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ABSTRACT

The reality of regression of atherosclerotic plaques was established as long ago as
1987 by aggressive cholesterol reduction even before the era of statin therapy. Nevertheless,
the most important aspect of patient benefit to prevent cardiovascular (CV) disease events
is stabilization of these plaques so they will not rupture. Lowering of low-density
lipoproteins is critical to this goal and can be considered the gold standard of preventive
CV medicine. The major goal for the high-risk patient and the diabetic patient is lowering
these harmful lipoproteins to less than 70 mg/dL. No discussion of CV disease prevention
is complete without considering tobacco abuse and its elimination. Even secondhand
smoke has been established as harmful. Control of hypertension is another major aspect of
CV disease prevention, and a blood pressure less than 120/80 mm Hg is ideal. With obesity
a major problem in the developed world, its role in the metabolic syndrome is of major
significance as is the high prevalence of this so-called syndrome versus collection of specific
risk factors in a population with poor health habits. Control of diabetes mellitus has
established benefit from the standpoint of CV disease prevention except that some
problems have been reported with extremely tight blood sugar control. Exercise was
long considered good but now there are evidence-based reasons to recommend it as
essential in CV disease prevention. There are many unforeseen frontiers in CV disease
prevention but, for now, everything points to elevation of high-density lipoproteins as the
next focus of this prevention.
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Strides have been made in the prevention or delay
of clinical events from the major presentations of athero-
sclerosis: coronary heart disease (CHD) and peripheral
vascular disease (PVD). The lipid hypothesis that choles-
terol reduction could benefit CHD and PVD patients
was around for many years with limited proof, but was
finally established with reduction of cholesterol by cho-

lestyramine in the Lipid Research Clinics Study.1,2 Sub-
sequent confirmation occurred when statins became
available and their benefit was supported by successful
outcomes studies.3–7 The major benefit of statins is in
reducing low-density lipoproteins (LDL), but they also
offer additional pleiotropic effects.8 The current status of
atherosclerosis prevention is considered in Table 1.
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ATHEROSCLEROTIC PLAQUE FORMATION
AND MECHANISM OF RUPTURE
Chronic inflammation appears to play a major role in
atherosclerotic plaque formation and the rupture of that
plaque.9 Many factors appear to play a role in this ongoing
process. Lipoproteins, especially LDL and even more
specifically, oxidized LDL play a major role in causing
incipient inflammation and its contribution to plaque
formation. Plaque formation and destabilization leading
to rupture appear to be closely interrelated with similar
basic biochemical and immunological processes. Apoli-
poprotein E/LDL-receptor-deficient mice are a good
model for accelerated atherosclerosis with partial confir-
mation in human carotid artery studies.10 T-cell activa-
tion appears to be a point of integration with possible
inciting stimuli from infectious agents and autoantigens.
Activated T cells then secrete interferon-g. This inter-
feron can subsequently impair the synthesis of collagen.
Further weakening of the fibrous cap of the plaque can be
caused by macrophage and smooth muscle cell activation
by cytokines as inflammatory mediators. This macro-
phage/smooth muscle cell activation can then result in
the release of enzymes capable of weakening the tissue
framework of the fibrous cap. Therapies that reduce lipids
and inhibit inflammation represent potential cellular and
molecular mechanisms for reduction of acute CHD
events.

REGRESSION OF ATHEROSCLEROTIC
PLAQUES
Although regression of atherosclerosis is a reality and
established, the major benefit thus far of an aggressive
treatment of elevated LDL is atherosclerotic plaque
stabilization. A Study to Evaluate the Effect of Rosu-
vastatin on Intravascular Ultrasound-Derived Coronary
Atheroma Burden (ASTEROID) trial11 is a recent
study in which regression appeared successful after
2 years of rosuvastatin 40 mg/d in patients with plaques
determined by intravascular ultrasound, but unfortu-
nately, the goal that would appear most desirable, a

significant increase in arterial lumen size, was not
achieved, even partially. From the study report it seemed
that the achievement of successful regression was a new
occurrence; however, review of the literature shows that
successful regression of CHD was actually very well
established in 1987 by using comparative quantitative
coronary angiography as initially reported by Blanken-
horn et al.12–14 Brown et al also demonstrated regression
of CHD shortly thereafter.15,16 Therefore, this approach
to atherosclerosis is not an innovative new approach,
although it would appear ideal, and it is certainly not as
important in clinical medicine as is atherosclerotic pla-
que stabilization.

