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Foreword

The critical role of lipid management in the prevention of atherosclerotic dis-
ease and its various clinical sequelae is one of the most intensively studied
issues in modern medicine. Cholesterol and lipid metabolism are complex
and impact the structure and function of cellular organelles, tissue types and
whole biological organisms. The circuitry of lipoprotein metabolism and the
intricate roles of the gastrointestinal tract and the liver in cholesterol and
lipid handling are reasonably well understood. Atherogenesis involves com-
plex interactions among lipoproteins, inflammatory and oxidative mediators,
and a variety of cell types, which conspire to induce the formation of foam
cells, fatty streaks, and atheromatous plaques in the vasculature. By ther-
apeutically modulating lipoprotein metabolism with drugs such as statins,
fibrates, nicotinic acid and fish oils, the development and rate of progression
of atherosclerotic disease can be delayed.

A variety of guidelines have been promulgated for lipid management
throughout the world. These guidelines are evidence based and incorpo-
rate data from epidemiologic investigation, clinical trials, and a variety
of other studies (both basic scientific and observational) to derive best
practice recommendations. Guidelines are quite consistent in emphasizing
the need to reduce serum concentrations of atherogenic lipoproteins such
as low-density and very low-density lipoproteins and increase circulating
levels of high-density lipoproteins, a class of lipoprotein believed to be
anti-atherogenic. Combinations of lifestyle modification and pharmacologic
intervention are frequently required to help patients at risk attain their var-
ious lipoprotein goals. Compliance with guidelines routinely falls short of
stated targets, especially among patients at high risk for acute cardiovas-
cular events. This is despite the fact that aggressive lipid management is
consistently associated with significant reductions in risk for cardiovascular
events, including myocardial infarction, stroke, and death.

Practical Lipid Management: Concepts and Controversies fills an
important gap in the literature. Drs Toth and Maki have written a con-
cise, lucid textbook that is true to its title: a book that is practical, yet also
addresses key concepts and controversies in the relationships between var-
ious lipids and risk for cardiovascular disease. This book is designed for
the busy clinician who needs authoritative information in a user-friendly
format. In addition to covering key management issues associated with
specific forms of dyslipidemia, the authors carefully detail the mechanis-
tic basis of atherogenesis, the epidemiologic investigations that elucidated



Xiv FOREWORD

the relationship between lipids and atherosclerotic disease, the evolution of
the National Cholesterol Education Program’s Adult Treatment Panel, risk
assessment, the design and interpretation of clinical trials, the role of lipid
management in women and racial minorities, and the use of emerging risk
factors and biomarkers. Illustrative case studies emphasizing the variety of
dyslipidemias one can expect to encounter in primary care and suggested
approaches to their management are also provided. A feature of this textbook
is the presentation of a series of “sidebars”, which critically and insightfully
appraise several controversies in modern lipid management.

The stated goal of this book is to improve patient care among patients
afflicted with dyslipidemia. The health care providers who read and apply
the contents of this excellent, practical textbook will certainly be empowered
to achieve this objective.

Christopher P. Cannon, M.D.

TIMI Study Group

Brigham and Women’s Hospital
Harvard Medical School
Boston, MA

USA



Preface

The US National Cholesterol Education Program (NCEP) Adult Treatment
Panel I Guidelines for the Detection, Evaluation and Treatment of High
Cholesterol were published in 1988 and have since undergone two major
and several less comprehensive updates. Since the time that the first large,
randomized clinical event trials were published showing that cholesterol
lowering with medication reduced cardiovascular events, an enormous body
of literature has evolved that has continued to support the critical role of
dyslipidemia management in the prevention of atherosclerotic disease and
its consequences, including myocardial infarction and acute coronary syn-
dromes, stroke, intermittent claudication, and mortality.

Lipid and sterol metabolism involve highly evolved biochemical path-
ways and regulatory circuitry of great complexity. Lipids are crucial to the
structural and functional integrity of all mammalian cell types. Numerous
lipid species are involved in cell signaling, formation of specialized mem-
brane domains, and serve as oxidizable substrate in intermediary metabolism,
among many other functions. Lipoproteins have evolved as highly special-
ized transport vehicles of lipids and sterols in aqueous media. When present
in excess, the lipids and sterols in lipoproteins are pathogenic and constitute
key potentiators of atherosclerotic disease.

As insights into the pathophysiologies of various dyslipidemias and their
relationships to atherothrombosis have become further refined, so too has
the complexity of the guidelines for lipid management. The current recom-
mendations recognize five risk categories and include primary, secondary,
tertiary, and optional treatment goals. These guidelines continue to empha-
size the enormous need for aggressive, sustained lifestyle modification in
patients with dyslipidemia; they introduced the concept of non-high-density
lipoprotein cholesterol (non-HDL-C); a new definition for the metabolic syn-
drome; defined five clinical entities as coronary heart disease (CHD) risk
equivalents; emphasized the need for Framingham risk scoring for strati-
fying patient risk; and redefined the threshold for what constitutes a low
serum HDL-C. Fortunately, the number of drugs in our therapeutic arma-
mentarium has expanded with the addition of new classes of medications
for altering the lipid profile allowing the clinician to help more people than
ever before to maintain lipid levels within the recommended ranges. Sev-
eral promising classes of lipid modifying drugs are currently in late-stage
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development. Many of these will allow clinicians to more specifically target
therapies towards specific molecular lesions and metabolic impairments of
lipoprotein metabolism.

Although it is difficult to overstate the importance of sound lipid man-
agement, clinicians are faced with a daunting collection of options and
recommendations to keep track of and apply, not only for evaluation and
treatment of lipid disorders, but also for other conditions including hyper-
tension, diabetes, asthma, various cancers, and a variety of other commonly
encountered medical issues. In the authors’ experience, interest in lipid man-
agement and the desire to follow current treatment recommendations are
high, but busy clinicians are overwhelmed by the amount of information
that must be committed to memory. Further complicating this is the fact
that the number of cardiovascular clinical trials in progress at any given
time is staggering. Keeping up with the flow of this much information is
extremely challenging to absorb and to apply in daily clinical practice.

When speaking to clinicians about lipid management, particularly those
in primary care, the authors have repeatedly been asked to recommend a
book that includes a concise, user-friendly overview of the lipid manage-
ment process, while providing balanced and informed perspectives on issues
about which expert opinion is divided or rapidly evolving. Practical Lipid
Management: Concepts and Controversies is an attempt to provide such a
source of information to a target audience that includes primary care clin-
icians (physicians, advanced practice nurses, physician assistants), as well
as clinicians in training, pharmacists, and dietitians.

The need for increased clinician education about dyslipidemia man-
agement was demonstrated by a national survey of lipid management in
clinical practice in 2003. This survey, the National Cholesterol Education
Program Evaluation Project Utilizing Novel E-technology II (NEPTUNE
IT), confirmed that several treatment gaps exist between current recommen-
dations and results obtained in clinical practice, particularly with regard to
the features of the NCEP guidelines that are relatively new. For example,
the concept of CHD risk equivalents and the inclusion of non-HDL-C treat-
ment targets were added to the NCEP guidelines in 2001. Among patients
categorized as having CHD risk equivalents in NEPTUNE II, low-density
lipoprotein cholesterol (LDL-C) goal achievement ranged from 55% among
patients with diabetes to only 40% among those with other CHD risk equiva-
lents. Furthermore, in patients with triglycerides >200 mg dl~! (one-quarter
of the study sample), only 17-33% of those in the CHD and risk equivalents
subcategories had achieved both their LDL-C and non-HDL-C goals.

While the results from NEPTUNE II show substantial improvement
compared with those from a similar previous survey (the Lipid Treatment
Assessment Programme) that was completed in 1997, a great deal of room
for improvement still exists. This is especially true in light of updated treat-
ment recommendations that emphasize the value of even more aggressive
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optional targets for LDL-C and non-HDL-C for patients in newly created
“very high risk” and “moderately high risk” categories. The authors believe
that Practical Lipid Management will be a useful tool for clinicians seek-
ing to enhance their skills and knowledge in this area. The diagnosis and
management of dyslipidemias constitutes the cornerstone for preventing car-
diovascular events in both the primary and secondary settings. It is our
sincere wish that this book will heighten awareness of the importance of lipid
management and contribute meaningfully to the prevention of atheroscle-
rotic disease and its many clinical sequelae.

Peter P. Toth, MD, PhD
Sterling Rock Falls Clinic
Sterling, Illinois, USA

Kevin C. Maki, PhD
Provident Clinical Research
Glen Ellyn, Illinois, USA
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1 Epidemiology of Lipids, Lipid
Management and Risk for
Coronary Heart Disease:

An Overview

Key Points

e Epidemiological studies have shown that a large percentage of the
variation within and between countries in coronary heart disease (CHD)
incidence can be accounted for by lipid-associated risk factors.

More than 90% of the population-attributable risk for CHD can be
explained by potentially modifiable risk factors (lipids, blood pressure,
body weight, diabetes, psychosocial factors, diet, and physical activity).

Clinical trials have shown that each 1% reduction in low-density
lipoprotein cholesterol (LDL-C) is associated with a reduction of approx-
imately 1% in CHD risk. However, observational data suggest that the
benefit may be as much as 3% CHD risk reduction per 1% decrement
in LDL-C if maintained for many years.

e The non-high-density lipoprotein cholesterol (non-HDL-C) level is
highly correlated with the level of apolipoprotein B and is a better pre-
dictor of CHD risk than LDL-C in patients with elevated triglycerides
(=200 mg di~"); therefore non-HDL-C goals have been established
by the National Cholesterol Education Program (NCEP) as secondary
targets for patients with elevated triglycerides.

e National surveys indicate that cholesterol management in clinical prac-
tice has improved dramatically since 1997, although recent research
shows some groups are at increased risk for not achieving their

Practical Lipid Management: Concepts and Controversies Peter P. Toth and Kevin C. Maki
© 2008 John Wiley & Sons, Ltd



2 EPIDEMIOLOGY OF LIPIDS, LIPID MANAGEMENT

treatment targets, including patients with elevated triglycerides, women,
minorities, current smokers, and those with CHD risk equivalents.

e Based on recently published evidence that reducing LDL-C to levels
well below 100 mg di~" is associated with further reductions in risk, the
NCEP has issued optional treatment targets for patients at very high
risk, including LDL-C < 70 mg dl~".

o [t is likely that use of high-dose statin and multidrug therapy will need
to expand in order to achieve these more aggressive goals.

1.1 EARLY HISTORY OF CARDIOVASCULAR
EPIDEMIOLOGY

As recently as 1950, the prevailing view in the medical community was that
atherosclerosis was a degenerative condition that was an inevitable result
of aging. In the early 1950s, Ancel Keys and colleagues documented that
mortality from CHD varied enormously between countries [1]. The results
of the Seven Countries Study showed that coronary mortality differed by
roughly 10-fold between countries and that the average circulating choles-
terol level was strongly associated with coronary death [1, 2]. Later studies
showed that when groups of people migrated from developing countries to
more developed western countries, and adopted lifestyle features of their
new home, their blood cholesterol levels rose and this was accompanied
by an increase in CHD [3]. These findings were supported by results from
early autopsy studies that showed marked variation in cholesterol levels and
coronary atherosclerosis between countries [1].

The Framingham Heart Study was initiated in 1948 and provided the
foundation for the idea that variation in CHD rates within a population could
be predicted by several “risk factors”. In fact, the term risk factor was first
used in 1961 in a publication from this landmark investigation, which mea-
sured various characteristics of a group of roughly 5000 residents in the town
of Framingham, Massachusetts and followed them over decades to deter-
mine what features were associated with CHD and other cardiovascular
events.

Epidemiology is the study of the distribution and determinants of dis-
ease in human populations. Before the middle of the twentieth century,
epidemiological methods had mainly been employed in the study of infec-
tious diseases (“epidemics”). The Framingham Heart Study has contributed
hundreds of papers to the scientific literature that helped to establish the
risk factors that were associated with the development of CHD. Many of
these were identifiable years or decades before clinical events, suggesting
the potential for prevention through risk factor modification.
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Thus, the foundation laid by the study of risk factors associated with
variations in CHD incidence between and within populations has allowed
the development of clinical tools for risk stratification, such as the Fram-
ingham Risk Score, that has been incorporated into the NCEP guidelines
[4]. A central feature of the approach advocated by the NCEP is match-
ing the intensity of lipid modification with the level of CHD risk. The
NCEP method entails use of major CHD risk factors (sex, age, HDL-C,
smoking status, blood pressure, diabetes) and the presence or absence of
clinical atherosclerosis to stratify subjects according to 10-year CHD risk.
Specific treatment goals for LDL-C are recommended, with those at the
highest risk (known CHD or risk equivalents) having the most aggressive
goals.

1.2 LIPID RISK FACTORS ARE CENTRAL
TO EFFORTS AT CHD PREVENTION

Recently, the INTERHEART study evaluated the relationships between
major risk factors identified in earlier epidemiologic investigations and CHD
in 52 countries [5]. This global investigation showed that nine potentially
modifiable risk factors could explain more than 90% of the variation in
acute myocardial infarction among men and women (Table 1.1).

The results from INTERHEART illustrate the importance of lipid-related
risk factors. Because of its strong association with CHD risk and high
prevalence, an elevated ratio of apolipoprotein B to Al explains nearly half
(49.2%) of the global population-attributable risk for CHD. Apolipopro-
tein B is the main protein constituent of atherogenic lipoproteins (LDL,
very low-density lipoprotein (VLDL), and remnants of triglyceride-rich
particles), whereas apolipoprotein Al is the main protein constituent of
HDL, which is inversely associated with CHD risk. Accordingly, these
apolipoprotein concentrations indicate the number of circulating athero-
genic (apolipoprotein B) and protective (apolipoprotein Al) lipoprotein
particles.

Clinically, lipoprotein cholesterol levels are more commonly measured
than apolipoproteins. Many studies have shown that levels of non-HDL-C
and HDL-C are highly correlated with apolipoprotein B and Al levels,
respectively, and have predictive values that are only slightly less robust
than those of apolipoproteins [6]. The NCEP ATP III guidelines have rec-
ommended the use of lipoprotein cholesterol (LDL, non-HDL and HDL)
and triglyceride concentrations for assessment of CHD risk status. Treat-
ment goals have been recommended for LDL-C as the primary target of
lipid management, and non-HDL-C as a secondary target for patients with
elevated triglycerides (=200 mg dI~!). Treatment targets are discussed in
detail in Chapter 3.



4 EPIDEMIOLOGY OF LIPIDS, LIPID MANAGEMENT

Table 1.1 Potentially modifiable risk factors, their association with coronary heart
disease case status and estimated population-attributable risk in the INTERHEART
study.

Category Variable Odds Population-

ratio®  attributable
risk (%)

1. Lipids Apo‘ B/Apo Al ratio  3.25 49.2

2. Smoking Current, past, never 2.87 35.7

3. Psychosocial factors Composite 2.67 32.5

4. Abdominal obesity Waist hip ratio 1.62 20.1

5. History of hypertension Yes, no 1.91 17.9

6. Fruit and vegetable intake =~ Frequency 0.70 13.7

7. Physical activity Frequency 0.86 12.2

8. Diabetes mellitus Yes, no 2.37 99

9. Alcohol intake Frequency 0.91 6.7

Total 90.4

“Estimated from a logistic regression model adjusted for age, sex and all other variables.
Comparisons for odds ratios were as follows: apolipoprotein B/AI ratio, top versus lowest
quintile; smoking, current versus never; psychosocial factors, index for depression, general
stress, low locus of control, major life events, versus nonexposure to all five factors; abdominal
obesity, top versus bottom tertile; hypertension and diabetes history, yes versus no; physical
activity, >4 hours per week versus <4 hours per week; alcohol consumption >3 times per
week versus <3 times per week; daily fruit and vegetable intake versus none or irregular.

b Population-attributable risk is the percentage of cases that can be attributed to this risk factor
given the probability of exposure in the population and the increase or decrease in relative
risk (or relative odds) associated with the risk factor.

¢ Apo, apolipoprotein.

Adapted from Yusuf ez al. (2004) Lancet, 364, 937-52, [5] with permission from Elsevier.

1.3 LDL-C AND CHD RISK

LDL particles typically carry a majority of the circulating cholesterol and
evidence from population, laboratory and intervention studies has clearly
shown that these particles are atherogenic. Populations that maintain LDL-C
<100 mg dI~! have very low rates of CHD. The average LDL-C concentra-
tion among adults in the United States of America (USA) is ~123 mg d1~!
[7]. Therefore, a majority of the population can be considered to have some
increase in CHD risk due to elevation in LDL-C, which accounts, in part,
for the high lifetime risk for clinical CHD in the USA: 49% for men and
32% for women [8]. When other consequences of atherosclerotic disease
(e.g. stroke, peripheral arterial disease, and revascularization procedures)
are considered, it becomes evident that a majority of Americans can be
expected to suffer from clinical atherosclerotic disease at some time in their
lives. Lifetime risk for cardiovascular disease is approximately two in three
for men and one in two for women in the USA [9].
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A strong linear relationship exists between the level of LDL-C and CHD
risk that is independent of other major CHD risk factors. Clinical trials of
interventions for lowering LDL-C have consistently shown reduced CHD
events after various treatments to lower LDL-C including diet, ileal bypass
surgery, and drug therapy with bile acid sequestrant and statin drugs [4].
Meta-analyses [4, 10, 11] indicate that benefits are observed in all subgroups
studied, including those with or without prior evidence of atherosclerotic
disease, in the presence or absence of other risk factors such as diabetes
or hypertension, and at all baseline levels of lipids and lipoproteins. Recent
studies suggest that the relationship between LDL-C and CHD event rate
extends to LDL-C levels well below 100 mg dl~! (Figure 1.1), which
prompted the NCEP to recommend an optional LDL-C treatment goal of
<70 mg d1~! for patients at “very high risk” [12, 13].
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Figure 1.1 Low-density lipoprotein cholesterol levels and proportion of subjects
with coronary heart disease events in secondary prevention trials. 4S, scandinavian
simvastatin survival study; ALLIANCE, aggressive lipid-lowering initiation abates
new cardiac events trial; AT, atorvastatin (10 or 80 mg); CARE, cholesterol and
recurrent events trial; HPS, heart protection study; LIPID, long-term intervention
with pravastatin in ischemic disease trial; P, placebo; PR, pravastatin; PROSPER,
prospective study of pravastatin in the elderly at risk; PROVE-IT, pravastatin or
atorvastatin evaluation and infection therapy trial; R2, coefficient of determination;
S, simvastatin; TNT, treating to new targets trial; UC, usual care. From Maki, K.C.
et al. (2005) The American Journal of Cardiology, 96 (suppl 9A), S9K-64K, [13]
with permission from Elsevier.
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1.4 LDL-C LOWERING AND CHD RISK
REDUCTION

Clinical trial results have shown that each 1% reduction in LDL-C reduces
CHD event risk by roughly 1% over a period of five years. However,
atherosclerotic disease develops and progresses over decades. Accordingly,
trials of three to six years may be insufficient to demonstrate the full ben-
efit of LDL-C lowering. Evidence from observational studies suggests that
the benefits may be larger if reduced LDL-C concentrations are maintained
over an extended period. For example, Cohen et al. [14] studied the effects
of mutations in a protease gene involved in LDL receptor degradation on
LDL-C levels and CHD events in the Atherosclerosis Risk in Communities
study. They found that a version of the mutation that was associated with a
28% lower LDL-C level was also associated with a remarkable 88% reduc-
tion in the incidence of CHD. Another mutation that was associated with
a 15% lower level of LDL-C was associated with a 47% reduction in the
incidence of CHD. These findings, as well as inter-country comparisons,

M Years 1-28 Years 3-58 Year 6+ |

Event Difference from Placebo

<30 mg/dL 30-55 mg/dL >55 mg/dL
LDL-C Reduction

Figure 1.2 Effects of low-density lipoprotein cholesterol (LDL-C) reduction and
length of treatment on the difference from placebo in ischemic heart disease events
based on a meta-analysis of 50 trials of lipid modification with at least one year
of treatment. Adapted from Law, M.R. et al. (2003) British Medical Journal, 326,
1423-30 [10] with permission from BMIJ Publishing Group.
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suggest that each 1% lowering of LDL-C might produce a 2—3% reduction
in CHD risk if maintained over an extended period [2]. Clinical trial results
provide some support for this concept, in that they have generally shown
greater risk reduction with longer treatment (Figure 1.2), although few trials
have extended beyond six years, limiting the conclusions that can be drawn
from the available data.

In the past a great deal of debate has surrounded the question of how
aggressively LDL-C should be managed in elderly patients. One reason
for this was that the relative risk increase for an elevated level of LDL
cholesterol in epidemiological studies was smaller in the elderly than in
younger subjects. However, the benefits of preventive therapies depend not
only on the relative risk reduction that can be achieved, but also on the
absolute risk of the individual for the event. For example, if the relative
risk reduction associated with a 30% lowering of LDL-C in a younger
individual is 30%, but only two-thirds of that (20%) in an elderly individual,
the absolute risk reduction is larger for the older patient because of the
higher baseline risk. Average 10-year risk for a 72-year-old man in the USA
is ~25%, whereas that for a 45-year-old man is ~6%. A 20% reduction
for the older man reduces event risk by 5%, whereas a 30% reduction
for the younger man reduces absolute event risk by only 1.8%. Therefore,
the NCEP treatment goals for LDL-C apply across the age spectrum in
adults.

1.5 OTHER ATHEROGENIC LIPOPROTEINS:
ATHEROGENIC REMNANTS

While the data supporting the relationship between increased LDL-C and
CHD risk are extremely well established, other atherogenic lipoproteins
also appear to contribute to CHD risk. For years it has been recognized
that elevated levels of triglycerides were associated with increased CHD
incidence. However, because the triglyceride concentration varies substan-
tially from day-to-day and hypertriglyceridemia is associated with a number
of other risk factors including depressed levels of HDL-C; small, dense
LDL particles; and increased levels of inflammatory and hemostatic mark-
ers, determining the independent contribution of elevated triglycerides to
CHD risk was difficult. In recent years it has become clear that remnants of
triglyceride-rich lipoproteins, including VLDL, intermediate-density lipopro-
tein (IDL), and chylomicron remnant particles, are atherogenic. Although
technology exists to measure remnant particles, or the lipids carried by such
particles, these are mainly research tools. In clinical practice, the VLDL-C
concentration may be used as an indicator of the circulating level of athero-
genic remnants and a target for modification.
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In patients with triglyceride levels <200 mg dl~!, a large majority of
the cholesterol carried by atherogenic particles is carried by LDL particles.
Therefore, the primary therapeutic strategy is to maintain LDL-C at an
acceptable level for the patient’s CHD risk status. However, when the
triglyceride level is elevated (=200 mg dl~!), levels of atherogenic rem-
nants are also increased, thus the LDL-C level alone does not fully account
for the burden of circulating atherogenic particles.

Non-HDL-C is calculated as the difference between the total and HDL-C
concentrations. It represents all of the cholesterol carried by potentially
atherogenic particles containing apolipoprotein B, including LDL, VLDL,

Men
Non-HDL-C No. of Deaths
(mg dL) (Subjects)
L
<160 60 (790)
160 to <190 56 (653) 1
190 to <220 53 (506) | |
=220 65 (432) | |
I 1
LDL-C (mg dL™")
L
<130 60 (794)
130 to <160 68 (694) A
160 to <190 57 (532) } |
=190 49 (361) | . |
T T T T T

T T T T T T 1
0 0.25 050 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00
RR* with 95% CIT

Women
Non-HDL-C No. of Deaths
(mg dL™1) (Subjects)
<160 28 (898) 9
160 to <190 27 (465) f o |
190 to <220 21 (337) f |
>220 37 (333) f |
LDL-C (mg dL™")
<130 29 (707) L
130 to <160 26 (535) F———o1—
160 to <190 25 (427) F———o—
2190 33(364) | . :

0 050 1.00 150 200 250 300 350 4.00
RR* with 95% CIT

Figure 1.3 Cardiovascular disease mortality by non-high-density lipoprotein choles-
terol and low-density lipoprotein cholesterol levels in men and women. RR, relative
risk; CI, confidence interval. Adapted from Cui, Y. et al. (2001) Archives of Internal
Medicine, 161, 1413-19, [15].
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IDL, lipoprotein(a), and chylomicron remnant particles. The level of
non-HDL-C is highly correlated with the apolipoprotein B concentration,
and, like apolipoprotein B, has been found to be a better predictor of car-
diovascular mortality than LDL-C (Figure 1.3) [15]. Accordingly, the NCEP
ATP III recommended non-HDL-C goals as secondary targets for treatment
in patients with elevated triglycerides (=200 mg dl~!). As discussed in
Chapter 3, the non-HDL-C goal is 30 mg dI~! above the LDL-C goal for
each risk category. Thus, although the triglyceride level is used for classifi-
cation, treatments goals focus on reductions in lipoprotein cholesterol levels
(LDL-C and VLDL-C) rather than on triglycerides per se.

1.6 HDL-C AND CHD RISK

Population studies have consistently shown a strong inverse correlation
between HDL-C and CHD risk. Each decrement of 1% in HDL-C is
associated with an increase of 2-3% in CHD event rate. Evidence from
animal studies and from genetic conditions associated with low or high cir-
culating levels of HDL or HDL-C suggests that these particles may play a
direct role in atherogenesis. HDL particles are involved in “reverse choles-
terol transport,” acting to remove cholesterol from peripheral tissues, includ-
ing foam cells in the arterial wall, and delivering it to the liver for excretion,
either directly or via transfer to other lipoproteins (VLDL and LDL).

Although the weight of the evidence suggests that HDL particles are
directly antiatherogenic, the mechanisms by which they exert their effects
are only partially understood (see Chapter 7 for further discussion). Unlike
LDL, no drugs have been tested in outcomes studies that markedly alter
the HDL concentration without concomitant effects on other lipoproteins
(VLDL and LDL). However, multivariate statistical analyses of results from
clinical trials suggest that increases in HDL-C induced by some lipid drugs
such as statins and fibrates do contribute to the observed reductions in
cardiovascular event rates [4].

Several mechanisms exist through which the HDL-C or HDL particle
concentration can be increased, but it is not certain that all will be benefi-
cial. Moreover, the HDL-C concentration is strongly associated with levels
of other risk factors such as triglycerides, remnant lipoproteins and small,
dense LDL particles. Therefore, the degree to which a reduced HDL or
HDL-C level is contributing directly to CHD risk still remains unclear. A
low HDL-C concentration (<40 mg dl~!) is counted as a major CHD risk
factor for risk stratification, and as a component of the Metabolic Syn-
drome (<40 mg dl~! for men, <50 mg dI~'L for women) in the NCEP
recommendations. Therapeutic efforts to raise HDL-C are via non-drug and
drug therapies are advocated for those with low levels, particularly weight
loss, increased physical activity, and smoking cessation, where appropriate.
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However, the ATP III did not establish HDL-C treatment goals. Risk
stratification and identification is covered in detail in Chapter 4.

1.7 TRENDS IN LIPIDS AND LIPID MANAGEMENT
IN THE USA

The results of the Lipid Research Clinics Coronary Primary Prevention
Trial were published in 1984, which provided the first clear evidence from
a randomized clinical trial that lowering the circulating cholesterol level
results in a reduction in CHD events [16]. The ATP I recommendations
from the NCEP were published in 1988, followed by ATP II in 1993 and
ATP III in 2001. A national survey of lipid management in clinical practice
called the Lipid Treatment Assessment Program was conducted in 1996 and
1997. Despite the fact that the survey focused on physicians who were high
prescribers of lipid-altering drug therapies, the results showed that only 38%
of patients overall had achieved their target LDL-C concentration and that
only 18% of those with CHD had an LDL-C concentration of 100 mg d1~!
or less, as recommended by the ATP II guidelines [17].

Data from the National Health and Nutrition Examination Surveys show
that the average serum cholesterol level among men and women 60-74
years of age in the USA declined by more than 9% between the 1976—-1980
and 1999-2002 surveys [7]. The fall in average cholesterol level was much
larger during this period among older individuals than among younger par-
ticipants (<40 years), who showed declines of 2—4%. This decline was
likely due to a combination of lifestyle changes (e.g. less consumption of
saturated fat and cholesterol) and greater use of cholesterol-lowering drug
therapies. Between the 1988—1994 and 1999-2002 surveys, the fraction of
men 60-74 years of age who reported use of a cholesterol-lowering medi-
cation increased from 6.8 to 24.3%. The corresponding numbers for women
were 8.7 and 21.6%, respectively. The expanded use of cholesterol-lowering
drug therapy corresponded with a period when data from large, randomized
clinical trials of lipid-altering interventions, particularly statin drugs, were
rapidly accumulating.

1.8 THE NATIONAL CHOLESTEROL EDUCATION
PROGRAM EVALUATION PROJECT USING
NOVEL E-TECHNOLOGY (NEPTUNE) 11
SURVEY

In 2003, the NEPTUNE II survey was conducted as a follow-up to the Lipid
Treatment Assessment Program. This national survey of patients receiv-
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ing lipid management from physicians who were high prescribers of lipid-
altering drugs showed that 67% of the 4885 subjects had achieved their
LDL-C treatment goal, including 62% of those with CHD [18]. These rates
of treatment success compared favorably with those from 1997 (38 and 18%,
respectively) [17]. However, despite the fact that the survey only included
patients of physicians who were high prescribers of lipid-altering medica-
tions, and therefore likely to have been managing lipids more effectively
than average, several gaps existed between the NCEP ATP III recommen-
dations and what was achieved in practice.

Treatment success was strongly related to risk category (Figure 1.4)
[18]. Most subjects (89%) with 0—1 risk factor (LDL-C goal <160 mg dI~')
had achieved their LDL-C goal, whereas only 57% of those with CHD or
risk equivalents had achieved their treatment target (LDL-C <100 mg dI™").
Subjects with triglycerides >200 mg dl~' were less likely to have achieved
their LDL-C target in each risk category. The percentage of subjects who
had achieved both their LDL-C and non-HDL-C targets was lower still.

B LDL-C Goal EHLDL-C + Non-HDL-C Goal

100
904 B89%
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Figure 1.4 Percentage of subjects at their National Cholesterol Education Program
Adult Treatment Panel III treatment goals according to risk category for all subjects
and the subset with triglycerides >200 mg dl~! in the National Cholesterol Educa-
tion Program Evaluation Project Utilizing Novel E-technology (NEPTUNE) II survey.
LDL-C, low-density lipoprotein cholesterol; non-HDL-C, non-high-density lipopro-
tein cholesterol; RE, risk equivalent. Adapted from Davidson, M.H. et al. (2005) The
American Journal of Cardiology, 96, 556—63 [18] with permission of Elsevier.
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Notably, only 27% of those with CHD and risk equivalents had achieved
their LDL-C and non-HDL-C targets.

Factors associated with a greater likelihood of goal achievement
included older age, a greater number of major CHD risk factors, use of
drug therapy, use of a high efficacy statin (simvastatin or atorvastatin) and
treatment by a subspecialist (cardiology or endocrinology) [18]. In con-
trast, minority ethnicity, female sex (CHD and risk equivalents category
only), current smoking and presence of a non-CHD risk equivalent (diabetes,
non-CHD atherosclerosis, or multiple risk factors producing an estimated
10-year CHD risk >20%) were associated with a lower likelihood of goal
achievement [18—-20]. In addition, fewer than 10% of subjects were taking
more than one lipid medication (70% of subjects were on statin monother-
apy), which is nearly identical to the prevalence of combination drug use
in the Lipid Treatment Assessment Program.

These findings suggest that aspects of the NCEP recommendations that
are new to ATP III have not been fully assimilated into clinical practice
(e.g. non-HDL-C goals and CHD risk equivalents). They also indicate that
women, minorities and smokers are at increased risk for insufficient lipid
management and clinicians should target these groups for more aggressive
therapy. Furthermore, in light of new evidence showing that the benefits of
lipid therapy extend to levels of LDL-C <100 mg dl~!, the NCEP has issued
new, more aggressive (but optional) treatment targets [12]. It appears likely
that use of high-dose statin and multi-drug therapy will need to expand
in order to achieve these more aggressive goals. It is notable that 75%
of subjects in the NEPTUNE II study who were in the CHD and risk
equivalents category would qualify as “very high risk” and thus be eligible
for an optional LDL-C treatment target of <70 mg d1~!.

CONTROVERSY

SHOULD A MEASURE OF ATHEROGENIC LIPOPROTEIN
PARTICLE NUMBER BE USED IN RISK ASSESSMENT
AND/OR TO EVALUATE THE RESPONSE TO LIPID
THERAPY?

In recent years it has become apparent that lipoproteins other than
LDL have atherogenic potential. Triglyceride-rich lipoproteins such
as VLDL, IDL, and chylomicron remnants have been found to con-
tribute to the development and progression of atherosclerotic plaques
in animal models. Furthermore, conditions associated with elevated
levels of remnant lipoproteins in the absence of increased LDL-C
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(e.g. familial dysbetalipoproteinemia) are associated with increased
risk for CHD. These findings prompted the NCEP ATP III to establish
non-HDL-C as a secondary target for treatment. Non-HDL-C cor-
relates strongly with the circulating concentration of Apo B and
represents the cholesterol carried by all types of potentially athero-
genic particles, including LDL, lipoprotein(a), and triglyceride-rich
lipoproteins.

Since each potentially atherogenic particle contains only one
molecule of Apo B, the Apo B concentration provides a measure of
the number of circulating particles with atherogenic potential. Some
Apo B-containing particles may be more atherogenic than others. For
example, LDL particles may be more atherogenic than VLDL parti-
cles and smaller, denser LDL particles may be more atherogenic than
larger, more buoyant LDL particles. However, the gradient of athero-
genicity of Apo B containing particles has not been fully quantified
and is the subject of considerable debate (see Chapter 6 for more
detail regarding this issue). Nevertheless, several studies have shown
that Apo B or non-HDL-C predict CHD events better than LDL-C,
particularly when the triglyceride concentration is elevated, lending
support to the concept that the number of circulating atherogenic
particles is a more precise indicator of dyslipidemia-associated CHD
risk than LDL-C [1].

An additional consideration is the influence of drug therapy on
lipoprotein cholesterol levels, as compared to the number of circulat-
ing atherogenic particles. Figure 1 shows the effects of statin therapy
on LDL-C, non-HDL-C, and Apo B concentrations during a large
clinical trial, expressed as population percentiles [2]. All three vari-
ables had baseline values above the 85th percentile. During statin
treatment the mean values for LDL-C and non-HDL-C dropped to
roughly the 25th percentile. However, the mean Apo B level was
still above the 50th percentile. Thus, statin therapy lowered choles-
terol levels relatively more than it lowered the number of atherogenic
particles.

A similar conclusion has been reached when the number of LDL
particles (LDL-P) was examined with nuclear magnetic resonance in
subjects with type 2 diabetes who had LDL-C <100 mgdI~" (most
of whom were likely receiving lipid drug therapy). An LDL-C value
of 100mgdl~! represents approximately the 25th percentile in the
US population. Nearly one-quarter (23.7%) of these individuals with
LDL-C in the bottom quartile for the population had an LDL-P con-
centration that was above the 50th percentile (1300 nmoll1~") [3].
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Figure 1 Effects of statin therapy on low density lipoprotein choles-
terol (LDL-C), non-high-density lipoprotein cholesterol (non-HDL-C) and
apolipoprotein B (apo B) concentrations, expressed as population percentiles
in the Atorvastatin Comparative Cholesterol Efficacy and Safety Study.
Reprinted from Sniderman, A.D. et al. (2003) Lancet, 361, 777—80 [2] with
kind permission of Elsevier.

Taken together, these results suggest that using non-HDL-C and
LDL-C levels to evaluate the effects of treatment can lead to an over-
estimation of the degree to which atherogenic particle concentration
has been reduced. This raises the possibility that using Apo B or
LDL-P responses would provide the clinician with a better indication
of the degree of risk reduction than relying on lipoprotein cholesterol
levels (LDL-C and non-HDL-C). Of course, using either of these
tests entails added expense and complexity.

The questions of whether use of apolipoproteins or measurements
of particle concentrations add predictive value to risk assessment
has been addressed in several recent studies [4—6]. The results have
uniformly supported greater predictive ability of measures of particle
number compared with lipoprotein levels. However, the degree to
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which these tests add discriminatory value to the recommended meth-
ods of risk assessment (e.g. the Framingham risk score) is minimal,
suggesting that the additional cost associated with these tests cannot
currently be justified with regard to risk stratification [7]. Whether
greater treatment efficacy can be achieved by using indicators of
atherogenic particle number rather than cholesterol levels to guide
treatment decisions remains an open question. Clinical trials to test
this hypothesis are urgently needed. The authors are optimistic that
using Apo B or LDL-P responses to guide treatment might prove
superior to using lipoprotein cholesterol targets. If so, this would
have important implications for clinical lipid management.
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Key Points

Arteries are highly evolved conduits comprised of multiple cellular and
connective tissue layers. Atherogenesis is a diffuse, biochemically and
histologically complex disease.

Endothelial dysfunction initiates a series of changes along the vessel
wall predisposing to inflammatory cell infiltration, increased thrombotic
tendency, and heightened inflammatory tone.

Atherogenesis is driven by a highly orchestrated set of cell types, inter-
leukins, cytokines, reactive oxygen species (ROS), and pro-oxidative
enzymes. There is a continuum of disease beginning with the foam cell
and progressing to fatty streaks and ultimately to raised atheromatous
plaques.

Sudden plaque rupture with overlying thrombus formation is the
accepted etiology for acute coronary syndromes (ACS), including unsta-
ble angina and acute myocardial infarction (MI). Atheromatous plaque
can undergo sudden transitions and rapidly progress from a stable to
an unstable condition.

Because the atherothromobotic process involves lipid deposition,
endothelial dysfunction, inflammation and hemostasis, numerous tar-
gets exist through which lifestyle and pharmacologic interventions may
be able to prevent or retard the process and improve clinical outcomes.

Practical Lipid Management: Concepts and Controversies Peter P. Toth and Kevin C. Maki
© 2008 John Wiley & Sons, Ltd
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2.1 INTRODUCTION

Atherosclerotic disease is highly prevalent throughout the world. Atheroscle-
rosis is a complex disorder, the development of which is dependent on a
broad array of histologic, oxidative, inflammatory, and thrombotic influ-
ences. Atherosclerosis begins at a young age and its rate of progression
is significantly influenced by well-known risk factors, including age, dys-
lipidemia, hypertension, cigarette smoking, obesity, sedentary lifestyle, and
diabetes mellitus. Since the early 1980s, considerable investigation has
shown that the control of risk factors through lifestyle modification and phar-
macologic intervention slows or even reverses the course of the disease and
decreases risk for such complications as myocardial infarction (MI), stroke,
claudication and peripheral arterial disease, sudden death, and the need for
revascularization via angioplasty or bypass grafting. Early identification and
treatment of risk factors is crucial to the long-term prevention of cardiovas-
cular disease given the fact that the number of coexisting risk factors, their
severity, and the duration of exposure determine lifetime risk. Consequently,
evaluating global cardiovascular risk burden and treating each identified risk
factor to established guideline targets is of considerable importance before
the onset of clinical signs and symptoms.

Arteries are histologically and biochemically complex, dynamic struc-
tures constitutively exposed to proatherogenic influences in the majority
of patients. A large number of pathogenic processes are activated in the
vasculature during atherogenesis. Atherosclerosis is a diffuse disease, en-
compasses multiple vascular distributions, and progresses throughout life.
Unfortunately, the first acute coronary syndrome or ischemic cerebrovas-
cular accident is fatal in a substantial percentage of cases with no further
opportunity to influence the course of disease.

2.2 ARTERIAL STRUCTURE

Arteries are highly evolved conduits for blood and, one of its most impor-
tant constituents, oxygen. Oxygen must be available in aerobic cells in
order to function as a terminal electron acceptor for oxidative phosphory-
lation. During vasculogenesis, the arterial wall is organized into multiple
layers with distinct cellular and connective tissue constituents, including
the intima, media, and adventitia. The intima comprises: (i) an endothelial
surface, which interfaces with the arterial lumen and (ii) the lamina pro-
pria, which contains smooth muscle cells (SMC), fibroblasts, collagen, and
intercellular matrix molecules. The media is composed of SMC, which reg-
ulate arterial tone by either contracting or relaxing. The media is separated
from the intima and adventitia with internal and external elastic membranes.
During atherogenesis, SMC in the media can undergo activation, rearrange
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their actin cytoskeleton and migrate into the intima where they become
incorporated into atheromatous plaques. The adventitia is formed from
fibroblasts, collagen, and elastin. The vasa vasora and the sympathetic and
parasympathetic nerve fibers course through the adventitia. The cellular con-
stituents of these various layers interact through complex signaling circuits.

2.3 ENDOTHELIAL CELL FUNCTION
AND DYSFUNCTION

Endothelial cells line the luminal surface of blood vessels and serve a variety
of highly specialized functions. Endothelial continuity and barrier function
is maintained by the formation of tight junctional complexes between cells
[1]. The endothelium helps to regulate vascular tone by secreting nitric
oxide (NO). NO is formed by endothelial nitric oxide synthase (eNOS)
using the amino acid arginine as a substrate. NO formation is stimulated by
acetylcholine, substance P, and bradykinin [2]. Once formed, NO diffuses
into the media and activates soluble guanylate cyclase, an enzyme that cat-
alyzes the production of cyclic 5’-guanylate monophosphate (cGMP). As
cGMP levels increase, smooth muscles relax, resulting in vasodilatation.
Endothelial cells produce other vasodilatory substances as well, includ-
ing prostacyclin (prostaglandin I) and endothelium-derived hyperpolarizing
factor. The endothelium forms an antithrombotic surface by producing: (i)
tissue plasminogen activator (tPA), an enzyme that converts plasminogen to
plasmin, which is a thrombolytic enzyme that hydrolyzes fibrin [3] and (ii)
thrombomodulin and heparin sulfate, both of which antagonize the activity
of thrombin. Prostacyclin and NO have also been shown to inhibit platelet
aggregation along the endothelial surface.

