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Youth	
   type	
  2	
  diabetes	
   (T2D)	
   is	
   increasing,	
   linked	
  with	
  obesity	
  and	
  declining	
  physical	
   acKvity	
   in	
  high-­‐risk	
  populaKon.	
   In	
   the	
  United	
  States,	
   the	
  prevalence	
  of	
  T2D	
   in	
  2009	
  among	
  
adolescents	
  aged	
  10	
  through	
  19	
  years	
  was	
  0.46	
  per	
  1000	
  or	
  0.046%,	
  with	
  highest	
  prevalence	
  in	
  American	
  Indians,	
  followed	
  by	
  black,	
  Hispanic,	
  and	
  Asian	
  Pacific	
  Islander	
  youths,	
  with	
  
lowest	
  prevalence	
  in	
  white	
  ones.	
  Studies	
  in	
  Europe	
  indicate	
  that	
  T2DM	
  remains	
  rare	
  in	
  largely	
  white	
  populaKons.	
  Insulin	
  resistance	
  (IR)	
  plays	
  a	
  key	
  role	
  in	
  the	
  pathogenesis	
  of	
  T2D.	
  
Previously,	
  we	
  described	
  that	
  neurologically	
  impaired	
  (NI)	
  children	
  showed	
  an	
  unfavorable	
  cardio-­‐metabolic	
  risk	
  profile	
  with	
  a	
  high	
  prevalence	
  of	
  IR	
  which	
  was	
  not	
  related	
  to	
  BMI	
  
In	
  this	
  brief	
  report,	
  we	
  evaluated	
  the	
  prevalence	
  of	
  T2D	
  in	
  NI	
  children	
  and	
  adolescents	
  without	
  obesity,	
  in	
  order	
  to	
  describe	
  if	
  a	
  dedicated	
  glucose	
  profile	
  monitoring	
  may	
  be	
  
recommended	
  in	
  this	
  “fragile”	
  populaKon.	
  
 

We	
  retrospecKvely	
  evaluated	
  63	
  caucasian	
  paKents	
  (35	
  M/28	
  F,	
  mean	
  age	
  11.4±4.0	
  years,	
  range	
  1.9-­‐19.1	
  yr)	
  with	
  severe	
  disabiliKes	
  (cerebral	
  palsy	
  34.9%,	
  epilepKc	
  encephalopathy	
  
28.6%,	
  severe	
  psychomotor	
  developmental	
  delay	
  in	
  dysmorphic	
  syndromes	
  36.5%).	
  All	
  subjects	
  had	
  been	
  previously	
  scheduled	
  for	
  surgical	
  treatment	
  (gastrostomy/digiunostomy	
  
tube	
  posiKoning,	
  anK-­‐reflux	
  surgical	
  treatment)	
  and/or	
  management	
  of	
  nutriKonal	
  support	
  devices.	
  	
  
Enteral	
  feeding	
  was	
  adopted	
  in	
  58/63	
  parKcipants	
  (bolus	
  82.7%,	
  conKnuous	
  pump	
  feeding	
  17.3%)	
  and	
  oral	
  feeding	
  in	
  5/63	
  subjects	
  (8%).	
  AnKconvulsive	
  drugs	
  (at	
  least	
  two	
  of	
  the	
  
following:	
  phenobarbital,	
  valproic	
  acid,	
  phentoyn,	
  lamotrigine,	
  topiramate,	
  carbamazepine	
  and	
  clonazepam)	
  were	
  reported	
  in	
  56/63	
  (88.8%)	
  of	
  the	
  whole	
  sample;	
  other	
  therapies	
  
were	
  recorded	
  in	
  5	
  paKents	
  (in	
  3	
  anK-­‐hypertensive	
  drugs,	
  in	
  1	
  growth	
  hormone	
  therapy,	
  in	
  1	
  L-­‐thyroxine).	
  In	
  all	
  subjects	
  physical	
  acKvity	
  was	
  conducted	
  for	
  less	
  than	
  60	
  minutes/
week.	
  
