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U.S. Diabetes Prevalence
All Ages, 2007

• 23.6 million people have diabetes

Diagnosed: 17.9 million people
• Type 1 diabetes accounts for 5% – 10%

• Type 2 diabetes accounts for 90% – 95%

Undiagnosed: 5.7 million people

NIDDK, National Diabetes Statistics 2007.  
www.diabetes.niddk.nih.gov/dm/pubs/statistics

Total Cost: $174 billion

Direct Medical Cost: $116 billion

Indirect Cost: $58 billion

Every 24 Hours…

• 4,384 - new cases of diabetes are diagnosed

• 195 - non-traumatic lower limb amputations are performed
• Leading cause of non-traumatic amputations (neuropathy)

• 128 - people begin treatment for renal failure
• Leading cause of renal failure

• 50 - people go blind – Leading cause of blindness

• 839 - people die of diabetes or diabetes is a 
contributing cause of death

Derived from:
NIDDK, National Diabetes Statistics 2007. 
www.diabetes.niddk.nih.gov/dm/pubs/statistics



Mortality in People With DiabetesMortality in People With Diabetes
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Atherosclerosis:

Impact of Diabetes (Types I & II) on Atherogenesis:Impact of Diabetes (Types I & II) on Atherogenesis:

Metabolic - Metabolic - hyperglycemia, hyperinsulinemiahyperglycemia, hyperinsulinemia
Chemical - glycation, oxidationChemical - glycation, oxidation

            Lipoproteins, Apolipoproteins, and LipidsLipoproteins, Apolipoproteins, and Lipids

      Vessal Wall - cells, matrix, and contraction      Vessal Wall - cells, matrix, and contraction

Coagulation - platelets, clottings factors,Coagulation - platelets, clottings factors,
and fibrinolysisand fibrinolysis

NeovascularizationNeovascularization

Introduction

• Elevated Fatty Acids (and abnormal lipoproteins)

• Altered cytokines, signaling molecules, and hormones

• Lipid accumulation: esp - muscle, liver, islets, heart

• Oxidative Stress: NADH/NAD+, Super Oxide, Nitric Oxide

• Inflammation: NF-kB, Prostaglandins

• Hyperglycemia
– Glycosylation – advanced glycosylation end products

– Inositol – DAG, phosphoinositides, IP3

– Sorbitol
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Structure of the NAD(P)H Oxidase (Nox)Structure of the NAD(P)H Oxidase (Nox)

Reprinted with permission from Griendling KK et al. Circ Res. 2000 86:494–501.Reprinted with permission from Griendling KK et al. Circ Res. 2000 86:494–501.
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Biological anti-oxidant systems:Biological anti-oxidant systems:
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~
Lyons TJ; Diabetes Med 8:411, 1991Lyons TJ; Diabetes Med 8:411, 1991
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Protein Kinase C

CCB

Flow-Mediated Vasodilation
(FMD)
in the Brachial Artery

Flow-Mediated Vasodilation
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Baseline Diameter Hyperemic Flow  Nitroglycerin

   3.02 mm 3.34 mm              3.57 mm

Francois Charbonneau, 1996.

 10.6% 10.6%  18.2% 18.2%RestingResting
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Diabetic Complications:Diabetic Complications: Endothelial DysfunctionEndothelial Dysfunction

Atorvastatin specifically improves endothelial dysfunction:

“In Vitro” Studies:

oxLDL, NF-kB, NAD(P)H Oxidase, Endothelin

Nitric Oxide

Animal Models

Hypertriglyceridemic Men (   Factor VII)

Hypercholesterolemic Women and Men (2)

Severe Hypercholesterolemia and FH (2)

(Reduce microAlb and fibrinogen in Type 2 DM)
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Insulin Resistance SyndromeInsulin Resistance Syndrome
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Olefsky JM, et al. Am J Med. 1974;57:551-560.Olefsky JM, et al. Am J Med. 1974;57:551-560.

