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This lecture kit will cover the following points related to atherosclerosis and coronary artery disease
(CAD):

* Cardiovascular disease: a worldwide problem

* Progression of atherosclerosis

* Atherosclerosis and clinical events

* Approach to managing patients at risk

* Overview of CCBs and amlodipine in CAD

« Expanding the spectrum of therapy for CAD: PREVENT design and results

* Future directions
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Evolving Paradigms in the Development,
Prevention, and Treatment of Atherosclerosis

Renewed emphasis on atherosclerosis as a systemic disease
Changing treatment paradigms

— Systemic therapy

— Risk factor management and underlying disease

Changing knowledge of how events happen

— Plaque stability

— Early lesions

In addition to lipid lowering, new therapeutic strategies
targeting atherosclerosis are on the horizon

Davies. Circulation. 1996;94:2013-2020. Mason et al. J Mol Cell Cardiol. 1999;31:275-281.
Mason. Am J Hypertens. 1998;11:254A. Abstract.
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In the past few years, research has revealed a great deal about the pathophysiology and treatment of
CAD. Atherosclerosis, the central component of the pathophysiologic process underlying CAD, is
now receiving more attention than ever before. There is now renewed emphasis on atherosclerosis as a
systemic disease implicated in peripheral vascular disease (PVD) and stroke as well as CAD.

As a consequence of these shifts, the treatment paradigms are changing to focus on systemic therapy
and risk factor management. The changing knowledge of how events happen is leading to scrutiny of
the role of plaque stability and early lesions in the process and investigations of new therapeutic
strategies in addition to lipid lowering.

Davies MJ. Stability and instability: two faces of coronary atherosclerosis. The Paul Dudley White Lecture 1995. Circulation.
1996;94:2013-2020.

Mason RP, Walter MF, Trumbore MW, Olmstead EG Jr, Mason PE. Membrane antioxidant effects of the charged dihy-
dropyridine calcium antagonist amlodipine. J Mol Cell Cardiol. 1999;31:275-281.

Mason RP. Cytoprotective properties of a long-acting calcium channel blocker: new mechanisms of action. Am J Hypertens.
1998;11:254A. Abstract.
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Cardiovascular Disease:
A Worldwide Epidemic

Circulatory diseases are the number 1 cause
of death worldwide

— 15 million deaths, or 30% of annual total

CAD accounted for 7.2 million deaths worldwide in 1996
— 14% of global total deaths

— One third of deaths in industrialized countries
Cerebrovascular disease accounted for 4.6 million deaths

Hypertension occurs in 690 million people worldwide

Developing countries: projected 28% increase in
cardiovascular deaths

World Health Report 1997.
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Circulatory diseases—including hypertension, CAD, cerebrovascular disease, and cardiomyopathies—
are the number 1 cause of death worldwide. In 1996, for example, CAD alone accounted for about
7.2 million deaths, while stroke accounted for about 4.6 million. Hypertension is the most common
cardiovascular disorder, affecting about 690 million people, or about 20% of the world adult popu-
lation.

Cardiovascular diseases, while still a concern to industrialized countries, now represent a growing
threat to developing countries as risk factors become more widespread. Cardiovascular deaths are
increasing at a faster rate in developing countries than in industrialized nations. For example, the 1990
rate of 398 cardiovascular deaths per 100,000 population in developed countries is projected to reach
405 per 100,000 by 2020 or a 1.8% increase. On the other hand, the 1990 rate of 220 cardiovas-
cular deaths per 100,000 population in developing countries is expected to increase by 28% to 282
per 100,000 during the same period.

Smith ER. Cardiovascular disease and the global village. Can J Cardiol. 2000;16:234-235.

World Health Organization. The World Health Report 1997. Conquering Suffering, Enriching Humanity. Geneva, Switzerland;
1997.

a
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Economic Burden of CAD

Direct and Indirect Cost of CAD
Country (not adjusted for inflation)

US (2000) $118.2 billion

Canada (1993) $7.78 billion (Canadian)

UK (1996) £10 billion

Germany (1996) 112 billion DM

Taiwan (1991) 9.0-11.9 billion new Taiwan $

Sweden (1994) 276 billion SEK
American Heart Association, 2000 Heart and Stroke Statistical Update; Heart and Stroke Foundation of
Canada. 1999; Help for Health Trusts’ NHS AT0Z HELP-DIRECT Web site; Klever-Deichert et al. Z

Kardiol. 1999;88:991-1000; Yang et al. J Formos Med Assoc. 1999;98:394-402; Zethraeus et al. J Intern
Med. 1999;246:151-159.
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The economic burden of cardiovascular disease is enormous in countries where it is reported. The
direct costs of circulatory diseases have been estimated to account for 10% of all direct healthcare
costs in developed countries, or about 0.5% to 1.0% of their gross national products.

This slide shows available data on the total costs (direct and indirect) of CAD in selected countries.
(Such data are generally not available from developing countries.) Note that these data are simple
aggregates; they have not been adjusted for population, differences in disease prevalence, or inflation.

American Heart Association. 2000 Heart and Stroke Statistical Update. Dallas, Tex: American Heart Association; 1999.

Heart and Stroke Foundation of Canada. The Changing Face of Heart Disease and Stroke in Canada 2000. Ottawa, Canada;
1999.

Help for Health Trusts’ NHS A™Z HELP-DIRECT Web site. Available at: http://www.nhsatoz.org./nhsd. Accessed May 10,
2000.

Klever-Deichert G, Hinzpeter B, Hunsche E, Lauterbach KW. Life time costs of coronary heart disease in Germany—a study
from the perspective of society. Z Kardiol. 1999;88:991-1000.