DECREASED PROGRESSION,
SUPPRESSION, AND STABILIZATION OF
ATHEROSCLEROTIC PLAQUES
Initial studies on regression of atherosclerosis also ob-
served and targeted decreased progression as a benefit of
treatment. Brown et al looked at the protective increase
in high-density lipoprotein (HDL) with simvastatin plus
niacin and its attenuation by administration of antiox-
idants at the same time in CHD patients.15 Average
CHD stenosis as determined by quantitative coronary
angiography progressed by 3.9% with placebo and 1.8%
with antioxidants which was not a significant difference.
On the other hand, progression of CHD stenosis was
reduced to 0.7% with simvastatin-niacin plus antioxi-
dants (p¼ 0.004) and improved to an actual regression of
0.4% with simvastatin-niacin alone (p< 0.001). Un-
doubtedly this improvement to actual regression was
associated with the removal of the negative effects of
antioxidants in the presence of simvastatin-niacin. The
study showed that simvastatin plus niacin resulted in
angiographically measurable benefits in patients with
CHD and low HDL, extending from decreased pro-
gression to regression as modified by antioxidant vita-
mins. In an earlier study using intensive lipid-lowering
therapy with either lovastatin/colestipol or niacin/coles-
tipol, Brown et al found that in men with CHD, an

Table 1 Major Aspects of Atherosclerosis Prevention

Regression of atherosclerotic plaques Can occur but for now, not a major goal of prevention.12–14

Stabilization of atherosclerotic plaques This is key goal of prevention for now.18

Lowering of LDL as the gold standard of

prevention

Available data support this as the single most important issue of

prevention.23 Statin pleiotropic effects also appear of value.8

Tobacco abuse An established major prevention measure.31,32

Control of hypertension Now well established to prolong lives.47

MS Major societal medical problem and treatment of each component is essential.

Diabetes mellitus Treatment of major risk factors is essential but value of very tight control

may be problematic.56

Exercise Makes a definite contribution to atherosclerosis prevention.59

Next frontier in prevention: elevation of HDL This approach is promising due to risk association with low HDL.73

LDL, low-density lipoproteins; MS, metabolic syndrome; HDL, high-density lipoproteins.
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associated increase in apolipoprotein B and therefore at
high risk for CV events benefited significantly from their
intensive therapy.16 As compared with conventional
therapy, both intensive lipid-lowering therapies reduced
the angiographically measured progression of CHD
lesions and increased the frequency of regression.

Suppression of atherosclerosis is another term
used and can basically be associated with reduced pro-
gression. However, as used, suppression of atheroscle-
rosis can also refer to suppression of production and
activity of such entities as cytokines and platelet-activat-
ing factor associated with the development of hyper-
cholesterolemic atherosclerosis.17

Despite the apparently ideal approach of athero-
sclerosis regression, atherosclerotic plaque stabilization
remains the most clinically relevant result of aggressive
atherosclerosis prevention. In 1995, Falk et al reviewed
how plaque composition and plaque vulnerability, rather
than severity of stenosis, had become the most important
factors for the development of thrombus-mediated acute
coronary syndromes.18 Also in 1995, Libby discussed the
major forms of acute coronary syndrome (ACS) includ-
ing unstable angina and acute myocardial infarction
(AMI) in clinical cardiology.9 In this article, a classic
diagram compares the characteristics between vulnerable
and stable plaques in which a vulnerable plaque often has
a well-preserved lumen due to the tendency of plaques to
initially grow outward. This vulnerable plaque typically
has a large lipid core with a thin fibrous cap prone to
rupture with resultant thrombosis, artery occlusion, and,
depending on the extent of thrombosis, an ACS (in-
complete artery occlusion) or an ST-segment elevation
(transmural) myocardial infarction (MI) with total vessel
occlusion. In contrast, a stable plaque is more likely to
show vessel narrowing detectable by coronary angiogra-

phy with that narrowing likely to cause angina. How-
ever, a stable plaque is not prone to rupture causing acute
events. Therefore, over and above any possible initial
prevention, the key to atherosclerosis prevention is
stabilization of any plaque (Fig. 1) to avoid progression,
showering of plaque emboli, or occlusion. This applies
especially to avoidance of plaque rupture and resultant
acute vascular events such as thrombotic occlusion.

