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 1.  INTRODUCTION 

 1.1  Pandemic Obesity 

 The  fact  that  the  world  has  an  obesity  pandemic  becoming  worse  in  recent 

 decades  is  widely  known  up  to  the  point  that  the  World  Health  Organiza�on  included 

 the  reduc�on  of  obesity  as  one  of  the  main  targets  of  the  Global  Ac�on  Plan  for  the 

 Preven�on  and  Control  of  Noncommunicable  Diseases  2013–2020.  1  Pediatric  obesity  is 

 the  star�ng  point  for  future  health  problems  2  ̶  cardiovascular  disease  (CVD),  type  2 

 diabetes  mellitus,  cerebrovascular  disease,  heart  failure  ̶  ,  so  the  iden�fica�on  of 

 subjects  at  significant  risk  is  an  urgent  task  to  avoid  future  irreversible  changes.  Spain  is 

 one  of  the  countries  with  the  highest  percentage  of  children  with  obesity  in  Europe 

 (7-13  years  old:  32%),  and  the  children’s  overweight  percentage  has  increased  by  38% 

 since  1990,  becoming  the  fastest  growth  rate  amongst  OECD  countries.  3  The 

 percentage  of  severe  obesity  in  childhood  is  not  well  known  in  Spain,  because  of  the 

 lack  of  consensus  on  its  defini�on:  Body  Mass  Index  (BMI)  +3.5  SD,  BMI  ≥35  kg/m  2  or 

 BMI  percentage  respect  to  the  95th  percen�le  of  120-140%  for  severe  obesity  and 

 >140% for morbid obesity. 

 9 



 INTRODUCTION 

 1.2  Obese Phenotypes 

 Some  prospec�ve  studies  have  described  a  group  of  individuals  with  obesity  as 

 having  metabolically  healthy  obesity  (MHO),  due  to  the  lack  of  overt  cardiometabolic 

 abnormali�es.  4  Despite  the  different  proposed  defining  criteria  for  this  condi�on,  5-7  the 

 MHO  prevalence  in  adults  has  been  es�mated  at  12%  in  European  countries  6  and 

 20-35%  in  children.  2  The  prevalence  among  children  and  adolescents  in  Catalonia, 

 where  our  study  was  conducted,  is  37%.  8  MHO  pa�ents  are  younger  and  with  a 

 peripheral  fat  distribu�on,  while  subjects  with  metabolically  unhealthy  obesity  (MUO) 

 present  increased  intra-abdominal  fat  mass,  liver  fat  content  and  infiltra�ve  fat  in 

 skeletal  muscle,  which  predispose  to  insulin-resistance  and  cardiometabolic  events. 

 Nevertheless,  while  MHO  is  associated  with  less  risk,  these  subjects  should  not  be 

 iden�fied  as  healthy  pa�ents  because  transi�on  to  MUO  over  �me  occurs  frequently.  4,9 

 Unfortunately,  there  are  few  studies  conducted  in  children  with  morbid  obesity  and  the 

 evalua�on  of  myocardial  index  in  MHO  compared  to  MUO  pa�ents  has  been  hardly 

 evaluated.  10 

 1.3  Cardiovascular Risk Factors in Obesity 

 Cardiovascular  diseases  are  the  main  cause  of  death  in  the  world  11  and,  if  the 

 trend  ini�ated  in  2000  con�nues,  CVD  will  also  become  the  main  cause  of  death  among 

 contemporary  children.  Obesity  is  a  mul�factorial  disease  that  includes  several 

 preceding  disorders  of  CVD,  such  as  high  blood  pressure  (BP),  insulin  resistance, 

 diabetes  and  dyslipidemia.  However,  the  majority  of  obese  children  present  a 

 pre-pathological condi�on. 
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 In  the  conven�onal  lipid  profile  (CLP),  the  increase  in  cholesterol  in  low-density 

 lipoproteins  (LDL-C)  has  been  demonstrated  as  one  of  the  most  important  factors 

 associated  with  CVD  risk,  12  but  the  role  of  high-density  lipoprotein  cholesterol  (HDL-C) 

 or  triglycerides  (TG)  remains  unclear.  13  Addi�onally,  the  remnant  cholesterol  –  a 

 deriva�ve  from  the  CLP  that  accounts  for  the  cholesterol  enclosed  in  the  very 

 low-density  lipoproteins  (VLDL),  intermediate-density  lipoproteins  (IDL)  and 

 chylomicrons  –  has  been  also  associated  with  increased  prevalence  of  ischemic  heart 

 disease  14  and  myocardial  infarc�on.  15  On  the  other  hand,  the  advanced  lipoprotein 

 tes�ng  (ALT),  assessed  by  proton  nuclear  magne�c  resonance  spectroscopy  (1H-NMR) 

 of  plasma,  provides  much  informa�on  about  lipoprotein  characteris�cs  as  it  quan�fies 

 the  concentra�on,  par�cle  size  and  composi�on  (cholesterol  or  TG)  of  each  lipoprotein 

 subclass.  Previous  studies  have  shown  how  in  situa�ons  of  apparent  normality,  specific 

 lipoprotein  altera�ons  are  highly  associated  with  future  CVD  events.  16-19  Thus,  the 

 concept  of  atherogenic  dyslipidemia  –  applied  to  subjects  with  hypo  HDL-C, 

 hypertriglyceridemia  and  normal  LDL-C,  but  increases  in  some  ALT  components  –  has 

 been associated with an elevated risk of CVD events.  20-22 

 Various  studies  have  evaluated  the  ALT  in  obese  adults  and  adolescents  and 

 established  its  u�lity  in  predic�ng  arterial  wall  changes,  coronary  heart  disease  or  CVD 

 events,  23-25  however  to  our  knowledge,  none  have  analyzed  which  ALT  components  are 

 closely associated with cardiac changes in obese adolescents. 
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 1.4  Le� Ventricular Changes in Obesity 

 It  has  been  demonstrated  that  obesity  increases  the  risk  of  heart  failure  and 

 CVD  in  adulthood,  26  and  that  adolescents  with  severe  obesity  present  elevated  risk  for 

 future  CVD.  27  Major  changes  noted  in  the  myocardium  of  subjects  with  obesity  during 

 childhood  include:  increased  le�  ventricle  (LV)  myocardial  mass  and  wall  thickness, 

 impaired  longitudinal  and  circumferen�al  strain  and  decreased  E/A  ra�o.  Pathological 

 LV  geometry  has  been  also  well  defined  in  children  with  obesity,  especially  in  cohorts 

 with  high  BMI  ranges,  and  in  adults  it  has  been  associated  with  early  mortality.  28,29 

 Two-dimensional  speckle  tracking  echocardiography  (2DSTE)  is  a  well  validated  and 

 reproducible  method  to  quan�fy  ventricular  func�on.  Strain  and  strain  rate  (SR) 

 evaluate  myocardial  deforma�on  and  provide  global  and  regional  cardiac  func�on 

 measurements.  Compared  with  LV  ejec�on  frac�on,  global  longitudinal  strain  (GLS)  has 

 a  superior  prognos�c  value  for  predic�ng  mortality  in  adults  and  exhibits  a  lower 

 variability in children.  30,31 

 Myocardial  changes  because  of  obesity  are  well  documented  in  adults. 

 However,  most  research  in  children  has  been  conducted  in  pa�ents  who  are 

 overweight  or  have  mild  obesity  and  there  are  few  studies  in  pediatric  popula�ons  with 

 morbid  obesity,  where  adverse  cardiometabolic  risk  factors  and  myocardial  dysfunc�on 

 are  more  expectable.  32,33  Furthermore,  the  evalua�on  of  myocardial  index  in  MHO 

 popula�on compared to MUO has generated dissimilar conclusions.  10,34 
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 1.5  Myocardial Tissue Characteriza�on 

 Obesity  and  some  of  its  comorbidi�es  such  as  hypertension  or  diabetes  mellitus 

 (DM)  are  pathologies  with  a  high  risk  of  developing  secondary  non-ischemic 

 cardiomyopathies  because  of  their  capacity  for  triggering  changes  in  the  myocardium 

 inters��um  –  characterized  by  fibroblast  ac�va�on,  myofibroblast  development, 

 inflamma�on  and  disrupted  forma�on  of  metalloproteinases  –  and  leading  to 

 modifica�ons  of  the  extracellular  matrix  (ECM)  as  well  as  intrinsic  myocardium 

 deteriora�ons.  35  The  non-ischemic  cardiomyopathy  final  stage  is  characterized  by  a 

 diffuse  myocardial  fibrosis,  which,  unlike  with  post-infarc�on  cardiomyopathy, 

 possesses a prolonged subclinical course before the onset of symptoms.  36 

 T1  mapping  is  a  cardiovascular  magne�c  resonance  (CMR)  technique  that 

 quan�fies  changes  to  the  ECM,  disrupted  as  a  result  of  diffuse  reac�ve  fibrosis, 

 myocardial  edema,  substance  deposits  or  myocardial  scars.  37-39  T1  mapping  has 

 demonstrated  its  value  in  assessing  myocardial  changes  in  pathologies  that  involve 

 inters��al  fibrosis.  40,41  Conversely,  when  cardiovascular  risk  factors  induce  myocardial 

 changes  but  no  underlying  cardiomyopathy,  the  na�ve  T1  �me  has  been  unaffected.  42 

 Therefore,  na�ve  T1  has  demonstrated  its  u�lity  in  differen�a�ng  cardiomyopathies 

 from  reac�ve  myocardial  changes  secondary  to  cardiovascular  risk  factors.  Moreover, 

 due  to  its  capacity  for  assessing  myocardium  inflamma�on  and  fibrosis,  na�ve  T1  could 

 be  a  useful  technique  for  evalua�ng  the  impact  of  obesity’s  low-grade  inflamma�on  in 

 the  myocardium  and  detec�ng  the  obese  pa�ents  at  higher  risk  of  developing  a 

 non-ischemic  cardiomiopathy.  43,44  However,  to  our  knowledge,  the  few  studies 
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 conducted  in  obese  adults  have  generated  opposite  conclusions  and  the  obese 

 pediatric popula�on has not been previously evaluated.  45,46 

 1.6  Fat Tissue Infiltra�on 

 The  adipose  �ssue  around  the  heart  is  interconnected  with  the  myocardium 

 and  has  the  ability  of  affec�ng  it  by  the  release  of  pro-inflammatory  molecules  such  as 

 cytokines  and  adipokines.  The  pericardial  fat,  defined  as  the  sum  of  the  epicardial  fat 

 (adipose  �ssue  enclosed  within  parietal  pericardium)  and  the  paracardial  fat  (adipose 

 �ssue  confined  between  the  chest  wall  and  the  pericardium),  has  previously  been 

 related  in  children  with  cardiovascular  risk  factors  and  cardiac  changes  47  however,  no 

 study has assessed its rela�onship with T1 mapping. 
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 RATIONALE FOR THIS RESEARCH 

 2.  RATIONALE FOR THIS RESEARCH 

 The  World  Health  Organiza�on  es�mated  in  2018  that  40%  of  children  in  Spain 

 were  overweight  or  obese.  This  percentage  is  one  of  the  highest  in  Europe  and  data  are 

 worsening  year  a�er  year.  The  number  of  obese  children  and  adolescents  in  the  world 

 increased  more  than  ten  �mes  from  11  million  in  1975  to  124  million  in  2016. 

 Addi�onally,  obese  adolescents  are  largely  unsuccessful  in  losing  weight  and  around 

 80%  will  s�ll  be  obese  in  adulthood.  It  is  es�mated  that  in  Spain  in  2030  the  overweight 

 and  obesity  rates  will  be  80%  in  men  and  55%  in  women,  crea�ng  an  addi�onal  cost  for 

 the healthcare system of 3,000 million euros. 

 This  project  evaluates  the  impact  of  obesity  on  the  cardiovascular  system 

 through  the  analysis  of  early  myocardial  changes  using  highly  sensi�ve  novel 

 techniques  –  Speckle  Tracking  echocardiography  and  na�ve  T1  mapping  –  and  the 

 quan�fica�on  of  cardiovascular  risk  by  low-grade  inflamma�on  specific  markers 

 combined  with  an  advanced  lipoprotein  test.  The  objec�ve  is  to  iden�fy  which 

 adolescents  with  obesity  are  at  higher  risk  of  developing  myocardial  changes  in  order 

 to  undertake  the  most  appropriate  preven�ve  interven�ons  so  as  to  avoid  future 

 irreversible cardiac damages. 
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 3.  HYPOTHESIS AND AIMS 

 3.1.  HYPOTHESIS  : 

 Morbidly  obese  adolescents  present  myocardial  changes  as  a 

 consequence  of  their  obesity.  These  changes  trigger  modifica�ons  in  the 

 myocardial  �ssue  and  are  related  to  a  specific  metabolic-inflammatory 

 pa�ern. 

 3.2.  OVERALL AIM  : 

 To  evaluate  the  le�  ventricular  func�on,  the  myocardial  �ssue  and  their 

 rela�onship  with  metabolic-inflammatory  pa�erns  in  adolescents  with 

 morbid obesity. 

 3.3.  SPECIFIC AIMS  : 

 3.3.1.  To  assess  the  le�  ventricle  geometry  and  func�on  by  standard 

 echocardiographic  measurements  and  advanced  evalua�on 

 methods: Tissue Doppler and Speckle Tracking. 
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 3.3.2.  To  define  the  applicability  of  obesity  phenotypes  in  morbidly 

 obese adolescents to predict le� ventricular changes. 

 3.3.3.  To  establish  the  metabolic-inflammatory  pa�ern  be�er  related 

 to  cardiac  changes  by  determining  cardiovascular  risk  factors, 

 inflammatory  markers  and  the  advanced  lipoprotein  test 

 measured by proton nuclear magne�c resonance spectroscopy. 

 3.3.4.  To  characterize  the  myocardial  �ssue  composi�on  by  using  T1 

 mapping  cardiovascular  magne�c  resonance  and  evaluate  its 

 usefulness  in  differen�a�ng  obese  subjects  at  high 

 cardiovascular risk. 

 3.3.5.  To  evaluate  the  fat  �ssue  content  in  heart  and  liver  by 

 quan�fying  the  pericardial  fat  volume  and  the  hepa�c  fat 

 frac�on. 
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 4.  METHODOLOGY 

 4.1  Study Popula�on and Flow Diagram 

 For  this  research  75  adolescents  of  both  genders  between  10  and  17  years  old 

 were  recruited.  Subjects  with  obesity  were  selected  from  endocrinology  clinics  of 

 par�cipa�ng  hospitals  and  control  par�cipants  were  recruited  from  healthy  volunteers 

 in  the  cardiology  and  sports  medicine  clinics.  Two  main  groups  were  iden�fied:  the 

 study  group  with  morbid  obesity  (SDS-BMI  ≥4;  n  =  48),  and  the  control  subjects  (BMI 

 5  th  -85  th  percen�le,  n  =  27)  according  to  tables  from  the  Barcelona  Longitudinal  Growth 

 Study  1995–2017.  48  The  control  group  adolescents  were  paired  by  age,  gender  and 

 Tanner stage, with ra�o 2 cases: 1 control, for minimizing the confounding effects. 