World Health Organization. The World Health Report 1997. Conquering Suffering, Enriching Humanity. Geneva, Switzerland;
1997.

Yang M-C, Huang I-C. Establishing a cost estimation model for hypertension and its related diseases in Taiwan. J Formos
Med Assoc. 1999;98:394-402.

Zethraeus N, Molin T, Henriksson P, Jonsson B. Costs of coronary heart disease and stroke: the case of Sweden. J Intern
Med. 1999;246:151-159.
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Progression of Atherosclerosis
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Adapted from Stary, in Fuster et al, eds. Atherosclerosis and Coronary Artery Disease. 1996.
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Atherosclerosis, the underlying pathology in the majority of cardiovascular diseases, is a progressive
disease the stages of which have been well characterized in histologic studies and are represented
schematically in these cross-sections. Adaptive intimal thickening, present from birth, especially at
bifurcations, is considered histologically normal. However, these thickened intimal segments may
identify lesion-prone locations.

* Type | lesions (not shown) are characterized by the presence of isolated macrophage foam cells.
A type Il (or fatty streak) lesion is defined primarily by the presence of macrophage foam cells
and lipid-laden smooth muscle cells.

* Type 111 (preatheroma) lesions may develop soon after puberty. They contain scattered collec-
tions of extracellular lipid droplets and particles that disrupt the coherence of intimal smooth
muscle cells. Types I to 111 lesions do not significantly thicken the arterial wall or narrow the
lumen.

* Types 1V, V, and V1 are considered advanced lesions, because they disrupt the intimal structure.
Arterial narrowing with encroachment on the lumen diameter is generally seen more with type
V than with type 1V lesions.

* Type IV through VI lesions may be associated with clinical syndromes. However, most CAD
morbidity and mortality result from type VI lesions with lesion surface disruptions, such as fis-
sure, ulceration, hematoma, hemorrhage, or thrombotic deposits.

Stary HC. The histological classification of atherosclerotic lesions in human coronary arteries. In: Fuster V, Ross R, Topol EJ,
eds. Atherosclerosis and Coronary Artery Disease. Philadelphia, Pa: Lippincott-Raven Publishers; 1996.

Stary HC, Chandler AB, Dinsmore RE, et al. A definition of advanced types of atherosclerotic lesions and a histological clas-
sification of atherosclerosis: a report from the Committee on Vascular Lesions of the Council on Arteriosclerosis, American
Heart Association. Circulation. 1995;92:1355-1374.
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Atherosclerosis: A Systemic Disease

® Coexistence of CAD,
PAD, and ABI in 1886
patients =62 years in a
long-term care facility

ABI = atherothrombotic brain infarction or stroke.
PAD = peripheral arterial disease.
Aronow et al. Am J Cardiol. 1994;74:64-65.
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It is now well recognized that atherosclerosis is a systemic disease whose pathophysiology underlies a
broad range of cardiovascular disorders. For example, Aronow and colleagues performed a prospective
trial studying the coexistence of CAD, peripheral arterial disease (PAD), and stroke (atherothrombotic
brain infarction [ABI]) in 1886 patients 62 years of age or older in a long-term healthcare facility.
As shown in this slide, a high percentage of patients with one of these vascular conditions also had
clinically significant evidence of the other two. The recognition of the widespread systemic nature of
atherosclerotic disease is one of the factors stimulating research into treatments that affect the ather-
osclerotic process itself.

Aronow WS, Ahn C. Prevalence of coexistence of coronary artery disease, peripheral arterial disease, and atherothrombotic
brain infarction in men and women =62 years of age. Am J Cardiol. 1994;74:64-65.
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Systemic Atherosclerosis: Carotid Disease
as a Marker of CV Risk

Cumulative Event-Free Rates for Ml or Stroke, According
to Quintile of Combined IMT (n=4476)
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IMT = intimal-medial thickness. Years
O’Leary et al. N Engl J Med. 1999;340:14-22.
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Further evidence of the systemic nature of atherosclerosis was provided in a study by O’Leary et al.
The association between the carotid artery intimal-medial thickness (IMT) and the incidence of new
myocardial infarction (MI) or stroke (combined endpoint) was studied in 4476 subjects aged 65 years
or older who had no clinical evidence of cardiovascular disease.

The carotid arteries were measured noninvasively by means of high-resolution B-mode ultrasonogra-
phy. After a median follow-up period of 6.2 years, the study revealed that an increase of 1 standard
deviation in combined IMT was associated with a relative risk of 1.36 for the combined endpoint of
MI or stroke after adjustment for age, sex, and other major cardiovascular risk factors. As noted, the
higher the IMT quintile, the lower the event-free survival.

The authors concluded that measurements of carotid artery IMT have strong predictive power regard-
ing new cardiovascular events, even with adjustments for traditional risk factors. In fact, these mea-
surements appear to be more powerful predictors of events than the conventional risk factors of
smoking, high-fat diet, etc.

