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Overview
A decade ago, it was envisaged that the treatment of hypercholesterolemia and hypertension would eventually eliminate coronary heart disease; however, that goal has not yet been realized.
In 2006, the estimated costs associated with coronary heart
disease in the United States exceeded $145 billion. Despite the
availability of lipid-lowering agents, cardiovascular disease continues to be one of the leading causes of mortality in the United
States and worldwide, owing to a rising incidence of obesity and
diabetes, among other factors. This exclusive monograph will
revisit coronary heart disease, discuss the underlying risks, and
present strategies for prevention and treatment.
Learning Objectives
After completion of this program, participants should be able to:
•Recognize the types and levels of lipids that contribute to
increased coronary heart disease risk.
•Differentiate the factors that contribute to residual risk,
including high-density lipoprotein cholesterol (HDL-C) and
triglycerides (TG).
•Assess the effect of therapies that focus on lowering lowdensity lipoprotein cholesterol versus therapies that are directed toward managing dyslipidemia as a whole (ie, “the lipid
triad”) in the form of raising HDL-C and lowering serum TG
through single-agent and/or combination treatment.
Release Date: November 2008
Expiration Date: November 2009

Method of Participation
Participants should read the learning objectives and review the
monograph in its entirety. After reviewing the activity, they
should complete and submit the post-test and evaluation. Upon
achieving a passing score of 70% or better on the post-test, a
statement of credit will be awarded.
Target Audience
This program is intended for the education of cardiologists,
primary care physicians, nurse practitioners, physician assistants, as well as other health care providers involved in the
treatment of patients with dyslipidemia.
Accreditation and Designation
The Chatham Institute is accredited by the Accreditation
Council for Continuing Medical Education to provide continuing
medical education for physicians. The Chatham Institute designates this educational activity for 1.0 AMA PRA Category 1
Credit™. Physicians should only claim credit commensurate
with the extent of their participation in the activity.
Disclosures
It is the policy of The Chatham Institute to ensure balance, independence, objectivity, and scientific rigor in all of its educational activities. All faculty, planners, and managers who affect
the content of medical education activities sponsored by The
Chatham Institute are required to disclose to the audience any
real or apparent conflict of interest related to the activity. Faculty, planners, and managers not complying with the disclosure
policy will not be permitted to participate in this activity.
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ABSTRACT: Elevated low-density lipoprotein cholesterol (LDL-C) is a well-established independent risk factor for coronary artery disease and is the principal
lipid target for risk reduction. Statins
lower LDL and other apo B–containing
lipoproteins, thereby leading to a 20%
to 35% reduction in major cardiovascular
events, but do not comprehensively address the multiple lipid abnormalities of
atherogenic dyslipidemia. Combination
therapy with available lipid agents
(eg, statin plus fibrate or statin plus
niacin) has been shown to improve lipid
profiles in atherogenic dyslipidemia. Even
though small clinical trials have suggested clinical benefit using surrogate end
points (less coronary lesion progression,
less progression of carotid intima-media
thickening), definitive outcomes studies
are not yet available. Major trials are in
progress to determine whether improvement in the atherogenic dyslipidemia
will achieve the projected reduction in
cardiovascular events, and which combination is associated with the most favorable outcomes.

Low-density lipoprotein cholesterol (LDL-C) is strongly related to
development and progression of
CVD, and lowering of LDL-C lowers
the risk of incident and recurrent cardiovascular events and mortality. Current treatment paradigms for the prevention of CVD recommend the use
of statin therapy to achieve cholesterol goals, which have shown a significant 30% to 40% reduction in cardiovascular events, as documented in
clinical trials.3,4 Despite the use of optimal statin therapy to lower LDL-C
levels, a significant number of patients continue to be at high risk for
cardiovascular events. Thus, some
have suggested adopting a more
comprehensive approach, which includes modification of other lipoprotein fractions to address this burden
of “residual risk.”5 This article will review the pathophysiology of atherosclerosis, and provide a comprehensive evidence-based overview of the
available treatment options to manage residual risk in patients with
dyslipidemia.

More than a decade ago, it was envisaged that treating hypercholesterolemia and hypertension, the 2
major risk factors of cardiovascular
disease (CVD), would significantly
lower the incidence of CVD.1 Although, as expected, age-adjusted
CVD death rates have declined in developed nations, CVD is estimated to
be the leading cause of death worldwide, with a significant increase in
disease burden in low-income and
middle-income countries.2

PLASMA LIPIDS AND
LIPOPROTEINS

There are 4 major types of
lipids that circulate in plasma: cholesterol and cholesteryl esters, phospholipids, and triglycerides (TGs).6
Cells obtain cholesterol either by
intracellular synthesis or by reuptake from the systemic circulation.7
The function of the lipid transport
system is to ferry these hydrophobic fat molecules from their sites of
synthesis to points of utilization
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through the aqueous environment of
the plasma.
Because of their hydrophobic
nature, cholesterol and other fatty
substances are packaged into lipoprotein particles before secretion into
plasma.7 Typically, a lipoprotein particle is composed of a core of TGs
and cholesteryl esters that are covered by an envelope of phospholipids
and free cholesterol. Based on size,
density, lipid, and apolipoprotein content, lipoprotein particles can be separated into distinct classes: high-density lipoprotein (HDL), LDL, very
low-density lipoprotein (VLDL), intermediate density lipoprotein (IDL),
and chylomicrons.6 Apolipoproteins,
the protein moieties on the outer surface of lipoproteins, provide structural integrity to lipoproteins, activate
enzyme systems, and bind or dock to
specific receptors.6,7
PHYSIOLOGY OF LIPID
TRANSPORT