ROLE OF DIET IN ATHEROSCLEROSIS
PREVENTION AND TREATMENT
Diet should always be an initial basic step for a healthy
cardiovascular (CV) lifestyle. The problem is that most
patients will not follow an extreme diet that might
achieve a major cholesterol reduction. Nevertheless, all
patients should be encouraged to pay attention to their
diet. In addition, there are some specific more practical
diets with proven benefit that are worth discussing. In
regard to hypertension control as a major contributor to
atherosclerosis prevention, the Dietary Approaches to
Stop Hypertension (DASH) diet has been shown to
have proven benefit.19 The diet is rich in vegetables,
fruits, and low-fat dairy products. It appears effective in
the presence of high, intermediate, and low levels of
sodium with even more dramatic effects with high
sodium. DASH diet versus control showed an average
systolic blood pressure decrease of 5.9 mm Hg compared
with an average systolic blood pressure decrease of
2.2 mm Hg in the presence of low sodium.

Another diet, the so-called Mediterranean diet
has a long association with decreased CV risk. As a
significant risk factor for CV disease, the metabolic
syndrome (MS) is also a major medical problem
throughout the world. Kastorini et al performed a

Figure 1 The most important aspect of cardiovascular disease prevention is plaque stabilization so that acute rupture can be

made less likely to occur.
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meta-analysis on the effect of the Mediterranean diet on
the MS and its components, representing an even higher
CV risk situation than a general population study.20 The
Mediterranean diet is characterized by high consump-
tion of monounsaturated fatty acids, primarily from
olives and olive oil as well as encouraging daily con-
sumption of fruits, vegetables, whole grain cereals, and
low-fat dairy products as well as a relatively low con-
sumption of red meat. Their meta-analysis of prospec-
tive studies and clinical trials confirmed that adherence
to the Mediterranean diet decreased the risk of MS (log
hazard ratio: �0.69, 95% confidence interval [CI],
�1.24 to �1.16). In addition, there was a beneficial
effect on components of MS such as decreasing waist
circumference, increasing HDL, decreasing triglycer-
ides, decreasing blood pressure, and decreasing plasma
glucose. In the Prevención con Dieta Mediterránea
(PREDIMED) study from Spain, involving 772 asymp-
tomatic persons (age range, 55 to 80 years) eating
Mediterranean diets supplemented with either olive oil
or nuts were compared with participants eating a low-fat
diet.21 It was found that the two Mediterranean diets
had beneficial effects on decreasing CV risk factors such
as plasma glucose, systolic blood pressure, and high
sensitivity C-reactive protein (CRP) as well as increasing
HDL. Also, in a subgroup of the PREDIMED study,
there was evidence that the traditional Mediterranean
diet caused significant reductions in cellular lipid levels
and LDL oxidation.22

CHOLESTEROL TREATMENT GOAL
There is general agreement that the patient at high CV
risk should be treated to have an LDL less than 70 mg/
dL, and this high CV risk includes diabetic patients.
Regarding the LDL level, the evidence appears to
support that lower is better, with supporting evidence
down to an LDL level of 40 mg/dL.23 In the Pravastatin
or Atorvastatin Evaluation and Infection Therapy-
Thrombolysis In Myocardial Infarction (PROVE IT-
TIMI 22) study of high dose statins in ACS, it was
found that the patient subgroups with LDL <40 mg/dL
or with LDL 40 to 60 mg/dL had fewer major cardiac
events.24 A similar result was reported in the Justification
for the Use of Statins in Prevention: an Intervention
Trial Evaluating Rosuvastatin (JUPITER) study in
which those patients attaining LDL <50 mg/dL had
significantly fewer CV events.25 Much controversy has
emerged on the use of ezetimibe in achieving this low
LDL goal but there is no question that it contributes
significant additional LDL reduction.26 Nevertheless,
outcome studies with ezetimibe use are still lacking.
Inflammatory risk factors appear significant in contribu-
ting to CHD and PVD, especially as evaluated with high
sensitivity C-reactive protein (hsCRP). In the JUPITER
study, it was pushed that a specific statin, rosuvastatin,