O’Leary DH, Polak JF, Kronmal RA, et al, for the Cardiovascular Health Study Collaborative Research Group. Carotid-artery
intima and media thickness as a risk factor for myocardial infarction and stroke in older adults. N Engl J Med. 1999;340:14-22.
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Early Appearance of Atherosclerosis:
Bogalusa Heart Study

Prevalence of Fibrous Plaque Lesions

80 e Coronary Arteries

60 80

60
X 40
40

20 20

0

0
2-15 16-20 21-25  26-39 2-15  16-20 21-25 26-39
Age (Years)

P=.001 for trend towards increasing prevalence with age in aorta and coronary arteries.
Berenson et al. N Engl J Med. 1998;338:1650-1656.
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The early appearance of asymptomatic atherosclerosis was well documented in the Bogalusa Heart
Study in which autopsy studies were performed on 204 young persons aged 2 to 39 years who died
from various causes, principally trauma. The prevalence of raised fibrous plaque lesions in the aorta
and coronary arteries increased with age. By age 26 to 39, 60% had lesions in the aorta and 69% had
coronary artery lesions (P=.001). Fatty streaks in the aorta and coronary arteries were even more
prevalent, also increasing with age. The extent of fatty streaks was associated with recognized cardio-
vascular risk factors.

Berenson GS, Srinivasan SR, Bao W, Newman WP I, Tracy RE, Wattigney WA, for the Bogalusa Heart Study. Association
between multiple cardiovascular risk factors and atherosclerosis in children and young adults. N Engl J Med. 1998;338:1650-
1656.
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Atherosclerosis and CAD Events:
Effect of Lipid Treatment

Baseline Baseline Coronary
Study Patients LDL-C (mg/dL)/ HDL-C (mg/dL)/ Death + NFMI
Name (N) % A % A (% D)

Primary Prevention
WOSCOPS 6595 192/-20% 44/+5% -31%

AFCAPS/ 6605 150/-24% 37/+5% -35%
TexCAPS

Secondary Prevention
48 4444 188/-35% 46/+8% -30%

LIPID 9014 151/-25% 36/+6% -23%

CARE 4159 139/-28% 39/+5% -24%

NFMI = Nonfatal myocardial infarction.

West of Scotland Coronary Prevention Study Group. Circulation. 1998;97:1440-1445. Downs et al.
JAMA. 1998;279:1615-1622. LIPID Study Group. N Engl J Med. 1998;339:1349-1357. Pedersen et al.
Circulation. 1998;97:1453-1460. Sacks et al. Circulation. 1998;97:1446-1452.
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The relation between atherosclerosis and CAD can be understood by examing the effect of traditional
treatment consisting of lipid lowering with statin-class drugs. The evidence supporting this approach
is convincing in primary prevention and secondary prevention populations with cholesterol levels rang-
ing from mildly to moderately elevated through to severe hypercholesterolemia. In the primary preven-
tion studies, West of Scotland Coronary Prevention Study (WOSCOPS) and Air Force/Texas
Coronary Atherosclerosis Prevention Study (AFCAPS/ TexCAPS), statin therapy reduced low-density
lipoprotein cholesterol (LDL-C) from 20% to 24% and was associated with reductions in coronary
death and nonfatal MI ranging from 31% to 35%. In the Scandinavian Simvastatin Survival Study
(4S), Cholesterol And Recurrent Events Trial (CARE), and Long-term Intervention with Pravastatin
in Ischaemic Disease (LIPID) studies in patients with previous coronary disease, statin therapy reduced
LDL-C between 25% and 35% and resulted in event reductions ranging from 23% to 30%.

West of Scotland Coronary Prevention Study Group. Influence of pravastatin and plasma lipids on clinical events in the West
of Scotland Coronary Prevention Study (WOSCOPS). Circulation. 1998;97:1440-1445.

Downs JR, Clearfield M, Weis S, et al. Primary prevention of acute coronary events with lovastatin in men and women with
average cholesterol levels: results of AFCAPS/TexCAPS. JAMA. 1998;279:1615-1622.

Pedersen TR, Olsson AG, Faergeman O, et al, for the Scandinavian Simvastatin Survival Study Group. Lipoprotein changes
and reduction in the incidence of major coronary heart disease events in the Scandinavian Simvastatin Survival Study (4S).
Circulation. 1998;97:1453-1460.

The Long-term Intervention With Pravastatin in Ischaemic Disease (LIPID) Study Group. Prevention of cardiovascular events
and death with pravastatin in patients with coronary heart disease and a broad range of initial cholesterol levels. N Engl J
Med. 1998;339:1349-1357.

Scandinavian Simvastatin Survival Study Group. Randomised trial of cholesterol lowering in 4444 patients with coronary heart
disease: the Scandinavian Simvastatin Survival Study (4S). Lancet. 1994;344:1383-1389.

Sacks FM, Moyé LA, Davis BR, et al. Relationship between plasma LDL concentrations during treatment with pravastatin
and recurrent coronary events in the Cholesterol and Recurrent Events Trial. Circulation. 1998;97:1446-1452.

10
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Angiographic Versus Clinical
Improvement: Lipid Trials

FATS FATS STARS
(nicotinic acid (lovastatin (diet + resin)
+ colestipol) + colestipol)

Event
Reduction

Stenosis
Change

-100

Brown et al. Circulation. 1993;87:1781-1791. Brown et al. N Engl J Med. 1990;323:1285-1298. Watts et
al. Lancet. 1992;339:563-569.
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Lipid trials that have examined the effect on angiographic stenosis have provided insight into the rela-
tion between arterial changes and events. Active treatment with colestipol and nicotinic acid or lova-
statin and colestipol in the Familial Atherosclerosis Treatment Study (FATS) and with diet and resin
in the St Thomas’ Atherosclerosis Regression Study (STARS) produced significant event reductions
from 70% to 80%. However, the change in percent stenosis was much smaller, ranging from 0.7% to
1.9%. These observations and the additional observation from FATS that lesions associated with
events progressed abruptly from mild to moderate baseline severity to severe obstruction (reflecting
plaque fissure and disruption) provided further support for the concept that acute events result from
plaque disruption and thrombosis rather than from severity of the fixed stenosis.