The lipid transport system has 2
main functions: transporting TGs
from the gut and liver to muscles or
fat tissue for utilization or storage,
and transporting cholesterol to sites
of utilization for the synthesis of bile
acids, steroid hormones, and membrane synthesis.8 In the exogenous
pathway, dietary fat and cholesterol
first pass through the intestinal lymphatic circulation, then through the
systemic circulation, and finally to the
liver by receptor-mediated uptake of
chylomicron remnants. Dietary fat,
emulsified by bile salts in the gut, is
hydrolyzed by pancreatic lipases into
constituent free fatty acids and monoglycerides and diglycerides, which
are taken up by intestinal cells, the
enterocytes.
To facilitate transportation
through lymphatic venous circulation, the constituent free fatty acids
and glycerides, which are first reassembled into TGs, are transformed
into chylomicrons by the addition of
S6
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apolipoprotein (apo) B48. As the TGrich chylomicrons pass through the
capillary beds, a part of the TG content is removed by the catabolic activity of lipoprotein lipase, leaving the
core of the remnant particles containing cholesterol as well as some of
the dietary TG to be re-utilized by the
liver.6 In the endogenous pathway of
the lipid transport system, TGs synthesized in the liver are assembled
into VLDL particles before their secretion into the systemic circulation.
The VLDL particles undergo a partial
delipidation in a manner similar to
the processing of chylomicrons. The
resultant VLDL remnants and IDL
particles are smaller and enriched in
cholesterol. Approximately 50% of
remnants are removed from the circulation, while the remainder is converted into LDL particles.6,7
The primary function of HDL
particles is to transport cholesterol
from peripheral tissue to the liver, a
process called reverse cholesterol
transport. This process begins with
the uptake of cholesterol from peripheral cells, such as arterial wall
macrophages, by nascent cholesterolpoor HDL, which is then converted
to mature HDL2 through the activity
of lecithin-cholesterol acyltransferase
(LCAT). In addition, a cholesterol
ester transfer protein (CETP) mediates a net exchange of TGs for cholesteryl esters to facilitate the transfer
of cholesterol from HDL to VLDL
remnants.8 Such bidirectional transfer of constituents between lipoproteins allows the acquisition of specific apolipoproteins and ensures that
unused cholesterol from peripheral
tissues is transferred to the liver for
re-utilization.8
PATHOGENESIS OF
ATHEROSCLEROSIS

Atherosclerosis is a chronic inflammatory disorder of blood vessels,
which results in asymmetric focal
thickenings of the arterial intima.9

NOVEMBER 2008 (SUPPLEMENT)

The atheroma is preceded by the formation of a fatty streak consisting of
macrophages and some T lymphocytes. The center of the atheroma
has a core region with foam cells
(cholesterol-rich macrophages) and
extracellular lipid droplets, surrounded by a cap of smooth muscle cells
and a collagen-rich matrix. T cells,
macrophages, and mast cells often infiltrate the lesion and are present
around the shoulder region, where
the atheroma grows.9-11
Myocardial infarction occurs because of complete coronary artery
occlusion resulting from atheromatous plaque that is covered by overlying thrombus. It was previously
thought that progressive luminal narrowing was the main cause of infarction.1 However, angiographic studies
have identified that destabilization of
plaque with overlying occlusive
thrombus, rather than progressive
stenosis, precipitates ischemia and infarction.1,12 What might be the cause
of coronary thrombosis? Plaque rupture, detectable in 60% to 70% of
cases, exposes prothrombotic material from the core of plaques.13 It is
believed that activated immune cells,
which are abundant at sites of plaque
rupture, produce factors such as inflammatory cytokines, coagulation
factors, and vasoactive molecules that
destabilize lesions and promote
thrombosis.1
Endothelial activation. Hypercholesterolemia causes focal activation of the endothelium in large- and
medium-sized arteries.1 The activation of the endothelium starts with
the infiltration and retention of LDL,
VLDL, and chylomicron remnants in
the arterial intima, which initiates an
inflammatory response in the arterial
wall.14,15
There are several mechanisms
by which these lipoproteins may
cause atherosclerosis. For instance,
native LDL can be retained in the intima by aggregation, binding to prowww.ConsultantLive.com
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teoglycan matrix, and absorption by
macrophages. The inflammatory effect of LDL can be modified by glycosylation or oxidation, which facilitates the cholesterol loading of
macrophages.16 Further, it has been
recently discovered that apo CIII, a
component of some of these lipoproteins, directly stimulates the inflammatory process in vascular tissue.17,18
The endothelial cells that are activated by the lipoproteins are responsible for the production of several
monocyte adhesion molecules that
cause circulating monocytes to adhere
at sites of activation.16 Once recruited,
cytokines and other growth factors
produced at the site of the inflamed intima induce the differentiation of
monocytes into active macrophages—
a critical early step in the development
of atherosclerosis—and attract collagen-producing smooth muscle cells
into the intima.1
Formation of atherosclerotic
plaques. Scavenger receptors on the

surface of activated macrophages enable the uptake of aggregated and
modified LDL and remnant VLDL
particles.19 These macrophages transform into foam cells, and accumulate
in the intimal space to form a fatty
streak.7 As fatty streaks continue to
transform the once-smooth endothelial artery surface into an uneven
surface, an atherosclerotic plaque is
formed. Calcium is also deposited
in advanced plaques. However, the
pathogenesis of atherosclerosis is
much more complex than the initiation and formation of plaques. In an
earlier study, Glagov and colleagues20
have shown that as atherosclerotic
plaques develop, arteries enlarge in
relation to plaque area due to a compensatory mechanism. Given that
lumen stenosis may be delayed until
40% of the internal elastic lamina area
is occupied by lesion,20 evidence of luminal obstruction on coronary angiography is more likely to indicate
an advanced lesion. Lower-grade lewww.ConsultantLive.com

sions may be more prone to rupture
due to intrinsic pro-inflammatory
characteristics of the plaque-derived
foam cells.7
RISK FACTORS FOR
ATHEROSCLEROSIS:
DYSLIPIDEMIA AND
METABOLIC SYNDROME