has special relevance in lowering hsCRP to decrease CV
events, but the reality is that all statins decrease hsCRP
relative to potency, and the addition of ezetimibe to a
statin also contributes favorably.27

For the most difficult heterozygous and homo-
zygous hypercholesterolemic patients, LDL apheresis is
an essential methodology to achieve the LDL goal.28

However, although LDL lowering to less than 70 mg/
dL for such patients with high CV risk is established as
the gold standard for CHD and PVD prevention,23 it
cannot be achieved in this group without LDL aphe-
resis.28 Unfortunately, the technique is very expensive
and inadequately covered by health insurance. There-
fore, availability is very limited. Clinical attempts to
attain the goal of LDL less than 70 mg/dL, whether
with medication or use of a drastic and expensive
procedure such as LDL apheresis, are all directed at
achieving the best possible results. These desired results
extend from decreased atherosclerosis progression, sup-
pression of atherosclerosis, essential stabilization of the
atherosclerotic plaque as the most practical current goal,
and the ultimate ideal of complete regression of athero-
sclerosis.

A new statin medication, pitavastatin, is now
available. This statin is not metabolized via the specific
cytochrome P450 system, CYP3A4, like the other sta-
tins but instead goes through CYP2C9.29 Pleiotropic
effects of especially statins8 are important in prevention,
but the best guideline currently available is that the lower
the level of LDL achieved, the better.

TOBACCO ABUSE
Tobacco use, especially cigarette smoking, has been well
established as a CV risk factor since the Report of the
Advisory Committee to the Surgeon General of the
United States in 1964.30 Multiple epidemiological stud-
ies have shown that cigarette smoking is a major risk
factor for CV events.31,32 The occurrence of significantly
increased deaths of a CV etiology associated with ciga-
rette smoking is worldwide such as that shown in
India.33 Multiple studies through the years have shown
that chronic cigarette smokers are at increased risk for
sudden death and MI.34,35 Also, compared with non-
smokers who have never smoked, pipe and cigar smokers
have also been shown to have a significantly increased
risk for major CHD events and stroke events.36 In
addition, evidence has continued to accumulate that
passive secondhand smoke carries significant risk for
CHD, such as a relative risk of CHD for active smokers
at 1.78% compared with 1.31% for passive smokers.37 In
addition, it has been shown that many important re-
sponses of the CV system, such as platelet activation,
endothelial dysfunction, inflammation, atherosclerotic
plaque instability, increased oxidized LDL, and in-
creased oxidative stress, are very sensitive to toxins in
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tobacco smoke, whether secondhand or involving the
primary smoker. Such mechanisms, rather than an iso-
lated response, interact and compound the risk of CHD.
To further extend the relevance of avoiding secondhand
smoke, there is now widespread proof of decreased
CHD events throughout the world since the advent of
smoking bans, including significantly decreased acute
coronary events in Italy38 and significantly decreased
AMI admissions in Helena, Montana.39 Therefore,
there is no doubt that a major factor in atherosclerosis
prevention has been established for cigarette smoking
cessation as well as for pipe/cigar smoking and also the
avoidance of secondhand smoke.