 Five  subjects  were  excluded  due  to  incomplete  basic  laboratory  or  image 

 parameters.  The  flow  diagram  in  Figure  1  shows  how  many  subjects  got  involved  in  the 

 different  projects carried out to achieve the objec�ves of this Thesis. 
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 Figure 1:  Flow diagram of subjects who got involved  in the study 

 4.2  Inclusion and Exclusion Criteria 

 Subjects with current infec�ous or recent acute inflammatory processes, history 

 of prematurity or birth weight <2000 g, and smokers or those with pathologies that 

 could change the arterial or myocardial wall  ̶  such as congenital heart disease, chronic 

 kidney disease, transplant, rheuma�c diseases, infec�on by HIV virus  ̶  were excluded. 

 Considering that some subjects were recruited in the sports clinic, weekly sport 

 hours were recorded. This poten�al confounding variable is poorly detailed in previous 

 studies involving adolescents, although the dura�on and intensity of regular sports 

 training can cause adap�ve LV structural remodeling. An appropriate threshold of 

 weekly sport hours was established according to some studies that defined a regular 
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 athlete when sport prac�ce is more than 9 hours per week.  49  Hence, subjects that 

 prac�ced >7 hours per week were excluded in this study. 

 Wri�en informed consent for par�cipa�on was obtained and the Ins�tu�onal 

 Review Board at Vall d’Hebron Hospital approved the protocol (PR-AMI-273/2018). All 

 subjects provided assent and informed consent had been signed by their parents/legal 

 guardians. 

 4.3  Studies Included 

 This Thesis includes data from three studies involving the same target 

 popula�on but with different evalua�ons to achieve the overall and specific aims. 

 I.  Le� ventricular geometry and func�on Study and obese phenotype 

 compara�ve Substudy  : Defines the LV geometry and  func�on and its 

 rela�onship with cardiovascular risk factors, and compares the cardiac 

 impairtment’s degree between both obese phenotypes. 

 II.  Lipoprotein par�cle profiles and cardiac involvement Study  : By way of 

 lipoprotein par�cle and inflammatory marker determina�ons defines what is 

 the  metabolic-inflammatory pa�ern be�er related to cardiac changes, BMI and 

 metabolic syndrome. 
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 III.  Myocardial �ssue characteriza�on and pericardial fat Study  : Evaluates the 

 na�ve T1 mapping, the pericardial fat volume and the hepa�c fat frac�on, and 

 their rela�onship with cardiovascular risk factors and inflammatory parameters. 
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 5.  LEFT VENTRICULAR GEOMETRY AND FUNCTION STUDY 

 This study has been published at: 

 Siurana  JM,  Ventura  PS,  Yeste  D,  Riaza-Mar�n  L,  Arciniegas  L,  Clemente  M, 

 Torres  M,  Amigó  N,  Giralt  G,  Roses-Noguer  F,  Sabaté-Rotés  A.  Myocardial 

 Geometry  and  Dysfunc�on  in  Morbidly  Obese  Adolescents  (BMI  35-40  kg/m  2  ). 

 Am J Cardiol. 2021;157:128-134. doi: 10.1016/j.amjcard.2021.07.026. 
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 6.  LIPOPROTEIN PARTICLE PROFILES AND CARDIAC INVOLVEMENT 

 STUDY 

 6.1  Introduc�on 

 Obesity  is  a  mul�factorial  disease  that  includes  several  preceding  disorders  of 

 CVD,  such  as  high  BP,  insulin  resistance,  diabetes  and  dyslipidemia.  However,  the 

 majority  of  obese  children  present  a  pre-pathological  condi�on,  therefore  iden�fying 

 which of them are at increased risk of developing CVD is a challenge for pediatricians. 

 In  the  conven�onal  lipid  profile,  the  increase  in  LDL-C  has  been  demonstrated 

 as  one  of  the  most  important  factors  associated  with  CVD  risk,  1  but  the  role  of  HDL-C  or 

 TG  remains  unclear.  2  Addi�onally,  the  remnant  cholesterol  –  a  deriva�ve  from  the  CLP 

 that  accounts  for  the  cholesterol  enclosed  in  the  VLDL,  IDL  and  chylomicrons  –  has 

 been  also  associated  with  increased  prevalence  of  ischemic  heart  disease  and 

 myocardial  infarc�on.  3,4  On  the  other  hand,  the  advanced  lipoprotein  tes�ng,  assessed 

 by  proton  nuclear  magne�c  resonance  spectroscopy  of  plasma,  provides  much 

 informa�on  about  lipoprotein  characteris�cs  as  it  quan�fies  the  concentra�on,  par�cle 

 size  and  composi�on  (cholesterol  or  TG)  of  each  lipoprotein  subclass.  Previous  studies 

 have  shown  how  in  situa�ons  of  apparent  normality,  specific  lipoprotein  altera�ons  are 

 highly  associated  with  future  CVD  events.  5-8  Thus,  the  concept  of  atherogenic 
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 dyslipidemia  –  applied  to  subjects  with  hypo  HDL-C,  hypertriglyceridemia  and  normal 

 LDL-C,  but  increases  in  some  ALT  components  –  has  been  associated  with  an  elevated 

 risk of CVD events.  9-11 

 Various  studies  have  evaluated  the  ALT  in  obese  adults  and  adolescents  and 

 established  its  u�lity  in  predic�ng  arterial  wall  changes,  coronary  heart  disease  or  CVD 

 events,  12-14  however  to  our  knowledge,  none  have  analyzed  which  ALT  components  are 

 closely  associated  with  cardiac  changes  in  obese  adolescents.  The  objec�ve  of  the 

 current  study  is  to  evaluate  the  ALT  and  its  rela�onship  with  cardiac  changes,  metabolic 

 syndrome  (MS)  and  inflammatory  markers  in  the  same  cohort  of  morbidly  obese 

 adolescents  with  normal  CLP  and  without  type  2  diabetes  mellitus  (T2-DM),  the  most 

 common scenario in obese adolescents. 

 6.2  Methodology 

 6.2.1  Study Popula�on 

 We  studied  67  adolescents  of  both  genders  between  10  and  17  years  old. 

 Subjects  with  morbid  obesity  were  recruited  from  endocrinology  clinics  and  control 

 par�cipants  were  recruited  from  healthy  volunteers  in  the  cardiology  and  sports 

 medicine clinics. 

 Subjects  with  current  infec�ous  or  recent  acute  inflammatory  processes,  history 

 of  prematurity  or  birth  weight  <2000  g,  and  smokers  or  those  whose  pathologies  could 

 affect  the  cardiovascular  system  –  such  as  congenital  heart  disease,  chronic  kidney 

 disease,  transplant,  rheuma�c  diseases,  and  HIV  infec�on  –  were  excluded.  Similarly, 

 32 



 LIPOPROTEIN PARTICLE PROFILES AND CARDIAC INVOLVEMENT STUDY 

 obese  subjects  with  T2-DM  and  control  subjects  who  prac�ced  >7  weekly  sport  hours, 

 a threshold explained in our previous study,  15  were  also excluded in this analysis. 

 Subjects  were  classified  depending  on  the  degree  of  cardiac  involvement  and 

 three  groups  were  established:  no  cardiac  changes  (n  =  25),  formed  by  control  and 

 obese  adolescents  without  LV  changes;  mild  cardiac  changes  (n  =  17),  consis�ng  of  15 

 obese  adolescents  with  LV  remodeling  and  2  control  adolescents  with  border  systolic 

 dysfunc�on;  and  severe  cardiac  changes  (n  =  25),  cons�tuted  by  morbidly  obese 

 adolescents  with  LV  remodeling  and  systolic  dysfunc�on,  based  on  the  threshold  below 

 defined.  For  the  second  analysis,  subjects  were  reclassified  according  to  their  BMI, 

 calculated  from  tables  of  the  Barcelona  Longitudinal  Growth  Study  1995–2017,  16  in  two 

 groups:  subjects  with  morbid  obesity  (SDS-BMI  ≥4;  n  =  42),  and  with  normal  weight 

 (BMI  5th-85th  percen�le,  n  =  25).  Finally,  the  last  classifica�on  of  subjects  was 

 performed  on  the  base  of  MS  criteria  from  Cook  et  al,  17  iden�fying  two  groups: 

 subjects without MS (n = 53), and with MS (n = 14). 

 Wri�en  informed  consent  for  par�cipa�on  was  obtained  and  the  Ins�tu�onal 

 Review  Board  at  Vall  d’Hebron  Hospital  approved  the  protocol  (PR-AMI-273/2018).  All 

 subjects  provided  assent  and  an  informed  consent  was  signed  by  their  parents/legal 

 guardians. 

 6.2.2  Clinical and Laboratory Assessment 

 Demographic  data  of  age,  gender  and  clinical  status  were  obtained  from  pa�ent 

 anamnesis.  Blood  pressure  was  obtained  using  a  Welch  Allyn  Spot  Vital  Signs  Monitor 

 33 



 LIPOPROTEIN PARTICLE PROFILES AND CARDIAC INVOLVEMENT STUDY 

 (4200B,  Hillrom,  Batesville,  Indiana)  a�er  subjects  had  rested  for  5  minutes,  in  a  supine 

 posi�on  and  with  an  appropriately  sized  cuff  giving  measured  mid-arm  circumference, 

 according  to  the  criteria  of  the  European  Society  of  Hypertension,  18  which  also  defines 

 the high BP values by age and gender. 

 EDTA  blood  samples  were  obtained  at  the  �me  of  enrollment  at  the 

 par�cipa�ng  hospitals  in  the  morning  a�er  at  least  8  hours  of  fas�ng.  Samples  for 

 lipoprotein  par�cle  analysis  were  aliquoted,  stored  in  liquid  nitrogen  (−80°C)  and 

 shipped  on  dry  ice  to  Biosfer  Teslab,  where  the  ALT  was  measured  by  1H-NMR 

 spectroscopy,  based  on  the  LipoScale  test®.  19  For  each  main  lipoprotein  class  (VLDL, 

 LDL  and  HDL)  we  obtained  large,  medium  and  small  subclass  par�cle  concentra�ons, 

 mean  par�cle  size  and  composi�on.  Addi�onally,  tests  performed  on  blood  samples 

 from  all  subjects  were:  fas�ng  glycemia  and  insulin,  glycated  hemoglobin  and  the  CLP 

 (total  cholesterol,  HDL-C,  LDL-C  and  TG).  To  evaluate  insulin  resistance,  the  homeostasis 

 model  assessment  of  insulin  resistance  (HOMA-IR)  was  calculated  using  the  equa�on: 

 fas�ng  insulin  (µU/ml)  ×  fas�ng  glucose  (mmol/l)  /  22.5.  Inflamma�on  markers 

 evaluated  were  highly-sensi�ve  C-reac�ve  protein  (hs-CPR)  and  an  NMR  derived 

 glycoprotein  biomarker,  termed  GlycA,  arising  from  the  concentra�on  of  the  acetyl 

 groups  of  N-acetylglucosamine  and  N-acetylgalactosamine  bond  to  plasma�c  proteins. 

 Glyc  A  is  able  to  detect  low-grade  chronic  inflamma�on  in  obesity  and  insulin 

 resistance’s disorders,  20-22  and in atherosclerosis  progression.  23 

 6.2.3  Echocardiographic Image Acquisi�on and Analysis 
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 Pa�ents  were  examined  using  a  Vivid  S60  commercial  ultrasound  scanner  (GE 

 Vingmed  Ultrasound  AS,  Horten,  Norway)  with  a  phased-array  transducer  (GE  3-MHz; 

 GE  Vingmed  Ultrasound  AS).  Images  were  obtained  at  rest  in  the  supine  or  le�  lateral 

 decubitus  posi�on  in  the  standard  tomographic  views  of  the  LV  (parasternal  long  and 

 short  axis  and  apical  4-chamber,  2-chamber,  and  long-axis  views).  All  echocardiographic 

 images  were  obtained  prospec�vely  by  an  experienced  pediatric  cardiologist,  according 

 to the criteria of the American Society of Echocardiography (ASE).  24 

 To  evaluate  the  LV  geometry,  rela�ve  wall  thickness  (RWT)  and  LV  mass  were 

 calculated  using  LV  linear  dimensions  and  following  the  recommenda�on  of  ASE.  24  The 

 LV  mass  was  determined  by  the  adjusted  Devereux’s  equa�on  and  the  resultant  value 

 was  indexed  to  height  to  the  power  of  2.7  (LVMI,  g/m  2.7  ).  LV  geometry  was  categorized 

 as  normal  or  pathological  (concentric  remodeling,  eccentric  hypertrophy  and 

 concentric  hypertrophy)  considering  the  following  cutoff  values  (95  th  percen�le  in  the 

 pediatric  popula�on):  LVMI  >45  g/m  2.7  in  males  and  >40  g/m  2.7  in  females,  25  and  RWT 

 >0.41.  26 

 The  LV  func�on  was  determined  by  two-dimensional  speckle  tracking 

 echocardiography,  a  well-validated  and  precise  method  to  quan�fy  ventricular  func�on 

 with  lower  variability  than  LV  ejec�on  frac�on  in  pediatric  pa�ents.  27  Strain  and  strain 

 rate  (SR)  were  calculated  according  to  the  criteria  of  the  ASE  24  and  the  European 

 Associa�on  of  Cardiovascular  Imaging.  27  Two-dimensional  video  loops  were  obtained 

 for  each  pa�ent  in  apical  four,  three,  and  two-chamber  views,  acquiring  images  at  a 

 frame  rate  of  >65  frames/s.  Offline  image  processing  was  performed  using  EchoPAC 

 (version  11.2,  GE  Vingmed  Ultrasound,  Horten,  Norway).  A�er  manually  tracing  along 
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 the  endomyocardial  border,  the  so�ware  automa�cally  generated  the  epicardial  border 

 and  the  six  segments,  which  were  accepted  a�er  a  visual  inspec�on.  To  determine  SR 

 and  midline  strain,  at  least  17  out  of  18  segments  had  to  be  included.  Measured 

 parameters  were  LV  end-systolic  global  longitudinal  strain  (GLS,  %)  and  LV  early 

 diastolic  global  longitudinal  SR  (early  GLSR,  1/sec).  Resultant  values  were  calculated  by 

 adding  the  strain  of  all  accepted  segments  and  dividing  the  value  by  the  total  number 

 of  segments.  The  GLS  cutoff  value  which  defined  systolic  dysfunc�on  in  this  study  was 

 -16.7%,  which  corresponds  to  the  lowest  GLS  value  reported  in  a  meta-analysis  of  LV 

 strain measures by echocardiography in children.  28 

 6.2.4  Sta�s�cal Analysis 

 Data  from  the  study  were  analyzed  using  descrip�ve  sta�s�cs.  Quan�ta�ve 

 results  were  expressed  as  median  and  25-75  interquar�le  range,  while  qualita�ve  or 

 dichotomous  variables  were  expressed  as  percentages.  Chi-square  test  (χ  2  )  and  Fisher’s 

 exact  test  were  used,  according  to  the  size  and  characteris�c  of  qualita�ve  variables,  to 

 compare  propor�ons  and  to  study  rela�onships  between  them.  The  comparison 

 between  two  quan�ta�ve  variables  was  made  by  the  nonparametric  Mann-Whitney  U 

 test.  To  es�mate  correla�ons  between  parameters,  the  Pearson  and  Spearman's  Rho 

 correla�on  coefficients  were  calculated  as  appropriate  for  the  type  of  the  data.  Data 

 was  analyzed  by  using  IBM  SPSS  Sta�s�cs  for  Windows,  version  23.0  (IBM  Corp., 

 Armonk, N.Y.) and values of p<0.05 were considered significant. 