Insulin Response to Oral Glucose*Insulin Response to Oral Glucose*

Plasma TG
(mg/dL)
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r=0.73
P<0.0001
r=0.73
P<0.0001
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*Total area under 3-hour response curve (mean of 2 tests).*Total area under 3-hour response curve (mean of 2 tests).

Relation Between Insulin Resistance
and Hypertriglyceridemia

Relation Between Insulin Resistance
and Hypertriglyceridemia



CETP

Atherogenicity of Small, Dense LDL:Atherogenicity of Small, Dense LDL:

Reduced binding to LDL receptor ---> prolonged plasma circulationReduced binding to LDL receptor ---> prolonged plasma circulation

More easily glycated and oxidized ---> removed by scav. receptorMore easily glycated and oxidized ---> removed by scav. receptor

LDL catabolism diverted from LDL catabolism diverted from LiverLiver --->  ---> Arterial PlaquesArterial Plaques

Better substrate for Hepatic Lipase ---> further size reductionBetter substrate for Hepatic Lipase ---> further size reduction

Easier transit through endothelial layerEasier transit through endothelial layer

Increased binding to collagen in subendothelial spaceIncreased binding to collagen in subendothelial space

Small, Dense LDLSmall, Dense LDLAtherosclerosis:
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Diabetic Retinopathy

Hall R, et al. Diabetes mellitus. In: A Colour Atlas of Endocrinology. 2nd ed. 1990:chap 7.
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Proteinurea

Surface Area
GFR

Glomerular Pathology: Type 1 vs Type 2 Diabetes

Normal

Type 1

Accumulation
of mesangial

matrix material Type 2

Accumulation
of mesangial

matrix material

Arteriosclerotic 
vessel

Courtesy of Michael Steffes, MD.



SurvivalSurvival

Miettinen H et al. Stroke. 1996;27:2033-2039.Miettinen H et al. Stroke. 1996;27:2033-2039.
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Diabetic retinopathy

Diabetic Retinopathy: Number One Cause Of Vision 
Loss In Working-age Americans1

 Common microvascular complication of diabetes1 

 Pathologic changes to blood vessels of the retina, leading to ischemia, 
neovascularization, and/or leakage (macular edema)1

 Common microvascular complication of diabetes1 

 Pathologic changes to blood vessels of the retina, leading to ischemia, 
neovascularization, and/or leakage (macular edema)1

1. The American Academy of Ophthalmology Retina Panel. Preferred Practice Pattern®: Diabetic retinopathy.  Available at 
www.aao.org/education/library/ppp/upload/Diabetic-Retinopathy.pdf.  Accessed: September, 2006.   

2. EyeMDLink.com.Available at: http://wwwedymdlink.com/Condition.asap?ConditionID=3.  Accessed: September, 2006.

2

Images: Courtesy of Mark Blumenkranz, MDImages: Courtesy of Mark Blumenkranz, MD
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Images of Diabetic Retinopathy
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Potential Pathways for Vision Loss in 
Diabetic Retinopathy

Hyperglycemia

Vascular dysfunction

VEGF induction

Hypoxia

Retinal neovascularizationRetinal vascular leakage

Diabetic macular edema

Moderate vision loss

Adapted from Sheetz MJ, King G. JAMA. 2002;288:2579-2588.

Vitreous hemorrhage
Tractional retinal detachment   

Severe vision loss or blindness

Retinal neovascularization

Anatomy: Close-up View of Retinal Capillaries

Intramural pericyteIntramural pericyte

Retinal capillaryRetinal capillary
Tight junctionTight junction

EndotheliumEndothelium

Basement membraneBasement membrane

EndotheliumEndothelium NucleusNucleus

Lumen

Pericytes Capillaries

Image L: Available at: http://www.udel.edu/Biology/Wags/b617/stereo/stereo9.gif. Image L: Available at: http://www.udel.edu/Biology/Wags/b617/stereo/stereo9.gif. 



