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Source: IHS Program Statistics and National Diabetes Surveillance System. Age-adjusted to the 2000 US standard population 

with the exception of 1981–1993 data for AIAN, which was age-adjusted to the 1980 US standard population.



AgeAge--adjusted* prevalence of diagnosed adjusted* prevalence of diagnosed diabetes diabetes 
aaaammoooonngggg Am Ameeeeriricacacacan Inn Inddddiiaaaanns/s/s/s/AlAlasasasaskkaaaa N Naattatativivees,s,es,es,  

by Area, Indian Health Service 2004by Area, Indian Health Service 2004
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*Age-adjusted based on the 2000 U.S. population
Source: FY04 IHS APC files. Excludes data from 30 service units (4% of the IHS user population).
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Increase in prevalence* of dx’ed DM among AI/AN Increase in prevalence* of dx’ed DM among AI/AN 
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*Age-adjusted based on the 2000 U.S. population
†Age-adjusted diabetes prevalence in California was the same in 1997 and in 2004 (13%). 
Source: FY97–04 IHS APC files.  Excludes data from 30 service units (4% of the IHS user population).
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A1cA1cA1cA1c  ffororforfor  DiagnosisDiagnosisDiagnosisDiagnosis

 WhWhyyyy now? now?
 A1c assay standardized nationallyA1c assay standardized nationally

 Diagnostic rangesDiagnostic ranges
 DiDiDiDiaabbbbeettttes: es: ≥≥≥≥6666..55%%5%5%  (if(if(if(if con confifififirmermedddd on  on dddiffdiffiffifferenerentttt  ddddayay))))
 Prediabetes: 5.7Prediabetes: 5.7-6.4%-6.4%

 Can still use Can still use FPG, OGTT, FPG, OGTT, Glucose Glucose ≥≥ 200 m 200 mgggg/dl + sx/dl + sx
 But use of OGTT should be But use of OGTT should be rarerare outside of pregnancyoutside of pregnancy

 A1c A1c recommendedrecommended test for general test for general clinical clinical purposespurposes
 NNo o ffN fN fasastitittiing ng rrrrequequirireeiirr dddd
 No administration of glucose loadNo administration of glucose load
 Reflects overall glycemiaReflects overall glycemia
 VValidated in Pima alidated in Pima IndiansIndians
 Recommended by Internat’l Expert CommitteeRecommended by Internat’l Expert Committee



CorCorrrelationelation ofof  A1CA1C wwithith aavveeraragege ggllucoseucose (eAG)(eAG)

A1C (%)             Mean plasma glucose (mg/dl)
6                         126 6 126
7                         154 
8                         183 
9                         212 
10                       240 
1111                       269269 
12                       298 

CorCorrrelationelation bbetwetweeneen A1CA1C aandnd aavverageragee gglucose:lucose: 00.9292. 
A calculator for converting A1C results into eAG, in either mg/dl or mmol/l, is 
available at http://professional.diabetes.org/eAG.  
2010 ADA Standards of  Medical Care



ch  ch  
“I “I alwaysalways make medication make medication 
anges when my patients aren’tanges when my patients aren’t

atatatat  goalgoalgoalgoal……””””



Room for Improvement in Therapy Room for Improvement in Therapy 
ImplementationImplementationImplementationImplementation  andandandand  ChangeChangeChangeChange

Rates of Medical Regimen Change in 30 US Academic Medical Centers
N=1765 Patients With Diabetes

<50% of Patients 
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*P<.05 for A1C and LDL (P values are derived from Mantel-Haenszel test for trend).
Grant RW, et al. Diabetes Care. 2005;28:337-442.



yyDoes Does gggglucose control earllucose control earlyy in  in 
diabetes really matter?diabetes really matter?



UKPDS:  A1CUKPDS:  A1C
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UKPDS Group Lancet  352:837–53;1998



UKPDS: PostUKPDS: Post--Trial Changes in A1CTrial Changes in A1C

UKPDS results
presentedpresented

Mean (95%CI)

Holman RR, et al. New England Journal of Medicine 2008; 359:1577-1589 



UKPDS: “Legacy Effect”UKPDS: “Legacy Effect”
of Glucose Therapyof Glucose Therapy