 A  three-step  mul�variate  analysis  was  applied  to  iden�fy  important  variables 

 and  pa�erns  that  allowed  dis�nguishing  between  the  three  cardiac  involvement 
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 groups.  In  the  first  step,  we  applied  three  sta�s�cal  approaches  to  iden�fy  the 

 variables  that  make  the  largest  contribu�ons  to  the  discrimina�on  between  groups. 

 These  approaches  include  the  Wilcoxon  rank-sum  test,  the  Random  Forest,  and  the 

 Par�al  Least  Squares  discriminant  analysis  (PLS-DA).  Those  variables  that  resulted 

 significant  with  a  p-value  <0.05  were  selected  as  the  candidate  for  the  Wilcoxon 

 rank-sum  test,  and  the  5-10  most  important  variables  were  determined  by  the  variable 

 importance  score  or  the  variable  importance  in  projec�on  (VIP)  score  using  the 

 Random  Forest  or  the  PLSA-DA,  respec�vely.  To  avoid  overfi�ng,  10-fold 

 cross-valida�on  was  performed.  In  the  second  step,  by  using  a  Venn  diagram  we 

 selected  the  most  prominent  variables  and  those  that  will  be  included  in  the  model  by 

 determining  those  that  overlap  by  the  sta�s�cal  approaches.  In  the  third  step,  we  used 

 the  Principal  Component  Analysis  (PCA)  as  an  unsupervised  method  to  visualize  the 

 capacity  of  the  selected  variables  to  drive  group  separa�on.  Ellipses  in  PCA  represent 

 90%  confidence  intervals  around  the  centroid  of  each  data  cluster.  Finally,  we  built  a 

 linear  fi�ng  model,  and  by  compu�ng  the  area  under  the  curve  (AUC)  and  the  95% 

 confidence  interval  of  a  receiver  opera�ng  characteris�cs  (ROC)  curve  we  evaluated 

 and  quan�fied  how  accurately  the  selected  variables  were  able  to  discriminate 

 between  groups.  Pa�ents  were  randomly  assigned  to  training  (60%)  and  test  (40%) 

 sets.  We  performed  10-fold  cross-valida�on  with  100  replicates  on  the  training  data 

 during  the  model  construc�on  process  and  tested  the  model  on  the  hold-out  data. 

 Analysis  was  performed  using  the  R  sta�s�cal  so�ware  version  4.1.1  (Chapman  & 

 Hall/CRC Computa�onal Biology Series). 
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 6.3  Results 

 A  total  of  42  adolescents  with  obesity  and  25  adolescents  without  obesity, 

 age-matched,  were  included  in  our  study.  No  subject  was  excluded,  although  HbA1c 

 was  not  registered  in  ten  subjects  of  the  obese  group  and  hs-CPR  values  were  missed  in 

 one  control  and  three  obese  subjects.  Main  clinical,  laboratory  and  echocardiographic 

 data  from  the  three  cardiac  groups  are  summarized  in  Table  1.  No  significant 

 differences  were  noted  in  age,  but  most  obese  subjects  were  classified  in  the  mild  or 

 severe  cardiac  change  groups.  However,  the  significant  increase  observed  in  BP, 

 HOMA-IR  and  inflamma�on  markers  among  the  three  groups  suggests  a  rela�onship 

 between  the  severity  of  cardiac  changes  and  the  worsening  in  CV  risk  factors,  except  in 

 the  conven�onal  lipid  profile,  where  no  differences  were  found  among  both  groups 

 with  cardiac  changes.  In  contrast,  significant  differences  were  detected  in  the  ALT 

 (Table  1),  and  a  pathological  phenotype  related  to  cardiac  changes  was  defined  (Figure 

 1):  increases  in  concentra�ons  of  total  VLDL-P,  large  VLDL-P,  total  LDL-P,  small  LDL-P, 

 ra�o  LDL-P/HDL-P,  and  HDL  lipid  composi�on  (ra�o  HDL-TG/HDL-C),  and  decreases  in 

 concentra�ons of total HDL-P and medium HDL-P, and in the LDL size. 

 Data  of  LV  geometry  and  speckle  tracking  determina�ons  from  the 

 echocardiographic evalua�on are summarized in Supplemental Table S1. 

 Table  2  shows  the  clinical  characteris�cs,  laboratory  parameters  and  ALT  of 

 subjects  classified  by  obesity  index.  The  obese  subjects  exhibited,  in  addi�on  to  the 

 pathological  ALT  phenotype  observed  in  subjects  with  cardiac  changes,  a  mild,  though 

 significant,  difference  in  the  concentra�on  of  HDL-C  (52  vs  44  mg/dL,  p<0.01), 

 triglycerides  (77  vs  91  mg/dL,  p<0.01)  and  remnant  cholesterol  (19.1  vs  23.9  mg/dL, 
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 p0.01)  (Figure  1).  Finally,  data  of  subjects  categorized  by  MS  criteria  are  summarized  in 

 Table  3.  Obese  adolescents  who  accomplished  MS  criteria  showed  overall  worse  BP, 

 insulin  resistance  and  hs-CPR  values  than  any  of  the  previous  groups.  Their  CLP  was 

 characterized  by  marked  differences  in  triglycerides  (78  vs  124  mg/dL,  p<0.01)  and 

 remnant  cholesterol  (19.6  vs  30.3  mg/dL,  p<0.01),  while  the  ALT  was  characterized  by 

 significant  increases  in:  total  VLDL-P,  large  VLDL-P,  ra�o  LDL-P/HDL-P  and  HDL  lipid 

 composi�on (ra�o HDL-TG/HDL-C) (Figure 1). 

 Correla�on  analysis  between  ALT  components  and  variables  of  LV  geometry  and 

 func�on,  HOMA-IR  and  inflammatory  markers  are  summarized  in  Table  4.  The  ra�os 

 LDL-P/HDL-P  and  HDL-TG/HDL-C  were  the  variables  be�er  correlated  to  cardiac 

 changes  as  well  as  to  insulin  resistance  and  inflamma�on  parameters.  Moreover, 

 considering  the  specific  subclasses  of  lipoprotein  par�cles,  the  results  indicated  that 

 large  VLDL-P,  small  LDL-P  and  total  HDL-P  (inversely)  subclasses  have  the  best 

 correla�on  to  LV  remodeling  and  systo-diastolic  dysfunc�on,  while  lipoprotein  par�cles 

 rich  in  triglycerides  (VLDL-P  and  TG-enriched  HDL)  had  the  highest  associa�on  with 

 HOMA-IR.  Lastly,  total  HDL-P  and  small  LDL-P  were  par�cles  related  with  hs-CPR  values, 

 whereas  GlycA  proved  to  be  be�er  correlated  with  every  component  of  the  ALT,  so  this 

 inflammatory  marker  was  chosen  for  the  mul�variable  analysis.  Correla�on  analysis 

 between  ALT  and  CLP  components  are  summarized  in  Supplemental  Table  S2. 

 Triglycerides appeared par�cularly associated with VLDL-P and large HDL-P. 

 The  final  mul�variable  model  with  the  largest  AUC  (0.79  [95%  CI:  0.54-1])  for 

 dis�nguishing  mild  cardiac  change  subjects  from  those  with  severe  cardiac  changes 

 iden�fied  the  following  pa�ern:  HOMA-IR,  GlycA,  VLDL-diameter  and  large  HDL-P 
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 (Figure  2).  In  contrast,  for  differen�a�ng  normal  heart  subjects  from  those  with  severe 

 cardiac  changes  the  largest  AUC  (0.91  [95%  CI:  0.74-1])  resulted  from  the  following 

 variables:  BMI  standard  devia�on,  HOMA-IR,  systolic  BP,  diastolic  BP,  GlycA,  small 

 VLDL-P,  small  LDL-P  and  ra�o  HDL-TG/HDL-C  (Figure  3).  Addi�onally,  ROC  curves  with 

 only  tradi�onal  CV  risk  factors  (BMI  standard  devia�on,  HOMA-IR,  systolic  and  diastolic 

 BP)  were  developed  to  assess  the  usefulness  of  lipoprotein  subclasses  and  glycoprotein 

 A  in  the  mul�variable  diagnos�c  model.  Figure  4  shows  the  compara�ve  ROC  curve 

 analysis. 

 Reproducibility  of  echocardiographic  parameters  has  been  demonstrated 

 previously, showing good intraclass correla�on coefficients.  15 

 6.4  Discussion 

 This  study  showed  that  morbidly  obese  adolescents  with  LV  changes  presented 

 a  pathological  phenotype  in  the  ALT  despite  exhibi�ng  normal  values  in  the  CLP  (Figure 

 1).  Large  VLDL-P,  small  LDL-P  and  total  HDL-P  were  the  subclasses  more  closely  related 

 to  cardiac  changes,  while  ra�os  which  highlighted  the  excess  of  VLDL-P  and  LDL-P  in 

 rela�on  to  HDL-P  appeared  to  be  the  variables  more  closely  associated  with  severity  in 

 the  LV  changes.  Furthermore,  when  obese  adolescents  were  classified  by  MS  criteria  or 

 obesity  index,  the  resul�ng  ALT  was  determined  by  the  high  triglyceridemia  of  these 

 subjects,  and  hence,  predominated  TG-enriched  lipoproteins,  like  VLDL  and 

 TG-enriched  HDL  (Figure  1).  Addi�onally,  the  inflammatory  markers  exhibited  a 

 correla�on  with  the  aforemen�oned  pathological  ALT  and  especially  with  lower  levels 

 of  total  HDL-P  and  an  altered  LDL  subclass  distribu�on,  moved  to  the  smallest  LDL 
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 subclass.  Finally,  mul�variable  models  showed  the  relevance  of  VLDL-diameter  and 

 large  HDL-P  —  as  well  as  BP,  insulin  resistance  and  inflamma�on  —  in  the  changes 

 observed  in  obese  adolescent’s  hearts.  Our  results  have  highlighted  the  importance  of 

 ALT  and  GlycA  as  differen�a�ng  indicators  of  cardiac  severity  in  adolescents  with  a 

 similar  degree  of  obesity,  where  minimum  differences  exist  in  BMI,  BP  or  insulin 

 resistance levels. 

 Previous  studies  performed  in  obese  or  diabe�c  children  have  shown  similar 

 results.  Thus,  the  most  frequently  reported  ALT  was  defined  by  increases  of  small  LDL-P 

 and VLDL-P and decreases of LDL size and large-medium HDL-P.  12,29-31 

 VLDL  are  the  main  carriers  of  plasma�c  triglycerides,  and  hence  appear 

 par�cularly  increased  in  subjects  with  hypertriglyceridemia.  In  contrast,  LDL  are 

 cholesterol-enriched  lipoproteins  and  their  concentra�on  is  not  so 

 triglyceride-dependent,  however  in  hypertriglyceridemia  condi�ons  the  LDL  par�cles 

 have  been  found  to  be  smaller  and  composi�onally  cholesterol-depleted.  32  The  small 

 LDL  subclass  possesses  an  increased  atherogenicity  –  on  account  of  mechanisms  like 

 endothelial  barrier  crossing  facility  or  oxida�on  suscep�bility  32  –  and  it  has  been 

 postulated  as  a  predictor  risk  factor  for  coronary  heart  disease.  33  Similarly,  the 

 relevance  of  LDL-P  concentra�on  to  predict  future  CVD  events  rather  than  LDL-C  has 

 been  also  documented  in  the  Framingham  Offspring  Study,  5  where  the  highest  risk  was 

 a�ributed  to  subjects  with  high  LDL-P  and  low  LDL-C.  Our  study,  performed  in  a 

 popula�on  with  low  LDL-C,  has  shown  a  significant  increase  in  the  small  LDL  subclass  in 

 the  obese  group.  Addi�onally,  in  the  descrip�ve  sta�s�cs,  the  la�er  seemed  to  be  the 

 best  differen�a�ng  lipoprotein  subclass  between  subjects  with  severe  cardiac  changes 
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 and  those  with  mild  or  no  cardiac  changes,  having  been  found  to  be  correlated  with  LV 

 remodeling,  systo-diastolic  dysfunc�on,  insulin  resistance  and  inflamma�on. 

 Concerning  triglyceride  levels,  a  strong  posi�ve  correla�on  was  found  with  all  VLDL 

 subclasses  and  large  HDL-P,  but  apparently,  their  levels  were  independent  of  the  small 

 LDL-P  subclass,  as  reported  in  the  Framingham  Offspring  Study.  Regarding  VLDL-P, 

 greater  significant  differences  were  noted  in  adolescents  with  obesity  and  metabolic 

 syndrome,  especially  in  large  and  small  subclasses,  and  VLDL  diameter  seemed  to  be 

 useful  to  differen�ate  levels  of  cardiac  involvement.  The  hypersecre�on  of  large 

 VLDL-P,  as  a  result  of  overnutri�on  and  insulin  resistance,  has  been  previously 

 proposed as a key pathological mechanism in atherogenic dyslipidemia.  34,35 

 Cardioprotec�ve  func�ons  of  HDL  include,  in  addi�on  to  the  reverse  cholesterol 

 transport  to  the  liver,  the  inhibi�on  of  LDL  oxida�on  and  an�-inflammatory  ac�ons  in 

 the  endothelium.  36,37  However,  in  condi�ons  of  hypertriglyceridemia  and  insulin 

 resistance,  the  overs�mulated  cholesteryl-ester-transfer  protein  enriches  HDL 

 composi�on  in  TG  by  means  of  exchanging  TG  by  cholesteryl  esters  with  other 

 lipoprotein  subclasses.  38-40  Consequently,  TG-enriched  HDL  have  their  beneficial 

 features  reduced  –  in  T2-DM  pa�ents  by  up  to  52%  of  the  HDL  an�oxida�ve  capacity  41 

 –  and  have  been  associated  with  atheroma  plaque  forma�on.  42  Our  results  have 

 highlighted  the  prevalence  of  TG-enriched  HDL  among  par�cipants  with  cardiac 

 changes  and  especially  in  those  with  MS,  as  well  as  a  rela�onship  between  TG-enriched 

 HDL  and  LDL  and  the  insulin  resistance.  Hence,  the  HDL’s  cardioprotec�ve  func�on 

 might be decreased in these subjects. 
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 Furthermore,  a  reduced  number  of  total  and  medium  HDL-P  concentra�on  and 

 size  has  been  associated  with  higher  CVD  risk  in  adults,  43,44  and  previous  studies 

 conducted  in  obese  adolescents  with  insulin  resistance  or  T2-DM  noted  a  significant 

 decrease  in  large  HDL-P.  45  Nevertheless,  these  findings  were  not  reproduced  in  the 

 descrip�ve  analysis  of  our  cohort,  where  the  significant  reduc�on  was  shown  in  the 

 total  HDL-P  concentra�on,  without  significant  dis�nc�ons  between  the  subclasses, 

 however  the  large  HDL-P  reduc�on  was  iden�fied  as  a  differen�a�ng  factor  between 

 mild  and  severe  cardiac  changes  in  the  mul�variable  analysis,  which  gives  prominence 

 to the widely recognized role of smaller diameter HDL in CVD.  46 

 Remnant  cholesterol  marks  the  overall  load  of  TG-rich  lipoproteins  (VLDL  and 

 IDL),  which  in  situa�ons  of  hypertriglyceridemia  can  carry  as  much  or  more  cholesterol 

 than  LDL.  47  How  it  interacts  in  the  atherosclerosis  physiopathology  is  s�ll  unclear  but  its 

 associa�on  with  CVD,  as  a  factor  related  to  coronary  artery  disease,  has  been 

 established  and  an  increased  risk  –  up  to  2.7  �mes  in  concentra�ons  ≥39  mg/dL  –  has 

 been  reported  as  independent  of  obesity.  4  The  highest  remnant  cholesterol  values  in 

 the  present  study  were  near  to  this  hypothe�cal  threshold  and  belonged  to  obese 

 adolescents  with  metabolic  syndrome,  who  also  were  the  subjects  with  the  highest 

 triglycerid  levels.  However,  a  close  rela�onship  with  cardiac  changes  was  not 

 demonstrated. 