When endothelial cells are exposed to elevated levels of atherogenic
lipoproteins, high blood pressure, tobacco-derived toxins, or increased serum
levels of glucose, they can become dysfunctional [4]. Endothelial cell
dysfunction (ECD) is characterized by a number of changes: first, NO pro-
duction decreases; second, the endothelial surface becomes more prothrom-
botic because tPA and prostacyclin production decreases and plasminogen
activator inhibitor (PAI; an inhibitor of tPA and fibrinolysis) biosynthesis
increases; third, the expression of adhesion molecules increases. Adhesion
molecules promote the binding and rolling of inflammatory white blood
cells, such as monocytes and lymphocytes, along the endothelial surface and
include vascular cell adhesion molecule-1 (VCAM-1), intercellular adhe-
sion molecule-1 (ICAM-1), and a variety of selectins [5]. As monocytes
bind to the luminal surface of endothelial cells, they can gain access to the
subendothelial space by following a gradient of monocyte chemoattractant
protein-1 (MCP-1) [6—8] (Figure 2.1). Monocytes can traverse the endothe-
lial barrier by either: (i) diapedesing in between adjacent endothelial cells
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(paracytosis) or (ii) moving directly through an endothelial cell (transcytosis)
[5, 9, 10]. Monocytes taken up into the vessel wall can then take up resi-
dence in the subendothelial space and create an inflammatory nidus within
the vessel wall.

In addition to promoting vasodilatation, NO is critical to the inhibi-
tion of a number of atherogenic mechanisms. NO decreases the adhesion
of platelets to endothelium. In addition to promoting thrombus formation,
platelets promote intravascular inflammation by functioning as a source
of such inflammatory mediators as platelet-derived growth factor, throm-
bospondin, platelet factor 4, and transforming growth factor-$, among others
[11]. NO also inhibits: (i) the migration of SMC from the media into the
subendothelial space, an early event in atherogenesis and (ii) intercellular
matrix synthesis and deposition [12] (Figure 2.2). Reduced NO production is
highly correlated with atherogenesis [13]. Angiotensin II (All) is an impor-
tant mediator of hypertension and is produced from angiotensin I (Al) via
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proteolytic hydrolysis by angiotensin converting enzyme (ACE). Dysfunc-
tional endothelium increases its expression of the AT1 receptor, the bind-
ing site for AIL. Activation of AT1 by AII increases the activity of such
enzymes as xanthine oxidase and nicotinamide adenine dinucleotide (phos-
phate) (NAD(P)H) oxidase [14, 15]. These enzymes increase oxidative
stress by increasing the production of ROS, such as superoxide anion,
hydroxyl ions, and hydrogen peroxide [16]. The ROS are directly toxic
to endothelium, quench NO, and can oxidize and peroxidize the lipids
in lipoproteins, thereby rendering them more atherogenic. All also pro-
motes smooth muscle cell proliferation and migration as well as increased
fibroblast collagen production and deposition. Dysfunctional endothelium
increases its production of endothelin-1, an extremely potent vasoconstrictor.
As endothelium becomes more dysfunctional, gap junctions between cells
weaken and the endothelial layer loses functional integrity as a barrier to the

Figure 2.1 Inflammatory white cells and atherogenesis. (a) Monocytes in blood can
attach to activated endothelial cells by binding to such adhesion molecules as ICAM-1
and VCAM-1. The monocytes can then gain access into the subendothelial space by
following a gradient of monocyte chemoattract protein-1 (which binds to the recep-
tor CCR2) and diapedesing across the endothelial cell layer. Once localized to the
subendothelial space, the monocytes can transform into macrophages in response to
macrophage colony stimulating factor. Macrophages exposed to modified low-density
lipoproteins (LDL) express a variety of scavenger receptors that bind and internalize
the cholesterol and lipid carried by the LDL particle. As the macrophage becomes
progressively more and more loaded with excess cholesterol in the cytosol, it forms
lipid inclusion bodies and assumes the histologic characteristics of a “foam cell.”
Foam cells potentiate inflammation and atherosclerosis by producing matrix metallo-
proteinases (MMPs), reactive oxygen species such as peroxide and superoxide anion,
cytokines, and the procoagulant tissue factor (TF). Foam cells undergo apoptosis
(programmed cell death) and necrosis, ultimately facilitating the formation and pro-
gression of atheromatous plaques. As enough lipid and cellular debris accumulates, the
plaque develops a necrotic core. (b) T lymphocytes or T cells can also infiltrate artery
walls after binding to endothelial cell adhesion molecules. T cells follow a gradient
of chemoattractants down into the subendothelial space (intima). These chemoat-
tractants bind to the receptor CXCR3 and include monokine-induced by interferon-y
(Mig), inducible protein-10 (IP-10), and interferon-inducible T-cell ¢-chemoattractant
(I-TAC). T cells activated after binding to oxidized LDL or heat shock proteins (HPS)
can differentiate further. TH1 cells produce proinflammatory cytokines such as tumor
necrosis factor (TNF), interleukin-1 (IL-1), and interferon-y (IFN-y). TH2 cells can
reduce the intensity of inflammation by producing anti-inflammatory cytokines such
as interleukins-4 and 10 (IL-4, IL-10). T cells that express CD154 can interact with
CD40 on macrophages and stimulate secretion of TF, MMPs, and other cytokines.
Reproduced with permission from Libby, P. (2002) Inflammation in atherosclerosis.
Nature, 420, 868—74, [7]. A full-color version of this figure appears in the color plate
section of this book.
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Figure 2.2 Factors that induce endothelial cell injury, dysfunction, and activation.
Risk factors for cardiovascular disease are injurious to endothelial cells. Endothelial
cells exposed to oxidized lipoproteins, increased blood pressure, hyperglycemia, or
turbulent blood flow become dysfunctional. Dysfunctional endothelial cells upregu-
late the expression of adhesion molecules, reactive oxygen species, and PAI-1, and
decrease the production of nitric oxide and tPA. This can lead to such proatherogenic
changes as increased platelet and white cell adhesion, vasoconstriction, and smooth
muscle cell proliferation, among other effects. AGE, advanced glycation end product;
LDL, low-density lipoprotein; MMP, matrix metalloproteinase; ROS, reactive oxygen
species; SMC, smooth muscle cells. Reproduced with permission from Liao, J. (1998)
Endothelium and acute coronary syndromes. Clinical Chemistry, 44, 1799-808, [12].

passage of cells and lipoproteins (i.e. it becomes “leaky”). ECD, as measured
by impaired vasoreactivity in response to an acetylcholine or methylcholine
challenge [17, 18], and increased expression of PAI-1 are indicators of
worse prognosis in patients at risk for cardiovascular events [19]. Endothe-
lial function is improved by increased exercise [20] as well as pharmacologic
intervention with statins [21] and ACE inhibitors [22].

2.4 THE ROLE OF MONOCYTES
AND LYMPHOCYTES

Monocytes that have become resident in the subendothelial space can
undergo a number of histologic transitions (Figure 2.1). When exposed
to macrophage colony stimulating factor (M-CSF), the monocyte converts
into a macrophage. Macrophages are one of the earliest histologic sub-
strates of atherogenesis. When exposed to oxidatively modified or glycated
low-density lipoprotein particles, macrophages upregulate the expression of
a number of scavenger receptors on their surface [23]. There are a large num-
ber of these scavenger receptors, and include multiple types of scavenger
receptor A (types I-11I), CD36, lectin-like oxidized low-density lipoproteins
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receptor-1 (LOX-1), and scavenger receptor for phosphatidyl serine and
oxidized low-density lipoproteins (SR-PSOX), among others. These recep-
tors promote the binding and uptake of atherogenic lipoproteins into the
intracellular space of the macrophage. As more and more lipid is taken
up, the macrophage develops lipid inclusion bodies and becomes a “foam
cell.” Foam cells produce a variety of cytokines, matrix metalloproteinases
(MMPs), ROS, and tissue factor (TF). TF is a procoagulant that promotes
platelet aggregation on the surface of ruptured atheromatous plaques [24].
The MMPs can destabilize atheromatous plaques by hydrolyzing the matrix
proteins which reinforces their structural integrity. SMC also produce MMPs
as they break down the internal elastic lamina in order to access the intima
[25]. Ultimately, foam cells can coalesce to form fatty streaks. As fatty
streaks increase in volume and more cellular debris accumulates, a frank
atheromatous plaque evolves.

T lymphocytes and mast cells also play important roles in atherogenesis.
T cells bind to adhesion molecules and can follow a gradient of chemoattrac-
tants (inducible protein-10, interferon-inducible T-cell «-chemoattractant,
and monokine-induced by interferon-y) into the subendothelial space [7,
26]. The various chemoattractants can bind to CXCR3, a chemokine recep-
tor on the surface of T cells. When a T cell binds oxidatively modified
low-density lipoproteins (LDL) to an antigen receptor it can undergo
differentiation into T helper cells, such as TH1 and TH2. TH1 cells potenti-
ate inflammation by producing interleukin-1 (IL-1), interferon-y, and tumor
necrosis factor. TH2 cells can produce anti-inflammatory cytokines, such as
interleukin-10. TH1 cells predominate in atheromatous plaques and stimu-
late inflammation. Following antigen presentation and binding, T cells can
stimulate macrophage production of MMPs and cytokines. Activated mast
cells are an important source of tryptase and chymase. Chymase catalyzes
the conversion of Al to AIl within the subendothelial space and tryptase
activates the MMPs. Myeloperoxidase, lipoprotein-associated phospholipase
A2, cyclooxygenase, and 5'-lipoxygenase are all found in atheromatous
plaques and also promote ROS production and oxidative lipoprotein modi-
fication [27-29].

2.5 ATHEROMATOUS PLAQUES

During the initial phases of atherogenesis, macrophage foam cells turn into
apoptotic bodies and are efficiently cleared by phagocytosis. This orderly
clearance process does not promote inflammation. However, as the rate of
foam cell formation and accumulation increases, the milieu within the vessel
wall changes [30]. More cellular necrosis ensues. The fatty streak progres-
sively enlarges forming an atheromatous plaque with a lipid core and fibrous
cap. As an atheromatous plaque evolves, the vessel wall reorganizes in a
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Figure 2.3 Atherosclerosis and vascular remodeling. The traditional depiction of
the progression of atherosclerosis entails increasing obstruction of a vessel’s lumen.
More recent work by Glagov and coworkers suggests a different model. During the
early course of atherosclerotic disease, an atheromatous plaque develops outward, in
a manner that preserves luminal diameter. This is known as positive remodeling. 1t
is only in the later stages of disease that the plaque extends in an intraluminal direc-
tion, giving to rise to progressive occlusion and reduced blood flow and ischemia.
Reproduced with permission from Nissen, S.H. (2000) Rationale for a postinterven-
tion continuum of care: insights from intravascular ultrasound. The American Journal
of Cardiology, 86(4B), 12H—17H, [31]. A full-color version of this figure appears in
the color plate section of this book.

way that helps to preserve luminal caliber and blood flow (Figure 2.3) [31].
This is known as positive or Glagovian remodeling [32]. Plaque initially
progresses outward, resulting in vessel wall ectasia. It is only in the later
stages of atheromatous plaque development that there develops progressive
luminal obstruction and, ultimately, physiologically significant reductions
in blood flow and oxygen delivery. Within the plaque, cellular necrosis
promotes increased inflammation which accelerates atherogenesis and desta-
bilizes plaques [33, 34]. Maintaining the stability of a plaque is tantamount
to preventing acute cardiovascular events. Unstable plaques are character-
ized by large lipid cores, high inflammatory tone (increased macrophage
density and increased inflammatory mediator expression), and decreased
smooth muscle cell volume [35]. In contrast, stable plaques have increased
smooth muscle cell density, low inflammatory tone, small macrophage infil-
trates, and a small lipid core. Calcification of plaque also tends to render
it more stable. Superficial surface erosions, plaque ulceration, and frank
plaque rupture expose the lipid core to blood [34, 36—39]. Tissue factor
(TF) and exposed collagen promote platelet degranulation and aggregation,
resulting in an overlying thrombus (Figure 2.4). If the thrombus completely



ATHEROMATOUS PLAQUES 27

Superficial Erosion

Intraplaque Hemorrhage

Erosion of a Calcium Nodule Intraplaque Hemorrhage

Figure 2.4 Ultrastructural views of atheromatous plaque thrombosis and intraplaque
hemorrhage. Scenarios giving rise to architectural disruption of atheromatous plaque
and overlying thrombus formation include: rupture of a fibrous cap (upper left), a
superficial erosion (upper right), and erosion of a calcific nodule (lower left). When
the vasa vasora at the base of an atheromatous plaque leak or are damaged, an
intra-plaque hemorrhage can result. This can give rise to sudden increases in plaque
pressure and architectural distortion leading to an increase in plaque volume. If the
volume of blood entering a plaque is large enough, it can lead to sudden plaque rupture
and formation of overlying thrombus. Reproduced with permission from Libby, P.
and Theroux, P. (2005) Pathophysiology of coronary artery disease. Circulation, 111,
3481-88, [36].

occludes the arterial lumen, the patient experiences an ST-segment elevating
MI (ST-segment elevating myocardial infarction (STEMI)). If thrombus
is only partially occluding, the patient experiences unstable angina or a
non-ST-segment elevating myocardial infarction (NSTEMI). Patients can
experience intermittently recurring chest pain from a single plaque that
cyclically forms and lyses thrombus over a smoldering plaque. Inhib-
itors of platelet aggregation; (aspirin and glycoprotein IIb/Illa inhibitors)
substantially reduce risk for acute coronary syndromes (ACS; including
unstable angina and MI). A thin fibrous cap provides less structural rein-
forcement against plaque fracture and opening in response to a sudden
stressor, such as vasospasm or hemorrhaging into the base of a plaque from
an injured or leaky vasa vasora. Hemorrhaging into the base of a plaque is
recognized as an important cause of atheromatous plaque rupture. A sudden
rise in the volume of a plaque can lead to loss of architectural integrity.
In addition, recurrent hemorrhage into the base of a plaque secondary to
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leaky vasa vasora can lead to repetitive trauma, augmented entry of inflam-
matory white cells, and increased deposition of cholesterol and lipid in the
core of the plaque [40]. As red cells are cleared from the plaque’s interior,
cholesterol is left behind and functions as a substrate for expansion of the
plaque’s lipid core. Over time, this too can lead to plaque destabilization.

The plaques that are least likely to rupture are the ones that are calcified
and fibrotic. Greater than 80% of all plaque ruptures occur in lesions that
are less than 50% obstructive, in part because more of these often exist than
larger, more obstructive plaques. Vulnerable lesions (lesions prone to rupture
and give rise to ACS) are frequently not identified on coronary angiogra-
phy, highlighting the importance of primary prevention. There is mounting
evidence that aggressive, comprehensive management of risk factors for
coronary heart disease (CHD) is associated with significant reductions in
risk for ACS and mortality, and that such measures produce plaque stabi-
lization, and, in some instances, plaque regression [41].
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3 Detection, Evaluation, and
Treatment Goals for Lipid
Disorders in Adults

Key Points

e The National Cholesterol Education Program Adult Treatment Panel
(NCEP ATP) Il has established three major coronary heart disease
(CHD) risk categories with corresponding low-density lipoprotein
cholesterol (LDL-C) treatment goals:

— lower risk (0—1 risk factor, LDL-C goal <160 mg dI~");
— moderate risk (2+ risk factors, LDL-C goal <130 mg dI~"); and
— higher risk (CHD or risk equivalent, LDL-C goal <100 mg dI™").

e A three-step process may be used to quickly identify the major CHD risk
category:

— Identify CHD or a risk equivalent (diabetes or clinical atheroscle-
rosis), if present, this establishes an LDL-C goal <100 mg dI~".

— For the remaining patients, major CHD risk factors are counted,
if 01—] major risk factors is present the LDL-C goal is <160 mg
dr—.

— For those not yet classified, the Framingham risk score is cal-
culated in order to determine whether the patient has a 10-year
risk >20% (considered a CHD risk equivalent with an LDL-C
goal <100 mg dI~") or a 10-year CHD risk <20% (LDL-C goal
<130 mg dI").

e Once the major CHD risk category is established, those subsets of
patients at very high risk (established cardiovascular disease plus mul-
tiple or severe risk factors, optional LDL-C goal <70 mg dl~') or
moderately high risk (10-year event risk 10—20%, optional LDL-C goal
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<100 mg dI~") may be identified for consideration of more aggressive
lipid management.

e For patients with high or very high triglycerides (=200 mg di™'),
non-high-density lipoprotein cholesterol (non-HDL-C) has been estab-
lished as a secondary target of therapy (after the LDL-C goal has been
achieved), with treatment goals that are 30 mg dI~" above the corre-
sponding LDL-C goals.

e No specific treatment goals have been established by the NCEP for
triglycerides or HDL-C per se, but therapeutic efforts to improve these
lipids through lifestyle and drug therapy are encouraged and improve-
ments in these lipids will normally occur as a byproduct of efforts to
achieve LDL-C and non-HDL-C treatment goals.

The NCEP Expert Panel on Detection, Evaluation and Treatment of
High Blood Cholesterol in Adults (Adult Treatment Panel or ATP) has
issued three major sets of clinical guidelines for cholesterol testing and
management since 1988, as well as less comprehensive periodic updates as
new evidence has accumulated. This chapter is intended to summarize the
major recommendations of the ATP III report [1, 2], as well as the 2004
update that established new, more aggressive optional treatment goals for
patients at moderately high and very high risk. Specific treatment strategies
will not be discussed, as these are covered in Chapters 5—-7.

3.1 MATCHING AGGRESSIVENESS
OF TREATMENT TO ABSOLUTE RISK

A central feature of all of the ATP reports has been matching the intensity
of treatment to the absolute risk for a cardiovascular event. Since events
related to CHD (CHD, non-fatal myocardial infarction or coronary death)
are the most common types of major cardiovascular events, and the most
studied primary outcomes in lipid intervention trials, risk stratification in the
ATP III scheme is based on an algorithm designed to classify the patient into
major CHD event risk categories. These each have corresponding treatment
goals for LDL-C as a primary target, as well as non-HDL-C as a secondary
target for patients with elevated triglycerides (=200 mg dI™").

3.2 SCREENING FOR DYSLIPIDEMIAS

A screening fasting lipid profile is recommended at least once every five
years for all adults >20 years of age. A fasting lipid profile allows eval-
uation of total cholesterol, LDL-C (calculated), HDL-C, non-HDL-C, and
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Table 3.1 National Cholesterol Education Program Adult
Treatment Panel III classification of lipoprotein and total
cholesterol and triglyceride levels in adults.

LDL cholesterol (mg dl~')

<100 Optimal
100-129 Near or above optimal
130-159 Borderline high
160—189 High

>190 Very high
Total cholesterol (mg dl~')

<200 Desirable
200-239 Borderline high
>240 High

HDL cholesterol (mg dl~!)

<40 Low

>60 High
Triglycerides (mg dl~')

<150 Normal
150-199 Borderline high
200-499 High

>500 Very high

From Expert Panel (2001). The Journal of the American Medical
Association, 285, 2486-97, [1].

triglyceride concentrations. If the screening lipid profile is nonfasting, it
should be followed up with a fasting lipid profile if total cholesterol is
>200 mg dI~! or the HDL-C level is <40 mg dI~!. Table 3.1 shows the
NCEP ATP III classifications for LDL-C, total cholesterol, HDL-C, and
triglyceride concentrations.

The total circulating cholesterol level is comprised of cholesterol carried
by various lipoproteins. The major lipoproteins are VLDL (very low-density
lipoprotein), LDL, and HDL. Normally, the Friedewald equation is used
to estimate very low-density lipoprotein cholesterol (VLDL-C) in clinical
practice as one-fifth the circulating triglyceride level [3]. In turn, this allows
calculation of LDL-C. Thus,

LDL-C = Total-C — HDL-C — VLDL-C

This equation can also be stated as follows using the Friedewald formula
to estimate the VLDL-C concentration:

LDL-C = Total-C — HDL-C — Triglycerides/5

The Friedewald equation works well as long as the triglyceride con-
centration is not >400 mg dlI~!. When this is the case, the LDL-C level
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should be measured directly using either ultracentrifugation or one of several
commercially available enzymatic methods. Alternatively, the non-HDL-C
level (Total-C minus HDL-C) can be used to guide treatment. Non-HDL-C
treatment goals are discussed later in this chapter.

3.3 RISK STRATIFICATION

LDL-C is the primary target for lipid management and the aggressiveness
with which it is managed in the ATP III treatment scheme is related to
the absolute risk for a CHD event. Therefore, the ATP III has established
risk categories with corresponding LDL-C goals. These categories are based
on the presence of risk determinants other than LDL-C, including clinical
atherosclerosis, diabetes, and major CHD risk factors. Table 3.2 shows the
major CHD risk factors. Table 3.3 shows the major CHD risk categories
and subcategories, along with the corresponding LDL-C treatment goals.

Table 3.2 Major coronary heart disease risk factors (excluding LDL
cholesterol)“.

Cigarette smoking
Hypertension

e systolic blood pressure >140 mmHg or diastolic blood pressure >90
mmHg

e or use of antihypertensive medication
Family history of premature CHD
e CHD in a male first degree relative? <55 yr of age
e CHD in a female first degree relative’? <65 yr of age
Age
e >45 yr of age for men
e >55 yr of age for women

HDL cholesterol <40 mg dI~!

e if >60 mg dlI~!, this counts as a “negative risk factor,” subtracting 1
from the total

4 LDL cholesterol is not included among the risk factors because the purpose of counting
risk factors is to modify treatment of LDL. Diabetes is a coronary heart disease risk
equivalent, so is not counted as a major risk factor in the ATP III classification system.
b First degree relatives include parents, siblings, and children.

From Expert Panel (2001) The Journal of the American Medical Association, 285,
2486-97, [1].
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Table 3.3 Adult Treatment Panel III risk categories and subcate-
gories with corresponding LDL cholesterol treatment goals.

Risk category LDL-C goal (mg dI~")
Lower risk: 0—1 risk factor <160
Moderate risk: >2 risk factors?

e 10-yr risk <10% <130

e 10-yr risk 10-20% <130, <100 (optional)
High risk: CHD or risk equivalent”

e Other than very high risk <100

e Very high risk <100, <70 (optional)

@ In the absence of CHD or a risk equivalent, 10-yr CHD risk estimates are
based on the Framingham risk score.

b CHD includes history of myocardial infarction, any evidence of myocardial
ischemia, or coronary artery disease. CHD risk equivalents include any form
of non-CHD clinical atherosclerosis, multiple risk factors conferring 10-yr
CHD risk >20%, or diabetes.

From Expert Panel (2001) The Journal of the American Medical Association,
285, 2486-97, [1].

3.4 STEPS IN THE RISK STRATIFICATION
PROCESS - MAJOR RISK CATEGORIES

The following is a practical and somewhat simplified three-step summary
of the ATP III risk stratification process. These initial steps are intended to
quickly determine the major risk category appropriate for the patient. Once
the major risk category is determined, later procedures deal with classifying
patients in the 2+ risk factor category into “moderate” and “moderately
high” subgroups, as well as classifying those with CHD or risk equivalents
into “high” and “very high” risk subgroups.

Step 1. Identify patients with CHD and easily identifiable CHD risk equiv-
alents. Many patients are easy to classify because they have CHD or
an easily identifiable CHD risk equivalent and are thus classified into
the high risk category (LDL-C goal <100 mg dI~!). Easy to identify
CHD risk equivalents include diabetes mellitus (type 1 or type 2) and
the presence of non-CHD atherosclerotic disease such as claudication,
abdominal aortic aneurysm, or a history of stroke or transient ischemic
attack.

Step 2. Count major CHD risk factors in the remaining patients. The next
step is to sum the major CHD risk factors shown in Table 3.2. Many
patients, particularly younger individuals, will have 0 or 1 major CHD
risk factor, and can therefore be classified into the lower risk (LDL-C
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goal <160 mg dl~!). Because such individuals almost always have
10-year CHD event risk <10%, routine calculation of the Framingham
risk score is not required for them.

Step 3. Calculate the Framingham risk score. The remaining patients will
be classified as either moderate risk (LDL-C goal <130 mg d1~!) or high
risk (LDL-C goal <100 mg dl~!) based on their 10-year probability of
a hard CHD event. This is estimated by calculating the Framingham risk
score (FRS). The FRS uses information on sex, age, total cholesterol,
HDL-C, systolic blood pressure, treatment for hypertension, and cigarette
smoking. Points are assigned for each risk factor using the sex-specific
values shown in Tables 3.4 and 3.5. The points are then summed and the
10-year CHD event risk corresponding with this sum is assigned based
on the values at the bottoms of Tables 3.4 and 3.5. Risk categories and
corresponding treatment goals are summarized in Table 3.6.

3.5 TIPS FOR CALCULATING THE FRAMINGHAM
RISK SCORE

Informal surveys of clinicians conducted by the authors suggest that rel-
atively few actually calculate the FRS as recommended by the NCEP.
Reasons cited include time constraints and the complexity of the formula.
Several tools for use with a personal computer or personal digital assistant
are available as aids for FRS calculation.

Another factor that is sometimes cited as a difficulty is that the FRS
is intended to be calculated based on the pretreatment levels of total and
HDL cholesterol. If a patient is a new referral who is already on treatment,
or if they have been treated for several years, it may not be clear what
values should be used in the calculation. In such cases it may be necessary
to estimate the pretreatment values, which can be done quickly with a bit
of practice.

Since the total cholesterol values in the scoring system are in 30 mg d1~!
bands, it is usually appropriate to add one, two or three bands, depending on
the agent and dose that the subject is taking. Three bands may be appropriate
if the patient is on a high-efficacy statin (e.g. atorvastatin, rosuvastatin,
simvastatin), particularly if the dosage is above the typical starting level.
For other drugs and doses, one or two bands would most likely be correct,
depending on how close the measured value is to an upper or lower band
limit. Our rule of thumb is “when in doubt, add a band.” For HDL-C, the
bands are in 10 mg dl~! increments. Since most currently available drugs
do not increase HDL-C more than about 8 mg dl~!, it is usually appropriate
to use the HDL-C value while on treatment, or to use the adjacent band.
It should be noted that the methods above provide only rough estimates of
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Table 3.4 Framingham risk score calculation for men.

Age Points  Total Points Points Points Points  Points

cholesterol ages ages ages ages ages

20-39 40-49 50-59 60-69 70+
20-34 -9 <160 0 0 0 0 0
35-39 —4 160-199 4 3 2 1 0
40-44 0 200-239 7 5 3 1 0
45-49 3 240-279 9 6 4 2 1
50-54 6 >280 11 8 5 3 1
55-59 8 Nonsmoker 0 0 0 0 0
60-64 10 Smoker 8 5 3 1 1
65-69 11 Systolic blood Points if Points if
70-74 12 pressure untreated treated
75-79 13 <120 0 0
HDL-C 120-129 0 1
>60 —1 130-139 1 2
50-59 0 140-159 1 2
40-49 1 >160 2 3
<40 2
Points Point 10-yr  Point  10-yr ~ Point  10-yr
total risk total risk total risk
(%) (%) (%)

Age <4 1 10 6 16 25
TC 5 2 11 8 >17 >30
HDL-C 6 2 12 10
Smoking 7 3 13 12
SBP 8 4 14 16
Total 9 5 15 20

TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol.
Total and HDL cholesterol values in milligrams per deciliter, systolic blood pressure in
millimeters of mercury.

the effects of treatment on lipid levels for the purpose of risk stratification
and are not specifically endorsed by the NCEP.

An alternative method for estimating the pretreatment level of total
cholesterol is to use the average percent reduction in cholesterol elicited
by the medication (most commonly a statin) and back calculate the pre-
treatment level. Table 3.7 shows reductions in LDL-C and total cholesterol
produced by commonly used doses of statin drugs. A factor of 6% may be
used to estimate the influence of lower or higher doses than those shown
in the table because each doubling of a statin dose produces roughly a 6%
greater LDL-C response and a 5-6% greater total cholesterol response.

Pretreatment total-C = On-treatment total-C

/(1 — average response as a fraction)
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Table 3.5 Framingham risk score calculation for women.

Age Points  Total Points  Points  Points  Points  Points
cholesterol ages ages ages ages ages
20-39 40-49 50-59 60-69 70+
20-34 -7 <160 0 0 0 0 0
35-39 -3 160-199 4 3 2 1 1
40-44 0 200-239 8 6 4 2 1
45-49 3 240-279 11 8 5 3 2
50-54 6 >280 13 10 7 4 2
55-59 8 Nonsmoker 0 0 0 0 0
60-64 10 Smoker 9 7 4 2 1
65-69 12 Systolic Points if Points if
70-74 14 blood pressure untreated treated
75-79 16 <120 0 0
HDL-C 120-129 1 3
>60 —1 130-139 2 4
50-59 0 140-159 3 5
40-49 1 >160 4 6
<40 2
Points Point 10-yr  Point 10-yr  Point 10-yr
total risk total risk total risk
(%) (%) (%)
Age <13 <1 18 6 24 27
TC 13 2 19 8 >25 >30
HDL-C 14 2 20 11
Smoking 15 3 21 14
SBP 16 4 22 17
Total 17 5 23 22

TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol.
Total and HDL cholesterol values in milligrams per deciliter, systolic blood pressure in millimeters
of mercury.

From Expert Panel (2001) The Journal of the American Medical Association, 285, 248697, [1].

For example, if a patient has a total cholesterol level of 154 mg dI~!
while on 40 mg day~! of simvastatin (Zocor), his estimated pretreatment
value would be calculated as follows. Table 3.7 shows that the average total
cholesterol response to 20 mg day~! of simvastatin is 32%. Because the
patient is taking 40 mg day~', add 6%, producing an estimated effect of
38% or 0.38 when expressed as a fraction. Thus, the estimated pretreatment
cholesterol level would be:

154 mg dI~!/(1 — 0.38) = 248 mg dI~!

Note that the difference between the estimated pretreatment value and
the on-treatment value is 94 mg dl~!, which would translate to an increase
of three bands in the FRS calculation (Tables 3.4 and 3.5).
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Table 3.6 Adult Treatment Panel III risk categories and subcategories with
corresponding LDL cholesterol treatment goals.

Risk category LDL-C Non-HDL-C
goal (mg dI™") goal (mg dI™!)
Lower risk: 0—1 risk factor <160 <190
Moderate risk: >2 risk factors?
e 10-yr risk <10% <130 <160
e 10-yr risk 10-20% <130 <160

<100 (optional) <130 (optional)
High risk: CHD or risk equivalent”
e Other than very high risk <100 <130
e Very high risk <100 <130
<70 (optional) <100 (optional)

@ In the absence of CHD or a risk equivalent, 10-yr CHD risk estimates are based on the
Framingham risk score.

b CHD includes history of myocardial infarction, any evidence of myocardial ischemia,
or coronary artery disease. CHD risk equivalents include any form of non-CHD clinical
atherosclerosis, multiple risk factors conferring 10-yr CHD risk >20%, or diabetes.
From Expert Panel (2001) The Journal of the American Medical Association, 285,
2486-2497, [1].

Table 3.7 Effects of commonly used statin doses on levels of low-density
lipoprotein cholesterol (LDL-C) and total cholesterol (total-C).

Drug Dosage LDL-C Total-C
(mg d71) reduction (%)* reduction (%)”
Atorvastatin 10 39 35
Lovastatin 40 31 28
Pravastatin 40 34 31
Simvastatin 20 35 32
Fluvastatin 80 35 32
Rosuvastatin 10 45 41

“Estimated LDL-C responses were obtained from US Food and Drug Administration
approved package inserts for each product.

D Total-C responses were estimated by using a constant of 0.9 x the LDL-C reduction,
with all values being rounded to the nearest whole number.

From Expert Panel (2001) The Journal of the American Medical Association, 285,
2486-2497, [1].

3.6 SUBCATEGORIES FOR CONSIDERATION
OF MORE AGGRESSIVE OPTIONAL
TREATMENT GOALS

Once a patient has been assigned to the lower (0—1 risk factor, LDL-C goal
<160 mg dI~!"), moderate (2+ risk factors, LDL-C goal <130 mg dl~!)
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or high (CHD or risk equivalent, LDL-C goal <100 mg dl~!) category,
consideration should be given to whether they would be a candidate for
more aggressive lipid therapy. The NCEP ATP III established new subcat-
egories with more aggressive optional treatment goals in 2004 [4]. These
subcategories are not relevant for patients with 0—1 risk factor.

3.7 VERY HIGH RISK PATIENTS, OPTIONAL
LDL-C GOAL <70 mg dI~!

On the basis of evidence from clinical trials suggesting benefits for reduc-
ing LDL-C to values well below 100 mg d1~!, the ATP III recommends
consideration of an optional LDL-C goal of <70 mg dI~! for patients in
the high risk group who have established cardiovascular disease plus any
of the following:

1. multiple major risk factors, especially diabetes;

2. severe and/or poorly controlled risk factors, especially smoking;

3. multiple risk factors of the metabolic syndrome, especially triglyc-
erides >200 mg dI~!, non-HDL-C >130 mg dI~!, HDL-C <40 mg
dl=! (non-HDL-C goals are covered later in this chapter and the
metabolic syndrome is discussed in Chapter 4);

4. acute coronary syndromes.

3.8 MODERATELY HIGH RISK PATIENTS,
OPTIONAL LDL-C GOAL <100 mg dI~!

Based on evidence published since the main ATP III report [1, 2], the
NCEP ATP III felt that sufficient evidence had accumulated to recommend
consideration of an optional LDL-C goal of <100 mg dl~! for patients
whose FRS indicates an estimated 10-year event risk is in the range of
10-20% (moderately high risk).

3.9 TREATMENT GOALS FOR PATIENTS
WITH ELEVATED TRIGLYCERIDES

A key theme in the ATP III report is the greater strength of evidence support-
ing the view that moderate elevations in triglycerides and triglyceride-rich
lipoproteins are associated with increased CHD. For patients with very high
triglycerides (=500 mg dl~'), the initial goal of therapy is to lower the
triglyceride level to reduce the risk of acute pancreatitis. Regarding CHD
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risk reduction, achievement of the LDL-C treatment goal is the target for
lipid management.

For those with triglycerides >200 mg d1~!, non-HDL-C goals have also
been established as secondary treatment targets. Non-HDL-C goals are each
30 mg dI~! higher than the LDL-C goal for the corresponding risk category
(Table 3.6). This is based on the premises that a normal VLDL-C level is
<30 mg dI~! and that the VLDL-C concentration is highly correlated with
the concentrations of atherogenic remnant lipoproteins (this is discussed in
greater detail in Chapter 6).

3.10 TRIGLYCERIDES AND HDL-C AS TARGETS
FOR THERAPY

Although no specific treatment goals have been established by the NCEP
for triglycerides or HDL-C per se, therapeutic efforts to improve these
lipids through lifestyle (low-saturated fat diet, weight loss, and physical
activity) and drug therapy are encouraged. Since the available therapies for
modification of LDL-C and non-HDL-C levels also typically have favorable
effects on triglyceride and HDL-C concentrations, these lipids will generally
be improved during the process of achieving the primary (LDL-C) and
secondary (non-HDL-C) treatment goals.

CONTROVERSY

SHOULD TREATMENT GUIDELINES INCLUDE TARGETS
FOR THE TOTAL/HDL CHOLESTEROL RATIO?

A Proposal for Consideration by the Next Lipid Treatment
Guidelines Committee

The Canadian Working Group guidelines for lipid management have
advocated treatment goals for the TC/HDL-C ratio, in conjunction
with LDL-C (shown in Table 1). Using data from the NEPTUNE II
survey, one of the authors assessed the percentages of subjects in
each risk category who achieved the NCEP ATP III goals, as well
as the percentage who would have achieved the Canadian Working
Group goals [1]. Figure 1 shows that a smaller percentage of sub-
jects achieved the Canadian goals, primarily in the CHD and risk
equivalents category. This was also true for the subset with high
triglycerides (data not shown). Therefore, the addition of TC/HDL-C
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Table 1 Canadian Working Group on Hypercholesterolemia and Other Dys-
lipidemias risk categories and lipid therapy goals.

Risk category LDL-C goal TC/HDL-C
goal

Low (<10% 10-yr risk) <4.5 mmol~! (174 mg dI=') <6.0

Moderate (11-19% 10-yr risk)* <3.5 mmol~" (135 mg dIhy <5.0

High (>20% 10-yr risk)? <2.5 mmol~! (97 mg dI!)  <4.0

@ 10-yr event risk is calculated with the Framingham Risk Scoring System.
b 10-yr event risk is calculated with the Framingham Risk Scoring, but also includes
coronary heart disease and risk equivalents.

Adapted from Fodor, J.G. et al. (2000) Canadian Medical Association Journal, 162,
1441-47, [2].

targets to the NCEP ATP III LDL-C goals would likely result in
more aggressive treatment for those in the highest risk categories.
TC/HDL-C goals provide a mechanism through which those with low
levels of HDL-C receive more aggressive treatment of atherogenic
lipoproteins. The authors suspect that establishment of TC/HDL-C
goals for all subjects, without regard to triglyceride level, may
prove more effective than the current system, which adds a sec-
ondary non-HDL-C goal for patients with hypertriglyceridemia. The
TC concentration is less variable day-to-day than the triglyceride
level, therefore patients with a slightly elevated triglyceride concen-
tration (e.g. 150—199 mg dI~!), or those who happen to have a lower
value when their lipids are checked due to random fluctuations are
more likely to receive treatment. For these reasons, as well as others
outlined below, the authors favor the establishment of TC/HDL-C
goals.

SHOULD THE PRIMARY TARGET FOR THERAPY
BE LDL-C OR ATHEROGENIC PARTICLES?

Since the release of the ATP III recommendations, several population
and intervention studies have assessed the relative predictive values
of LDL-C, non-HDL-C, Apo B, and lipoprotein particle numbers
measured with nuclear magnetic resonance. The results have consis-
tently supported the view that the number of atherogenic particles,
as indicated by the concentrations of Apo B, non-HDL-C, or VLDL
+ LDL particles, is a stronger predictor of CHD event risk than the
LDL-C concentration [3—6]. In the Framingham and Framingham
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Figure 1 Percentages of 4885 patients who achieved National Cholesterol
Education Program (NCEP) and Canadian Working Group (CWG) treatment
goals by risk category among participants in a survey of lipid treatment
conducted in the United States. LDL-C, low density lipoprotein choles-
terol; TC/HDL-C, total cholesterol/high-density lipoprotein cholesterol ratio.
Reprinted from Maki, K.C. et al. (2006) The Canadian Journal of Cardiology,
22, 315-22, [1].

Offspring cohorts, the relationship between VLDL-C and incident
CHD was similar to, and independent of, that for LDL-C among
subjects with and without hypertriglyceridemia (Figure 2). Thus, both
of the major components of non-HDL-C have independent explana-
tory value for predicting CHD risk. Moreover, the non-HDL-C level
is more strongly correlated with the number of atherogenic particles
than LDL-C [3, 7] and changes in non-HDL-C relate more closely
to changes in atherogenic particles than changes in LDL-C [8, 9].
Results from intervention trials suggest that reductions in atherogenic
particle numbers are more closely related to event reduction than

43
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Figure 2 Relative risk for coronary heart disease for each 1 mg dI~! increase
in very-low-density lipoprotein (VLDL) and low-density lipoprotein (LDL)
cholesterol among participants in the Framingham Heart Study divided into
subgroups with and without high triglycerides (TG). Reprinted from Liu, J.
et al. (2006) The American Journal of Cardiology, 98, 1363—68, [4].

changes in LDL-C among those with and without hypertriglyceridemia
[10-14].

The reason that the NCEP ATP III established LDL-C as the pri-
mary target for therapy, with non-HDL-C as a secondary target, is
the underlying assumption that the LDL-C level is a good proxy for
the number of atherogenic particles. However, the results cited above
suggest that non-HDL-C is a better indicator of the number of athero-
genic particles and therefore a better indicator of CHD event risk.
Both the Apo B concentration and the number of atherogenic lipopro-
tein particles measured with nuclear magnetic resonance may be
somewhat better indicators of event risk than non-HDL-C or LDL-C.
However, routine use of Apo B or lipoprotein particle concentra-
tion measurements is associated with additional cost and complexity.
The available data do not provide unequivocal evidence that these are
sufficiently more precise indicators of risk to justify the added expense
[15]. Non-HDL-C provides a reasonable proxy for the number of
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atherogenic particles and appears superior to LDL-C, without incre-
mental expense (non-HDL-C is calculated as TC minus HDL-C, so
it is available from the lipid profile routinely obtained in clinical
settings).

From a practical standpoint, when a patient is treated to a
non-HDL-C level less than 30 mg di~' above their LDL-C goal,
the LDL-C concentration is nearly always below the treatment goal.
In the NEPTUNE II survey, this was true in >95% of the partici-
pants overall and in 100% of the cases for those with triglycerides
>200 mg dl~!' (Maki, unpublished observations). In contrast, many
patients with LDL-C at goal have non-HDL-C more than 30 mg
dl~! above the LDL-C target, and not all of these individuals have
triglycerides >200 mgdl~!. Accordingly, if non-HDL-C goals were
simply substituted for LDL-C goals, without regard to triglyceride
concentration, it is likely that treatment to goal would result in a
greater average reduction in atherogenic particle number than is the
case under the NCEP ATP III system.

A Proposal for the Next Treatment Guideline Committee

Based on the currently available evidence, the authors propose that
the next lipid guidelines committee give consideration to a scheme
like that outlined in Table 2, which contains elements of both the cur-
rent NCEP ATP III and Canadian Working Group recommendations.
The proposed treatment goals have four rather than five risk cate-
gories. In the NEPTUNE II survey, 75% of those with CHD and risk
equivalents qualified for the very high risk designation. Therefore,
for the sake of simplicity, our proposal does not distinguish between
the categories of high and very high risk. The moderate risk category
encompasses a much larger fraction of the population [16]. There-
fore, we have retained the two subgroups. In addition to non-HDL-C
goals, we propose including TC/HDL-C targets in order to insure
more aggressive treatment of patients with low levels of HDL-C.

Table 2 Proposed treatment goals for consideration by the next National
Cholesterol Education Program Adult Treatment Panel.

