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Objec8ves


• When	
  MeTormin	
  fails	
  
• Dual	
  therapy	
  from	
  the	
  beginning	
  
• Beta	
  cell	
  preservaJon:	
  Reality	
  or	
  
myth?	
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Natural  History  of  Type  2  Diabetes

Post-­‐meal	
  glucose	
  

β-­‐cell	
  funcAon	
  

Kendall	
  DM,	
  et	
  al.	
  Am	
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  Med.	
  2009;122(Suppl	
  6):S37-­‐S50.	
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Pathogenesis  of  type  2  diabetes    
-­‐  the  ominous  octet


	
  	
  MulJple	
  defects	
  contribute	
  to	
  the	
  progression	
  of	
  type	
  2	
  diabetes	
  mellitus	
  

Adapted from De Fronzo RA. Diabetes. 2009;58:773-95. 
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AnJhyperglycemic	
  Therapy	
  in	
  
Type	
  2	
  Diabetes	
  

ADA Standards of Medical Care in Diabetes. Approaches to Glycemic Treatment. Diabetes Care 2016; 39 (Supl.1): SX 





Before	
  starJng	
  MeTormin,	
  obtain	
  the	
  paJent's	
  eGFR.	
  
Obtain	
  an	
  eGFR	
  at	
  least	
  annually	
  in	
  all	
  paJents	
  taking	
  MeTormin.	
  	
  
High	
  risk	
  paJents,	
  such	
  as	
  the	
  elderly,	
  renal	
  funcJon	
  should	
  be	
  
assessed	
  more	
  frequently.	
  	
  
eGFR	
  >	
  45mL/min/1.73m2:	
  MeTormin	
  can	
  be	
  used	
  
eGFR	
  between	
  30–45mL/min/1.73m2:	
  	
  StarJng	
  MeTormin	
  is	
  not	
  
recommended.	
  	
  
eGFR	
  <30mL/min/1.73m2:	
  MeTormin	
  is	
  contraindicated.	
  	
  	
  
If	
  the	
  eGFR	
  later	
  falls	
  <45mL/min/1.73m2,	
  assess	
  the	
  benefits	
  and	
  
risks	
  of	
  conJnuing	
  treatment	
  
If	
  eGFR	
  further	
  falls	
  <30mL/min/1.73m2:	
  DisconJnue	
  MeTormin	
  	
  
	
  



	
  
	
  
If	
  the	
  eGFR	
  is	
  between	
  30–60mL/min/1.73m2,	
  disconJnue	
  
MeTormin:	
  
•  In	
  paJents	
  with	
  a	
  history	
  of	
  liver	
  disease,	
  alcoholism,	
  or	
  heart	
  
failure	
  

•  At	
  the	
  Jme	
  of	
  or	
  before	
  an	
  iodinated	
  contrast	
  imaging	
  procedure	
  
in	
  paJents	
  as	
  well	
  as	
  in	
  normal	
  paJents,	
  who	
  will	
  be	
  administered	
  
intra-­‐arterial	
  iodinated	
  contrast.	
  	
  
Re-­‐evaluate	
  eGFR	
  48	
  hours	
  aoer	
  the	
  imaging	
  procedure;	
  restart	
  
MeTormin	
  if	
  renal	
  funcJon	
  is	
  stable.	
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Duration of diabetes 

ConservaJve	
  management	
  of	
  glycemia:	
  
TradiJonal	
  Stepwise	
  Approach	
  

HbA1c ≤ 6.5% AACE2 

HbA1c ≤ 7% ADA1 

OAD  
monotherapy 

OAD  
dual 

therapy 
OAD +  

basal insulin 

OAD +  
multiple daily 

insulin injections 

OAD  
triple 

therapy 

Adapted from Campbell IW. Br J Cardiol. 2000;7:625–631. 
1. American Diabetes Association Clinical Practice Recommendations: Diabetes Care. 2010;33(suppl.1):S4–S10; 
2. AACE/ACE. Endocr Prac. 2009;15:540–559. 

