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. Pathophysiology and disease progression

. Glycemia and CVE

. Glycemic control

Intensive vs conservative

Early vs late

. CV outcome trials

Objectives



Worldwide Prevalence of  Diabetes:             

Expected to Increase

World Health Organization. www.who.org.

Diabetes prevalence 

~171 million in 2000 

~366 million in 2030
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Diabetes 

prevalence

(in millions)

2000 2030

102%

160%

180% 44%

155%

99%



Pathophysiology

and

Disease Progression



Pathogenesis of  T2DM:

The Ominous Octet



Progression of  T2DM



Cardiovascular Disease and Diabetes

Bell DSH. Diabetes Care. 2003;26:2433-41.

Centers for Disease Control (CDC). www.cdc.gov.T2DM = type 2 diabetes mellitus

Cardiovascular 

complications 

of T2DM

~65% of deaths are                                               due 

to CV disease

Coronary heart 

disease deaths

2- to 4-fold

Stroke risk

2- to 4-fold

Heart failure 

2- to 5-fold



Incidence of  Fatal or Nonfatal MI 

With or Without T2DM

Type 2 Diabetes is a 
Cardiovascular Risk Equivalent



Mortality and A1c in T2DM: 

Kaiser-Permanente Cohort



UKPDS: Risk Reduction in Diabetes-

Related Complications

Stratton IM et al. BMJ. 2000; 321: 405-412.



UKPDS 80: “Legacy” Effect of  Intensive 

Glucose Control on MI

E

Early Intensive 

Glycemic 

Control Reduces 

CVE



DCCT-EDIC: Long-Term Risk of  

Macrovascular Complications



Intensive Glycemic Control

Controversial Results!

WHY?



Early vs Late Intervention in 

Type 2 Diabetes

“One Size Fits All” 

may not be the 

best glucose-

lowering strategy



Does Intensive Lifestyle Intervention

Have an Effect on CV Outcomes?



Look AHEAD: No Reduction in CV 

Events with Lifestyle Changes



CVD-Risk Specific To 

Anti-hyperglycemic Agents



Hyperglycemia in Type 2 Diabetes

SGLT-2 blockers



Meta-analysis of  SU CV Safety Trials 

Found No Consistent Association with 

MACE Risk

CV safety of  SUs cannot 
be considered established 
unless evaluated in long-
term CVOTs



UKPDS 34 Provides Some Evidence for 

Beneficial CV Effects of  Metformin in 

Overweight Patients

There remains a paucity 
of  evidence from large, 
long-term placebo-
controlled CV outcome 
trials.



Separate Meta-analysis Suggested 

Differing CV Effects of  Drugs within the 

TZD Class

No clinical trial directly compares the CV 
effects of  pioglitazone and rosiglitazone



Adverse CV Events Led the FDA to 

Require Demonstration of  CV Safety for 

New Glucose-lowering Drugs



First Coprimary Composite CV

Outcome-CV Death Nonfatal MI or 
Nonfatal Stroke

Origin Glargine Trial



Ongoing Cardiovascular Outcome 

Trials: DPP-4 Inhibitors



SAVOR TIMI 53: No Increase in CV 

Events with Saxagliptin in Patients 

with or At-risk for CVD



EXAMINE: No Increase in CV Events 

with Alogliptin Primary Endpoint



TECOS: No Increased CV Risk with 

Sitagliptin vs Placebo in High Risk 

Subjects with Type 2 DM



SAVOR-TIMI 53: Saxagliptin Increased 

Hospitalization for Heart Failure



Ongoing Cardiovascular Outcome 

Trials: GLP-1 Agonists



ELIXA: No CV Risks or Benefits 

with Lixisenatide vs Placebo



EMPA-REG 

OUTCOME TRIAL

The first glucose-

lowering agent to 

show CV benefit in 

an outcome trial.



EMPA-REG OUTCOME:

Design and Baseline Characteristics



EMPA-REG OUTCOME: Cumulative 

Incidence of  Death  from CV Causes



EMPA-REG OUTCOME:

Hospitalization for Heart Failure



Take Home Messages:

Glucose Lowering and CV Risk

Targets matter - A1C:

•As low as possible

•As early as possible

•As long as possible

•As safely as possible

•As rationally as possible

Strategies matter:

•Avoidance of  hypoglycemia

•BP and lipid control

•Choice of  anti hyperglycemic agents 



Intensive Glycemic Control and 

CV Risk in Diabetes.

… After observation and analysis, 

when you find that anything agrees 

with reason and is conducive to the 

good and benefit of  one and all, then 

accept it and live up to it.

Lord Buddha (c. 563- c. 483 BC)



Thank You





Look AHEAD: No Reduction in 

Secondary CV Outcomes with Lifestyle 

Changes



CV Safety of  TZDs

• TZDs cause or exacerbate heart failure in some patients1

• CV meta-analyses in 2007 suggested differing effects on CV      

outcomes

• Pioglitazone was associated with significant 16% reduction   

in 3P-MACE (as a secondary endpoint) vs placebo in 

PROactive2

• Rosiglitazone open-label RECORD data showed no increase in 

CV death1

• FDA reduced the safety restrictions on rosiglitazone      

imposed following 2007 meta-analysis3 but controversy over 

CV safety remains
The FDA has mandated that each agent 
within this class be evaluated individually.

1 AVANDIA US Prescribing information



A1C Lowering with Empagliflozin vs 

Placebo in High-Risk Patients with Type 

2 Diabetes



Multiple Risk Factors and Mortality in Men:

MRFIT Study                                                       



Impact of  Intensive Glycemic Therapy 

on T2DM Outcomes