Loss of Pericytes and Microaneurysms:
Mild Diabetic Retinopathy

Adapted from Ferris F, et al. New Engl J Med. 1999:341;667-678.Adapted from Ferris F, et al. New Engl J Med. 1999:341;667-678.

P= PericytesP= Pericytes EN= Endothelial cellsEN= Endothelial cellsPG= Pericyte “ghosts”PG= Pericyte “ghosts” MA= MicroaneurysmMA= Microaneurysm

Pericytes are lost Microaneurysms occur

Nonproliferative Diabetic Retinopathy (NPDR): 
Clinical Features

1. Ciulla TA, et al. Diabetes Care. 2003;26(9):2653-2664. 2. American Academy of Ophthalmology. Diabetic Retinopathy Preferred 
Practice Pattern®: Diabetic retinopathy.  Available at: http://www.aao.org/education/library/ppp/upload/Diabetic-Retinopathy.pdf. 
Accessed August, 2006.  

1. Ciulla TA, et al. Diabetes Care. 2003;26(9):2653-2664. 2. American Academy of Ophthalmology. Diabetic Retinopathy Preferred 
Practice Pattern®: Diabetic retinopathy.  Available at: http://www.aao.org/education/library/ppp/upload/Diabetic-Retinopathy.pdf. 
Accessed August, 2006.  

 Increased vascular permeability of 
retinal capillaries may result in 
Diabetic macular edema (DME)1,2

 Increased vascular permeability of 
retinal capillaries may result in 
Diabetic macular edema (DME)1,2

 Clinical features: 

 microaneurysms

 intra-retinal hemorrhages

 cotton wool spots

 hard exudates

 venous tortuosity or beading

 intraretinal microvascular abnormalities   
(IRMA)1,2

 Clinical features: 

 microaneurysms

 intra-retinal hemorrhages

 cotton wool spots

 hard exudates

 venous tortuosity or beading

 intraretinal microvascular abnormalities   
(IRMA)1,2

Hard exudates (Lipid)Hard exudates (Lipid)



Clinically Significant Macular Edema (CSME): 
Primary Cause of Vision Loss in DR

 Definition: permeability, 
leakage, and accumulation of 
intraretinal fluid1

 Lipid exudates from damaged 
retinal capillaries and 
microaneurysms1

 Definition: permeability, 
leakage, and accumulation of 
intraretinal fluid1

 Lipid exudates from damaged 
retinal capillaries and 
microaneurysms1

Macular edema may occur at any stage of retinopathy2

Leading cause of vision loss in patients with type 2 diabetes2
Macular edema may occur at any stage of retinopathy2

Leading cause of vision loss in patients with type 2 diabetes2

1. Available at: visionfordiabetes.com 2. Ciulla TA, et al. Diabetes Care. 2003;26:2653-2664. 

Proliferative Diabetic Retinopathy (PDR): 
Important Cause of Blindness

Pathology: Stimulated by ischemic
changes in the retina in response 
to vaso-occlusive effects of 
hyperglycemia on retinal 
microvasculature1

Pathology: Stimulated by ischemic
changes in the retina in response 
to vaso-occlusive effects of 
hyperglycemia on retinal 
microvasculature1

Anatomical changes:2

 Neovascularization 
 Pre-retinal or vitreous hemorrhage
 Fibrous tissue proliferation
 Traction retinal detachment

Anatomical changes:2

 Neovascularization 
 Pre-retinal or vitreous hemorrhage
 Fibrous tissue proliferation
 Traction retinal detachment

1.  Flynn HW, Smiddy WE. Diabetes and Ocular Disease: Past, Present, and Future Therapies. San Francisco: The Foundation of the AAO; 2000.

2.  Fong DS, et al. ETDRS Research Group. Am J Ophthalmol 1999;127:137-141.       

3.  Ferris F, et al. New Engl J Med. 1999:341;667-678.  

1.  Flynn HW, Smiddy WE. Diabetes and Ocular Disease: Past, Present, and Future Therapies. San Francisco: The Foundation of the AAO; 2000.