Risk category Non-HDL-C goal TC/HDL-C goal
Lower (0—1 risk factor) <190 mg dI~! <4.5
Moderate (>2 risk factors)

e 10-yr risk <10% <160 mg d1~! <35

e 10-yr risk 10-20% <130 mg dI~! <35

High (CHD or risk equivalent) <100 mg d1~! <25
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Potential Advantages of the Proposed System

We feel that the approach outlined would have several advantages
over the current system and other proposed approaches, such as the
use of Apo B/Apo Al ratio targets:

1. This approach would require no information beyond that currently
provided in the standard lipid profile.

2. In our opinion, this approach is simpler than the current NCEP
ATP III recommendations, which include a greater number of risk
categories and separate LDL-C and non-HDL-C goals for those
with hypetriglyceridemia.

3. Based on data from managed healthcare databases and surveys of
clinical practice, the proposed system would likely result in more
aggressive treatment of patients at the highest risk, particularly
those with low HDL-C and/or high triglycerides. Emerging evi-
dence from clinical trials supports a favorable risk/benefit ratio for
more aggressive lipid management in those at high or very high
risk.

Potential Disadvantages of the Proposed System

The proposed system is not without possible pitfalls and the main
disadvantages are listed below.

1. LDL-C has been designated as the primary target of therapy since
the late 1980s and switching would require considerable medical
education. Non-HDL-C, although included in the current guide-
lines, is still unfamiliar to many clinicians and not fully integrated
into clinical practice [1].

2. Outcomes trials have not been completed to prospectively inves-
tigate the policy of treating to these targets.

3. The available data suggest that measures such as Apo B, the Apo
B/Apo Al ratio and concentrations of atherogenic and antiathero-
genic lipoprotein particles are somewhat better predictors of CHD
risk than non-HDL-C and HDL-C concentrations [3—8]. The main
arguments against the use of these alternative measures are that
they are more expensive than the standard lipoprotein lipid
profile and even more unfamiliar to clinicians than non-HDL-C. If
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evidence were to accumulate showing that these approaches have
even greater superiority than is evident at present, and/or the cost
differential was eliminated for their measurement, consideration
would then have to be given to further revisions of the treatment
goals.

Many considerations go into the establishment of treatment guide-
lines, including strength of evidence, cost, ease of implementation,
continuity with previous recommendations, etc. Changes in recom-
mendations cannot be undertaken lightly, as compelling arguments
can often be advanced for several approaches, each of which will have
advantages and disadvantages. Experts reviewing the same evidence
frequently reach different conclusions. Therefore, our suggestions are
offered not as recommendations for clinicians, but rather as a sug-
gestion for consideration by the next committee writing treatment
goals and to stimulate thought and discussion among and between
clinicians and scientists.

REFERENCES

[1] Maki, K.C., Davidson, M.H. and Dicklin, M.R. (2006) A comparison of
Canadian and American guidelines for lipid management using data from
the National Cholesterol Education Program Evaluation ProjecT Utiliz-
ing Novel E-technology (NEPTUNE) II survey. The Canadian Journal
of Cardiology, 22, 315-22.

Fodor, J.G., Frohlich, J.J., Genest, J.J. Jr and McPherson, P.R. (2000)
Recommendations for the management and treatment of dyslipidemia.
Report of the Working Group on Hypercholesterolemia and Other
Dyslipidemias. Canadian Medical Association Journal, 162, 1441-47.
Cromwell, W.C., Otvos, J.D., Keyes, M.J. et al. (2007) LDL particle
number and risk of future cardiovascular disease in the Framingham Off-
spring Study — implications for LDL management. Journal of Clinical
Lipidology, 1, 583-92.

[4] Liu, J., Sempos, C.T., Donahue, R.P. et al. (2006) Non-high-density
lipoprotein and very-low-density lipoprotein cholesterol and their risk
predictive values in coronary heart disease. The American Journal of
Cardiology, 98, 1363—68.

Ingelsson, E., Schaefer, E.J., Contois, J.H. et al. (2007) Clinical utility
of different lipid measures for prediction of coronary heart disease in
men and women. The Journal of the American Medical Association, 298,
776-85.

Van der Steeg, W.A., Boekholdt, S.M., Stein, E.A. er al. (2007) Role
of the apolipoprotein-B-apoliprotein A-I ratio in cardiovascular risk

[2

[}

[3

—

[5

—_

[6

—_




48

=

(8]

[9

—

[10]

[11]

[12]

[13]

[14]

[15]

[16]

DETECTION, EVALUATION, AND TREATMENT GOALS

assessment: a case-control analysis in EPIC-Norfolk. Annals of Internal
Medicine, 146, 640—-438.

Grundy, S.M. (2002) Low-density lipoprotein, non-high-density lipopro-
tein and apolipoprotein B as targets of lipid-lowering therapy. Circula-
tion, 106, 2526-29.

Barter, P.J., Ballantyne, C.M., Carmena, R. et al. (2006) Apo B ver-
sus cholesterol in estimating cardiovascular risk and in guiding ther-
apy: report of the thirty-person/ten-country panel. Journal of Internal
Medicine, 259, 247-58.

Ballantyne, C.M., Andrews, T.C., Hsia, J.A. et al. ACCESS Study
Group (2001) Atorvastatin Comparative Cholesterol Efficacy and Safety
Study. Correlation of non-high-density lipoprotein cholesterol with
apolipoprotein B: effect of 5 hydroxymethylglutaryl coenzyme A reduc-
tase inhibitors on non-high-density lipoprotein cholesterol levels. The
American Journal of Cardiology, 88, 265—69.

Pischon, T., Girman, C.J., Sacks, F.M. et al. (2005) Non-high-density
lipoprotein cholesterol and apolipoprotein B in the prediction of coronary
heart disease in men. Circulation, 112, 3375-83.

Sacks, F.M., Tonkin, A.M., Shepherd, J. et al. (2000) Effect of pravas-
tatin on coronary disease events in subgroups defined by coronary risk
factors: the Prospective Pravastatin Pooling Project. Circulation, 102,
1893-900.

Farwell, W.R., Sesso, H.D., Buring, J.E. and Gaziano, J.M. (2005)
Non-high-density lipoprotein cholesterol versus low-density lipoprotein
cholesterol as a risk factor for a first nonfatal myocardial infarction. The
American Journal of Cardiology, 96, 1129-34.

Simes, R.J., Marschner, I1.C., Hunt, D. et al. LIPID Study Investiga-
tors (2002) Relationship between lipid levels and clinical outcomes in
the Long-term Intervention with Pravastatin in Ischemic Disease
(LIPID) Trial: to what extent is the reduction in coronary events
with pravastatin explained by on-study lipid levels? Circulation, 105,
1162-69.

Robins, S.J., Collins, D., Wittes, J.T. ef al. VA-HIT Study Group (2001)
Veterans Affairs High-Density Lipoprotein Intervention Trial. Relation
of gemfibrozil treatment and lipid levels with major coronary events:
VA-HIT: a randomized controlled trial. The Journal of the American
Medical Association, 285, 1585-91.

Berkwits, M. and Guallar, E. (2007) Risk factors, risk prediction, and the
apolipoprotein B — apolipoprotein A-I ratio. Annals of Internal Medicine,
146, 677-79.

Keevil, J.G., Cullen, M.W., Gangnon, R. et al. (2007) Implications
of cardiac risk and low-density lipoprotein cholesterol distributions in
the United States for the diagnosis and treatment of dyslipidemia: data
from National Health and Nutrition Examination Survey 1999 to 2002.
Circulation, 115, 1363-70.




REFERENCES 49

REFERENCES

(1]

(2]

(3]

(4]

Expert Panel on Detection, Evaluation and Treatment of High Blood Choles-
terol in Adults (2001) Executive summary of the third report of the National
Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation,
and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III).
The Journal of the American Medical Association, 285, 2486-97.

National Cholesterol Education Program. National Heart, Lung, and Blood
Institute. National Institutes of Health (2002) Third Report of the National
Cholesterol Education Program (NCEP) Expert Panel on Detection, Evalua-
tion, and Treatment of High Blood Cholesterol in Adults (Adult Treatment
Panel III). Final Report. NIH Publication No. 02-5215, September 2002.
Friedewald, W.T., Levy, R.I. and Fredrickson, D.S. (1972) Estimation of the
concentration of low-density lipoprotein cholesterol in plasma, without use of
the preparative ultracentrifuge. Clinical Chemistry, 18, 499-502.

Grundy, S.M., Cleeman, J.I., Merz, C.N. et al. Coordinating Committee of the
National Cholesterol Education Program (2004) Implications of recent clinical
trials for the National Cholesterol Education Program Adult Treatment Panel
IIT Guidelines. Journal of the American College of Cardiology, 44, 720-32.






4 Therapeutic Lifestyle Changes
in the Management of Lipid
Disorders and the Metabolic
Syndrome

Key Points

e A western lifestyle characterized by low physical activity, a diet high in
saturated fats and cholesterol, excess energy consumption and a sub-
stantial prevalence of cigarette smoking is associated with the develop-
ment of numerous coronary heart disease (CHD) risk factors, including
dyslipidemias, hypertension, obesity, diabetes, and inflammatory and
hypercoagulable states.

The metabolic syndrome (MetS) is a cluster of risk factors for CHD and
type 2 diabetes that includes: central obesity, elevated triglycerides,
reduced high-density lipoprotein cholesterol (HDL-C), elevated blood
pressure, and elevated glucose. The prevalence of the MetS is high in
the general US population and exceeds 50% among patients undergoing
treatment for dyslipidemia.

The National Cholesterol Education Program Adult Treatment Panel
(NCEP ATP) Ill recommends therapeutic lifestyle changes (TLC) as the
first line of therapy in the management of dyslipidemias. The primary
target of TLC is to reduce low-density lipoprotein cholesterol (LDL-C) to
the target level. Secondary targets include achieving non-HDL-C goals
and improvements in the components of the MetS. The main features of
the TLC recommendations include:

Practical Lipid Management: Concepts and Controversies Peter P. Toth and Kevin C. Maki
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— reduced intakes of saturated fats (<7% of energy) and cholesterol
(<200 mg day™");

— dietary adjuncts for lowering LDL-C, including plant sterols/
stanols (2 g day™") and increased intake of viscous fibers (10-25 g
day’l);

— weight reduction if overweight or obese;

— increased physical activity.

e Efforts at lifestyle modification often receive less attention than they
should in clinical practice. Clinicians are encouraged to employ greater
efforts toward TLC in their practices and to utilize nurses, dietitians,
and other allied health professionals more frequently to aid patients in
achieving clinically important lifestyle modifications.

As discussed in detail in Chapter 1, potentially modifiable risk fac-
tors account for at least 90% of the population attributable risk for CHD.
The incidence and prevalence of many of these risk factors are markedly
lower in countries where a traditional lifestyle is still prevalent. Moreover,
in western countries, the CHD risk factor profile of those with low-risk
lifestyle habits is markedly better than that of the general population [1-3].
Thus, variation between and within countries in CHD risk factors can be
largely accounted for by variations in lifestyle factors such as diet, phys-
ical activity, and cigarette smoking, which lead to the development of
metabolic disturbances (obesity, dyslipidemia, hypertension, inflammation,
glucose intolerance). Unfortunately, once present, many of these conditions
are difficult to reverse and must be managed through a combination of
lifestyle changes and drug therapies.

4.1 NATURE AND NURTURE IN THE
DEVELOPMENT OF CHD RISK FACTORS

The Pima Indians provide a dramatic illustration of the importance of
lifestyle in the development of CHD risk factors. The Pimas who live in
Arizona, USA are well known for their exceptionally high rates of obesity
and diabetes. By age 35, more than 85% of male Pimas in this region are
obese and more than half have type 2 diabetes [4]. In contrast, among Pima
Indians living in rural Mexico, who have more traditional lifestyle patterns,
obesity and diabetes are markedly less common [4, 5]. This group typi-
cally engages in much more physical activity than the Pimas in Arizona
and they consume a diet that is low in saturated fats and cholesterol, high
in whole grains and legumes, and low in processed grains. While the Pimas
in rural Mexico undoubtedly have strong genetic potential for obesity and
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diabetes, their traditional lifestyle appears to prevent the expression of these
traits.

4.2 LIFESTYLE FACTORS AS DETERMINANTS
OF CHD RISK IN POPULATIONS

Migration studies have shown that when people move to western coun-
tries and adopt western lifestyle patterns, this relocation is followed by
increases in the prevalence of CHD risk factors, including hypercholes-
terolemia, hypertension, obesity, physical inactivity, and diabetes [6, 7]. As
might be expected, CHD incidence increases in tandem and is similar to
that of the adopted country within one to two generations. A similar pattern
is observed as countries adopt more western lifestyle habits. For example,
in the Seven Countries Study, the average LDL-C concentration among citi-
zens of Japan in the 1950s was <100 mg d1~!. In contrast, the average total
cholesterol level in the USA at that time was >160 mg d1~! [8]. Since that
time the influence of western culture on the Japanese lifestyle has increased
and the average level of LDL-C has risen. In the USA, the average LDL-C
level has declined, in part due to public health efforts aimed at lowering
population intakes of saturated fats, frans fats, and cholesterol, as well as
increases in the use of cholesterol-lowering medications [9, 10]. Thus, the
changes in lifestyle (and other factors) in the populations have resulted
in the two countries having very similar average LDL-C concentrations
(~130 mg dI") early in the twenty-first century [11].

4.3 WITHIN COUNTRY VARIATIONS
IN LIFESTYLE AND CHD RISK

Within the USA and other western countries, people who maintain lifestyle
habits similar to those recommended in national guidelines are less likely
to have major CHD risk factors and show lower incidence rates for CHD
events. For example, in the US Nurses’ Health Study, female nurses with a
low-risk lifestyle pattern had an incidence of major coronary events that
was 83% below that of the remainder of the cohort [2]. The low-risk
lifestyle pattern included abstinence from cigarette smoking, body mass
index <25 kg m~2, at least 30 min day~' of physical activity, moderate
alcohol consumption, and a composite dietary score in the top 40% of the
population.

One of the authors of this book was involved in a survey of physicians
in suburban Chicago (USA) that assessed the prevalence of being over-
weight and obese. Only 8% of the participating physicians were obese [12],
compared with a prevalence of nearly 35% in the general population [13].
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Data from the US Physicians’ Health Study show that the incidence of CHD
among US male physicians is ~85% lower than that of men in the gen-
eral population [14]. The lower incidence of CHD can be largely explained
by lifestyle habits that are more closely aligned with national recommenda-
tions, as well as greater attention to management of major CHD risk factors.
Thus, physicians are a model for the potential impact of a low-risk lifestyle
and risk factor management on CHD event rates.

4.4 THE METABOLIC SYNDROME

The MetS is a cluster of risk factors for both CHD and type 2 diabetes
mellitus that are found together in the same individual more frequently than
would be predicted by chance. An impaired ability of insulin to promote
cellular uptake of glucose (insulin resistance) is a central pathogenic feature
of this syndrome. Insulin resistance is frequently, but not always, associated
with excess adiposity, particularly increased levels of abdominal fat. The
NCEP ATP III provided a set of criteria for identifying the MetS in clinical
practice. These have been subsequently updated and revised in a joint state-
ment from the American Heart Association and the National Heart Lung
and Blood Institute [15]. The MetS is diagnosed when at least three of five
MetS component risk factors are present (Table 4.1). It should be noted that
the clinical definition of the MetS was selected based on variables that are
practical to measure in a clinical setting. However, among those with the
MetS, several additional metabolic disturbances are often present, including
elevated levels of C-reactive protein, fibrinogen, uric acid, and insulin.

The estimated age-adjusted prevalence of the MetS in the USA was
recently reported to be 27% [16]. The prevalence of the MetS increases
dramatically with age, affecting nearly 50% of the population over 60 years
[16]. Moreover, the MetS appears to be quite common among patients under-
going treatment for dyslipidemias. In the NEPTUNE II survey of subjects
receiving outpatient lipid management, the prevalence of the MetS was
62% overall and 74% among patients with CHD or CHD risk equivalents
(including diabetes) [17].

Lifestyle plays a central role in the development of the MetS. Since
1980, the prevalence of obesity in the USA has more than doubled. The
percentage of the population who are overweight or obese, as indicated by
body mass index >25 kg m~2, exceeds 65% [13, 18]. During this same
period, physical activity among children and adults has declined steadily
[13]. Both of these changes have contributed substantially to the high preva-
lence of the MetS in the US population, including an alarming prevalence
among children and adolescents [19]. The NCEP ATP III has identified the
MetS risk factors as a secondary target for intervention after achievement
of LDL-C treatment goals.
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Table 4.1 Criteria for clinical diagnosis of metabolic syndrome.

Measure (any 3 of 5 constitute Categorical cutpoints
diagnosis of metabolic syndrome)

a,b

Elevated waist circumference’ >102 cm in men

>88 c¢m in women

Elevated triglycerides >150 mg dI~! (1.7 mmol 171)
Or
On drug treatment for elevated
triglycerides®
Reduced HDL-C <40 mg d1I7! (0.9 mmol 17!) in men
<50 mg dI~! (1.1 mmol 17!) in
women
Or
On drug treatment for reduced
HDL-C¢
Elevated blood pressure >130 mmHg systolic blood pressure
Or
>85 mmHg diastolic blood pressure
Or

On antihypertensive drug treatment
in a patient with a history of
hypertension

Elevated fasting glucose >100 mg dI~!

Or

On drug treatment for elevated
glucose

% To measure waist circumference, locate top of right iliac crest. Place a measuring tape in
a horizontal plane around abdomen at level of iliac crest. Before reading the tape measure,
ensure that tape is snug but does not compress the skin and is parallel to floor. Measurement
is made at the end of a normal expiration.

b Some US adults of non-Asian origin (e.g. White, Black, Hispanic) with marginally increased
waist circumference (e.g. 94—102 cm (37—39 in.) in men and 80—88 cm (31-35 in.) in women)
may have strong genetic contribution to insulin resistance and should benefit from changes in
lifestyle habits, similar to men with categorical increases in waist circumference. Lower waist
circumference cutpoint (e.g. =90 cm (35 in.) in men and >80 cm (31 in.) in women) appears
to be appropriate for Asian Americans.

¢ Fibrates and nicotinic acid are the most commonly used drugs for elevated TG and reduced
HDL-C. Patients taking one of these drugs are presumed to have high TG and low HDL.

From Grundy et al. (2005) Circulation, 112, €285-90, [15] with kind permission of Lippincott
Williams & Wilkins.

4.5 THERAPEUTIC LIFESTYLE CHANGES

The NCEP ATP III recommends TLC as the first line of therapy for patients
with dyslipidemia (Figure 4.1). The guidelines recommend that lifestyle
changes should be given an adequate trial (three to six months) before
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Figure 41 A model of steps in therapeutic lifestyle Changes (TLC). From
Expert Panel (2001) The Journal of the American Medical Association, 285,
2486-97, [20].

institution of drug therapy, although for patients with CHD or risk equiv-
alents, consideration may be given to instituting drug therapy and TLC
simultaneously, particularly for those with LDL-C levels substantially above
goal. The primary target of TLC is to lower the LDL-C level to the treatment
goal for the patient’s risk category. Secondary targets after achievement of
the LDL-C goal are to reduce non-HDL-C to the treatment goal and to
improve triglyceride and HDL-C concentrations.
The main features of the TLC recommendations include:

reduced intakes of saturated fats (<7% of energy) and cholesterol
(<200 mg day~");

e dietary adjuncts for lowering LDL-C, including plant sterols/stanols
(2 g day~ ") and increased intake of viscous fibers (10-25 g day™');

weight reduction if overweight or obese;

e increased physical activity.

4.6 THE TLC DIET

Recommendations for the nutrient composition of the TLC diet are shown
in Table 4.2 [20]. Compared to previous dietary recommendations from
the NCEP, the TLC diet has greater initial emphasis on reducing intakes
of saturated fat and cholesterol and less on restriction of total fat intake.
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Table 4.2 Nutrient composition of the therapeutic lifestyle
changes (TLC) diet.

Nutrient Recommended intake

Saturated fat? <7% of total calories

Polyunsaturated fat Up to 10% of total calories

Monounsaturated fat Up to 20% of total calories

Total fat 25-35% of total calories

Carbohydrate? 50-60% of total calories

Fiber 20-30 g day™!

Protein Approximately 15% of total
calories

Cholesterol <200 mg day~!

Total calories (energy)“ Balance energy intake and

expenditure to maintain
desirable body weight/prevent
weight gain

4 Trans fatty acids are another LDL-raising fat that should be kept at a low
intake.

b Carbohydrate should be derived predominantly from foods rich in com-
plex carbohydrates including grains, especially whole grains, fruits, and
vegetables.

¢ Daily energy expenditure should include at least moderate physical activ-
ity (contributing approximately 200 kcal day_l).

From Expert Panel (2001) The Journal of the American Medical Associa-
tion, 285, 2486-97, [20].

The primary target of lipid management in the NCEP ATP III is lowering
LDL-C to the treatment target. Greater intakes of saturated fats and choles-
terol fats raise the LDL-C concentration, so restricting the intakes of these
dietary components to <7% of energy and <200 mg day~', respectively, is
strongly encouraged. Trans fats, such as those found in shortenings and stick
margarines also raise LDL-C. While no specific recommendation is made
regarding percentage of caloric intake from frans fats, it is recommended
that their intake be kept as low as possible.

Increased consumption of unsaturated fats (mono- and polyunsaturated)
lowers the LDL-C concentration. Furthermore, high dietary carbohydrate
content has been associated with increases in triglycerides and very-low-
density lipoprotein cholesterol (VLDL-C), as well as reductions in HDL-C.
This is especially true for patients with obesity or the MetS [21]. Accord-
ingly, whereas previous recommendations emphasized replacing saturated
fats with carbohydrates, the TLC diet recommends replacing saturated fats
with a combination of unsaturated fats (e.g. from nuts and liquid oils) and
complex carbohydrates, preferably from sources such as whole grains, veg-
etables, and fruits that also contain dietary fiber. Table 4.3 shows a summary
of a low-risk dietary pattern that is consistent with the NCEP ATP III rec-
ommendations [1, 3].
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Table 4.3 Characteristics of a low-risk dietary pattern consis-
tent with the National Cholesterol Education Program therapeutic
lifestyle changes diet.

Foods to be emphasized Foods to be eaten sparingly
Whole grains Refined grains

Legumes White rice and potatoes

Nuts and oils Stick margarines and shortenings
Fruits and vegetables Sodas, sweets, and desserts

Fish and lean meats High-fat meats

Low-fat dairy products High-fat dairy products

From Maki. (2004) The American Journal of Cardiology, 93 (Suppl 11A),
12C-17C, [1].

4.7 DIETARY ADJUNCTS: VISCOUS FIBERS
AND PLANT STEROL/STANOL PRODUCTS

If the TLC diet alone is not sufficient to lower LDL-C to the target level,
the NCEP ATP III recommends inclusion of dietary sources of viscous
fibers (10-25 g day~') and plant sterol/stanol products (2 g day~' of
sterol/stanol) in the diet. In the authors’ experience, such recommendations
are rarely made in clinical practice. This is unfortunate, since numerous
studies have shown that the effects of dietary interventions are additive
to those of drug therapies [22—24]. Moreover, each nondrug intervention
provides 5—-10% reductions in LDL-C, which approximates the degree of
LDL-C reduction achieved through doubling the dose of a statin drug
[21].

If a patient on a typical American diet (i) reduces their intakes of sat-
urated fat and cholesterol, (ii) adds a rich source of viscous fiber to the
diet, and (iii) consumes 2 g day~! of plant sterol, or stanols, the expected
reduction in LDL-C would be 15-24%. Additional LDL-C lowering might
be achieved by loss of 5-10% of body weight if the patient is over-
weight or obese. Thus, it is possible to obtain reductions of up to 30% in
LDL-C with aggressive dietary and lifestyle management [25-27], although
smaller reductions (5—15%) are more commonly achieved in clinical prac-
tice.

Examples of good dietary sources of viscous fibers include whole oats
and barley, certain fruits such as prunes and pears, and some bulk fiber
laxatives including Metamucil and Citrucel. Several plant sterol and/or
stanol-containing products are available in grocery stores including
margarine-like spreads, yogurts, snack bars, and dietary supplements.
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4.8 PHYSICAL ACTIVITY AND WEIGHT
REDUCTION

The current recommendations regarding physical activity are for all Amer-
icans to engage in 30—60 min of activity on most days or ~1000 kcal per
week [26]. Walking is the most practical form of exercise for most peo-
ple and the average middle-aged man or woman can walk approximately 2
miles in 30 min. A useful rule of thumb is that the number of kcal required
to walk a mile is approximately equal to 0.67 times body weight in pounds.
Thus, a 150-pound woman will burn about 100 kcal for each mile walked.
The corresponding number for a 200-pound man would be 134 kcal.

Increased physical activity and weight loss have independent and addi-
tive beneficial effects on numerous CHD risk factors, particularly those of
the MetS, including blood pressure, insulin resistance, glucose tolerance,
lipid concentrations (mainly triglyceride and HDL-C levels), and markers
of inflammation and hemostatic balance. In addition, regular physical activ-
ity is extremely important for weight management. It is not necessary to
achieve ideal body weight in order for weight loss to have an important
impact on the CHD risk factor profile. Clinically important improvements
are evident after loss of as little as 5% of body weight.

4.9 SMOKING CESSATION

In addition to being a major CHD risk factor itself, cigarette smoking is
associated with adverse changes in numerous CHD risk markers, includ-
ing levels of triglycerides, HDL-C, insulin resistance, fibrinogen, and other
hemostatic and inflammatory markers. For patients who smoke, clinicians
should strongly encourage them to quit. For patients who are unwilling or
unable to do so, efforts to limit smoking should be encouraged and the
significance of managing lipids and other CHD risk factors is heightened.

4.10 IMPORTANCE OF ALLIED HEALTH
PROFESSIONALS

The sad truth is that, despite the large potential for TLC to reduce CHD
risk, they often receive minimal attention in practice. In part this may reflect
nihilism among clinicians who become frustrated with minimal improve-
ments observed after recommending lifestyle changes to many patients. In
part it may reflect the fact that time constraints make it very difficult to
counsel patients effectively on how to implement lifestyle changes.
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Allied health professionals can play an important role in guiding and
encouraging patients to undertake lifestyle changes. Nurses, dietitians,
exercise physiologists, and social workers can all contribute importantly to
the process of behavior change in both primary and secondary prevention.
Phases II and III cardiac rehabilitation programs frequently employ some
or all of these professionals, who have the time and expertise required to
assist patients with implementation of the TLC recommendations. In addi-
tion, some managed care organizations and health clubs offer these services.
Expense and lack of insurance coverage for such services can be a signif-
icant barrier to their use. Therefore, the primary responsibility for learning
about and implementing TLC falls to the patient and it is imperative that
clinicians counsel patients on the importance of lifestyle in the development
and management of cardiovascular risk.
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S5 Management of Elevated
Low-density Lipoprotein
Cholesterol

Key Points

e Studies show a clear relationship between low-density lipoprotein
cholesterol (LDL-C) and risk for coronary heart disease (CHD), myocar-
dial infarction (MI), peripheral arterial disease, carotid artery disease,
ischemic stroke, and sudden death.

e Several genetic disorders cause elevated LDL-C, including familial
hypercholesterolemia (FH), familial combined hyperlipidemia (FCH),
familial defective apolipoprotein B, and autosomal dominant hyperc-
holesterolemia.

The National Cholesterol Education Program Adult Treatment Panel
(NCEP ATP III) added an optional treatment goal of <70 mg dl~" for
patients at very high-risk, defined as those with established atheroscle-
rotic cardiovascular disease (CVD) plus any of the following: multiple
risk factors; severe, poorly controlled risk factors; metabolic syndrome,
diabetes mellitus or a history of acute coronary syndromes (MI or unsta-
ble angina). Results from clinical trials have supported the view that
lowering LDL-C levels to values well below 100 mg dI~" has incremen-
tal benefit in very high-risk subgroups.

The management of elevated LDL-C is focused on instituting therapeu-
tic lifestyle changes (TLC), followed by pharmacologic therapy (mainly
statins, ezetemibe, bile acid sequestrants (BASs)) if necessary to achieve
LDL-C treatment targets.

Practical Lipid Management: Concepts and Controversies Peter P. Toth and Kevin C. Maki
© 2008 John Wiley & Sons, Ltd
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It is estimated that over 79 million American adults, or one in three, have
one or more types of CVD [1]. Early, aggressive identification and manage-
ment of patients at risk for CHD is essential to any effort aimed at reducing
cardiovascular morbidity and mortality. The association between increased
LDL-C and the development of CHD is widely acknowledged. Lowering
LDL-C reduces the risk of coronary events, with greater LDL-C reduction
leading to greater reduction in risk for events [2, 3]. This chapter reviews
the management of LDL-C in both the primary and secondary prevention
settings.

5.1 RELATIONSHIP BETWEEN LDL-C AND RISK
FOR CARDIOVASCULAR EVENTS

LDL is the major atherogenic lipoprotein and LDL-C has long been iden-
tified as a primary target of cholesterol lowering therapy for reducing risk
for CHD [4]. Data from cohort studies show a clear relationship between
LDL-C and risk for CHD, MI, peripheral arterial disease, carotid artery dis-
ease (CAD) and ischemic stroke, and sudden death. The Framingham Heart
Study [5], the Multiple Risk Factor Intervention Trial (MRFIT) [6], and the
Lipid Research Clinics Coronary Primary Prevention Trial (LRC-CPPT)
trial all identified a direct relationship between LDL-C and the incidence of
new-onset CHD [7]. The Framingham Study demonstrated that among 2489
men and 2856 women aged 30—74 followed for 12 years, a total of 383 men
and 227 women developed CHD and risk was significantly associated with
blood pressure, total cholesterol (TC), LDL-C, and high-density lipoprotein
cholesterol (HDL-C) (all P < 0.001) [5]. The adjusted attributable risk of
CHD events associated with elevated TC (>200 mg dl~!) was 27% in men
and 34% in women [5]. In MRFIT, a large cohort of 356 222 men aged
35-57 years, a significant relationship was found between serum cholesterol
and CHD that was continuous and graded based on cholesterol quintiles.
Of all CHD deaths, 46% were attributable to serum cholesterol levels
>180 mg dI~! [6]. The heightened risk for CVD as TC or LDL-C increase
is remarkably consistent throughout most regions of the world [8—10].
The LRC-CPPT was a primary prevention study of 3806 men and
demonstrated the efficacy of cholesterol lowering with cholestyramine, a
BAS, for reducing CHD events. Cholestyramine therapy was associated
with a 13.4% reduction in LDL-C and a 19% reduction in CHD events [7,
11]. The Scandinavian Simvastatin Survival Study (4S) further defined the
importance of reducing LDL-C for secondary prevention of cardiovascular
events. In 4S, 4444 patients with CHD were randomized to therapy with
either placebo or 20—40 mg of simvastatin daily. The group treated with
simvastatin experienced a 35% reduction in LDL-C and a 30% reduction in
overall mortality compared to placebo. This was the first trial with a lipid-
altering agent to demonstrate a statistically significant reduction in total
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Figure 5.1 Meta-regression of prospective intervention trials evaluating the effect
of low-density lipoprotein cholesterol (LDL-C) reduction on risk for cardiovas-
cular events. Dotted lines represent 95% confidence intervals. Eighteen trials are
included in this analysis. AF/TexCAPS, Air Force/Texas Coronary Atherosclero-
sis Prevention Study; ALERT, Assessment of LEscol in Renal Transplantation;
ASCOT-LLA, Anglo-Scandinavian Cardiac Outcomes Trial-Lipid Lowering Arm;
CARDS, Collaborative Atorvastatin Diabetes Study; CARE, Cholesterol and Recur-
rent Events study; HPS, Heart Protection Study; Los Angeles (Dayton et al. (1969)
Circulation, 40 Suppl IL:I111-63); LIPID, Long-Term Intervention with Pravastatin
in Ischemic Disease; London Hospitals (Lancet (1965), 2, 501-504); LRC, Lipid
Research Clinics; MRC, Medical Research Council; NHLBI, National Heart, Lung,
and Blood Institute; Oslo (Acta Med Scand (1966), 466, 5-92); POSCH, Pro-
gram on the Surgical Control of the Hyperlipidemias; PROSPER, PROspective
Study of Pravastatin in the Elderly at Risk; 4S, Scandinavian Simvastatin Survival
Study; Upjohn (Dorr et al (1978), J Chron. Dis, 31, 5-14); WOSCOPS, West of
Scotland Coronary Prevention Study. Data used with permission from Robinson,
J.G. (2005) Journal of the American College of Cardiology, 46, 1855-62, [13].
A full-color version of this figure appears in the color plate section of this book.

mortality. Based on the results of 4S, it was estimated that each 1% reduc-
tion in LDL-C reduces risk of CHD death and non-fatal MI by 1.7% [12].
A recent meta-regression of 10 placebo-controlled statin trials demonstrated
that each 1% reduction in LDL-C lowered the relative risk of CHD death
and non-fatal MI and stroke by 1% (Figure 5.1) [13]. The hazard for devel-
oping CHD or experiencing an acute CHD-related event approaches zero at
an LDL-C level of approximately 40 mg d1~! (Figure 5.2). Consequently, to
a great degree, when it comes to LDL-C and risk reduction, it is generally
accepted that “lower is better” [14].



66 LOW-DENSITY LIPOPROTEIN CHOLESTEROL

3.7
2.9
Relative
Risk 2.2
For
Coronary 1.7
Heart
Disease 1.3
(Log Scale)
1.0
40 70 100 130 160 190

LDL — Cholesterol (mg/dL)

Figure 5.2 Relationship between low-density lipoprotein (LDL) cholesterol and risk
for coronary heart disease. Reproduced with permission from Grundy, S.M. et al.
(2004) Journal of the American College of Cardiology, 44, 720-32, [2].

5.2 CLINICAL TRIAL SUPPORT FOR VERY
AGGRESSIVE LDL-C REDUCTION FOR THOSE
AT HIGHEST RISK

In 2004, updates to the NCEP ATP III guidelines added a category of “very
high-risk” for patients with established CVD plus multiple major risk factors
or severe, poorly controlled risk factors (e.g. diabetes or continued cigarette
smoking), metabolic syndrome or acute coronary syndromes (Table 5.1)
[2]. Persons with CHD or CHD risk equivalents have an LDL-C goal of
<100 mg dI~', while very high-risk patients have an optional lower LDL-C
goal of <70 mg d1~! [2]. A systematic approach to LDL-C lowering in very
high-risk patients is shown in Table 5.2.

Lowering LDL-C levels to levels substantially less than 100 mg dI~!
has shown incremental benefit in several clinical trials. The treating to new
targets (TNT) trial included 10 001 patients with CHD and demonstrated
that intensive statin therapy with atorvastatin 80 mg day~' lowered the
mean LDL-C level to 77 mg dI~! compared with standard therapy of ator-
vastatin 10 mg day~!, which lowered the mean LDL-C level to 101 mg d1~!
[18]. The lower LDL-C level with intensive statin therapy was associated
with a 22% reduction in the relative risk of the primary composite end-
point, which included CHD death, non-fatal MI, resuscitated cardiac arrest,
or fatal or non-fatal stroke (Table 5.3) [18]. Similarly, the Pravastatin or
Atorvastatin Evaluation and Infection Therapy-Thrombolysis in Myocar-
dial Infarction 22 (PROVE-IT) trial, which followed 4162 patients who
had experienced recent acute coronary syndrome resulting in hospitaliza-
tion, showed a decrease in the median LDL-C level to 62 mg dI~! with
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Table 5.1 Who is the high-risk patient?

CHD e History of MI
e Unstable angina
e Stable angina
e Angioplasty or bypass surgery

e Clinically significant myocardial ischemia

CHD risk e Peripheral arterial disease
equivalents
aury e Abdominal aortic aneurysm

e Carotid artery disease (e.g. TIA, stroke, >50%
obstruction of a carotid artery)

e Diabetes mellitus

e 2+ risk factors with >20% 10-yr risk for CHD
Very high-risk Established CVD +

e Multiple major risk factors (especially diabetes)

e Severe and poorly controlled risk factors (especially
continued cigarette smoking)

e Multiple risk factors of the metabolic syndrome (espe-
cially TG >200 mg dI~!' + non-HDL-C >130 mg dI~!
with HDL-C <40 mg dI~')

e Acute coronary syndromes (unstable angina or acute
MI)

CHD, coronary heart disease; CVD, cardiovascular disease; HDL-C, high-density lipoprotein
cholesterol; MI, myocardial infarction; TG, triglycerides; TIA, transient ischemic attack. Adapted
from data in Grundy, S.M. et al. (2004) Circulation, 110, 227-39, [2], with additional data from
Sarnak, M.J. et al. (2003) Circulation, 108, 2154-69, [15].

Reproduced with permission from Toth, P.P. (2007) Family Practice Recertification, 29, 24-37,
[16].

intensive therapy (80 mg of atorvastatin daily) compared with 95 mg dl~!
in the moderate lipid-lowering therapy (40 mg of pravastatin daily) [19].
In PROVE-IT, the primary composite endpoint of all-cause mortality and
cardiovascular events was reduced an additional 16% and the composite of
all-cause mortality, non-fatal MI, and need for revascularization was reduced
by an additional 25% in the group treated with high-dose atorvastatin relative
to the pravastatin group.

The Heart Protection Study (HPS) examined the impact of simvastatin
therapy (40 mg daily) in 20 536 high-risk persons with CHD, other occlusive
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Table 5.2 How to treat very-high-risk patients to their LDL-C goal of <70 mg dl~.

e Consider intensive therapy for all patients admitted to the hospital with ACS
— Measure LDL-C within 24 h of admission to determine drug choice and
regimen
o Initiate statin therapy regardless of baseline LDL-C to obtain at least a 30—40%
reduction in LDL-C
— In patients with high baseline LDL-C
o Use (or switch to) a powerful statin (e.g. atorvastatin, rosuvastatin)
o If monotherapy is unsuccessful, try combination therapy with statin + eze-
timibe or statin 4 niacin

— In patients with LDL-C <100 mg dI~! after standard-dose statin therapy

o Use low dose of a more powerful statin or up-titrate standard regimen

e When triglycerides are elevated (>200 mg dI~"), use statin therapy to achieve
a non—HDL-C level of 30 mg dl~! above the LDL-C goal

— When HDL-C is low and/or triglycerides are elevated, consider combination
therapy with statin + niacin or statin + fenofibrate

Reproduced with permission from Toth, P.P. (2007) Resident and Staff Physician, 53, s1—s7,
[17].

arterial disease, or diabetes mellitus. Significant reductions in CHD event
rates were seen in all subgroups, including those without diagnosed CHD but
who had cerebrovascular disease, peripheral artery disease, or diabetes mel-
litus; men and women; those over or under age 70 years; and most notably,
even in those who presented with a baseline LDL-C below 116 mg dI~'.
Among patients whose baseline LDL-C was already <100 mg dl~!, there
was an additional reduction of 20—-30% in CHD risk with a 30% reduction
in LDL-C [23]. The impact of greater LDL-C reduction on CHD-related
event risk reduction was also confirmed in a recent meta-analysis of 14
randomized statin trials with 90 056 patients. This analysis showed a 12%
reduction in all-cause mortality per 38.7 mg dl~! reduction (1 mmol 171)
in LDL-C [3]. For every millimolar per liter decrease in LDL-C, approxi-
mately 20% reductions were observed in the five-year incidence of MI or
coronary death, need for coronary revascularization, and fatal or nonfatal
stroke [3].
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5.3 GENETIC DISORDERS ASSOCIATED WITH
ELEVATED LDL-C

An additional consideration in the assessment of patients with elevated
LDL-C is that several genetic disorders cause elevated LDL-C, including
FH, FCH, familial defective Apo B, and autosomal dominant hypercholes-
terolemia. FCH, an autosomal dominant disorder, is the most common
genetic cause of elevated LDL-C [34]. In FCH, Apo B is overproduced,
resulting in an abundance of very-low-density lipoprotein (VLDL) parti-
cles along with delayed clearance of postprandial triglycerides (TG) and an
increased flux of free fatty acids [35]. The increase in VLDL particles leads
to increased exchange of TG for cholesterol ester in high-density lipopro-
tein (HDL) or low-density lipoprotein (LDL) mediated by cholesterol ester
transfer protein. The enrichment of these particles with TG renders them a
better target for lipolysis by hepatic lipase, resulting in smaller HDL par-
ticles and smaller, denser LDL. As the HDL particles get progressively
smaller, they became unstable and are ultimately catabolized. This gives
rise to the so-called atherogenic lipid triad, of high TG, low HDL-C, and
increased numbers of small, dense LDL particles (see Chapter 6 for more
details on this phenotype).

5.4 ATHEROGENIC IMPACT OF LDL-C

LDL is considered to be the predominant atherogenic lipoprotein and high
LDL concentrations initiate atherogenesis [36, 37]. The mechanisms through
which LDL-C is atherogenic are complex. It is thought that circulating LDL
particles filter into the arterial wall where they are trapped by intercellu-
lar matrix proteins and then undergo enzymatic oxidation and glycation.
Modified LDL particles activate macrophages resident within the suben-
dothelial space. Activated macrophages then express scavenging receptors
such as CD36 and scavenging receptor A, which then bind and internalize
LDL. As more and more lipid is taken up, the macrophage is converted
into a foam cell. As foam cells coalesce, they help to form fatty streaks and
atheromatous plaques (see Chapter 2 for additional detail on the atherogenic
process).

LDL particles consist of several distinct subclasses that differ in size,
density, and lipid content [38]. A predominance of smaller LDL particles, or
phenotype B, is also associated with lower HDL and the cluster of abnormal-
ities that characterize the metabolic syndrome, including insulin resistance,
and increased risk of CVD [39]. Irrespective of LDL size, all LDL particles
have the potential to be atherogenic within the arterial wall. Consistent with
the latter statement, LDL particle number as measured by nuclear magnetic
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resonance spectroscopy, has a significant and continuous relationship with
risk for acute cardiovascular events in both men and women [40-43].

Atherogenic dyslipidemia results in increased atherosclerotic plaque for-
mation due to an imbalance between an increased number of small, dense
LDL particles, which promote the deposition of cholesterol in the arte-
rial wall, and the impaired removal of cholesterol secondary to low HDL.
Cholesterol is also delivered into the arterial wall by other atherogenic
lipoproteins, including VLDL, intermediate-density lipoprotein (IDL), and
lipoprotein(a) [44].