After median 8.8 years post-trial follow-up
Aggregate Endpoint 1997 2007

of Glucose Therapyof Glucose Therapy

Aggregate Endpoint 1997 2007

Any diabetes related endpoint RRR: 12% 9%
P: 0 029 0 040P: 0.029 0.040

Microvascular disease RRR: 25% 24%
P: 0.009 0.0019

Myocardial infarction RRR: 16% 15%
P: 0.052 0.014

All-cause mortality RRR: 6% 13%
P: 0.44 0.007

RRR = Relative Risk Reduction       P = Log Rank

Holman RR, et al. New England Journal of Medicine 2008; 359:1577-1589 



  

The Legacy Effect: conclusions

““The UKPDS The UKPDS showed the benefits of an showed the benefits of an 
intensive strategy intensive strategy intensive strategy intensive strategy to control blood to control blood to control blood to control blood glucose glucose glucose glucose 
levels in patients with type 2 diabetes levels in patients with type 2 diabetes 
sustasustaiiiineneddd d upup  toto       10  10 10 10 yrsyrs  aaffff  terter    cessatcessatiiiionon  oo  f f tthhhhf f ee  
randomized intervention. randomized intervention. Benefits Benefits 
persisted despite the early loss of within-persisted despite the early loss of within-
trial differences trial differences in A1C levels between the in A1C levels between the 
intensiveintensive--therapy group and conventional-therapy group and conventional-
therapy group therapy group therapy group therapy group –– a soa soa soa so--called called called called legacy effectlegacy effectlegacy effectlegacy effect....””

Holman RH et al. NEJM Holman RH et al. NEJM 2008. 2008. 359: 359: 15771577-1589  -1589    



GlucoseGlucoseGlucoseGlucose  CCControlControlontrolontrol

 May not affect CVD outcomes after macrovascular May not affect CVD outcomes after macrovascular disease disease 
establishedestablished——but but good glucose control in the early years of good glucose control in the early years of 
DM may affect longDM may affect long-term risk of macrovasc dz-term risk of macrovasc dz

 DoesDoes make a difference in microvascular dzmake a difference in microvascular dz
 However, BG goal should be adHowever, BG goal should be adjjusted to the individual patienusted to the individual patientt

 In general, A1c goal: <7%In general, A1c goal: <7%
 LLoweoweoweower r goagoagoagoal if l if sssshhoooorrtttt  ddddururatatatatiioooon DMn DM,,,, l loooonngggg lif lifeeee  eeeexxpectapectapectapectanncy,cy,cy,cy,  

and little coand little co--morbiditymorbidity
 Higher goal if the converseHigher goal if the converse——there are risks with there are risks with 

aaggggggggressive controlressive control

Intensive Glycemic Intensive Glycemic Control and the Prevention Control and the Prevention of Cardiovascular of Cardiovascular Events: Events: 
Implications of the ACCORD, Implications of the ACCORD, ADVANCE, and VA ADVANCE, and VA Diabetes Trials Diabetes Trials ----A A 
pposition statement of the American osition statement of the American Diabetes Diabetes Association and a Association and a scientific scientific 
statement of statement of the the American College of Cardiology Foundation American College of Cardiology Foundation and the and the American American 
Heart Heart Association,  January 2009Association,  January 2009



ADAADAADAADA  GGoalsoalsGoalsGoals  forforforfor  GGlucoselucoseGlucoseGlucose

 Goals:Goals:
 A1c <7%A1c <7%
 Preprandial glucose: 70Preprandial glucose: 70-130 mg/dl-130 mg/dl
 Peak postprandial Peak postprandial glucose: glucose: <180 mg/dl (1<180 mg/dl (1-2 hrs after -2 hrs after start of start of meal)meal)

 A1c is primary target for glycemic controlA1c is primary target for glycemic control
 Postprandial glucose may Postprandial glucose may be be targeted if A1c targeted if A1c goals not goals not met met despite reaching  despite reaching  

preprandial glucose goals preprandial glucose goals 
 GGoaoallG lG ls ss shhhhououldld  ll bbdd e e iibb nnii didivvddii ididii uauadd lilill zezeii dd  bbdd bbaseasedddd on: on:

 Duration of diabetesDuration of diabetes
 Age/life expectancyAge/life expectancy
 ComorbidComorbidComorbidComorbid  conditionsconditionsconditionsconditions
 Known CVD Known CVD or or advanced microvascular complicationsadvanced microvascular complications
 Hypoglycemic unawarenessHypoglycemic unawareness
 IndividualIndividualIndividualIndividual  patientpatientpatientpatient  cconsiderationsonsiderationsconsiderationsconsiderations

ADA 2010 Clinical ADA 2010 Clinical Practice Practice RecommendationsRecommendations



