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OPTIMAL	
  POSTPRANDIAL	
  CONTROL	
  IS	
  
CLASSIFIED	
  AS	
  ONE	
  OF	
  THE	
  MOST	
  
CHALLENGING	
  ASPECTS	
  OF	
  TYPE	
  1	
  
DIABETES	
  MANAGEMENT	
  	
  
	
  

Carbohydrate	
  coun)ng	
  and	
  CGM	
  



Carbohydrate	
  Coun)ng	
  

•  Carbohydrate	
  coun)ng	
  is	
  a	
  tool	
  that	
  helps	
  
pa)ents	
  to	
  es:mate	
  in	
  a	
  systema:c	
  way	
  the	
  
amount	
  of	
  the	
  pre-­‐meal	
  insulin	
  bolus	
  to	
  
minimize	
  the	
  glucose	
  increase	
  a@er	
  a	
  meal,	
  
and	
  if	
  necessary,	
  to	
  correct	
  an	
  either	
  
inappropriately	
  high	
  or	
  low	
  pre-­‐meal	
  glucose	
  
level.	
  



Why	
  Carb	
  Count?	
  

•  Primary	
  goal	
  of	
  diabetes	
  management	
  is	
  to	
  
normalize	
  blood	
  glucose	
  concentra)ons	
  

•  Both	
  MDI	
  and	
  CSII	
  require	
  pa)ent	
  (or	
  parent)	
  
input	
  of	
  CHO	
  to	
  determine	
  proper	
  insulin	
  
bolus	
  doses	
  



I:CHO	
  Ra)o	
  

•  Daily	
  insulin	
  requirement	
  is	
  associated	
  with	
  
the	
  amount	
  rather	
  than	
  the	
  type	
  of	
  daily	
  
carbohydrate	
  intake	
  

•  Insulin:CHO	
  ra:o	
  is	
  the	
  most	
  advanced	
  
coun:ng	
  technique	
  

Franz	
  MJ.	
  Curr	
  Diab	
  Rep.	
  2001	
  Oct;1(2):177-­‐86.	
  



Insulin	
  :	
  CHO	
  Ra)o	
  

•  I:CHO	
  Ra:o:	
  
– es)ma)on	
  of	
  the	
  mean	
  insulin-­‐to-­‐carbohydrate	
  
ra)o	
  (i.e.,	
  the	
  prandial	
  insulin	
  need)	
  	
  

•  This	
  algorithm	
  does	
  not	
  take	
  into	
  account:	
  
–  intra-­‐individual	
  glycemic	
  variability	
  due	
  to	
  
varia)ons	
  in	
  insulin	
  sensi)vity	
  (between-­‐day	
  
changes)	
  

– es)ma)on	
  and/or	
  absorp)on	
  of	
  carbohydrates	
  
(CHOs)	
  

–  insulin	
  absorp)on	
  



Carb	
  Coun)ng	
  -­‐	
  Advances	
  

•  Reduc)on	
  in	
  HbA1c	
  
•  No	
  indica)ons	
  of	
  an	
  associa)on	
  between	
  
weight	
  change	
  and	
  advanced	
  carbohydrate	
  
coun)ng	
  

•  No	
  increased	
  risk	
  of	
  hypoglycemia	
  (pa)ents	
  
with	
  hypoglycemia	
  unawareness?	
  -­‐	
  unclear)	
  

Schmidt,	
  S.,	
  Schelde,	
  B.	
  &	
  Nørgaard,	
  K.	
  Effects	
  of	
  advanced	
  carbohydrate	
  coun)ng	
  in	
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  with	
  Type	
  1	
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  a	
  systema)c	
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  Diabet.	
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  31,	
  886–896	
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Factors	
  responsible	
  for	
  interven:on	
  failure	
  
or	
  success	
  are	
  difficult	
  to	
  iden:fy	
  

– Pa)ents	
  ability	
  to	
  accurately	
  assess	
  the	
  
carbohydrate	
  contents	
  of	
  meals	
  

– Overall	
  understanding	
  of	
  the	
  diabetes	
  disease	
  and	
  
the	
  dynamics	
  of	
  glucose	
  homeostasis	
  

– Pa)ent	
  adherence	
  to	
  CHO	
  coun)ng	
  
– Competences	
  of	
  the	
  healthcare	
  team	
  in	
  providing	
  
training	
  in	
  advanced	
  CHO	
  coun)ng	
  

Schmidt,	
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  Nørgaard,	
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  Effects	
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  Type	
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Barriers	
  to	
  glycemic	
  control	
  