 This  study  has  some  limita�ons.  The  cross-sec�onal  design  and  small  sample 

 size  limit  the  extrac�on  of  causal  conclusions.  The  criteria  for  the  degrees  of  cardiac 

 involvement  have  been  defined  by  the  authors  and  have  not  been  previously  tested  in 

 other  publica�ons.  They  are  based  on  the  concept  that  severity  increases  with  the 
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 addi�on  of  cardiac  changes,  from  only  LV  remodeling  to  systolic  dysfunc�on  in  the 

 obese  subjects,  defined  by  GLS,  a  widely  studied  parameter  linked  to  mortality.  48  The 

 diastolic  func�on  was  not  included  in  the  group  defini�on  criteria  because  of  the  lack 

 of  a  single  parameter  for  its  iden�fica�on,  but  the  early  GLSR  was  incorporated  to  the 

 correla�on analysis instead. 

 6.5  Conclusions 

 In  conclusion,  our  results  have  shown  that  morbidly  obese  adolescents  present 

 an  atherosclero�c  ALT  despite  showing  no  pathological  concentra�ons  in  the 

 conven�onal  lipid  profile.  Furthermore,  when  these  obese  adolescents  are  classified  by 

 the  degree  of  cardiac  change,  ALT  and  GlycA  appear  to  provide  more  reliable  indicators 

 of severity than tradi�onal CV risk factors as BMI, BP or insulin resistance. 

 6.6  Tables and Figures 
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 Table  2:  Clinical  and  laboratory  characteris�cs  of  subjects  depending  on  body  mass  index 

 groups. 

 Variable 
 Non-obese 

 (N = 25) 
 Obese 

 (N = 42) 
 P value 

 Age (years)  14 [13-15]  14 [13-15]  0.72 

 Male  52 %  33 %  0.19 

 BMI (kg/m  2  )  19.4 [17.9-22.1]  36.8 [34.3-39.8]  <0.01 

 BMI SD  -0.2 [-0.9-0.7]  7.5 [6.4-8.5]  <0.01 

 Waist circumference (cm)  69 [65-74]  111 [102-120]  <0.01 

 SBP (mmHg)  108 [101-118]  124 [118-134]  <0.01 

 DBP (mmHg)  60 [60-68]  74 [65-78]  <0.01 

 LABORATORY PARAMETERS 

 Fas�ng glucose (mg/dL)  76 [71-84]  83 [75-89]  0.01 

 HbA1c (%)  (N=57)  5.2 [5.1-5.5]  5.3 [5.2-5.5]  0.21 

 HOMA-IR  1.2 [1.0-1.7]  5 [3.6-7.9]  <0.01 

 Classical lipid profile 

 Total Cholesterol (mg/dL)  180 [164-191]  178 [156-197]  0.61 

 LDL-C (mg/dL)   102 [90-115]  105 [91-118]  0.60 

 HDL-C (mg/dL)  52 [48-61]  44 [41-49]  <0.01 

 Triglycerides (mg/dL)  77 [60-90]  91 [72-130]  <0.01 

 Remnant cholesterol (mg/dL)  19.1 [14.1-22.5]  23.9 [18.0-36.3]  0.01 

 Inflammatory markers 

 Highly-sensi�ve C-reac�ve 
 protein (mg/dL)  0.02 [0.01-0.05]  0.22 [0.13-0.45]  <0.01 

 Glycoprotein A (µmol/L)  620 [583-687]  802 [705-938]  <0.01 

 LIPOPROTEIN PARTICLES 

 VLDL-P (nmol/L) 

 Total  30.0 [25.5-40.7]  42.8 [31.5-63.7]  <0.01 

 Large  0.8 [0.7-1.2]  1.3 [0.9-1.6]  <0.01 

 Medium  3.7 [2.8-5.4]  4.6 [3.0-6.5]  0.07 

 Small  26.1 [22.4-33.6]  37.3 [27.3-55.6]  <0.01 

 LDL-P (nmol/L) 

 Total  1023.6 [904.7-1136.9]  1096.5 [977.4-1196.7]  0.13 

 Large  165.1 [150.6-183.3]  164.4 [145.2-182.5]  0.72 

 Medium  300.4 [225.2-356.3]  332.1 [249.9-384.6]  0.37 

 Small  560.0 [517.1-607.0]  616.2 [527.3-676.3]  0.01 

 HDL-P (µmol/L) 
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 Total  27.0 [24.2-30.1]  24.2 [21.7-26.4]  <0.01 

 Large  0.2 [0.2-0.3]  0.2 [0.2-0.3]  0.01 

 Medium  9.6 [8.7-10.9]  8.9 [7.9-9.4]  0.01 

 Small  17.3 [14.8-19.2]  17.8 [12.8-17.0]  <0.01 

 Size (nm) 

 VLDL size  42.3 [42.2-42.4]  42.2 [42.0-42.4]  0.37 

 LDL size  21.1 [21.0-21.2]  21.0 [20.9-21.1]  0.05 

 HDL size  8.3 [8.2-8.3]  8.3 [8.2-8.3]  0.12 

 Composi�on 

 Ra�o VLDL-TG/VLDL-C  3.7 [3.4-3.9]  3.9 [3.5-4.2]  0.24 

 Ra�o IDL-TG/IDL-C  1.2 [1.1-1.4]  1.1 [1.1-1.3]  0.04 

 Ra�o LDL-TG/LDL-C  0.1 [0.1-0.1]  0.1 [0.1-0.2]  0.02 

 Ra�o HDL-TG/HDL-C  0.2 [0.2-0.3]  0.3 [0.2-0.4]  <0.01 

 Ra�o LDL-P/HDL-P  37.1 [31.7-45.2]  46.2 [38.9-51.8]  <0.01 

 Non-HDL-P (nmol/L)  1034.7 [915.5-1163.1]  1127.8 [1002.7-1245.4]  0.06 

 Values  expressed  in  median  and  25-75%  IQR;  P  value  calculated  by  non-parametric  Mann-Whitney  U  test; 
 Dichotomous  variables  (Fisher  exact  test);  BMI,  Body  Mass  Index;  SD,  Standard  devia�on;  SBP,  Systolic  blood  pressure; 
 DBP, Diastolic blood pressure; HOMA-IR, Homeosta�c model assessment insulin resistance  . 
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 Table  3:  Clinical  and  laboratory  characteris�cs  of  subjects  depending  on  metabolic 

 syndrome (MS) diagnosis. 

 Variable  No MS (<3 factors) 
 (N=53) 

 MS (≥3 factors) 
 (N=14)  P value 

 Age (years)  14 [13-15]  14 [13-15]  0.82 

 BMI (kg/m  2  )  32.1 [19.4-37.0]  38.1 [35.9-43.0]  <0.01 

 BMI SD  5.7 [-0.1-7.5]  7.9 [6.5-10.3]  <0.01 

 SBP (mmHg)  118 [106-122]  131 [126-144]  <0.01 

 DBP (mmHg)  67 [59-74]  77 [69-80]  <0.01 

 LABORATORY PARAMETERS 

 Fas�ng glucose (mg/dL)  79 [72-86]  84 [82-89]  0.02 

 HbA1c (%) (N=57)  5.3 [5.1-5.5]  5.4 [5.1-5.6]  0.51 

 HOMA-IR  2.3 [1.3-4.7]  7.4 [4.2-8.9]  <0.01 

 Classical lipid profile 

 Total Cholesterol (mg/dL)  176 [164-193]  188 [164-207]  0.18 

 LDL-C (mg/dL)  103 [90-117]  105 [95-121]  0.63 

 HDL-C (mg/dL)  49 [43-56]  42 [36-47]  <0.01 

 Triglycerides (mg/dL)  78 [64-99]  124 [103-163]  <0.01 

 Remnant cholesterol (mg/dL)  19.6 [14.6-24.1]  30.3 [25.2-44.4]  <0.01 

 Inflammatory markers 

 Highly sensi�ve C-reac�ve protein 
 (mg/dL)  0.09 [0.02-0.21]  0.37 [0.15-0.50]  <0.01 

 Glycoprotein A (µmol/L)  701 [616-787]  868 [777-999]  <0.01 

 LIPOPROTEIN PARTICLES 

 VLDL-P (nmol/L) 

 Total  31.7 [26.9-45.0]  59.6 [47.6-82.5]  <0.01 

 Large  0.9 [0.7-1.3]  1.6 [1.3-1.8]  <0.01 

 Medium  3.7 [2.6-5.4]  6.1 [4.5-9.4]  <0.01 

 Small  28.3 [23.3-38.6]  52.2 [40.1-71.4]  <0.01 
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 LDL-P (nmol/L) 

 Total  1033.2 [913.5-1175.2]  1092.5 [998.0-1256.9]  0.23 

 Large  165.1 [146.0-183.3]  161.1 [147.8-180.5]  0.84 

 Medium  311.5 [232.6-368.0]  347.7 [256.5-377.1]  0.60 

 Small  575.8 [529.4-627.0]  644.2 [518.6-714.6]  0.11 

 HDL-P (µmol/L) 

 Total  25.5 [23.0-28.7]  23.5 [20.3-26.0]  0.09 

 Large  0.2 [0.2-0.3]  0.3 [0.2-0.3]  0.15 

 Medium  9.1 [8.4-9.9]  8.3 [7.5-9.5]  0.07 

 Small  16.2 [13.9-18.7]  14.6 [12.3-16.5]  0.09 

 Size (nm) 

 VLDL size  42.3 [42.0-42.4]  42.2 [42.1-42.4]  0.87 

 LDL size  21.0 [20.9-21.2]  20.9 [20.8-21.0]  0.11 

 HDL size  8.3 [8.2-8.3]  8.3 [8.3-8.3]  0.31 

 Composi�on 

 Ra�o VLDL-TG/VLDL-C  3.7 [3.5-4.1]  4.0 [3.5-4.2]  0.26 

 Ra�o IDL-TG/IDL-C  1.2 [1.1-1.4]  1.1 [1.1-1.2]  0.06 

 Ra�o LDL-TG/LDL-C  0.1 [0.1-0.1]  0.1 [0.1-0.2]  <0.01 

 Ra�o HDL-TG/HDL-C  0.2 [0.2-0.3]  0.4 [0.3-0.5]  <0.01 

 Ra�o LDL-P/HDL-P  42.1 [33.6-47.3]  49.5 [43.3-52.8]  <0.01 

 Non-HDL-P (nmol/L)  1066.3 [934.9-1194.3]  1127.8 [1027.1-1317.5]  0.08 

 Values  expressed  in  median  and  25-75%  IQR;  P  value  calculated  by  non-parametric  Mann-Whitney  U  test; 
 Dichotomous  variables  (Fisher  exact  test);  BMI,  Body  Mass  Index;  SD,  Standard  devia�on;  SBP,  Systolic  blood  pressure; 
 DBP, Diastolic blood pressure; HOMA-IR, Homeosta�c model assessment insulin resistance  . 
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 Table  4:  Bivariate  Correla�ons  between  lipoprotein  par�cles  and  le�  ventricle  structural 

 and  func�onal  parameters,  insulin  resistance  index,  inflammatory  marker  and 

 triglycerides. 

 Remodeling  Systolic 
 GLS  Early GLSR  HOMA  hs-CPR  TG 

 VLDL-P (nmol/L) 

 Total  0.37*  0.30†  -0.28†  0.52*  0.23  0.96* 

 Large  0.39*  0.32*  -0.31*  0.53*  0.25†  0.91* 

 Medium  0.30†  0.12  -0.12  0.35†  0.08  0.91* 

 Small  0.38*  0.33*  -0.30†  0.53*  0.25†  0.95* 

 LDL-P (nmol/L) 

 Total  0.18  0.16  -0.11  0.28†  0.21  0.33* 

 Large  -0.05  -0.08  0.13  0.06  -0.04  0.28† 

 Medium  0.07  0.05  -0.03  0.22  0.14  0.35* 

 Small  0.30†  0.32*  -0.25†  0.30†  0.34*  0.21 

 HDL-P (µmol/L) 

 Total  -0.24†  -0.42*  0.44*  -0.33*  -0.51*  0.14 

 Large  0.40*  0.11  -0.23  0.25†  0.17  0.49* 

 Medium  -0.19  -0.36*  0.39*  -0.23  -0.39*  0.06 

 Small  -0.20  -0.36*  0.37*  -0.30†  -0.47*  0.13 

 Size (nm) 

 VLDL size  0.06  -0.19  0.16  -0.09  -0.21  0.29† 

 LDL size  -0.25†  -0.25†  0.23  -0.07  -0.25†  0.17 

 HDL size  0.13  0.15  -0.17  0.15  0.27†  -0.09 

 Composi�on 

 Ra�o VLDL-TG/VLDL-C  0.05  0.19  -0.04  0.14  0.25†  -0.04 

 Ra�o IDL-TG/IDL-C  -0.16  -0.20  0.22  -0.36*  -0.32*  0.45* 
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 Ra�o LDL-TG/LDL-C  0.29†  0.29†  -0.25†  0.47*  0.30†  0.65* 

 Ra�o HDL-TG/HDL-C  0.40*  0.30†  -0.33*  0.52*  0.33*  0.88* 

 Ra�o LDL-P/HDL-P  0.27†  0.42*  -0.37*  0.45*  0.51*  0.18 

 Non-HDL-P (nmol/L)  0.23  0.20  -0.15  0.33†  0.24  0.42* 

 Remnant cholesterol 
 (mg/dL)  0.35*  0.23  -0.25†  0.46†  0.20  0.97* 

 Spearman  coefficient.  Values  expressed  in  r.  *p<0.01.  †p<0.05.  GLS,  Global  longitudinal  strain;  GLSR,  Global 
 longitudinal  strain  rate;  HOMA-IR,  Homeosta�c  model  assessment  insulin  resistance;  hs-CRP,  highly-sensi�ve 
 C-reac�ve protein; TG, triglycerides. 
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 Table  S2:  Bivariate  Correla�ons  between  lipoprotein  par�cles  and  components  of 

 conven�onal lipid profile. 