OAD = oral antihyperglycaemia drug 

Diet and 
exercise 

OAD  
monotherapy 
up-titration 
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The	
  Legacy	
  Effect	
  
10-year post-trial monitoring from 1997 to 2007 of UKPDS Study* 

•  Randomized intervention to achieve either intensive or conventional targets - stopped at the trial end (1997) 
•  Differences in mean HbA1c between the 2 groups were lost by Year 1 of post-trial follow-up  
•  Relative reductions in risk in patients who had been treated to intensive goals, compared with conventional 

targets, persisted after 10 years 

* Data from sulphonylurea-insulin group shown 
* p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.001  –25 
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The legacy effect – a reduction in complications persists 10 years after intensive therapy  
1. UKPDS 33 Study Group. Lancet. 1998;352:837–853; 2. Holman RR, et al. N Engl J Med. 2008;359:1577–
1589; 3. Chalmers J and Cooper ME. N Engl J Med. 2008;359:1618–1620. 

* 

* 



Durability	
  of	
  glycemic	
  control	
  with	
  sulfonylureas	
  	
  

Ralph A. DeFronzo et al. Dia Care 2013;36:S127-S138 

©2013 by American Diabetes Association 



Aoer	
  diet	
  and	
  lifestyle	
  modificaJon,	
  monotherapy	
  may	
  assist	
  paJents	
  in	
  achieving	
  a	
  target	
  
of	
  HbA1c	
  less	
  than	
  7%.	
  However,	
  with	
  disease	
  progression,	
  usually	
  the	
  monotherapy	
  loses	
  
efficacy	
  over	
  Jme	
  as	
  evidenced	
  by	
  a	
  conJnued	
  increase	
  in	
  A1c.	
  	
  
For	
  example,	
  in	
  paJents	
  with	
  high	
  mean	
  baseline	
  A1c	
  of	
  8.2–8.4%,	
  glycemic	
  control	
  was	
  
reached	
  by	
  only	
  25%	
  of	
  paJents	
  with	
  meTormin	
  monotherapy.	
  
	
  
The	
  primary	
  objecJve	
  of	
  combining	
  oral	
  anJdiabeJc	
  treatments	
  is	
  to	
  address	
  the	
  dual	
  
problems	
  of	
  insulin	
  deficiency	
  and	
  insulin	
  resistance.	
  This	
  has	
  been	
  shown	
  to	
  be	
  helpful	
  in	
  
establishing	
  glycemic	
  control	
  and	
  lowering	
  A1c	
  levels	
  by	
  an	
  addiJonal	
  0.5–1.0%.	
  	
  
	
  
The	
  chosen	
  regimen,	
  should	
  ideally	
  exert	
  a	
  physiologically	
  rapid	
  prandial	
  insulin	
  response	
  to	
  
maintain	
  Jght	
  glycemic	
  control	
  with	
  minimal	
  side	
  effects	
  such	
  as	
  hypoglycemia	
  and	
  weight	
  
gain.	
  It	
  is	
  also	
  important	
  for	
  the	
  combinaJon	
  to	
  be	
  at	
  least	
  addiJve	
  and	
  possibly	
  synergisJc	
  
in	
  their	
  mechanisms	
  of	
  acJon.	
   	
   	
   	
   	
   	
   	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

	
   	
   	
   	
   	
   	
   	
   	
  hdp://www.medscape.com/viewarJcle/722513_2	
  

Early	
  Dual	
  Therapy	
  



What	
  about	
  early	
  Triple	
  Therapy?	
  

hdp://dx.doi.org/10.4093/kdj.2010.34.6.331	
  



Beta	
  cell	
  PreservaJon	
  
•  Intensive	
  Lifestyle	
  ModificaJon	
  
•  Sulfonylureas	
  
•  MeTormin	
  
•  Acarbose	
  
•  Thiazolidinediones	
  (TZDs)	
  
•  GLP-­‐1	
  Receptor	
  Agonists	
  
•  Bariatric	
  Surgery	
  
	
  



