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ABSTRACT

Clinical research aimed at preventing cardiovascular disease has focused on the effect of interventions to
reduce risk factors on the incidence of future morbid events. Disease progression, which likely serves as a
necessary prerequisite for morbid events, has not served as a target for therapy. The Rasmussen Center at
the University of Minnesota has, for the past 18 years, been performing a noninvasive cardiovascular eval-
uation in individuals with no history of cardiovascular disease. The studies, performed in 1 hour in one
room, provide a comprehensive noninvasive assessment of the severity of functional and structural abnor-
malities in the small arteries, the large arteries and the left ventricle, the target organs for most cardiovascular
morbid events. Preliminary follow-up data have revealed a striking relationship between the Disease Score,
which represents the sum of the abnormal tests, and the risk of future morbid events. In order to develop
strategies to prolong cardiovascular disease-free life expectancy, studies in early stages of disease aimed at
slowing disease progression should be encouraged.
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Cardiovascular disease progresses by biological pro-
cesses in the arteries and heart that eventuate in myocardial
infarction, stroke, heart failure, and other vascular morbid
events.1,2 Nonetheless, management has been aimed at treat-
ing or preventing the events, not at slowing the biological
processes.3-5 Reduction in deaths or morbid events has been
the target of intervention trials, and these trials have formed
the basis for management guidelines that drive clinical prac-
tice. Furthermore, regulatory bodies usually require morbid
event reduction as a prerequisite for approval of new cardio-
vascular therapies. If morbid events serve as the guide to
efficacy, there is no incentive to track over time the biolog-
ical process that precipitates these events.

An unintended consequence of this rigorous definition of
efficacy is that clinical trials, in order to accrue enough morbid
events in a reasonable time frame to document efficacy, must
focus on advanced stages of disease. This focus has popu-
larized calculation of the number needed to treat to prevent
a morbid event in 5 or 10 years6 as a guide to cost-effectiveness
of therapy. This calculation implies that a short-term reduc-
tion of morbid events is the optimal metric to document
preventive efficacy. It fails to appreciate that a favorable effect
on the cardiovascular system beginning early in the biolog-
ical process may substantially prolong disease-free life
expectancy. The devotion to morbid events rather than to the
biological process has discouraged studies in asymptomatic
individuals, when effective therapy to slow disease progres-
sion may have considerable long-term benefit. The long
duration of such a trial to document effectiveness based on
morbid events would be so burdensome to trialists and spon-
sors that such truly preventative studies are rarely undertaken.

Drug therapy has been aimed at elevated blood pressure
and elevated cholesterol levels without regard to the under-
lying biological process in the arteries and heart. The absence
of robust clinical trials to document efficacy of pharmaco-
logic agents in asymptomatic individuals without treatable
risk factor elevation has encouraged recommendation of
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lifestyle alterations as a therapeutic strategy.7 Lifestyle changes
are widely recommended to supplement drug therapy or to
replace it in those without treatable risk factors, despite the
lack of evidence that such advice improves outcome. Indeed,
the most rigorous attempt to demonstrate that diet and exer-
cise can reduce morbid events in high-risk individuals failed
to show benefit.8 Whether lifestyle
intervention can slow the cardio-
vascular biological disease process
has not been adequately assessed.

In the United States, nearly half
of adults will eventually succumb
to cardiovascular disease.9 The
demand for short-term benefit, such
as a reduction in 10-year event rate,
does not adequately capture the
long-term goal of cardiovascular
preventive efforts, which should
include prolonging event-free car-
diovascular health through the 9th or
10th decades of life. Because a study
duration of 30 or more years is un-
realistic, surrogate end-points that
document slowing the biological
process without adverse effects
would be essential. The projected
cost-benefit and side-effect profile
of therapeutic intervention in such
a population could then serve as a
guide to management.

The purpose of this treatise is to explore the known rela-
tionship between demonstrable, functional, and structural
abnormalities of the vasculature or the heart and the future
occurrence of morbid events. We will contrast this strategy
with the current practice of risk factor assessment and man-
agement to identify and treat individuals statistically at risk
for future morbid events. We will also assess the evidence
that therapeutic interventions that reduce the risk for morbid
events also favorably affect the vascular or cardiac abnor-
malities that underlie these events. Such analyses are critical
in proposing that disease markers might supplement morbid
events as a guide to therapeutic effectiveness in asymptom-
atic, early stages of cardiovascular disease.

MECHANISMS OF MORBID EVENTS
Cardiovascular morbid events occur in the setting of abnor-
mal structure and function of the small microvascular arteries,
the large conduit arteries, or the left ventricle.1,2 Abnormali-
ties of these 3 target organs underlie myocardial ischemia or
infarction, lethal arrhythmias, left ventricular dysfunction or
failure, strokes, transient cerebral ischemic events and de-
mentia, claudication, and renal failure. These morbid events
are usually preceded by years of progression of the structur-
al and functional abnormalities. Although some of the events
may be precipitated by superimposed clots or hemorrhages,
the fact that the severity of the underlying disease is a pow-

erful predictor of future morbid events10 confirms that
progression of the structural and functional abnormalities is
usually a prerequisite. Can abnormalities of these 3 target
organs be efficiently detected in order to identify individu-
als at risk for future morbid events, and can the progression
of these abnormalities be tracked over time to monitor

the effectiveness of therapeutic
intervention?