The Framingham Heart Study
coined the term “risk factors” for
CVD.8 According to the current
NCEP ATP III guidelines, along with
elevated LDL-C, a number of lipid
and nonlipid factors have been identified that are associated with the development of coronary heart disease
(CHD).21 Two such risk factors, elevated TGs and reduced HDL-C, often
occur together and, when both are
present, the patient is said to have
“atherogenic dyslipidemia.” Atherogenic dyslipidemia is prevalent in
persons with obesity, insulin resistance, type 2 diabetes, and physical
inactivity.22-24
Elevated LDL-C. From the
7-Country Study, it became evident
that cardiovascular mortality was
highest in countries with populations
that had elevated levels of total
serum cholesterol and was lowest in
Mediterranean and Asian populations.25 Furthermore, the study
showed a strong and graded relationship between saturated fat intake,
serum cholesterol, and the incidence
of CHD, whereas dietary cholesterol
had a weaker correlation.25
In the Framingham studies, increased level of LDL-C proved to be a
major risk factor for development of
CHD. More importantly, however,
the Framingham data set showed
that a mix of risk factors, when present together, additively increase the
risk of CVD.26
A contentious issue is the relative strength of LDL-C compared
with non-HDL-C and apo B. NonHDL-C and apo B include not only
LDL but also VLDL and VLDL rem-

nants, which are atherogenic and
contribute to risk. Thus, non-HDL-C
and apo B provide a more complete
assessment of risk associated with
atherogenic lipoproteins.27 Nuclear
magnetic resonance spectroscopy
can be used to estimate lipoprotein
particle concentration and measure
the size of lipoprotein particles.27 Although small dense LDL particles
are moderately correlated with high
TGs, and were thought to contribute
independently to CVD,25 particle size
is not an independent predictor of
CVD but rather a secondary phenomenon; accumulating data indicate
that LDL is related to abnormal TG
metabolism.28
In this context, data from the
Physician’s Health Study showed that
nonfasting TG levels were a better
predictor of first myocardial infarction than LDL particle size, and that
LDL particle size had no effect beyond that of TGs.27,28 Moreover, in
epidemiological studies that used
LDL particle size as a parameter to
predict the risk of CHD, there was no
consistent pattern that suggested
small LDL is an independent contributor of CHD risk, as some have
found that large LDL was associated
with CVD.29 This is consistent with
the observation that patients with familial hypercholesterolemia have
large LDL.
Reduced HDL-C. Populationbased studies have consistently
shown that a low level of HDL-C is a
powerful predictor of increased cardiovascular risk; nonetheless, it remained unclear whether low HDL-C
would be a significant risk factor in
individuals with LDL-C reduced to
very low levels.30-32 In a post hoc multivariate analysis from the Treating to
New Targets (TNT) study, HDL-C levels were a significant predictor of
major cardiovascular events across
the entire study cohort, even when
LDL-C was reduced to an on-treatment level of less than 70 mg/dL
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Patients with LDL-C ≤ 70 mg/dL on statin

a, b

5-year risk of major
CVD events (%)

10

Q1
Q2

8
6

Q5

Q3

Q4

38 to < 43
37 to < 42

43 to < 48
42 to < 47

48 to < 55
47 to < 55

≥ 55
≥ 55

0.85

0.57

0.55

0.61

4
2
0

HDL-C
quintiles
(mg/dL)a
Hazard ratio
vs Q1c

a

< 38
< 37

On-treatment level (3 months of statin therapy); N = 2661.

b

Mean LDL-C, 58 mg/dL; mean TG, 126 mg/dL.

c

P = .03 for differences among quartiles of HDL-C.

CVD, cardiovascular disease; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; TG, triglycerides
Reprinted by permission. Barter P et al.33 ©2007, Massachusetts Medical Society. All rights reserved.

Figure 1 – A post hoc multivariate analysis from the Treating to New Targets (TNT) Study
showed that low HDL-C increases CVD risk even if LDL-C levels are well controlled.

HDL—are secreted into plasma as
disk-like structures containing apo AI
and phospholipids. As the disks interact with vascular intima, they take
up the cholesterol from macrophages
to form mature spherical HDL particles. Based on the genetic studies of
Tangier disease, it is evident that
ABC-A1—a transport protein involved in the efflux of cellular cholesterol—is a critical participant in the
cholesterol
loading
of
nascent HDL and reverse cholesterol
transport.39 The genetic absence of
ABC-A1 is associated with low levels
of HDL-C and apo AI, and consequently the development of atherosclerosis and CVD early in adult life.
Apo B/apo AI ratio. Several
studies have now demonstrated that
apolipoprotein concentrations predict
future cardiovascular events somewhat more strongly than the lipoprotein cholesterol concentrations. The
Apolipoprotein-Related Mortality Risk
Study (AMORIS) investigated whether

apo B and apo AI are better predic-
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with statin therapy.33 According to the
multivariate analysis, patients in the
highest quintile of HDL-C (≥ 55
mg/dL) had a lower risk of major
cardiovascular events compared with
those subjects in the lowest quintile
(≤ 37 mg/dL) (hazard ratio, 0.61; 95%
CI, 0.38 - 0.97) (Figure 1).
The biosynthesis of HDL is complex and requires the synthesis of
apo AI and apo AII, the 2 major protein components. Interestingly, in the
general population, an inverse relationship has been observed between
plasma levels of both apo AI and apo
AII and CHD risk.34 Turnover studies
that delineate the rate of metabolism
of HDL in plasma have indicated that
HDL levels are determined mainly by
the clearance rate from plasma of
both apo AI and apo AII.35-37 Apo AI is
mainly synthesized in the liver, with a
minor contribution from the intestine.38 Newly synthesized HDL particles—also referred to as pre-beta
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Median

0.43
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0.60

0.66

0.72

0.78

0.85

0.93

1.04

1.28

Reprinted by permission from Elsevier Ltd. Yusuf S et al.2 ©2004.