Intensive	
  Lifestyle	
  ModificaJon	
  
Study	
   ParJcipants	
  at	
  high-­‐risk	
  

for	
  diabetes	
  
IntervenJon	
   RelaJve	
  reducJon	
  in	
  risk	
  

of	
  diabetesa	
  
DPP	
   IGT	
   Lifestyle	
   58	
  %	
  
Finnish	
  DPS	
   IGT	
   Lifestyle	
   58	
  %	
  
XENDOS	
   IGT	
   Orlistat	
  +	
  lifestyle	
   45%b	
  
TRIPOD	
   Prior	
  GDM	
   Troglitazone	
   55	
  %	
  
DPP	
   IGT	
   Troglitazone	
   75	
  %	
  
DREAM	
   IGT	
   Rosiglitazone	
   60	
  %	
  
ACT	
  NOW	
   IGT	
   Pioglitazone	
   72	
  %	
  
DPP	
   IGT	
   MeTormin	
   31	
  %	
  
Stop-­‐NIDDM	
   IGT	
   Acarbose	
   25	
  %	
  

DPP	
  Diabetes	
  PrevenJon	
  Program,	
  DPS	
  Diabetes	
  PrevenJon	
  Study,	
  TRIPOD	
  troglitazone	
  in	
  prevenJon	
  of	
  diabetes,	
  DREAM	
  diabetes	
  reducJon	
  
assessment	
  with	
  ramipril	
  and	
  rosiglitazone	
  medicaJon,	
  ACT	
  NOW	
  Actos	
  now,	
  IGT	
  impaired	
  glucose	
  tolerance,	
  GDM	
  gestaJonal	
  diabetes	
  
mellitus	
  
avs	
  placebo	
  and/or	
  usual	
  care	
  



Sulfonylureas	
  
ADVANCE	
  trial	
  indicates	
  that	
  Gliclazide,	
  may	
  
protect	
  β	
  cells	
  from	
  apoptosis	
  potenJally	
  
through	
  anJoxidant	
  effects	
  of	
  the	
  
aminoazabicyclo-­‐octyl	
  ring	
  graoed	
  onto	
  the	
  
sulfonylurea	
  group.	
  	
  
This	
  causes	
  inhibiJon	
  of	
  LDL	
  oxidaJon.	
  It	
  has	
  
been	
  shown	
  to	
  scavenge	
  superoxide	
  radicals,	
  
hydroxyl	
  radicals,	
  and	
  NO	
  in	
  a	
  dose-­‐dependent	
  
manner.	
  	
  
No	
  clinical	
  studies	
  have	
  demonstrated	
  a	
  
beneficial	
  effect	
  of	
  sulfonylureas	
  in	
  the	
  
prevenJon	
  of	
  T2DM	
  	
  



MeTormin	
  
MeTormin	
  is	
  effecJve	
  at	
  reducing	
  hyperglycemia	
  
primarily	
  by	
  inhibiJng	
  hepaJc	
  glucose	
  
producJon	
  and	
  by	
  increasing	
  insulin	
  sensiJvity	
  
DPP	
  showed	
  that	
  meTormin	
  reduced	
  the	
  
conversion	
  from	
  IGT	
  to	
  T2DM	
  by	
  31	
  %	
  suggesJng	
  
that	
  it	
  has	
  modest	
  effects	
  on	
  slowing	
  the	
  
progression	
  of	
  T2DM.	
  	
  
	
  
UKPDS	
  showed	
  similar	
  rates	
  of	
  deterioraJon	
  of	
  
β-­‐cell	
  funcJon	
  (assessed	
  with	
  HOMA-­‐B	
  index)	
  
and	
  loss	
  of	
  glycemic	
  control	
  with	
  meTormin	
  
treatment	
  compared	
  with	
  sulfonylureas	
  or	
  
insulin	
  treatment	
  in	
  paJents	
  with	
  recently	
  
diagnosed	
  T2DM.	
  	
  
	
  



Acarbose	
  
Acarbose	
  is	
  an	
  α-­‐glucosidase	
  inhibitor	
  that	
  improves	
  
post-­‐prandial	
  hyperglycemia	
  by	
  inhibiJng	
  the	
  
acJvity	
  of	
  enzymes	
  in	
  the	
  small	
  intesJne	
  resulJng	
  in	
  
reduced	
  glucose	
  absorpJon.	
  The	
  Study	
  to	
  Prevent	
  
NIDDM	
  (STOP-­‐NIDDM)	
  found	
  a	
  25	
  %	
  relaJve	
  risk	
  
reducJon	
  in	
  the	
  development	
  of	
  T2DM	
  over	
  3.3	
  
years	
  in	
  paJents	
  with	
  impaired	
  glucose	
  levels	
  
treated	
  with	
  acarbose	
  compared	
  with	
  placebo.	
  	