Brown BG, Zhao X-Q, Sacco DE, Albers JJ. Lipid lowering and plaque regression: new insights into prevention of plaque dis-
ruption and clinical events in coronary disease. Circulation. 1993;87:1781-1791.

Brown G, Albers JJ, Fisher LD, et al. Regression of coronary artery disease as a result of intensive lipid-lowering therapy in
men with high levels of apolipoprotein B. N Engl J Med. 1990;323:1285-1298.

Watts GF, Lewis B, Brunt JNH, et al. Effects on coronary artery disease of lipid-lowering diet, or diet plus cholestyramine, in
the St Thomas’ Atherosclerosis Regression Study (STARS). Lancet. 1992;339:563-569.

11
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Further clarification of the relation between atherosclerosis and acute events comes from studies of
patients who underwent angiograms prior to an Ml and subsequently presented with acute Mls.
These studies have shown that the culprit lesion is not necessarily a significant obstruction and in fact
is often a less severe stenosis. In a pooled analysis of 4 studies, most patients presenting with an acute

Role of NORVASC*®

N
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Most Acute Mls Are Associated
With Less Severe Stenoses

Severity of Coronary Artery
Stenosis Before Acute MI (n=195)

50-70
% Diameter Stenosis

Data from 4 studies.
Smith. Circulation. 1996;93:2205-2211.

MI were noted to have <70% stenosis in the culprit artery.

Smith SC Jr. Risk-reduction therapy: the challenge to change. Circulation. 1996;93;2205-2211.
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Glagov's Coronary Remodeling Hypothesis

Progression 1 m -

Compensatory expansion Expansion overcome:
maintains constant lumen l[umen Narrows

@ Ty ‘ I ‘ >

Normal Minimal Moderate Severe
vessel CAD CAD CAD

IS—— i W Regression

Adapted from Glagov et al. N Engl J Med. 1987;316:1371-1375.
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Coronary remodeling is an adaptive process by which the arterial wall changes in shape to maintain
flow despite the encroachment of plaque. This process may explain why less severe luminal narrowing
may still be associated with progressive atherosclerosis and CAD. As plaque accumulates, the arterial
wall reacts by remodeling. As atherosclerosis progresses toward the more severe stages pictured on the
right, the lumen remains relatively constant because of compensatory expansion of the arterial wall.
Eventually, in more severe stages of the disease, the artery is unable to expand further and the lumen
begins to narrow.

The same process may work in reverse with disease regression. That is, plague can be removed from
the arterial wall with little change in lumen size. T herefore, luminal measurement by quantitative coro-
nary angiography (QCA) may be a less sensitive marker for the progression or regression of disease
than direct evaluation of plaque thickness through the use of intravascular ultrasound.

Glagov S, Weisenberg E, Zarins CK, Stankunavicius R, Kolettis GJ. Compensatory enlargement of human atherosclerotic
coronary arteries. N Engl J Med. 1987;316:1371-1375.

13
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Diffuse Disease: Effect on
Angiographic Measurements

Plaque _ 5 mm

Arterial wall — 5mm
Smm-
HH
2mm

Measurements

% Diameter stenosis 25
Mean width segment (mm) 3.75
MLD (mm) 3.0

Plaque area (mm) 2.0

de Feyter et al. Circulation. 1991;84:412-423.
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The measurement of atherosclerosis progression or regression by angiography may be confounded by
the presence of diffuse disease in an artery. Progression of atheromatous change in mildly to moder-
ately diseased vessels may occur in a diffuse manner involving only the “normal” diameter used for
comparison to calculate severity of stenosis. This may result in a calculated less-severe lesion suggest-
ing regression that actually should be regarded as pseudoregression. Or this may have no effect on per-
cent stenosis severity, suggesting no progression of disease, when in actuality progression has occurred.
As shown here, measurement changes on QCA, including percent diameter stenosis, minimum lumen
diameter (MLD), and plaque area suggest regression of the lesion severity. In fact, what has happened
is progression of diffuse disease, which is masked.

de Feyter PJ, Serruys PW, Davies MJ, et al. Quantitative coronary angiography to measure progression and regression of
coronary atherosclerosis: value, limitations, and implications for clinical trials. Circulation. 1991;84:412-423.

14
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The Tight Stenosis Is Not the Active Lesion

Images supplied by Steven E. Nissen, MD, Cleveland Clinic. -
slide 15

Intravascular ultrasound (IVUS) imaging documents the thickness and composition of plaque in the
arterial wall, and will show diffuse disease. In these views, I\VUS is compared with angiography to
show that tight stenosis is not necessarily the site of an active plaque. The small lumen seen at A on
the angiogram represents a stenosis that is significant but without rupture. However, the hazy area at
B on the angiogram contains a ruptured plague with an exposed lipid core, as seen on the correspon-
ding IVUS image.

15
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Pathophysiology of ACS: Disrupted Plaque

Plaque
rupture

Complete
coronary
occlusion < Spontanzous lysis, <= ocdlEl]
repair, and wall remodeling l
Large lipid core *

Temporary resolution Unstable angina

of instability N Ve
Future high-risk M

lesion

Adapted from Yeghiazarians et al. N Engl J Med. 2000;342:101-114.
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Disruption of an atherosclerotic plaque is a complex pathophysiologic process central to the initia-
tion of the acute coronary syndromes (ACS). A mature plaque is made up of 2 main components: a
lipid-rich core and extracellular matrix proteins forming a fibrous cap. The presence of large, eccen-
tric lipid pools and the infiltration of foam cells are features most often associated with plaque rup-
ture or fissure, which usually occurs at the sites of the greatest mechanical stress. Fissures that occur
at weak cap sites not under great mechanical stress are thought to be initiated by enzymatic degrada-
tion of the cap. Local thrombosis following plaque disruption results from interactions between the
lipid core and blood.