 Total Cholesterol  LDL-C  HDL-C  TG  Remnant 
 cholesterol 

 VLDL-P (nmol/L) 
 Total  0.43*  0.16  -0.29†  0.96*  0.95* 
 Large  0.36*  0.11  -0.33*  0.91*  0.90* 
 Medium  0.40*  0.12  -0.18  0.91*  0.89* 
 Small  0.42*  0.15  -0.29†  0.95*  0.94* 

 LDL-P (nmol/L) 
 Total  0.87*  0.96*  0.02  0.33*  0.36* 
 Large  0.83*  0.87*  0.17  0.28†  0.33* 
 Medium  0.83*  0.89*  0.06  0.35*  0.37* 
 Small  0.61*  0.71*  -0.09  0.21  0.21 

 HDL-P (µmol/L) 
 Total  0.36*  0.02  0.86*  0.14  0.11 
 Large  0.49*  0.19  0.04  0.49*  0.48* 
 Medium  0.32*  -0.03  0.70*  0.06  0.03 
 Small  0.31*  0.05  0.75*  0.13  0.11 

 Size (nm) 
 VLDL size  0.05  -0.07  0.04  0.29†  0.29† 
 LDL size  0.41*  0.39*  0.25†  0.17  0.21 
 HDL size  -0.06  -0.04  -0.31*  -0.09  -0.06 

 Composi�on 
 Ra�o VLDL-TG/VLDL-C  -0.13  0.36  -0.13  -0.04  -0.19 
 Ra�o IDL-TG/IDL-C  -0.54*  -0.48*  0.17  0.45*  -0.51* 
 Ra�o LDL-TG/LDL-C  0.40*  0.21  -0.18  0.65*  0.64* 
 Ra�o HDL-TG/HDL-C  0.23  -0.03  -0.37*  0.88*  0.85* 

 Ra�o LDL-P/HDL-P  0.37*  0.66*  -0.57*  0.18  0.22 
 Non-HDL-P (nmol/L)  0.89*  0.93*  -0.01  0.42*  0.44* 

 Spearman coefficient. Values expressed in r. *p<0.01.  †p<0.05. LDL, Low-density Lipoprotein; HDL, High-density 
 Lipoprotein; TG, triglycerides. 
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 Figure  1:  The  lipid  contour  is  a  graphical  model  to  facilitate  the  lipoprotein  profile 

 interpreta�on  and  its  associa�on  with  cardiovascular  risk.  The  colored  silhoue�es 

 represent  the  pa�ent  groups’  values  with  respect  to  the  values  of  an  apparently 

 healthy  popula�on  (black  circle).  49  The  study  group’s  contour  delimits  a  smaller  central 

 area  when  the  variables  have  values  associated  with  an  increased  risk  of  developing 

 CVD  (i.e.,  values  higher  than  the  reference  popula�on’s  mean  for  L-VLDL-P,  VLDL-P, 

 Rem-C,  S-LDL-P,  LDL-P,  HDL-TG/HDL-C  variables;  or  lower  than  reference  popula�on’s 

 mean  for  LDL-Ø,  HDL-P  and  M-HDL-P  variables).  Colored  silhoue�es  are  represented  in 

 percentage of increase or reduc�on regarding data in tables 1-3. 

 VLDL-P,  total  VLDL  par�cles;  L-VLDL-P,  large  VLDL  par�cles;  LDL-P,  total  LDL  par�cles;  S-LDL-P,  small  LDL 
 par�cles;  HDL-P,  total  HDL  par�cles;  M-HDL-P,  medium  HDL  par�cles;  LDL-Ø,  LDL  par�cles  diameter; 
 HDL-TG/HDL-C, triglyceride enriched HDL; Rem C, remnant cholesterol. 
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 Figure  2:  Mul�variable  model  to  differen�ate  mild  cardiac  change  subjects  (1)  than 

 those  with  severe  cardiac  changes  (2).  The  variables  included  in  the  model  were  those 

 that  overlap  by  at  least  two  of  the  three  sta�s�cal  approaches.  An  area  under  the  curve 

 (AUC)  of  0.79  (95%  CI:  0.54-1)  was  obtained  with  the  next  pa�ern:  HOMA-IR, 

 glycoprotein  A  (Glyc-A),  VLDL  diameter  and  large  HDL-P.  Predic�ve  accuracy  =  0.8; 

 p-value = 0.051; out-of-bag error = 0.27. 
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 Figure  3:  Mul�variable  model  to  differen�ate  normal  heart  subjects  (0)  from  those 

 with  severe  cardiac  changes  (2).  The  variables  included  in  the  model  were  those  that 

 overlap  by  the  three  sta�s�cal  approaches.  An  area  under  the  curve  (AUC)  of  0.91  (95% 

 CI:  0.74-1)  was  obtained  with  the  next  pa�ern:  body  mass  index  standard  devia�on 

 (BMIsd),  HOMA-IR,  systolic  blood  pressure  (SBP),  diastolic  blood  pressure  (DBP), 

 glycoprotein  A  (Glyc-A),  small  VLDL-P,  small  LDL-P  and  ra�o  HDL-TG/HDL-C.  Predic�ve 

 accuracy = 0.84; p-value = 0.004; out-of-bag error = 0.1. 
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 Figure  4:  Compara�ve  analysis  between  ROC  curves  considering  only  tradi�onal 

 cardiovascular  risk  factors  (body  mass  index  standard  devia�on,  blood  pressure  and 

 HOMA-IR)  and  ROC  curves  shown  in  Figure  2  and  3.  A)  When  normal  heart  subjects 

 were  compared  to  those  with  severe  cardiac  changes,  the  addi�on  of  lipoprotein 

 subclasses  and  glycoprotein  A  to  the  model  with  tradi�onal  risk  factors  did  not  change 

 the  area  under  the  curve  (AUC)  (0.92  vs  0.91)  [Only  tradi�onal  risk  factors:  AUC  0.92 

 (95%  CI:  0.77-1);  predic�ve  accuracy  =  0.88;  p-value  =  0.0001;  out-of-bag  error  =  0.1]. 

 B)  When  mild  cardiac  change  subjects  were  compared  to  those  with  severe  cardiac 

 changes,  the  addi�on  of  lipoprotein  subclasses  and  glycoprotein  A  caused  an  increase 

 in  the  AUC  (0.58  vs  0.79)  [Only  tradi�onal  risk  factors:  AUC  0.58  (95%  CI:  0.3-0.86); 

 predic�ve  accuracy  =  0.6;  p-value  =  0.596;  out-of-bag  error  =  0.32]. 
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 7.  MYOCARDIAL TISSUE CHARACTERIZATION AND PERICARDIAL  FAT 

 STUDY 

 7.1  Introduc�on 

 Obesity  and  some  of  its  comorbidi�es  are  pathologies  with  a  high  risk  of 

 developing  secondary  cardiomyopathies  because  of  their  capacity  for  triggering 

 changes  in  the  myocardium  inters��um  –characterized  by  myofibroblast  development, 

 inflamma�on  and  disrupted  forma�on  of  metalloproteinases–  and  leading  to 

 modifica�ons  of  the  extracellular  matrix  (ECM)  as  well  as  intrinsic  myocardium 

 deteriora�ons.  1  This  cardiomyopathy  final  stage  is  characterized  by  a  diffuse  myocardial 

 fibrosis,  which,  unlike  with  post-infarc�on  cardiomyopathy,  possesses  a  prolonged 

 subclinical course before the onset of symptoms.  2 

 T1  mapping  is  a  cardiovascular  magne�c  resonance  (CMR)  technique  that 

 quan�fies  changes  to  the  ECM,  disrupted  as  a  result  of  diffuse  reac�ve  fibrosis  or 

 substance  deposits.  3-5  T1  mapping  has  demonstrated  its  value  in  assessing  myocardial 

 changes  in  pathologies  that  involve  inters��al  fibrosis.  6,7  Conversely,  when 

 cardiovascular  risk  factors  induce  myocardial  changes  but  no  underlying 

 cardiomyopathy,  the  na�ve  T1  �me  has  been  unaffected.  8  Moreover,  due  to  its  capacity 
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 for  assessing  myocardium  inflamma�on  and  fibrosis,  na�ve  T1  could  be  a  useful 

 technique  for  evalua�ng  the  impact  of  obesity’s  low-grade  inflamma�on  in  the 

 myocardium  and  detec�ng  the  obese  pa�ents  at  higher  risk  of  developing  a 

 non-ischemic  cardiomiopathy.  9,10  However,  to  our  knowledge,  the  few  studies 

 conducted  in  obese  adults  have  generated  opposite  conclusions  and  the  obese 

 pediatric popula�on has not been previously evaluated.  11,12 

 The  adipose  �ssue  around  the  heart  has  the  ability  of  affec�ng  the  myocardium 

 by  the  release  of  pro-inflammatory  molecules  such  as  cytokines  and  adipokines.  The 

 pericardial  fat,  defined  as  the  sum  of  the  epicardial  fat  and  the  paracardial  fat,  has 

 previously  been  related  in  children  with  cardiovascular  risk  factors  and  cardiac 

 changes  13  however, no study has assessed its rela�onship  with T1 mapping. 

 The  present  has  the  objec�ves  of  quan�fying  the  na�ve  T1  and  T2  �mes  and 

 the  pericardial  fat  volume,  and  determining  their  rela�onship  with  LV  morphology, 

 cardiovascular risk factors, inflammatory parameters and hepa�c steatosis. 

 7.2  Methodology 

 7.2.1  Study Popula�on 

 We  studied  38  adolescents  of  both  genders  between  10  and  17  years  old. 

 Subjects  with  obesity  were  recruited  from  endocrinology  clinics  of  par�cipa�ng 

 hospitals  and  control  par�cipants  were  recruited  from  healthy  volunteers  in  the 

 cardiology  and  sports  medicine  clinics.  Two  groups  were  iden�fied:  the  study  group 

 with  morbid  obesity  (SDS-BMI  ≥4;  n  =  25),  and  the  control  subjects  (BMI  5th-85th 
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 percen�le,  n  =  13)  according  to  tables  from  the  Barcelona  Longitudinal  Growth  Study 

 1995–2017.  14  The  control  group  adolescents  were  paired  by  age  and  gender,  with  a 

 ra�o of 2 cases: 1 control, for minimizing the confounding effects. 

 Subjects  with  current  infec�ons  or  recent  acute  inflammatory  processes,  a 

 history  of  prematurity  or  birth  weight  <2000  g,  and  smokers  or  those  with  pathologies 

 that  could  change  the  arterial  or  myocardial  wall  ̶  such  as  congenital  heart  disease, 

 chronic  kidney  disease,  transplants,  rheuma�c  disease,  infec�on  by  HIV  virus  ̶  were 

 excluded.  Similarly,  subjects  with  type  2  DM  (T2-DM)  were  excluded.  Preven�ve 

 measures  taken  to  avoid  poten�al  confounding  variables  in  subjects  recruited  in  the 

 sports clinic are explained in a previous study.  15 

 Wri�en  informed  consent  for  par�cipa�on  was  obtained  and  the  Ins�tu�onal 

 Review  Board  at  Vall  d’Hebron  Hospital  approved  the  protocol  (PR-AMI-273/2018).  All 

 subjects  provided  assent  and  an  informed  consent  was  signed  by  their  parents/legal 

 guardians. 

 7.2.2  Clinical and Laboratory Assessment 

 Demographic  data  of  age,  gender  and  clinical  status  were  obtained  from  pa�ent 

 anamnesis.  Systolic  and  diastolic  blood  pressures  (SBP  and  DBP)  were  obtained  using  a 

 Welch  Allyn  Spot  Vital  Signs  Monitor  (4200B,  Hillrom,  Batesville,  Indiana)  a�er  subjects 

 had  rested  for  5  minutes,  in  a  supine  posi�on  and  with  an  appropriately  sized  cuff 

 giving  measured  mid-arm  circumference,  according  to  the  criteria  of  the  European 

 Society of Hypertension,  16  which defines also the  high BP values by age and gender. 
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 EDTA  blood  samples  were  obtained  at  the  �me  of  enrollment  at  the 

 par�cipa�ng  hospitals  in  the  morning  a�er  at  least  8  hours  of  fas�ng.  Samples  for 

 lipoprotein  par�cle  analysis  were  aliquoted,  stored  in  liquid  nitrogen  (−80°  C)  and 

 dispatched  on  dry  ice  to  Biosfer  Teslab,  where  lipoprotein  par�cle  concentra�ons  were 

 measured  by  proton  nuclear  magne�c  resonance  spectroscopy,  based  on  the  LipoScale 

 test®.  17  Tests  performed  on  blood  samples  in  all  subjects  were:  white  blood  cell  count, 

 pro-inflammatory  molecules  (highly  sensi�ve  C-reac�ve  protein  [hs-CRP]  and 

 interleukin  6),  fas�ng  glycemia  and  insulin,  glycated  hemoglobin,  total  cholesterol, 

 high-density  lipoprotein  (HDL),  low-density  lipoprotein  (LDL)  and  triglycerides  (TG).  To 

 evaluate  insulin  resistance,  the  homeostasis  model  assessment  of  insulin  resistance 

 (HOMA-IR)  was  calculated  using  the  equa�on:  fas�ng  insulin  (µU/ml)  ×  fas�ng  glucose 

 (mmol/l) / 22.5. 

 7.2.3  CMR Image Acquisi�on 

 CMR  was  performed  with  a  1.5  Tesla  MR  System  Avanto-fit  syngo  MRE11 

 (Siemens  Healthcare,  Erlangen,  Germany),  by  using  a  32-channel  torso  phased-array 

 coil.  Cine  images  were  obtained  in  three  long-axis  views,  and  in  the  short-axis  plane 

 covering  the  heart’s  base  to  apex.  LV  �ssue  characteriza�on  included  T2-weighted 

 image, and end-diastolic T1 and T2 mapping. 

 Na�ve  T1  mapping  was  performed  using  an  electrocardiogram-triggered 

 Modified  Look-Locker  Inversion  recovery  (MOLLI)  sequence  and  quan�ta�ve  values 

 were  acquired  placing  regions  of  interest  (ROI)  in  the  interventricular  septum  and  LV 

 posterior  wall  at  basal,  mid-ventricular  and  apical  LV  myocardium  in  the  short-axis 
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 plane.  Imaging  parameters  were  adapted  from  previously  published  studies:  temporal 

 resolu�on  of  15  sec,  echo  �me  of  1.11  msec,  inversion  �me  180  msec,  field  of  view  of 

 360 x 307 mm, and voxel size of 1.9 x 1.9 x 6 mm. 