•  Underes)meta)on	
  of	
  meals	
  (more	
  common	
  
with	
  larger	
  meals)	
  

•  Fear	
  of	
  hypoglycemia	
  
•  An)cipated	
  Exercise	
  
•  CHO	
  coun)ng	
  ability	
  



Accuracy	
  of	
  CHO	
  coun)ng	
  

•  Pa)ents	
  mean	
  error	
  of	
  CHO	
  es)mates	
  per	
  
meal	
  is	
  about	
  20%	
  

•  Underes)ma)on	
  of	
  CHO	
  is	
  common	
  (about	
  
60%	
  of	
  the	
  meals‘	
  CHO	
  are	
  underes)mated	
  

•  Inaccurate	
  CHO	
  coun)ng	
  is	
  frequent	
  and	
  
associated	
  with	
  higher	
  daily	
  blood	
  glucose	
  
variability	
  in	
  adults	
  withT1DM	
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Carb	
  Coun)ng	
  ...	
  Not	
  always	
  easy	
  



Carbohydrates	
  

Easy	
  ?	
   Difficult	
  ?	
  



Glycemic	
  excursion,	
  Insulin,	
  CHOs	
  



Carbohydrate	
  Coun)ng	
  

Required	
  
meal:me	
  
Insulin	
  in	
  
T1DM	
  

Protein	
  

GI	
   Fat	
  

Fiber	
  

Peters	
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  Protein	
  and	
  fat	
  effects	
  on	
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  and	
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  in	
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  dependent	
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  Am	
  J	
  Clin	
  Nutr	
  1993;58:555–560	
  



Problem	
  

Elevated	
  postprandial	
  glucose	
  increases	
  the	
  risk	
  of	
  cardiovascular	
  disease,	
  
atherosclerosis,	
  and	
  mortality	
  	
  

Reports	
  of	
  elevated	
  postprandial	
  glucose	
  levels	
  and	
  high	
  levels	
  for	
  2	
  or	
  3	
  h,	
  
par)cularly	
  a@er	
  the	
  inges)on	
  of	
  meals	
  with	
  high	
  protein	
  and/or	
  fat	
  content	
  

Carbohydrate	
  coun)ng	
  is	
  the	
  standard	
  in	
  determining/calcula)ng	
  pre	
  meal	
  insulin	
  



Two	
  meals	
  

•  Meal	
  A:	
  	
  
– Meal	
  A	
  was	
  designed	
  to	
  contain	
  75	
  g	
  
carbohydrate	
  with	
  only	
  20%	
  of	
  energy	
  derived	
  
from	
  protein	
  and	
  fat	
  

•  MEAL	
  B:	
  
– approximately	
  half	
  the	
  carbohydrate	
  content	
  of	
  
meal	
  A	
  but	
  the	
  same	
  insulin	
  demand	
  based	
  on	
  
knowl-­‐	
  edge	
  of	
  the	
  FII	
  values	
  of	
  the	
  component	
  
foods	
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FII	
  algorithm	
  vs	
  carb	
  coun)ng	
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Diabetes	
  technology	
  

•  Technological	
  improvements	
  in	
  insulin	
  pumps	
  
and	
  con)nuous	
  glucose	
  monitors	
  help	
  
pa)ents	
  with	
  type	
  1	
  diabetes	
  manage	
  the	
  
challenge	
  of	
  insulin	
  administra)on	
  



Recommenda)ons:	
  