It should be noted that there is an even more
specific association of cigarette smoking and PVD than
there is with CHD. In the Edinburgh Artery Study
involving 1592 subjects (age range, 55 to 74 years)
selected at random from age–sex registers from 10
general practices in Edinburgh, Scotland, the effects of
cigarette smoking on CHD and PVD were compared.40

By logistic regression, adjusting for a various individual
risk factors, it was found that there was no significant
impact on the effect of smoking. The investigators found
that the age and sex adjusted odds ratios were very
significant for PVD but not for CHD. It was concluded
that the stronger association between cigarette abuse and
PVD as compared with CHD does not appear to be
associated with other risk factors as examined and some
other mechanism must be found to explain the increased
association with PVD.

Cessation of cigarette smoking is associated with
a substantial reduction in risk of all-cause mortality
among patients with CHD and this reduction appears
consistent across age, sex, index cardiac event, country,
and year of study commencement in a systematic review
by Critchley and Capewell.41 Similar benefit for PVD
patients was found by Jonason and Bergström who
studied the effect of smoking cessation in intermittent
claudication patients.42 In 343 patients with intermittent
claudication and involving male and female patients,
1 year after the initial evaluation, 39 (11%) had stopped
smoking and 304 (89%) continued to smoke. Rest pain
did not develop in any of the nonsmokers but in smokers
the cumulative proportion with rest pain was 16% after
7 years (p value less than 0.05). The cumulative propor-
tions with MIs after 10 years were 11 and 53% in
nonsmokers versus continued smokers, and the cumu-
lative rates of cardiac deaths was 6 and 43%, respectively.
The 10-year survival was 82 and 46% among non-
smokers and smokers. At 1 year follow-up, the associ-
ation between smoking and mortality was significant
(p< 0.05). McRobbie and Thornley evaluated the im-
portance of treating dependence on tobacco and com-
mented on the important long-term benefits of smoking
cessation.43 It appears that the risk of AMI is cut in half
within a few years of smoking cessation and that patients

with preexisting CHD have an even more rapid risk
reduction. The authors also commented on a resultant
reduced risk of nonfatal stroke and decreased PVD
progression. Therefore, there appears to be essentially
no doubt of the benefit of smoking cessation for the
CHD and PVD patient regardless of sex and age.

CONTROL OF HYPERTENSION
The Seventh Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of
High Blood Pressure (JNC 7) appeared in 2004.44 It
defined normal blood pressure as less than 120/80 mm
Hg, prehypertension from 120/80 to 139/89, stage 1
hypertension as 140/90 to 159/99, and stage 2 hyper-
tension as equal to or greater than 160/100. Also in
2004, data were reported on 4805 adults (age, 18 years
and older) surveyed in the 1999–2000 National Health
and Nutrition Examination Survey to look at hyper-
tension prevalence by the then new JNC 7 guidelines.45

It was found that �60% of American adults have
prehypertension or hypertension. In addition, there
was a disproportionate incidence in some individuals
(African-Americans, senior citizens, the obese, and in-
dividuals of low socioeconomic status). The authors
found that 31% were unaware of their hypertension.
Another 31% had their blood pressure controlled and
therefore, hypertension control was distressingly low.
Only 66% were advised by health caregivers to modify
their lifestyle or take medications. Such a result is
staggering when there are data to show that CV mortal-
ity risk doubles with each increase of 20/10 mm Hg in
blood pressure.46

The benefit for CV prevention by treating hy-
pertension was well established long before JNC 7.
Evaluation of clinical trials in hypertensive patients
with successful blood pressure lowering was shown to
confirm documented decreases in risk for stroke, con-
gestive heart failure (CHF), and MI.47 Meta-analyses
of various clinical trials indicated a decrease in stroke by
over 40% and a reduction in CHF by �50%. Clinical
data following JNC 7 further confirm the benefit of
treatment of hypertension including resistant hyper-
tension. Small clinical studies and observational cohorts
have suggested increased CV risk for patients with
resistant hypertension in contrast to previous reports
of questionable benefit to this group. Hypertension
control in this high-risk group appears to also offer
substantial benefit.48 Also, the importance of treating
isolated systolic hypertension has been proven despite
previous assertions that this was a normal result of stiff
arteries in senior citizens and that treatment was not
necessary. In 2000, the Systolic Hypertension in the
Elderly Program (SHEP) demonstrated that treating
isolated systolic hypertension in the elderly decreased
total stroke incidence.49 The Systolic Hypertension in
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Europe (Syst-Eur) trial included 4695 randomized
patients with a minimum age of 60 years.50 Immediate
antihypertensive treatment was compared with delayed
treatment resulting in a reduced occurrence of stroke
and CV complications by 28% (p¼ 0.01) and 15%
(p¼ 0.03), respectively, with a similar tendency for
total mortality (13%, p¼ 0.09). In 492 diabetic pa-
tients, the corresponding estimates of long-term benefit
(p< 0.02) were 60, 51, and 38%, respectively. This
further supported the benefit of treatment of isolated
systolic hypertension. Immediate versus delayed treat-
ment prevented 17 strokes or 25 major CV events per
1000 patients followed-up for 6 years.