	
  
Methods	
  
Clinical	
  and	
  anthropometric	
  parameters	
  	
  
Physical	
   examinaKon	
   of	
   the	
   subjects	
   included	
   anthropometric	
   parameters	
   as	
   well	
   as	
   pubertal	
   stage	
   evaluaKon	
   according	
   to	
   Marshall	
   and	
   Tanner	
   (prepubertal	
   characterisKcs	
  
corresponding	
  to	
  Tanner	
  stage	
  1).	
   	
  Weight,	
  height,	
  waist	
  circumference	
  (WC)	
  were	
  measured	
  as	
  previously	
  reported	
  and	
  consequently	
  BMI	
  and	
  waist	
  to	
  height	
  raKo	
  (WHtR)	
  were	
  
calculated.	
  	
  
	
  	
  
Metabolic	
  parameters	
  	
  
Metabolic	
   blood	
   assays	
   included	
   fasKng	
   blood	
   glucose	
   (FBG),	
   insulin,	
   triglycerides	
   (TG).	
   Insulin	
   resistance	
   was	
   calculated	
   with	
   the	
   homeostasis	
   model	
   assessment	
   for	
   insulin	
  
resistance	
  (HOMA-­‐IR).	
  Triglyceride-­‐glucose	
  index	
  (TyG	
  index)	
  was	
  also	
  evaluated	
  using	
  the	
  formula	
  (ln[fasKng	
  triglycerides	
  (mg/dl)×fasKng	
  plasma	
  glucose	
  (mg/dl)/2]),	
  as	
  a	
  surrogate	
  
marker	
  of	
  IR	
  and	
  predictor	
  of	
  diabetes,	
  
Elevated	
  FBG	
  was	
  defined	
  with	
  values	
  exceeding	
  100	
  mg/dl	
  and	
  impaired	
  insulin	
  sensiKvity	
  (ISI)	
  with	
  a	
  HOMA-­‐IR	
  exceeding	
  the	
  97.5th	
  percenKle	
  for	
  age	
  and	
  sex.	
  According	
  to	
  Vieira	
  
Ribeiro,	
  TyG	
  index	
  was	
  considered	
  pathological	
  with	
  a	
  cutoff	
  exceeding	
  7.88.	
  
T2D	
  was	
  defined	
  as	
  FBG≥126	
  mg/dL	
  and/or	
  2-­‐hour	
  plasma	
  glucose	
  (PG)≥200	
  mg/dL	
  and/or	
  random	
  PG≥200	
  mg/dL	
  (in	
  paKents	
  with	
  conKnuous	
  pump	
  feeding	
  only	
  random	
  PG≥200	
  
mg/dL	
  was	
  considered)	
  plus	
  symptoms	
  of	
  diabetes	
  (given	
  the	
  feeding	
  difficulKes,	
  of	
  these	
  children,	
  only	
  polyurea	
  was	
  considered)	
  and	
  HbA1c≥6.5%	
  
In	
  diabeKc	
  paKents	
  the	
  presence	
  of	
  islet	
  autoimmunity	
  (glutamic	
  acid	
  decarboxylase	
  (GAD),	
  islet	
  anKgen	
  type	
  2	
  (IA2),	
  anK-­‐insulin	
  (IAA)	
  and	
  zinc	
  transporter	
  8	
  (ZnT8)	
  autoanKbodies)	
  
were	
  excluded.	
  	
  
The	
  waist	
  to	
  height	
  raKo	
  (WHtR)	
  was	
  then	
  calculated	
  with	
  the	
  standard	
  formula	
  and	
  a	
  cut-­‐off	
  of	
  0.5	
  was	
  used	
  to	
  differenKate	
  low	
  from	
  high	
  WHtR.	
  	
  
Treatment	
  following	
  diabetes	
  diagnosis	
  was	
  recorded.	
  
