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Objectives

ÅDiscuss the 8 core defects in type 2 DM

ÅReview the Natural History of Diabetes

ÅReview Pharmacologic Therapy Used in Type 2 DM and current 
CVOT data and trials

ÅUse of Technology in Type 2 DM
ÅInsulin pump/delivery devices

ÅContinuous Glucose Monitoring

ÅWeb Based Programs

ÅSmart Phone Apps

ÅClinical Practice Guidelines



Statistics from the ADA

ÅPrevalence: In 2015, 30.3 million Americans, or 9.4% of the population, had diabetes. 
ÅApproximately 1.25 million American children and adults have type 1 diabetes.

ÅUndiagnosed: Of the 30.3 million adults with diabetes, 23.1 million were diagnosed, and 
7.2 million were undiagnosed.

ÅPrevalence in Seniors: The percentage of Americans age 65 and older remains high, at 
25.2%, or 12.0 million seniors (diagnosed and undiagnosed).

ÅNew Cases: 1.5 million Americans are diagnosed with diabetes every year.

ÅPrediabetes: In 2015, 84.1 million Americans age 18 and older had prediabetes.

ÅDeaths: Diabetes remains the 7th leading cause of death in the United States in 2015, with 
79,535 death certificates listing it as the underlying cause of death, and a total of 252,806 
death certificates listing diabetes as an underlying or contributing cause of death.



Type 2 DM

ÅBanting lecture in 2009

ÅFrom the Triumvirate to the Octet

ÅDr. Ralph Defronzodescribes the core 
defects and the natural history of 
type 2 DM.



Ominous Octet

ÅMuscle

ÅBrain

ÅLiver

ÅPancreas
ÅIncreased Glucagon

ÅDecreased Insulin

ÅGI tract

ÅKidney

ÅAdipose tissue



History of Diabetes

ü4-7 years before dx -> impaired 
glucose tolerance/insulin 
resistance/increased insulin 
secretion -> Fasting Bgs are normal 
to slightly elevated

üAt diagnosis -> Beta cell failure, 
increased hepatic glucose 
production, insulin resistance, post 
prandial and fasting blood sugars 
are elevated.

üEarly intervention is key! 



Therapy

ÅAimed at treating the 8 core defects

ÅHbA1c reduction

ÅTolerability

ÅSafety profile

ÅCVOT

ÅAffordable



Early Intervention is Key

ÅDiabetes Prevention Program ςhigh risk patients randomized 
into 3 interventions

ÅLifestyle ςweight loss, lower calorie, low fat diet, intensive counseling, 
exercise 150 minutes/week.
ÅReduced chance of developing DM by 58%, in patients age > 60, 71% reduction

ÅMetformin ς850 mg BID 
ÅReduced chance of developing DM by 31%

ÅPlacebo ςroutine counseling
Å11%/year developed DM



AACE/ADA treatment guidelines



Treatment

SGLT2-i



Metformin

ÅBiguanide 

ÅLowers hepatic glucose output

ÅGI side effects

ÅCaution with renal impairment

ÅOther benefits

ÅFirst Line therapy



Incretin based therapy 

GLP-1 agonists

ÅInjectable, 1-2 times daily, or weekly 
therapy

ÅStudies on oral therapy

ÅPharmacologic doses of incretin 
mimetics

ÅSome CV data for liraglutide, (? 
semaglutide)

ÅWeight loss

ÅSafe for reduced renal function

ÅConcern for pancreatitis 

ÅSE: nausea/myalgias

DPP4-inhibitors

ÅOral therapy

ÅNo CV benefits, but safe

ÅRaises native incretin levels from the 
GI tract by inhibiting breakdown

ÅWeight neutral

ÅAdjustments for renal function

ÅMyalgias

ÅLower HbA1c reduction than GLP-1

Mechanism: increases insulin secretion by the beta cells and reduce glucagon secretion by the alpha cells in the pancreas



SGLT-2 inhibition

ÅBlocks the reabsorption of glucose in the kidney.
ÅThreshold for glucose excretion 180 mg/dl, increased in DM to 220
ÅLowers to about 80-100 mg/dl

ÅSE
ÅMycotic infection
ÅCaution with renal impairment, egfr> 45 or > 60
ÅWarnings about amputation

ÅBenefits
ÅHbA1c reduction
ÅBP reduction
ÅWeight loss
ÅCV data 



Thiazolidinedione

ÅPPAR-gamma receptor 

ÅImproves insulin sensitivity

ÅCaution in cardiac patients

ÅCaution in liver dysfunction 



Other Meds

ÅColesevelamςmechanism unknown/GI tract?