MANAGEMENT OF MS
There are specific components that define MS, and
obesity is one of these key components. There are
actually multiple definitions for MS, but the one prev-
alent and in use in the United States comes from the
National Cholesterol Education Program (NCEP)
Adult Treatment Panel (ATP) III as revised by the
American Heart Association/National Heart, Lung
and Blood Institute in 2005.51 This definition states
that MS involves having three of the five following
entities: triglycerides �150 mg/dL; HDL <40 mg/dL
in men and <50 mg/dL in women; blood pressure
�130/85 mm Hg; waist girth >102 cm for men or
>88 cm for women; and fasting glucose �100 mg/dL.
Controversy over the definitions and etiology of MS as a
clinical aggregate or collection of abnormalities in a
population with bad health habits continues.52 Efforts
continue to elucidate the relationships of the syndrome,
the diseases therein, and the clinical aggregate. In any
event, for now, the clinician needs to treat all of the
components present in MS as would be done in indi-
viduals with just one component present.

The Atherothrombosis Intervention in Metabolic
Syndrome with Low HDL Cholesterol/High Triglycer-
ides: Impact on Global Health (AIM-HIGH) study was
stopped 18 months earlier than planned by the National
Institutes of Health.53 This was due to the failure of the
study to show that the addition of high dose, extended-
release niacin to statin treatment in patients with CV
disease reduced CV events, including MIs and strokes.
The participants were selected because, despite what was
considered a well-controlled LDL, they had increased
CV risk due to a history of CV disease and a combina-
tion of low HDL and increased triglycerides. During the
32 months of follow-up in the study, the niacin/statin
group showed increased HDL and decreased triglycer-
ides in comparison to the participants taking only the
statin. Nevertheless, the niacin/statin treatment did not
decrease fatal or nonfatal MIs, strokes, hospitalizations
for ACS, or revascularization procedures for coronary
and cerebral arteries. The results are disappointing but

further evaluation and consideration must be made
before abandoning niacin as, at the least, it is beneficial
in lowering LDL as the gold standard for CV risk
management23 and has other studies proving benefit of
niacin even though not combined with a statin in those
studies.13,54

CONTROL OF DIABETES MELLITUS
Good control of diabetes mellitus appears to be benefi-
cial to the CV patient but very close control has not
shown definite benefit as in the Action in Diabetes and
Vascular Disease: Preterax and Diamicron MR Con-
trolled Evaluation (ADVANCE) study55 and some
possible harm as in the Action to Control Cardiovascular
Risk in Diabetes (ACCORD) study.56 Most patients in
both studies received drugs from multiples classes, with
or without insulin. The issue of tight versus lesser
control of insulin-dependent diabetes mellitus
(IDDM) has long been a clinical concern. A major study
of diabetes control occurred in 1993 in the Diabetes
Control and Complication Trial (DCCT)57 where 1441
patients with IDDM were studied including 726 pa-
tients with no retinopathy at base line (primary-preven-
tion cohort) and 715 with mild retinopathy (secondary-
intervention cohort). They were followed for a mean of
6.5 years. The group randomly assigned to intensive
therapy was managed with an external insulin pump or
with three or more daily insulin injections, all guided by
frequent blood glucose monitoring. The conventional
therapy group received one or two daily insulin injec-
tions. The major adverse event associated with the
intensive therapy was the two to three times increase
in severe hypoglycemia. This DCCT study concluded
that intensive therapy of IDDM effectively delays the
onset of and slows the progression of diabetic retinop-
athy, diabetic nephropathy, and diabetic neuropathy. It
appears appropriate to conclude and recommend that
good control of diabetes mellitus is beneficial in the long
term but that excessively tight control may lead to more
short-term incidences of severe hypoglycemia. The
American Diabetes Association asserts that even if
DCCT expertise and results are not attainable, any
improvement in blood glucose control can slow the
development and progression of microvascular compli-
cations.58