Depression Affects Glycemic ControlDepression Affects Glycemic Control



DiabetesDiabetesDiabetesDiabetes  andandandand  DDDepression:Depression:epression:epression:  IIIntertwinedIntertwinedntertwinedntertwined

 “Bidirectional association”“Bidirectional association” JAMA JAMA 2008;299:27512008;299:2751-2759-2759

 Diabetes doubles odds Diabetes doubles odds of coof co-morbid depression-morbid depression
Diabetes CareDiabetes Care 2001;24:10692001;24:1069-1078-1078

 Depression increases Depression increases risk of Diabetesrisk of Diabetes——by by 23% in young adults23% in young adults
Diabetes CareDiabetes Care 2005;28:10632005;28:1063-1067-1067

 A1c levels 1.2% higher in Pimas with Diabetes who A1c levels 1.2% higher in Pimas with Diabetes who were also were also 
DepressedDepressed Diabetes CareDiabetes Care 2004;27:6182004;27:618-619-619

 Prevalence Prevalence of Depression of Depression in AI/AN pts with Diabetesin AI/AN pts with Diabetes
 BRFSS: BRFSS: 27.8%27.8% --highest --highest of of all all groups groups                                         Diabetes Care Diabetes Care 2008;31:1052008;31:105-107-107

 DepressionDepressionDepressionDepression  increasesincreasesincreasesincreases  tthehethethe  riskriskriskrisk  ofofofof  DMDMDMDM  complicationscomplicationscomplicationscomplications
 Mortality Mortality                                                                                                                                 Diabetes CareDiabetes Care 2005;28:13392005;28:1339-1345-1345

 25% 25% ↑↑ risk of macrovascular risk of macrovascular
 36%36%36%36%  ↑↑↑↑ r riisskki ki k o offff m miiiicrovascucrovascullllaarr (i(i(i(innddddepenependdddenentttt o offff  A1A1A1A1c, sec, selflflflf-care-care))))

Diabetes Care Diabetes Care   2010;33:2642010;33:264-269-269



Medications to Achieve GlMedications to Achieve Glyyyycemic cemic 
ControlControl



ClassesClassesClassesClasses  ofofofof  DMDMDMDM  MedsMedsMedsMeds

 BiBigguanide uanide ((g (g (metforminmetformin))))
 SulfonylureasSulfonylureas
 Glinides (repaglinide/Prandin, nateglinide/Starlix)Glinides (repaglinide/Prandin, nateglinide/Starlix)
 AAlphalpha--glucosidase inhibitors (acarboseglucosidase inhibitors (acarbose////Precose, Precose, 

miglitol/Glyset)miglitol/Glyset)
 ThiazolidinedionesThiazolidinedionesThiazolidinedionesThiazolidinediones  (pioglitazone(pioglitazone(pioglitazone(pioglitazone, , rrosiglitazone)osiglitazone)rosiglitazone)rosiglitazone)
 Amylin agonist (pramlintide)Amylin agonist (pramlintide)
 GlucagonGlucagon--like peptidelike peptide--1 agonists (exenatide, liraglutide)1 agonists (exenatide, liraglutide)
 Dipeptidyl peptidaseDipeptidyl peptidase--4 inhibitors (sitagliptan, 4 inhibitors (sitagliptan, 

saxagliptin)saxagliptin)
 InsulinInsulinInsulinInsulin



SoSoSoSo  manymanymanymany  choices…?choices…?choices…?choices…?

 Effective, well-Effective, well-vvalidated and alidated and coscostt-effective-effective
WWelcome back elcome back to 1995!to 1995!
 MetforminMetformin
 SulfonSulfonyyyylureaslureas
 InsulinInsulin
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Figure 2  Algorithm for the metabolic management of type 2 diabetes; Reinforce lifestyle interventions at every visit and 
check A1C every 3 months until A1C is =7%. aSulfonylureas other than glybenclamide (glyburide) or chlorpropamide. 
bInsufficient clinical use to be confident regarding safety. 



Table 1

Medical Management of 
Hyperglycemia in Type 2 Diabetes: 
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NATHAN, DAVID; BUSE, JOHN;  MD, 
PHD; DAVIDSON, MAYER; 
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SHERWIN, ROBERT; ZINMAN, 
BERNARD

Diabetes Care. 32(1):193‐203, 
January 2009.



WhatWhatWhatWhat  hhappenedappenedhappenedhappened  ttoototo  TTZDs?ZDs?TZDs?TZDs?