Some patients can have genetic deficiencies of the LDL receptor (het-
erozygous and homozygous FH) leading to impaired clearance of athero-
genic lipoproteins [45]. Many mutations leading to the phenotype of FH
have been described [46]. Clinical features of FH, particularly among
homozygotes, include corneal arcus, plantar and periosteal xanthomas, and
increased prevalence of premature multivessel CAD [47]. Patients homozy-
gous for FH frequently require LDL apheresis in order to significantly reduce
serum LDL-C levels [48].

5.5 MANAGEMENT OF ELEVATED LDL-C

The management of elevated LDL-C is focused on instituting TLC, followed
by pharmacologic therapy if necessary to achieve LDL-C treatment targets.
TLC is described in detail in Chapter 4.

Statin therapy is most commonly used to reduce elevated LDL-C and
to improve all components of the lipid profile. Statins have important lipid
effects beyond LDL-C reduction that may also contribute to CVD risk reduc-
tion, including decreasing hepatic VLDL secretion (which results in lower
serum TG levels) and raising HDL-C [49]. Other widely used lipid-altering
drugs used in the management of elevated LDL-C include cholesterol
absorption inhibitors (ezetimibe) and bile acid resins.

STATINS

The statins are the most widely used pharmacologic agents for the treat-
ment of dyslipidemia. The statins are reversible, competitive inhibitors of
3-hydroxy-3-methlyglutarl coenzyme A (HMG-CoA) reductase, the rate-
limiting enzyme for hepatic cholesterol biosynthesis.

In addition to reducing cholesterol biosynthesis, the statins enhance the
clearance of atherogenic Apo B-100-containing lipoproteins (VLDL, VLDL
remnants, and LDL) by upregulating the expression of the LDL receptor on
the surface of hepatocytes. The statins stimulate Apo A-I expression and
hepatic HDL secretion secondary to weak peroxisomal proliferator-activated
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receptor — o (PPAR — «) agonism [50]. Statins also appear to exert bene-
fits (pleiotropic effects) beyond decreasing circulating levels of atherogenic
lipoproteins through anti-inflammatory effects and atheromatous plaque sta-
bilization (Figure 5.3) [51]. Pleiotropic effects bring about a reduction in
the production of a large number of atherogenic stimuli such as C-reactive
protein, reactive oxygen species (superoxide anion, hydroxyl radical, per-
oxynitrite), tissue factor, interleukins, endothelial cell adhesion molecules,
monocyte chemoattract protein-1, angiotensin-II receptor, and endothelin-1,
as well as a decrease in platelet reactivity and smooth-cell proliferation, and
a reversal of endothelial dysfunction, among others. As a result, the statins
have been associated with modulating numerous mechanisms that reduce
atherogenesis [52] and even stimulate its regression [53].

The various statins differ in their pharmacokinetic properties and
potency. Lovastatin, simvastatin, and atorvastatin are metabolized via the
cytochrome P450 (CYP) 3A4 pathway and as a result have the potential
for drug interactions with agents that inhibit the CYP34A pathway. Fluvas-
tatin is metabolized by the 2C9 pathway, and pravastatin and rosuvastatin
are not significantly metabolized by the CYP pathway. The LDL-C reduc-
ing effect of the statins ranges from 45 to 63% for rosuvastatin (Crestor,
5-40 mg day™!), 26 to 60% for atorvastatin (Lipitor, 10—80 mg day~'),
26 to 47% for simvastatin (Zocor, 10-80 mg day~!), 21 to 42%
for lovastatin (Mevacor, 10-80 mg day~!), 22 to 36% for fluvastatin
(Lescol, 10-80 mg day~!), and 22 to 34% for pravastatin (Pravachol,
10-80 mg day~").

A number of randomized large-scale, placebo-controlled trials in both
the primary and secondary prevention settings have demonstrated the
efficacy of statins in reducing CHD risk (see Table 5.3 for summary).
The Air Force/Texas Coronary Atherosclerosis Prevention Study
AFCAPS/TexCAPS) [55] evaluated the use of lovastatin (20-40 mg day~!)
for the prevention of first acute major coronary event in 5608 men and
997 women without clinically evident atherosclerotic CHD and with aver-
age levels of TC and LDL-C, but below-average HDL-C. After a median
follow-up of five years, lovastatin lowered LDL-C by an average of 25% to
115 mg dI~! and significantly reduced the incidence of first acute coro-
nary events (fatal or non-fatal MI (P = 0.002), unstable angina (P =
0.02), need for coronary revascularization procedures (P = 0.001), coro-
nary events (P = 0.006), and cardiovascular events (P = 0.003) [55].
Another primary prevention trial, the Anglo-Scandinavian Cardiac Out-
comes Trial-Lipid Lowering Arm (ASCOT-LLA) [21], examined the use of
atorvastatin 10 mg day~! in hypertensive patients with three or more other
risk factors (e.g. family history of premature CAD, microalbuminuria, low
HDL-C, left ventricular hypertrophy, etc.) with TC levels of 250 mg dI~!
or less. After a median follow-up of 3.3 years, atorvastatin lowered tot-
al serum cholesterol by 50 mg dI~! at 12 months and by 43 mg dI~! after
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3 years of follow-up [21]. There were significant reductions in the primary
composite endpoint (non-fatal MI and fatal CHD events; 36%, P = 0.0005),
MI (45%, P = 0.0002), and fatal and nonfatal stroke (27%, P = 0.024).
ASCOT-LLA was stopped nearly 2 years early by the study’s Data Safety
Monitoring Board because after only 3.3 years, the benefit of statin therapy
was so strong they believed it would have been unethical to continue to
withhold statin therapy from the placebo group.

In the Collaborative Atorvastatin Diabetes Study (CARDS) [22], 2838
patients with type 2 diabetes mellitus but no history of CHD were random-
ized to therapy with either atorvastatin 10 mg daily or placebo. In these
patients, atorvastatin therapy was associated with significant reductions in
the primary composite endpoint of acute CHD events (36%, P = 0.001),
MI (42%, P = 0.007), and fatal/non-fatal stroke (48%, P = 0.007) after
a median follow-up of 3.9 years. CARDS was also stopped approximately
two years earlier than planned because of the magnitude of benefit in the
atorvastatin group compared with the placebo group. The West of Scot-
land Coronary Prevention Study (WOSCOPS) [25] evaluated the efficacy
of pravastatin 40 mg day~! in 6595 men with hypercholesterolemia and no
history of previous MI. After an average of 4.9 years of follow-up, pravas-
tatin lowered plasma TC by 20% and LDL-C by 26%, and significantly
reduced risk of non-fatal MI (31%, P < 0.001), death from CHD (28%, P
= 0.13), and death from all cardiovascular causes (32%, P = 0.0033) [25].

Various secondary prevention clinical trials have demonstrated the ben-
efit of statin therapy including 4S [12], Cholesterol and Recurrent Events
(CARE) [28]. Long-term Intervention with Pravastatin in Ischaemic Disease
(LIPID) [56], HPS [23], A to Z trial [57], TNT [58], Incremental Decrease
in End Points Through Aggressive Lipid Lowering (IDEAL) [59], and the
Pravastatin in Elderly Individuals at Risk of Vascular Disease (PROSPER)
[24]. These trials have affirmed the central concept that the greatest absolute
benefit from LDL-C reduction accrues to those with the highest absolute
risk, emphasizing the importance of aggressive lipid management in sec-
ondary prevention (see Chapter 1, Figure 1.1).

EZETIMIBE

Ezetimibe (Zetia) is the first member of a class of lipid-lowering drugs
known as cholesterol absorption inhibitors [60]. Ezetimibe localizes to the
brush border of jejunal enterocytes and inhibits the uptake of biliary and
dietary sources of cholesterol (Figure 5.4). Ezetimibe specifically binds
to the Nieman Pick C1 like-1 sterol transporter [61]. Ezetimibe does not
affect the absorption of TG, fatty acids, bile acids, or fat-soluble vitamins,
including vitamins A, D, E, and « and B-carotenes [62, 63]. After oral
administration, ezetimibe is rapidly glucuronidated in the intestines and
subsequently undergoes enterohepatic recirculation, resulting in a repeated
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Figure 5.4 Cholesterol absorption, hepatic biosynthesis, and systemic distribution.
Cholesterol enters the gastrointestinal tract from both dietary and biliary sources.
Cholesterol is solubilized into micelles with bile salts and lipids. Micelles interact
with enterocytes along the brush border of the jejunum. The sterol transporter Nieman
Pick Cl-like 1 protein (NPC1) binds and transports cholesterol and phytosterols into
the enterocyte’s interior. This transporter is inhibited by the drug ezetimibe. Phtyos-
terols are typically transported back into the intestinal lumen via the ABCGS5/GS8
heterodimer. ABCG5/GS can also translocate excess cholesterol out of the enterocyte.
Absorbed sterols are esterified and combined with apoprotein B48 and other lipids to
form chylomicrons. Chylomicrons are secreted into the enterolymph and gain access
into the central circulation via the thoracic duct. Chylomicrons deliver cholesterol
and triglycerides to the liver. Cholesterol and triglycerides can then be packaged
into VLDL and secreted by the liver. The triglycerides in VLDL are hydrolyzed by
lipoprotein lipase progressively yielding IDL and then LDL. The LDL particles can
either be taken up into arterial walls or can be taken up by the liver by LDL receptors.
A full-color version of this figure appears in the color plate section of this book.

delivery of the drug to its site of action, with minimal systemic exposure
[64]. The timing of dosing does not affect its activity [65] and food does
not affect its bioavailability [66].

Ezetimibe has been demonstrated to reduce LDL-C on average by
18—20% (the equivalent of three statin titration steps) and has established
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efficacy as monotherapy in reducing LDL-C in patients with hypercholes-
terolemia [67, 68], as well as in combination therapy with statins [69—-72].
Coadministration of ezetimibe with atorvastatin and simvastatin 10, 20, 40,
or 80 mg and with lovastatin and pravastatin 10, 30, or 40 mg resulted in
more effective LDL-C lowering than with a statin alone at each statin dose
level. Notably, coadministration of ezetimibe 10 mg daily with the lowest
statin dose was as effective as statin monotherapy at the highest dose and
the efficacy of coadministration therapy was not influenced by age, race,
gender, or level of CHD risk [49].

A fixed-dose combination of ezetimibe with increasing doses of simvas-
tatin is available (Vytorin; 10/10; 10/20; 10/40; 10/80 mg daily) [33]. The
addition of ezetimibe to statin therapy can reduce the likelihood of having
to titrate the statin. The coadministration of ezetimibe to statin therapy is
well tolerated and generally has an adverse event profile similar to statin
monotherapy [69-72]. To date, no cases of hepatitis, jaundice, or other
clinical signs of liver dysfunction have been reported with ezetimibe—statin
combination therapy. Ezetimibe is also indicated for the treatment of the
rare disorder B-sitosterolemia. In p-sitosterolemia, patients are afflicted
with mutations in the membrane casette transport protein heterodimer
ABCGS5/GS, a translocase responsible for externalizing excess intracellu-
lar cholesterol and plant sterols or phytosterols (e.g. sitosterol, campesterol)
from the cytosol of enterocytes [73]. In patients with S-sitosterolemia, high
levels of phytosterols are atherogenic and can induce premature CAD, espe-
cially in homozygotes. Ezetimibe has not yet been shown to reduce risk for
cardiovascular events, though multiple trials are ongoing to further evaluate
this issue.

BILE ACID SEQUESTRANTS

BASs or bile acid binding resins are orally administered anion exchange
resins that bind bile acids in the gastrointestinal (GI) tract and prevent their
reabsorption into the enterohepatic circulation via the ileal bile acid transport
protein [74]. BASs reduce LDL-C by increasing the catabolism of choles-
terol, secondary to the upregulation of 7-a-hydroxylase, a rate-limiting
enzyme for the conversion of cholesterol into bile acids; and by increasing
the expression of LDL receptors on the hepatocyte surface, thereby enhanc-
ing the clearance of Apo B-100-containing lipoproteins from plasma. BASs
are used as monotherapy or, more often, as part of combination therapy
with a statin for the management of dyslipidemia. Of the BASs, cholestyra-
mine (Questran) and colestipol (Colestid) have proven to be effective and
safe non-systemic approaches to LDL-C reduction; however, tolerability
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and compliance issues related to palatability and GI side effects have lim-
ited their use. Colesevelam hydrochloride (WelChol) is effective in reducing
LDL-C (12-20%) in patients with mild to moderate hypercholesterolemia.
The lipid-lowering effects of BASs are attributed to the increasing hepatic
conversion of intracellular cholesterol to bile acids, altered hepatic intracel-
lular cholesterol distribution, and enhanced clearance of serum LDL-C due
to upregulation in the expression of hepatic LDL receptors [75].

The clinical benefit of BASs was demonstrated in the Lipid Research
Clinics Coronary Primary Prevention Trial [7, 11], which showed that
cholestyramine dosed at 24 g day~! significantly reduced LDL-C in 3806
middle-aged men with primary hypercholesterolemia (type II hyperlipopro-
teinemia). Men in the cholestyramine treated group showed an 8.5% greater
reduction in TC and 12.6% greater reduction in LDL-C compared with
placebo. They also experienced a 19% reduction in risk of CHD death
and/or non-fatal MI [7, 11]. Colesevelam HCI] was demonstrated to be effec-
tive as monotherapy and in statin combination therapy with lovastatin [76],
simvastatin [77], and atorvastatin [78]. BAS therapy increases HMG-CoA
reductase activity in the liver, leading to increased hepatic biosynthesis
of cholesterol. Thus, the combination of a BAS with statin therapy is an
attractive approach.

BASs have been associated with high rates of discontinuation (40—60%)
due to poor palatability of the drug and to the occurrence of GI adverse
effects, especially constipation [79]. Constipation is the most common
adverse effect for BASs, occurring in 10% of patients taking colestipol and
in up to 28% of patients taking cholestyramine [80]. Colesevelam HCI tends
not to constipate patients as it forms a soft gel while in transit through the GI
tract. The BASs can reduce the absorption of fat-soluble vitamins, warfarin,
phenobarbital, thiazide diuretics, digitalis, S-blockers, thyroxine, statins,
fibrates, and ezetimibe. These agents should be administered 1 hour before
or 4 hours after ingestion of a BASs. Agents in the BAS class can also induce
paradoxical elevations in serum TG for reasons that are poorly understood.

NIACIN AND FIBRATES

Niacin and fibrates are most commonly used for the treatment of hyper-
triglyceridemia and/or low HDL-C (often in combination with another agent)
and are covered in more detail in Chapters 6 and 7. However, both drugs
have moderate capacity to lower LDL-C (5-20%), particularly in mixed
dyslipidemias in which the patient has disturbances in LDL-C combined
with hypertriglyceridemia and/or depressed HDL-C. Clinicians should be
aware that the effects of fibrates (fenofibrate and gemfibrozil) on LDL-C
are highly dependent on the pretreatment TG concentration. When TG are
>350 mg dl_l, LDL-C may rise with fibrate therapy, whereas LDL-C is
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more likely to be reduced when the starting TG level is lower. In part, this
reflects impaired conversion of VLDL to LDL particles in patients with
marked hypertriglyceridemia, which is partially normalized when the TG
level is lowered during fibrate therapy. Both fibrates and niacin have been
found to reduce CHD event risk and progression of coronary atherosclerosis
in clinical trials [4].

POTENTIAL TOXICITIES OF LIPID-LOWERING
MEDICATIONS

While the efficacy of statin therapy in the management of CHD is well
established, statin use can be associated with an elevation in liver transam-
inase levels. The responsible mechanisms for this phenomenon are not well
established. Elevations in the liver enzymes alanine aminotransferase (ALT)
or aspartate aminotransferase (AST) can occur with statin therapy but are
often transient and resolve spontaneously [81]. Recommendations of the
National Lipid Association Statin Safety Assessment Task Force reinforce
the initial and continued monitoring of liver transaminase levels for eleva-
tion to ensure safety in the use of statin therapy [81]. Liver function tests
(LFTs) should be measured at baseline and then 6—12 weeks after initiating
statin therapy and 6—12 weeks after dose titrations. Patients typically find
reassurance if their provider then monitors LFTs twice yearly once a stable
dose has been achieved. Hepatotoxicity is defined as an elevation in liver
transaminase levels >three times the upper limit of normal on two occasions
measured at least one month apart. If this threshold is reached, statin therapy
should be discontinued until LFTs normalize. At that point, a different statin
can be initiated or a rechallenge with the same statin at a lower dose can
also be considered.

Myopathy, defined as a creatine kinase elevation 10 times the upper
limit of normal with associated muscle pain or weakness, can also occur
with statin therapy [82]. The most serious side effect of statin therapy
is thabdomyolysis in which skeletal muscle breakdown, myoglobinuria,
and renal failure occur. This constitutes a medical emergency. The risk
is well below 1%; however, patients should be instructed on the signs
and symptoms of rhabdomyolysis, including increasing muscle pain, weak-
ness, and brownish-red discoloration of urine. Myalgia is likely the most
common adverse side-effect associated with statin therapy. Complaints of
myalgia should be investigated with a careful history and physical exam-
ination. Measuring a serum creatine kinase level is usually not necessary.
However, if the patient is complaining of escalating muscle pain (which
can be either uni- or bilateral in distribution) with weakness, then con-
sideration should be given to the measurement of serum creatine kinase
levels.
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There are no prospective, placebo-controlled clinical trials evaluating
the capacity of exogenous coenzyme Q10 to reduce or prevent myalgias.
However, if a patient is experiencing recurrent myalgias on multiple statins,
consideration can be given to CoQ10 supplementation at 100—200 mg daily
[83]. In some cases this has been found to ameliorate muscle pain. Other
potential causes of the myopathy include drug interaction (e.g. another drug
is inhibiting the metabolism and clearance of the statin), thyroid dysfunction,
renal insufficiency, and electrolyte disturbances, all of which should also be
carefully ruled out. The mechanisms modulating statin-induced myopathy
are heterogeneous and identifying specific etiologies is still investigational
[84—-86]. It is well documented that occasionally statin therapy will unmask
established, underlying myopathy in some patients.

5.6 SUMMARY

The high prevalence of CVD and all forms of atherosclerotic disease mandates
a targeted, systematic approach to reducing risk. LDL-C reduction is a central
component of risk reduction strategies [16, 17]. The management of elevated
LDL-C with lifestyle modifications and pharmacologic therapy has proven to
be efficacious and associated with reductions in risk for a broad variety of
cardiovascular endpoints, including MI, stroke, angina pectoris, and death.
NCEP ATP III provides evidence-based guidance on the appropriate clinical
approach to managing dyslipidemia based on quantitative risk assessment.

Evidence from a number of clinical trials, both primary and secondary
prevention based, support the beneficial effects of statins for reducing CHD
and cardiovascular event risk, and statins are recognized as a first-line treat-
ment for dyslipidemia. Other pharmacologic agents for targeting LDL-C
reduction include the cholesterol absorption inhibitor ezetimibe and BASs,
including colesevelam HCI. Statin therapy used in combination with these
agents has demonstrated efficacy, particularly in patients who have not
achieved NCEP ATP III goals with maximal statin therapy or a maximally
tolerated dose.

CONTROVERSY

HOW LOW SHOULD WE GO?

Are There Risks Associated with a Very Low Serum Level
of LDL-C?

Recent clinical trials strongly support the conclusion that, when it
comes to serum levels of LDL-C, lower is better. More aggressive




SUMMARY

reductions in LDL-C have been shown to provide statistically greater
reductions in cardiovascular morbidity and mortality. This conclusion
is supported by such studies as PROVE-IT TIMI 22, TNT, IDEAL,
and A to Z [1-4]. In PROVE-IT and TNT, high-dose statin therapy
with atorvastatin 80 mg daily reduced serum LDL-C to mean levels
of 62 mg dI~! and 75 mg dI~!, respectively. These levels are substan-
tially lower than that advocated by the NCEP ATP III for high risk
patients. Both demonstrated significant reductions in their primary
composite endpoints with greater LDL-C lowering without increasing
adverse events. In IDEAL and A-Z, the primary composite end-
points did not achieve statistical significance. However, in IDEAL,
multiple secondary endpoints, including non-fatal myocardial infarc-
tion, peripheral arterial disease, and need for revascularization via
coronary angionplasty or bypass grafting were significantly reduced
when comparing atorvastatin 80 mg to moderate doses (20—40 mg)
of simvastatin (mean attained LDL-C levels of 81 and 104 mg dl~!,
respectively). In the A—Z trial, during the final 20 months, high-dose
simvastatin therapy (80 mg) reduced cardiovascular events 25% more
than the comparator dose (20 mg) of this statin, despite the fact that
the attained serum LDL-C in the two groups were not markedly dif-
ferent: 67 and 81 mg dl~', respectively. In aggregate, the results
from the outcome trials mentioned above are consistent with those
from REVERSAL [5] and ASTEROID [6], which used coronary
intravascular ultrasonography to assess responses to statin therapy and
attained LDL-C 78 and 61 mg dl~!, respectively. These trials showed
that more aggressive lipid therapy was associated with less plaque
progression and even plaque regression in some subjects. High-dose
statin therapy has been shown to have an acceptable benefit to risk
ratio [7].

Historically, there has been some concern that if serum choles-
terol was lowered too aggressively, this could adversely impact lipid
and sterol metabolism. We appear to have a much better understand-
ing of this now, though there is still much to be learned. An infant
is typically born with a serum LDL-C of 30-40 mg dI~!. During
the neonatal period, this level of LDL-C certainly appears to suffice
for metabolic needs and the requirements for normal neurologic and
other patterns of development and growth.

Very little of the cholesterol in the central circulation crosses
the blood-brain barrier. Virtually all of the cholesterol in the human
brain is produced by the brain [8]. Importantly, there is no indi-
cation to date that lowering serum cholesterol is associated with
premature neurologic degeneration. Reducing LDL-C is unlikely to
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adversely impact steroid hormone biosynthesis since HDL is the
lipoprotein that delivers cholesterol to steroidogenic organs such as
the placenta, ovaries, testes, and adrenal glands. The average total
cholesterol of modern-day hunter-gatherer peoples is approximately
110 mg di~! [9]. This is substantially lower than the average total
cholesterol of 210 mg dI~! in American adults. Hunter-gatherers lived
and adapted to their environment during the late Paleolithic period,
which lasted hundreds of thousands of years. The agricultural revolu-
tion began ~10 000 years ago, while the industrial revolution began
in England only a bit more than 200 years ago. In this context, it
is clear that humans spent most of their evolutionary history adapt-
ing to a hunter-gatherer lifestyle. We have simply not had enough
time to develop and naturally select mutations in lipid and sterol
metabolism that would make us more apt to physiologically cope
with and survive the exposure to environmental changes wrought by
the industrial/technologic age in which we now live. This is amply
substantiated by the incidence of atherosclerotic disease in the west-
ern world. Cholesterol is among the most important toxins we are
exposed to in our lifetime. It makes intuitive sense to try to mini-
mize systemic exposure to such an important and ubiquitous toxin
which we ingest and endogenously produce every day of our lives.
The relationship between serum LDL-C and absolute risk for
CHD is curvilinear (or linear if expressed on a log scale) [10]. Risk
reduction becomes progressively more attenuated as LDL-C is pushed
to lower and lower levels. However, risk does continue to decrease.
In a recent post hoc analysis of data from the PROVE-IT trial, as
LDL-C decreased to <40 mg dI~!, cardiovascular risk was less than
that seen at 60—80 mg dl~! with no increase in noncardiovascular
adverse events [11]. The NCEP estimates that there is no excess risk
for a CHD related event at a serum LDL-C of 40 mg dI~! [12]. Is
there other evidence to suggest this may be a safe level to attain? In
patients with hypobetalipoproteinemia, it is not unusual to observe
lifelong serum LDL-C levels of 25—50 mg dI~'. This is associated
with longevity. In patients with loss of function mutations in PCSKO,
the LDL receptor is not cleared from the hepatocyte cell membrane
in a normal manner. These patients experience lifelong upregulation
of the LDL receptor with significant reductions in serum LDL-C and
decreased risk for cardiovascular events compared to patients with
normal PCSK9 function [13]. In a meta-analysis of 14 statin trials,
the ‘Cholesterol Treatment Trialists’ Collaboration found no evidence
for increased risk for cancer or hemorrhagic stroke [14]. Although
concern about increased risk for hemorrhagic stroke dates back to
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the Multiple Risk Factor Intervention Trial [15], the more recent
SPARCL study showed that, among patients on high-dose atorvastatin
therapy, increased risk for hemorrhagic stroke was associated with
inadequate blood pressure control and a prior history of hemorrhagic
stroke, not LDL-C reduction [16, 17]. To date, there are no adequately
documented risks or forms of toxicity when LDL-C is lowered into
the 40—60 mg dl~! range or less. In fact, patients with lifelong very
low levels of LDL-C (25-40 mg d1~!) have reduced vulnerability to
the development of atherosclerotic disease.

So, how low do you go? We do not have adequate clinical trial
data to answer this question in a scientifically rigorous manner. We do
not know if there is a lower threshold below which little to no addi-
tional risk reduction can be obtained. There also does not appear to
be undue risk for morbidity and mortality when LDL-C is chronically
very low. However, a variety of epidemiologic and subgroup anal-
yses from completed clinical trials paint a consistent picture: when
it comes to LDL-C, lower is better if the goal is to reduce risk for
atherosclerotic disease progression and decrease risk for cardiovascu-
lar morbidity and mortality. Patients who may be most appropriately
targeted for very low LDL-C (i.e. 35—-60 mg dI~') may include those
who attain all of their national guideline stated goals for lipids, blood
pressure, exercise, weight loss, glycemic control, and smoking ces-
sation, yet still sustain a breakthrough cardiovascular event. Patients
who have required revascularization, who have multivessel CAD,
or who have had an ACS may also be good candidates for very
aggressive LDL-C reduction. Until we have more clinical trial evi-
dence, this appears to be a reasonable approach and one that would
serve our patients’ best interests, as long as they can tolerate their
lipid-lowering regimens.
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RISKS AND BENEFITS OF HIGH-DOSE STATIN THERAPY]

VERSUS COMBINATION LIPID DRUG THERAPY

Lipoprotein metabolism is quite complex and many forms of dys-
lipidemia have been biochemically characterized. The NCEP ATP
IIT goals for lipid lowering are well defined and based on quantita-
tive risk stratification [1, 2]. It is widely acknowledged that reduc-
ing the atherogenic lipoprotein burden in serum (i.e. LDL-C and
non-HDL-C) is critically important to any risk reduction strategy.
Similarly, NCEP recommends that when serum concentrations of
HDL-C are low, therapies be instituted that raise levels of this lipopro-
tein. Statins are among the most intensively investigated medications
in the history of medicine. Their safety profile has been validated
throughout the world in men and women, the young and the elderly,
and in patients of many racial and ethnic groups. Statins are the drug
of choice for LDL-C reduction. They also have variable capacity to
lower serum TG and raise HDL-C in a drug and dose-dependent man-
ner [3, 4]. However, even at maximal doses of statins, many patients
will not be able to achieve their comprehensive NCEP lipoprotein
targets. In these situations, it is of course reasonable to try to tai-
lor combinations of drugs which may normalize multiple compo-
nents of the lipid profile. Appropriate candidates for combination
therapy include patients who: (i) cannot tolerate statin titration sec-
ondary to myalgias or serum transaminase elevations or refusal to
take a higher dose; (ii) cannot achieve their lipoprotein targets on
high-dose statin monotherapy; (iii) have insulin resistance states such
as metabolic syndrome and diabetes mellitus; and (iv) have inborn
errors of lipid metabolism, such as familial combined hyperlipidemia,
familial hypercholesterolemia, familial hypoalphalipoproteinemia
(severe low HDL-C), and severe hypertriglyceridemia secondary to
mutations in lipoprotein lipase or apoproteins CII and CIII. In patients
with baseline fasting TG >500mg dl~!, the use of combination
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therapy to normalize serum TG is almost always necessary. In patients
with severe hypertriglyceridemia, the goal is to prevent pancreatitis
and development/progression of non-alcoholic hepatic steatosis, not
just cardiovascular events.

When considering combination therapy, it is important to assess
whether or not specific approaches are efficacious and evidence-
based. In addition, a crucial consideration is whether or not combina-
tion therapy has demonstrated safety in both the near and long-term.
For the most part, the majority of the endpoint-driven, prospective,
long-term clinical trials performed since the early 1990s have tested
the efficacy of single agent therapy in both the primary and secondary
prevention settings. High-dose statin therapy has demonstrated effi-
cacy for reducing cardiovascular morbidity and mortality [5, 6] and
safety [7]. The best studied combination therapy to date is the coad-
ministration of a statin with niacin in patients with established CAD.
In the HATS trial, the combination of a statin with niacin signif-
icantly reduced the primary composite endpoint and rates of coro-
nary atherosclerotic disease progression [8]. In ARBITER 2, statin/
niacin combination therapy reduced rates of progression of carotid
atherosclerotic disease [9]. The capacity of niacin to augment the abil-
ity of statin therapy to beneficially impact the course of atheroscle-
rotic disease is being tested in a larger cohort of patients in the
AIM-HIGH trial. In the meantime, the addition of niacin to statin
therapy improves all components of the lipid profile (decreases in
LDL-C, TG, non-HDL-C, and Lp(a), and increases HDL-C). Niacin
can dramatically augment the beneficial effects of a statin on serum
lipid levels.

There are no endpoint trials currently completed that establish
the efficacy of combining a statin with a fibrate, ezetimibe, omega-3
fish oils, or a bile acid binding resin. The ACCORD trial is under-
way and is comparing the capacity of simvastatin monotherapy with
simvastatin/fenofibrate combination therapy to reduce risk for acute
cardiovascular events in patients with diabetes mellitus. This trial will
not likely conclude until 2010. It is generally agreed that the use of
fenofibrate in combination with a statin is safer and entails a substan-
tially lower risk for rhabdomyolysis than combination therapy with
gemfibrozil [10, 11]. The IMPROVE-IT trial is comparing simvas-
tatin monotherapy with simvastatin/ezetimibe combination therapy in
patients with CAD. It will likely be completed in 2011. Although it is
complicated by numerous methodological difficulties, the ENHANCE
trial showed no benefit when comparing simvastatin monotherapy to
simvastatin/ezetimibe combination therapy in rates of progression of
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carotid intima media thickness in patients with heterozygous familial
hypercholesterolemia. There are no endpoint trials either completed
or underway which compare a statin to statin/bile acid binding resin
or statin/fish oil therapies.

In high and very high risk patients, the primary goal of ther-
apy is to lower LDL-C to NCEP goals, or a minimum of 30—-40%.
For many of these patients, this will require moderate to high dose
statin therapy. Adjuvant lipid lowering therapy with niacin, fenofi-
brate, ezetimibe, or a bile acid binding resin can be used to help
further adjust serum lipoprotein levels. The choice of adjuvant ther-
apy is driven by the specifics of the lipid profile. In the absence of
clinical endpoint data, combination therapy (with the exception of
statin/niacin therapy) is currently used to further optimize the lipid
profile. In the years ahead, the capacity of adjuvant lipid lowering
therapy to augment risk reduction in a safe and tolerable manner
when used in combination with a statin will be further defined. In
the meantime, it is advisable to titrate a statin to the highest nec-
essary dose in order to attain LDL-C goals. In patients with mixed
dyslipidemia, consideration should be given to a statin’s pharmaco-
logic profile to not only lower LDL-C, but also reduce TG and raise
HDL-C. If moderate to high dose statin therapy provides insufficient
capacity to attain lipoprotein targets, then consideration can be given
to the addition of other agents. In the setting of combination therapy,
although risk for adverse events remains relatively low, appropriate
monitoring for toxicity (hepatotoxicity, myopathy, drug interactions)
should be performed. Careful attention should also be directed at the
dosing recommendations in the package insert for each of the drugs
used so as to minimize risk for adverse events.
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CONTROVERSY

DO THE BENEFITS OF LOW-DENSITY LIPOPROTEIN
CHOLESTEROL REDUCTION DEPEND STRICTLY

ON “HOW LOW YOU GO” OR ALSO ON “HOW YOU
GET THERE”?

New Controversies Resulting from the ENHANCE (Ezetimibe
and Simvastatin in Hypercholesterolemia Enhances
Atherosclerosis Regression) Trial

Not long before this book was scheduled to go to press, results
from the ENHANCE trial were released, producing a firestorm of
debate among scientists and clinicians [1-3]. The controversy centers
on the appropriateness of assuming that new agents that effectively
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lower LDL-C will reduce cardiovascular events in the absence of
data from cardiovascular event trials. The prevailing view during the
prior decade has been that the evidence showing benefits of LDL-C
reduction through a variety of interventions (statin drugs, bile acid
sequestrants, niacin, ileal bypass surgery, dietary intervention) was
strong enough to warrant the view that the most important consider-
ation was reaching treatment targets (i.e. how low you go) and not
the type of therapy used to achieve those goals (i.e. how you get
there).

Two types of compounds that lower LDL-C had previously failed
to show benefits in clinical event trials: conjugated equine estro-
gens (with or without medroxyprogesterone acetate) and torcetrapib
(a cholesteryl ester transfer protein inhibitor). However, these drugs
also had identifiable off-target effects that might be reasonably expe-
cted to offset the benefits of LDL-C reductions. Conjugated estro-
gens also raise triglycerides and C-reactive protein (CRP), increase
thrombogenicity and activate metalloproteinases that may destabilize
atherosclerotic plaques [4—6]. Torcetrapib increases blood pressure,
as well as serum aldosterone and bicarbonate levels and reduces cir-
culating potassium [7].

In contrast, ezetimibe, the agent studied in ENHANCE, is min-
imally absorbed systemically and exerts its effects on the lipid pro-
file through reducing intestinal absorption of cholesterol by binding
the Nieman-Pick Cl-like-1 protein in the intestinal wall. In addi-
tion to lowering LDL-C, ezetimibe reduces apolipoprotein (Apo) B,
triglycerides and CRP. No off-target effects have been identified
that would be expected to offset its favorable effects on the lipid
profile.

In the ENHANCE trial 720 patients with heterozygous familial
hypercholesterolemia were randomly assigned to receive 80 mg per
day of simvastatin plus either ezetimibe 10 mg per day or placebo [3]
for two years. The primary outcome variable was the change from
baseline in intima-media thickness of the carotid artery (CIMT), a
surrogate marker for progression of atherosclerosis. Despite signif-
icantly lower levels (all p < 0.01) of LDL-C (141 versus 193 mg
dl="), Apo B (135 versus 169mg dI~"), triglycerides (108 versus
120mg dI~!) and CRP (0.9 versus 1.2mg 1-!) during treatment, the
group receiving ezetimibe showed a mean change in CIMT that was
no different from that in the group receiving placebo (0.0111 ver-
sus 0.0058 mm, respectively in the ezetimibe and placebo groups,
respectively, p = 0.29).
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The lack of benefit of ezetimibe on CIMT was surprising since
other trials have found that more aggressive treatment of hyper-
cholesterolemia results in slowed progression or even regression of
CIMT [8-11]. For example, the Atorvastatin versus Simvastatin on
Atherosclerosis Progression (ASAP) trial studied a group of 325 sub-
jects with heterozygous familial hypercholesterolemia [8]. The results
showed that more aggressive lowering of LDL-C with 80 mg per day
of atorvastatin produced regression of CIMT (—0.031 mm), while the
group that received less aggressive statin therapy (40 mg per day of
simvastatin) showed progression of 0.036 mm (p = 0.0001 for the
comparison between groups).

Given that other studies using the same methods of measurement
have shown benefits of more aggressive LDL-C therapy, at least two
potential explanations exist for the lack of benefit associated with
ezetimibe treatment during the ENHANCE trial:

1. Ezetimibe may not be antiatherogenic, despite its ability to lower
LDL-C, atherogenic lipoprotein particles and CRP.

2. The participants in the ENHANCE trial may have had a lower
than expected risk of progression, limiting the ability of the study
to demonstrate a benefit.

Regarding the first issue, ezetimibe could have as yet uniden-
tified off-target adverse effects. While this cannot be entirely ruled
out, the fact that it is minimally absorbed reduces the likelihood that
this is the explanation. Alternatively, ezetimibe may fail to provide
some benefit that is obtained with the use of other agents. Eze-
timibe does not generally raise HDL-C and in some studies has
failed to improve endothelial function [12, 13]. However, a recent
meta-regression study conducted by Robinson er al. [14] showed
that the relationship between LDL-C lowering and the reduction in
risk of coronary heart disease over five years of treatment was not
dependent on the type of treatment that induced the LDL-C reduc-
tion. Thus, lowering LDL-C through the use of dietary intervention
(5 studies), bile acid sequestrants (3 studies), ileal bypass (1 study)
and statin therapy (10 studies) produced similar reductions in risk
for a given reduction in LDL-C, arguing against a large influence of
effects beyond those of reducing LDL-C and atherogenic lipoproteins.
Data from imaging studies suggest that changes in both atherogenic
(LDL-C) and antiatherogenic (HDL-C) lipoprotein cholesterol levels
predict changes in atheroma volume [15]. Nevertheless, due to the
generally greater effect of drug therapy on LDL-C, the influence of
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changes in LDL-C is quantitatively larger. Therefore, while it is pos-
sible that the lack of some benefit beyond the reduction in LDL-C
and atherogenic lipoproteins accounts for the failure to demonstrate
a benefit of treatment with ezetimibe, this also appears to be unlikely
given the available evidence.

In the authors’ view, the more likely explanation for the lack
of difference in progression between treatments in the ENHANCE
trial is the low baseline CIMT values in both treatment groups. In
the ASAP trial, initial CIMT value was the strongest predictor of the
degree of progression, with higher baseline CIMT associated with
greater progression [9]. The subjects in the ENHANCE and ASAP
trials were of similar age with the same underlying condition (famil-
ial hypercholesterolemia). Table 1 shows selected characteristics for
the subjects assigned to the simvastatin monotherapy arms in the
two studies. Before and during treatment the subjects in the two tri-
als receiving simvastatin monotherapy had similar levels of LDL-C.
However, the baseline CIMT in the ASAP trial was 31% larger (0.92
versus 0.70 mm). In fact, the baseline CIMT among ENHANCE trial
participants was similar to the mean value among subjects without
CHD in the Atherosclerosis Risk in Communities study (0.72 mm,
16). CIMT progression over two years among subjects in the ASAP
trial receiving simvastatin monotherapy was six times that for sub-
jects in ENHANCE trial receiving simvastatin monotherapy (0.0360
versus 0.0058 mm). Thus, despite receiving the same drug and having
similar levels of LDL-C at baseline and during treatment, subjects in
the simvastatin monotherapy arm in the ENHANCE trial had much
lower baseline CIMT and only a fraction of the CIMT progression
that was observed in the simvastatin monotherapy arm in the ASAP
trial. The fact that the comparator arm in the ENHANCE trial showed
essentially no CIMT progression suggests that the ability of an addi-
tional therapy to show incremental benefit may have been limited.
This is analogous to conducting a cardiovascular event trial in chil-
dren. No matter how effective the lipid alteration, one would not
expect to find a difference between treatments in events since the
event rate would be too low in both groups to demonstrate a benefit.

What might account for these different responses in the com-
parator arms of these two studies? One potential explanation is that
usual care for management of familial hypercholesterolemia changed
during the time between the ASAP and ENHANCE trials. Most
ENHANCE trial participants had their lipid therapy stopped tem-
porarily prior to the baseline lipid measurements. Subjects who par-
ticipated in the ENHANCE trial were likely to have been treated
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more aggressively before entering the study because standards of
care changed over the several years before recruitment began, favor-
ing more aggressive therapy. Aggressive management of lipids and
other risk factors over a period of several years before entering the
trial may have produced changes in the carotid artery wall, render-
ing it less likely to respond to additional therapy. In fact, over the
two-year extension to the ASAP trial, subjects who continued on
80mg per day of atorvastatin had little additional change in CIMT
(0.005 mm per year or 0.010mm over two years). This is nearly
identical to the degree of progression observed in the simvastatin
plus ezetimibe group in the ENHANCE trial (0.011 mm). Thus, the
failure to observe a difference between treatments in the ENHANCE
trial may have been a case of an inability to “make healthy arteries
healthier”.

The panel convened to discuss the clinical implications of the
ENHANCE trial at the American College of Cardiology meeting, as
well as the two editorials in the New England Journal of Medicine
that accompanied the ENHANCE paper recommended that, in light
of the failure to show a benefit of adding ezetimibe to simvastatin in
the ENHANCE trial, ezetimibe should be reserved for use in patients
who cannot tolerate other drug classes or who cannot achieve their
treatment targets with statins plus niacin, fibrates or bile acid seques-
trants. At the American College of Cardiology meeting, there was
no meaningful debate about the validity of the results or the design
of the study. Many physicians in attendance disagreed with both the
content and tone of the discussants’ presentation. Press coverage also
appeared heavily weighted toward the extraordinarily negative opin-
ions of a few physicians. The press even managed to call the entire
“LDL hypothesis™ into question, resulting in considerable confusion
among patients, many of whom discontinued their therapy based on
newspaper and television reports. This constitutes a profound dis-
service to patients. Physicians also began to withdraw patients from
ezetimibe therapy out of fear that continuing the drug would leave
them exposed to litigation.

Ezetimibe accounted for more than 15% of the total prescrip-
tions for lipid therapy in the United States in 2006 [17]. Therefore,
moving it to the “back of the line” would have substantial implica-
tions for lipid management. Ezetimibe has been popular because of
its favorable safety and side effect profiles, as well as its efficacy
for lowering LDL-C, particularly as an adjunct to a statin. Its use
significantly increases the number of high and very high risk patients
able to attain their LDL-C goals [18—23].
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The authors of this book disagree with the conclusion that eze-
timibe should be moved to the back of the line as a treatment for
dyslipidemia. We are of the opinion that the atherogenicity of Apo
B-containing lipoproteins has been well enough established that, in
the absence of a compelling reason to believe that off-target adverse
effects may be at work, the demonstrated effects on atherogenic
lipoproteins are sufficient to tip the odds in favor of a presumed net
benefit. Achieving the newer optional treatment targets for LDL-C
and non-HDL-C is difficult without combination therapy in many
patients. For most, statin therapy will be the first line of drug ther-
apy. Of the available treatment options, we only have direct evidence
of benefit with addition to a statin for niacin [24]. The combination
niacin and simvastatin has been shown to be effective for reducing
the progression of coronary atherosclerosis and CIMT [25, 26]. No
large scale outcome trials have been completed for combinations of
lipid drug therapies.