EXERCISE
The value of exercise for decreasing CV mortality has
long been a subject of study, and it now appears that it
has become established. In 2007, the National Institutes
of Health—American Association of Retired Persons
(NIH—AARP) Diet and Health Study evaluated levels
of physical activity levels in 252,925 women and men
(age range, 50 to 71 years) by questionnaires.59 It was
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found that moderate activity of at least 30 minutes
almost daily or vigorous exercise of at least 20 minutes
three times a week was associated with significant
decreases in mortality risk. The subjects whose activity
levels were equivalent to meeting both recommendations
showed an impressive reduction in risk for mortality
from any cause (multivariate relative risk [RR], 0.50;
95% CI, 0.46–0.54). There was a similarly impressive
decrease in risk for mortality from CV disease (multi-
variate RR, 0.48; 95% CI, 0.41–0.45). In 1998, the
Finnish Twin Cohort Study looked at the association
of leisure-time physical activity with mortality.60 Even
after accounting for genetic and other familial factors, it
was found that such physical activity was associated with
improved survival. The reported hazard ratio for death
after age/sex adjustment was 0.71 (95% CI, 0.62–0.81)
with occasional exercise and 0.57 (95% CI, 0.45–0.74)
when conditioning exercise was performed versus those
who were sedentary.

Multiple other studies can be cited to support the
benefit of exercise for CV disease prevention. The
Honolulu Heart Program studied 2678 physically capa-
ble, elderly men (age range, 71 to 93 years). The follow-
up data suggested that CV disease risk decreased with
increases in distance walked.61 Franco et al constructed
multistate life tables using data from the Framingham
Heart Study and calculated the effects of low, moderate,
and high levels of physical activity among populations
whose age exceeded 50 years.62 They found that mod-
erate and high levels of physical activity led to 1.3 and
3.7 years more in total life expectancy, respectively. From
a CV perspective, these authors found moderate and
high physical activity levels resulted in 1.1 and 3.2 years
of life without evidence for CV disease, respectively. The
Zutphen Elderly Study evaluated self-reported physical
activity by a questionnaire in a population-based sample
of 802 Dutch men (age range, 64 to 84 years) who
walked or cycled for 20 minutes at least three times a
week. This was found to be associated with decreased
CV mortality (adjusted RR, 0.69; 95% CI, 0.50–0.88).63

Multiple other large and small patient studies
could be cited. Previously, the CV benefit of exercise
could be called into question but this does not appear to
be the case now. It can be stated that exercise has an
established benefit in reducing CV disease mortality.
Thompson et al reported extensively on possible mech-
anisms by which exercise may play a role in atheroscle-
rosis prevention.64 Physical activity has been shown to be
beneficial for atherosclerosis risk factors including hy-
pertension, insulin resistance, hypertriglyceridemia, low
HDL, obesity, and when combined with weight reduc-
tion, it may contribute to a decrease in LDL. Other
atherosclerosis risk factor benefit from exercise is im-
proved myocardial function, increased vasodilatory ca-
pacity, improved vascular tone, and decreased
vulnerability to ventricular fibrillation. In addition, there

is evidence that exercise training also has been shown to
reduce inflammation as an atherosclerosis risk factor as
manifest by reduced plasma CRP levels in response to
exercise training in sedentary healthy adults with initial
high levels.65 However, it must be kept in mind that
vigorous physical activity as an acute occurrence appears
to increase the risks of sudden cardiac death and occur-
rence of MI.64 This appears to be the case for individuals
with both diagnosed CHD and occult CHD. Never-
theless, this reality is just a blip in the overall favorable
benefit/risk ratio for exercise.