Glucose	
  Monitoring	
  

•  Con)nuous	
  glucose	
  monitoring	
  (CGM)	
  with	
  
intensive	
  insulin	
  regimens	
  useful	
  tool	
  to	
  lower	
  
A1C	
  in	
  selected	
  adults	
  (age	
  ≥25	
  years)	
  with	
  type	
  1	
  
diabetes	
  

•  Evidence	
  for	
  A1C-­‐lowering	
  less	
  strong	
  in	
  children,	
  
teens,	
  and	
  younger	
  adults;	
  however,	
  CGM	
  may	
  
be	
  helpful;	
  success	
  correlates	
  with	
  adherence	
  to	
  
device	
  use	
  

•  CGM	
  may	
  be	
  a	
  supplemental	
  tool	
  to	
  SMBG	
  in	
  
those	
  with	
  hypoglycemia	
  unawareness	
  and/or	
  
frequent	
  hypoglycemic	
  episodes	
  

ADA	
  Standards	
  of	
  Medical	
  Care	
  2013	
  



Example	
  1	
  



Example	
  2	
  



Example	
  3	
  



Increasing	
  carbohydrate	
  loads	
  using	
  a	
  fixed	
  
carbohydrate-­‐to-­‐insulin	
  ra)o	
  resulted	
  in	
  increasing	
  

glucose	
  AUC	
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Increasing	
  carbohydrate	
  loads	
  using	
  a	
  fixed	
  
carbohydrate-­‐to-­‐insulin	
  ra)o	
  resulted	
  in	
  increasing	
  

glucose	
  AUC	
  

Marran,	
  K.	
  J.,	
  Davey,	
  B.,	
  Lang,	
  A.	
  &	
  Segal,	
  D.	
  G.	
  Exponen)al	
  increase	
  in	
  postprandial	
  blood-­‐glucose	
  exposure	
  with	
  
increasing	
  carbohydrate	
  loads	
  using	
  a	
  linear	
  carbohydrate-­‐to-­‐insulin	
  ra)o.	
  S.	
  Afr.	
  Med.	
  J.	
  103,	
  461–463	
  (2013).	
  



Intra-­‐individual	
  rela)ve	
  changes	
  in	
  postprandial	
  
glucose	
  response	
  to	
  different	
  insulin	
  doses	
  while	
  

maintaining	
  the	
  same	
  meal	
  



Plasma	
  glucose	
  (top)	
  and	
  exogenous	
  glucose	
  
infusion	
  rate	
  (bonom)	
  for	
  the	
  iBolus	
  or	
  the	
  tBolus	
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  P.	
  et	
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  Evalua)on	
  of	
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  Novel	
  Con)nuous	
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  Monitoring-­‐Based	
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  with	
  Type	
  1	
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  Using	
  Con)nuous	
  Subcutaneous	
  Insulin	
  Infusion	
  Therapy:	
  A	
  Randomized	
  
Controlled	
  Trial.	
  Diabetes	
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•  The	
  physiological	
  delay	
  of	
  glucose	
  transport	
  
from	
  the	
  vascular	
  to	
  the	
  inters))al	
  space	
  is	
  5–
6	
  min	
  

•  The	
  physiological	
  )me	
  lag	
  of	
  glucose	
  transport	
  
between	
  the	
  vascular	
  and	
  ISF	
  compartments	
  is	
  
considerably	
  shorter	
  than	
  many	
  have	
  
hypothesized	
  



Conclusion	
  

•  CHO	
  coun:ng:	
  	
  
– Matching	
  insulin	
  to	
  the	
  carbohydrate	
  amount	
  of	
  
a	
  meal	
  is	
  a	
  proven	
  strategy	
  in	
  achieving	
  glycemic	
  
control	
  in	
  T1DM	
  

•  CHO	
  coun:ng	
  in	
  T1DM:	
  	
  
– complex	
  task	
  
– can	
  be	
  challenging	
  	
  
–  related	
  to	
  daily	
  glycemic	
  panerns	
  	
  