RISK FACTOR ASSESSMENT
AND MANAGEMENT
Preventive cardiology has been
dominated by the dedication to iden-
tifying risk factors and promoting,
when appropriate, their manage-
ment. The landmark Framingham
study and subsequent analyses of
large clinical databases have con-
firmed the statistical association
between readily available clinical as-
sessment measurements and the risk
for future morbid events.11,12 Age,
sex, resting blood pressure, choles-
terol levels, a smoking history, a
prescription for antihypertensive
drugs, and a history of diabetes have
been the most commonly used risk
factors in these algorithms. The cal-

culation provided for most of these algorithms is the 10-
year risk for a morbid event.

These risk factors bear a strikingly heterogeneous rela-
tionship to cardiovascular disease. Age and blood pressure
are the most powerful predictors, but for very different reasons.
The age-dependent progression of structural changes in the
arteries and heart mandates that chronological age will be a
powerful but nondiscriminating risk factor, whereas blood pres-
sure serves not only as a statistical risk factor but as a marker
for the vascular disease that thickens and stiffens the small
and large arteries. An elevated blood pressure itself will also
accelerate the pathological process in the artery wall.13

Smoking and diabetes are potent contributors to cardiovas-
cular risk, whereas cholesterol levels, including their low-
density lipoprotein and high-density lipoprotein fractions, have
proven to be less discriminating.14 Thus, some risk factors may
be viewed as manifestations of the cardiovascular disease itself
or as contributors to the disease progression, whereas others
serve as, at best, markers for risk.

Risk factor algorithms have proven to be powerful tools
in identifying populations at near-term risk for morbid events.
Based on arbitrary thresholds of statistical risk, these algo-
rithms have been widely utilized to identify populations of
individuals in whom risk factor intervention is justified by
their 10-year risk for morbid events. Identifying the disease
process in the arteries and heart should provide a more in-
dividualized assessment of risk, but the relative benefit of this
early detection effort for predicting morbid events must be

CLINICAL SIGNIFICANCE

• Cardiovascular morbid events are a con-
sequence of progressive functional and
structural abnormalities of the arteries
and heart.

• Reliance on morbid event reduction as
a guide to efficacy of treatment dis-
courages study of preventive therapy in
early disease.

• Disease progression can be monitored by
efficient noninvasive testing of the
health of the arteries and heart.

• Therapy that slows disease progression
may be effective in delaying cardiovas-
cular morbid events until the 9th or 10th

decades of life.
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verified before such evaluation can be advocated to supple-
ment or replace risk factor algorithms.

DETECTION OF EARLY DISEASE
The most popular assessment tool for coronary disease has
been quantitation of calcium in atherosclerotic plaques in
the coronary arteries.15 This technique clearly identifies in-
dividuals at near-term risk for a coronary event. Its weakness
is not only the radiation dose required for its detection, but
also the frequency of noncalcified plaques in younger indi-
viduals with premature coronary disease.16 Ultrasound of
the carotid arteries has been used as a predictor of myocar-
dial infarctions and strokes,17 but its predictive value has
been disappointing.18 Carotid plaques observed by ultra-
sound also provide a potential window into the atherosclerotic
process in other conduit arteries. Echocardiography offers
insight into functional and structural abnormalities of the
left ventricle that should long precede symptomatic heart
failure.19 Our early studies of heart failure demonstrated the
survival benefit of therapy that slowed the left ventricular
remodeling process and the failure of drug therapy that did
not slow remodeling.20-22

Do any of these measures allow tracking of disease pro-
gression that would be useful for prognosis or to document
the effectiveness of therapy? The United States Preventive Ser-
vices Task Force has concluded that these supplemental
measures do not provide adequate enhanced discrimination
to justify their routine use.23

Biomarkers have been widely evaluated as guides to disease
and its progression.24 Management of heart failure has been
improved by monitoring the levels of components of the na-
triuretic peptide system that are released in the setting of
increased left ventricular wall stress.25 Ischemic injury and
heart failure progression are associated with elevated circu-
lating levels of troponin.26 A host of other biomarkers appear
to be elevated in certain disease processes, but their value in
tracking disease progression has not been documented.
Whether any biomarker can serve as a reliable guide to disease
progression or to a favorable therapeutic response remains
uncertain.

A comprehensive noninvasive approach to assessing disease
severity and response to therapy has been in use in our Center
at the University of Minnesota for more than 15 years.27 It
consists of a series of 10 tests that evaluate the health of the
small arteries, the large arteries, and the left ventricle. The
total score of these 10 tests has been demonstrated to be a
sensitive guide to the occurrence of future morbid events,9

and has also been demonstrated to respond appropriately to
therapeutic interventions that improve outcomes.28-30 These
data support the hypothesis that abnormalities of the arter-
ies and heart can serve as a surrogate for future morbid events.
Does this global assessment of cardiovascular function and
structure in individuals provide a more effective guide to the
need for, and response to, treatment than counting morbid
events? The merits of this approach must be assessed in future
clinical trials.

It is time to enhance the effort to track the biological basis
for the progression of cardiovascular disease. Clinical trials
aimed at preventing morbid events should include rigorous
efforts to monitor and document the biological process that
precipitates these events. Our long-term goal must be to pre-
serve cardiovascular health in all individuals, not just those
destined to suffer morbid events in the short term. Such a goal
can only be achieved by documenting the effectiveness of in-
terventions on a measurable and mechanistic guide to the
progression of disease that precipitates morbid events. Sta-
tistical benefit on morbid events in a heterogeneous population
should never be accepted as an ideal tool for individualized
medical management.

The potential of the new science of genetic polymor-
phisms to advance our quest for more effective individualized
medicine will be dependent on a marriage between the mo-
lecular medicine of the present and the physiologic and
biochemical insights that drove advances in the recent past.
A focus on the molecular, cellular, and organ responses that
characterize disease progression may provide the insights that
can lead to early recognition and effective management of
the chronic cardiovascular diseases that burden our current
health care system.
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