 PPARPPAR-gamma receptor -gamma receptor modulatorsmodulators
 ↑↑  insulin insulin sensitivity in sensitivity in muscle, fat, muscle, fat, liverliver
 Pioglitazone Pioglitazone (Actos) (Actos) and rosiglitazone (Avandia)and rosiglitazone (Avandia)
 Remember troglitazone (Rezulin)?Remember troglitazone (Rezulin)?——removed from removed from market in market in 20002000

 CommonCommonCommonCommon  aadversedverseadverseadverse  effeceffeceffeceffecttttssss  ooofofff  bothbothbothboth
 Weight gainWeight gain
 Fluid retentionFluid retention

 Peripheral edemaPeripheral edema
 HHeareartt  FFH tH t aaililFF iillure rure riisskk  ii ↑↑↑↑kk  x  x 2222

 Bone loss Bone loss and fractures and fractures in women, ? in women, ? menmen
 Pio vs. Pio vs. RosiRosi

 LiLippppids: Pio +, ids: Pio +, Rosi neutralRosi neutral
 CVD risk: CVD risk: RosiRosi--possible --possible ↑↑
 ADA Consensus Statement: advise ADA Consensus Statement: advise against using rosiglitazoneagainst using rosiglitazone
 ActosActos

 PatentPatentPatentPatent  willwillwillwill  expireexpireexpireexpire  JanuaryJanuaryJanuaryJanuary  2011201120112011——sosososo  shouldshouldshouldshould  getgetgetget  cccheapercheaperheaperheaper
 Need to select patients Need to select patients for usefor use
 Removed Removed from IHS from IHS Core Core Formulary at Feb Formulary at Feb 2010 meeting2010 meeting



WhatWhatWhatWhat  aaaboutaboutboutbout  thethethethe  nnnewernewerewerewer  meds?meds?meds?meds?

 AAmmyylin alin aggy gy gonist: onist: ppppramlintide ramlintide ((SSyy(( yymlinmlin))))
 Beta cells produce amylin: Beta cells produce amylin: ↓↓ gastric emptying,  gastric emptying, ↓↓ glucagon  glucagon 
 Role in type 2 DM unclear Role in type 2 DM unclear 

 ↓↓↓↓A1cA1cA1cA1c  0000..5555--00..0 70 77%7%%%, , ↓↓↓↓  wtwtwtwt  1111--1/21/21/21/2  kkkgkggg  
 Injected before meals Injected before meals along with rapid/shortalong with rapid/short-acting insulin (separate shot)-acting insulin (separate shot)
 Expensive, frequent GI Expensive, frequent GI side effecside effecttss

 GLPGLPGLPGLP--1111--basedbasedbasedbased  dddrugsdrugsrugsrugs
 GLPGLP--1 agonists: exenatide (Byetta), liraglutide (Victoza)1 agonists: exenatide (Byetta), liraglutide (Victoza)
 DPPDPP--4 inhibitors: sitagliptan (Januvia), saxagliptan (Onglyza)4 inhibitors: sitagliptan (Januvia), saxagliptan (Onglyza)

 GlucagonGlucagon--like peptidelike peptide--1 (GLP1 (GLP-1)-1)
 Produced by small intestine: Produced by small intestine: ↑↑’s glucose’s glucose-stimulated insulin -stimulated insulin secretion, secretion, 
↓↓’s ’s gglucalucaggg gg gon secretion, slows on secretion, slows ggggastric motilitastric motilityyyy

 Synthetic mimetics have longer halfSynthetic mimetics have longer half--lifelife
 Dipeptidyl peptidaseDipeptidyl peptidase--4: enzyme that breaks down GLP4: enzyme that breaks down GLP-1-1



GLPGLPGLPGLP--1111  bbbasedbasedasedased  drugsdrugsdrugsdrugs

 GLPGLPGLPGLP--1111  aaagonistsagonistsgonistsgonists
 Benefits: Benefits: ↓↓ A1c 0.5 A1c 0.5-1%, -1%, ↓↓ weight  weight 22--3 kg3 kg
 Side effects: GI Side effects: GI commoncommon

 DPPDPP--4 inhibitors4 inhibitors
 Benefits:Benefits:Benefits:Benefits:  ↓↓↓↓  A1cA1cA1cA1c  000.60.6.6.6--0.9%0.9%0.9%0.9%
 Side effects: possible effect on immune functionSide effects: possible effect on immune function

 IssuesIssuesIssuesIssues  withwithwithwith  bothbothbothboth  ccclassesclasseslasseslasses
 CostCost
 EfficacyEfficacyEfficacyEfficacy
 Safety?Safety?