The recently published Stop Atherosclerosis in Native Diabetics
Study (SANDS) illustrated the difficulty of achieving more aggres-
sive treatment goals. In this trial [27], 499 Native American subjects
with type 2 diabetes (but free of clinical CHD), were assigned to
receive standard care for lipids and blood pressure (LDL-C goal
<100mg diI~! and systolic blood pressure goal <130mm Hg) or
aggressive treatment (LDL-C goal <70mg dl~! and systolic blood
pressure goal <115 mm Hg) for three years. The surrogate markers
of CIMT and left ventricular mass were the main outcome variables.
Among patients unable to reach their LDL-C target in this trial, eze-
timibe was added. Aggressive LDL-C and blood pressure reduction
resulted in significant improvements in CIMT and left ventricular
mass. Mean on-treatment levels of LDL-C (72mg dl~!) and systolic
blood pressure (117 mm Hg) in the aggressive treatment arm indicate
that fewer than half of subjects were able to achieve and maintain
the treatment goals, even in the setting of a clinical trial. The authors
believe that the net impact of a recommendation to move ezetimibe
to the back of the line as a lipid treatment will likely result in fewer
patients reaching their treatment targets. While we feel that the best
evidence to guide clinical decisions arises from randomized clini-
cal event trials, such data for ezetimibe will not be available before
2011 at the earliest (from the ongoing IMPROVE-IT or Improved
Reduction of Outcomes: VYTORIN Efficacy International Trial) and
no such data are available for combinations of statin therapy with
any other lipid altering drug. In the meantime, for the reasons cited
above, our view is that the ENHANCE trial does not raise sufficient
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doubts about the likelihood of benefit with ezetimibe to warrant any
change in clinical practice!. This is consistent with a position state-
ment released by the National Lipid Association released in January
of 2008 [28].
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6 Management of Elevated
Triglycerides and
Non-high-density Lipoprotein
Cholesterol

Key Points

e The primary goal of lipid management is to achieve the patient’s low-
density lipoprotein cholesterol (LDL-C) treatment goal, but if the triglyc-
erides (TG) concentration is still >200 mg dl~"', non-high-density
lipoprotein cholesterol (non-HDL-C) becomes a secondary target for
intervention.

Intensification of lifestyle modification, particularly weight loss and
increased physical activity and smoking cessation, will reduce the under-
lying insulin resistance that is often associated with elevated TGs and
can improve the lipid profile.

For patients in whom lifestyle therapy is not sufficient to achieve the
non-HDL-C treatment goal appropriate for the person’s risk category
(non-HDL-C goals are 30 mg dl~" above the corresponding LDL-C
goals), the non-HDL-C goal may be met by intensifying efforts to lower
LDL-C or using interventions that target a reduction in very-low-density
lipoprotein cholesterol (VLDL-C).

e Additional LDL-C lowering can be accomplished by adding or increas-
ing the dose of statin therapy, adding plant sterols/stanols and viscous
dietary fibers to the diet, or use of a cholesterol absorption inhibitor.

e Agents that primarily act to lower VLDL-C include fibrates, niacin, and
omega-3 fatty acids.

Practical Lipid Management: Concepts and Controversies Peter P. Toth and Kevin C. Maki
© 2008 John Wiley & Sons, Ltd
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As covered in detail in Chapter 3, the Adult Treatment Panel (ATP III)
has adopted the following classification system for serum triglyceride (TG)
levels:

e Normal TGs: <150 mg dI~!

e Borderline-high TGs: 150-199 mg d1~!
e High TGs: 200-499 mg d1~!

Very high TGs: >500 mg dI~!

For patients with very high TGs, the initial goal of therapy is to reduce
the TG concentration to below 500 mg dl~! in order to prevent acute
pancreatitis. For all other hypertriglyceridemic patients, cardiovascular risk
reduction is the central focus. The National Cholesterol Education Panel
Third Adult Treatment Panel (NCEP ATP III) recognized the greater strength
of evidence linking TG-rich lipoproteins with atherosclerosis and coronary
heart disease (CHD) event risk than was available at the time of the report
of the ATP II. This led the panel to establish non-HDL-C goals that are
30 mg dI7! higher than the corresponding LDL-C goals for the patient’s
risk category.

Non-HDL-C is a secondary therapeutic target (LDL-C is the primary
target) for patients with TG >200 mg dI~'. Thus, the treatment goals for
non-HDL-C are <130, <160, and <190 mg dI~! for patients with CHD
or risk equivalents, multiple (>2) major CHD risk factors, and 0—1 major
CHD risk factors, respectively [1]. Optional non-HDL-C treatment targets
for patients at very high risk (<100 mg dl~') and moderately high risk
(<130 mg dI~") have also been recommended [2].

In clinical practice, encountering patients with elevated levels of TG and
non-HDL-C is common. In the National Cholesterol Education Program
Evaluation Project Utilizing Novel E-technology (NEPTUNE II) survey,
25% of the study sample of patients undergoing lipid management had TG
concentrations >200 mg dI~' [3]. A majority of these patients had not
achieved their NCEP ATP III non-HDL-C goal, particularly among those
with CHD or risk equivalents, in whom only 27% had a non-HDL-C level
below 130 mg dI~'.

6.1 CLINICAL FACTORS ASSOCIATED WITH
ELEVATED TG AND NON-HDL-C LEVELS

Several clinical factors are associated with elevated TG and non-HDL-C
concentrations including:
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e overweight and obesity

e physical inactivity

e cigarette smoking

e excess alcohol intake

e high carbohydrate diets (>60% of energy)

e diseases (e.g. diabetes, nephritic syndrome, hypothyroidism) and

e medications (e.g. corticosteroids, estrogens, retinoids, beta-adrenergic
blockers, protease inhibitors).

Several genetic conditions can also produce hypertriglyceridemia. For
this reason, it is often prudent to screen first-degree relatives when a patient
with very high TG levels is identified.

6.2 DISORDERS OF TG-RICH LIPOPROTEIN
CLEARANCE

When conditions are present that impede the clearance of TG-rich lipopro-
teins in the circulation, the result can be levels of TGs high enough to
increase the risk for pancreatitis. These include familial lipoprotein lipase
deficiency (homo- or heterozygous) and apolipoprotein (Apo) CII defi-
ciency. In the former, lipoprotein lipase, the primary enzyme involved in
hydrolysis of TG molecules in circulating lipoproteins is deficient. In the
latter case, there is a deficiency of Apo CII, which activates lipoprotein
lipase, resulting in a functional deficit of lipoprotein lipase activity. These
conditions often remain undiagnosed until some precipitating event, such as
pregnancy or weight gain, causes the TG level to increase dramatically.

Other conditions that can impede clearance of TG-rich lipoproteins are
dysbetalipoproteinemia and hepatic lipase deficiency. Dysbetalipoproteine-
mia results from a defective form of Apo E (Apo E2) that does not bind
normally with hepatic receptors involved in the clearance of remnants of
chylomicron and very-low-density lipoprotein (VLDL) particles. A physical
finding that is sometimes present in these individuals is yellow-orange lines
in the creases of the palms (striae palmaris), which result from cholesterol
deposits.

In hepatic lipase deficiency, levels of small VLDL and intermediate-
density lipoprotein (IDL) particles are elevated because the hepatic lipase
enzyme is involved in the remodeling of these particles. However, because
hepatic lipase also influences remodeling and catabolism of high-density
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lipoprotein (HDL) particles, the HDL-C level is also typically high when
this hepatic lipase deficiency is present.

‘While clinicians should be aware of the aforementioned conditions, the
vast majority of cases of hypertriglyceridemia have multifactorial causes
and evaluation of the underlying genetics is only required in situations
where the hypertriglyceridemia is severe or associated with sequelae such as
pancreatitis. In such cases, referral to a lipid specialist is usually warranted.

6.3 INSULIN RESISTANCE AND
HYPERTRIGLY CERIDEMIA

The most common causes of hypertriglyceridemia in the United States
of America are being overweight and obesity and the insulin resistance
that accompanies these conditions. Since insulin resistance is a central
pathophysiologic determinant of the metabolic syndrome, many patients
with elevated TGs (>150 mg dI~!") will qualify for a metabolic syndrome
diagnosis.

6.4 EXCESSIVE PRODUCTION OF VLDL:
THE PRIMARY LIPID ABNORMALITY
IN THE INSULIN-RESISTANT STATE

The primary metabolic abnormality associated with insulin-resistant states,
including obesity and the metabolic syndrome, is overproduction of VLDL.
Since newly secreted VLDL particles are TG-rich, the result is mild to
moderate hypertriglyceridemia. If the overproduction of VLDL is accom-
panied by other defects, such as Apo CII deficiency, or a defect in the
hepatic clearance of TG-rich lipoproteins, the result can be more severe
hypertriglyceridemia.

Two features of the insulin-resistant state are centrally involved in the
pathogenesis of VLDL overproduction: elevated circulating levels of free
fatty acids (FFA) and hyperinsulinemia. It appears that both must be present
to generate overproduction of VLDL. For example, in subjects with nor-
mal insulin sensitivity, a glucose infusion will increase the plasma insulin
concentration, but also reduce levels of FFA and lower hepatic VLDL secre-
tion [4]. In contrast, patients with poorly controlled type 1 diabetes have
low insulin levels and high circulating concentrations of FFA, but do not
have elevated VLDL secretion [4]. Among insulin-resistant individuals, par-
ticularly those with abdominal obesity, fasting and postprandial levels of
circulating insulin are elevated, but this hyperinsulinemia does not suppress
FFA release into the circulation to a normal degree, thus both insulin and
FFA levels are elevated, resulting in VLDL overproduction.
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6.5 REASONS FOR ELEVATED FREE FATTY ACID
LEVELS IN INSULIN-RESISTANT STATES

The release of FFA into the circulation is directly proportionate to the size
of fat cells. Thus, being overweight and obesity are accompanied by greater
release of FFA into the circulation. A chronically elevated FFA level is a
cause of insulin resistance. This is illustrated by the observation that insulin
resistance can be induced in normal subjects by the infusion of Intralipid
(Pfizer, New York, NY) for several hours, which raises the FFA concentra-
tion, mimicking the obese state. The mechanisms that are responsible for the
effects of a chronically elevated FFA level on insulin sensitivity are beyond
the scope of this book, but the interested reader is referred to a recently
published review on this topic [5].

6.6 BODY FAT DISTRIBUTION AND INSULIN
RESISTANCE

FFA turnover in adipose tissues varies according to location. The abdom-
inal visceral fat depots are the most metabolically active and contribute
disproportionately to the circulating FFA level. For example, it has been
estimated that an abdominally obese male with 20% of his body fat in the
visceral stores will have a 50% contribution of these stores to the circulating
FFA concentration [6]. Upper body subcutaneous fat is less metabolically
active than abdominal visceral fat and lower body subcutaneous fat is least
metabolically active. For this reason, an abdominally obese woman (apple
shape) is likely to have greater lipid disturbances than a woman of simi-
lar body mass index (BMI) with a gynoid (pear shape) pattern of obesity,
who carries most of her excess adiposity on the hips and thighs. Some
ethnic groups (e.g. Asian Indians) tend to have a greater proportion of
their body fat carried in the abdominal visceral depots, thus may display
insulin resistance and other metabolic abnormalities at relatively low body
weights.

6.7 INSULIN RESISTANCE IN THE NONOBESE
PATIENT

It should be noted that an elevated circulating FFA concentration may be
present in the absence of obesity [4]. In some individuals, the primary
metabolic defect responsible for insulin resistance may be impaired “fat trap-
ping.” When TGs in lipoproteins are hydrolyzed, they enter cells (primarily
adipose and muscle) through the action of acylation stimulating protein [7].
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If this mechanism is impaired, the result is an abnormally large escape
of FFA back into the circulation. Such people may have circulating FFA
levels that are much higher than would be predicted by their degree of
adiposity, and they may be thought of as being “metabolically obese” [7].
In addition, some medications, particularly antiretroviral drugs, may cause
peripheral lipodystrophy with a resulting inability of subcutaneous adipose
tissues to take up FFA released by lipoprotein lipase-catalyzed hydrolysis of
TG, producing excess return of FFA liberated to the circulation and insulin
resistance.

6.8 HYPERTRIGLYCERIDEMIA AND THE
DEVELOPMENT OF ATHEROGENIC
DYSLIPIDEMIA

Individuals with hypertriglyceridemia often have a triad of lipid disturbances
that are termed atherogenic dyslipidemia by the NCEP ATP III [1]. The
characteristic features of atherogenic dyslipidemia are:

1. elevated TGs;
2. depressed HDL-C;

3. a predominance of small, dense low-density lipoprotein (LDL) parti-
cles (LDL subclass pattern B).

An increase in the circulating TG concentration provides additional sub-
strate for cholesteryl ester transfer protein (CETP), which catalyzes the
exchange of TG from TG-rich lipoproteins to LDL and HDL particles in
exchange for cholesteryl esters (Figure 6.1). The result is that the LDL and
HDL particles become relatively TG rich and cholesterol poor. The TG in
these particles can be hydrolyzed by hepatic lipase to form smaller, denser
LDL and HDL particles.

Small, dense LDL particles are believed to have enhanced atherogenicity
for several reasons [9, 10]. They have less affinity for the Apo B recep-
tor, resulting in extended circulation in the plasma before hepatic clearance.
Small, dense LDL particles also have greater interactivity with intra-arterial
proteoglycans, which can lead to greater residence time within the arte-
rial wall. Moreover, once in the arterial wall, they are more susceptible to
oxidative modification. This can lead to unregulated uptake by macrophages,
contributing to foam cell formation. However, this should not be interpreted
to mean that larger, more buoyant LDL particles are benign. Data from sev-
eral studies suggest that both large and small LDL particles are associated
with increased CHD event risk and more severe atherosclerosis [11].
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Figure 6.1 Metabolic pathways central to the development of the atherogenic
dyslipidemia associated with insulin resistance and obesity: the lipid triad of hyper-
triglyceridemia, depressed high-density lipoprotein cholesterol and small, dense
low-density lipoprotein particles. FFA, free fatty acids; HDL, high-density lipoprotein;
VLDL, very low-density lipoprotein; LDL, low-density lipoprotein; sd-LDL, small,
dense low-density lipoproteins; CE, cholesteryl ester; CETP, cholesteryl ester transfer
protein; TG, triglycerides; Apo, apolipoprotein. Adapted from Ginsberg, H.N. (2000)
Insulin resistance and cardiovascular disease. The Journal of Clinical Investigation,
106, 453-58, [8].

6.9 LIFESTYLE MANAGEMENT FOR THE
METABOLIC SYNDROME AND ATHEROGENIC
DYSLIPIDEMIA

A twofold approach is recommended for the management of the metabolic
syndrome and atherogenic dyslipidemia [12]. The first is to reduce the under-
lying lifestyle factors that contribute to the development of the insulin-
resistant state, particularly obesity and physical inactivity. The second is to
treat the individual lipid and nonlipid risk factors.

The NCEP ATP III has emphasized lifestyle changes as the first step
in the management of the metabolic syndrome, insulin resistance, and the
related risk factors, including atherogenic dyslipidemia. The two corner-
stones of lifestyle changes for insulin-resistant patients are increased
physical activity and loss of excess body fat. Both exercise and weight
loss improve insulin sensitivity and all of the metabolic syndrome risk
factors.

Cigarette smoking has also been shown to reduce insulin sensitivity
and contribute to atherogenic dyslipidemia, adding to the myriad of rea-
sons that smoking cessation should be encouraged. In addition, excessive
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alcohol intake will increase the TG concentration. Therefore, moderation (or
cessation) of alcohol consumption should be encouraged if applicable [12].

In addition to the lifestyle changes outlined above, clinicians should
be aware that some drug therapies can worsen the components of athero-
genic dyslipidemia, and should thus be avoided if possible. These include
oral estrogens (transdermal estrogens are a better alternative), retinoids
(e.g. Accutane, Roche Pharmaceuticals, Basel, Switzerland), beta-adrenergic
blockers, and thiazide diuretics [12].

6.10 DRUG THERAPIES

The primary target for lipid management is LDL-C. Once the LDL-C treat-
ment goal has been achieved, additional strategies may be required if the
non-HDL-C concentration remains above the treatment goal. There are two
approaches to achieving non-HDL-C treatment goals in patients with high
TG despite having achieved their LDL-C treatment goal. Often such patients
will be taking a “standard” dose of a statin drug [2]. One approach is to
further lower LDL-C by increasing the statin dose, adding a cholesterol
absorption inhibitor, or by intensification of nondrug therapies [13, 14].
The other is to add an agent that primarily lowers VLDL-C and TG-rich
remnant lipoproteins (a fibrate, niacin, or omega-3 fatty acids). At present,
no clear evidence from clinical trials is available that would clearly favor
one of these approaches.

6.11 INTENSIFICATION OF EFFORTS TO LOWER
LDL-C AS A MEANS OF ACHIEVING THE
NON-HDL-C GOAL

Statins are recommended as first-line therapy for patients with elevated
LDL-C. However, statins also markedly reduce concentrations of both TG
and TG-rich lipoproteins in hypertriglyceridemic subjects [15, 16]. The
hypotriglyceridemic effects of statins have been widely underappreciated,
largely because few studies of statin therapy had been undertaken in hyper-
triglyceridemic subjects until recently. TG lowering with statins is modest
in normotriglyceridemic subjects, but much more pronounced in those with
hypertriglyceridemia.

The use of statins is supported by a greater quantity of clinical trial data
than any other class of lipid-altering agent. The results from large event trials
have consistently shown that statin therapy reduces CHD morbidity and
mortality. These effects are present at all levels of baseline lipids studied, as
well as in groups that would be expected to be enriched with insulin-resistant
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individuals, such as subjects with diabetes mellitus, hypertriglyceridemia,
and hypertension [17].

While statin therapy is very safe and well tolerated at lower doses, a
large portion (75-85%) of the maximal effects on LDL-C and non-HDL-C
are achieved at the usual starting doses. Each additional doubling of the
statin dose is associated with further reductions of only 5-7%, while the
risks of liver and muscle toxicity increase in proportion to the daily dosage.
For this reason, it is not unreasonable to consider using a submaximal dose
of statin therapy in combination with another agent, rather than using the
maximal approved statin doses.

Additional agents that may be considered for further lowering of LDL-C
include nondrug therapies (plant sterols/stanols and viscous fibers) or a
cholesterol absorption inhibitor. Bile acid sequestrants also reduce LDL-C
when added to statin therapy, but tend to modestly increase the plasma TG
concentration, thus are not ideal for patients with hypertriglyceridemia. Plant
sterols/stanols or viscous fibers can be expected to provide roughly 10%
additional lowering of LDL-C and non-HDL-C when added to statin therapy
[14, 18]. Coadministration of a cholesterol absorption inhibitor (e.g. 10-mg
ezetemibe) will generally lower the LDL-C and non-HDL-C concentrations
by a further 10-20% [19].

6.12 TARGETING TRIGLYCERIDE-RICH
LIPOPROTEIN REDUCTION AS A MEANS
OF ACHIEVING NON-HDL-C GOAL

Fibrates, niacin, and omega-3 fatty acids all effectively lower VLDL-C
and other TG-rich lipoproteins. The effects of these agents are summarized
below.

6.13 FIBRATES

Fibrates work by stimulating peroxisome proliferator activated receptor-«
(PPAR-w). This results in enhanced lipoprotein lipase expression, reduced
hepatic production of Apo CIII (which inhibits lipoprotein lipase), and
enhanced hepatic fat oxidation. In addition, fibrates increase the production
rates of Apo Al and Apo AlL

At the usual dosages, fibrates lower the TG concentration by 30—50%
and increase HDL-C by 10—25%. The LDL-C response to fibrate therapy is
dependent on both the baseline TG and LDL-C concentrations. In patients
with very high TG concentrations (>500 mg dl~!), the LDL-C level may
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rise. In patients with less severe hypertriglyceridemia, particularly those with
concomitantly elevated LDL-C, the LDL-C concentration may be neutral or
decline by as much as 20%.

Clinical outcomes trials with fibrate therapy have been generally sup-
portive of a protective effect regarding cardiovascular events [20, 21]. How-
ever, the results are not as robust as those observed with statins. In primary
and secondary prevention trials with clofibrate, gemfibrozil, bezafibrate, and
fenofibrate, the median relative risk reduction for the primary outcome vari-
able was ~20% (range 4—49%), with four of nine trials reaching statistical
significance for the primary outcome variable [20, 21].

Results from subgroup analyses indicate that the most favorable effects
on cardiovascular events have been observed in subjects with elevated TG
concentrations at baseline [22, 23]. For example, the Bezafibrate Infarction
Prevention Study had a nonsignificant relative risk reduction of 7.3% in the
overall study sample, but a 39.5% relative risk reduction among the quarter
of the study sample with a baseline TG concentration >200 mg d1~! [22].
Despite the fact that fibrates are most often used in clinical practice to treat
hypertriglyceridemia, none of the published event trials have specifically
recruited hypertriglyceridemic subjects.

6.14 NIACIN

The dramatic effects of niacin on the blood lipid profile were noted more
than a half-century ago, but the mechanisms responsible for these have been
poorly understood until recently. The effects of niacin on lipid metabolism
are due to its ability to suppress FFA release from adipose tissues as well
as inhibition of hepatic diacylglycerol acyltransferase (DGAT) [24]. The
latter is an enzyme involved with TG synthesis and VLDL production.
The results of these changes are enhanced hepatic Apo B degradation and
reduced VLDL production. Niacin also markedly increases the number of
circulating HDL particles by selectively inhibiting the uptake of Apo Al
by hepatocytes, thus reducing the catabolic rate of HDL. Extended release
niacin at a dose of 2 g day~! will reduce the plasma TG concentration by
20-50%, increase HDL-C by 15-35%, and lower LDL-C by 5-25%.
Although niacin improves all of the features of atherogenic dyslipi-
demia, two issues raise concerns about its clinical usefulness in such patients.
The first is flushing, which is experienced to some degree by most patients.
Its intensity is diminished, but not eliminated, by a prescription, extended
release preparation (Niaspan®, Abbott Laboratories, Abbott Park, IL, USA).
This side effect is bothersome to many patients, which may limit compli-
ance. The second issue associated with niacin use is the development of
insulin resistance. One might predict that the reduced FFA release from
adipose tissues would lead to improved insulin sensitivity. However, the
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reverse appears to be true, although the mechanism(s) responsible for this
effect are poorly understood [25]. The use of niacin can cause people with
mild glucose intolerance to convert to frank diabetes by worsening the
degree of insulin resistance and therefore increasing demand on the pancre-
atic beta cells [25, 26]. For this reason, niacin should be used with caution
in patients with insulin resistance or glucose intolerance.

6.15 OMEGA-3 FATTY ACIDS

The long chain omega-3 polyunsaturated fatty acids eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA), found in high concentrations in the
oils of cold water fish, have been known for years to have a hypotriglyc-
eridemic effect when consumed in high doses (1-4 g day~! of EPA +
DHA). Recently, a prescription preparation of concentrated omega-3 acid
ethyl esters (Lovaza®, GlaxoSmithKline, Middlesex, UK) has been made
available. This formulation requires fewer capsules to achieve a therapeutic
dose of omega-3 fatty acids. A dosage of 3.4 g EPA + DHA can be obtained
from four 1-g capsules, which is the equivalent of the EPA + DHA content
of 11-12 g of fish oil.

Omega-3 fatty acids reduce VLDL production by inhibiting DGAT,
and possibly through a mild stimulatory effect on PPAR-«, thus increasing
hepatic fat oxidation [27, 28]. The result is reduced hepatic synthesis and
secretion of VLDL, with no apparent effect on hepatic uptake of Apo B-
containing particles [27, 28]. Omega-3 fatty acids therefore reduce circu-
lating levels of TG and VLDL-C (25-50%). They also generally produce
a small rise in HDL-C (3-10%). As with fibrates, omega-3 fatty acids
sometimes lower LDL-C modestly (5—-10%), particularly among subjects
with high baseline LDL-C. However, in patients with more severe hyper-
triglyceridemia, the LDL-C concentration may rise [29]. Nevertheless, the
reduction in VLDL-C is typically larger than the increase in LDL-C, so the
net result is a reduction in cholesterol carried by atherogenic lipoproteins
(non-HDL-C).

6.16 MANAGEMENT OF DIABETIC DYSLIPIDEMIA

Diabetic dyslipidemia is essentially atherogenic dyslipidemia that occurs in a
person with diabetes mellitus. The fundamental principles of its management
do not differ from those for a patient with insulin resistance in the absence
of diabetes. However, diabetic dyslipidemia may be affected by the degrees
of glycemic control and relative insulin deficiency, which can increase the
variability in lipid levels, particularly serum TG.
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It should also be noted that some medications for glycemic control
influence lipid concentrations, particularly the thiazolidinediones. A meta-
analysis comparing the effects of the two available thiazolidinediones [30]
found that, pioglitazone (Actos®, Takeda Pharmaceuticals, Lincolnshire,
IL, USA) lowered the TG concentration (40 mg d1~!) and elevated HDL-C
(4.6 mg dlfl). Its effects on total and LDL-C were neutral. In contrast,
rosiglitazone (Avandia®, GlaxoSmithKline, Middlesex, UK) had no signif-
icant effect on TGs, but raised HDL-C (2.6 mg dlI=", LDL-C (15 mg dI=h
and total cholesterol (21 mg dI™!).

CONTROVERSY

DO WE NEED A TRIGLYCERIDE TREATMENT TARGET
TO INSURE A PREDOMINANCE OF LARGER, MORE
BUOYANT LDL PARTICLES?

The NCEP ATP III has taken the position that lipoprotein cholesterol
levels should be the main focus of lipid therapy. Therefore, they
have established targets for apolipoprotein B-containing lipoprotein
cholesterol levels (LDL-C and non-HDL-C). As discussed elsewhere
in this chapter, the non-HDL-C treatment goal may be achieved in a
hypertriglyceridemic patient by lowering LDL-C, lowering TG-rich
lipoproteins (mainly VLDL) or a combination of the two strategies.
Implicit in this recommendation is the idea that two patients with
the same non-HDL-C and HDL-C levels will have similar CHD
risk, regardless of whether the non-HDL-C goal is achieved through
LDL-C lowering or lowering of TG-rich lipoproteins. Consider the
following two patients (Table 1):

Table 1

Patient 1 Patient 2

Total C = 160 mg dI~! Total C = 160 mg dI~!
HDL-C = 46 mg dI~! HDL-C = 46 mg dI~!
Non-HDL-C = 114 mg dI~! Non-HDL-C = 114 mg dI~!
LDL-C = 99 mg dI~! LDL-C = 70 mg dI~!
Triglycerides = 75 mg dI~! Triglycerides = 220 mg dl~!
LDL subclass pattern = A LDL subclass pattern = B

Do these two patients have similar CHD risk, based on their lipid
profiles? Currently available data do not provide a clear answer and
this is an area of intense debate.
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Both patients are within their NCEP ATP III treatment goals for
LDL-C <100 mg d1~! and non-HDL-C <130 mg dl~!. Patient 2 has
lower LDL-C, but also has higher triglycerides and a predominance
of small, dense LDL particles (LDL subclass pattern B). The NCEP
ATP III position suggests that their CHD event risks are similar.
Proponents of the hypothesis that small, dense LDL particles are more
atherogenic than larger, more buoyant particles might view patient 2
as being at higher risk than patient 1.

Figure 1 shows the relationship between the fasting triglyceride
concentration and the relative risk for a CHD event among men in
the Framingham Heart Study. The pattern suggests that most of the
increase in risk associated with hypertriglyceridemia may occur when
the triglyceride level rises above 100 mg dl~!, increasing in a graded
fashion until the level rises to 300 mg d1~!, beyond which little addi-
tional risk is apparent. One possible explanation for this “S-shaped”
relationship is the association of elevated triglycerides with the small,
dense LDL (pattern B) phenotype.

2.5

- - N
o o o
1 1 1

Relative Risk for CHD

e
a
|

0.0
50 100 150 200 250 300 350 400

Triglyceride Concentration (mg/dL), Men

Figure 1 Relative risk of coronary heart disease (CHD) by serum triglyc-
eride levels among men in the Framingham Heart Study (30-year follow-up).
Adapted from Castelli, W.P. (1992) The American Journal of Cardiology, 70,
3H-9H, [1].
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Conversion between LDL subclass patterns appears to be a
threshold phenomenon, with transition from pattern A to pattern B
occurring when the fasting triglyceride level rises above a threshold
level and the reverse occurring when the TG level falls below this
level [2, 3]. The threshold varies between individuals, but is within
the range of 100—250 mg dl~! for most of the population [2, 4].
This is illustrated in Figure 2, which shows the prevalence of pattern
B as a function of the fasting triglyceride level. This relationship
is also evident in clinical trials of triglyceride-lowering therapies.
Figure 3 shows the prevalence of LDL subclass pattern B as a func-
tion of the on-treatment triglyceride level in a trial evaluating the
lipid effects of adding prescription omega-3 treatment in men and
women with persistent hypertriglyceridemia, despite statin therapy.
Nearly all subjects had pattern B at baseline. Most subjects whose
triglyceride level was lowered to below 150 mg dl~' had pattern
A while on treatment (64%), whereas most whose triglyceride level
was 250 mg dI~! or above showed pattern B (85%) during therapy,
results that align well with the predictions based on the relationship
shown in Figure 3.

Triglycerides and LDL Subclass Pattern B

100
90
80
70
60
50 A Phenotype B
40
30
20
10

Cumulative Frequency (%)

20 60 100 140 180 220 260 300 500
Triglyceride Concentration (mg/dL)

Figure 2 Association between fasting triglyceride level and the prevalence
of low-density lipoprotein (LDL) subclass pattern B (a predominance of small,
dense particles). Adapted from Austin, M.A. et al. (1990) Circulation, 82,
495-500, [4].
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Figure 3 Prevalence of low-density lipoprotein (LDL) subclass pattern B by
on-treatment triglyceride level among subjects taking simvastatin 40 mg d~!
plus prescription omega-3 acid ethyl esters 4 g d~!. From Maki, K.C. et al.
(2007) The FASEB Journal, (abstract 23.2), [3].

Thus, among those with markedly elevated triglyceride concen-
trations, even very large reductions in the triglyceride level induced
by drug therapies will not generally produce an increase in LDL
particle size unless the triglyceride level is reduced below the indi-
vidual’s threshold for conversion from pattern B to pattern A [2, 3].
Table 2 shows changes in lipid concentrations in response to fenofi-
brate therapy in subsets of subjects matched for the degree of triglyc-
eride lowering, but differing with regard to the on-treatment TG
concentration <200 or >200 mg dI~!. Despite the same median per-
cent reduction (and larger median absolute reduction) in triglycerides,
subjects whose triglyceride level remained >200 mg dl~! had no
increase in median LDL particle size, whereas those whose triglyc-
erides dropped below 200 mg dl~! showed substantial increases in
LDL particle diameter.

As reviewed by Packard [5], small, dense LDL particles bind less
readily to hepatic receptors, prolonging their time in the circulation.
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Table 2 Responses to fenofibrate therapy in hypertriglyceridemic subjects
matched for percent change in triglyceride concentration, but differing in
end-of-treatment triglyceride level (<200 and >200 mg dl~").

Variable EOT triglycerides EOT triglycerides P-value
<200 mg dI~! >200 mg dl~!
Median change from baseline
Triglycerides —52% —52% 0.927
LDL-C 4% 24% 0.229
Non-HDL-C —18% —15% 0.164
HDL-C 15% 19% 0.983
LDL particle size 0.79 nm —0.06 nm 0.003

EOT, end-of-treatment; LDL-C, low-density lipoprotein cholesterol; non-HDL-C,
non-high-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol.

From Davidson, M.H. et al. (2006) Clinical Cardiology, 29, 268—73, [2].

In contrast, these particles bind more readily to proteoglycans in the
arterial wall and have greater susceptibility to oxidative modification,
an important step in unregulated LDL uptake by macrophages during
foam cell formation. However, despite the strong theoretical basis for
the idea that small, dense LDL particles have enhanced atherogenic-
ity, this has been difficult to demonstrate because the LDL subclass
pattern is only one component of a larger group of metabolic char-
acteristics including elevated triglycerides, low HDL-C, obesity, and
insulin resistance [2, 4, 6, 7]. In a review of 70 studies evaluating
the relationship of CHD risk with LDL particle size and number,
small LDL particle size was found to be significantly associated
with CHD risk in nearly all of the studies. However, in multivari-
ate analyses, LDL size was rarely found to be a significant predictor
of CHD risk, suggesting that other features associated with LDL
particle size may account for part or all of its association with CHD
risk [8].

In the Veterans Affairs High-Density Lipoprotein Intervention
Trial (VA-HIT), both large and small LDL particle concentrations,
but not LDL particle size, were significantly associated with CHD
events once their correlation was taken into account [9]. Consistent
with this finding, results from the Multi-Ethnic Study of Atheroscle-
rosis (MESA) showed that both small and large LDL particles were
associated with greater carotid intimal medial thickness (a surrogate
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for atherosclerosis) in models that adjusted for the inverse correlation
between the two particle types (Table 3) [10].

Table 3 Associations of large and small low-density lipoprotein
particle concentrations with carotid intimal-medial thickness after
adjustment for low-density lipoprotein cholesterol, high-density
lipoprotein cholesterol, and triglyceride concentrations in the
Multi-Ethnic Study of Atherosclerosis.

Parameter Difference (SE) P value
in IMT (um per SD)*

Large LDL-P 30.3 (9.4) 0.001

Small LDL-P 34.8 (10.1) 0.001

LDL-C 11.8 (7.8) 0.130

HDL-C —17.3 (5.7) 0.003

Triglycerides —1.6 (5.1) 0.750

“Model also included terms for age, sex, race, hypertension, and smoking.
PHDL-C, high-density lipoprotein cholesterol; IMT, intimal-medial thick-
ness; LDL-C, low-density lipoprotein cholesterol; LDL-P, low-density
lipoprotein particle; SD, standard deviation; SE, standard error.

Adapted from Mora, S. et al. (2006) Atherosclerosis, 192, 211S—178S, [10].

In addition, data from a variety of sources have supported the
atherogenicity of remnants of triglyceride-rich particles such as inter-
mediate density lipoproteins and chylomicron remnants [11]. Thus,
the relative atherogenicity of various apolipoprotein B-containing par-
ticles is uncertain, leading one prominent authority in the field to
declare [12]:

For the practicing clinician, however, the major argument for extend-
ing measurement of subclasses into the mass market is the hypothe-
sis that one subclass is more atherogenic than another. Because evi-
dence clearly indicates that all apolipoprotein B-containing particles
are atherogenic, this reasoning is akin to the argument that an Uzi
submachine gun is more deadly than an M16 or an AK47. Obviously
all are potentially lethal, and although this assertion may interest gun
aficionados, it matters little to law enforcement or to general public
safety if the sole objective is disarmament!

While the authors believe that clinical trials are needed to test
the hypothesis that lowering triglycerides to a target level might
enhance CHD risk reduction by facilitating conversion to LDL sub-
class pattern A, we also feel that the data currently available are
not sufficiently strong to advocate measurement of LDL particle size
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in clinical practice, or to justify the establishment of a triglyceride
target. Therefore, until more data are available, we advocate focusing
on efforts to achieve LDL-C (primary) and non-HDL-C (secondary)
targets. Once these goals have been achieved, the clinician may opt
to pursue further triglyceride reduction as a tertiary objective.
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7 Management of Depressed
High-density Lipoprotein
Cholesterol

Key Points

e Low serum levels of high-density lipoprotein cholesterol (HDL-C) are
an independent risk factor for cardiovascular disease (CVD) in both
men and women.

o The HDLs can potentiate a number of antiatherosclerotic effects, includ-
ing reverse cholesterol transport (RCT) and a variety of antioxidative,
antithrombotic, and anti-inflammatory effects along vessel walls.

e HDL-C can be increased in patients with dyslipidemia using statins,
fibrates, niacin, thiazolidinediones, and, in peri- and postmenopausal
women in the short-term, estrogen.

e Considerable investment is being made to develop newer pharmaco-
logic agents that will impact HDL metabolism in an effort to further
reduce risk for cardiovascular events in both the primary and secondary
prevention settings.

Of the various lipoproteins targeted for therapeutic management, none of
them are as challenging or problematic to treat as the high-density lipopro-
teins or HDLs. The metabolism of HDLs is complex and these lipoproteins
appear to exert a variety of antiatherogenic effects. There are numerous
enzymes, cell surface receptors, and genetic and metabolic backgrounds that
impact on serum levels of HDL. Given the large number of polymorphisms
regulating HDL levels, specific lifestyle modifications and pharmacologic
interventions can have quite variable effects on HDL levels following ther-
apeutic manipulation. The management of low HDL is recognized as being

Practical Lipid Management: Concepts and Controversies Peter P. Toth and Kevin C. Maki
© 2008 John Wiley & Sons, Ltd
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clinically important by both American and European guidelines for CVD
risk reduction. Simply targeting low-density lipoprotein cholesterol (LDL-C)
reduction leaves the majority of patients in clinical trials at risk for acute
CVD related events, such as myocardial infarction (MI) stroke, and sudden
death. This chapter will review the epidemiology of HDL and its relation-
ship to risk for developing atherosclerotic disease, the complex metabolism
of HDL and its broad-ranging antiatherogenic effects, and the impact of
lifestyle modification and drug therapy on serum levels of this lipoprotein.

7.1 THE RELATIONSHIP BETWEEN HDL
AND RISK FOR CVD

The correlation between low HDL and increased risk for CVD is not a
new concept. This relationship was first reported by Barr and coworkers in
1951 [1] and was confirmed less than 10 years later years later in an Israeli
cohort [2]. Since the 1960s, epidemiologic studies performed throughout
the world have substantiated this finding and have shown that low serum
levels of HDL-C are an independent risk factor for CAD, stroke, peripheral
arterial disease (PAD), premature atherosclerotic disease of the left main
coronary artery, in-stent restenosis, and sudden death [3—7]. Low HDL-C
is also associated with more rapid rates of atheromatous plaque progression
compared with patients with normal levels of this lipoprotein. In contrast,
elevated levels of HDL-C appear to protect both men and women from
developing atherosclerotic disease.

The Framingham Study demonstrated that as HDL-C decreases, risk for
CAD-related events increases at any level of LDL-C or total cholesterol [8].
The Framingham workers also showed that for every 20 mg dI~! rise in
HDL-C, risk for CAD was reduced by 50%. Moreover, at any serum level of
LDL-C, as HDL-C progressively decreased, risk for coronary heart disease
(CHD)-related events increased [9]. (Figure 7.1) The Cooperative Lipopro-
tein Phenotyping Study (CLPS) evaluated populations in five American
locales, which included Albany, New York; Evans County, Georgia; Fram-
ingham, Massachusetts; Honolulu, Hawaii; and San Francisco, California.
CLPS showed that as HDL decreases, risk for CAD increases indepen-
dent of serum triglycerides and LDL-C [10]. Importantly, among men, the
Physicians’ Health Study [11] found that a low HDL-C increases risk for
CAD even if total cholesterol is low, while the Tromso Heart Study showed
that low HDL-C imparts a risk for CAD that is three times higher than if
LDL-C is high [12]. Among European and Nordic populations, the Prospec-
tive Cardiovascular Munster Study, Prospective Epidemiological Study of
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Risk of CHD
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Figure 7.1 Risk for coronary heart disease (CHD) as a function of low-density
lipoprotein cholesterol (LDL-C) and high-density lipoprotein cholesterol (HDL-C) in
the Framingham Study. At any serum level of LDL-C, as HDL-C decreases, risk for
CHD increases. The lowest risk for CHD appears to occur in study subjects with the
lowest LDL-C and the highest HDL-C. Reproduced with permission from Castelli,
W.P. (1988) The Canadian Journal of Cardiology, 4 (Suppl A), SA-10A, [9]. A
full-color version of this figure appears in the color plate section of this book.

Myocardial Infarction, and the Apolipoprotein-Related Mortality Risk Study
all found that as serum HDL-C decreased, risk for acute cardiovascular
events increased [13—15]. Among the elderly aged >75 years evaluated
in the Northern Manhattan Stroke Study, HDL-C was inversely associated
with risk for stroke, with a dose—response relationship [16]. In the Car-
diovascular Health Study, elevated HDL-C protected men aged >65 years
against MI and ischemic stroke in a dose—response manner [17].

A number of studies have quantified the relationship between serum
HDL-C and CHD risk reduction. Among Japanese men residing in Osaka,
for every 1 mg dl™! rise in HDL-C, risk for CAD and MI decreases by
5.7 and 6.4%, respectively [18]. An aggregate analysis of the Framingham
Study, the Multiple Risk Factor Intervention Trial, the Lipid research Clin-
ics Primary Prevention Trial, and the Lipid Research Clinics Prevalence
Mortality Follow-up Study demonstrated that for every 1 mg dl~! rise in
HDL-C, risk for CAD decreased by 2 and 3% for men and women, respec-
tively [19]. In the Framingham Offspring Study, a 1 mg dI~! elevation in
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HDL was associated with a 2% reduction in risk for CHD [20]. Among
women in the Nurses’ Health Study, a 17% elevation in HDL-C correlated
with a decrease in CHD risk of 40% [21]. In patients who sustain a non-Q
wave MI and undergo drug-eluting stent placement, HDL-C <40 mg dI~!
compared with HDL-C >40 mg dI~! portends a 3.3-fold higher risk of mor-
tality after one year of follow-up [22]. In addition, this study also showed
that in these patients, for every 1 mg dl~! rise in serum HDL-C, risk for
target lesion revascularization (repeat revascularization by percutaneous or
surgical means within the stent or in the 5-mm distal or proximal segments
adjacent to the stent) and major cardiac events was reduced by 4%. Increas-
ing serum levels of HDL-C with statins is associated with reductions in
coronary artery atheromatous plaque volume, independent of changes in
LDL-C [23, 24].