Figure 2 – The INTERHEART study, which assessed the importance of risk factors for
coronary heart disease in 52 countries, reported overall odds ratios for individual risk
factors in more than 12,000 cases. Raised apo B/AI ratio was found to be one of the
strongest risk factors for acute myocardial infarction.
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tors of risk of fatal myocardial infarction than total cholesterol and LDLC.40 The study, which investigated a
large cohort of Swedish men and
women, showed that after adjusting
for age, cholesterol, and TG content,
both apo B and apo B/apo AI ratio
were significantly and positively correlated to increased risk of fatal myocardial infarction. In agreement with
the Swedish study, data from the
INTERHEART study clearly identified raised apo B/apo AI ratio as the
most important lipoprotein-related
risk factor for acute myocardial infarction in men and women across
different ethnic groups and geographic regions (Figure 2).2 The
INTERHEART study, a large, international, case-control study designed
to assess the importance of risk factors for CHD in 52 countries, reported overall odds ratios for individual
risk factors in 12,461 cases and
14,637 controls after adjusting for
age, sex, smoking status, and region.
After a multivariate analysis, raised
apo B/apo AI ratio emerged as one of
the two strongest risk factors for
acute myocardial infarction, second
only to current smoking status.2
Non-HDL-C. Another approach
to predict cardiovascular risk is to
use non-HDL-C, which is a surrogate
estimate of all atherogenic particles
in the VLDL, remnants lipoprotein(a), and LDL fractions.27,41 Thus,
non-HDL-C is the cholesterol equivalent of apo B levels, and both parameters are highly correlated to one another and better predictors of CHD
risk than LDL-C; the correlation coefficient of non-HDL and apo B is
0.93 - 0.94, compared with 0.84 - 0.85
for LDL-C and apo B.42 Interestingly,
recent prospective studies such as
AMORIS40 and the Health Professionals Follow-Up Study43 have shown that
apo B measurement outperforms
LDL-C and non-HDL-C in cardiovascular risk stratification. Specifically, in
the latter, an increase in CHD was as-

1.5
1
0.5
0
< 130

130 -159

≥ 160

LDL-C (mg/dL)

≥ 190
160 -189
< 160

Figure 3 – NonHDL-C is superior
to LDL-C in predicting CHD risk.
Within non-HDL-C
levels, no association was found
between LDL-C and
the risk of CHD.
In contrast, a strong
positive and
graded association
between non-HDL-C
and risk of CHD
occurred within
every level of
LDL-C.

Non-HDL-C
(mg/dL)

CHD, coronary heart disease; LDL-C, low-density lipoprotein
cholesterol; Non-HDL-C, non–high-density lipoprotein cholesterol
Reprinted by permission from Elsevier Ltd. Liu J et al.44 ©2006.

sociated with higher apo B levels
across all categories of non-HDL-C
levels.43 Given the lack of readily
available standardized assays for the
measurement of apo B in a clinical
setting, non-HDL-C is preferred and
recommended as a secondary target
of therapy when TG levels are higher
than 200 mg/dL.21 In this context,
findings from a recent report by Liu
and colleagues, who examined the
original data sets from the Framingham Cohort Study and the Framingham Offspring Study, were in agreement with the earlier findings that
non-HDL-C is a better predictor of
CHD risk than LDL-C (Figure 3).44
Elevated TGs. Many epidemiological studies that employed metaanalyses have reported a positive correlation between elevated serum TGs
and the incidence of CHD,45,46 though
previous multivariate analyses did not
always identify TGs as an independent risk factor.47 Recent data from 29
Western prospective studies with
more than 260,000 participants and
10,000 CHD cases have indicated that
elevated TGs are indeed a significant

risk factor for CVD (Figure 4).48 It is
notable that NCEP ATP III guidelines
recommend the use of lower cut
points for the categorization of TG
levels than the ATP II guidelines,
thus reflecting a growing concern
about even moderate TG elevation.
Elevated TGs are thought to increase
CHD risk through the atherogenic effects of TG-rich remnant lipoproteins,
specifically chylomicrons and VLDL
remnants and their high apo CIII
content.49
An elevated TG level (> 150
mg/dL) is also one of the criteria for
the diagnosis of metabolic syndrome.49 The ATP III guidelines define metabolic syndrome as any 3 of
the following 5 clinical features: abdominal obesity (waist > 40 inches for
men and > 35 inches for women), elevated TG (> 150 mg/dL), low HDLC (< 40 mg/dL for men and < 50
mg/dL for women), elevated blood
pressure (> 130/85 mm Hg), and elevated fasting glucose (> 110
mg/dL).21 Several factors may elevate
TG levels in the general population.
These include overweight/obesity,
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lines recommend using non-HDL-C
levels as the secondary target for
therapy. For very high TG levels (≥
500 mg/dL), the primary goal of
therapy is to prevent pancreatitis by
lowering TG levels.52

physical inactivity, cigarette smoking
and excess alcohol intake, consumption of high-carbohydrate diets, diabetes, and renal failure, and a number of medications.50,51 However, the
most common contributing factors
are related to lifestyle. The current
ATP III guidelines recommend treating hypertriglyceridemia according
to its severity and the levels of other
lipids. For borderline high TG levels
(150 - 199 mg/dL), the goal of therapy is to reduce LDL-C levels with
therapeutic lifestyle changes and
drug therapy if needed.21 Lifestyle
changes that incorporate weight loss
programs and increased physical activity have been shown to be effective
in improving insulin sensitivity in patients with insulin resistance, a contributor to hypertriglyceridemia.49
When TG levels continue to remain
high (200 - 499 mg/dL) even after
achieving LDL-C goals, the guideGroups