2.  Fong DS, et al. ETDRS Research Group. Am J Ophthalmol 1999;127:137-141.       

3.  Ferris F, et al. New Engl J Med. 1999:341;667-678.  

Risk: 50% chance of blindness within 
5 years, if PDR is not treated3
Risk: 50% chance of blindness within 
5 years, if PDR is not treated3
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1.  Flynn HW, Smiddy WE. Diabetes and Ocular Disease: Past, Present, and Future Therapies. San Francisco: The Foundation of the AAO; 2000.

2.  Fong DS, et al. ETDRS Research Group. Am J Ophthalmol 1999;127:137-141.       

3.  Ferris F, et al. New Engl J Med. 1999:341;667-678.  

1.  Flynn HW, Smiddy WE. Diabetes and Ocular Disease: Past, Present, and Future Therapies. San Francisco: The Foundation of the AAO; 2000.

2.  Fong DS, et al. ETDRS Research Group. Am J Ophthalmol 1999;127:137-141.       

3.  Ferris F, et al. New Engl J Med. 1999:341;667-678.  

Risk: 50% chance of blindness within 
5 years, if PDR is not treated3
Risk: 50% chance of blindness within 
5 years, if PDR is not treated3

Vision Loss from Diab Retinopathy Results Mainly from 
2 Causes: Leakage and Ischemia1,2

1.  American Academy of Ophthalmology. Diabetic Retinopathy Preferred Practice Pattern. Available at: 
http://www.aao.org/education/library/ppp/upload/Diabetic-Retinopathy.pdf. Accessed September, 2006.  

2.  Ciulla TA, et al. Diabetes Care. 2003;26:2653-2664. 

1.  American Academy of Ophthalmology. Diabetic Retinopathy Preferred Practice Pattern. Available at: 
http://www.aao.org/education/library/ppp/upload/Diabetic-Retinopathy.pdf. Accessed September, 2006.  

2.  Ciulla TA, et al. Diabetes Care. 2003;26:2653-2664. 

LeakageLeakage

NPDR
Clinically Significant Macular Edema

NPDR
Clinically Significant Macular Edema

Hemorrhage, Exudates 
Vascular Leakage

Hemorrhage, Exudates 
Vascular Leakage

Proliferative DRProliferative DR

NeovascularizationNeovascularization

IschemiaIschemia

May result in vision loss or blindnessMay result in vision loss or blindness





DCCT: Effect of Blood Glucose Control on 
Progression of Retinopathy in Type 1 Diabetes

Rate of Retinopathy Progression by HbA1c
Events per 100 Person-years

Rate of Retinopathy Progression by HbA1c
Events per 100 Person-years

Adapted from: DCCT Research Group. Diabetes. 1995;44:96-983. Adapted from: DCCT Research Group. Diabetes. 1995;44:96-983. 

Secondary Prevention: Patients with type 1 diabetes and mild retinopathy at base line; 
Progression = 3 steps on ETDRS scale sustained for at least 6 months. 
Secondary Prevention: Patients with type 1 diabetes and mild retinopathy at base line; 
Progression = 3 steps on ETDRS scale sustained for at least 6 months. 
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Treatment Options: Laser Photocoagulation

1. AAO. 2003. Preferred Practice Pattern®: Diabetic retinopathy. 2003. 2. ETDRS Research Group. Ophthalmology. 1991;98(5 
suppl):766-785. 
1. AAO. 2003. Preferred Practice Pattern®: Diabetic retinopathy. 2003. 2. ETDRS Research Group. Ophthalmology. 1991;98(5 
suppl):766-785. 