7.2 PREVALENCE OF LOW HDL-C

Low serum levels of HDL-C are highly prevalent among patients with the
metabolic syndrome, diabetes mellitus, as well as patients with atheroscle-
rotic disease. The National Cholesterol Education Program (NCEP) defines
a low HDL-C as <40 mg dl~! and considers low HDL-C a categorical
risk factor for CHD and its sequelae [25]. Among women, the American
Heart Association has defined low HDL-C as <50 mg dI~' since women
tend to have an HDL-C that is on average 10 mg dI~' higher compared to
age matched men [26]. Patients who are diabetic or who have metabolic
syndrome tend to have low serum levels of HDL-C because they are insulin
resistant. As will be detailed below, insulin resistance can impair HDL
biosynthesis and augment its catabolism, resulting in low levels of this
lipoprotein. Approximately 25% of the population in the USA has the
metabolic syndrome [27]. The incidence of the metabolic syndrome is grow-
ing rapidly worldwide, including Europe, Asia, and South America. In the
USA, 39% of men and 15% of women have HDL-C <40 mg dI~' [28].
In one analysis of patients with CAD or a CHD risk equivalent, 66% of
patients had HDL-C <40 mg dI~', even if they were being treated with a
statin and their LDL-C was treated to target levels [29]. Among Europeans
diagnosed with dyslipidemia, the frequency of HDL levels <40 mg dl1™!
in men and <50 mg dI~! in women is 40 and 33%, respectively [30].
Among men with CAD and who receive their medical care through the Vet-
erans Administration system, HDL <40 mg dl~! occurs with a frequency
of 64% [31]. In another series of patients discharged from an academic
medical center following an acute coronary syndrome, coronary revascular-
ization procedure, or an ischemic cerebrovascular accident, the prevalence
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of HDL-C <40 mg dI~' was 69% [32]. The prevalence of low HDL-C
is threefold higher among patients with premature CAD compared with
healthy controls [33].

7.3 GOALS FOR HDL TREATMENT

Setting a goal for serum HDLs is a controversial issue. The NCEP has
not defined a target for therapy for two primary reasons. First, there is
no prospective, randomized clinical trial that has been able to define a
target level in serum for this class of lipoproteins. One important feature
of all forms of lifestyle modification and currently available pharmaco-
logic interventions is that each of these therapeutic approaches impact on
all components of the lipid profile, not just HDL-C. Getting an unequivo-
cal answer to the question of how a therapy specifically impacts HDL-C
and how a given change in HDL-C affects risk becomes challenging. Sec-
ond, currently available medications do not impact HDL production and
metabolism in a manner that is uniform enough to predict an individual
patient’s response either in the near- or long-term. Some patients may expe-
rience a very brisk response to therapy and experience large elevations in
HDL; others may only experience small elevations (2—5%) in response to
therapy with polypharmacy and comprehensive lifestyle modification. When
HDL-C is low, NCEP clearly recommends that therapeutic effort be made
to raise HDL-C with therapeutic lifestyle change (TLC) (weight loss, aero-
bic exercise, TLC diet, smoking cessation) and pharmacologic intervention
as dictated by the specific features of a patient’s lipid profile (discussed in
greater detail below).

Other guideline writing groups have taken a more proactive and aggres-
sive approach (Table 7.1). Among diabetic patients, the American Diabetes
Association recommends that HDL-C be increased to >40 mg dI~' and in
women to >50 mg dl~! [34]. The Expert Group on HDL Cholesterol [35]
and the European Consensus Panel on HDL-C [36] recommend that HDL-C
be increased to >40 mg dl~' in patients with CAD, metabolic syndrome,
diabetes mellitus, or a 10 years Framingham risk >20%.

Low HDL-C impacts on Framingham risk scores. For patients with
HDL-C <40 mg dlI~!, two points are added to the 10 years Framing-
ham risk score. If HDL-C exceeds 60 mg dl~!, one point is subtracted
from the Framingham risk score. An important point is that no matter how
high HDL-C is, once it is >60 mg dl~!, only one point can be subtracted
from the total. Consequently, if a patient presents with an HDL-C of 80 or
90 mg dl~!, can one assume that they will be protected against the develop-
ment of atherosclerosis? No. In patients with two or more risk factors and
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Table 7.1 Guideline definitions for low high-density lipoprotein cholesterol
(HDL-C) and targets for therapy.

Guideline sponsor Definition for low HDL-C
National Cholesterol Education Program <40 mg dI~! (all patients)”
American Heart Association <50 mg dI~!' (women)
Guideline sponsor HDL-C target for therapy
National Cholesterol Education Program None

European Consensus Panel on HDL-C >40 mg dI~='?

Expert Group on HDL-C >40 mg dI~'?

American Diabetes Association >40 mg dI~! in men

>50 mg dI~! in women

@When diagnosing metabolic syndrome, NCEP defines low HDL-C as <40 mg di~! in men and
<50 mg di~! in women.

bFor patients with CAD and those at high risk for CAD (metabolic syndrome, diabetes mellitus,
10-year Framingham risk >20%).

Taken from: Mosca, L. et al. (2004) Arteriosclerosis, Thrombosis, and Vascular Biology, 24,
€29—-e50, [26]. Haffner, S.M. and American Diabetes Association (2004) Diabetes Care, 27,
S68-S71, [34]. Sacks, F.M. (2002) The American Journal of Cardiology, 90, 139-43, [35].
Chapman, M.J. et al. (2004) Current Medical Research and Opinion, 20, 1253—68, [36]. National
Cholesterol Education Program (2002) Final Report, NIH Publication No. 02-5215, [37].

no CHD risk equivalents, the 10 years Framingham risk score should be
calculated. One cannot assume that an elevated HDL-C will protect patients
from atherosclerotic disease irrespective of the composition of their global
risk factor burden.

7.4 ANTIATHEROGENIC EFFECTS OF HDL

Cholesterol is an important modulator of cell membrane fluidity and is a
precursor to steroid hormones and bile salts. Cholesterol can be catabolized
to bile salts by hepatocytes. Peripheral somatic cells such as those found in
arterial vessel walls cannot clear excess amounts of cholesterol by breaking
it down into smaller byproducts. As cholesterol accumulates in macrophages
to form foam cells, internalized lipid droplets will expand continuously until
the cell dies unless it is stimulated to externalize excess cholesterol. HDL
particles drive RCT, the process by which HDL promotes the mobilization
and externalization of excess cholesterol and delivers it back to the liver for
disposal as either bile salts or biliary cholesterol (Figure 7.2). It is believed
that RCT is among the most important antiatherogenic effects that HDL
mediates (see [38] and references therein). Low serum levels of HDL may
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represent a state of reduced or inadequate capacity for RCT, leading to
an excess accumulation of cholesterol in the subendothelial space of blood
vessels [39, 40].

Apoprotein A-I (Apo A-I) is secreted from both the jejunum and liver.
Free or non-lipidated Apo A-I can bind to phospholipids and form a hockey
puck-like structure known as nascent discoidal high-density lipoprotein
(ndHDL) (Figure 7.2). Both Apo A-I and ndHDL can bind to the sur-
face of macrophages via the receptor ABCA1, or ATP binding membrane
cassette transport protein Al. When ABCAL is bound by these molecular
species, it transports cholesterol from the cytosol into the extracellular space
[42]. Externalized cholesterol is then esterified with a fatty acid to form
cholesteryl esters by the enzyme lecithin cholesteryl acyltransferase (LCAT).
Because cholesteryl esters are hydrophobic or poorly soluble in water, they
become partitioned into the core of ndHDL. As more and more cholesteryl
ester and phospholipids are incorporated into the particle, the ndHDL spe-
ciates and becomes progressively larger and more spherical, forming HDL3
and HDL,. Mutations that reduce the functionality of Apo A-I are associ-
ated with hypoalphalipoproteinemia and increased risk for CHD, while gain
of function mutations in Apo A-I are associated with hyperalphalipopro-
teinemia and reduced risk for CHD. Mutations in ABCA1 that reduce its
capacity to bind Apo A-I or translocate intracellular cholesterol result in
hypoalphalipoproteinemia and increased risk for CHD [43-45]. Apo A-1
and ndHDL that cannot be lipidated properly, are catabolized and cleared
from the circulation.

HDL particles formed in this process can undergo a number of fates.
HDL can transport cholesteryl esters to steroidogenic organs and facili-
tate steroid hormone biosynthesis. HDLs can interact with cholesteryl ester
transfer protein, an enzyme that exchanges cholesteryl ester in HDL for
triglycerides in Apo B-100-containing lipoproteins, such as very low-density
lipoprotein (VLDL) and LDL. The cholesteryl esters transferred into these
lipoproteins can be delivered to the liver via the LDL receptor and the LDL
receptor-related protein (Figure 7.2). This is known as indirect RCT .

Direct RCT involves the binding of HDL to other receptors on the hepa-
tocyte surface. Two of these have been characterized. The first is scavenger
receptor B-I (SR-BI), a receptor that mediates selective cholesteryl ester
uptake. HDL binds to SR-BI via its Apo A-I moiety [46]. After docking,
cholesteryl esters are extracted, taken up into the hepatocyte, and the delip-
idated HDL particle is extruded back into the circulation to begin another
round of RCT. The second involves a protein (the B-chain of the F; subunit
of FiFy ATP synthetase) that modulates holoparticle endocytosis of HDL
[47]. The entire HDL particle is taken up by the hepatocyte and is catab-
olized. The cholesterol delivered back to the liver by HDL can undergo
a variety of fates: (i) it can be repackaged into VLDL and secreted back
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into the circulation; (ii) it can be catabolized to bile salts by the enzyme
7a-hydroxylase; and (iii) it can be secreted into bile and the gastrointestinal
tract unmodified. The process of RCT has been validated in both humans
and rodents [48, 49].

The HDLs are unique among the lipoproteins because rather than driv-
ing the net deposition of cholesterol into vessels walls, they promote its
extraction and delivery to the liver for catabolism and disposal. The HDLs
are also unusual because they participate in a variety of other reactions
believed to be antiatherogenic (summarized in Table 7.2). HDL increases
endothelial cell nitric oxide production, inhibits adhesion molecule expres-
sion, stimulates endothelial cell proliferation in areas of arterial injury, and
inhibits endothelial cell apoptosis (programmed cell death) [S0-53]. These
changes are associated with increased vasodilatation, reduced inflammatory
tone, and integrity of the endothelial cell layer. Oxidized LDL is the main
substrate for foam cell formation. LDL is oxidized by a number of enzymes,
such as myeloperoxidase and 5'-lipoxygenase. HDL is able to reduce oxi-
dized LDL. HDL is a carrier of paraoxonase, glutathione peroxidase, and
platelet activating factor acetylhydrolase [54, 55]. These three enzymes
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reduce oxidatively modified components of LDL. HDL also exerts a variety
of antiplatelet and antithrombotic effects. HDL stimulates endothelial cell
prostacyclin production, which is both vasodilatory and antithrombotic [56].
HDLs decrease platelet thromboxane A2 production and platelet aggregabil-
ity, and potentiate urokinase mediated fibrinolysis and the ability of proteins
C and S to inactivate coagulation factor Va [57-59].

Given the capacity of HDL to drive RCT and mediate a large number of
antiatherogenic effects, the ability of HDL to reduce rates of atheromatous
plaque progression and even induce its regression has been tested in a
variety of animal models. Intravenously infusing Apo A-I into rabbits fed
an atherogenic diet decreases atherosclerotic disease when compared with
untreated controls [60]. Mice transfected with human Apo A-I undergo
atheromatous plaque regression [61]. The intravenous infusion of HDL into
rabbits without established atherosclerotic disease blocks its development

Figure 7.2 Pathways for reverse cholesterol transport. Macrophages resident in the
intima of arterial walls develop into foam cells as they take up ever greater amounts
cholesterol from modified LDL particles. Unlike hepatocytes, macrophages cannot
metabolize cholesterol into excretory by-products. In order to maintain cholesterol
homeostasis, macrophages express membrane-bound sterol transporter proteins that
pump excess cholesterol into the extracellular space. Free Apo A-I or the ApoA-I in
nascent discoidal HDL (ndHDL) binds to ABCA1 and induces sterol mobilization
from intracellular lipid pools. Cholesterol and phospholipids are pumped out of the
cell and bind to free apo A-I and ndHDL. Unesterified cholesterol (UC) esterified
by LCAT on the surface of HDL particles using phosphatidylcholine as a fatty acid
donor. The esterified cholesterol moves into the HDL particle’s hydrophobic core
along a concentration gradient. As more and more cholesteryl ester enters the HDL
particle, it becomes spherical, resulting in the formation HDL3; and then the larger
HDL,. These spherical HDL particles can stimulate additional cholesterol external-
ization through the translocator ABCGI. Reverse cholesterol transport (RCT) has
evolved two distinct pathways: direct and indirect. During direct RCT, HDL binds to
SR-BI on the hepatocyte surface. The HDL particle is selectively delipidated (i.e. its
cholesteryl esters are removed). Once delipidation is complete, rather than cataboliz-
ing the particle into its constituent apoproteins and phospholipids, the HDL particle
is released so as to initiate another cycle of RCT. Indirect RCT depends on lipid
exchange catalyzed by CETP. During this reaction, the cholesteryl esters in HDL
are exchanged for triglycerides carried in apoB100-containing lipoproteins such as
VLDL, IDL, and LDL. The cholesteryl ester is carried back to the liver for systemic
clearance by the LDL receptor (low-density lipoprotein receptor (LDL-R)). Choles-
terol delivered back to the liver can either be excreted in bile as free cholesterol
or converted into bile salts via 7-a-hydroxylase. Alternatively, the cholesterol can
be repackaged into VLDL for hepatic secretion into the circulation. PLTP, phospho-
lipid transfer protein; HL, hepatic lipase. Reproduced with permission from: Toth,
P.P. (2007) Future Lipidology, 2, 277-84, [41]. A full-color version of this figure
appears in the color plate section of this book.
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Table 7.2 Antiatherogenic functions of high-density lipoproteins.

Reverse cholesterol transport

Apoprotein donor to other lipoproteins

Inhibits matrix metalloproteinase production (can lead to lead plaque stabilization)
Stimulates angiogenesis

Antioxidative effects

1. Increase nitric oxide production and potentiate vasodilatation and myocardial
perfusion

2. Suppress Vascular Cell Adhesion Molecule 1 (VCAM-1) and Intercellular Adhe-
sion Molecule 1 (ICAM-1) expression

3. Promote endothelial progenitor cell recruitment and engraftment

4. Stimulate endothelial cell proliferation and migration

5. Inhibit apoptosis by blocking activation of caspases 3 and 9

Antioxidative effects

1. There are two redox-active methionine (amino acid sequence positions 112 and
148) residues in apo Al that reduce oxidized phospholipids, lipid peroxides and
hydroperoxides, and oxidized cholesterol esters, in LDL via the activity of three
antioxidative enzymes:

i. Paraoxonase
ii. Platelet activating factor acetylhydrolase

iii. Glutathione peroxidase

Antithrombotic effects
Stimulates

1. Fibrinolysis
2. The ability of proteins C and S to inactivate coagulation factor Va

3. Prostacyclin production by activating cyclooxygenase-2

Inhibits

1. Thrombin-mediated platelet aggregation
2. Platelet activation

3. Platelet thromboxane A2 production

4. Tissue factor production
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and stimulates plaque regression in animals with atherosclerosis [62]. The
infusion of reconstituted native human Apo A-I into patients with CAD is
associated with modest atheromatous plaque regression after only five once
weekly injections [63].

7.5 HDL AND INSULIN RESISTANCE

Insulin resistance impacts on HDL metabolism significantly. Apo A-I is
carried by chylomicron and VLDL particles. In the setting of insulin resis-
tance, the activity of lipoprotein lipase is decreased. Lipoprotein lipase
hydrolyzes the triglycerides in chylomicrons and VLDL, which results in
the dissociation of Apo A-I and phospholipids from the surface of these
particles. Through this release of “surface coat mass,” dissociated Apo
A-I and phospholipids can be used to assimilate HDL in serum. When
lipoprotein lipase is inhibited, less surface coat mass is released and there
is excess triglyceride available in serum. Cholesterol ester transfer pro-
tein (CETP) catalyzes the exchange of triglycerides for cholesteryl esters
from VLDL to HDL and LDL. As the HDL and LDL become progres-
sively more enriched with triglyceride, these lipoproteins become better
substrates for catabolism by hepatic lipase (HL) and endothelial lipase [64,
65]. The LDL becomes smaller, denser, and more atherogenic. Similarly,
the HDL becomes smaller, but also more unstable. As lipolysis contin-
ues, Apo A-I dissociates and the HDL particle is catabolized. When free
Apo A-I is not lipidated, it can be bound by cubulin or megalin in the
glomerular ultrafiltrate and eliminated from the body. HDL levels may also
decrease in patients with insulin resistance because of decreased hepatic
Apo A-I biosynthesis. Insulin resistance is a manifestation of increased
visceral, not subcutaneous, adiposity, defined as increased adipose tissue
mass in omental, perinephric, peritoneal, and perimesenteric depots. Weight
loss and increased physical activity reduce and can even resolve insulin
resistance.

7.6 EFFECTS OF LIFESTYLE MODIFICATION
ON SERUM HDL
WEIGHT AND WEIGHT LOSS

In patients presenting with low serum levels of HDL-C, the NCEP guide-
lines recommend counseling about lifestyle modification. A variety of TLCs
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can favorably impact serum HDL-C. HDL-C decreases as a function of ris-
ing weight or body mass index and, as a general rule of thumb, for every
1 kg m~2 rise in fat mass, HDL-C decreases by 1 mg dl~! [66, 67]. The
opposite is also true: weight loss results in an increase in HDL-C [67].
During the acute phase of weight loss, HDL-C can decrease; however, once
the patient’s weight and diet stabilize, HDL-C will typically be higher than
at baseline. Increased ingestion of frans fat and carbohydrate or decreased
saturated fat intake lowers HDL-C [68—-71]. A Mediterranean diet charac-
terized by increased intake of legumes, olive oil, fruits, and vegetables has
been shown to decrease insulin resistance and increase HDL-C [72].

EXERCISE

Increased exercise is always a key feature of any lifestyle modification
plan, and regular exercise is associated with reduced risk for CVD. Both
men and women tend to experience increasing weight with aging, some
of which is due to decreased exercise frequency and intensity. There is
a positive dose—response relationship between exercise duration and serum
HDL-C [73, 74]. Importantly, exercise blunts the reduction in serum HDL-C
when patients lose weight with low-fat diets [75]. Patients with hyper-
triglyceridemia at baseline tend to experience more robust elevations in
HDL-C when they begin to exercise compared with their normotriglyceri-
demic counterparts [76].

CIGARETTE SMOKING

Cigarette smoking decreases serum HDL-C in a dose—response manner [77].
(Figure 7.3) Evidence suggests that cigarette smoking adversely impacts
HDL metabolism by: (i) exacerbating insulin resistance [78] and (ii) decreas-
ing the formation and maturation of HDL by inhibiting LCAT [79]. Smoking
cessation can increase HDL-C by up to 20%, an elevation that is on par
with the most efficacious pharmacologic interventions we currently have
available [80]. Among smokers, smoking cessation should always be a part
of any lifestyle modification program designed to raise HDL-C.

ALCOHOL

It has been known for some time that increased alcohol consumption (partic-
ularly red wine) is associated with reduced risk for CVD. Alcohol increases
HDL-C by: (i) stimulating hepatic Apo A-I secretion and (ii) inhibiting
CETP activity. The increase in HDL-C in response to alcohol consumption
may in part account for the reduced risk for cardiovascular events among
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Figure 7.3 Mean serum levels of high-density lipoprotein cholesterol (HDL-C) by
cigarette use in the Framingham Offspring Study. Figure kindly provided by Professor
Peter W. F. Wilson. Based on Lamon-Fava, S., Wilson, P.W.F. and Schaefer, E.J.
(1996) Arteriosclerosis, Thrombosis, and Vascular Biology, 16, 1509-15, [66].

moderate consumers of alcohol. However, alcohol consumption can also
increase the serum triglyceride concentration and, in excessive quantities, is
associated with increases in various health risks. The relative benefits and
risks associated with increased alcohol consumption is an issue that would
have to be weighed on a patient by patient basis.

7.7 PHARMACOLOGIC MANAGEMENT
OF LOW HDL

The discovery of novel drugs and biomolecules to increase serum levels
of HDL-C constitutes a substantial focus in contemporary cardiovascular
medicine. The capacity of currently available medications to raise HDL-C
is summarized in Table 7.3. The statins, fibrates, and niacin have been
shown to favorably impact on cardiovascular morbidity in patients with
low HDL-C, though the relative contribution to overall benefit of rais-
ing HDL-C has been challenging to elucidate given the fact that all of
these medications impact on multiple lipoprotein fractions. A flow chart
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Table 7.3 Expected increase in serum
high-density cholesterol (HDL-C) in response
to various pharmacologic therapies.

Drug % increase in HDL-C
Statins 3-15
Fibrates 10-15
Niacin 10-30
Thiazolidinediones 5-24
Estrogen 10-25

Taken from National Cholesterol Education Program
(2002) Final Report, NIH Publication No. 02-5215,
[37].

summarizing possible approaches to the clinical management of low HDL-C
is shown in Figure 7.4.

STATINS

The statins or hydroxymethylglutaryl coenzyme A inhibitors impact the
metabolism of all hepatically derived lipoproteins, including HDL. The
statins impact HDL levels by: (i) stimulating hepatic Apo A-I secretion and
(i) decreasing serum triglycerides, thereby reducing lipolysis and catabolism
by HL. The statins increase HDL-C by 3—15%, depending upon their dose
and baseline patient characteristics [81, 82]. Patients with hypertriglyc-
eridemia tend to experience larger increases in HDL-C in response to statin
therapy than patients with normal levels of triglycerides [83].

Statins should be used as first-line therapy in patients with either isolated
low HDL-C or low HDL-C combined with LDL-C that exceeds risk-defined
NCERP targets. Statins appear to benefit patients disproportionately with low
HDL-C. In one primary prevention study, statin therapy reduced risk for
cardiovascular events three-fold more in patients with HDL-C <40 mg d1~!
compared with patients whose HDL-C was higher than this threshold [84].
In an angiographic subgroup analysis from the Lipoprotein and Coronary
Atherosclerosis Study, patients with HDL-C <35 mg dI~! and treated with
fluvastatin experienced significant slowing in the rate of coronary atheroscle-
rosis progression, whereas among patients with HDL >35 mg dI~! there was
no significant impact on rates of disease progression [85]. In the Heart Pro-
tection Study, there was a trend toward increasing benefit with statin therapy
as baseline HDL-C decreased [86]. Among elderly patients aged >70 years
treated with pravastatin, only patients with LDL-C >159 mg dI~! or HDL
<43 mg d~' derived significant reductions in cardiovascular events [87].
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Figure 7.4 Algorithm for treatment of low serum high-density lipoprotein choles-
terol (HDL-C). TZD = thiazolidinedione. Reproduced with permission from Toth,
P.P. (2004) Circulation, 109, 1809—12, [40] Lippincott Williams & Wilkins.

FIBRATES

Fibrates are synthetic peroxisomal proliferator-activated receptor-o (PPAR-
«) agonists that favorably affect both triglyceride and HDL meta-
bolism. Like the statins, fibrates stimulate hepatic Apo A-I expression.
Their effect on triglyceride metabolism, however, differs from that of the
statins. The fibrates decrease the expression of Apo CIII and increase the
expression of Apo CII, which are an inhibitor and activator of lipoprotein
lipase, respectively. Consequently, the fibrates increase lipoprotein lipase
activity and promote triglyceride and VLDL catabolism. This will result in
greater surface coat transfer from large lipoproteins into HDL and reduced
catabolism of HDL secondary to decreased enrichment with triglycerides.
In two major trials (Helsinki Heart Study and Bezafibrate Infarction Pre-
vention Study), the fibrates were shown to particularly benefit patients with
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high triglycerides and low HDL-C [88, 89]. The Veterans Administration
High-Density Lipoprotein Intervention Trial (VA-HIT) was the first prospec-
tive clinical trial to demonstrate that cardiovascular events could be reduced
significantly with a 6% elevation in HDL-C independent of any reduction
in serum LDL-C in men with CAD and low baseline HDL-C (mean of
31 mg dI~!) using gemfibrozil [90]. In the Bezafibrate Infarction Prevention
trial, patients with CAD were randomized to bezafibrate versus placebo. In
this study, coronary mortality decreased by 27% for every 5 mg d1~! rise in
HDL-C induced by bezafibrate therapy [91]. Bezafibrate is not yet approved
for use in the USA.

When instituting fibrate therapy it is not unusual to observe a rise in
serum LDL-C, though this is less frequent with fenofibrate. This occurs
secondary to increased conversion of VLDL to LDL in patients with hyper-
triglyceridemia. The use of gemfibrozil in combination with statins or eze-
timibe is not encouraged. Gemfibrozil can block the glucuronidation of
the statins, which can lead to increased risk for adverse events such as
rhabdomyolysis [92]. Similarly, ezetimibe has some dependence on glu-
curonidation for elimination. Fenofibrate is a safer alternative to gemfibrozil
as it does not adversely impact glucuronidation. It is not yet clear if the addi-
tion of a fibrate to a statin further reduces risk for cardiovascular morbidity
and mortality. Studies are underway to evaluate this issue more fully in a
randomized prospective manner [93]. However, combination therapy can
increase the likelihood that a given patient will meet NCEP defined LDL-C
and non-HDL-C targets and have significant elevation in HDL-C.

NIACIN

Niacin is a B vitamin and mechanistically is a fascinating drug. Niacin
increases HDL-C in a dose-dependent manner according to multiple mech-
anisms. Niacin decreases holoparticle uptake by hepatocytes by interfering
with the activity of the F1 receptor discussed above. Another mechanism
was recently elucidated. Niacin binds to another type of receptor in adipose
tissue known as HM74A [94]. When niacin binds to this receptor, it inhibits
the activity of hormone sensitive lipase, an enzyme that hydrolyzes triglyc-
erides to glycerol and free fatty acids. This decreases the amount of free fatty
acid entering the portal circulation and liver. This results in lower hepatic
VLDL secretion and decreased availability of triglycerides in serum, which
will indirectly lead to less catabolism of HDL by HL. At the level of the
macrophage, niacin has been shown to increase the expression of ABCAI,
which may increase the capacity for Apo A-I and ndHDL lipidation and
speciation [95].

In the Coronary Drug Project, niacin was shown to reduce risk for
MI and stroke by 27 and 24%, respectively [96]. When used in combina-
tion with a statin in patients with CAD, niacin significantly augments risk
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reduction for cardiovascular events [97] and has been shown to stabilize
carotid intima-media thickness measurements [98]. Niacin potentiates the
production of prostaglandin D,, a potent vasodilator that can induce uncom-
fortable flushing and itching. Taking a 325 mg tablet of aspirin or 600 mg
of ibuprofen one hour before taking niacin can reduce the intensity of this
flushing secondary to the inhibition of cyclooxygenase. Avoiding spices and
alcohol and ingesting niacin with a low fat snack to slow absorption also
reduce the risk for flushing. It is recommended that Niaspan (Abbott Phar-
maceuticals) be used for the treatment of dyslipidemia. Over the counter
preparations of niacin may lack uniform purity and can be associated with
significant toxicity.

THIAZOLIDENEDIONES

The thiazolidenediones (TZDs) are PPAR-y agonists that sensitize periph-
eral tissue such as skeletal muscle and adipose tissue to insulin. By relieving
insulin resistance, the TZDs can induce reductions in serum triglycerides,
decrease the conversion of large buoyant LDL to its small dense variant,
and increase serum levels of HDL-C. In diabetic patients with dyslipidemia,
TZD therapy can significantly augment the effect of lipid-lowering drugs
when trying to normalize serum lipoprotein concentrations [99]. The TZDs
do not have an indication for use in patients without diabetes.

ESTROGEN

Both endogenous and exogenous estrogens increase HDL-C. The estrogens
stimulate hepatic Apo A-I secretion and decrease HL activity [100, 101].
Postmenopausal hormone therapy is not indicated for the treatment of low
HDL-C nor to decrease risk for CVD in women. One clinical situation
where estrogen may be useful is in a peri- or postmenopausal woman who is
symptomatic from estrogen withdrawal. Hormone therapy will likely reduce
the intensity of her menopausal symptoms and can also raise her HDL-C
if it is low. On the other hand, hormone therapy is also associated with
increased serum triglycerides and C-reactive protein levels.

CONTROVERSY

DO WE NEED HDL TREATMENT GOALS?

Given the strong evidence that higher HDL-C and HDL particle
number are associated with reduced CHD event risk, the potential
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usefulness of HDL-related treatment targets is often discussed. In
fact, the American Diabetes Association recommends that the HDL-C
level should be maintained at a value >40 (men) or >50 (women)
mg dl~! for patients with type 2 diabetes [1]. The NCEP ATP III has
not recommended a specific HDL-related treatment goal, although
they do consider HDL-C a potential target for therapy after treatment
goals for LDL-C and non-HDL-C have been achieved. They also
advocate the use of non-drug and drug therapies that raise HDL-C
levels as part of the management of other lipid and non-lipid risk
factors.

There are two main reasons that the NCEP ATP III chose not to
establish HDL treatment targets. First, the therapeutic options avail-
able to markedly raise HDL-C are limited. With the exception of
niacin, which may raise HDL-C by as much as 35%, most lipid
altering therapies raise HDL or HDL-C by only 5-15%. Therefore,
the available armamentarium for lowering atherogenic lipoproteins is
larger and more efficacious than that for raising potentially antiathero-
genic lipoproteins.

The second, and more important, reason that the NCEP ATP
IIT elected not to establish HDL-related targets is that the avail-
able data have not provided unequivocal support for the efficacy
of raising HDL per se for lowering event risk. Data from trials in
which HDL has been altered with drugs such as statins, fibrates and
niacin provides suggestive evidence for a role of HDL elevation in
the associated event reduction. However, since these trials altered
multiple lipid fractions, and changes in HDL are strongly correlated
with changes in other lipoproteins, the independent effect of raising
HDL particle number or HDL-C concentration remains uncertain.
Furthermore, the metabolism of HDL-C is complex and HDL parti-
cle number and/or HDL-C concentration can be modified through a
number of mechanisms. At present it is unclear whether all methods
whereby the circulating HDL or HDL-C concentration could be raised
will be equally effective for lowering CHD event risk.

Two types of HDL-raising drug therapies have proven disap-
pointing with regard to their CHD protective effects. Postmenopausal
estrogen therapy raises the HDL-C level by 10—15%, but at least one
type of oral estrogen product (conjugated equine estrogens, which
were co-administered with medroxyprogesterone acetate for women
with intact uteri) has not been found to offer CHD protection in large
trials [2—5]. A class of HDL-raising compounds, the cholesteryl ester
transfer protein inhibitors, is currently in development and designed
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to produce large increases in the HDL-C concentration. Unfortu-
nately, the development of the first drug in this class to reach late-
stage trials (torcetrapib) was stopped due to worse clinical outcomes
among subjects taking the active compound versus placebo [6]. The
drug produced impressive alterations in the serum lipid profile
(HDL-C increased by 72% and LDL-C declined by 25%), but car-
diovascular events and all-cause mortality were higher than in the
placebo group, requiring the discontinuation of a large outcomes trial
after mean follow-up of 18 months. However, the drug also induced
increases in blood pressure and circulating levels of aldosterone, as
well as lower serum potassium. It is not clear whether a drug in
the same class with similar lipid effects, but lacking the adverse
effects on these variables might have the favorable effects on cardio-
vascular outcomes. Other pharmaceutical companies are proceeding
cautiously with the development of other compounds in this class. In
addition, other classes of medication primarily intended to alter HDL
metabolism are in early stage development.

The authors share the concerns of the NCEP ATP III regarding the
usefulness of treatment goals for HDL-C. Therefore, in the absence
of additional data showing the efficacy of raising HDL-C for event
reduction, we agree that the primary focus should remain on lowering
atherogenic lipoproteins, with HDL-C elevation being a secondary
objective.
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8 Lipid Management in
Population Subsets: Women,
the Elderly, Ethnic Minorities,
Children, and Adolescents

Key Points

e Many major coronary heart disease (CHD) risk factors and treatment
goals are the same across the population subsets of race, gender, eth-
nicity, and age, although population surveys show that diagnosis and
successful treatment of lipid abnormalities vary substantially across
these same subsets.

More US women die of cardiovascular-related deaths than men each
vear and, fortunately, women have been better represented in recent
years in primary and secondary prevention studies of lipid interventions.

Results of the Heart Protection Study (HPS) demonstrated that the rel-
ative risk reduction associated with simvastatin therapy was similar
in men and women, but the National Cholesterol Education Program
Evaluation Program Using Novel E-technology (NEPTUNE) Il survey
showed that although both sexes had similar frequencies of lipid treat-
ment goal achievement in the low and moderate risk categories, fewer
women achieved the goal in the high-risk (CHD and risk equivalents)
category.

The National Cholesterol Education Program Adult Treatment Panel
(NCEP ATP) III report states that low-density lipoprotein cholesterol
(LDL-C) lowering in elderly subjects (=65 years for men and >75
years for women) should not be denied and lifestyle interventions for
lipid management, including a diet low in saturated fats, trans fats,

Practical Lipid Management: Concepts and Controversies Peter P. Toth and Kevin C. Maki
© 2008 John Wiley & Sons, Ltd
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and cholesterol, and the increased ingestion of viscous fibers and plant
sterol/stanol products, should be encouraged.

e Minority populations display high prevalence values for several major
risk factors, which, in turn, results in higher rates of cardiovascular
events.

o A number of surveys show that the major ethnic and racial minority
groups in the USA are less likely to receive preventive care and therefore
less likely to achieve treatment goals.

e Identification and treatment of childhood and adolescent dyslipidemia,
especially for high-risk individuals (defined by the NCEP ATP III as
family history of a myocardial infarction or sudden death in a first-
degree male relative <55 years of age or a first-degree female rel-
ative <65 years of age), is an important preventive strategy because
atherosclerosis is a lifelong, progressive disease with its origins in
preadulthood.

The NCEP ATP III treatment goals do not differentiate between sub-
groups within the adult population. Furthermore, major CHD risk factors are
largely the same, regardless of gender or ethnicity, although some notable
differences exist in the prevalence of specific risk factors among subsets
in the population. In addition, population surveys show that diagnosis and
successful treatment of lipid abnormalities vary substantially across popula-
tion subsets. The focus of this chapter will be on special considerations and
challenges in the diagnosis and management of dyslipidemias in selected
population subsets, including women, the elderly, ethnic minority groups,
children, and adolescents.

8.1 WOMEN

CARDIOVASCULAR DISEASE RISK IN WOMEN

Cardiovascular diseases, particularly CHD and stroke, are the leading causes
of death among women in the USA. More women than men die in the USA
of cardiovascular disease each year and cardiovascular diseases account for
more deaths than the next seven causes combined [1]. Surveys have con-
sistently shown that women tend to feel more at risk of death from cancer,
particularly breast cancer, than cardiovascular disease, despite the fact that
the number of deaths from cardiovascular disease in women each year is
more than 10 times that of breast cancer and nearly twice that of all can-
cers combined [1, 2]. Average lifetime risk for symptomatic cardiovascular
disease is roughly 50% for 40-year-old US women [1].
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8.2 LIPIDS IN WOMEN

The main difference in the lipid profile between men and women is that
the average high-density lipoprotein cholesterol (HDL-C) concentration is
~10 mg dI~! higher in women after puberty. This difference appears to be
primarily due to the effects of testosterone to depress the HDL-C concentra-
tion in males rather than the effects of endogenous estrogen in females, as
is commonly believed [3, 4]. The LDL-C concentration tends to be slightly
lower in women than men during the young adult years, but increases in
middle age. The increase in LDL-C is larger in women between the ages of
40 and 60 than in men [5]. This is at least partially accounted for by a rise
in LDL-C associated with menopause in women [6].

The relationship between LDL-C and relative risk for CHD is similar
in men and women. However, disturbances in the levels of triglyceride-rich
lipoproteins and HDL-C appear to be more strongly associated with
increased risk in women than men. For example, each 1 mg dl~! incre-
ment in HDL-C is associated with a 3% reduction in cardiovascular event
risk in women, but only a 2% reduction in men. Moreover, diabetes mel-
litus, which is characterized by disturbances in triglyceride-rich lipoprotein
and HDL-C concentrations, accounts for a three- to sevenfold increase in
CHD risk in women, compared with a two- to threefold increase in men.

8.3 TREATMENT OF DYSLIPIDEMIA IN WOMEN

Women were underrepresented in early trials of lipid-altering therapies.
However, in recent years, substantial numbers of women have been included
in both primary and secondary prevention studies of lipid interventions (pri-
marily statin trials). For example, the HPS enrolled 20 536 subjects in the
United Kingdom [7]. Women were 25% of the sample. HPS subjects were
a combination of those with preexisting atherosclerotic disease (CHD and
peripheral arterial disease), individuals with diabetes, and those multiple
risk factors that put them at high risk for a cardiovascular event. Figure 8.1
shows results from the HPS by age and sex. The relative risk reduction asso-
ciated with simvastatin therapy was similar in men and women, as well as for
younger and older subjects. These results are representative of those reported
for several other large outcome trials and illustrate the efficacy of therapies
to lower atherogenic lipoproteins across all major population subgroups.
In the NEPTUNE II survey, women and men had similar frequencies of
lipid treatment goal achievement in the low and moderate risk categories, but
were significantly less likely to have achieved goal in the high-risk (CHD
and risk equivalents) subgroup (Figure 8.2). This suggests that high-risk
women may receive less aggressive treatment for dyslipidemia, a practice
not supported by the available evidence. Thus, extra vigilance is warranted
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Figure 8.1 Major vascular events in the simvastatin and placebo groups of the
Heart Protection Study according to baseline age and sex categories. Reproduced
from Collins ez al. (2002) Lancet, 360, 7-22, [7] with permission from Elsevier.
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Figure 8.2 Achievement of low-density lipoprotein cholesterol goals among men
and women in the National Cholesterol Education Program Evaluation Program Using
Novel E-technology (NEPTUNE) II Survey. From Davidson et al. (2005) The Amer-
ican Journal of Cardiology, 96, 556—63, [9] with permission of Elsevier.



THE ELDERLY 159

in clinical practice to identify women at high and very high CHD risk
to insure that they are receiving treatment consistent with current guide-
lines. Additional information regarding prevention of cardiovascular disease
in women may be found in the American Heart Association’s Evidence-
Based Guidelines for Cardiovascular Disease Prevention in Women: 2007
Update [8].

8.4 SEX HORMONE THERAPY, LIPIDS,
AND CARDIOVASCULAR RISK
IN MENOPAUSAL WOMEN

Observational studies over several decades had suggested a beneficial role
for estrogen and estrogen/progestin therapy on cardiovascular event risk in
women after menopause. Unfortunately, results from three large, random-
ized, placebo-controlled trials did not support the protective effect suggested
by population data [10—12]. For this reason, despite the effects of oral estro-
gen therapy to reduce LDL-C and raise HDL-C, the National Cholesterol
Education Program (NCEP) and the American Heart Association guidelines
do not recommend the use of hormone therapy for prevention of cardiovas-
cular disease in women.

8.5 THE ELDERLY

The NCEP ATP III defines elderly as age >65 years for men and >75
years for women. The fraction of the US population defined as elderly is
increasing rapidly, in part due to advances in medical care that are allowing
people to live longer. It is anticipated that the number of people in the USA
who are 65 years of age or older will double during the first 30 years of the
twenty-first century, increasing from 35 million to over 70 million [13].

While atherosclerosis is a disease that begins in childhood, its conse-
quences (clinical events) are most often experienced in the late-middle age
and elderly years. Age is the most powerful risk factor in the Framingham
risk equation. However, other major CHD risk factors continue to predict
events into the 80s. The relative risk associated with CHD risk factors may
diminish somewhat with advanced age, but this is offset by higher absolute
risk. Results from large trials show that benefits of reducing LDL-C are
evident in the elderly. The relative benefit is similar to, or slightly less than
that in middle-aged subjects (for example, see Figure 8.1), but the absolute
benefit is greater because of the higher risk for a cardiovascular event in the
older patient. Therefore, the NCEP ATP III report states that the benefits
of LDL-C lowering should not be denied to elderly subjects strictly on the
basis of age [14].
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8.6 SPECIAL CONSIDERATIONS FOR LIPID
MANAGEMENT IN THE ELDERLY

Elderly patients are often taking multiple medications and pharmacother-
apy must be applied with caution to avoid drug interactions that may lead
to adverse side effects. Drug clearance may be slower in elderly patients
due to reduced renal and hepatic functions, thus increasing susceptibility
to side effects of lipid-altering medications. Hypothyroidism is common
among the elderly and may be an overlooked factor contributing to hyper-
cholesterolemia. Thyroid hormone replacement will generally improve total
cholesterol, LDL-C and triglyceride levels.

Lifestyle interventions for lipid management, including a diet low in
saturated fats, trans fats and cholesterol, use of viscous fibers and plant
sterol/stanol products, and regular physical activity are helpful and effective,
but underutilized in the elderly. In particular, physical activity is important
for maintaining function and preventing frailty, as well as for its favorable
impact on cardiovascular risk factors and event rates.

8.7 ETHNIC MINORITIES

RACIAL/ETHNIC DISPARITIES IN QUANTITY
AND QUALITY OF HEALTH CARE

Racial and ethnic disparities in cardiovascular disease event rates and out-
comes have been well documented. Minority populations, particularly
African Americans, Hispanic/Latino Americans, and Native Americans dis-
play high levels of several major CHD risk factors, which appear to
account for their increased cardiovascular event rates. For example, in the
Atherosclerosis Risk in Communities Study, 80% of African Americans had
at least one elevated risk factor, compared with 60% of Whites. After adjust-
ment for risk factor differences and education level, the disparity between
the two groups in cardiovascular event rates disappeared [15]. Given the evi-
dence supporting the efficacy of interventions for risk factor modification,
particularly treatment of dyslipidemia and hypertension, as well as smoking
cessation, it appears likely that intensified efforts to diagnose and treat CHD
risk factors could have a major impact on reducing excess cardiovascular
morbidity and mortality in these subsets of the population.