CHD cases

Duration of follow-up
≥10 y
<10 y

5902
4256

Sex
Male
Female

7728
1994

Fasting status
Fasting
Nonfasting

7484
2674

Adjusted for HDL
Yes
No

4469
5689

MANAGING DYSLIPIDEMIA:
TREATMENT GOALS
AND RESIDUAL RISK
Risk assessment. The NCEP

ATP III guidelines recommend risk
assessment as the first step in primary prevention of coronary artery
disease (CAD). According to the
guidelines, individuals are categorized into 3 risk factor groups:
•Those with established CAD or
CAD-risk equivalents.
•Those with more than 2 risk factors
for CAD.
•Those with no or 1 risk factor.
CAD-risk equivalents include patients with peripheral arterial atheroN = 262,525
CHD risk ratioa (95% CI)
■
■

■
■

■
■

■
■

◆

Overall CHD risk ratioa
Decreased
risk

1

Increased
risk

1.72 (1.56 -1.90)
2

Persons in top vs bottom third of usual log-TG values, adjusted for at least age, sex,
smoking status, lipid concentrations, and blood pressure (most).

a

CHD, coronary heart disease; CVD, cardiovascular disease; HDL, high-density lipoprotein;
TG, triglycerides.
Adapted from Sarwar N et al. Circulation. 2007.48

Figure 4 – TG level is a significant CVD risk factor. Shown here are the results of a recent
meta-analysis of 29 studies.
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sclerosis, abdominal aortic aneurysm,
or diabetes.53 Others have also included patients with chronic kidney disease in this designation.53 To estimate
the cardiovascular risk, risk factors are
first counted, and for those patients
with multiple risk factors, the Framingham risk calculator is used to estimate the 10-year cardiovascular risk.21
Although NCEP ATP III guidelines
have recommended a LDL-C goal of
less than 100 mg/dL as an optimal
level, for those patients who are at
very high risk, a further reduction to
less than 70 mg/dL is suggested as an
option, with a non-HDL-C goal of less
than 100 mg/dL. Individuals deemed
to be at “very high risk” are those with
established CVD and one or more additional risk factors (eg, recent acute
coronary syndrome, diabetes, smoking, etc).52 After LDL-C goals have
been met, the guidelines recommend
addressing metabolic syndrome as a
secondary goal of therapy.
Lifestyle modification. While it
is widely accepted that dietary
changes can improve LDL-C levels, it
is less well appreciated that comprehensive lifestyle modification is critical in the management of patients
with multiple metabolic abnormalities
or metabolic syndrome. NCEP-ATP
III–recommended therapeutic lifestyle changes include reduced intake
of saturated fat, trans fat, and cholesterol; increased consumption of plant
stanols/sterols and soluble fiber;
weight reduction; and increased regular physical activity.21 Even seemingly modest weight changes can result in significant metabolic benefits.
The importance of lifestyle management is also emphasized in the updated 2006 American Heart Association (AHA) “Diet and Lifestyle Recommendations.” Balancing caloric
intake and physical activity to achieve
and maintain a healthy body weight is
a major priority in this scientific statement. The authors recommend a diet
rich in vegetables, fruits, and whole
www.ConsultantLive.com

0811ConSLipidR_Copy.Lay 11/3/08 3:13 PM Page 11

grains that is high in fiber, and consumption of oily fish at least twice a
week while limiting the intake of saturated fat to less than 7% of energy,
trans fat to less than 1% of energy, and
cholesterol to less than 300 mg/d by
choosing lean meats, vegetable alternatives, and fat-free (skim) or low-fat
(1% fat) dairy products and minimizing intake of partially hydrogenated
fats.54
In observational studies, both
physical fitness and physical activity
levels are strongly associated with
subsequent cardiovascular events, cardiovascular mortality, as well as noncardiovascular morbidity and mortality. The Aerobics Center Longitudinal
Study (ACLS) was a prospective study
that was designed to examine the association between cardiorespiratory
fitness and health, which was broadly
defined to encompass all-cause mortality, cause-specific mortality, disease
morbidity, and functional health status. The study population included
over 14,000 women and 46,000 men
who were examined at least once at a
preventive medicine clinic from 1970
to 2004. Data from this study evaluated changes in physical fitness and the
risk of mortality in men.55 This analysis, which involved assessment of
physical fitness by maximal exercise
tests and evaluation of health status at
2 clinical examinations conducted 5
years apart, showed that the highest
rate of mortality was observed in
men who were unfit at both examinations. As expected, those who were
fit at baseline and follow-up had the
best prognosis. Importantly, men
who improved from unfit to fit status
between the first and subsequent assessment had a 44% lower mortality
than those who remained unfit at
both examinations.55 While observational in nature, this study suggests
that exercise interventions that improve physical fitness could have a
major impact on cardiovascular morbidity and mortality.
www.ConsultantLive.com

Another study of relevance is
the Diabetes Prevention Program
(DPP), which was designed to determine whether lifestyle intervention
or pharmacotherapy with metformin
would prevent or delay the onset of
diabetes in persons with impaired
glucose tolerance, many of whom
had metabolic syndrome. Results
from this study showed that lifestyle
intervention conferred a marked reduction of 58% in the incidence of
type 2 diabetes, a reduction that was
significantly greater than that
achieved with metformin (31%).56
Most recently, the LOOK
AHEAD trial published its 1-year results indicating that a comprehensive
lifestyle approach is more effective in
improving metabolic parameters
among patients with diabetes than a
traditional diabetes education approach.57 This study is ongoing and
will answer the question whether
these metabolic improvements translate into improved morbidity and
mortality.
TRADITIONAL
PHARMACOLOGICAL
APPROACHES

