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US population at high risk

Hypercholesterolemia* Hypertension® Diabetes”
[J106.9 million 065 million [J14.6 million diagnosed
194 million not treated (027 million not treated [06.2 million undiagnosed

Patients with CHD/stroke:
18.4 millionly

Direct: $105.7 billion/y
Indirect: $93.2 billion/y
Total cost: $198.9 billion/y

AHA. Heart Disease and Stroke Statistics 2005 Update.
*Total-C 200 mg/dL Hajjar | and Kotchen TA. JAMA. 2003;290:199-206.
BP 140/90 mm Hg Ford ES et al. Circulation. 2003;107:2185-9.
FBG 126 mg/dL CDC. www.cdc.gov/diabetes/pubs/pdf/indfs_2005.pdf.

Heart disease in the US is a national epidemic resulting in staggering costs
[0 According to national statistics, heart disease is the primary cause of
morbidity and mortality across all ethnicities and genders.

[0 Hypertension, hypercholesterolemia, and diabetes are increasing at alarming
rates and many individuals remain undiagnosed and untreated.



Development and progression of CVD

Age, gender, smoking,
@ — ________ inactivity, obesity,
cholesterol, BP, glucose

> Oxidative stress
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Genetic factors
Functional alterations
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EPCs = endothelial progenitor cells Adapted from Pepine CJ. Am J Cardiol. 2001;88(suppl):5K-9K.

Pathophysiology of vascular disease

OAtherosclerosisis alifelong disease in which the process of development of
an initial lesion to an advanced raised lesion can take decades.

ORisk factors lead to an environment in which the three principal oxidative
systems in the vascular wall are activated: xanthine oxidase,
NADH/NAD(P)H, and uncoupled eNOS.

[JExcessive production of reactive oxygen species overwhelms endogenous
antioxidant mechanisms, leading to oxidation of lipoproteins, nucleic acids,
carbohydrates, and proteins. The principal target of this oxidative stressisthe
vascular endothelium, although there may be other targets.

A mong the functional alterations induced by reactive oxygen species are
impairment of endothelium-dependent vasorel axation (following a reduction
in nitric oxide bioavailability), increase in inflammatory mediators, and
development of a procoagulant vascular surface.

OUltimately structural alterations occur, including plague growth, vascular wall
remodeling, decreased fibrinolysis, vascular smooth muscle cell proliferation
and migration, and other structural alterations. They can lead to the clinical
sequelae of death, M|, stroke, ischemia, and congestive heart failure (CHF).
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Genetics augment effects of environmental
risk factors
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Genetic polymorphisms have broad CV implications

[JGenetic predisposition for obesity, diabetes, and hypertension exacerbate
the effects of these risk factors on clinical events (eg, stroke and Ml).
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Cardiovascular risk factors, adults 55 64 years
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CDC. www.cdc.gov/nchs/ppt/hus/HUS2005.ppt.

Multiple CV risk factors for middle-aged
men and women continue to increase

[JPercentages of men and women with hypertension and those with obesity
have increased since the 1994 CDC survey.

OSignificant decreases in total-C and LDL-C levels of men 60 years or older
and women 50 years or older have been observed since the 1994 CDC survey,
likely due to the increase in the use of lipid-lowering agents.!

OThe percentage of men and women with 1 CV risk factor has increased
since 1994.

1. Carroll MD, Lacher DA, Sorlie PA, Cleeman JI, Gordon DJ, Wolz M, et al.
Trendsin serum lipids and lipoproteins of adults, 1960-2002. JAMA.
2005;294:1773-1781.



Synergistic interaction of traditional
multiple risk factors on CVD risk
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Jackson R et al. Lancet. 2005;365:434-41.

Interaction of CVD risk factors implies need for multiple interventions

[OModest reductions in several risk factors simultaneously may be more
effective than alarger reduction in asingle risk factor.
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Obesity decreases life expectancy regardless

of smoking
Framingham Heart Study
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Obesity and smoking risks are equivalent

Peeters A et al. Ann Intern Med 2003;138:24-32.

Years lost due to obesity were similar for smokers and nonsmokers

O In an analysis of the 1948 through 1990 follow-up of the Framingham Heart
Study, the relationship between obesity and/or smoking to lifespan was
assessed. Participants were 3457 people 30 to 49 years old at baseline.