ExenatideExenatideExenatideExenatide  useuseuseuse  iiininnn  CCherokeeherokeeCherokeeCherokee

 CostsCostsCostsCosts  hhhadhadadad  exceededexceededexceededexceeded  $25,000/month$25,000/month$25,000/month$25,000/month
 Evaluated Evaluated 71 pts on exenatide 71 pts on exenatide from 3/08from 3/08-3/09-3/09

 AvgAvgAvgAvg  ccchangechangehangehange  inininin  A1CA1CA1CA1C  ooofofff  --0.260.260.260.26  (range(range(range(range  ++4.84.84.84.8  tttotooo  --3.9)3.9)3.9)3.9)
 Avg change in weight of Avg change in weight of --5lbs (range +11 to 5lbs (range +11 to -- 35.5)35.5)

 Reviewed literatureReviewed literature
 Exenatide Exenatide not cost effective not cost effective c/w insulin glargine c/w insulin glargine 

Cardiovascular Diabetology Cardiovascular Diabetology 2008;7:242008;7:24

 Changed to nonChanged to non-formulary with -formulary with strict criteriastrict criteria
 Costs dropped to $10,000/monthCosts dropped to $10,000/month



y py p
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IncretinIncretin-based Therapies: -based Therapies: 
Beyond Cost & Efficacy: Safety?Beyond Cost & Efficacy: Safety?

 ““““…t…thhhhe avae availilililaablblblble eve evididididence supports tence supports thhhhe use oe use offff  iiiincretncretiiiinn--bbaseasedd  b db d
therapies for patients requiring effective control of glycemia and therapies for patients requiring effective control of glycemia and 
body weight while minimizing the risk of hypoglycemia.”body weight while minimizing the risk of hypoglycemia.”

Diabetes CareDiabetes Care 2010;33:4282010;33:428-433-433

 “…we believe it is premature to conclude that the GLP“…we believe it is premature to conclude that the GLP--1 class of 1 class of 
drudruggs has been established as havins has been established as havingg a  a ggood safetood safetyy  ppg gg g rofile…  There rofile…  There gg
are grounds for concern that the GLPare grounds for concern that the GLP-1 class of drugs may induce -1 class of drugs may induce 
asymptomatic asymptomatic pancreatitis and, over time in some individuals, pancreatitis and, over time in some individuals, induce induce 
ppancreatic cancer.  …the imancreatic cancer.  …the imppp pp plications of the data are sufficientllications of the data are sufficientlyy  
serious that continuing to promote this class of drugs without serious that continuing to promote this class of drugs without 
establishing establishing clear experimental evidence to permit the concern to be clear experimental evidence to permit the concern to be 
rerejjected is ected is irresirrespponsible.”onsible.”j pj p

Diabetes CareDiabetes Care 2010;33:4532010;33:453-455-455





InsulinInsulinInsulinInsulin

 MostMostMostMost  powerfulpowerfulpowerfulpowerful  medicationmedicationmedicationmedication  forforforfor  rrreducingreducingeducingeducing  glucoseglucoseglucoseglucose
 Use early Use early in diabetesin diabetes

 ReduceReduceReduceReduce  glucoseglucoseglucoseglucose  tttoxictoxicoxicoxic  effectseffectseffectseffects  onononon  betabetabetabeta  cellscellscellscells

 Many different insulin varietiesMany different insulin varieties
 None “better”None “better”
 Adaptable to Adaptable to patients’ livespatients’ lives

 Consider usinConsider usingggg U U-500 when > 200 units/da-500 when > 200 units/dayyyy
 Smaller fluid bolus: Smaller fluid bolus: ↑↑ absorption and  absorption and ↓↓ pain pain
 Less expensive on a Less expensive on a per unitper unit basis, fewer syringesbasis, fewer syringes
 Nice summary article: Nice summary article: Diabetes Spectrum Diabetes Spectrum 2009;22(2):1162009;22(2):116-122-122





ToolsToolsToolsTools  ooononnn  IIIHSIHSHSHS  DiabetesDiabetesDiabetesDiabetes  WebsiteWebsiteWebsiteWebsite

 Algorithms:Algorithms:Algorithms:Algorithms:
 Glucose Control, InsulinGlucose Control, Insulin
 HTNHTN,, Li Lipp, p, pid controlid control
 Urine albumin testing, CKDUrine albumin testing, CKD
 Foot CareFoot Care

 Best practices: Best practices: 19 of them19 of them——clinical and clinical and communitycommunity
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