocation  ratio  of  1:1.  Then,  the  participant  will  receive 

 an  email  with  their  identification  numbers,  the  address  of  the  physiotherapy  center  and  the 

 scheduled  sessions  for  the  complete  study.  The  physiotherapists  will  receive  an  email  with 

 all  the  identification  numbers  of  the  subjects  and  their  scheduled  sessions  allocated  to  them. 

 The  identification  numbers  will  be  helpful  to  blind  the  data  analyst  and  the  assessor  and  to 

 protect the privacy of the personal data of the subjects. 

 BLINDING 

 The  trial  will  be  triple-blinded:  the  participants,  the  physiotherapists  in  charge  of  the 

 intervention and the data assessors will be blind from the allocation and study hypothesis. 

 The  participant  will  not  be  informed  of  the  presence  of  another  group,  as  each  office  will  have 

 a  different  group.  They  will  also  be  blind  from  the  study  hypothesis,  they  will  only  know  that 

 they have to run at a defined intensity. 

 The  four  physiotherapists  in  charge  of  the  intervention  will  neither  know  another  group,  and 

 they will not know the hypothesis and aim of the study. 
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 Two  physiotherapists  in  charge  of  assessing  the  outcomes  from  the  sector  of  rehabilitation 

 of the St Thomas hospital will be blind from the subject allocations and the study hypothesis. 

 INTERVENTION 

 First study group : 

 High-intensity running on a treadmill in healthy adult (HIT) 

 Explanation of the intervention : 

 What ? 

 The sessions will be split into 3 phases: Warm-up, Running and Resting. 

 The  warm-up  will  comprise  walking  for  10  minutes  at  a  maximum  speed  of  5  km/h  on  the 

 treadmill with an inclination of 0°. 

 Then,  the  patient  will  have  to  run  for  30  minutes  with  an  inclination  of  0°  on  a  treadmill.  The 

 intensity  will  be  defined  with  a  Target  Heart  Rate  (THR)  at  over  70%  of  Maximal  Heart  Rate 

 (48).  The  Target  Heart  Rate  (THR)  will  be  estimated  for  each  subject  during  the  medical 

 checking  before  the  beginning  of  the  training  program  with  the  Karvonen  formula  of  the  THR 

 (49): 

 According to the intensity set previously, the THR’s formula for the HIT group will be : 

 During  the  first  session,  the  physiotherapists  will  have  to  explain  the  basic  knowledge  about 

 the  running  technique,  how  the  treadmill  works,  and  the  THR(HIT)  of  the  subject.  The 

 subjects  will  have  to  run  at  an  intensity,  so  there  will  be  no  increase  in  workload  during  the 

 entire  procedure.  The  resting  phase  will  be  like  the  warm-up  one,  the  participant  will  have  to 

 walk  at  a  maximum  speed  of  5  km/h  on  the  treadmill  with  an  inclination  of  0°  to  decrease  the 

 heart rate before finishing the session and therefore avoid adverse events during 10 minutes. 

 Who provided : 
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 The  provider  of  the  training  sessions  will  be  2  physiotherapists  from  the  center  A. 

 They  need  to  know  how  the  equipment  works  and  how  to  improve  running  technique  and  the 

 recovery  to decrease the risk of injury. 

 How : 

 The  running  sessions  will  be  applied  face-to-face  in  a  group  of  3  subjects  maximum 

 due to the sanitary condition. One physiotherapist will be in charge of 3 patients. 

 Where : 

 The  HIT  group  will  be  allocated  to  one  Physiotherapist’s  center  located  less  than  30 

 minutes  from  the  hospital  of  St  Thomas  of  London.  The  treadmill  will  be  in  a  ventilated  room 

 with  a  temperature  set  between  20°  and  25°  C.  The  patients  will  have  at  their  disposal 

 lockers, a cloakroom, and drinking water. 

 When and how much : 

 Participants  will  have  to  come  3  times  a  week  during  8  weeks  at  the  center  for  24 

 running  sessions.  Patients  will  be  able  to  miss  at  least  2  sessions  among  the  24,  each 

 session  will  last  between  50  and  60  minutes.  The  sessions  should  be  spaced  at  least  one 

 day  off  and  the  schedule  will  be  adjusted  according  to  the  patient  and  the  physiotherapist. 

 The  investigators  will  ask  the  subjects  not  to  engage  in  physical  activity  outside  the  study  in 

 order to increase the reliability and validity of the results. 
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 Comparison study group : 

 Moderate-intensity running on a treadmill in healthy adult (MIT) 

 Explanation of the intervention : 

 What ? 

 Sessions will also be split in 3 phases: Warm-up, running and resting. 

