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Overview
A decade ago, it was envisaged that the treatment of hypercho-
lesterolemia and hypertension would eventually eliminate coro-
nary 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 con-
tinues 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 low-
density lipoprotein cholesterol versus therapies that are direct-
ed 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.
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primary care physicians, nurse practitioners, physician assis-
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ABSTRACT: Elevated low-density lipopro-
tein cholesterol (LDL-C) is a well-estab-
lished independent risk factor for coro-
nary 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 ad-
dress 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 suggest-
ed 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 improve-
ment in the atherogenic dyslipidemia 
will achieve the projected reduction in
cardiovascular events, and which combi-
nation is associated with the most favor-
able outcomes.

More than a decade ago, it was en-
visaged that treating hypercholes-
terolemia and hypertension, the 2
major risk factors of cardiovascular
disease (CVD), would significantly
lower the incidence of CVD.1 Al-
though, as expected, age-adjusted
CVD death rates have declined in de-
veloped nations, CVD is estimated to
be the leading cause of death world-
wide, with a significant increase in
disease burden in low-income and
middle-income countries.2

Low-density lipoprotein choles-
terol (LDL-C) is strongly related to
development and progression of
CVD, and lowering of LDL-C lowers
the risk of incident and recurrent car-
diovascular events and mortality. Cur-
rent treatment paradigms for the pre-
vention of CVD recommend the use
of statin therapy to achieve choles-
terol goals, which have shown a sig-
nificant 30% to 40% reduction in car-
diovascular events, as documented in
clinical trials.3,4 Despite the use of op-
timal statin therapy to lower LDL-C
levels, a significant number of pa-
tients continue to be at high risk for
cardiovascular events. Thus, some
have suggested adopting a more
comprehensive approach, which in-
cludes modification of other lipopro-
tein fractions to address this burden
of “residual risk.”5 This article will re-
view the pathophysiology of athero-
sclerosis, and provide a comprehen-
sive evidence-based overview of the
available treatment options to man-
age residual risk in patients with 
dyslipidemia.

PLASMA LIPIDS AND
LIPOPROTEINS

There are 4 major types of
lipids that circulate in plasma: cho-
lesterol and cholesteryl esters, phos-
pholipids, and triglycerides (TGs).6

Cells obtain cholesterol either by 
intracellular synthesis or by reup-
take from the systemic circulation.7

The function of the lipid transport
system is to ferry these hydropho-
bic 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 lipopro-
tein particles before secretion into
plasma.7 Typically, a lipoprotein par-
ticle is composed of a core of TGs
and cholesteryl esters that are cov-
ered by an envelope of phospholipids
and free cholesterol. Based on size,
density, lipid, and apolipoprotein con-
tent, lipoprotein particles can be sep-
arated into distinct classes: high-den-
sity lipoprotein (HDL), LDL, very
low-density lipoprotein (VLDL), in-
termediate density lipoprotein (IDL),
and chylomicrons.6 Apolipoproteins,
the protein moieties on the outer sur-
face of lipoproteins, provide structur-
al 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 mem-
brane synthesis.8 In the exogenous
pathway, dietary fat and cholesterol
first pass through the intestinal lym-
phatic 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 mono-
glycerides and diglycerides, which
are taken up by intestinal cells, the
enterocytes.

To facilitate transportation
through lymphatic venous circula-
tion, the constituent free fatty acids
and glycerides, which are first re-
assembled into TGs, are transformed
into chylomicrons by the addition of

apolipoprotein (apo) B48. As the TG-
rich chylomicrons pass through the
capillary beds, a part of the TG con-
tent is removed by the catabolic ac-
tivity of lipoprotein lipase, leaving the
core of the remnant particles con-
taining 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 syn-
thesized in the liver are assembled
into VLDL particles before their se-
cretion 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 cir-
culation, while the remainder is con-
verted 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 pe-
ripheral cells, such as arterial wall
macrophages, by nascent cholesterol-
poor HDL, which is then converted
to mature HDL2 through the activity
of lecithin-cholesterol acyltransferase
(LCAT). In addition, a cholesterol
ester transfer protein (CETP) medi-
ates a net exchange of TGs for cho-
lesteryl esters to facilitate the transfer
of cholesterol from HDL to VLDL
remnants.8 Such bidirectional trans-
fer of constituents between lipopro-
teins allows the acquisition of specif-
ic 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 in-
flammatory disorder of blood vessels,
which results in asymmetric focal
thickenings of the arterial intima.9

The atheroma is preceded by the for-
mation of a fatty streak consisting of
macrophages and some T lympho-
cytes. The center of the atheroma
has a core region with foam cells
(cholesterol-rich macrophages) and
extracellular lipid droplets, surround-
ed by a cap of smooth muscle cells
and a collagen-rich matrix. T cells,
macrophages, and mast cells often in-
filtrate the lesion and are present
around the shoulder region, where
the atheroma grows.9-11