 Analysis  was  performed  offline  on  dedicated  so�ware  (IntelliSpace  Portal, 

 version  10.1;  Philips  Medical  Systems).  The  images  were  evaluated  independently  by 

 two  experienced  radiologists  (L.R.  and  Ll.R.).  The  endocardium  and  epicardium  were 

 contoured  in  the  short-axis  plane  to  calculate  the  LV  end-diastolic  and  end-systolic 

 volumes,  LV  mass  index  (LVMI)  and  LV  ejec�on  frac�on.  These  parameters  were 

 indexed  to  the  body  surface  area.  18  The  global  na�ve  T1  value  (na�ve  T1)  and  T2  values 

 were  calculated  as  the  average  of  all  measurements  in  the  short-axis  plane.  19,20 

 Addi�onally,  the  na�ve  T1  values  in  LV  septum  (na�ve-T1s)  and  posterior  wall 

 (na�ve-T1pw) were es�mated as the measurements’ average in each ROI. 

 7.2.4  Pericardial Fat Index 

 The  pericardial  adipose  volume  was  obtained  by  1.5  Tesla  MR  System  Avanto-fit 

 syngo  MRE11  (Siemens  Healthcare,  Erlangen,  Germany).  Twenty-five  axial  sec�ons 

 SSFP  cine  stack  of  the  heart  were  obtained  with  con�guous  4  mm  slice  thickness  and 

 10 mm interslice gap. 

 Off-line  image  analysis  for  pericardial  fat  on  the  axial  SSFP  cine  stack  was 

 performed  by  Tumor  Tracking  so�ware  of  the  Argus  analysis  program  (Siemens  Medical 

 Systems,  Erlangen,  Germany).  The  fat  �ssue  included  was  that  confined  between  the 

 chest  wall  and  the  myocardium,  and  between  the  last  slice  where  the  ventricle  was 

 visible  and  the  plane  of  pulmonary  artery  bifurca�on.  Measurements  were  manually 
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 performed  by  a  single  trained  observer  blinded  to  the  pa�ent  data.  The  pericardial  fat 

 index  (PFI)  was  the  result  of:  pericardial  fat  volume  x  0.916  g/mL  (fat  density)  /  height 

 in meters to the power of 3.  21 

 7.2.5  Hepa�c Fat Frac�on 

 The  hepa�c  fat  frac�on  (HFF)  was  obtained  with  1.5  Tesla  MR  System  Avanto-fit 

 syngo  MR  E11  (Siemens  Healthcare,  Erlangen,  Germany)  by  using  a  two-dimensional 

 spoiled  GRE  sequence.  To  reduce  T1  contrast,  a  flip  angle  of  20°  was  used  with  a 

 repe��on  �me  of  120  msec.  To  es�mate  MR  imaging  HFF,  a  single  gradient  echo 

 sequence  with  8-10  echoes  was  acquired  at  serial  opposed-phase  and  in-phase  echo 

 �mes  (1.2,  2.4,  3.6,  4.8,  6.0  and  7.2  msec)  during  a  single  breath  hold  of  15  seconds. 

 Other  imaging  parameters  were  7-8  mm  sec�on  thickness,  10  mm  interslice  gap, 

 bandwidth  adapted  to  echo  �me  mul�ple  of  1.2,  one  excita�on  acquired,  and  a  field  of 

 view of 40 cm with a 128 × 116 matrix. 

 7.2.6  Reproducibility 

 Variability  in  the  measurement  of  pericardial  fat  volume,  made  by  a  single 

 cardiologist,  was  evaluated  in  10  randomly  selected  individuals  by  different  observers 

 (JM.S,  L.R)  for  inter-observer  variability  analysis.  To  determine  the  intra-observer 

 reproducibility,  the  same  observer  repeated  measurements  for  the  10  randomly 

 selected  pa�ents  at  least  four  weeks  later.  The  coefficient  of  varia�on  (CV),  defined  as 

 the  ra�o  of  the  standard  devia�on  and  the  absolute  mean  and  the  intraclass 
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 correla�on  coefficient  (ICC)  were  es�mated  using  Microso�  Excel  Version  2016  (MS 

 Excel 2016). 

 7.2.7  Sta�s�cal Analysis 

 Data  from  the  study  were  analyzed  using  descrip�ve  sta�s�cs.  Quan�ta�ve 

 results  were  expressed  as  mean  and  standard  devia�on,  while  qualita�ve  or 

 dichotomous  variables  were  expressed  as  percentages.  Chi-square  test  (χ  2  )  and  Fisher’s 

 exact  test  were  used,  according  to  the  size  and  characteris�c  of  qualita�ve  variables,  to 

 compare  propor�ons  and  to  study  rela�onships  between  them.  The  comparison 

 between  two  quan�ta�ve  variables  was  made  by  the  nonparametric  Mann-Whitney  U 

 test.  To  es�mate  correla�ons  between  parameters,  the  Pearson  and  Spearman's  Rho 

 correla�on  coefficients  were  calculated  as  appropriate  for  the  type  of  the  data.  A 

 mul�ple  linear  regression  was  made  to  determine  rela�onships  and  dependence 

 between  independent  (clinical  measures,  laboratory  and  CMR  parameters)  and 

 dependent  (HFF  and  PFI)  quan�ta�ve  variables,  which  were  related  by  previous  steps. 

 Data  were  analyzed  using  IBM  SPSS  Sta�s�cs  for  Windows,  version  23.0  (IBM  Corp., 

 Armonk, N.Y.) and values of p<0.05 were considered significant. 

 7.3  Results 

 A  total  of  25  adolescents  with  obesity  and  13  adolescents  without  obesity  were 

 included  in  our  study.  No  subject  was  excluded,  but  HbA1c  was  not  registered  in  seven 

 subjects  of  the  obese  group  and  inflammatory  parameters  were  not  assessed  in  one 
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 control  subject  and  two  obese  subjects.  No  significant  differences  were  found  in 

 demographic  data  and  ethnicity  (Table  1),  except  that  non-obese  subjects  were  slightly 

 older,  but  every  subject  in  both  groups  had  Tanner  stage  4-5.  The  main  clinical  and 

 laboratory  data  are  also  expressed  in  Table  1.  Both  groups  were  well  differen�ated  by 

 obesity  index  and  significant  differences  were  found  in  BP,  insulin  resistance  and 

 dyslipidemia,  while  no  adolescent  was  diagnosed  with  T2-DM.  In  the  group  of 

 adolescents with obesity, the 60% were classified as systolic or diastolic high BP. 

 The  data  from  the  CMR  evalua�on  are  summarized  in  Table  2.  Morbidly  obese 

 adolescents  presented  significant  increases  in  the  LV  mass  and  volumes,  however 

 non-significant  differences  were  observed  in  na�ve  T1  values  (990.5  ms  vs  1000.0  ms, 

 p0.73).  Addi�onally,  significant  increases  were  noted  in  the  obese  group  in  HFF  (4.3% 

 vs 10.8%, p0.03) and PFI (2.3 g/ht  3  vs 7.7 g/ht  3  ,  p<0.01) (Figure 1). 

 Interes�ngly,  significant  gender-related  differences  were  found  in  T1  and  T2 

 mapping  (Table  3),  despite  non-significant  differences  being  observed  between  genders 

 in  demographic,  clinical  and  laboratory  data,  except  for  SBP  and  hematocrit  (Table  4). 

 Females  showed  higher  na�ve  T1  and  T2  mean  values  than  males,  even  when  both 

 genders  were  subclassified  by  obesity  (Table  3),  while  non-significant  differences  were 

 found  in  the  remaining  CMR  parameters  (Figure  2),  with  the  excep�on  of  the  significant 

 increase  in  the  males’  LVMI.  When  obese  and  non-obese  subjects  were  separately 

 analysed  by  gender,  significant  differences  were  occasionally  observed  –  especially  in 

 the PFI – and did not imply the T1 values (Table 5 and 6). 

 Subjects  that  met  criteria  for  hypertension  16  showed  significant  differences  in 

 the LVMI and PFI, but not in the mapping parameters (Table 7). 
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 On  account  of  the  differences  observed  between  genders,  the  correla�on 

 analysis  was  performed  with  the  whole  sample  and  also  independently  by  gender 

 between  the  mapping  values  and  the  anthropometric,  laboratory  and  CMR  parameters 

 (Table  8).  In  general,  T1  and  T2  mapping  were  inversely  correlated  with  age,  hematocrit 

 and  LVMI,  highligh�ng  the  importance  of  these  parameters  in  the  acquisi�on  and 

 post-processing  of  T1  and  T2  values,  and  posi�vely  correlated  with  PFI.  In  males,  T1 

 values  were  correlated  with  the  triponderal  mass  index  (TMI)  (r  =  0.51,  p<0.05), 

 neutrophil  levels  (r  =  0.46,  p<0.05)  and  PFI  (r  =  0.48,  p<0.05),  while  in  females  the 

 na�ve-T1s was correlated with HOMA-IR (r = 0.49, p<0.05). 

 The  correla�on  analyses  in  HFF  and  PFI  are  shown  in  Table  9.  HFF  was  well 

 correlated  in  males  with  HOMA-IR  (r  =  0.42,  p0.08)  and  inflamma�on  cells  and 

 molecules  (neutrophiles:  r  =  0.58,  p<0.05)  while  non-significant  correla�on  was  found 

 in  females.  PFI  presented  outstanding  correla�ons  with  TMI  (r  =  0.78,  p<0.01),  BP  (r  = 

 0.53, p<0.01), HOMA-IR (r = 0.56, p<0.01) and hs-CRP (r = 0.54, p<0.01). 

 Considering  the  poor  correla�on  results  in  mapping  values  in  the  whole  cohort, 

 mul�variable  regression  models  were  considered  only  for  HFF  and  PFI,  without 

 dis�nguishing  between  gender.  In  the  unadjusted  linear  regression  analysis  to 

 determine  the  best  correla�on  for  HFF,  the  final  model  (R  2  =  0.33  p<0.0001)  showed 

 HOMA-IR  as  the  independent  determinant  (determinant  coefficient:  1.58  [0.49-2.68], 

 p<0.01),  while  for  PFI,  the  final  model  (R  2  =  0.76  p<0.0001)  resulted  in  TMI  as  the 

 independent parameter (0.60 [0.43-0.77], p<0.01). 
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 The  intra-observer  and  inter-observer  variability  analysis  for  pericardial  fat 

 volume  measurements  had  an  acceptable  reproducibility,  with  CV  of  30%  for  both 

 analyses and ICC of 0.95 and 0.90, respec�vely. 

 7.4  Discussion 

 The  present  study  shows  that  morbidly  obese  adolescents  present  no 

 differences  in  na�ve  T1  compared  to  non-obese  adolescents,  despite  showing  higher 

 LV  mass  values.  However,  T1  and  T2  mappings  have  notable  gender-related  differences, 

 indica�ng  structural  or  composi�onal  myocardium  peculiari�es  in  females,  with 

 significantly  higher  values  in  both  mapping  measurements.  In  males,  the  na�ve  T1 

 values  appear  to  be  be�er  correlated  with  obesity  parameters,  par�cularly  with  TMI 

 and  inflammatory  cell  levels.  Similarly,  the  HFF  and  PFI  are  correlated  with  HOMA-IR, 

 inflammatory  parameters  and  TMI.  These  findings  suggest  the  important  role  of 

 inflamma�on  and  insulin  resistance  in  the  myocardial  �ssue  modifica�ons  and  the 

 adipose �ssue infiltra�on. 

 Obesity  is  a  complex  and  mul�factorial  disease  with  mul�ple  �ssues  affected  as 

 a  consequence  of  metabolic  pathway  changes,  adipose  �ssue  infiltra�on  and  the 

 endocrine  and  autocrine  effect  of  pro-inflammatory  molecules  released  by  adipose 

 �ssue.  22  In  the  myocardium  and  blood  vessels,  obesity  implies  infiltra�on  of  adipocytes, 

 macrophages  and  other  white  cells,  resul�ng  in  angiogenesis,  ECM  remodeling, 

 hypoxia  and  inflamma�on.  23  Macrophages  play  an  important  role  in  obesity-associated 

 inflamma�on  since  they  cons�tute  the  largest  immune  cell  popula�on  in  adipose 

 �ssue.  Its  switch  from  a  M0-like  to  a  M1-like  phenotype  triggers  the  release  of 
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 pro-inflammatory  cytokines,  such  as  tumor  necrosis  factor  and  interleukins  1  and  6, 

 which  exacerbate  the  immune  system  ac�va�on  and  induce  insulin  resistance.  17,22 

 Cardiac  fibrosis  and  ECM  remodeling  are  a  consequence  of  the  persistence  of  this 

 inflammatory state.  24 

 In  obese  subjects  the  value  of  na�ve  T1  �me  as  indicator  of  myocardium  ECM 

 composi�on  depends  on  the  propor�on  and  type  of  the  cell  infiltra�on  in  the 

 myocardium.  As  a  result  of  the  cardiac  steatosis,  a  decrease  in  na�ve  T1  value  can  be 

 expected  as  occurs  in  the  glycosphingolipid  deposit  of  Fabry’s  disease.  25  Conversely, 

 obesity  also  involves  a  low-grade  inflamma�on  state,  fibrosis  or  reac�ve  LV 

 hypertrophy  (LVH)  26  which  might  result  in  an  increase  of  the  na�ve  T1  �me,  as  occurs  in 

 HCM,  hypertension  with  LVH  or  myocardi�s  cases.  8,27,28  Lastly,  dissimilar  results  have 

 been  shown  in  na�ve  T1  values  of  obese  T2-DM  pa�ents.  11,29  Notably,  most  of  the 

 studies  conducted  in  hypertension  without  LVH,  diabe�c  or  obese  subjects  have 

 reported non-significant differences,  6  similar to  our results. 

 Na�ve  T1  values  in  obese  popula�on  have  been  only  evaluated  in  two  adult 

 sample  studies  with  dissimilar  conclusions.  Khan  et  al.  11  found  non-significant 

 differences  in  na�ve  T1  in  obese  diabe�c  adults  compared  to  obese  non-diabe�c  or 

 healthy  adults  (944.0  vs  962.2  vs  985.5  ms),  but  showed  a  na�ve  T1  decrease  in  the 

 obese  diabe�c  and  obese  non-diabe�c  adults,  which  the  authors  a�ributed  to 

 myocardial  steatosis.  In  contrast,  Homsi  et  al.  12  also  demonstrated  non-significant 

 differences  in  obese  adults,  which  became  a  significant  increase,  a�ributed  to 

 myocardial  fibrosis  development,  when  only  severely  obese  subjects  were  compared  to 

 non-obese  controls  (1010.5  vs  974.6  ms).  The  present  study  shows  in  obese 
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 adolescents  similar  na�ve  T1  values  to  those  reported  in  the  la�er  obese  adult  study, 

 and  although  sta�s�cal  differences  could  not  be  demonstrated,  the  value  no�ced  in 

 the LV septum is in line with those observed in severely obese adults. 