Numerous factors probably trigger the rupture of a vulnerable plaque. Rupture exposes tissue factor
in the lipid core, which precipitates platelet activation, adhesion, and aggregation, resulting in the for-
mation of an occlusive thrombus. If the process leads to complete occlusion of the artery, an acute
MI results. Alternatively, if occlusion is incomplete, unstable angina or non—Q-wave MI may develop.
Spontaneous or pharmacologic lysis of thrombus, or pharmacologic interruption of platelet aggrega-
tion, may lead to resolution of the syndrome.

Yeghiazarians Y, Braunstein JB, Askari A, Stone PH. Unstable angina pectoris. N Engl J Med. 2000;342:101-114.
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Initial Presentation of CAD May Be MI or
Sudden Death: Framingham Heart Study

Patients Who Developed CAD (N=5144)

MI or Sudden
Death as Initial

Presentation

40

% Patients
Murabito et al. Circulation. 1993;88:2548-2555.
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The acute transition from atherosclerosis to clinical CAD may be sudden and drastic. Analysis of
subjects enrolled in the Framingham Heart Study shows that CAD frequently presents first as Ml or
sudden death.

Murabito et al studied 5144 subjects in the Framingham Heart Study in whom clinically overt CAD
developed during biennial examinations during the period 1951 to 1986, and followed them through
examinations that took place from 1986 to 1988.

Of these subjects, 1569 (895 men, 674 women) experienced a new coronary heart event. In men, sud-
den cardiac death accounted for 16% of the initial presentations, recognized MI 30%, and unrecog-
nized MI 16%, for a total of 62%. In women, sudden cardiac death accounted for 14% of the ini-
tial presentations, recognized MI 18%, and unrecognized M1 14%, for a total of 46%.

Murabito JM, Evans JC, Larson MG, Levy D. Prognosis after the onset of coronary heart disease: an investigation of differ-
ences in outcome between the sexes according to initial coronary disease presentation. Circulation. 1993;88:2548-2555.
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Identifying Patients at Increased
Risk for CAD

® Older patients with Risk of CAD more than
hypertension doubles from ages 35-64
to ages 65-94

® African American patients 50% greater mortality from
with hypertension CAD than the general
population

® Hypertensive patients 2 to 4 times more likely to
with diabetes have CAD than nondiabetic
persons with hypertension

USDHHS. NHANES IIl 1991-1994 data files.
JNC VI. NIH publication 98-4080, November 1997.
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One important risk factor for CAD is hypertension. Studies have shown that in particular older per-
sons with hypertension, African Americans with hypertension, and hypertensive persons with diabetes
have an elevated risk for CAD. The risk of CAD more than doubles from ages 35 to 64 to ages 65
to 94. In African Americans with hypertension, there is a 50% greater mortality from CAD than seen
in the general population. Hypertensive patients with diabetes have a 2 to 4 times greater likelihood
of having CAD than do patients without diabetes.

US Department of Health and Human Services (DHHS). National Center for Health Statistics. Third National Health and
Nutrition Examination Survey. 1991-1994, NHANES Il data files [CD-ROM].

The Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure and the National
High Blood Pressure Education Program Coordination Committee. The Sixth Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High Blood Pressure. NIH publication 98-4080, November 1997.
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Patients With Established CAD
Are a High-Risk Group

Myocardial infarction (MI)

® 25% of men and 38% of women die
within 1 year of a recognized Ml

Acute ischemic heart disease

® One in 10 patients experiences nonfatal recurrent
MI or death within 2 months of presentation

Angioplasty

® 40% of patients may require a repeat procedure
within 6 months

American Heart Association. 2000 Heart and Stroke Statistical Update; 1999.
Mark et al, in Fuster et al (eds). Atherosclerosis and Coronary Artery Disease. 1996.
USDHHS. Managing Unstable Angina. Consumer Version Clinical Practice Guideline Number 10. 1994.
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Patients who have established CAD are clearly at high risk for subsequent coronary events and CAD
death and need extra protection. This is clear in statistics available from the American Heart
Association, which show that 25% of men and 38% of women die within 1 year of having had an M.

In addition, about 10% of patients with acute ischemic heart disease experience nonfatal recurrent
MI or death within the first 60 days of presentation, and about 40% of patients undergoing angio-
plasty require a repeat procedure within 6 months.

American Heart Association. 2000 Heart and Stroke Statistical Update. Dallas, Tex.: American Heart Association; 1999.

Mark DB, Braunwald E. Medical management of unstable angina. In: Fuster V, Ross R, Topol EJ, eds. Atherosclerosis and
Coronary Artery Disease. Philadelphia, Pa: Lippincott-Raven Publishers; 1996:1315-1326.

US Department of Health and Human Services. Managing Unstable Angina. Consumer Version Clinical Practice Guideline
Number 10. 1994. Available at: http://text.nIm.nih.gov/tempfiles/is/tempD135270.html. Accessed May 12, 2000.
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Effect of SBP and DBP on
Age-Adjusted CAD Mortality: MRFIT

CAD Death Rate per 10,000 Person-Years

140-159
120-130 Systolic BP

<120 (mm Hg)
100+ 90-99 80-89 75-79 70-74

Diastolic BP (mm Hg)

Adapted with permission from Neaton et al. Arch Intern Med. 1992;152:56-64.
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Systolic (SBP) and diastolic (DBP) blood pressures have been shown to correlate strongly with CAD
mortality. The combined effect of systolic and diastolic blood pressure on age-adjusted CAD mor-
tality is shown in this slide. These data, from a cohort of more than 300,000 men screened for the
Multiple Risk Factor Intervention Trial (MRFIT) and followed for an average of 12 years, show that
SBP is actually a stronger predictor of death from CAD than DBP.