  
However,	
  in	
  the	
  3-­‐month	
  observaJon	
  period	
  aoer	
  
acarbose	
  was	
  disconJnued,	
  the	
  incidence	
  of	
  
diabetes	
  in	
  paJents	
  who	
  had	
  not	
  converted	
  was	
  
higher	
  in	
  the	
  group	
  iniJally	
  assigned	
  to	
  acarbose	
  (15	
  
%)	
  compared	
  with	
  group	
  first	
  randomized	
  to	
  placebo	
  
(10	
  %)	
  suggesJng	
  that	
  the	
  benefit	
  of	
  acarbose	
  is	
  lost	
  
aoer	
  disconJnuaJon	
  of	
  acJve	
  treatment	
  



Thiazolidinediones	
  (TZDs)	
  
TZDs	
  reduce	
  lipotoxicity,	
  prevent	
  β-­‐cell	
  apoptosis,	
  increase	
  
serum	
  adiponecJn	
  levels	
  and	
  improve	
  β-­‐cell	
  funcJon.	
  	
  
PrevenJon	
  trials	
  show	
  that	
  TZDs	
  prevent	
  the	
  onset	
  of	
  T2DM	
  in	
  
high-­‐risk	
  paJents	
  by	
  ~50	
  %–75	
  %	
  including	
  DPP,	
  TRIPOD,	
  
PIPOD,	
  DREAM,	
  ACT-­‐NOW.	
  	
  
TRIPOD	
  showed	
  that	
  protecJon	
  from	
  diabetes	
  in	
  women	
  with	
  
previous	
  gestaJonal	
  diabetes	
  persisted	
  8	
  months	
  aoer	
  T2DM	
  
treatment	
  stopped,	
  and	
  paJents	
  who	
  were	
  protected	
  from	
  
diabetes	
  during	
  TZD	
  treatment	
  had	
  stable	
  β-­‐cell	
  funcJon	
  and	
  
insulin	
  resistance	
  for	
  almost	
  5	
  years.	
  This	
  was	
  supported	
  by	
  
DREAM	
  and	
  DPP,	
  in	
  which	
  the	
  protecJon	
  from	
  diabetes	
  that	
  
was	
  achieved	
  during	
  treatment	
  persisted	
  aoer	
  treatment	
  was	
  
stopped.	
  
The	
  clinical	
  use	
  of	
  TZDs	
  for	
  the	
  prevenJon	
  of	
  T2DM	
  is	
  limited	
  
due	
  to	
  adverse	
  side	
  effects,	
  including	
  fluid	
  retenJon	
  and	
  
weight	
  gain,	
  increased	
  risk	
  for	
  bone	
  fractures	
  and	
  bladder	
  
cancer.	
  



GLP-­‐1	
  Receptor	
  Agonists	
  
GLP-­‐1	
  potenJates	
  glucose	
  sJmulated	
  insulin	
  
secreJon,	
  suppresses	
  glucagon	
  secreJon,	
  delays	
  
gastric	
  emptying	
  and	
  suppresses	
  appeJte.	
  	
  
Studies	
  indicate	
  that	
  at	
  least	
  3	
  years	
  of	
  
ExenaJde	
  treatment	
  may	
  be	
  necessary	
  to	
  
delineate	
  a	
  significant,	
  prolonged	
  benefit	
  on	
  β-­‐
cell	
  funcJon.	
  
A	
  20-­‐week	
  treatment	
  with	
  LiragluJde	
  (in	
  doses	
  
ranging	
  from	
  1.8	
  to	
  3	
  mg	
  per	
  day)	
  resulted	
  in	
  
greater	
  weight	
  loss	
  and	
  an	
  84	
  %–96	
  %	
  reducJon	
  
in	
  the	
  prevalence	
  of	
  prediabetes	
  compared	
  	
  
with	
  placebo.	
  	