 Most  studies  conducted  in  the  pediatric  popula�on  focused  on  children  with 

 HCM  or  myocardi�s,  and  reported  na�ve  T1  increases  in  HCM  (1015-1020  ms)  27,30  and 

 especially  in  myocardi�s  (1097  ms).  28  Control  groups  in  these  studies  obtained  na�ve 

 T1  �mes  similar  to  our  non-obese  adolescents.  Results  indicate  that  na�ve  T1  is  not 

 useful  to  assess  the  degree  of  myocardial  damage  in  obese  adolescents.  A  possible 

 explana�on  could  be  that  na�ve  T1  is  increased  by  the  LV  myocardium  fibrosis  or  the 

 ECM  immune  cell  infiltra�on,  but  simultaneously  a�enuated  by  the  adipose  �ssue 

 myocardial  infiltra�on,  resul�ng  in  opposed  values.  Another  explana�on  may  relate  to 

 the  robustness  of  the  cell  regenera�on  processes  typical  in  early  life,  which  would 

 prevent  fibrosis  of  the  myocardium.  31  Nevertheless,  we  have  found  that  na�ve  T1  �mes 

 were  correlated  in  males  with  neutrophil  levels  and  TMI,  an  index  especially  useful  in 

 measuring  cardiovascular  risk  in  obese  subjects,  32  while  in  females  a  correla�on  with 

 insulin  resistance  could  only  be  obtained  in  the  LV  septum  study.  Insulin  and 

 inflamma�on  play  an  important  role  in  obesity  physiopathology,  10,33  however  previous 

 studies  in  obese  subjects  where  mapping  was  tested  focused  on  CMR  parameters  and 

 BP,  but  lacked  an  evalua�on  of  its  rela�onships  with  inflamma�on  and  insulin 

 resistance parameters. 

 Similarly,  PFI  was  also  found  to  be  posi�vely  correlated  with  na�ve  T1  values. 

 Pericardial  adiposity  is  an  indicator  of  adipose  �ssue  expansion  and  has  been 

 demonstrated  to  be  associated  with  metabolic  and  inflammatory  markers,  though  less 
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 than  other  measures  of  visceral  adiposity  including  hepa�c  steatosis.  23,34  Our  results 

 showed  that  pericardial  fat  was  strongly  correlated  with  obesity  indexes,  such  as  BMI 

 or  TMI,  and  CV  risk  indicators  as  BP,  HOMA-IR  and  hs-CRP.  Similarly,  hepa�c  steatosis 

 was  found  to  be  posi�vely  correlated  with  insulin  resistance  and  humoral  and  cellular 

 inflamma�on,  although  the  reported  values  of  HFF  in  the  obese  group  are  placed  in  the 

 liver steatosis grade I, according to the NASH-CRN scoring system.  35 

 The  gender-related  significant  differences  in  T1  and  T2  mapping  no�ced  in  the 

 present  study  (Table  3)  is  a  cause  for  concern  because  it  is  unusual  to  differen�ate 

 between  gender  in  mapping  studies.  Previous  research  conducted  in  adults  found 

 myocardial  fibrosis  to  be  more  prevalent  in  females  compared  to  males,  related  to  the 

 LV  volume  and  mass  decrease,  although  this  was  only  demonstrated  in  the 

 post-contrast  T1  �me  and  not  in  the  na�ve  T1  �me.  36  Addi�onally,  other  hypothesized 

 explana�ons  could  be  voluming  blood  pool  when  contouring  the  myocardium  in 

 thinner  hearts  and  lower  hematocrit  values  in  women.  37-40  The  correla�on  analysis  in 

 our  study  confirmed  the  importance  of  LVMI  and  hematocrit.  Female  hearts, 

 significantly  thinner  than  males,  presented  T1  and  T2  values  higher  than  male  hearts, 

 hence  in  our  opinion  both  genders  must  be  independently  analyzed.  Likewise,  female 

 adolescents  between  12  and  18  year  old  present  changes  in  their  body  composi�on, 

 increasing  their  fat  mass  index  by  up  to  10  points  higher  than  male  adolescents.  41  The 

 increase  observed  in  our  study  in  HFF  and  PFI  in  non-obese  females  compared  to  males 

 could be a�ributed to the difference in body composi�on. 

 This  study  has  certain  limita�ons.  The  cross-sec�onal  design  and  small  sample 

 size  limit  the  sta�s�cal  strength  of  the  conclusions.  However,  the  two  evaluated  groups 
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 were  well  differen�ated  and  paired,  and  the  techniques  have  been  widely  reproduced. 

 Similarly,  na�ve  T1  values  in  the  control  group  are  in  the  range  reported  in  healthy 

 children.  28,30  In  addi�on,  because  no  contrast  agent  was  used,  we  were  not  able  to 

 evaluate the myocardial fibrosis impact and its rela�onship with na�ve T1. 

 7.5  Conclusions 

 In  summary,  we  have  found  na�ve  T1  is  of  limited  use  in  differen�a�ng  obese 

 adolescents  at  risk  of  myocardium  ECM  changes.  Furthermore,  we  have  shown  a 

 gender  dimorphism  in  mapping  values.  Female  adolescents  possess  par�cular 

 characteris�cs  such  as  thinner  hearts  and  low  hematocrit  levels,  which  are  associated 

 with  higher  na�ve  T1  and  T2  values.  However  in  males,  TMI  is  related  to  increased 

 na�ve  T1  as  well  as  pericardial  fat,  and  may  serve  as  a  useful  predictor.  Therefore,  a 

 gender-individualized  analysis  must  be  implemented  in  future  na�ve  T1  studies. 

 Hepa�c  steatosis  and  pericardial  fat  are  markers  of  adipose  �ssue  infiltra�on  closely 

 related with high BP, insulin resistance and inflamma�on. 

 72 



 MYOCARDIAL TISSUE CHARACTERIZATION AND PERICARDIAL FAT STUDY 

 7.6  Tables and Figures 

 Table  1:  Characteris�c,  clinical  and  laboratory  data  of  study  popula�on:  non-obese  and 

 obese adolescents. 

 Variable  Non-obese 
 (N = 13) 

 Obese 
 (N = 25)  P Value 

 Age (years)  15.6 ± 1.2  14.3 ± 1.4  0.01 
 Male  46%  52%  1 
 Ethnicity  0.39 

 Caucasian  92%  84% 
 La�n American  0%  12% 
 Asian  8%  4% 

 BMI (kg/m  2  )  20.2 ± 1.9  36.9 ± 5.9  <0.01 
 TMI (kg/m  3  )  11.8 ± 1.1  22.3 ± 4.0  <0.01 
 SBP (mmHg)  110 ± 9  126 ± 10  <0.01 
 DBP (mmHg)  61 ± 5  72 ± 10  <0.01 
 Hypertension (≥90  th  percen�le)  8%  60%  <0.01 
 Laboratory parameters 

 Hematocrit (%)  41 ± 4  42 ± 2  0.56 
 Leucocyte (/µL)  6,884 ± 1,529  8,134 ± 1,727  0.03 
 Neutrophile (/µL)  3,736 ± 1,057  4,587 ± 1,220  0.04 
 Lymphocyte (/µL)  2,261 ± 659  2,587 ± 682  0.12 
 Platelet (/µL)  224,615 ± 54,234  281,541 ± 63,386  <0.01 
 Fas�ng glycemia (mg/dL)  72.3 ± 8.1  82.6 ± 7.6  <0.01 
 HbA1c (%) (N=31)  5.2 ± 0.1  5.3 ± 0.2  0.51 
 Insulin (µU/mL)  7.9 ± 4.3  29.0 ± 19.7  <0.01 
 HOMA-IR  1.4 ± 0.8  5.9 ± 4.1  <0.01 

 Lipid profile 
 Total Cholesterol (mg/dL)  179 ± 22  170 ± 28  0.28 
 LDL-C (mg/dL)   106 ± 17  102 ± 21  0.41 
 HDL-C (mg/dL)  54 ± 7  43 ± 6  <0.01 
 Triglycerides (mg/dL)  73 ± 17  116 ± 62  <0.01 

 Inflammatory parameters 
 (N = 36) 

 hs-CRP (mg/dL)  0.05 ± 0.04  0.41 ± 0.55  <0.01 
 Interleukin 6 (pg/mL)  1.3 ± 1.3  3.5 ± 1.6  <0.01 

 Values  expressed  in  mean  and  standard  devia�on;  P  value  calculated  by  non-parametric  Mann-Whitney 
 U  test;  Dichotomous  variables  (Fisher’s  exact  test);  BMI,  Body  Mass  Index;  SD,  Standard  devia�on;  TMI, 
 Triponderal  Mass  Index;  SBP,  Systolic  blood  pressure;  DBP,  Diastolic  blood  pressure;  HbA1c,  glycated 
 hemoglobin;  HOMA-IR,  Homeosta�c  model  assessment  insulin  resistance;  LDL-C,  cholesterol  in 
 low-density  lipoprotein;  HDL-C,  cholesterol  in  high-density  lipoprotein;  hs-CRP,  highly  sensi�ve  C-reac�ve 
 protein  . 
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 Table  2:  Cardiovascular  magne�c  resonance  le�  ventricular  measurements,  mapping 

 and  cardiovascular  magne�c  resonance  data  of  study  popula�on:  non-obese  and  obese 

 adolescents. 

 Variable  Non-obese 
 (N = 13) 

 Obese 
 (N = 25) 

 P Value 

 LVMI (g/ht  3  )  22.9 ± 6.2  28.3 ± 4.7  0.01 
 LVEDVI (ml/m  2  )  86.5 ± 15.6  71.9 ± 9.4  <0.01 
 LVESVI (ml/m  2  )  35.0 ± 8.8  25.5 ± 6.0  <0.01 
 LVEF (%)  60.3 ± 4.1  63.6 ± 7.6  0.12 
 T1 mapping 

 Na�ve T1 (ms)  990.5 ± 31.2  1000.0 ± 28.5  0.73 
 Na�ve-T1s (ms)  994.4 ± 37.0  1007.0 ± 31.1  0.28 
 Na�ve-T1pw (ms)  986.6 ± 28.9  992.9 ± 39.2  0.92 

 T2 mapping (ms)  48.5 ± 2.9  46.8 ± 2.9  0.09 
 Pericardial Fat Index (g/ht  3  )  2.3 ± 1.3  7.7 ± 2.3  <0.01 
 Hepa�c Fat Frac�on (%)  4.3 ± 3.5  10.8 ± 10.0  0.03 
 Values  expressed  in  mean  and  standard  devia�on;  P  value  calculated  by  non-parametric  Mann-Whitney 
 U  test;  Dichotomous  variables  (Fisher’s  exact  test);  LVMI,  Le�  ventricular  mass  index;  LVEDVI,  Le� 
 ventricular  end-diastolic  volume  index;  LVESVI,  Le�  ventricular  end-systolic  volume  index;  LVEF,  Le� 
 ventricular ejec�on frac�on; Na�ve-T1s, Septal na�ve T1; Na�ve-T1pw, Posterior wall na�ve T1. 
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 Table  4:  Characteris�c,  clinical  and  laboratory  data  of  study  popula�on  classified  by 

 gender. 

 Variable  Male 
 (N = 19) 

 Female 
 (N = 19)  P Value 

 Age (years)  15.0 ± 1.4  14.5 ± 1.5  0.50 
 BMI (kg/m  2  )  31.0 ± 8.0  31.3 ± 10.9  0.97 
 TMI (kg/m  3  )  17.9 ± 5.0  19.5 ± 6.9  0.40 
 SBP (mmHg)  126 ± 12  116 ± 11  0.02 
 DBP (mmHg)  68 ± 9  68 ± 11  0.95 
 Hypertension (≥90  th  percen�le)  47%  37%  0.74 
 Laboratory parameters 

 Hematocrit (%)  43 ± 2  40 ± 3  0.02 
 Leucocyte (/µL)  7,878 ± 1,827  7,534 ± 1,696  0.48 
 Neutrophile (/µL)  4,353 ± 1,229  4,238 ± 1,247  0.64 
 Lymphocyte (/µL)  2,523 ± 698  2,428 ± 685  0.75 
 Platelet (/µL)  257,684 ± 62,496  265,611 ± 70,355  1 
 Fas�ng glycemia (mg/dL)  81.6 ± 8.6  76.6 ± 9.1  0.09 
 HbA1c (%) (N = 31)  5.3 ± 0.2  5.2 ± 0.1  0.23 
 Insulin (µU/mL)  21.2 ± 14.7  22.4 ± 22.8  0.77 
 HOMA-IR  4.4 ± 3.2  4.4 ± 4.8  0.77 

 Lipid profile 
 Total Cholesterol (mg/dL)  174 ± 30  172 ± 21  0.97 
 LDL-C (mg/dL)   106 ± 23  101 ± 16  0.70 
 HDL-C (mg/dL)  45 ± 7  49 ± 9  0.29 
 Triglycerides (mg/dL)  115 ± 73  88 ± 24  0.52 

 Inflammatory parameters 
 (N = 36) 

 hs-CRP (mg/dL)  0.22 ± 0.24  0.34 ± 0.61  0.85 
 Interleukin 6 (pg/mL)  2.6 ± 1.9  2.8 ± 1.8  0.66 

 Values  expressed  in  mean  and  standard  devia�on;  P  value  calculated  by  non-parametric  Mann-Whitney  U 
 test;  Dichotomous  variables  (Fisher’s  exact  test);  BMI,  Body  Mass  Index;  TMI,  Triponderal  Mass  Index;  SBP, 
 Systolic  blood  pressure;  DBP,  Diastolic  blood  pressure;  HbA1c,  glycated  hemoglobin;  HOMA-IR,  Homeosta�c 
 model  assessment  insulin  resistance;  LDL-C,  cholesterol  in  low-density  lipoprotein;  HDL-C,  cholesterol  in 
 high-density lipoprotein; hs-CRP, highly sensi�ve C-reac�ve protein. 
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 Table  5:  Specific  data  in  males.  Cardiovascular  magne�c  resonance,  mapping, 

 pericardial fat and hepa�c fat data. 

 Variable  Male Non-obese 
 (N = 6) 

 Male Obese 
 (N = 13) 

 P Value 

 LVMI (g/ht  3  )  26.9 ± 4.0  29.4 ± 4.9  0.46 
 LVEDVI (ml/m  2  )  97.6 ± 13.0  73.1 ± 11.1  <0.01 
 LVESVI (ml/m  2  )  40.8 ± 9.3  25.1 ± 6.1  <0.01 
 LVEF (%)  60.1 ± 4.6  65.1 ± 7.3  0.15 
 T1 mapping 

 Na�ve T1 (ms)  965.4 ± 22.8  987.8 ± 31.2  0.32 
 Na�ve-T1s (ms)  968.2 ± 23.2  989.1 ± 26.2  0.17 
 Na�ve-T1pw (ms)  962.6 ± 24.3  986.6 ± 42.3  0.28 

 T2 mapping (ms)  45.8 ± 1.5  45.6 ± 3.0  0.52 
 Hepa�c Fat Frac�on (%)  2.3 ± 1.6  9.3 ± 8.5  0.06 
 Pericardial Fat Index (g/ht  3  )  1.6 ± 1.0  7.5 ± 2.4  <0.01 
 LVMI,  Le�  ventricular  mass  index;  LVEDVI,  Le�  ventricular  end-diastolic  volume  index;  LVESVI,  Le� 
 ventricular  end-systolic  volume  index;  LVEF,  Le�  ventricular  ejec�on  frac�on;  Na�ve-T1s,  Septal  na�ve 
 T1; Na�ve-T1pw, Posterior wall na�ve T1. 