Neaton JD, Wentworth D, for the Multiple Risk Factor Intervention Trial Research Group. Serum cholesterol, blood pressure,
cigarette smoking, and death from coronary heart disease. Arch Intern Med. 1992;152:56-64.
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Association of Hypertension With Other CAD
Risk Factors: Framingham Study

One
Two 27% Two

Three
20%

v A 4

Four or more Four or more
8% 12%

Men Women

Kannel. Am J Hypertens. 2000;13:3S-10S.
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Hypertension is frequently associated with additional risk factors. Observations in Framingham off-
spring indicate that in more than 80% of cases, elevated blood pressure tends to cluster with 1 or
more other major risk factors, such as obesity, elevated blood lipids, glucose intolerance, and left ven-
tricular hypertrophy (LVH). A cluster of 2 or more additional risk factors occurs in about half of all
those with high blood pressure, a frequency twice that expected by chance, and clusters of 3 or more
risk factors occur at 4 times the expected rate. A slightly higher proportion of Framingham male off-
spring had clusters of 2 or 3 risk factors; however 12% of women, compared with 8% of men, had
a cluster of 4 or more risk factors. Risk factor clustering enables physicians to estimate the probabil-
ity for development of CAD in patients who have hypertension and additional risk factors.

Kannel WB. Risk stratification in hypertension: new insights from the Framingham Study. Am J Hypertens. 2000;13:3S-10S.
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Effect of Multiple Risk Factors on
Probability of CAD: Framingham Study
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Kannel. Am J Hypertens. 2000;13:3S-10S.
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The risk of having a CAD event increases according to the burden of associated risk factors. These
data, from men in the Framingham study who were 45 years of age and had mild hypertension, show
that systolic hypertension constitutes an important independent risk factor for CAD, and that the risk
increases in proportion to the number and severity of the associated risk factors, including elevated
total cholesterol, low levels of high-density lipoprotein cholesterol (HDL-C), the presence of diabetes
mellitus, cigarette smoking, and electrocardiographic (ECG) evidence of LVH.

Kannel WB. Risk stratification in hypertension: new insights from the Framingham Study. Am J Hypertens. 2000;13:3S-10S.
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Modifiable CAD Risk Factors
and Interventions

Category I: Intervention Shown to Improve CAD Outcomes

Risk Factor Intervention
Cigarette smoking Complete cessation of smoking
High LDL-C Diet and, if needed, drugs to achieve <100 mg/dL

Hypertension Lifestyle modifications and, if needed, drug therapy
to achieve BP <140/90 mm Hg; if diabetes, renal
failure, or heart failure, goal is <130/85 mm Hg

LVH Treatment to effect regression

Thrombogenic factors Aspirin or clopidogrel to mitigate

Gibbons et al. J Am Coll Cardiol. 1999;33:2092-2197.
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The authors of the ACC/AHA/ACP-ASIM guidelines on chronic stable angina noted the impor-
tance of risk factor management as a means of impacting disease progression and outcomes. They
advocated the following system to categorize management of CAD risk factors:

« Category . risk factors clearly associated with an increase in coronary disease risk for which
interventions have been shown to reduce the incidence of coronary disease events

« Category II: risk factors clearly associated with an increase in risk for which interventions are
likely to reduce the incidence of coronary disease events

« Category I11: risk factors clearly associated with an increase in risk for which interventions might
reduce the incidence of coronary disease events

« Category IV risk factors associated with an increase in risk that cannot be modified or, if modifiable,
would be unlikely to reduce the incidence of coronary disease events

Interventions in Category | include:
» Complete cessation of cigarette smoking
« Diet modifications and, if necessary, drug therapy to achieve an LDL-C level of <100 mg/dL

« Lifestyle modifications and, if necessary, drug therapy to achieve an overall goal of <140/90 mm Hg;
if heart failure, diabetes, or renal failure are also present, the goal is <130/85 mm Hg

« Blood pressure management to achieve regression of LVH

* Aspirin, 80 mg to 325 mg/day—or if aspirin is contraindicated, clopidogrel—if thrombogenic
factors have been identified.

Gibbons RJ, Chatterjee K, Daley J, et al. ACC/AHA/ACP-ASIM Guidelines for the Management of Patients with Chronic
Stable Angina: a report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines
(Committee on the Management of Patients With Chronic Stable Angina). J Am Coll Cardiol. 1999;33:2092-2197.
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Modifiable CAD Risk Factors
and Interventions

Category II: Intervention Likely to Improve CAD Outcomes

Risk Factor Intervention

Diabetes mellitus Treatment to maintain blood glucose <126 mg/dL
({EE ale))

Low HDL-C Lifestyle modification to achieve HDL-C >35 mg/dL;
drug therapy if also needed to improve lipid profile

Obesity Diet and physical activity to achieve weight <120%
of ideal for height

Physical inactivity Moderate-intensity exercise 30 to 60 minutes
3 or 4 times a week

Gibbons et al. J Am Coll Cardiol. 1999;33:2092-2197.
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Category Il interventions likely to reduce the incidence of coronary disease events include:
* Treatment to achieve a fasting blood sugar level of <126 mg/dL