MODERATE ALCOHOL INTAKE
Alcohol in and of itself appears to have benefit in
prevention of atherosclerosis and its sequelae. There is
also evidence that alcohol may decrease insulin resist-
ance66 and that it also has an antiplatelet effect.67 In
addition, polyphenols, especially from red wine, includ-
ing resveratrol as a major red wine polyphenol, appear to
offer significant benefit for atherosclerosis and CV dis-
ease prevention.68 The increase in endothelial-type nitric
oxide synthase (NOS) expression and activity brought
about by red wine67 may be a major mechanism of
protection, acting through a resultant increase in nitric
oxide (NO). Vasoactive NO has significant vasodilatory
beneficial effects.69 There is also benefit for atheroscle-
rosis prevention from flavonoids which inhibit LDL
oxidation.70 Red wine, dark chocolate, and green tea
are the main sources of flavonoids.

NEXT FRONTIER OF ATHEROSCLEROSIS
PREVENTION
The major question right now is: What is the next
frontier in CHD and PVD prevention? Most experts
appear to agree that HDLs represent the next focus of
atherosclerosis prevention. This focus appears to involve
approaches to HDL elevation but also HDL modifica-
tion as there is now awareness that there are harmful
HDL structures, the alteration of which can convert the
lipoprotein into a particle associated with the reduction of
CHD and PVD. The best currently available medication
to increase HDL favorably is nicotinic acid, the tolerance
to which is limited in many patients.13 Laropiprant is
already approved in Europe, Mexico, Chile, and some
other countries with approval pending in the United
States. This medication markedly decreases the adverse
flushing associated with nicotinic acid.71 Also regarding
the most effective medication class known to raise HDL,
the cholesterol ester transfer protein (CETP) inhibitors,
the initial one, torcetrapib, turned out to have negative
results.72 However, preliminary data for two other CETP
inhibitors, anacetrapib73 and dalcetrapib,74 appear bene-
ficial so, fortunately, there does not appear to be a
problem for the entire CETP class of medications.
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Patient use of alternative medications and natural
products is a reality for practicing clinicians, whether or
not they are in favor of such usage by their patients.
Therefore, this topic is relevant under a current situation
and the ‘‘next frontier’’ heading as undoubtedly, there
will be newer alternative medications becoming avail-
able. Of those alternative medications relevant to CV
disease, the following appear to have benefit in different
situations and are not associated with any harmful
effects: coenzyme Q-10, olive oil, omega fatty acids,
policosanol, red wine, resveratrol, red yeast rice, soy
protein, stanols,75 and vitamin D.76 Coenzyme Q-10
has some value in decreasing the incidence of statin-
related myopathy.75 Olive oil is a key part of the
Mediterranean diet. Omega fatty acids decrease trigly-
cerides and act as vasodilators. Policosanol from sugar-
cane has been shown to decrease LDL. Red wine with its
polyphenol resveratrol and its flavonoids inhibits LDL
oxidation. Red yeast rice contains lovastatin for the
patient who refuses any prescription statin. Soy protein
can decrease LDL slightly and decreases saturated fat
intake. Stanols (plant sterols) displace cholesterol from
micelles and prevent its uptake at the intestinal brush
border membrane. This remains a changing field that
must be kept up with to advise patients on benefits,
harm, and new approaches.

CONCLUSION
The reality of CV disease prevention is now estab-
lished, at least as far as delayed disease manifestation,
which thus far cannot be eliminated as a part of aging.
Failure to pay attention to CV disease prevention when
managing any such patient whether with surgical/med-
ical problems present or because of family history or
presence of established risk factors is malpractice.
Evidence-based medicine has established a definite
modifiable medical treatment component of CV dis-
ease. Efforts should be made to limit disease extension
and prevent new disease. This is the standard of care for
all physicians and medical practitioners regardless of
their area of practice, primary care, highly specialized
medicine, or surgery.
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