While lifestyle management is
critical in all patients at increased cardiovascular risk, many will require
pharmacological therapy as well, an
approach supported by a large evidence base. Given that the magnitude of reduction in cardiovascular
events is related to the extent of LDL
lowering, recent intervention trials
have used increasing doses of statin
therapy to achieve maximal therapeutic benefit. In the Prospective
Study of Pravastatin in the Elderly at
Risk (PROSPER) study, treatment
with pravastatin 40 mg/day reduced
major coronary events by 19%.58 In
the Heart Protection Study (HPS),
treatment with simvastatin 40
mg/day resulted in a significant reduction in major cardiovascular
events by 24%.59 In the Pravastatin or

Atorvastatin Evaluation and Infection
Therapy (PROVE-IT), patients hospitalized with acute coronary syndrome were given atorvastatin 80
mg/day or pravastatin 40 mg/day.
Death, myocardial infarction, unstable angina, revascularization, or
stroke was considered as primary
end points. Although both statins
were effective in reducing LDL-C levels, atorvastatin at higher dose was
more effective in lowering clinical
events over two years compared with
pravastatin therapy; 26.3% versus
22.4%, respectively.60 To compare the
effects of high and low doses of atorvastatin, in the TNT study, 80
mg/day was compared with 10
mg/day in patients with stable CHD.
The study concluded that the higher
dose of atorvastatin was significantly
effective in providing additional clinical benefits compared with low-dose
therapy.61 To compare the effects of 2
different statins on the risk of cardiovascular events, patients with a history of myocardial infarction in the Incremental Decrease in End Points
Through Aggressive Lipid Lowering
(IDEAL) study received either atorvastatin 80 mg/day or simvastatin 20
mg/day. Interestingly, the intensive
lowering of LDL-C with atorvastatin
at the highest recommended dose
did not yield a significant reduction in
the primary outcome of major coronary events compared with the moderate and most widely used dose of
simvastatin, although atorvastatin 80
mg did significantly reduce secondary CVD end points.62
As recommended LDL cholesterol targets have decreased, it has
become increasingly difficult to
achieve these goals solely with lifestyle modifications. Of relevance is a
recent study that analyzed the data
from participants of the 1999 to 2002
NHANES study and demonstrated
that 30% of the US adults had LDL-C
levels that exceeded their corresponding ATP III goals.63 More impor-

NOVEMBER 2008 (SUPPLEMENT)

CONSULTANT

S11

0811ConSLipidR_Copy.Lay 11/3/08 3:13 PM Page 12

Striking the Right Balance:
The Residual Risk of
Coronary Artery Disease

tantly, 18% of the participants exceeded their LDL-C goal by more than
10%; thus, they were considered unlikely to reach their target LDL without pharmacotherapy.63 For many,
adopting the lower optional LDL-C
target would mean large reductions
using high-dose statin therapy or
combination therapy.
Lowering LDL with statins has
significantly reduced CVD risk. A recent meta-analysis of lipid-lowering
trials estimated that major coronary
events were lowered by 23%, thus
leaving a residual risk of 77% for
events among treated patients, possibly higher among those at the greatest risk.4 While high-dose statin therapy may yield additional benefits, a
more comprehensive approach targeting other components of the dyslipidemia and addressing non-lipid
risk factors is clearly warranted. Additionally, it is important to note that
the clinical use of statin therapy depends not only on its ability to reduce

LDL-C levels, but also on its tolerability and safety profile. Generally,
statins are well tolerated, with myalgias, including rhabdomyolysis, and
their effect on liver enzymes the best
known and most challenging adverse
events.64 Most statins may occasionally cause myopathy; however, the occurrence has been estimated to be
less than 1 in 10,000 patients at standard dose with increasing risk at
higher doses.65
TARGETING RESIDUAL
RISK WITH
COMBINATION THERAPY
Combination therapies. In addi-

tion to statins, lipid-lowering drugs
such as fibrates, niacin, and bile acid
sequestrants have proven efficacy in
lowering cardiovascular events, although the number of clinical trials
that have tested these agents is quite
small.5 Fibrates, which are peroxisome proliferator–activated receptor
α (PPAR-α) agonists, affect many

N = 92; 12 weeks

Atorvastatin 40 mg + Niacin ER 2 g
Rosuvastatin 20 mg + Niacin ER 1 g
Simvastatin 40 mg + Eze 10 mg
Rosuvastatin 40 mg

30

22

Change from baseline (%)

20

24

a
a

10

10

18
a

a

7

7

0
10

5
14

20
30
40
50
60

56

51

57

47

53

40

25
a
33
a

70

LDL-C

HDL-C

TG

Lp(a)

COMPELL, Comparative Effects on Lipid Levels of Niaspan and Statin Versus Other
Lipid-Modifying Therapies Study.
a

P < .05 vs atorvastatin + niacin ER.