  
Longer	
  term	
  prevenJon	
  trials	
  in	
  high-­‐risk	
  
paJents	
  are	
  needed	
  to	
  determine	
  whether	
  	
  
GLP-­‐1	
  agonists	
  can	
  modify	
  the	
  progressive	
  
course	
  of	
  T2DM	
  



Aschner	
  P	
  et	
  al.	
  PN021;	
  Abstract	
  presented	
  at:	
  American	
  Diabetes	
  AssociaJon;	
  	
  
June	
  10,	
  2006;	
  Washington,	
  DC	
  

DPP-­‐4	
  inhibitors	
  
The	
  increJn	
  receptor	
  signaling	
  is	
  associated	
  with	
  
acJvaJon	
  of	
  protein	
  kinase	
  A,	
  inducJon	
  of	
  gene	
  
transcripJon,	
  enhanced	
  levels	
  of	
  insulin	
  
biosynthesis,	
  and	
  sJmulaJon	
  of	
  β-­‐cell	
  proliferaJon.	
  
Both	
  GLP-­‐1R	
  and	
  GIP	
  receptor	
  acJvaJon	
  also	
  
promote	
  resistance	
  to	
  apoptosis	
  and	
  enhanced	
  β-­‐
cell	
  survival,	
  in	
  	
  human	
  islets	
  cells.	
  
In	
  preclinical	
  studies,	
  DPP-­‐4	
  inhibitors	
  mimic	
  many	
  
of	
  the	
  acJons	
  ascribed	
  to	
  GLP-­‐1R	
  agonists,	
  including	
  
sJmulaJon	
  of	
  insulin	
  and	
  inhibiJon	
  of	
  glucagon	
  
secreJon,	
  and	
  preservaJon	
  of	
  β-­‐cell	
  mass	
  through	
  
sJmulaJon	
  of	
  cell	
  proliferaJon	
  and	
  inhibiJon	
  of	
  
apoptosis.	
  
Long-­‐term	
  clinical	
  data	
  assessing	
  the	
  durability	
  
and	
  efficacy	
  of	
  these	
  agents	
  in	
  the	
  treatment	
  of	
  
type	
  2	
  diabetes	
  are	
  not	
  yet	
  available	
  
	
  
www.thelancet.com	
  Vol	
  368	
  November	
  11,	
  2006	
  



Bariatric	
  Surgery	
  
The	
  effect	
  of	
  bariatric	
  surgery	
  (LAGB,	
  VBG,	
  RYGB)	
  on	
  
the	
  prevenJon	
  of	
  T2DM	
  in	
  obese	
  adults	
  was	
  examined	
  
in	
  the	
  SOS	
  study	
  which	
  followed	
  surgically	
  treated	
  and	
  
matched	
  controls	
  for	
  15	
  years.	
  Bariatric	
  surgery	
  
compared	
  with	
  standard	
  care	
  reduced	
  the	
  long-­‐term	
  
relaJve	
  risk	
  of	
  T2DM	
  by	
  78	
  %	
  in	
  obese	
  adults,	
  and	
  in	
  IFG	
  
it	
  reduced	
  the	
  relaJve	
  risk	
  of	
  by	
  82	
  %.	
  The	
  
postoperaJve	
  mortality	
  was	
  0.2	
  %,	
  and	
  2.8	
  %	
  of	
  
paJents	
  had	
  complicaJons	
  that	
  required	
  a	
  reoperaJon.	
  
These	
  findings	
  indicate	
  that	
  bariatric	
  surgery	
  has	
  
effecJve	
  and	
  durable	
  effects	
  on	
  the	
  prevenJon	
  of	
  
T2DM	
  in	
  obese	
  adults,	
  parJcularly	
  among	
  those	
  with	
  
IFG.	
  RCTs	
  are	
  needed	
  to	
  confirm	
  whether	
  bariatric	
  
surgery	
  is	
  an	
  effecJve	
  and	
  safe	
  approach	
  for	
  prevenJng	
  
T2DM	
  in	
  high-­‐risk	
  individuals.	
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