Myocardial infarction occurs be-
cause of complete coronary artery
occlusion resulting from atheroma-
tous plaque that is covered by over-
lying thrombus. It was previously
thought that progressive luminal nar-
rowing was the main cause of infarc-
tion.1 However, angiographic studies
have identified that destabilization of
plaque with overlying occlusive
thrombus, rather than progressive
stenosis, precipitates ischemia and in-
farction.1,12 What might be the cause
of coronary thrombosis? Plaque rup-
ture, detectable in 60% to 70% of
cases, exposes prothrombotic mate-
rial 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 in-
flammatory cytokines, coagulation
factors, and vasoactive molecules that
destabilize lesions and promote
thrombosis.1

Endothelial activation. Hyper-
cholesterolemia causes focal activa-
tion of the endothelium in large- and
medium-sized arteries.1 The activa-
tion 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 in-
tima by aggregation, binding to pro-
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teoglycan matrix, and absorption by
macrophages. The inflammatory ef-
fect of LDL can be modified by gly-
cosylation or oxidation, which facili-
tates the cholesterol loading of
macrophages.16 Further, it has been
recently discovered that apo CIII, a
component of some of these lipopro-
teins, directly stimulates the inflam-
matory process in vascular tissue.17,18

The endothelial cells that are ac-
tivated by the lipoproteins are respon-
sible 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 in-
tima induce the differentiation of
monocytes into active macrophages—
a critical early step in the development
of atherosclerosis—and attract colla-
gen-producing smooth muscle cells
into the intima.1

Formation of atherosclerotic
plaques. Scavenger receptors on the
surface of activated macrophages en-
able the uptake of aggregated and
modified LDL and remnant VLDL
particles.19 These macrophages trans-
form into foam cells, and accumulate
in the intimal space to form a fatty
streak.7 As fatty streaks continue to
transform the once-smooth endothe-
lial 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 initia-
tion 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 com-
pensatory mechanism. Given that
lumen stenosis may be delayed until
40% of the internal elastic lamina area
is occupied by lesion,20 evidence of lu-
minal obstruction on coronary an-
giography is more likely to indicate
an advanced lesion. Lower-grade le-

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 iden-
tified that are associated with the de-
velopment of coronary heart disease
(CHD).21 Two such risk factors, ele-
vated TGs and reduced HDL-C, often
occur together and, when both are
present, the patient is said to have
“atherogenic dyslipidemia.” Athero-
genic dyslipidemia is prevalent in 
persons with obesity, insulin resis-
tance, 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 popula-
tions.25 Furthermore, the study
showed a strong and graded relation-
ship between saturated fat intake,
serum cholesterol, and the incidence
of CHD, whereas dietary cholesterol
had a weaker correlation.25

In the Framingham studies, in-
creased 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 pres-
ent together, additively increase the
risk of CVD.26

A contentious issue is the rela-
tive strength of LDL-C compared
with non-HDL-C and apo B. Non-
HDL-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 Al-
though 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 phe-
nomenon; 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 infarc-
tion than LDL particle size, and that
LDL particle size had no effect be-
yond 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 contrib-
utor of CHD risk, as some have
found that large LDL was associated
with CVD.29 This is consistent with
the observation that patients with fa-
milial hypercholesterolemia have
large LDL.

Reduced HDL-C. Population-
based studies have consistently
shown that a low level of HDL-C is a
powerful predictor of increased car-
diovascular risk; nonetheless, it re-
mained 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 mul-
tivariate analysis from the Treating to
New Targets (TNT) study, HDL-C lev-
els were a significant predictor of
major cardiovascular events across
the entire study cohort, even when
LDL-C was reduced to an on-treat-
ment level of less than 70 mg/dL
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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 
contribute to increased coronary heart disease risk.

□ Yes        □ No

2. Differentiate the factors that contribute to residual
risk, including HDL-C and TG.

□ Yes        □ No

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        □ No

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

□ Yes        □ No

If no, please explain: ______________________________

________________________________________________

Please rate the program on the following parameters
using a scale of 1 to 5, where 1 = Never, 
2 = Not very often, 3 = Sometimes, 4 = Very often,
and 5 = Always.

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
combination with drug therapy

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

5 4 3 2 1 N/A

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

2. Based on your completion of this CME supplement,
how often do you now plan to use each of the 
following strategies when treating patients with 
dyslipidemia?

a. Lifestyle changes (weight loss, diet, exercise) in
combination with drug therapy

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

5 4 3 2 1 N/A

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

Effectiveness of this method of presentation:

Excellent Very good Good Fair Poor
5 4 3 2 1

What other topics would you like to see addressed? 

________________________________________________

________________________________________________

________________________________________________

Comments: ________________________________________

________________________________________________

________________________________________________

________________________________________________
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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

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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