« Lifestyle modification (weight management, physical activity, smoking cessation) to achieve an
HDL-C level of >35 mg/dL,; if drug therapy is needed to achieve LDL-C goals, consider pre-
scribing niacin, a statin, or fibrate to also increase the HDL-C level

* Intensive diet and appropriate physical activity to achieve a weight <120% of the ideal for
height

» A minimum of 30 to 60 minutes of moderate-intensity exercise 3 or 4 times a week, along with
an increase in the exercise level of daily lifestyle activities; for moderate- to high-risk patients,
recommend medically supervised exercise

Gibbons RJ, Chatterjee K, Daley J, et al. ACC/AHA/ACP-ASIM Guidelines for the Management of Patients With Chronic
Stable Angina: a report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines
(Committee on the Management of Patients With Chronic Stable Angina). J Am Coll Cardiol. 1999;33:2092-2197.
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Other Modifiable and Nonmodifiable
CAD Risk Factors

Category llI Category IV
Intervention Might Reduce CAD Risk Risk Factor Not Modifiable

Psychosocial factors, depression, Male sex

Gl Family history of premature CAD

Hypertriglyceridemia Age (older)
High lipoprotein(a)

Elevated homocysteine
Oxidative stress

Excessive alcohol consumption

Gibbons et al. J Am Coll Cardiol. 1999;33:2092-2197.
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Category Il interventions which might reduce the incidence of coronary disease events include:

» Management directed at stress reduction and enhancement of psychological well-being; this may
include management of depression or anxiety

 Nonpharmacologic and pharmacologic management of high triglyceride levels
« High-dose niacin to reduce elevated levels of lipoprotein(a)

* Dietary supplementation with vitamins B6 and B12 and folic acid to lower elevated homocysteine
levels

« Increased dietary intake of foods rich in antioxidants (vitamin C, vitamin E, and beta carotene),
dietary supplementation with these antioxidants, or use of probucol to counter the oxidation of
LDL-C

« Interventions to decrease excessive alcohol consumption

* Category 1V includes nonmodifiable risk factors, such as advancing age, male sex, and a family
history of premature CAD.

Gibbons RJ, Chatterjee K, Daley J, et al. ACC/AHA/ACP-ASIM Guidelines for the Management of Patients With Chronic
Stable Angina: a report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines
(Committee on the Management of Patients With Chronic Stable Angina). J Am Coll Cardiol. 1999;33:2092-2197.
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Expanding the Spectrum
of Therapy for CAD

Lipid-lowering therapy traditional
cornerstone for treatment of CAD

Lipid-lowering achieves ~30% reduction
in CAD morbidity and mortality and may
take ~1 year to see effect

Ongoing research investigating further
strategies for CAD prevention and
treatment

West of Scotland Coronary Prevention Study Group. Circulation. 1998;97:1440-1445. Downs et al.
JAMA. 1998;279:1615-1622. LIPID Study Group. N Engl J Med. 1998;339:1349-1357. Sacks et al.
Circulation. 1998;97:1446-1452.
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Reduction of total blood cholesterol and the achievement of a favorable lipid balance, the conven-
tional first step toward CAD prevention, is a proven approach that can result in a reduction of approx-
imately 30% in predicted fatal and nonfatal cardiovascular events. However, it may take up to a year
to see an effect on events. Investigators continue to explore preventive strategies involving other risk
factors, control of which may eventually permit a similar and complementary effect to that of lipid
therapy.

West of Scotland Coronary Prevention Study Group. Influence of pravastatin and plasma lipids on clinical events in the West
of Scotland Coronary Prevention Study (WOSCOPS). Circulation. 1998;97:1440-1445.

Downs JR, Clearfield M, Weis S, et al. Primary prevention of acute coronary events with lovastatin in men and women with
average cholesterol levels: results of AFCAPS/TexCAPS. JAMA. 1998;279:1615-1622.

The Long-term Intervention with Pravastatin in Ischaemic Disease (LIPID) Study Group. Prevention of cardiovascular events
and death with pravastatin in patients with coronary artery disease and a broad range of initial cholesterol levels. N Engl J
Med. 1998;339:1349-1357.

Sacks FM, Moyé LA, Davis BR, et al. Relationship between plasma LDL concentration during treatment with pravastatin and
recurrent coronary events in the Cholesterol And Recurrent Events Trial. Circulation. 1998;97:1446-1452.
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Rationale for Early Investigations of CCB
Antiatherosclerotic Effects

® Animal models: decrease in aortic lesion area and cholesterol
content in cholesterol-fed rabbits

® |n vitro mechanistic studies consistent with antiatherosclerotic
action

— Inhibited smooth muscle cell migration and proliferation

— Inhibited accumulation of extracellular matrix and lipid
accumulation in “foam” cells

— Interacted with lipoprotein metabolic pathways

Weinstein. J Cardiovasc Pharmacol. 1988;12(suppl 6):S29-S35.
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In the 1980s evidence started to emerge that calcium channel blockers (CCBs) might have antiathero-
sclerotic properties. Studies in cholesterol-fed rabbits showed that several CCBs (nifedipine, nicardi-
pine, diltiazem, verapamil, isradipine) decreased the area of aortic atherosclerotic lesions from 31%
to 64% and the cholesterol content from 29% to 75%. Furthermore, in vitro studies have demon-
strated several mechanistic effects that may come into play in reversing atherosclerosis: in cell culture
systems, CCBs were shown to inhibit migration and proliferation of smooth muscle cells and accu-
mulation of collagen and matrix proteins. In addition, experiments in cell culture systems suggested
that CCBs might interact with lipoprotein metabolic pathways. As a result of these basic science stud-
ies, clinical investigators undertook trials of CCB agents to see whether they would regress athero-
sclerosis as measured by QCA or B-mode ultrasound.