 Table  6:  Specific  data  in  females.  Cardiovascular  magne�c  resonance,  mapping, 

 pericardial fat and hepa�c fat data. 

 Variable  Female Non-obese 
 (N = 7) 

 Female Obese 
 (N = 12) 

 P Value 

 LVMI (g/ht  3  )  19.4 ± 5.7  27.1 ± 4.4  0.01 
 LVEDVI (ml/m  2  )  76.9 ± 10.9  70.6 ± 7.3  0.16 
 LVESVI (ml/m  2  )  29.9 ± 4.4  26.1 ± 6.1  0.10 
 LVEF (%)  60.5 ± 4.0  62.0 ± 7.8  0.59 
 T1 mapping 

 Na�ve T1 (ms)  1012.0 ± 18.8  1013.1 ± 18.8  0.38 
 Na�ve-T1s (ms)  1016.9 ± 31.9  1026.5 ± 24.0  0.43 
 Na�ve-T1pw (ms)  1007.1 ± 10.7  999.8 ± 36.2  0.22 

 T2 mapping (ms)  50.8 ± 1.5  48.2 ± 2.2  <0.01 
 Hepa�c Fat Frac�on (%)  6.0 ± 3.9  12.3 ± 11.5  0.22 
 Pericardial Fat Index (g/ht  3  )  2.8 ± 1.3  7.9 ± 2.4  <0.01 
 LVMI,  Le�  ventricular  mass  index;  LVEDVI,  Le�  ventricular  end-diastolic  volume  index;  LVESVI,  Le� 
 ventricular  end-systolic  volume  index;  LVEF,  Le�  ventricular  ejec�on  frac�on;  Na�ve-T1s,  Septal  na�ve 
 T1; Na�ve-T1pw, Posterior wall na�ve T1. 
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 Table  7:  Characteris�c,  mapping  and  cardiovascular  magne�c  resonance  (CMR) 

 parameters  of  study  popula�on  classified  by  criteria  of  hypertension  (blood  pressure 

 ≥90  th  percen�le). 

 Variable  No Hypertension 
 (N = 22) 

 Hypertension 
 (N = 16)  P Value 

 Age (years)  15.1 ± 1.5  14.2 ± 1.2  0.03 
 BMI (kg/m  2  )  27.3 ± 8.3  36.5 ± 8.3  <0.01 
 TMI (kg/m  3  )  16.3 ± 5.5  22.0 ± 5.2  <0.01 
 CMR parameters 

 LVMI (gr/ht  3  )  24.5 ± 5.7  29.2 ± 4.8  0.02 
 LVEDVI (ml/m  2  )  80.8 ± 15.8  71.6 ± 7.4  0.06 
 LVESVI (ml/m  2  )  31.3 ± 9.0  25.3 ± 5.8  0.02 
 LVEF (%)  61.8 ± 5.5  63.5 ± 8.2  0.29 
 Na�ve T1 (ms)  994.2 ± 32.4  1000.2 ± 25.3  0.73 
 Na�ve-T1s (ms)  999.3 ± 37.2  1007.4 ± 27.6  0.47 
 Na�ve-T1pw (ms)  989.1 ± 35.0  993.0 ± 37.8  0.69 
 T2 mapping (ms)  47.6 ± 3.1  47.2 ± 2.9  0.60 
 Pericardial Fat Index (g/ht  3  )  4.4 ± 3.0  7.7 ± 2.7  <0.01 

 Hepa�c Fat Frac�on (%)  6.8 ± 7.9  11.0 ± 9.8  0.12 
 Values  expressed  in  mean  and  standard  devia�on;  P  value  calculated  by  non-parametric  Mann-Whitney 
 U  test;  BMI,  Body  Mass  Index;  TMI,  Triponderal  Mass  Index;  LVMI,  Le�  ventricular  mass  index;  LVEDVI, 
 Le�  ventricular  end-diastolic  volume  index;  LVESVI,  Le�  ventricular  end-systolic  volume  index;  LVEF,  Le� 
 ventricular ejec�on frac�on; Na�ve-T1s, Septal na�ve T1; Na�ve-T1pw, Posterior wall na�ve T1. 
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 Table  8:  Bivariate  correla�ons  of  mapping  values  with  clinical,  laboratory  and 

 cardiovascular  magne�c  resonance  (CMR)  parameters.  Analysis  performed  in  the  total 

 cohort, as well as independently in males (M) and females (F). 

 Variable  Na�ve T1  Na�ve-T1s  Na�ve-T1pw  T2 mapping 

 Total  M  F  Total  M  F  Total  M  F  Total  M  F 

 Age  -0.34  †  -0.57  †  0.03  -0.38  †  -0.56  †  -0.19  -0.22  -0.49  †  0.28  -0.09  -0.26  0.15 

 BMI  0.09  0.43  -0.34  0.17  0.44  †  -0.06  0.05  0.40  -0.36  -0.12  0.00  -0.52  † 

 TMI  0.20  0.51  †  -0.35  0.32  0.59  *  -0.05  0.12  0.44  -0.39  -0.01  0.02  -0.47  † 

 SBP  -0.12  0.24  -0.19  -0.09  0.43  -0.13  -0.07  0.16  -0.10  -0.22  0.41  -0.50  † 

 DBP  0.13  0.17  0.03  0.22  0.31  -0.07  0.06  0.21  0.02  0.09  0.28  -0.17 

 Laboratory 
 HOMA-IR  0.19  0.26  0.07  0.28  0.27  0.49  †  0.09  0.18  -0.15  -0.19  -0.06  -0.48  † 

 Hematocrit  -0.46  *  -0.36  -0.29  -0.35  †  -0.32  0.15  -0.40  †  -0.34  -0.34  -0.51  *  -0.45  †  -0.36 

 Leukocytes  0.02  0.29  0.04  0.04  0.16  0.29  0.00  0.31  -0.23  -0.30  -0.40  -0.07 

 Neutrophile  0.18  0.46  †  0.16  0.14  0.30  0.23  0.19  0.52  †  -0.06  -0.06  -0.14  0.10 

 Lymphocyte  0.02  0.32  -0.16  0.11  0.26  0.37  -0.10  0.22  -0.42  -0.31  -0.28  -0.44 

 hs-CRP  0.05  -0.00  -0.23  0.11  0.03  0.07  0.01  0.03  -0.25  -0.10  -0.02  -0.48  † 

 Interleukin 6  0.22  0.28  -0.04  0.27  0.29  0.10  0.18  0.31  0.01  0.02  0.05  -0.26 

 CMR 
 LVMI  -0.33  †  -0.19  -0.19  -0.24  0.04  -0.12  -0.30  -0.26  -0.25  -0.50  *  -0.26  -0.58  * 

 LVEF  0.05  0.14  0.08  0.08  0.18  0.14  0.04  0.15  -0.10  -0.03  0.10  -0.03 

 PFI  0.23  0.48  †  -0.32  0.36  †  0.52  †  0.14  0.17  0.50  †  -0.43  -0.15  0.12  -0.67  * 

 HFF  0.24  0.35  -0.18  0.28  0.11  0.28  0.14  0.34  -0.39  0.08  0.00  -0.22 

 Spearman  coefficients.  Values  expressed  in  r.  *p<0.01.  †p<0.05.  M,  Male;  F,  Female;  Na�ve  T1,  global  na�ve  T1 
 value  in  short-axis;  Na�ve-T1s,  na�ve  T1  value  in  LV  septum;  Na�ve-T1pw,  na�ve  T1  value  in  LV  posterior  wall; 
 BMI,  Body  Mass  Index;  TMI,  Triponderal  Mass  Index;  SBP,  Systolic  Blood  Pressure;  DBP,  Diastolic  Blood  Pressure; 
 HOMA-IR,  Homeosta�c  model  assessment  insulin  resistance;  hs-CRP,  highly  sensi�ve  C-reac�ve  protein;  CMR, 
 cardiovascular  magne�c  resonance;  LVMI,  Le�  ventricular  mass  index;  LVEF,  Le�  ventricular  ejec�on  frac�on;  HFF, 
 Hepa�c Fat Frac�on; PFI, Pericardial fat index. 
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 Table  9:  Bivariate  correla�ons  of  hepa�c  fat  frac�on  and  pericardial  fat  index  with 

 clinical,  laboratory  and  cardiovascular  magne�c  resonance  (CMR)  parameters.  Analysis 

 performed in the total cohort, as well as independently in males (M) and females (F). 

 Variable  Hepa�c Fat Frac�on  Pericardial Fat Index 

 Total  M  F  Total  M  F 

 Age  -0.27  -0.21  -0.32  -0.59  *  -0.71  *  -0.40 

 BMI  0.29  0.43  0.14  0.79  *  0.75  *  0.76  * 

 TMI  0.29  0.32  0.12  0.78  *  0.77  *  0.75  * 

 SBP  0.05  0.16  0.17  0.53  *  0.68  *  0.52  † 

 DBP  0.05  0.01  0.11  0.47  *  0.55  †  0.20 

 Laboratory 
 HOMA-IR  0.33  †  0.42  0.27  0.56  *  0.55  †  0.54  † 

 Hematocrit  -0.01  -0.17  0.27  -0.02  -0.16  0.16 

 Leukocytes  0.24  0.52  †  0.08  0.20  0.08  0.10 

 Neutrophile  0.30  0.58  †  0.10  0.22  0.36  -0.07 

 Lymphocyte  0.12  0.26  0.01  0.23  0.00  0.43 

 hs-CRP  0.48  *  0.49  †  0.43  0.54  *  0.54  †  0.51  † 

 Interleukin 6  0.28  0.45  0.04  0.52  *  0.61  *  0.28 

 CMR 
 LVMI  -0.09  -0.44  0.34  0.36  †  0.03  0.72  * 

 LVEF  -0.09  -0.22  0.23  0.24  0.51  †  0.00 

 PFI  0.25  0.23  0.19  1  1  1 

 HFF  1  1  1  0.25  0.23  0.19 
 Spearman  coefficients.  Values  expressed  in  r.  *p<0.01.  †p<0.05.  M,  Male;  F, 
 Female;  BMI,  Body  Mass  Index;  TMI,  Triponderal  Mass  Index;  SBP,  Systolic  Blood 
 Pressure;  DBP,  Diastolic  Blood  Pressure;  HOMA-IR,  Homeosta�c  model 
 assessment  insulin  resistance;  hs-CRP,  highly  sensi�ve  C-reac�ve  protein;  CMR, 
 cardiovascular  magne�c  resonance;  LVMI,  Le�  ventricular  mass  index;  LVEF,  Le� 
 ventricular ejec�on frac�on. HFF, Hepa�c Fat Frac�on; PFI, Pericardial fat index. 
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 MYOCARDIAL TISSUE CHARACTERIZATION AND PERICARDIAL FAT STUDY 

 Figure  1:  Box-and-whisker  plots  (median  and  25-75th  percen�le)  of  mapping  values 

 and �ssue fat determina�ons by study groups. 
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 MYOCARDIAL TISSUE CHARACTERIZATION AND PERICARDIAL FAT STUDY 

 Figure  2:  Box-and-whisker  plots  (median  and  25-75th  percen�le)  of  mapping  values 

 and  �ssue  fat  determina�ons  by  study  groups  and  gender:  male  (striped)  and  female 

 (solid). 
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 8.  CONCLUSIONS 

 Each of the next specific conclusions refers to the specific aims on the “Hypothesis and 

 Aims” sec�on and on the same order: 

 1.  Morbidly  obese  adolescents  have  an  abnormal  le�  ventricular  geometry  and 

 systolic  and  diastolic  LV  dysfunc�ons,  only  detected  by  strain  techniques,  even 

 when  primary  comorbidi�es,  such  as  diabetes  mellitus,  have  not  yet  been 

 diagnosed. 

 2.  Those  obese  adolescents  labeled  as  metabolically  healthy,  despite  exhibi�ng 

 be�er  BMI,  blood  pressure,  insulin  resistance  and  lipid  profile,  present  the  same 

 pathological le� ventricular changes than those metabolically unhealthy. 

 3.  Morbidly  obese  adolescents  present  an  atherosclero�c  lipoprotein  par�cle 

 profile  despite  showing  no  pathological  concentra�ons  in  the  conven�onal  lipid 

 profile.  The  advanced  lipoprotein  test  and  the  glycoprotein  A  inflammatory 

 marker  appear  to  provide  more  reliable  indicators  of  cardiac  change  severity  in 

 obese  adolescents  than  tradi�onal  CV  risk  factors  such  as  BMI,  blood  pressure 

 and insulin resistance. 

 4.  Morbidly  obese  adolescents  present  na�ve  T1  values  similar  to  non-obese 

 adolescents,  therefore  na�ve  T1  appears  to  be  of  limited  use  in  measuring  the 
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 risk  of  myocardium  ECM  changes  in  obesity.  However,  a  gender  dimorphism  in 

 mapping  values  has  been  no�ced.  Female  adolescents  possess  par�cular 

 characteris�cs  such  as  thinner  hearts  and  low  hematocrit  levels,  which  are 

 associated  with  higher  na�ve  T1  and  T2  values,  whereas  in  males,  TMI  is  related 

 to  increased  na�ve  T1  as  well  as  pericardial  fat,  and  may  serve  as  a  useful 

 predictor.  Therefore,  a  gender-individualized  analysis  must  be  implemented  in 

 future na�ve T1 studies. 

 5.  Hepa�c  steatosis  and  pericardial  fat  are  markers  of  adipose  �ssue  infiltra�on 

 closely related with high BP, insulin resistance and inflamma�on. 

 Overall,  this  project  has  shown  that  morbidly  obese  adolescents  prematurely 

 present  le�  ventricular  hypertrophy  and  dysfunc�on,  which  are  primarily  tested  using 

 advanced  echocardiographic  techniques.  However,  contrary  to  our  hypothesis,  these 

 changes  do  not  coincide  with  quan�fiable  modifica�ons  in  the  myocardial  extracellular 

 matrix,  which  is  possibly  explained  because  of  the  simultaneous  myocardium  fibrosis 

 and  adipose  �ssue  infiltra�on  effects.  In  my  experience,  these  pa�ents  are  rarely 

 evaluated  by  cardiologists  or,  when  this  does  happen,  only  the  le�  ventricular  mass 

 index  is  considered.  However,  these  studies  show  that  myocardial  adap�ve  changes 

 frequently  affect  myocardial  structure  as  well  as  func�on  and  are  independent  of  the 

 diagnosis  of  comorbidi�es,  so  omi�ng  cardiac  evalua�on  for  any  adolescent  with 

 morbid obesity misses the opportunity to iden�fy early cardiac damage. 

 Interes�ngly,  the  rela�onship  found  between  the  degree  of  cardiac  involvement 

 and  a  characteris�c  inflammatory  and  atherosclero�c  lipoprotein  par�cle  profile  opens 
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 the  possibility  of  using  these  novel  markers  as  differen�a�ng  factors  for  predic�ng 

 cardiac damage in these pa�ents. 
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