 The  warm-up  will  comprise  walking  for  10  minutes  at  a  maximum  speed  of  5  km/h  on  the 

 treadmill  with  an  inclination  of  0°.  The  running  phase  will  last  30  minutes  with  an  inclination  of 

 0°  on  a  treadmill.  The  intensity  will  be  defined  with  a  Target  Heart  Rate  (THR)  between  50% 

 and 70% of maximal Heart Rate Resting and the Karvonen formula for the MIT group will be: 

 Patients  of  the  MIT  group  will  have  the  same  treadmill  as  the  HIT  group  to  monitor  their  own 

 heartbeat.  The  basic  knowledge  about  the  running  technique,  how  the  treadmill  works  and 

 their  individual  THR(MIT)  will  be  given  during  the  first  session.Since  it  will  require  subjects  to 

 run at a preset heart rate, there will be no workload progression throughout the study. 

 Then,  as  the  Warm-up  phase,  the  subjects  will  be  required  to  walk  for  10  minutes  at  a 

 maximum  speed  of  5km/h  to  restore  heart  rate  at  rest  and  finish  the  session.  The  inclination 

 will be set at 0°. 

 Who provided : 

 The  2  physiotherapists  of  the  center  B  will  be  in  charge  of  the  intervention,  they  will 

 need  to  know  how  the  equipment  works  and  have  the  basic  knowledge  about  the  good 

 running technique and recovery. 

 How : 

 The  running  sessions  will  be  applied  face-to-face  in  a  group  of  3  subjects  maximum 

 due to the sanitary condition supervised by one physiotherapist. 

 Where : 

 The  MIT  group  will  be  allocated  to  one  Physiotherapist’s  center  localized  at  less  than 

 30  minutes  to  the  hospital  of  St  Thomas  of  London.  Like  the  HIT  group,  the  treadmill  will  be  in 
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 a  ventilated  room  with  a  temperature  set  between  20°  and  25°  C.  The  patients  will  have  at 

 their disposal lockers, a cloakroom, and drinking water. 

 When and how much : 

 Participants  will  have  to  come  3  times  a  week  during  8  weeks  at  the  center  for  24 

 running  sessions.  The  patients  will  be  able  to  miss  at  least  2  sessions  among  the  24,  each 

 session  will  last  between  50  and  60  minutes.  The  sessions  should  be  spaced  at  least  one 

 day  off  and  the  schedule  will  be  adjusted  according  to  the  patient  and  the  physiotherapist. 

 There  will  be  no  difference  in  the  frequency  and  duration  of  sessions  between  the  two 

 groups.  To  increase  the  reliability  and  validity  of  the  results,  the  investigators  will  ask  the 

 subjects not to engage in physical activity outside the study. 

 STATISTICAL ANALYSIS 

 The  objective  of  the  study  is  to  determine  the  effect  of  aerobic  exercise  at  high 

 versus  low  intensity  on  interoception.  The  effect  of  aerobic  exercise  will  be  measured  with 

 the  6MWT  and  the  3  dimensions  of  Interoception  will  be  assessed  with  the  MAIA  2 

 (sensibility), HTT (sensitivity), AUC (Awareness). 

 The  data  of  the  MAIA  2,  HTT,  AUC  and  6MWT  will  be  continuous  and  normally  distributed. 

 The  data  analyst  will  express  them  in  mean  and  standard  deviation.  He  will  compare  the  2 

 groups  at  3  different  time  points  with  the  mean  score  of  the  MAIA  2  and  6MWT  using 

 ANOVA  to  determine  the  effect  of  HIT  versus  MIT  on  the  interoceptive  sensibility.  The  effect 

 of  HIT  versus  MIT  on  interoceptive  sensitivity  will  be  determined  by  comparing  the  groups 

 with  the  mean  score  of  HTT  and  6MWT  at  3  different  times  points  using  ANOVA.  To 

 determine  the  effect  of  HIT  vs  MIT  on  interoceptive  awareness,  the  data  analyst  will  use 

 ANOVA  by  comparing  the  2  groups  at  3  different  time  points  with  the  mean  of  the  AUC  and 

 the 6MWT of the subjects. 
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 CALENDAR 

 Study Period 

 Enrollment  Allocation  Baseline  Mid 
 intervention 

 End 
 Intervention 

 TIME-POINT  -T1  0  T0  T1  T2 

 ENROLLMENT 

 Eligibility screening  X 

 Medical history and 
 physical examination 

 X 

 HRrest 
 measurement 

 X 

 Informed consent  X 

 ALLOCATION  X 

 INTERVENTION 

 Intervention HIT 
 group 

 Intervention MIT 
 group 

 ASSESSMENT 

 MAIA 2  X  X  X 

 HTT  X  X  X 

 AUC  X  X  X 

 6MWT  X  X  X 

 Figure  :  Calendar  :  Resting  Heart  Rate  (HRrest),  High  Intensity  Training  (HIT);  Moderate 
 Intensity  Training  (MIT),  Multidimensional  Assessment  on  interoceptive  awareness  versions 
 2  (MAIA  2),  Heartbeat  Tracking  Task  (HTT),  Area  Under  ROC  Curve  (AUC),  6  Minutes 
 Walking Test (6MWT). 
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 ROLE OF THE INVESTIGATORS 

 10  professionals  will  take  part  in  this  study:  6  physiotherapists,  2  doctors,  1 

 independent researcher and 1 statistician. 