Weinstein DB. The antiatherogenic potential of calcium channel antagonists. J Cardiovasc Pharmacol. 1988;12(suppl 6):
S29-S35.
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Effects of CCBs on Vascular Changes and
Clinical Events: Early QCA Studies

Study N Follow-up Vascular Changes Coronary Events

INTACT 1990

Nifedipine (80 mg)

vs placebo 425 3y No change in Nonsignificant
progression/regression; increase in

I new lesions cardiac deaths

Montreal

Heart Study 1990

Nicardipine (90 mg)

vs placebo 383 2y No change overall Trend to 1 Mls
in progression/
regression;
| progression of minimal
lesions in CCB group
(retrospective analysis)

Lichtlen et al. Cardiovasc Drugs Ther. 1990;4:1047-1068.

Waters et al. Circulation. 1990;82:1940-1953.
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Because experimental studies in cholesterol-fed rabbits demonstrated that CCB use retarded develop-
ment of atherosclerosis, 2 investigative groups undertook clinical studies of the effects of short-act-
ing CCBs on atherosclerosis in patients with CAD. Lichtlen et al conducted a prospective, double-
blind, randomized, placebo-controlled study of high-dose nifedipine (80 mg) in patients with mild
coronary disease to determine whether it would slow progression of atherosclerosis as measured by
QCA. Patients (N=425) entered in the International Nifedipine Trial on Antiatherosclerotic Therapy
(INTACT) were less than 65 years of age, preferably undergoing their first coronary angiogram,
demonstrating early CAD, and not candidates for revascularization.

Endpoints were defined prior to the enrollment of patients and included both further development
of existing stenoses and formation of new stenoses in previously “angiographically normal” segments.
The angiographic results showed no differences between the placebo and nifedipine-treated groups
with respect to progression or regression of lesions. After adjustment for the number of patients in
each group, there were 0.80 new lesions per patient on placebo and 0.58 new lesions per patient on
nifedipine (-27%, P=.031 between group difference). Clinical endpoint measures were not prospec-
tively defined as a primary goal. The study showed no difference in MIs between the 2 groups, but a
nonsignificant increase in cardiac deaths in the patients on nifedipine (8) versus those on placebo (2).

The Montreal Heart Study randomized 383 patients who were younger than 65 years and had 5%
to 75% stenoses in at least 4 coronary artery segments to treatment with placebo or nicardipine (30 mg
tid) for 2 years. When a second angiogram was done at 2 years, the results showed no difference
between the treatment and placebo groups with respect to progression or regression of atherosclero-
sis. In a retrospective analysis among the 217 patients with 411 stenoses of 20% or less in the study,
these minimal lesions progressed in only 15% of nicardipine patients versus 27% of placebo patients
(P=.046). When lesions were examined, 16 of 178 minimal lesions in nicardipine patients versus 38
of 233 minimal lesions in placebo patients progressed (P=.038). There was no difference in cardio-
vascular deaths between the 2 treatment groups; there was a nonsignificant trend toward increased Mls
in the nicardipine-treated patients (14) versus placebo (8).

Lichtlen PR, Hugenholtz PG, Rafflenbeul W, et al. Retardation of coronary artery disease in humans by the calcium-channel
blocker nifedipine: results of the INTACT study (International Nifedipine Trial on Antiatherosclerotic Therapy). Cardiovasc
Drugs Ther. 1990;4:1047-1068.

Waters D, Lesperance J, Francetich M, et al. A controlled clinical trial to assess the effect of a calcium channel blocker on
the progression of coronary atherosclerosis. Circulation. 1990;82:1940-1953.
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Effects of CCBs on Vascular Changes and
Clinical Events: Early Carotid IMT Study

Study N Follow-up Vascular Changes Vascular Events

MIDAS 1996

Isradipine (5-10 mg/day)

vs hydrochlorothiazide

(25-50 mg/day) 883 3y Early (6 mo) slowing Trend toward 1
of IMT thickening with major vascular
isradipine, but no events with
difference between isradipine
treatment groups in
change in carotid IMT
at3y

IMT = intimal-medial thickness.
Borhani et al. JAMA. 1996;276:785-791.
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A later clinical study evaluated the effects of the short-acting CCB isradipine compared with
hydrochlorothiazide (HCTZ) on atherosclerosis in hypertensive patients with a carotid IMT of 1.3
to 3.5 mm. Quantitative B-mode ultrasound imaging is a noninvasive technique to measure the IMT
of the carotid artery as a surrogate for assessing early atherosclerosis. Borhani et al used this technique
over a 3-year follow-up to document changes in atherosclerosis in 883 patients randomized to either
diuretic (HCTZ) or isradipine therapy. At the end of 3 years, there was no difference in the rate of
progression of mean maximum IMT in 12 carotid focal points between the 2 treatment groups.
However, at 6 months after randomization, the mean & SD maximum IMT of the 12 focal points in
the carotid arteries increased more in the HCTZ group than in the isradipine group, a difference that
persisted but did not increase over the entire 3 years of the study. There was a trend toward increased
vascular events in the patients receiving isradipine compared with placebo (25 vs 14, P=.07).

Borhani NO, Mercuri M, Borhani PA. Final outcome results of the multicenter isradipine diuretic atherosclerosis study
(MIDAS): a randomized controlled trial. JAMA. 1996;276:785-791.
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