Panretinal / ScatterPanretinal / Scatter

Panretinal Photocoagulation
 Treats Proliferative Diabetic Retinopathy 
 Indirectly treats neovascularization by placing laser 

burns throughout the peripheral fundus 

 Results: 50% reduction in severe visual loss

Panretinal Photocoagulation
 Treats Proliferative Diabetic Retinopathy 
 Indirectly treats neovascularization by placing laser 

burns throughout the peripheral fundus 

 Results: 50% reduction in severe visual loss

Focal or Grid Photocoagulation
 Treats Diabetic Macular Edema
 Focal PC: light, small-sized burns to leaking 

microaneurysms 

 Grid PC: a grid of burns to areas of edema from 
capillary leakage or nonperfusion

 Results: 50% reduction in moderate visual loss 

Focal or Grid Photocoagulation
 Treats Diabetic Macular Edema
 Focal PC: light, small-sized burns to leaking 

microaneurysms 

 Grid PC: a grid of burns to areas of edema from 
capillary leakage or nonperfusion

 Results: 50% reduction in moderate visual loss Focal  Focal  



Laser Photocoagulation: Efficacy  

1. ETDRS. Arch Ophthalmol. 1995;113:1144-1145.  2. DRS. Ophthalmology. 1978;85:82-106.1. ETDRS. Arch Ophthalmol. 1995;113:1144-1145.  2. DRS. Ophthalmology. 1978;85:82-106.

Outcomes in Macular Edema: 

 50% reduction in moderate visual loss

 Increased chance of mod visual gain

 Reduced retinal thickening

Outcomes in Macular Edema: 

 50% reduction in moderate visual loss

 Increased chance of mod visual gain

 Reduced retinal thickening

In Mac Edema and Less Severe DR1

% of Patients with Moderate Visual Loss
In Mac Edema and Less Severe DR1

% of Patients with Moderate Visual Loss

Years after randomizationYears after randomization

Focal + FU Scatter (N=299)

Deferral (N=611)
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Outcomes in Proliferative DR: 

 50% reduction in severe visual loss

 Indicated only for severe PDR

Outcomes in Proliferative DR: 

 50% reduction in severe visual loss

 Indicated only for severe PDR

*

*

In PDR2

% of Patients with Severe Visual Loss
In PDR2

% of Patients with Severe Visual Loss

Years after randomizationYears after randomization

*P<0.001
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Microaneurysms
Exudates

Venous Dilatation

Proliferative Retinopathy:
Fibrosis
Distortion of the vitreous
Tearing of the retina

Pericytes:
Oxidation
Cell Death

Endothe Dys
Ischemia

VEGF
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Hemorrhage
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Diabetic NeuropathiesDiabetic Neuropathies

Nerve Damage: Vasculitis, demyelination, remyelination, cell deathNerve Damage: Vasculitis, demyelination, remyelination, cell death

Diabetic NeuropathiesDiabetic Neuropathies



Diabetic
Neuropathies

Diabetic
Neuropathies

Theories:
1) Metabolic

Glucose, polyol, sorbitol, lipids,

GLA, carnitine, AGE, growth factors

2) Immune
autoantibodies: PL, gangliosides

3) Microvascular

vasoconstriction

4) Neurotropic:  loss of

neurotrophins, growth factors 

5) Oxidative stress

6) Infarction - atherosclerosis

7) Entrapment

Theories:
1) Metabolic

Glucose, polyol, sorbitol, lipids,

GLA, carnitine, AGE, growth factors

2) Immune
autoantibodies: PL, gangliosides

3) Microvascular

vasoconstriction

4) Neurotropic:  loss of

neurotrophins, growth factors 

5) Oxidative stress

6) Infarction - atherosclerosis

7) Entrapment
Not on the test!Not on the test!