 The  doctors  will  be  in  charge  of  the  recruitment  of  the  patient.  They  will  need  to  call  the 

 patients  to  confirm  the  eligibility  criteria.  Once  the  criteria  are  met,  they  will  organize  an 

 appointment  to  perform  a  medical  check-up,  measure  the  heart  rate  of  the  patient  at  rest  as 

 well as have the informed consent signed. 

 The  independent  researcher  will  be  in  charge  of  the  anonymization  and  of  the  allocation 

 randomized in the two different centers. 

 Four  Physiotherapists  will  be  in  charge  of  the  intervention,  two  physiotherapists  per  group 

 and  per  center.  They  will  have  to  instruct  the  patient  about  the  utilization  of  the  materials  and 

 the  best  running  technique.  They  will  have  to  monitor  that  participants  are  performing  well  at 

 their  individual  THR.  The  physiotherapists  will  also  be  able,  at  the  request  of  the  patients,  to 

 practice  a  massage  session  per  week  in  order  to  reduce  muscular  tensions.  They  will  have 

 to schedule the sessions to fit as better as possible the schedule of the subjects. 

 Two  physiotherapists  from  the  sector  of  rehabilitation  of  the  St  Thomas  hospital  will  be  in 

 charge  of  the  outcomes  assessment.  They  will  need  to  complete  the  paper  dedicated  to  the 

 collection of data. They will be blind from the participants' allocation. 

 The  statistician  will  be  based  at  the  hospital  St  Thomas  of  London.  He  will  receive  and 

 analyze the data after the last assessment. 

 LIMITATION 

 The  major  limitation  of  the  trial  is  the  outcomes.  Interoception  being  a  new  emerging 

 concept,  few  studies  have  investigated  the  best  way  to  measure  it.  The  MAIA  2  was  created 

 in  2018,  there  are  few  studies  on  the  validity  and  reliability  of  questionnaires  on  healthy 

 populations.  The  self  reported  questionnaires  have  advantages  and  inherently 

 disadvantages,  subjects  may  not  understand  or  misunderstand  questions.  They  may  also 

 not  respond  truthfully,  wanting  to  affect  the  result  as  much  as  possible.  They  may 

 overestimate  his  interoceptive  sensitivity  with  the  MAIA  2.  In  addition,  it  is  difficult  to  collect 

 objective  data  on  interoception;  the  evaluation  of  interoceptive  sensitivity  with  HTT  showed 
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 low  validity,  being  based  only  on  the  sensitivity  of  the  heart.  The  patient  can  have  the 

 expectation or the knowledge of his own heartbeat at rest. 

 Another  limitation  of  this  study  is  the  compliance  of  the  participants.  Asking  a  subject  to  run  3 

 times  a  week  for  8  weeks  can  be  perceived  as  boring  and  very  repetitive.  Physiotherapists 

 will  need  to  organize  an  optimal  training  environment.  The  physiotherapists  should  inform  the 

 researchers  when  he  perceives  a  decrease  in  motivation  so  that  a  phone  meeting  can  be 

 considered to increase the subject's adherence. 

 The  lack  of  study  relating  to  interoception  and  physical  activity  can  be  seen  as  a  limitation.  It 

 will  need  further  research  to  confirm  the  correlation  by  explaining  how  aerobic  physical 

 activity  affects  interoception  and  if  running  on  a  treadmill  is  the  best  physical  exercise  to 

 improve the 3 dimensions of interoception. 

 RESOURCES 

 The resources will differ in function of the places : 

 Both  Physiotherapist’s  centers  will  need  to  have  at  least  3  treadmills,  drinking  water,  lockers 

 and cloakrooms. 

 The  St  Thomas  hospital  will  need  to  have  papers  to  print  the  informed  consent, 

 questionnaires  and  the  paper  with  the  result  of  the  data.  To  conduct  the  assessment  and  the 

 enrollment,  they  will  need  to  have  a  quiet  room  with  an  auscultation  table  with  roll  paper,  an 

 echocardiography  machine,  transducer,  sphygmomanometer,  stethoscope,  a  pulse 

 oximeter, a flat ground of a length of 30 meters, a chronometer and pencils. 
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