ER, extended release; Eze, ezetimibe, LDL-C, low-density lipoprotein cholesterol;
HDL-C, high-density lipoprotein cholesterol; TG, triglyceride; Lp(a), lipoprotein(a).
Adapted from McKenney JM et al. Atherosclerosis. 2007.71

Figure 5 – Shown here are the lipid effects of niacin ER/statin combination therapy in
the COMPELL study.
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genes that influence lipoprotein metabolism and could consequently
modulate atherogenesis.5 Fibrates
also exert pleiotropic effects to downregulate proinflammatory genes in
vascular cells. While the clinical importance of these effects is speculative, post hoc analyses from some of
the fibrate trials do support a role for
PPAR-α agonism in patients with diabetes or metabolic syndrome, such as
to reduce cerebrovascular disease or
microvascular disease of the kidney
and retina, vascular conditions that
are not related to lipid risk factors.
Analyses of subgroups of patients
in several fibrate trials suggest that patients with atherogenic dyslipidemia or
diabetes receive greater event reduction compared with those with normal
TG and HDL-C levels, or nondiabetics.
This effect was especially notable in
the older studies such as Veterans Affairs High-Density Lipoprotein Cholesterol Intervention Trial (VA-HIT)66 and
in the Helsinki Heart Study (HHS),67
where a subset of patients with diabetes had a nominally greater risk reduction than patients without diabetes.
Furthermore, in the VA-HIT study, the
effect of fibrate therapy was less dependent on lipid levels than on the
presence or absence of insulin resistance.66 In the large Fenofibrate Intervention and Event Lowering in Diabetes
(FIELD) study, patients with type 2 diabetes who were treated with micronized fenofibrate showed significant reduction in total cardiovascular
events (a secondary end point) compared with the placebo group.68 However, it must be noted that fenofibrate
treatment did not yield a significant
benefit on the primary outcome, which
was a combination of CHD events including death or first occurrence of
nonfatal myocardial infarction.
Because fibrates appear to have
unique benefits in patients with insulin resistance, the combination of
statin and fibrate therapy may have
the potential to benefit patients with
www.ConsultantLive.com
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diabetes.5 The combined effects of
simvastatin and fenofibrate on lipid
parameters have been investigated in
the Simvastatin Plus Fenofibrate for
Combined Hyperlipidemia (SAFARI)
trial.69 The combination significantly
improved the components of atherogenic dyslipidemia compared with
monotherapy. For example, combination therapy increased HDL-C levels
by 19% compared with 10% with simvastatin monotherapy (19% vs 10%).69
Although the risk of myopathy is low
with statin monotherapy, a significant
increase in rhabdomyolysis has been
reported when used in combination with fibrates, particularly with
gemfibrozil.70
Statins have also been combined
with niacin. This combination regimen not only significantly lowers
LDL-C levels but also TGs and
lipoprotein(a) and it concurrently increases HDL-C levels. Thus, the
COMParative Effects on Lipid Levels
of Niaspan and Statin Versus Other
Lipid-Modifying Agents (COMPELL)
study was designed to investigate
whether a low-to-moderate dose of
statins with low-dose niacin extendedrelease (ER) is an effective combination regimen to lower LDL-C levels
(>50%) and non-HDL-C.71 The study
concluded that low-dose niacin ER in
combination with low doses of either
atorvastatin or rosuvastatin was effective in lowering LDL-C by 50%, an
efficacy that was comparable to
statin/ezetimibe combination therapy
or to rosuvastatin monotherapy at
moderate-to-high doses.71 Interestingly, the efficacy of statin/niacin
combination therapy on HDL-C, TGs,
and lipoprotein(a) was superior to
other therapies (Figure 5).71 A limitation of this study was its inability to
evaluate the impact of the lipid
changes on measurable cardiovascular end points. Nonetheless, limited
outcome data exist at this time.
In the HDL Atherosclerosis Treatment Study (HATS), patients who
www.ConsultantLive.com

were diagnosed with CHD, in addition to having moderately elevated
LDL-C and low HDL-C, were randomized to receive simvastatin alone
or simvastatin plus niacin for 2.5
years.72 At the end of the study, significant regression was noted on serial quantitative angiography, accompanied by 60% to 90% risk reduction in
cardiovascular events in the combination treatment group compared with
half the efficacy observed in the
group that received statin alone.72
Using a similar combination regimen,
in the Arterial Biology for the Investigation of the Treatment Effects of Reducing Cholesterol (ARBITER) study,
treatment with simvastatin plus niacin
ER did not result in significant
changes in the carotid intima-media
thickness from baseline, whereas
with statin monotherapy, a significant
progression was noted.73 Interestingly, in the subsequent 1-year follow-up
study during which all patients were
treated with the combination regimen, an absolute regression was evident in carotid intima-media thickness.74 The Atherothrombosis Intervention in Metabolic Syndrome With Low
HDL/High Triglycerides and Impact
on Global Health Outcomes (AIM
HIGH) study, which is still recruiting,
is specifically designed to ascertain
the impact of statin/niacin combination therapy on cardiovascular outcomes (see www.clinicaltrials.gov).
Niacin therapy induces flushing,
raises blood glucose levels, raises
uric acid levels, and increase liver enzymes.75 Although clinical trials have
failed to show that niacin therapy increases the rate of myalgias over that
of placebo, myopathy has been reported in statin and niacin combination therapy.75
■
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ZIP ___________________

Daytime telephone ( _____ ) _________________________

Fax ( _____ ) _________________________

Email _____________________________________________________________

Physicians: This activity is designated for a
maximum of 1.0 AMA PRA Category 1 CreditTM.
Release Date: November 2008
Expiration Date: November 2009
Method of Participation: To receive credit for this
activity, you must read the CME monograph. Upon
finishing the piece, complete the post-test (located on
the inside of the back cover), evaluation, and all
required personal information and mail or fax the
completed form to:
The Chatham Institute
26 Main Street, 3rd Floor
Chatham, NJ 07928
Fax: (973) 701-2515
Please allow up to 6 weeks for processing.
To receive your CME certificate, you will need to pass
the post-test with 70% accuracy or better. If you receive
less than 70%, you may review the article and take the
test again.
This activity is sponsored by The Chatham Institute
and supported by an educational grant from
Abbott Laboratories.

