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At the End of  This Activity, 

Participants Will Be Able To Understand: 

• The natural history of  Type 2 

Diabetes

• Organs involved in the development of  

glucose intolerance in Type 2 

Diabetes

• Why therapy for Type 2 Diabetes 

should be based on pathophysiology



Prevalence of Diabetes and 

Prediabetes in the United States

CDC. National diabetes fact sheet, 2008. http://www.cdc.gov/diabetes/pubs/pdf/ndfs_2008.pdf.

CDC. National diabetes fact sheet, 2011. http://www.cdc.gov/diabetes/pubs/pdf/ndfs_2011.pdf. 
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Prediabetes

35% of  US population

Diabetes

8.3% of  US population



Age-adjusted Prevalence of  Obesity and 

Diagnosed Diabetes Among U.S. Adults 

Aged 18 Years or Older
Obesity (BMI ≥30 kg/m2)

Diabetes

1994

1994

2000

2000

No Data  <14.0%        14.0%–17.9%        18.0%–21.9%       22.0%–25.9%        26.0%

No Data         <4.5%         4.5%–5.9%           6.0%–7.4%        7.5%–8.9%            >9.0%

CDC’s Division of  Diabetes Translation. National Diabetes Surveillance System available at 

http://www.cdc.gov/diabetes/statistics

2010

2010



The Costs of Diabetes Are Escalating Rapidly 

in the United States – Up 41% Since 2007



Prediabetes and 

Diabetes



Over a period of  5 years, 30% of  

pre-diabetics will develop diabetes

Diagnosing Prediabetes and 

Diabetes Mellitus

Normal Prediabetes Diabetes

<5.7% <5.7-6.4% ≥6.5%

50% higher risk of  CVD: CAD and stroke



Diabetes Prevention Program 

Outcomes Study (DPPOS)

• 8% of participants with pre-diabetes had 

diabetic eye disease (retinopathy)

• 12.6% of participants with type 2 diabetes 

who developed diabetes during the DPP 

had diabetic eye disease

These findings suggest that patients with pre-diabetes 

or newly diagnosed type 2 diabetes should be 

screened for retinopathy.

DPP Research Group. Diabetic Medicine 2007; 24 (2); 137-144. 



Pathophysiology

of 

Diabetes





Development of Type 2 Diabetes Depends on 

Interplay Between Insulin Resistance and 

β-Cell Dysfunction

Insulin 
resistance

Insulin 
resistance

Abnormal
β-Cell 

Function

Relative 
insulin 

deficiency
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Gerich JE. Mayo Clin Proc. 2003;78:447-456.

Type 2 
diabetes

Normal
β-Cell 

Function

Compensatory 
hyperinsulinemia

No 
diabetes

Genes & 

environment

Genes & 

environment



Pathogenesis of  β-cell Failure

• Age

• Genes

• Insulin Resistance

• Lipotoxicity

• Glucotoxicity

• Amyloid Deposition

• Incretins



Insulin Resistance

• Fasting State

• Hepatic Insulin Resistance

• Increased Hepatic Glucose 

Production (HGP)

• Insulin Stimulated State

• Muscle

• Insulin Signal Transduction





Dysharmonious Quartet

• Liver

• β-cell

• Muscle

• Fat Cell

− ↑ Free fatty acid

− ↑ Glucose toxicity

− ↓ Insulin secretion

− ↓ Adiponectin

− ↓ Muscle sensitivity

− ↑ Insulin resistance

DeFronzo, Ralph A., From the Truimvirate to the Ominous Octet: A New Paradigm for the Treatment of  Type 2 Diabetes Mellitus. Diabetes Vol 58; April 2009.



Quintessential Quintet

• Liver

• β-cell

• Muscle

• Fat Cell

• Gastrointestinal Tissue

− ↑ GLP-1

− ↑ GIP

DeFronzo, Ralph A., From the Truimvirate to the Ominous Octet: A New Paradigm for the Treatment of  Type 2 Diabetes Mellitus. Diabetes Vol 58; April 2009.







Setaceous Sextet

• Liver

• β-cell

• Muscle

• Fat Cell

• Gastrointeestinal Tissue

• α Cell

− ↑ Fasting glucagon

− ↑ HPG 

DeFronzo, Ralph A., From the Truimvirate to the Ominous Octet: A New Paradigm for the Treatment of  Type 2 Diabetes Mellitus. Diabetes Vol 58; April 2009.



Defective Postmeal Insulin and 

Glucagon in Type 2 Diabetes



Septicidal Septet

• Liver

• β-cell

• Muscle

• Fat Cell

• Gastrointeestinal Tissue

• α Cell

• Kidney

− ↑ SGLT2-receptor activity

DeFronzo, Ralph A., From the Truimvirate to the Ominous Octet: A New Paradigm for the Treatment of  Type 2 Diabetes Mellitus. Diabetes Vol 58; April 2009.



Sodium-Glucose Co-transporters (SGLTs) and 

Normal Renal Handling of  Glucose



Changing Paradigms 



Ominous Octet

• Liver

• β-cell

• Muscle

• Fat Cell

• Gastrointeestinal Tissue

• α Cell

• Kidney

• Brain

− ↑ Cerebral insulin resistance

− ↑ SGP

− ↓ Muscle glucose uptake

DeFronzo, Ralph A., From the Truimvirate to the Ominous Octet: A New Paradigm for the Treatment of  Type 2 Diabetes Mellitus. Diabetes Vol 58; April 2009.





What have we learnt so far?



Dashed line = extrapolation based on Homeostasis Model Assessment (HOMA) data.

Data points from obese UKPDS population, determined by HOMA model.

Holman RR.  Diabetes Res Clin Pract. 1998;40(suppl):S21-S25.
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Normal IFG/IGT
Type 2 

Diabetes
Complications

Disability 

Death

Secondary

prevention

79,000,000 25,800,000

Tertiary

prevention

Primary

prevention

Garber AJ, et al. Endocr Pract. 2008;14:933-46.

CDC. National diabetes fact sheet, 2011. http://www.cdc.gov/diabetes/pubs/pdf/ndfs_2011.pdf.

Type 2 Diabetes: A Progressive Disease
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ADA/EASD T2DM Treatment Algorithm

Inzucchi SE, et al. Diabetes Care. 2012;35:1364-1379.
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Patient-Centered Approach in T2DM

• Individualize intensiveness of  therapy

• How much to decrease HbA1c

• How aggressive to be to achieve glycemic 

goal?

• Individualize treatment strategy

• What factors make one choice better than 

another?

• Desired degree of  glucose lowering

• Added benefits

• Side effects to avoid/contraindications

• Patients’ preferences, needs, and values guide 

all decision-making
HbA1c = glycated hemoglobin

Source: Inzucchi SE, et. Al. Diabetologia. 2012; 55(6): 1577-1596



Implications for Therapy

• Multiple drugs used in combination

• Address multiple pathogenic 

abnormalities

• Start early to prevent β-cell failure



What is the best 

therapeutic option?



Summary 

• Type 2 Diabetes is a progressive disorder

• β cell failure is the crux of  the problem

• Armamentarium for the treatment of  Type 2 

Diabetes is expanding

• A patient centered approach, taking into 

account intensity of  treatment, strategies, and 

patient needs is important

• Treatment algorithms based on known 

pathophysiological defects has a higher 

probability of  achieving durable glycemic 

control



Thank You 