A number of surveys have shown that minorities are less likely to
receive preventive care, and are less likely to have achieved treatment goals
when undergoing risk factor management [9, 16, 17]. Lack of health insur-
ance represents a significant barrier to delivery of preventive healthcare
services. Table 8.1 shows the major ethnic groups as percentages of the
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Table 8.1 Racial/ethnic breakdown of the US population and uninsured population.

RaceeEthnicity us Uninsured
population (%) population (%)
Non-Hispanic (Latino) White 69.1 50.2
Latino 12.5 25.8
African American 12.3 17.1
Asian or Pacific Islander 3.3 5.2
American Indian or Alaska Native 0.9 1.8

Adapted from The American College of Physicians Position Statement on Racial and Ethnic
Disparities in Healthcare. (2004) Annals of Internal Medicine, 141, 226-32, [16].

US population, as well as the uninsured population. Racial/ethnic minority
groups are overrepresented among the uninsured.

Access to health care services does not appear to be the only factor
influencing treatment success. In the NEPTUNE II survey, ethnic minori-
ties undergoing lipid management were less likely to have achieved their
LDL-C treatment goals than non-Hispanic White subjects (see Figure 8.3)
[9, 17]. The relationship of African American versus non-Hispanic White
ethnicity on goal achievement remained highly significant after statistical
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Figure 8.3 Achievement of low-density lipoprotein cholesterol goals among
non-Hispanic white and African American subjects in the National Cholesterol Educa-
tion Program Evaluation Program Using Novel E-technology (NEPTUNE) II Survey.
From Clark et al. (2006) Journal of General Internal Medicine, 21, 320-26, [17]
with permission from Blackwell Publishing.
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adjustment for various predictors, including type of treatment prescribed
and physician specialty [17]. This suggests that compliance with recom-
mended treatment plans may have been lower, which is in agreement with
results from other lines of evidence. The degree to which this might be
attributable to differences in income, education level, cultural factors or
other causes is not fully understood and deserving of additional research
effort. Regardless, physicians should recognize that suboptimal risk factor
control is common among ethnic minorities and that this contributes to their
higher rates of cardiovascular morbidity and mortality.

8.8 RISK FACTOR INCIDENCE AND PREVALENCE
IN ETHNIC MINORITY GROUPS

Several differences in risk factor incidence and prevalence are evident across
ethnic groups. Hypertension is more common and has a younger age at onset
among African Americans. However, African Americans also have higher
average levels of HDL-C and lower triglycerides [1]. Obesity and diabetes
are more common among all major ethnic minority groups in the USA
than among non-Hispanic Whites [1]. Some Native American groups have
exceptionally high prevalences of current smoking [1]. Americans of Asian
Indian ethnicity are more likely to have an abdominal visceral pattern of
body fat distribution, which may lead to the development of the metabolic
syndrome and diabetes at lower body mass index levels than in other ethnic
groups [18].

8.9 CHILDREN AND ADOLESCENTS

CHILDHOOD ROOTS OF ATHEROSCLEROSIS

Autopsy studies of young men killed in the Korean and Vietnam wars pro-
vided evidence that atherosclerotic disease was present in early adulthood
[19, 20]. Subsequent studies of younger boys and girls who died from acci-
dents unrelated to cardiovascular disease confirmed the presence of fatty
streaks and atherosclerotic lesions (sometimes advanced lesions) in chil-
dren and adolescents [21]. Data from the Pathobiological Determinants of
Atherosclerosis in Youth and Bogalusa Heart Studies showed that the extent
of coronary atherosclerosis in children and adolescents correlated with age,
as well as the premortem presence and severity of traditional CHD risk fac-
tors, including blood lipids (LDL-C, HDL-C, triglycerides), blood pressure,
and body mass index [22]. These data provide evidence that atherosclerosis
begins in childhood and is related to the same risk factors that have been
identified in adults.
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NCEP AND AMERICAN HEART ASSOCIATION
RECOMMENDATIONS FOR CHOLESTEROL SCREENING
AND MANAGEMENT IN CHILDREN AND ADOLESCENTS

Only one report has been issued by the NCEP regarding cholesterol screen-
ing and management in children and adolescents [23]. Additional guidance
was issued by the American Heart Association in 2007 [24].

Given evidence supporting the association of dyslipidemia with child-
hood atherosclerosis, as well as evidence showing that cholesterol levels
tend to track from childhood into adulthood (children with high relative
cholesterol levels tend to become adults with high relative cholesterol lev-
els), identification and treatment of dyslipidemia in high-risk children and
adolescents is an important preventive strategy. The NCEP panel has recom-
mended a targeted approach to screening for lipid abnormalities in children
and adolescents. They advise measurement of a lipid profile in cases where
a family history exists of either premature cardiovascular disease or ele-
vated blood cholesterol. As discussed in Chapter 3, the NCEP ATP III has
defined family history of premature CHD as a myocardial infarction or sud-
den death in a first-degree male relative <55 years of age or a first-degree
female relative <65 years of age. (Note: the authors of this text recom-
mend extending the definition to include other forms of clinically evident
atherosclerosis.) Studies evaluating family history of elevated cholesterol or
of cardiovascular disease suggest that this would result in the screening of
approximately 40% of children and adolescents [25].

Acceptable levels of total and LDL-C are considered to be below the
75th percentile. Levels in the 75th—95th percentiles are considered bor-
derline and those greater than the 95th percentile are considered elevated
(Table 8.2). The primary treatment goal is to maintain a LDL-C level less
than the 75th percentile, that is, <110 mg dI~'.

Table 8.2 Classifications of total and low-density lipoprotein choles-
terol (LDL-C) levels in children and adolescents.

Category Percentile Total cholesterol LDL-C
(mg dI™1) (mg dI™1)
Acceptable <75th <170 <110
Borderline 75th—94th 170-199 110-129
Elevated >95th >200 >130

Adapted from National Cholesterol Education Program Expert Panel on Blood
Cholesterol Levels in Children and Adolescents. National Cholesterol Educa-
tion Program (NCEP): Highlights of the report of the expert panel on blood
cholesterol levels in children and adolescents. (1992) Pediatrics, 89, 495-501,
[23].
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Table 8.3 Recommended values for pharmacologic treatment of children and ado-
lescents ages 10 years and older.

Patient characteristics Recommended cutpoints

No other major cardiovascular risk LDL-C persistently >190 mg dI~!
factors despite therapeutic lifestyle changes

Other risk factors present including LDL-C persistently >160 mg di~!
obesity, hypertension, diabetes, despite therapeutic lifestyle changes

smoking, positive family history
of premature cardiovascular
disease

Adapted from National Cholesterol Education Program Expert Panel on Blood Cholesterol Levels
in Children and Adolescents. National Cholesterol Education Program (NCEP): Highlights of
the report of the Expert Panel on blood cholesterol levels in children and adolescents. (1992)
Pediatrics, 89, 495-501, [23].

For children with elevated total and/or LDL-C levels, the general
approach to management parallels that for adults: (i) therapeutic lifestyle
changes, (ii) use of dietary adjuncts (foods containing sterols/stanols and
viscous fibers), and (iii) drug therapy for selected high-risk individuals.
Therapeutic lifestyle changes include consumption of a diet low in satu-
rated fat, frans fat, and cholesterol for children over two years of age, weight
management if overweight or obese, and regular physical activity. Pharma-
cologic therapy is recommended for selected children and adolescents ages
10 years and above, as outlined in Table 8.3, if a three- to six-month trial of
nonpharmacological therapies does not adequately control the LDL-C con-
centration. The interested reader is referred to the recent American Heart
Association Scientific Statement Drug Therapy of High-risk Lipid Abnor-
malities in Children and Adolescents for more information regarding use of
drug treatments in patients less than 20 years of age [24].
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9 Emerging Risk Factors
and Biomarkers of
Cardiovascular Disease

Key Points

o The use of nontraditional biomarkers to identify coronary heart disease
(CHD) risk represents a strategy that may help to better discriminate
among individuals that are potential candidates for aggressive risk fac-
tor management, and to more effectively treat patients with, or at risk
of, CHD.

Ongoing research on the use of biomarkers for CHD risk is helping
to define population subgroups who will be most likely to benefit, cost
effectively, from measurement and/or treatment of nontraditional risk
markers.

e At the present time, high-sensitivity C-reactive protein (hsCRP) is the
most intensively studied and most valuable biomarker to supplement
traditional risk factor evaluation.

Nearly 80 million US adults have cardiovascular disease (CVD) and it is
estimated that at least 90% of patients with CHD have prior exposure to at
least one of several major risk factors including high cholesterol, hyperten-
sion, diabetes, and cigarette use [1]. Despite much progress in identifying
and managing all forms of CVD, CHD remains the leading cause of morbid-
ity and mortality in the USA. While major risk factors such as low-density
lipoprotein cholesterol (LDL-C), hypertension, diabetes, and cigarette use
are well established in contributing to the development and progression
of CHD, several “novel” risk factors are being intensively explored in an
effort to further refine our understanding of atherogenesis. This chapter
provides an overview of emerging risk factors and biomarkers for CHD

Practical Lipid Management: Concepts and Controversies Peter P. Toth and Kevin C. Maki
© 2008 John Wiley & Sons, Ltd
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including C-reactive protein (CRP), myeloperoxidase, lipoprotein-associated
phospholipase A, lipoprotein(a), homocysteine, and low-density lipoprotein
(LDL) particle number, quantitated by nuclear magnetic resonance (NMR).
Each of these molecular species provides additional information about risk
for CHD events in both primary and secondary prevention.

9.1 ROLE OF INFLAMMATION IN THE
PATHOGENESIS OF ATHEROSCLEROSIS

It is well established that inflammation plays a significant role in the eti-
ology of atherosclerosis (see also Chapter 2 and references therein). Every
phase of atherogenesis is significantly influenced by mediators of inflam-
mation [2]. The attraction and accumulation of macrophages, mast cells
and activated T cells, the transformation of monocytes into macrophages,
and the uptake of modified lipoproteins by macrophages initiate forma-
tion of the fatty streak [3]. A large variety of molecules participate in the
development of a proinflammatory milieu characteristic of atherosclerosis,
including: oxidized LDLs; cytokines such as interleukin-1 and tumor necro-
sis factor-o; endothelial adhesion molecules (intercellular adhesion molecule
1 (ICAM-1), vascular cell adhesion molecule 1 (VCAM-1)), selectins P and
L); and acute phase reactants such as CRP [2]. Quantifying many of these
mediators of inflammation can provide a unique vantage point from which
to assess a patient’s risk for CVD and identify novel targets for therapeutic
intervention [4].

9.2 BIOMARKERS OF CARDIOVASCULAR
DISEASE

The term biomarker, or biological marker, identifies a quantifiable bio-
logical parameter that serves as an index for disease risk or a biological
trait [5]. Biomarkers represent alterations in the constituents of tissues or
body fluids in response to a stimulus and may be measured in a biological
specimen such as serum, or obtained with an imaging test [5]. A number
of biomarkers have been identified for quantifying an individual’s risk of
CVD. The spectrum of biomarkers for identifying patients at risk include
those associated with structural and functional arterial vulnerability, blood
vulnerability, and myocardial vulnerability measures (Table 9.1). Several
prominent biomarkers of arterial vulnerability include inflammatory medi-
ators such as CRP and myeloperoxidase; serological biomarkers including
lipoprotein-associated phospholipase A,, lipoprotein a [Lp(a)], LDL particle
number, and homocysteine.
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Table 9.1 Biomarkers for identifying cardiovascular disease risk.

169

e Arterial Vulnerability

— Serological biomarkers of arterial vulnerability

o

(0]

(o]

o

(¢]

o

Abnormal lipid profile

Apolipoprotein B

Cholesterol ester transfer protein
Lipoprotein(a)

Lipoprotein-associated phospholipase Aj
Inflammation

High-sensitivity C-reactive protein
Interleukin 6

Interleukin 18

Serum amyloid A

Myeloperoxidase

Soluble intercellular adhesion molecule

Homocysteine

Oxidized low density lipoprotein
Natriuretic peptides

Matrix metalloproteinase-9

Tissue inhibitor of matrix metallopreteinases-1

— Structural markers of arterial vulnerability

o

o

Carotid intimal-medial thickness

Coronary artery calcium

— Functional markers of arterial vulnerability

o

o

o

o

Blood pressure
Endothelial dysfunction
Arterial stiffness
Ankle-brachial index

e Blood vulnerability

— Serological markers of blood vulnerability

o

o

o

Hypercoagulability

Fibrinogen
D-dimer

Decreased fibrinolysis

Tissue Plasminogen activator/Plasminogen activator inhibitor-1

Increased coagulation factors

von Willebrand Factor

(continued overleaf’)
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Table 9.1 (continued)

e Myocardial vulnerability
— Structural markers of myocardial vulnerability

o Left ventricular hypertrophy
o Left ventricular dysfunction

— Functional markers of myocardial vulnerability

o Exercise stress test/stress echo
o Positron emission tomography

— Serological markers of myocardial vulnerability

o Troponins

Adapted from Vasan, R.S. (2006) Biomarkers of cardiovascular disease: molecular basis and
practical considerations. Circulation, 113, 2335-62, [5] with permission from Lippincott
Williams & Wilkins.

C-REACTIVE PROTEIN

CRP is an acute phase plasma protein produced by the liver in response
to increased systemic expression of interleukin-6. CRP levels rise during
inflammation and CRP is thought to assist in the binding of complement to
foreign and damaged cells to enhance phagocytosis by macrophages. CRP
is an annular, pentameric disc in shape and is a member of the pentraxin
family of proteins [6]. Research has established that patients with elevated
basal levels of CRP are at an increased risk for CVD [7-9].

Basic scientific research has shown that CRP may contribute to athero-
genesis by several mechanisms, including reducing endothelial nitric oxide
production, decreasing fibrinolytic capacity and increasing endothelin-1 pro-
duction, promoting monocyte chemoattractant-1 expression, oxidation of
LDL particles, stimulating macrophage scavenging receptor expression, and
augmenting complement fixation, among other effects [10—15]. (Figure 9.1).

MEASUREMENT OF CRP

CRP is used to assess the severity of systemic inflammation. While some-
times used interchangeably, hsCRP differs from CRP; hsCRP measures CRP
in the range from 0.5 to 10 mg 17!, CRP itself is used to assess the presence
of bacterial or viral infection or the presence of inflammatory diseases (such
as rheumatoid arthritis and connective tissue disease), and measures CRP in
the range from 10 to 1000 mg 1~!. Immunoassay laboratory measurement
of CRP has a detection limit of 3—5 mg 1~!, which although adequate for
the clinical utility of CRP in monitoring infection, is not useful in assessing
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More Than a Marker: Does hsCRP Play A Direct Role in Atherothrombosis?

CRP localizes in atherosclerotic
but not normal Intima

CRP Induced CRP induced production of
complement activation cell adhesion molecules, MCP-1, ET-1

CRP dependent monocyte

recruitment into arterial wall b T

CRP attenuates NO production
_—~ decreases eNOS expression

~

CRP induced PAI-1 expression
stabilizes PAI-1 mRNA

CRP induced production of
tissue factor in monocytes

CRP based blunting of
endothelial vasoreactivity

CRP triggered oxidation
of LDL cholesterol

CRP mediated LDL uptake
by macrophages

Figure 9.1 Role of high-sensitivity C-reactive protein (hsCRP) in atherosclerosis.
CRP, C-reactive protein; NO, nitric oxide; eNOS, endothelial nitric oxide synthase;
ET-1, endothelin-1; LDL, low-density lipoprotein; MCP-1, monocyte chemoattractant
protein-1; PAI-1, plasminogen activator inhibitor-1. Reprinted with permission from
Torres, J.L. and Ridker, P.M. (2003) Clinical use of high sensitivity C-reactive protein
for the prediction of adverse cardiovascular events. Current Opinion in Cardiology,
18, 471-78, [11] with permission from Lippincott Williams & Wilkins.

and predicting risk of CHD [16]. In contrast, hsCRP is an ultrasensitive
assay capable of measuring hsCRP at a concentration of 0.007 mg 17! [16].

hsCRP AS A RISK FACTOR/BIOMARKER FOR CVD EVENTS

A number of prospective epidemiological studies have demonstrated that the
plasma level of hsCRP is a strong, independent predictor of risk of future
myocardial infarction (MI), stroke, peripheral arterial disease, and vascular
death [17—27]. These data are robust and consistent across many prospective
studies performed since the mid-1990s. Of considerable importance are the
observations that serum levels of hsCRP have been associated with increased
vascular event rates among patients with acute coronary ischemia [28-31],
stable angina pectoris [32], stable coronary artery disease [33], and a history
of MI [34]. In a study of 27 939 healthy women who were followed for
MI, stroke, coronary revascularization, or CVD, baseline levels of hsCRP
levels were predictive of cardiovascular risk with levels increasing linearly
from the very lowest to the very highest levels [9]. Among women with
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the metabolic syndrome, baseline hsCRP >3.0 portends significantly poorer
outcomes than levels <3.0 [35].

hsCRP AS A TARGET OF THERAPY FOR CHD

The clinical relevance of hsCRP in assessing the success of therapy for CHD
has been evaluated in several clinical trials. In the Aggrastat-to-Zocor (A to
Z) trial comparing early intensive statin treatment (simvastatin 40 mg day~!
for 30 days followed by 80 mg day~') to a delayed conservative statin
strategy (placebo for four months followed by 20 mg day~! simvastatin), the
prognostic value of hsCRP was assessed during follow-up of 3813 patients
with acute coronary syndromes [36]. Serum concentrations of hsCRP were
measured at 30 days and four months. Patients with hsCRP >3 mg 1! at
30 days had significantly higher two-year mortality rates compared with
those with hsCRP 1-3 mg 17! or <1 mg 17! (6.1% vs 3.7% vs 1.6%, P <
0.0001). Similar results were found with hsCRP measured at four months
with hsCRP again showing a significant independent association with all
causes of mortality and major cardiovascular events including cardiovascular
death, MI, rehospitalization for acute coronary syndrome, or stroke [36].
The cumulative incidence of death from any cause through two years of
follow-up was significantly higher in patients with elevated levels of hsCRP
>3 mg 17!, Notably, patients receiving intensive statin therapy were more
likely to achieve hsCRP levels <1 mg 1~! at 30 days (P = 0.028) and
four months (P < 0.0001) compared with patients who received delayed,
conservative statin therapy [36].

In addition to being a marker of risk for cardiovascular events, some
studies also suggest hsCRP may be a target for therapy. The Pravastatin
or Atorvastatin Evaluation and Infection Therapy-Thrombolysis in Myocar-
dial Infarction (PROVE-IT-TIMI) trial investigated the effects of intensive
(atorvastatin 80 mg). versus standard (pravastatin 40 mg) daily statin ther-
apy in the prevention of recurrent coronary events among 4162 patients
with acute coronary syndromes. The results demonstrated that those patients
achieving LDL-C <70 mg dl~! and hsCRP <2 mg 17! had the lowest
risk of a recurrent heart attack or coronary death compared with patients
who did not achieve these thresholds [37]. (Figure 9.2) These results were
consistent with those from the A to Z trial. (Figure 9.2) The Reversal of
Atherosclerosis with Aggressive Lipid Lowering (REVERSAL), intensive
lipid-lowering (atorvastatin 80 mg) compared with moderate lipid-lowering
(pravastatin 40 mg) in 654 patients with stable CHD demonstrated that
the rate of progression of coronary artery atheroma volume was signif-
icantly and independently associated with the magnitude of reduction in
hsCRP during the course of the trial [38]. Patients with CHD who still have
CRP levels >2.0 will likely benefit from intensification of both their statin
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Figure 9.2 Low-density lipoprotein (LDL) cholesterol, high-sensitivity C-reactive
protein (hsCRP) and clinical outcomes on statin therapy. Cumulative rates of recurrent
myocardial infarction or cardiovascular death among statin-treated patients according
to achieved levels of LDL cholesterol in mg dI~' and achieved levels of hsCRP
in mg 17! in the PROVE-IT-TIMI-22 (Pravastatin or Atorvastatin Evaluation and
Infection Therapy—Thrombolysis in Myocardial Infarction-22) trial (left) and in the A
to Z (Aggrastat to Zocor) trial (right). Reprinted with permission from Ridker, P.M.
(2007) C-reactive protein and the prediction of cardiovascular events among those at
intermediate risk: moving an inflammatory hypothesis toward consensus. Journal of
the American College of Cardiology, 49, 2129-38, [39]. A full-color version of this
figure appears in the color plate section of this book.

therapy and lifestyle modification (weight loss, smoking cessation, dietary
modification), which have demonstrated efficacy for lowering the hsCRP
concentration. However, direct evidence from clinical trials to prospectively
test this hypothesis is not yet available.

AHA/CDC RECOMMENDATIONS ON USE OF hsCRP
FOR STRATIFYING CHD RISK

Various CHD risk factors, metabolic syndrome, and diabetes mellitus are
strongly associated with serum levels of hsCRP [7, 19, 40, 41]. The Centers
for Disease Control and Prevention and the American Heart Association
issued clinical guidelines for CRP measurement and define serum hsCRP
levels of <1, 1 to <3 and >3 mg 1-! as consistent with low, moderate,
and high risk for CVD [2, 33]. The CDC/AHA guidelines recommended
that hsCRP measurements be targeted toward patients with a Framingham
risk score that places them at moderate to moderately high risk. Patients at
low or high risk are not currently advised to undergo screening for hsCRP
[11]. Patients at moderate risk who have an hsCRP >3.0 should be treated
as being at high risk for CHD.
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MYELOPEROXIDASE

Myeloperoxidase is a heme protein secreted by activated macrophages and
is recognized as a potentiator of atherosclerosis [42]. Myeloperoxidase is
a pro-oxidative enzyme used by macrophages and neutrophils to inactivate
bacteria during infection. As part of its function in innate host defense,
myeloperoxidase generates reactive oxidant species that can subsequently
contribute to inflammatory injury [43]. It has been identified as a catalyst for
the generation of numerous reactive oxidants and diffusible radical species
that are capable of promoting lipoprotein oxidation [42, 44, 45]. The identi-
fication of the expression of myeloperoxidase in atherosclerotic plaque [46]
and the demonstration of the links between myeloperoxidase and oxida-
tive damage to proteins and lipids [47—49] has implicated the enzyme as a
participant in atherogenesis.

In addition to its role in generating atherogenic lipoproteins, myeloper-
oxidase promotes atherogenesis by: (i) generating oxygen free radicals that
can interact with nitric oxide thereby forming peroxynitrite radicals which
can induce protein nitration and lipid peroxidation; (ii) inducing endothe-
lial dysfunction and leukocyte transmigration; (iii) foam cell formation; and
(iv) activation of metalloproteinase and cellular apoptosis, leading to weak-
ening and breakdown of the fibrous cap overlying atheromatous plaques
(Table 9.2) [42, 50, 51]. Consequently, myeloperoxidase, like hsCRP, is not
only a marker of CHD risk, but is also intimately involved in some of the
most important mechanisms driving atherogenesis.

Myeloperoxidase has been found to selectively bind to apolipoprotein
A-1[52]. In vitro studies have demonstrated that myeloperoxidase-generated
oxidants, including hypochlorus acid, may interfere with the normal inter-
action of apolipoprotein A-I with scavenger receptor B1, impairing high-
density lipoprotein (HDL)-dependent selective lipid efflux and reverse
cholesterol transport [53]. While myeloperoxidase is acknowledged to be
a marker of risk for MI, stroke, and coronary death, there is uncertainty as
how best to develop targeted therapeutic interventions to inhibit its action
due to potential adverse effects related to impairment in the role of enzymes
in innate host defenses [42]. Currently, there are no national guidelines out-
lining the appropriate use of myeloperoxidase, but continued research may
shed further light on its role in screening and elucidate the full scope of its
activity in regulating atherogenesis.

LIPOPROTEIN-ASSOCIATED PHOSPHOLIPASE A,

Lipoprotein-associated phospholipase A, (Lp-PLA;) has recently emerged
as an independent inflammatory marker of CVD risk. Lp-PLA,, also known
as platelet activating factor acetylhydrolase (PAF-AH), is a member of the
phospholipase A, family of enzymes [54, 55]. It is a calcium-independent
serine lipase that is produced predominantly by macrophages and circulates
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Table 9.2 The role of myeloperoxidase in cardiovascular disease.

e Plaque initiation and progression
— Lipid peroxidation
— Catalytic consumption of nitric oxide
— Formation of bioactive lipids
— Leukocyte chemotaxis
e Generation of atherogenic low-density lipoprotein
— Generation of dysfunctional high-density lipoprotein
e Plaque Vulnerability
— Tissue factor activation
e Protease activation
— Endothelial cell apoptosis
e Mpyocardial Injury
— Protease activation
— Degradation of extracellular matrix

e Adverse ventricular remodeling

e Heart failure

Adapted from Nicholls, S.J. and Hazen, S.L. (2005) Myeloperoxidase and
cardiovascular disease. Arteriosclerosis, Thrombosis and Vascular Biology,
25, 1102-111, [42] with kind permission of Lippincott Williams & Wilkins.

bound mainly to the Apo B-100 moiety of LDL [56]. Epidemiologic stud-
ies have demonstrated a strong independent association between elevated
levels of Lp-PLA; and risk of CHD events, including non-fatal MI, death
from CHD, need for revascularization procedures, and ischemic stroke [55,
57-62]. (Table 9.3 and Figure 9.3).

The molecular basis for the relationship between Lp-PLA; and the
development of atherosclerosis is complex. Lp-PLA; hydrolyzes phospho-
lipids, which leads to the modulation of lipoprotein particle phospholipid
content and size, as well as the production of proinflammatory intermediates
[64—66]. Lp-PLA, hydrolyzes oxidized phospholipids to generate lysophos-
phatidylcholine and oxidized fatty acids, both of which promote inflamma-
tion [67]. Lp-PLA, may play a direct role in the development of endothelial
dysfunction [68, 69] as lysophosphatidylcholine has been demonstrated to:
(1) upregulate the expression of adhesion molecules, cytokines, and CD40
ligand; (ii) stimulate macrophage proliferation, neutrophil activation, T cell
production of cytokines, and migration of smooth muscle cells; (iii) inhibit
endothelium-derived nitric oxide production; and (iv) increase monocyte
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Figure 9.3 Lipoprotein-associated phospholipase A, as an independent predictor of
coronary heart disease. Relationship of lipoprotein-associated phospholipase A; to
coronary events (non-fatal myocardial infarction, death from coronary heart disease,
or need for revascularization procedure) in 580 men. Vertical bars denote 95% con-
fidence intervals; circles indicate unadjusted relative risks, squares indicate relative
risks adjusted for C-reactive protein levels, white-cell count and fibrinogen levels;
diamonds indicate risk ratios adjusted for age, systolic blood pressure, plasma triglyc-
eride levels, low-density lipoprotein cholesterol levels, and high-density lipoprotein
cholesterol levels. Reproduced with permission from Packard, C.J., O’Reilly, D.S.,
Caslake, M.J. et al. (2000) Lipoprotein-associated phospholipase A, as an indepen-
dent predictor of coronary heart disease. West of Scotland Coronary Prevention Study
Group. New England Journal of Medicine, 343, 1148-55, [55].
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chemoattractant protein-1 (MCP-1) expression, thereby promoting monocyte
uptake into the subendothelial space [70, 71].

The expression of Lp-PLA; has been demonstrated within coronary
atheromas and it is expressed by macrophages within the fibrous cap region
of rupture-prone and ruptured lesions [72]. Of interest is that elevated levels
of Lp-PLA; have not been found to correlate with the elevation of other
inflammatory markers including hsCRP, interleukin-6, or white blood cell
count, suggesting this enzyme has an independent role in atherogenesis [56].
Several commercial assays are available for Lp-PLA, testing; however, uni-
form reporting of cut points or decision values for classifying risk have not
been established [71]. There are currently no guidelines or recommendations
for the use of Lp-PLA; in clinical practice. It has been proposed that the
measurement of Lp-PLA; be used in intermediate-risk persons to determine
the need for reclassification to a higher cardiovascular risk category [71].

LIPOPROTEIN(a)

Lipoprotein(a) [Lp(a)] is a lipoprotein subclass that has been identified as a
major risk factor for CVD. Lp(a) is a member of the LDL class of lipopro-
teins and is structurally similar to LDL in both protein and lipid composition,
but is different due to the presence of the unique glycoprotein moiety called
apolipoprotein(a) [apo (a)] [73, 74]. Lp(a) was first discovered by Berg in
1963 [75] and since that time numerous studies have established that high
plasma Lp(a) concentrations are associated with a variety of cardiovascular
disorders including CHD, peripheral vascular disease, ischemic stroke, and
abdominal aortic aneurysm [74, 76].

Lp(a) is considered to have both proatherogenic properties because of
its similarity to LDL, as well as prothrombotic properties due to the similar-
ity of apo(a) to plasminogen [74]. (Figure 9.4). Studies have demonstrated
that Lp(a) accumulates in the arterial wall at the sites of human atheroscle-
rotic lesions [77] and in coronary atheroma specimens [78]. The exact role
of Lp(a) in atherogenesis is not well understood, but it has been demon-
strated to be an independent risk factor through many studies including a
meta-analysis of 27 prospective cohorts involving 5436 patients [79].

While normal values of Lp(a) are below 30 mg dl~!, ethnic differ-
ences have been demonstrated [80], and levels appear to be genetically
influenced, mostly by a well-characterized size polymorphism in the apo(a)
gene [81]. A significant issue in the use of Lp(a) values in the clinical set-
ting is the discrepancy in the values generated by different measurement
methods, which makes it difficult to compare results from different stud-
ies [73]. The defined threshold of Lp(a) concentration at which individuals
can be classified as being at increased risk for CHD varies among studies,
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Figure 9.4 Potential pathogenic mechanisms of lipoprotein(a). Lipoprotein(a)
[Lp(a)] has proatherogenic properties because it is a type of LDL and prothrom-
botic properties due to the similarity of apoprotein(a) to plasminogen. This diagram
outlines the effects of Lp(a) that have been demonstrated by in vitro studies or in
animal models of apo(a)/Lp(a). Mechanisms that are proatherogenic are shown to the
left while those that are potentially prothrombotic are shown to the right. To date,
none of these mechanisms have been directly demonstrated to be mediated by Lp(a) in
human disease. EC, endothelial cell; SMC, smooth muscle cell; PAI-1, plasminogen
activator inhibitor-1; TFPI, tissue factor pathway inhibitor. Reprinted with permission
from Marcovina, S.M. and Koschinsky, M.L. (2003) Evaluation of lipoprotein(a) as a
prothrombotic factor: progress from bench to bedside. Current Opinion in Lipidology,
14, 361-66, [74].

ranging from Lp(a) values of 20—40 mg dl~! [73]. These differences can
hamper clinical interpretation of values and lead to erroneous assignment
of cardiovascular risk category.

Currently, there are no national guidelines outlining recommendations
for screening of Lp(a). Additionally, there is no prospective clinical trial
evidence that treating Lp(a) is associated with reduced risk for cardiovas-
cular events. The lack of evidence of a causal role of Lp(a) in human CHD
as well as lack of understanding of the definitive mechanisms underlying
the pathophysiology of Lp(a) has hindered the development of therapies
specifically designed to lower plasma Lp(a) levels [73]. Unlike other plasma
lipoproteins, Lp(a) is not substantially impacted by diet or most lipid-
lowering drugs [74]. Niacin, alone and in combination with statin therapy,
has been demonstrated to lower Lp(a) levels, but only modestly (approxi-
mately 20—25% at maximal doses of niacin) [82—84]. There is no clinical
trial evidence that this approach to Lp(a) lowering impacts cardiovascu-
lar outcomes. Lp(a) apheresis procedures have demonstrated a capacity
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to decrease Lp(a) concentrations by 50% or more, yet the technique is
expensive and reserved for extreme cases of heterozygous and homozy-
gous familial hyperlipidemia [73]. Screening of the general population for
Lp(a) is not recommended and there are no national guidelines on its treat-
ment, nor has a treatment target been specified. However, consistent with
a National Heart, Lung, and Blood Institute conference on Lp(a), measure-
ment of Lp(a) can be considered in patients with a history of CHD and a
“normal” lipid profile, or patients with a strong family history for premature
CHD [85]. In these patients, it becomes especially important to treat lipids
to NCEP target levels and to make sure other risk factors are identified and
rigorously controlled to national guideline levels.

HOMOCYSTEINE

Homocysteine is an amino acid produced from the metabolism of methio-
nine [86]. Epidemiological investigations have demonstrated that elevated
serum homocysteine is related to risk of CHD, cerebrovascular accident, and
peripheral vascular disease. Hyperhomocysteinemia is also associated with
hypercoagulability and increased risk for deep venous thrombosis and pul-
monary embolism. The proposed mechanisms of adverse vascular effects
of homocysteine include endothelial injury from increased production of
peroxides and reduced glutathione peroxidase activity; reduced nitric oxide
availability and increased vessel vasoconstriction, increased platelet activa-
tion and aggregation, and dysregulation of the coagulation system secondary
to increased production of tissue factor; depressed activity of protein C;
and reduced expression of thrombomodulin and tissue plasminogen activa-
tor activity [87]. Hyperhomocysteinemia is also associated with impaired
hepatic capacity to produce Apo A-I and HDL [88].

Reference ranges for homocysteine are calculated as 95% reference
ranges (mean=+2 standard deviations) using the distribution of values
obtained for healthy individuals. Therefore, an elevated blood level of homo-
cysteine (hyperhomocysteinemia) is established if the total serum homocys-
teine concentration is more than 2 standard deviations above the mean [89].
Normal total plasma homocysteine levels range from 5 to 15 pmol 1!, with
hyperhomocysteinemia being classified as mild at levels of 15-30 wmol 17},
intermediate between 31 and 100 pmol 17!, and severe at >100 pmol 17!
[90, 91]. Elevated homocysteine levels can be caused by several factors,
including folate and vitamin B¢ and B, deficiency, diabetes mellitus, and
various drugs such as fenofibrate [92]. Other common causes of elevated
homocysteine levels include genetic defects and renal insufficiency/failure
[89]. Several enzyme deficiencies are associated with hyperhomocysteine-
mia including thiolase, cystathionine beta-synthase, and methylenetetrahy-
drofolate reductase. Numerous mutations in these enzymes have been
characterized.
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Clinical trial data supports an association between elevated homocys-
teine levels and increased risk of CHD [93]. However, whether lowering
homocysteine levels by administration of folate with or without vitamins Bg
and By is associated with any significant decrease in vascular risk remains
controversial as no beneficial impact on cardiovascular risk has been demon-
strated in several large clinical trials [92, 94-97]. Although fluorescence
polarization immunoassay has greatly improved the measurement of homo-
cysteine, standardized methods are not yet available. Currently, there are
no specific recommendations by either primary care or specialty societies
for screening patients for elevated homocysteine levels. In addition, there
is no consensus as to the optimal dose of folic acid and other B vitamins
to use for the treatment of elevated blood homocysteine levels. To sim-
ply assume that the use of folate with vitamins Bg and B, is benign is
premature. In one study of folate supplementation in patients undergoing
percutaneous coronary luminal angioplasty with stent placement, patients
receiving folate therapy experienced higher rates of in-stent restenosis com-
pared with the placebo group [98]. However, ongoing research on the role
of folic acid therapy in patients with hyperhomocysteinemia may provide
additional information on the benefits of targeting treatment for the primary
prevention of CHD and the secondary prevention of cardiovascular events.
The Study of the Effectiveness of Additional Reductions in Cholesterol
and Homocysteine (SEARCH) trial is underway and should lend important
additional information to this issue [99].

LDL PARTICLE NUMBER QUANTITATED BY NMR

LDL particles are involved in the pathogenesis of atherosclerotic disease and
quantitative analysis of LDL particles can be useful in determining CHD
risk. LDL particles vary in size and density, and studies have identified that
a pattern that has more small dense LDL particles (pattern B) is associated
with higher CHD risk compared with larger size LDL (pattern A) [100].
NMR provides a spectroscopic means of quantifying LDL particles and
of measuring LDL particle size. As a normal LDL-C can be associated
with very high serum levels of LDL particles and excess risk for CHD,
the quantitation of LDL particle number confers additional information not
gleaned from LDL-C.

However, the risk for atherosclerosis has been demonstrated to be related
more to particle number, rather than particle size. All sizes of LDL are
atherogenic. LDL particle number measured by NMR has been shown to be
a strong, independent predictor of CHD. Importantly, LDL particle number
is a strong predictor for the development of CHD in women [101, 102], as
well as a predictor of the rate of CVD progression [103].

While NMR lipoprotein analysis is theoretically appealing as it allows
quantitative assessment of lipoproteins, there are currently no established
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recommendations for routine use of NMR lipoprotein analysis. Future re-
breaksearch may identify subsets of individuals whose risk is underestimated
by conventional lipid analysis and who may benefit from NMR lipoprotein
analysis [100].
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10 A Primer on Clinical Trials
and Critical Review of
Clinical Trial Reports for
the Clinician

Key Points

e The randomized, controlled trial remains the ‘gold standard’ for evalu-
ation of medical interventions.

A number of issues should be addressed in order for a trial to produce
valid and generalizable results including: appropriate selection of study
participants, random subject assignment to treatments, blinding and use
of a placebo where practical.

Potential problems can occur during study conduct such as poor subject
compliance, excessive or differential dropout, incomplete blinding, and
changes in treatment during the trial that may confound the interpreta-
tion of the influence of the intervention.

In order to interpret clinical trial results, three factors should be assess-
ed: chance (random variation), bias (a nonrandom error that results
in an incorrect estimate of a treatment effect), and confounding (the
possibility that an observed association between a treatment and the
response is due to the effects of differences between the treatment groups
other than the treatment under study).

The randomized clinical trial is universally accepted as the most reliable
method for evaluating the efficacy and safety of medical treatments. Al-
though commonly applied to drug therapies, the clinical trial process can
also be used to evaluate medical devices, surgical procedures, lifestyle
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interventions, and policy options. One famous example of the latter was the
Newburgh—Kingston dental caries study. In that trial, one entire community
was randomly allocated to have fluoride added to the drinking water supply
while the other did not [1]. The results showed large reductions in the
development of dental caries in the community with the fluoridated water
(Newburgh) compared with the community that did not receive supple-
mented water (Kingston).

The central tenets for the conduct of clinical trials were not widely
understood or practiced before the 1950s, when Sir Austin Bradford Hill
published a series of articles on the proper conduct of clinical experiments
[2]. These papers emphasized the value of such fundamental concepts as the
use of random allocation to treatments, concurrent controls, clearly defined
inclusion and exclusion criteria, a defined treatment protocol, and statistical
methods for separating treatment effects from random variation. Surpris-
ingly, prior to the 1960s, no formal requirements for clinical trial evaluation
were in place before a drug could be marketed in the USA. The discovery
that thalidomide produced birth defects in the children of pregnant women
who had taken the drug as an antiemetic and/or sleep aid led to formal
requirements for clinical trial evaluation of new drug products, and it was
not until 1969 that submission of data from randomized, controlled trials
was mandatory for receiving marketing approval for a new drug from the
United States Food and Drug Administration.

10.1 DESIGN ISSUES AFFECTING THE VALIDITY
AND GENERALIZABILITY OF CLINICAL
TRIAL RESULTS

Although properly conducted randomized, controlled clinical trials represent
the “gold standard” for evaluation of medical interventions, a number of
issues must be satisfactorily addressed in order for a trial to produce valid
and generalizable results. Of particular interest to the clinician are the study
entry criteria, characteristics of the study population, compliance with the
treatment regimen and potential sources of bias or confounding that might
influence interpretation and application of the results in medical practice.

SELECTION OF STUDY PARTICIPANTS

The selection of study participants has important implications for the inter-
pretation of the study results and their generalizability to the clinical setting.
Often a trial will have strict entry criteria, which may be ideal for minimiz-
ing variability in response, thus enhancing the power of the trial to detect
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differences between treatments, but may also lead to a study sample that is
not representative of patients typically encountered in clinical practice. It
is not uncommon for a trial to exclude 70% or more of subjects screened.
For example, the Dietary Approaches to Stop Hypertension (DASH) trial
screened 8813 subjects in order to identify 459 who were ultimately ran-
domized to the three treatment arms (5.2% of those screened) [3]. While
the results from the DASH trial have subsequently been replicated, lending
support to the validity of the study results (which showed that a diet low
in fat with above-average intakes of fruits, vegetables, and low-fat dairy
products could lower blood pressure), caution is warranted regarding the
impact that might be expected in clinical practice with such an intervention,
given that only one in 20 subjects screened ultimately qualified and was
willing to enter the treatment phase.

It is important for the clinician not to view clinical trial results in
isolation. Systematic review papers are useful to help the clinician assess
consistency of results across trials and to confirm the robustness of findings
from trials in samples drawn from different populations [4]. Early statin
trials showed the usefulness of these drugs for reducing coronary heart dis-
ease morbidity, but left important questions unanswered regarding efficacy
in subgroups such as women, the elderly, those with diabetes and other con-
ditions such as hypertension and heart failure. It has taken years to develop
a body of trial literature to sufficiently address statin efficacy in many of
these subgroups.

Volunteerism and study entry criteria may influence participation in
ways that produce important differences between those who are willing and
eligible to participate in a trial and those who are not. Morbidity and mor-
tality in the placebo groups of clinical endpoint trials has been consistently
reported to be lower than that in the general population. This may result
in part from the greater frequency of contact with medical professionals
during the trial, allowing early warning signs to be detected more readily.
However, it may also result from differences between participants and non-
participants due to study exclusion criteria (those at the greatest risk may
be excluded) and the fact that people willing to expend the time and effort
required to participate in trials tend to be more health conscious and more
compliant with treatment regimens than average. Another factor that may
influence outcomes in the opposite direction is that one motivating factor
for participation in a trial is the medical care that is provided as part of
the trial at no charge. This may be more of an inducement to participate
for people lacking health insurance or in lower socioeconomic strata than
more affluent individuals. Lower socioeconomic status is well known to be
associated with a number of adverse health outcomes [5-7].