[0 Women (mean age 40 years) lost on average the same number of years dueto
obesity regardless of smoking status:

O 7.1 yearslost due to obesity only in nonsmoking women.
0 7.2 yearslost due to obesity only in smoking women.

[0 13.3 years|lost due to obesity and smoking (relative to normal-weight
nonsmokers).

[0 Trends for men were similar.



Decline in smoking vs rise in obesity:
A trade-off?
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Gruber J and Frakes M. J Health Econ.
Published online ahead of print. www.sciencedirect.com.

Decline in smoking may be offset by rising obesity rates nationwide

O Thisdatais from the Behavioral Risk Factor Surveillance Survey (BRFSS),
an annual, CDC-sponsored, state-wide telephone survey of randomly selected
households that monitors a variety of risk behaviors linked to chronic disease
and death.

O Although a strong inverse correlation exists between smoking and obesity
rates, causative relationships cannot be ascertained.
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Emerging biomarkers and their implications for vascular disease

OA subset of new biomarkersis considered to be particularly significant.

OAdvancements in our understanding of CVD have led to the identification of
anumber of mediators and markers of the processes involved.



Traditional CVD risk factors

[J Family history

[0 Older age

[1 Male gender

[0 Smoking

O Physical inactivity

[0 Overweight/obesity

[J Total-C/LDL-C/HDL-C/TG
[1BP

[J Glucose

Adapted from Stampfer MJ et al. Circulation. 2004;109(suppl):IV3-1V5.

Traditional risk factors indicate probability of CVD development

[OSome risk factors (eg, age) are useful even though their causal relationship
to CVD is unknown.

[IBody massindex (BMI) isused as arisk factor due to the ease of
measurement, although other values such as abdominal fat deposition may
be more significant.

[JRisk factors have a correlative [Inot causative [Jassociation with CVD.
Therefore, assessment of medication to reduce risk factors should include
risk factor measurement as a clinical outcome.
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Selected emerging biomarkers

Lipids Oxidation
Lp(a) apoA/apoB Ox-LDL Glutathione

Particle size/density MPO

Inflammation Genetic
CRP SAA Asp299Gly polymorphism
IL-6 IL-18 in TLR4 gene

= Adhesion mols MCP-1 2578G allele

Lp-PLA, CX3CR1 chemokine receptor
CD40L polymorphism V249I

CSF
16Gly variant of b,-adrenergic
Hemostasis/Thrombosis receptor
Homocysteine tPA/PAI-1 260T/T CD14 allele

TAFI Fibrinogen )
117 Thr/Thr variant of CSF

D-dimer
LIGHT
CSF = colony-stimulating factor
MPO = myeloperoxidase Adapted from Stampfer MJ et al.
TAFI = thrombin activatable fibrinolysis inhibitor Circulation. 2004;109(suppl):1V3-I1V5.

Biomarkers help predict future disease onset

[JAs our understanding of the vascular biology of atherosclerosis grows, the list
of potential mediators and markers of the disease process increases.

OUseful biomarkers are sensitive, specific, reliable, and account for a high
proportion of the at-risk population.

[OBiomarkers should be independent predictors of risk, thereby improving the
predictive value of other markers and risk factors.

OThe utility of genetic polymorphismsin aclinical setting is dependent on their
prevalence in the population and the magnitude of the risk conferred.
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LDL infiltration triggers
inflammatory response
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Hansson GK. N Engl J Med. 2005;352:1685-95.

LDL particles activate vascular inflammation

[JOxidation of LDL particlesin the intima leads to release of phospholipids
that trigger endothelial release of adhesion molecules and other inflammatory
mediators.
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Toll-like Inflammatory cytokines,
receptor chemokines, proteases,
radicals

Ox-LDL initiates cascade of monocyte binding, differentiation,
and ultimate transformation into atherosclerotic foam cells

Activated endothelial cells express leukocyte adhesion molecules that bind
monocytes.

Chemokines induce migration of the bound monocytes into the intima.

M acrophage col ony-stimulating factor (M-CSF) stimulates monocytes to
differentiate into macrophages.

Macrophage activation leads to secretion of cytokines, chemokines,
proteases, and radicals that cause inflammation and tissue damage.

13