	
  

  
 

  

The	
   average	
   HOMA-­‐IR	
   was	
   3.5±0.6,	
   with	
   higher	
   levels	
   in	
   pubertal	
  
compared	
   to	
   prepubertal	
   paKents	
   (p=0.03)	
   and	
   without	
   significant	
  
difference	
   between	
   sex	
   (p=0.3).	
   Insulin	
   resistance	
   was	
   detected	
   in	
  
26/63	
   (41.3%)	
   subjects,	
   with	
   a	
   similar	
   prevalence	
   in	
   males	
   and	
  
females	
  (p=0.7)	
  and	
  in	
  prepubertal	
  e	
  pubertal	
  subjects	
  (p=0.1).	
  
The	
  mean	
  values	
  of	
  TyG	
  index	
  observed	
  in	
  the	
  sample	
  was	
  8.1±0.75,	
  
which	
   is	
   higher	
   in	
   pubertal	
   compared	
   to	
   prepubertal	
   paKents	
  
(p=0.03)	
   and	
   did	
   not	
   differ	
   between	
   genders	
   (p=0.6).	
   Pathological	
  
TyG	
   index	
  was	
   noted	
   in	
   40/63	
  paKents	
   (63.5%),	
  without	
   significant	
  
difference	
  according	
  to	
  sex	
  (p=0.3)	
  and	
  pubertal	
  status	
  (p=0.6).	
  
No	
  significant	
  correlaKon	
  between	
  HOMA-­‐IR	
  and	
  TyG	
  was	
  found	
  (r=	
  
0.17	
  p=0.20)	
  
Pathological	
   FBG	
   was	
   detected	
   in	
   7/63	
   children	
   (11.1%),	
   without	
  
difference	
  between	
  sex	
  (p=0.3	
  and	
  pubertal	
  stage	
  (p=0.09).	
  	
  
T2D	
  was	
  diagnosed	
   in	
  2/63	
  paKents	
   (3.2%;	
  1	
  male	
  and	
   female	
  with	
  
dysmorphic	
   syndromes	
   in	
   which	
   inborn	
   errors	
   of	
   metabolism	
   and	
  
mitochondrial	
   disease	
  were	
   excluded)	
   at	
   the	
   age	
   of	
   4	
   and	
   8	
   years	
  
respecKvely.	
   Both	
   paKents	
   were	
   asymptomaKc	
   and	
   diabetes	
   was	
  
incidentally	
   detected	
   during	
   a	
   rouKne	
   checkup.	
   Clinical	
   and	
  
biochemical	
  data	
  and	
  treatment	
  following	
  diagnosis	
  was	
  reported	
  in	
  
table	
   1.	
   	
   In	
   both	
   paKents,	
   IR	
   or	
   surrogate	
   markers	
   of	
   IR	
   were	
  
detected.	
  	
  
The	
  prevalence	
  of	
  diabetes	
  was	
  higher	
   in	
  prepubertal	
   compared	
   to	
  
pubertal	
  subjects	
  (p=0.03),	
  similarly	
  in	
  males	
  and	
  females	
  (p=0.8).	
  	
  
No	
  associaKon	
  between	
  metabolic	
  alteraKons	
  and	
  type	
  of	
  nutriKonal	
  
support	
  (p=0.1)	
  or	
  drug	
  exposure	
  was	
  noted	
  (p=0.9).	
  
 
 
 

In	
  conclusion,	
  T2D	
  in	
  NI	
  children	
  and	
  adolescents	
  could	
  represent	
  a	
  new	
  emerging	
  enKty	
  in	
  subjects	
  without	
  obesity.	
  Insulin	
  resistance	
  and/or	
  surrogate	
  marker	
  
of	
  insulin	
  resistance	
  index	
  may	
  be	
  useful	
  for	
  the	
  early	
  screening	
  of	
  these	
  at-­‐risk	
  disabled	
  populaKons	
  in	
  order	
  to	
  prevent	
  diabetes.	
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Table	
  2.	
  Clinical	
  and	
  metabolic	
  feature	
  of	
  the	
  2	
  paKents	
  with	
  diabetes	
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