Examination: Place an X through the box of the letter
that represents the best answer to each question on the
post-test.
There is only ONE correct answer per question. Place
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□
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□
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□
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Striking the Right Balance:
The Residual Risk of Coronary Artery Disease
Program Evaluation: So that we may assess the value of
this self-study program, we ask that you please complete
this evaluation form.
Have the objectives for the activity been met?
1. Recognize the types and levels of lipids that

d. Fibrate therapy to reduce CVD risk in patients

with diabetes and metabolic syndrome
5

4

3

2

1

N/A

e. Addition of niacin to statin therapy to reduce

residual CVD risk and slow atherosclerosis
5

4

3

2

1

N/A

contribute to increased coronary heart disease risk.

□ Yes

□ No

2. Based on your completion of this CME supplement,

risk, including HDL-C and TG.

how often do you now plan to use each of the
following strategies when treating patients with
dyslipidemia?

□ Yes

a. Lifestyle changes (weight loss, diet, exercise) in

2. Differentiate the factors that contribute to residual

□ No

combination with drug therapy
3. Assess the effect of therapies that focus on lowering

LDL-C versus therapies that are directed toward
managing dyslipidemia as a whole (ie, “the lipid
triad”) in the form of raising HDL-C and lowering
serum TG through single-agent and/or combination
treatment.

□ Yes

4

3

2

1

N/A

b. Single-agent drug therapies directed at managing

“the lipid triad,” not just lowering LDL-C
5

4

3

2

1

N/A

c. Combination drug therapies directed at managing

□ No

“the lipid triad,” not just lowering LDL-C

Was this publication fair, balanced, and free of
commercial bias?

□ Yes

5

5

4

3

2

1

N/A

d. Fibrate therapy to reduce CVD risk in patients

with diabetes and metabolic syndrome

□ No

If no, please explain: ______________________________
________________________________________________

5

3

2

1

N/A

e. Addition of niacin to statin therapy to reduce

residual CVD risk and slow atherosclerosis
5
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using a scale of 1 to 5, where 1 = Never,
2 = Not very often, 3 = Sometimes, 4 = Very often,
and 5 = Always.

4

4

3

2

1

N/A

Effectiveness of this method of presentation:

Excellent
5

Very good
4

Good
3

Fair
2

Poor
1

1. Think about how you currently treat patients for

dyslipidemia. How often do you currently use each of
the following strategies?
a. Lifestyle changes (weight loss, diet, exercise) in

4

3

2

1

________________________________________________
________________________________________________

combination with drug therapy
5

What other topics would you like to see addressed?

N/A

________________________________________________

b. Single-agent drug therapies directed at managing

“the lipid triad,” not just lowering LDL-C

Comments: ________________________________________

5

________________________________________________

4

3

2

1

N/A

c. Combination drug therapies directed at managing

“the lipid triad,” not just lowering LDL-C
5
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CME Post-Test
Striking the Right Balance:
The Residual Risk of Coronary Artery Disease
1. Which of the following mediates the net exchange
of triglycerides (TGs) to facilitate the transfer of
cholesterol from high-density lipoprotein (HDL) to
very low-density lipoprotein (VLDL) remnants?

a. Cholesteryl ester transfer protein
b. Intermediate-density lipoprotein
c. Apo B
d. Apo CIII
e. None of the above
2. Which of the following contribute(s) to atherogenic
dyslipidemia?

a. Elevated serum glucose
b. Elevated TGs
c. Elevated HDL
d. Elevated VLDL
e. All of the above
3. In using low-density lipoprotein cholesterol
(LDL-C) levels to predict cardiovascular risk,
which of the following is (are) true?

a. Apo B is a better predictor of atherogenic risk
than LDL-C
b. Apo B is a constituent of VLDL and LDL
c. Small dense LDL particles are moderately
correlated with high TGs
d. LDL particle size is not an independent predictor
of cardiovascular disease
e. All of the above
4. Which of the following markers is (are) effective
predictors of cardiovascular events?

a. Non-HDL-C is a better predictor than LDL-C
b. Non-HDL-C is a better predictor when TGs are
elevated > 200 mg/dL
c. Apo B is a better predictor than non-HDL-C
d. Raised apo B/apo AI ratio is a strong predictor of
myocardial infarction
e. All of the above
5. In population-based studies, reduced HDL-C is
a significant predictor of cardiovascular events
only when LDL-C levels are elevated above
160 mg/dL.

a. True
b. False
www.ConsultantLive.com

6. According to the National Cholesterol Education
Program Expert Panel on Detection, Evaluation,
and Treatment of High Blood Cholesterol in
Adults (NCEP ATP) III guidelines, which of the
following clinical features define(s) metabolic
syndrome?

a. Elevated TG > 150 mg/dL
b. Reduced HDL-C < 30 mg/dL
c. Abdominal obesity > 40 inches for men
d. Elevated LDL-C > 160 mg/dL
e. Elevated fasting glucose > 110 mg/dL
7. For patients with elevated TG levels
(200 - 499 mg/dL) the recommended
guidelines are:

a. Achieve LDL-C goals as primary target
b. Achieve non-HDL-C levels as secondary target
c. Prevention of pancreatitis
d. a and b
e. a, b, and c
8. In the Veterans Affairs High-Density Lipoprotein
Cholesterol Intervention Trial (VA-HIT) study,
subgroup analysis showed that patients with
diabetes benefited significantly more from fibrate
therapy than those without diabetes.

a. True
b. False
9. According to the COMParative Effects on Lipid
Levels of Niaspan and Statin Versus Other
Lipid-modifying Agents (COMPELL) study,
statin/niacin combination regimen is effective in
lowering LDL-C levels by more than 50%.

a. True
b. False
10. According to the American Heart Association
guidelines, the recommended daily intake of
cholesterol should not exceed:

a. 100 mg
b. 300 mg
c. 500 mg
d. 1 g
e. 5 g
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