Diabetic NeuropathiesDiabetic Neuropathies



Diabetes Mellitus:
Multiple Pathways to

Cardiovascular Events

Therapy for Atherosclerosis

(NOT on the TEST)

Diabetes Mellitus:
Multiple Pathways to

Cardiovascular Events

Therapy for Atherosclerosis

(NOT on the TEST)
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Pioglitazone
Carotid Ultrasound
Pioglitazone

Carotid Ultrasound

106 Japanese with Type 2 DM
Randomized: Pio 30 mg or Plac
Age: 62.2 + 1.1 yrs
Gender: ~ 55% male

Sulfonyureas: almost all
Statins: ~45%
Aspirin: none

HgbA1c: 8.5 --> 7.5 --> 7.3%
in Pio group

No change: Chol, TG, HDL, BP

106 Japanese with Type 2 DM
Randomized: Pio 30 mg or Plac
Age: 62.2 + 1.1 yrs
Gender: ~ 55% male

Sulfonyureas: almost all
Statins: ~45%
Aspirin: none

HgbA1c: 8.5 --> 7.5 --> 7.3%
in Pio group

No change: Chol, TG, HDL, BP

p<0.005

p<0.001

TM
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4S: Major CHD Event Reduction in a 
Subgroup of Patients With Diabetes
4S: Major CHD Event Reduction in a 
Subgroup of Patients With Diabetes

Pyörälä K et al. Diabetes Care. 1997;20:614-620.Pyörälä K et al. Diabetes Care. 1997;20:614-620.
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Diabetic, placeboDiabetic, placebo
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CARDS: 37% Reduction in primary outcome 

Colhoun HM et al. Lancet. 2004;364:685-96.

1410 1351 1306 1022 651 305Placebo

1428 1392 1361 1074 694 328Atorvastatin

15

10

5

0

Years
0 1 2 3 4

Cumulative
hazard

(%)

4.75

Placebo
127 events

Atorvastatin
83 events

(10 mg)

Relative risk reduction 37%
95% CI, 17%–52%
P = 0.001

Type 2 DM (N = 2838) LDL-C: Average difference 40%
(118  72 mg/dl)

Primary outcome: Composite of major coronary events, revascularizations, 
unstable angina, resuscitated cardiac arrest, and stroke

HOPE Trial: Risk Reduction 
(Ramipril vs Placebo)
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CVD Death Non-Fatal MI Stroke CABG/PTCA New Onset

Diabetes

Presented at 1999 ESC Meeting, August  31, 1999, Barcelona, Spain.

N=9541:  (+) CVD, Diabetes, or multi risk factors;  4-year follow-up
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CCUKPDS Results: 
Tight Blood Pressure Control
UKPDS Results: 
Tight Blood Pressure Control
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UKPDS Group. BMJ. 1998;317:703-713.UKPDS Group. BMJ. 1998;317:703-713.

*Compared with less tight control. Captopril and atenolol were equally 
effective in reducing risk and were equally safe in patients with diabetes.

*Compared with less tight control. Captopril and atenolol were equally 
effective in reducing risk and were equally safe in patients with diabetes.
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-Blocker Treatment Improves Survival 
of Patients With Diabetes: The BIP* Study
-Blocker Treatment Improves Survival 
of Patients With Diabetes: The BIP* Study

Jonas M et al. Am J Cardiol. 1996;77:1273-1277. Jonas M et al. Am J Cardiol. 1996;77:1273-1277. 
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YearsYears
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Atherosclerosis:

Impact of Diabetes (Types I & II) on Atherogenesis:Impact of Diabetes (Types I & II) on Atherogenesis:

Metabolic - Metabolic - hyperglycemia, hyperinsulinemiahyperglycemia, hyperinsulinemia
Chemical - glycation, oxidationChemical - glycation, oxidation

            Lipoproteins, Apolipoproteins, and LipidsLipoproteins, Apolipoproteins, and Lipids

      Vessal Wall - cells, matrix, and contraction      Vessal Wall - cells, matrix, and contraction

Coagulation - platelets, clottings factors,Coagulation - platelets, clottings factors,
and fibrinolysisand fibrinolysis

NeovascularizationNeovascularization

Introduction

Goals:  HgbA1c < 6.5% (< 5.5%?)

LDL < 60, TG < 130, HDL > 50 mg/dl

BP < 120/75 (use TZD, ACE-I, beta-blockers)

Aspirin, TZD, Statins, Omega 3, Stop Smoking

Daily Exercise, Wt Loss, Low Carbs, Myr, & Palm
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