ÅDopamine Receptor Agonist ςShort acting bromocriptine -> 
improves insulin sensitivity, works in the brain.

ÅAlpha ςglucosidase inhibitor ςslows carbohydrate breakdown in 
the GI tract



Sulfonylurea

ÅLong acting and short acting

ÅIncrease insulin production by the beta cell (glucose independent 
mechanism)

ÅLast on treatment algorithm

ÅNot for use in the elderly!

ÅHypoglycemia and weight gain.

ÅCV data suggests increased morbidity and mortality with use.



Combination therapy

ÅSGLT-Metformin

ÅDPP-4 ςMetformin

ÅSGLT-2/DPP4 combination

ÅMetformin/TZD

ÅMetformin/SU

ÅTZD/DPP-4

ÅInsulin/GLP-1



Insulin

ÅInitiation with basal inulin

ÅIntensifying with bolus insulin: subcutaneous or inhaled

ÅSet dose at meals vs carb counting calculating doses

ÅNeeds high frequency of BG monitoring



History of Medications: 
My training and practice
ÅFellowship 2004-2008

ÅMeta-analysis regarding cardiovascular safety by Dr. Nissen (cardiology)

ÅD/C of TZD use and introduction of DPP-4 inhibition/incretin based 
therapy

ÅDr. Rasouliat the VA noted no CV data for new meds to compare vs 
TZD!

ÅFDA to institute CVOT to be sure meds were safe.



Meta Analysis

ÅSteve Nissen. MD cardiologist 

ÅNEJM June 2007

Å42/116 clinical trials using rosiglitazone met criteria for analysis

ÅAll occurrences of myocardial infarction and death from cardiovascular causes 
were tabulated

ÅRosiglitazone was associated with a significant increase in the risk of myocardial 
infarction and with an increase in the risk of death from cardiovascular causes that 
had borderline significance. Our study was limitedby a lack of access to original 
source data, which would have enabled time-to-event analysis. Despite these 
limitations, patients and providers should consider the potential for serious 
adverse cardiovascular effects of treatment with rosiglitazone for type 2 diabetes.



CVOT

ÅACCORD Trial

ÅInsulin ςnon-inferior

ÅSGLT-2 ςEmpaReg, empagliflozin

ÅDevote ςLiraglutide



ACCORD

ÅAction to Control Cardiovascular Risk in Diabetes

ÅNormal HbA1c < 6% vs 7-7.9% HbA1c to see if there was a reduction 
in the rate of CV events in established cv disease or equivalents

ÅPrimary outcome was a composite of nonfatal myocardial infarction, 
nonfatal stroke, or death from cardiovascular causes

ÅHigher mortality in the intensive-therapy group led to a 
discontinuation of intensive therapy after a mean of 3.5 years of 
follow-up.



ACCORD data

ÅAt 1 year, stable median glycated hemoglobin levels of 6.4% and 7.5% 
were achieved in the intensive-therapy group and the standard-
therapy group, respectively.

ÅThe primary outcome occurred in 352 patients in the intensive-
therapy group, as compared with 371 in the standard-therapy group 
(hazard ratio, 0.90; 95% confidence interval [CI], 0.78 to 1.04; P=0.16)

Å257 patients in the intensive-therapy group died, as compared with 
203 patients in the standard-therapy group (hazard ratio, 1.22; 95% 
CI, 1.01 to 1.46; P=0.04)



ACCORD Results



HbA1c lowering vs the 
treatment?

CV studies were to first prove medications were safe!



Is it the 
insulin?

ORIGIN: Outcome reduction with initial glargine intervention
NEJM 2012

× Secondary 
prevention

× Early DM
× Lantus vs standard 

of care

DEVOTE TRIAL (insulin 
degludechad similar 
CV safety profile with 
less hypoglycemia.)