Baseline characteristics of subjects may markedly influence response,
which could have important implications for generalizability of clinical trial
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results. For example, today, the predominant view among clinicians is that
statins produce modest favorable changes in triglyceride and high-density
lipoprotein cholesterol (HDL-C) concentrations, whereas fibrates produce
much larger effects on these variables. However, careful evaluation of
the results from published trials reveals that statins produce much greater
reductions in triglycerides and increases in HDL-C among subjects who
are hypertriglyceridemic than is the case for normotriglyceridemic sub-
jects. Comparing results from studies of statin and fibrate treatments in
hyptertriglyceridemic subjects suggests that moderate doses of statins pro-
duce changes in triglycerides and HDL-C that are only slightly less than
those observed with fibrate therapy in those with hypertriglyceridemia. An
example of such a comparison is shown in Figure 10.1, which shows results
from trials in which one of the authors (KCM) was directly involved. Since
statins lower low-density lipoprotein cholesterol (LDL-C) to a larger degree,
moderate doses of drugs such as atorvastatin, rosuvastatin, and simvastatin
appear to produce larger reductions in non-HDL-C than is the case for
the marketed doses of fibrate drugs. Unfortunately, published results from
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Figure 10.1 Placebo-corrected changes in total cholesterol (TC), low-density
lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and
triglycerides (TG) in subjects with hypertriglyceridemia (baseline TG 300-799 in
the rosuvastatin study and 300-999 in the fenofibrate study). Adapted from package
inserts for Crestor (rosuvastatin) and Antara (fenofibrate).
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large studies directly comparing the effects of statins and fibrates on the
serum lipid profile and cardiovascular outcomes are lacking. Nevertheless,
this example illustrates the difficulties that can arise in comparing responses
to drugs across groups with differing baseline characteristics (in this case
baseline lipid concentrations) and the resulting difficulties in generalization
of trial results to clinical practice.

THE IMPORTANCE OF RANDOM TREATMENT
ALLOCATION

The medical literature is replete with examples of treatments that generated
great enthusiasm based on observational data or nonrandomized clinical
studies which were later found to be of little or no value when evaluated in
carefully designed and executed randomized clinical trials. Random assign-
ment to treatments so that the investigator cannot anticipate which treatment
the next subject will receive minimizes known and unrecognized sources of
bias and confounding that could impact the study results.

Assignment to treatment using a method in which the investigator can
anticipate the next treatment such as alternating active and control, or assign-
ing to active on odd days and control on even days, is likely to lead to
unintentional, or even intentional, bias in treatment allocation. If a clinician
believes in the efficacy of a treatment, she may be more apt to assign a
potential subject to an active arm who has a more severe form of the dis-
ease or, conversely, if someone has a more severe case of the condition
under study and the clinician believes the subject is unlikely to benefit from
the treatment, she may be more likely to “save that slot” for someone who
is believed to be more likely to benefit.

With a large enough sample, equal distribution across treatment groups
of characteristics related to treatment response is highly likely. In smaller
studies, a stratified randomization scheme is sometimes used for variables
that are expected to be associated with treatment response. With this ap-
proach, subjects are first segregated into cells based on the characteristic
(e.g. cells for those with and without diabetes) and then random assignment
takes place within each cell. This does not guarantee equal numbers of
subjects with and without the characteristic in the overall study sample, but
eliminates the possibility of a substantial imbalance between treatments for
subjects with that characteristic. For instance, subjects with diabetes may
make up only 10% of the study sample. Thus, if a trial has two arms, active
and control, and a subset of 80 subjects with diabetes is randomized, roughly
40 will be assigned to each treatment, with no possibility of allocating 60
subjects with diabetes to one group or the other.
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BLINDING AND USE OF A PLACEBO ARE DESIRABLE,
BUT NOT ALWAYS POSSIBLE

Blinding refers to masking of the study subjects, investigators and other
study staff to the treatment that a subject is actually receiving. A single-blind
study is typically one in which the subjects are blinded to treatment alloca-
tion, but the study staff are not, and a double-blind study is one in which
both the subjects and the investigators (and other evaluators) are blinded to
the treatment assignment. This insures that neither the study subjects nor
those evaluating efficacy and tolerability are biased in their assessments.
Blinding is particularly important when the assessment of response has a
subjective component, such when assessing therapies for conditions such
as arthritis pain, migraine headaches, anxiety disorders, menopausal symp-
toms, premenstrual syndromes, etc. The psychological effect of receiving
a therapy, even if there is a chance it is a placebo, should not be under-
estimated. Regression to the mean undoubtedly plays some role, that is,
people are more likely to enroll when their symptoms are at their worst and
tend to improve whether or not they receive the active treatment. Never-
theless, it has been striking to the authors that the responses in the placebo
groups of studies evaluating treatments for conditions such as arthritis [8]
and menopausal vasomotor symptoms [9] regularly show improvements of
30-60%. Thus, readers should be very suspicious of studies with subjective
outcomes where adequate blinding is not employed.

At times, ethical considerations influence whether blinding or use of
a placebo control is desirable. Once the efficacy of a treatment becomes
sufficiently well demonstrated, it becomes unethical to withhold the treat-
ment from those who could benefit for any substantial length of time. For
this reason, placebo-controlled studies of drugs for hypercholesterolemia,
diabetes, and hypertension that last for more than a few weeks, particularly
in high risk subjects, are a thing of the past. This results in the requirement
to demonstrate that new therapies are “noninferior” to existing therapies or
that they produce added benefits. Such questions generally require much
larger sample sizes than is the case for placebo-controlled studies.

For some surgical procedure studies, subjects are randomly assigned to
receive one procedure or another, or even to receive the actual procedure
or a sham procedure in which an incision is made, but the surgical pro-
cedure under study is not completed. In some cases, the risk and expense
associated with a sham procedure are considered too great to make this
option viable. For example, the Clinical Outcomes Utilizing Revasculariza-
tion and Aggressive Drug Evaluation (COURAGE) trial compared optimal
medical therapy with and without percutaneous coronary intervention in
subjects with stable coronary artery disease and evidence of myocardial
ischemia [10]. Since subjects in the group receiving optimal medical ther-
apy alone did not undergo a sham procedure, they were aware of their
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treatment assignment. However, all events were adjudicated by a committee
of experts that were blinded to treatment assignment in order to minimize
potential bias introduced by lack of blinding.

POTENTIAL PROBLEMS WITH STUDY CONDUCT THAT
MAY INFLUENCE VALIDITY OR GENERALIZABILITY

Several issues may arise during the conduct of a trial that have the poten-
tial to impact the validity and/or generalizability of the trial results. These
include such issues as poor subject compliance, excessive or differential
dropout, incomplete blinding, and changes in treatment during the trial that
confound the study results.

In order for a trial to produce valid results, it is necessary for sub-
jects to adhere to the treatment regimen. Some trials are so complex, and
create such a subject burden, that a large proportion of subjects do not
comply well with the study protocol. When this occurs, it will tend to bias
the results toward a finding of no effect for the treatment under study. An
example was the landmark Lipid Research Clinics Coronary Primary Pre-
vention Trial (LRC-CPPT) in which subjects were randomly assigned to
receive cholestyramine (a bile acid sequestrant) or placebo. Because of the
unpleasant texture and gastrointestinal side effects produced by the study
drug, many subjects were not fully compliant. A subgroup analysis showed
that while the drug was effective overall, those who were most compliant
had the largest reductions in cholesterol levels and the greatest reduction in
event risk, suggesting that the full potential benefit of treatment may have
been underestimated [11].

A related problem is excessive dropout, which may occur when the
treatment has unpleasant side effects or when the treatment regimen and/or
study procedures are excessively burdensome. Two types of investigations
that are known for their problems with high dropout rates are weight loss
and smoking cessation trials. A further complicating factor is that dropout
may be differential. Subjects in whom the treatment is effective may be
more likely to stay in the study, while those for whom the treatment is not
working well may be more apt to drop out. Problems arise if differential
dropout occurs between active and control conditions. Various statistical
techniques are available that attempt to minimize the potential bias associ-
ated with differential dropout, but none are fully satisfactory. Differential
dropout can affect the results in a way that favors the treatment (e.g. higher
dropout among those for whom the treatment is ineffective) or the control
condition (e.g. higher dropout in the active group when side effects are more
common or more severe among those in whom the treatment is most effec-
tive). It may also be difficult or impossible to determine the outcome (e.g.
cardiovascular events) for subjects who drop out of a trial, which may cause
the investigation to have insufficient statistical power to detect differences
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between treatments that would have been detectable with accumulation of a
sufficient number of events during the treatment period to show statistically
significant differences between treatments. Clinicians should be aware of
the potential for dropout to influence results and carefully read the Discus-
sion section of any clinical trial publication for the authors’ views on the
possible influence of dropout on the interpretation of the results.

Sometimes complete blinding is difficult or impossible. For example,
if a drug has characteristic side effects, many subjects assigned to active
treatment will know that they are not on the placebo. Examples include
flushing from niacin and altered menstrual bleeding patterns associated with
sex hormone therapies. In such cases, innovative solutions have sometimes
been employed to minimize the possibility of bias. In some trials, a very
small and nonefficacious quantity of niacin was included in the placebo
product so that subjects assigned to placebo would experience mild flushing.
In the Heart and Estrogen/Progestin Replacement Study (HERS), separate
evaluators were employed to assess gynecological and nongynecological
issues in order to minimize bias that might occur due to knowledge of
vaginal bleeding that would only be expected to occur among the women
assigned to the active treatment [12].

One of the authors has been involved in the design and conduct of
hundreds of clinical trials. His favorite story illustrating how difficult it is
at times to maintain complete blinding involved a study of a product that
changed the color of subjects’ urine. Although great effort was expended
to insure that the active and placebo tablets were identical with regard to
sensory characteristics, the author was dismayed to hear subjects in the
lobby of his clinic discussing urine color and guessing which study product
each was taking based on these changes (or lack thereof).

During clinical outcomes trials that have extended follow-up periods,
changes in treatment may confound the study results. The classic example of
this phenomenon was the Multiple Risk Factor Intervention Trial (MR-FIT)
in which subjects were assigned to receive aggressive multiple risk factor
modification or standard care. Over the extended follow-up period (six to
eight years), standard care changed in such a way that narrowed the differ-
ences between the treatment arms in levels of several cardiovascular disease
risk factors. As a result, the observed differences between the groups were
less than targeted and the trial failed to show a significant difference in the
primary outcome variable of mortality from coronary heart disease and all
causes [13]. Later studies confirmed the efficacy of risk factor management
for reducing cardiovascular morbidity and mortality.

A more recent example of changing medical practice influencing the
results of a trial was the Fenofibrate Intervention and Event Lowering in
Diabetes (FIELD) trial. Subjects with type 2 diabetes (n = 9795) were
randomly assigned to receive fenofibrate 200 mg day~!' or placebo and
followed for an average of approximately five years [14]. The investigators
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had assumed that some subjects in both groups would receive additional
lipid-altering therapy during the study because their personal physicians
would be dissatisfied with participants’ lipid control. They assumed that
there would be slightly more such subjects in the placebo group. However,
during the follow-up period, more than twice as many subjects received
additional lipid-altering therapy (statins) in the placebo group compared with
the fenofibrate group (17 vs 8%). This was particularly true among subjects
with preexisting coronary heart disease. As a result, the differences in blood
lipid parameters narrowed over the treatment period. The study failed to
show a significant difference in its primary endpoint, coronary heart disease
death or nonfatal myocardial infarction (a nonsignificant 11% reduction was
observed in the fenofibrate group, p = 0.16). Interpretation of the study
results is confounded by the differential use of statin therapy, rendering the
clinical implications of the results of this large and expensive investigation
uncertain. It is tempting to speculate that if the differences in lipid levels that
prevailed during the first four months of the trial had persisted throughout,
the difference between groups in the primary outcome variable may have
been larger and statistically significant. Investigators designing future studies
will need to include strategies to minimize or avoid this problem.

10.2 CHANCE, BIAS, AND CONFOUNDING
AS POTENTIAL EXPLANATIONS
FOR TRIAL RESULTS

The interpretation of clinical trial results involves assessing the degree to
which three factors: (i) chance, (ii) bias, and (iii) confounding, may explain
the observed difference (or lack of difference) in responses and/or outcomes
between treatments.

CHANCE (RANDOM VARIATION) AS A POSSIBLE
EXPLANATION FOR AN OBSERVED RESULT

If two groups differ numerically in their response to a treatment, one of
the first questions asked is usually: “What was the p value?” A p value
represents an assessment of the probability that an observed difference could
have occurred due to random variation. Traditionally, a p value less than
0.05 is considered “statistical significant”. If the p value for a statistical
comparison between two treatments is 0.04, for instance, this indicates that
there is a 4% chance that a difference of the magnitude observed could have
occurred by chance. The smaller the p value, the lower the likelihood that
a given difference occurred due to random variation. A p value of 0.001
indicates that there is only a 1 in 1000 (0.1%) probability that the observed
difference is due to random variation.
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Confidence intervals are related to p values. They provide a measure of
the precision of an estimate for a difference between treatments in a clini-
cal trial. Typically those included in published papers are 95% confidence
intervals, although 90 or 99% confidence intervals are sometimes presented.
The 95% confidence interval is the range of values in which one can be
95% certain that the true value for a point estimate lies (e.g. a mean, a rate,
or a risk ratio). Thus, if a difference between groups in LDL-C response
is —35% with a confidence interval from —55 to —15%, this indicates that
one can be 95% certain that the true mean difference lies between the range
of —55 to —15%. Another way to state this is that if the trial were repeated
100 times, it would be expected that 95% of the mean differences would
fall in the range of —55 to —15%.

If a 95% confidence interval crosses zero for the difference between
treatments, this indicates that the difference was not statistically significant
at the 5% level, that is, the p value is >0.05, and one cannot rule out a dif-
ference of zero with 95% confidence. Where treatments are being compared
using ratio statistics such as a relative risk, odds ratio, or hazard ratio, the p
value will be significant if the 95% confidence interval does not include 1.0.
For example, as discussed above, in the FIELD trial, the hazard ratio for
coronary heart disease events was 0.89 with a 95% confidence interval that
ranged from 0.75 to 1.05, p = 0.16. This indicates that the hazard for an
event in the fenofibrate group was 89% of that in the placebo group (lower
by 11%). However, because the 95% confidence interval crosses 1.0, it is
clear that this difference was not statistically significant at the 5% level, as
confirmed by a p value of 0.16.

Figure 10.2 shows a summary of the results from the Collaborative
AtoRvastatin Diabetes Study (CARDS) [15]. The trial showed a signifi-
cant difference between the atorvastatin and placebo groups for the primary
endpoint of time to first occurrence of a composite variable that included
acute coronary heart disease events, coronary revascularization, or stroke.
The hazard ratio for the primary endpoint showed a significant (p = 0.001)
reduction of 37% (hazard ratio = 0.63), with a 95% confidence interval of
0.48-0.83 that did not include zero. However, for death from any cause, the
hazard ratio was 0.73 with a 95% confidence interval of 0.52—1.01. Because
the confidence interval crosses zero, this indicates that the observed 27%
reduction in mortality was not significant at the 5% level, as confirmed by
a p value of 0.059.

One issue that clinicians should keep in mind is that when many hy-
potheses are tested, it should be expected that a few will show “statistical
significance” by chance. One of the authors once worked with a colleague to
write a program to run a simulated coin flipping experiment. The probability
of flipping heads or tails was exactly 50%. A series of 100 sets of 100 coin
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Number of patients with
an event (%)

Placebo  Atorvastatin Hazard ratio (95% ClI) p
10 mg
Primary endpoint 127 (9.0%) 83 (5.8%) ‘ 0.63 (0.48-0.83) 0.001
Acute coronary events 77 (5.5%) 51 (3.6%) = 0.64 (0.45-0.91)
Coronary 9 0.69 (0.41-1.16
revascularisation 34 (2.4%) 24 (1.7%) —— ( )

Stroke 39 (2.8%) 21 (1.5%) - 0.52 (0.31-0.89)

Secondary endpoint

Death from any cause 82 (5.8%) 61 (4.3%) = 0.73 (0.52-1.01) 0.059
Any acute cardiovascular 189 (13.4%) 134 (9.4%) _._ 0.68 (0.55-0.85) 0.001
disease event

UL
020406081012

Figure 10.2 Effects of treatment on primary and secondary endpoints in the Col-
laborative AtoRvastatin Diabetes Study (CARDS). CARDS was a trial evaluating
treatment with atorvastatin vs. placebo for primary prevention of cardiovascular
events in 2338 subjects with type 2 diabetes. From Colhoun, H.M. et al. (2004)
Lancet, 364, 685-96, [15].

flips were simulated. In 5 of the 100 sets, the observed value for heads
differed “significantly” from 50% with a p value <0.05. Actual values for
percent heads ranged from 38 to 61%. This experiment illustrates very nicely
that if one runs 100 statistical tests, it should not be unexpected that about
5% will show p values <0.05 by chance.

For this reason, it is important that a single primary outcome vari-
able (or small number of variables) is clearly prespecified in advance.
Significant comparisons from secondary and subgroup analyses should be
interpreted with caution, particularly if the p value for a comparison is
close to 0.05. It is not uncommon for as many as 100 or more statistical
comparisons to be made in a single trial dataset. Such nonprimary compar-
isons can be very useful for generating hypotheses, but should be viewed
cautiously until replicated in additional trials specifically designed to test
those hypotheses. Even significant results for primary outcome variables
should not be taken as definitive until a body of literature grows demon-
strating consistency of results across trials. One should always remember
that no matter how large the difference, and how small the p value, very
low-probability differences do occasionally occur due to chance. Therefore,
results from clinical trials should always be interpreted in the context of the
totality of evidence from all available sources, including other clinical trials,



202 A PRIMER ON CLINICAL TRIALS AND CRITICAL REVIEW

results from observational studies, and other information such as animal and
mechanistic studies.

When reading a report of clinical trial results, one should also keep in
mind the concept of statistical power. Failure to detect a significant differ-
ence between treatments could be a consequence of there being no clinically
important effect. Alternatively, a nonsignificant p value may have occurred
because the study lacked sufficient statistical power to detect an effect that is
clinically meaningful. A thorough discussion of statistical power is beyond
the scope of this chapter. However, the central idea is that power is increased
with a greater number of subjects, greater precision in the measurement
for continuous variables (e.g. lipid levels), a larger treatment effect, and a
greater number of events for trials comparing risks for onset of a disease or
condition (e.g. cardiovascular events). For this reason, trials sometimes need
to be extended beyond their originally planned follow-up period because an
insufficient number of events have accumulated to reliably evaluate the inter-
vention. Conversely, some trials are stopped early because enough events
have accumulated to demonstrate benefit, lack of benefit, or even harm,
earlier than anticipated.

BIAS AND CONFOUNDING

Bias and confounding have already been discussed in the context of issues
that can arise during a trial (e.g. incomplete blinding, poor compliance,
excessive, or differential dropout) that make interpretation of the study
results more difficult. Bias is defined as a systematic error that results in an
incorrect estimate of a treatment effect, such as differential compliance or
dropout. Confounding involves the possibility that an observed association
between a treatment and the response is due to the effects of differences
between the treatment groups other than the treatment under study. The
FIELD trial was provided as an example where differences between the
treatment groups in the addition of statin therapy to the study treatment
(fenofibrate or placebo) were present, confounding the interpretation of the
results. Another confounding factor that sometimes arises is baseline dif-
ferences between groups, despite random allocation to treatments. If the
primary outcome variable is coronary heart disease events and the treatment
groups differ with regard to Framingham risk score at baseline, this would
be a potential confounding factor and the investigators would need to care-
fully examine the results to evaluate the degree to which such confounding
may have influenced the final results.

10.3 EFFICACY VERSUS EFFECTIVENESS

Efficacy refers to whether an intervention produces the desired effects when
properly implemented under controlled conditions; whereas effectiveness



USEFUL QUESTIONS 203

refers to whether an intervention is typically successful in clinical practice
[16]. In order for a treatment to be useful, it must be both efficacious and
effective.

The primary statistical analysis for most clinical trials is conducted on
an “intention-to-treat” basis. This means that all subjects randomly assigned
to receive a treatment are included in the analysis. Subjects are then treated
in the analysis as being part of their assigned group, whether or not they
actually received the treatment, adhered to the treatment regimen, or even
received the opposite treatment. Thus, the analysis follows the intended
treatment (i.e., the intention to treat), regardless of whether or how well the
intervention was actually carried out. Frequently, a secondary “per proto-
col” analysis is completed in which subjects who discontinued or who had
material protocol violations, including poor adherence, are excluded from
the analysis.

When the results from intention-to-treat and per protocol analyses agree,
this provides some reassurance that the results obtained in clinical practice
are likely to be similar to those reported in the trial (at least for similar
groups of patients). However, the clinician should be wary of results from
trials in which only a per protocol analysis is presented, as these may be
biased [17]. For instance, if subjects with poor prognosis are less likely to be
able to adhere to the treatment regimen, a per protocol analysis will exclude
the least compliant subjects, who are also those with the worst prognosis.
This may result in an overestimation of the effect of the intervention. In
addition, treatments with unpleasant side effects, such as some early lipid
drugs (e.g. first generation bile acid sequestrants and immediate release
niacin) were often associated with poor compliance. Eliminating subjects
with poor compliance from the analysis would provide a distorted picture
of the clinical utility of the medications. Conversely, the “intention-to-treat”
analysis may underestimate the degree to which a highly compliant patient
might benefit. Therefore, it is instructive to examine the degree to which
intention-to-treat and per protocol analyses results differ, when both are
presented, as this may provide clues regarding how well the intervention
might be expected to perform in clinical practice.

104 USEFUL QUESTIONS TO ASK WHEN
EVALUATING A PUBLISHED CLINICAL
TRIAL REPORT

The following are questions the clinician may use to systematically evaluate
many of the most common issues that affect the interpretation of clinical
trial results. These questions cover each of the main points covered in this
chapter.
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1. Was the subject sample similar to patients commonly observed in
clinical practice? If not, might strict entry criteria limit generalizability
of the results?

2. Were important subgroups represented (e.g. both sexes, smokers, those
with obesity and/or diabetes, various lipid phenotypes)? If so, were
responses similar in these subgroups?

3. Were random allocation, concurrent controls and blinding all present?
If not, why and how might these issues affect the results?

4. Were subjects generally compliant with the treatment regimen? Was
compliance consistent between treatments?

5. Did the trial suffer from excessive subject attrition or differential
dropout between treatments?

6. Was the primary outcome variable prespecified and clearly stated?

7. Did the trial show a statistically significant difference for the primary
outcome variable?

8. Did the results appear consistent across subgroups and secondary anal-
yses?

9. If significant results were not achieved, could this have been due to
the trial lacking sufficient statistical power to detect a clinically mean-
ingful difference (e.g. secondary to a sample size that was too small,
high variability in the response, excessive dropout or an unexpectedly
low event rate)?

10. How do the results from this trial align with those from other sources
(clinical trials, observational studies, animal experiments, and mecha-
nistic investigations)?

CONTROVERSY

SHOULD LIPID DRUGS BE APPROVED WITHOUT
CLINICAL EVENT DATA?

In recent years, issues have arisen regarding adverse effects of several
classes of medication on cardiovascular event risk. Rofecoxib (Vioxx)
was withdrawn from the market due to an unanticipated increase car-
diovascular events, and warnings were added to other similar drugs
regarding effects on cardiovascular events [1, 2]. The development
of muraglitazar (a peroxisome proliferator activated receptor-alpha/
gamma agonist) and torcetrapib (a cholesteryl ester transfer protein
inhibitor) were discontinued due to greater cardiovascular event risk
compared with placebo or other compounds for the same indication
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[3, 4]. In addition, the FDA reviewed concerns regarding rosiglita-
zone (Avandia®, a peroxisome proliferator activated receptor-gamma
agonist) and possible increased risk of cardiovascular events in 2007.
On 30 July 2007, the FDA’s Endocrine and Metabolic Advisory
Committee and the Drug Safety and Risk Management Advisory
Committee recommended that rosiglitazone continue to be marketed,
and further recommended that information be added to the labeling
for risk of heart attacks (ischemic risks) [5].

These incidents have prompted some to advocate additional safety
testing beyond what has traditionally been required for drug approval.
A great deal of debate is ongoing about what the standards should
be for approval of drugs intended to alter lipid metabolism and/or
retard atherosclerosis. Some argue that drugs for these indications
should not be approved until their effects on event risk have been
demonstrated. However, such studies take years and many millions
of dollars to conduct. The consequences of such a requirement might
be to inhibit the development of innovative new therapies in these
areas because of the high cost, and to potentially delay the avail-
ability of new, effective therapies for a period of years, resulting in
unnecessary morbidity and mortality that might have been avoided
had the drug been available. The incremental human and financial
costs associated with more stringent testing requirements are difficult
to quantify, making cost to benefit comparisons of different policy
approaches difficult to analyze.

The FDA has historically taken a position on this issue that the
authors feel is reasonable, but imperfect. For drugs that primarily act
to lower LDL-C and other atherogenic lipoproteins, only the standard
drug safety trials and evidence of favorable effects on accepted bio-
chemical surrogate markers have been required. Accepted biochem-
ical markers include LDL-C, non-HDL-C and Apo B. In agreement
with the National Cholesterol Education Panel Adult Treatment Panel
III (NCEP ATP III) guidelines, changes in triglyceride and HDL-C
concentrations are considered, but as secondary outcomes, providing
supportive evidence of efficacy. Examples of drugs that have received
approval based on these surrogate measures in the past several years
include colesevelam (Welchol®, a bile acid sequestrant) and ezetim-
ibe (Zetia®, a cholesterol absorption inhibitor). Given the strong and
consistent evidence of benefit from lowering atherogenic lipoproteins
through various types of interventions, including several classes of
medication, diet and ileal bypass, the authors agree that a reasonable
assumption of benefit can be inferred from such trials.
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For other classes of medications, such as those intended to pri-
marily influence HDL-C or the progression of atherosclerosis through
various mechanisms, the FDA position has been that evidence should
be provided beyond that from biochemical measures, although they
have not typically required cardiovascular event trials. Acceptable
surrogate indicators of atherosclerosis risk have included measure-
ments of changes in carotid intimal medial thickness and changes
in atherosclerotic plaque progression assessed with quantitative coro-
nary angiography or intravascular ultrasound. At least two trials with
different methods have been required to insure that the findings are
consistent and reproducible.

The recent experience with torcetrapib has stimulated debate
about whether such an approach is ideal. As reviewed in Chapter
7 on HDL-C, the development of torcetrapib was stopped because an
increased risk of cardiovascular morbidity and mortality was observed
in a large outcomes trial. However, no evidence of worsening of
carotid intimal medial thickness was observed in a separate trial. This
has led some to question whether surrogate measures of atherosclero-
sis progression should be sufficient evidence to presume efficacy for
reducing event risk. In fact, progression of atherosclerosis is only one
of several factors that increase the risk of an event. Others include
inflammation leading to plaque instability and rupture, the propensity
to form an occlusive thrombus on the site of a plaque fissure, and
the activity of the fibrinolytic system for dissolving an established
clot. Thus, measures of plaque progression are far from perfect indi-
cators of the ultimate impact of a drug on event risk, as risk may be
favorably or unfavorably influenced by factors unrelated to plaque
development and progression.

The authors remain unconvinced that requiring event trials for
all new lipid drugs would best serve public health, although in some
instances such a requirement may be reasonable. The approach that
the FDA has traditionally taken which is to accept evidence from
surrogate indicators in most instances does, in the view of the authors,
meet the appropriate regulatory standard of accepting evidence from
[6]:

“ ... adequate and well-controlled clinical trials establishing that the
drug product has an effect on a surrogate endpoint that is reasonably
likely, based on epidemiologic, therapeutic, pathophysiologic, or other
evidence, to predict clinical benefit ... ” [emphasis added]
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Regulatory policy can be influenced unduly by recent or spectacular
events and the debates and political pressures that result. As with
developing guidelines for treatment, establishing regulatory policy
always involves trade-offs and the need to act in the face of imper-
fect and incomplete information. Finding the right balance between
protecting the public from drugs with identifiable adverse effects and
maintaining an environment that encourages innovation and does not
unnecessarily delay the availability of true medical advances is a
difficult and an ever-evolving process.
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11 Case Studies

In this chapter of Practical Lipid Management, a series of case studies
will be used to illustrate the clinical management of a variety of dyslipi-
demias in men and women and in patients from different racial and ethnic
groups. Emphasis is placed on types of dyslipidemia that are commonly
encountered in daily clinical practice. The use of Framingham risk assess-
ment is illustrated. Risk stratified lipoprotein targets are consistent with
National Cholesterol Education Program Adult Treatment Panel III (NCEP
ATP III) definitions [1]. It must be emphasized that there is always more
than one approach that can be used to manage a given clinical presentation.
Herein particular attention is given to approaches that are both practical and,
whenever possible, evidence-based.

In NCEP ATP III, patients are stratified according to 10-year estimates
of risk for a cardiovascular event. If a patient has 0—1 risk factors, they have
low risk (10-year risk <5%). If a patient has two or more cardiovascular
risk factors (in the absence of coronary heart disease (CHD) or a known
risk equivalent), then a Framingham risk score should be calculated so as
to determine their lipoprotein target levels. If a patient has CHD or a CHD
risk equivalent [diabetes mellitus, abdominal aortic aneurysm (AAA), symp-
tomatic carotid artery disease or a carotid plaque that is >50% obstructive,
or peripheral arterial disease (PAD)], then it is not necessary to calculate a
Framingham risk score since the individual is classified as high risk. Patients
with multiple risk factors with a 10-year Framingham risk score >20% are
also defined as having a CHD risk equivalent, thus at high risk for a CHD
event. Patients with CHD who smoke, have diabetes mellitus, have had an
acute coronary syndrome (ACS), or who have multiple poorly controlled
cardiovascular risk factors are considered to be at “very high” risk [2].
These principles are summarized in Figure 11.1.

Framingham risk scoring is a cumulative point scale that depends on
age, smoking status, serum total cholesterol (TC) and high-density lipopro-
tein cholesterol (HDL-C), and systolic blood pressure (BP) (treated or un-
treated). (See Chapter 3 for more detail.) Although the risk factors are the
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If a patient has established coronary heart disease (CHD), diabetes mellitus, peripheral
arterial disease (PAD), abdominal aortic aneurysm (AAA), or a history of stroke, then
they are assigned high risk status. If a patient has 0-1 risk factors, then they are low risk
and calculation of a Framingham risk score is not necessary. If a patient has 2 or more
major CHD risk factors but no evidence of a CHD risk equivalent, then they should
undergo risk stratification with a Framingham risk score. Risk stratification defines the
LDL-C and non-HDL-C target with therapy. The non-HDL-C goal is simply the LDL-C
goal plus 30 mg/dL. If the risk score is >20%, then the patient is high risk and is
assigned CHD risk equivalency status. In patients with established CHD, if they have
metabolic syndrome, a history of an acute coronary syndrome, multiple poorly controlled
risk factors, or still smoke, then they are considered very high risk and have lower, more
aggressive optional goals of therapy.

Acute
coronary
syndromes

No

Figure 11.1 Establishing low-density lipoprotein cholesterol (LDL-C) goals. A
full-color version of this figure appears in the color plate section of this book.This
algorithm, created through the Leadership Council for Cardiovascular Care, is repro-
duced with permission of Schering Corporation. ©2007 Schering Corporation. All
rights reserved.

same, the point scoring system is distinct for men and women. Higher point
totals are associated with greater risk over 10 years for a cardiovascular
event. Also, no matter how much greater than 60 mg dI~! a patient’s serum
HDL-C is, it is still only a —1 in Framingham scoring. Consequently, if a
patient presents with baseline HDL-C of 80 mg dI~! or even >100 mg d1~
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if he or she has two or more risk factors, the Framingham score should still
be calculated in order to determine 10-year projected risk and low-density
lipoprotein cholesterol (LDL-C) and non-HDL-C goals. It should not be
assumed that very high serum HDL-C levels are cardioprotective in the
face of a significant risk factor burden.

CASE ONE: CAD WITH RECENT ACUTE
CORONARY SYNDROME

AH is a 63-year-old Caucasian female with a history of CHD, hypertension,
hyperlipidemia, and osteoarthritis. She sustained an anterior myocardial
infarction (MI) one month ago. She had been smoking 20-30 cigarettes
daily for nearly 40 years, but quit immediately following her MI. She is
a lifelong homemaker and is neither diabetic nor overweight. Coronary
angiography at the time of her MI showed a 99% obstructive lesion in
her proximal left anterior descending (LAD) coronary artery with over-
lying thrombus. Patency of the arterial lumen was reestablished with a
drug-eluting stent within 1.5 h of symptom onset. Myocardial salvage was
quite good and her current left ventricular ejection fraction (LVEF) is esti-
mated to be 61% based on echocardiographic evaluation. She was noted
to have diffuse CHD with lesions ranging from 15-40% in her circumflex,
right coronary artery (RCA), and first diagonal branch. None of these lesions
warranted stenting. Since placement of her coronary stent she has been free
of any signs or symptoms of myocardial ischemia.

The patient’s current medications include atorvastatin 10 mg po qd,
carvedilol 12.5 mg po bid, aspirin 81 mg po qd, clopidogrel 75 mg po
qd, ramipril 10 mg po qd, and acetaminophen 1350 mg po bid. Her BP is
116/70 mmHg and pulse 58 bpm. The lipid profile shows a TC 173 mg dI~',
LDL-C 95 mg dI~', triglycerides 112 mg dI~!, non-HDL-C 118 mg dl~!,
and HDL-C 55 mg dI~'. Her liver function tests (LFTs) reveal no abnor-
malities. The patient’s physical examination is unremarkable.

AH has multivessel CAD with a recent history of an ACS. She meets
NCERP criteria for the designation of very high risk. There is no need to cal-
culate her Framingham risk score. LDL-C is the primary target of therapy
followed by non-HDL-C. In an effort to reduce her LDL-C to <70 mg dl~!
and non-HDL-C <100 mg dI~! (very high risk category), her intake of satu-
rated fat and cholesterol was reduced with the help of a dietitian. She began
cardiac rehabilitation to increase her capacity for exercise, she was urged
to remain completely abstinent of cigarette smoke (both primary and sec-
ondary) and her atorvastatin was increased to 80 mg po qd. This dose of ator-
vastatin has been shown to be efficacious in reducing risk for cardiovascular
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events in patients with CAD with or without a history of ACS [3, 4].

Three months after initiating lifestyle modification and intensification
of her statin therapy, her TC was 138 mg dlI~!, LDL-C was 65 mg dI~,
triglycerides 70 mg d1~!, non-HDL-C 79 mg dI~!, and HDL-C 59 mg d1~!.
The patient’s serum transaminases remained in normal range and she was
not experiencing any symptoms of myopathy. She remained abstinent of
cigarette smoke and was walking for between 30 and 45 min daily without
precipitating any chest discomfort. She continued to follow-up with her
dietitian and maintained a diet low in cholesterol and saturated fat. She
was urged to continue her current pharmacologic regimen and to return for
routine clinical surveillance in four months.

CASE TWO: PERIPHERAL ARTERIAL
DISEASE (PAD)

OR is a 52-year-old African American male who presents to your office
complaining of pain in his right buttock, proximal thigh, and calf with
ambulation. With rest symptoms gradually resolve. If he begins to ambu-
late again, symptoms recur after approximately 10 min. He experiences
occasional numbness in his feet, but it is not persistent. There has been
no tingling or motor weakness. He has seen an internist and a chiroprac-
tor both of whom strongly suspected a lumbar radiculopathy. X rays of
his lower back and magnetic resonance imaging revealed mild degenerative
changes along his spine, but there was no evidence of disk disease, nerve, or
spinal cord compression, or of vertebral fracture. Chiropractic manipulation
offered no relief in the intensity or the duration of his symptoms. Therapy
with a non-steroidal anti-inflammatory medication also did not prevent his
episodes of pain.

OR smokes two packs of cigarettes daily. He is an accomplished jazz
musician and performs late every evening. The remainder of his review of
systems is negative. Physical examination is significant for reduced femoral
and pedal pulses on the right side. He has no peripheral edema, depen-
dent rubor, or pedal cyanosis. His musculoskeletal examination as well
as gait, coordination, proprioception, and motor strength are normal. His
ankle-brachial indices read 0.6 on the right and 1.20 on the left. It is
concluded that patient is experiencing claudication secondary to PAD. A
magnetic resonance angiogram reveals significant atherosclerotic disease in
the right common iliac and the right peroneal arteries. He does not have
critical limb ischemia. Screening laboratory studies reveal serum creatinine
of 0.9 mg dI~!, normal LFTs and TSH, and a fasting blood sugar (FBS)
of 210 mg dI~'. A 2-h glucose tolerance test shows a serum glucose of
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270 mg di~'. His hemoglobin Alc is 8.4%. A lipid profile reveals a TC
206 mg d1~!, LDL-C 130 mg d1~!, triglycerides 170 mg d1~!, non-HDL-C
164 mg d1~!, and HDL-C 42 mg dl~!. Blood pressure is 165/100 mmHg
and his 24-h urinary albumin excretion rate is 73 mg.

The patient has symptomatic PAD and does not require calculation
of his Framingham risk score. He is by definition categorized as high
risk. This patient requires intensive, comprehensive risk factor manage-
ment since he meets criteria for diabetes mellitus, albuminuria, hypertension,
and dyslipidemia. Treadmill stress testing is negative for the precipitation
of either chest discomfort or electrocardiographic evidence of myocardial
ischemia. The need for cigarette smoking cessation is reviewed in detail.
He has tried to quit smoking on multiple occasions but has been unsuc-
cessful. He is started on the nicotinic acetylcholine receptor agonist vareni-
cline in order to reduce both the craving for cigarettes and intensity of
nicotine withdrawal. He is taught glucometry, meets with a dietitian, and
begins metformin 500 mg po bid. He understands that his target hemoglobin
Alc will be <6.5%. He is enrolled in a supervised exercise rehabilita-
tion program and understands the critical need for daily sustained ambu-
lation. In order to treat his hypertension and albuminuria, he is initially
treated with losartan 50 mg po qd and hydrochlorothiazide 12.5 mg po
qd. His dyslipidemia is treated with simvastatin 40 mg po qd. In addi-
tion to treating dyslipidemia, statin therapy in patients with PAD helps to
reduce the frequency and intensity of claudication [5]. His target LDL-C
and non-HDL-C goals are <100 mg dI~' and <130 mg dI~!, respectively.
The patient has no history of peptic ulcer disease and begins aspirin 325 mg
po qd.

During the following weeks, his blood sugar responds well to met-
formin therapy. His metformin dose is increased to 1000 mg po bid and
he begins pioglitazone 15 mg po qd. After six weeks, his BP is 147/90
and his losartan is increased to 100 mg d1~!. He is told that his BP target
is <130/80 mmHg. Serum creatinine is stable at 0.9 mg dl~'. The patient
was able to quit smoking after one month of varenicline therapy. He is
advised to continue this for two more months. He is experiencing claudica-
tion less frequently and, when it does occur, it resolves more rapidly. He
continues to attend sessions with his dietitian and walks daily. His lipid
profile has improved significantly, with LDL-C 85 mg dl~!, triglycerides
136 mg dI~!, non-HDL-C 112 mg dI~!, and HDL-C 46 mg dI~'. He is
advised to continue his current therapeutic course. Over time, it is hoped
that with aggressive risk factor management, he will improve his endothelial
dysfunction, reverse his albuminuria, and stabilize/reverse the atheroscle-
rotic disease in his lower extremity and develop collateral arterial flow to
further attenuate his claudication.
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CASE THREE: PATIENT WITH HETEROZYGOUS
FAMILIAL HYPERCHOLESTEROLEMIA

PW is a 39-year-old Caucasian male with a strong family history for CHD
and hypercholesterolemia. His mother, maternal grandmother, and three
maternal uncles all required revascularization with coronary artery bypass
grafting or percutaneous coronary angioplasty by the time they entered into
their late 40s and early 50s. His father is 73 and has no history of any form
of atherosclerotic disease. PW is an electrical engineer, has no complaints,
has no symptoms of coronary ischemia, does not smoke, and he runs three
miles daily. He has three younger siblings, none of whom have yet been
diagnosed with CHD.

PW has no xanthomas and is physically fit with a normal examination.
Waist circumference is 34 in. FBS is 82 mg dI~!, with normal hepatic func-
tion panel, TSH, renal indices, and electrocardiogram (ECG). Blood pressure
is 105/60 mmHg. Lipid profile shows TC 333 mg dI~!, LDL-C 260 mg d1~,
triglycerides 78 mg d1~!, non-HDL-C 276 mg d1~!, and HDL-C 57 mg dI~'.
He is counseled to initiate a therapeutic lifestyle changes (TLC) diet and
statin therapy. His Framingham score gives him a 10-year CHD event risk
of 3%, which places him in the low risk group. This patient’s LDL-C target
is <160 mg dl~'. Given the fact that he likely has heterozygous familial
hypercholesterolemia and a documented strong family history for premature
CHD, it would be prudent to lower his target value further. The patient is
started on rosuvastatin 20 mg po qd. After six weeks of therapy, the patient’s
lipid values include: TC 191 mg dI~!, LDL-C 117 mg dI~!, triglycerides
61 mg dI~!, non-HDL-C 129 mg dI~', and HDL-C 62 mg dI~'. He is toler-
ating his dietary modification and drug therapy without adverse side effects
and is encouraged to maintain this regimen lifelong so as to reduce his risk
for developing CHD.

CASE FOUR: SEVERE HYPERTRIGLY CERIDEMIA

LF is a 45-year-old Hispanic American male who was told by his previous
physician that he had severe hypertriglyceridemia. The patient wanted to
treat this in a “natural” manner and attempted a low fat diet without success.
He has recently moved to the area and notes a history of pancreatitis two
years ago. He does not want this to ever occur again as he knows that
recurrent pancreatitis can cause chronic pain, diabetes mellitus, and other
complications. He wants to try to treat his triglycerides once again.

The patient is not currently experiencing any epigastric or abdominal
pain. He is tolerating a general diet. He loves the food from his native
Mexico. BP is 135/75 mmHg, pulse 68 bpm, and he is 5'8” with waist cir-
cumference of 34 in. He does not smoke but there is a family history of “bad
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cholesterol” in his four brothers and father. Two of his brothers have also had
pancreatitis. There is no family history of premature CHD. His father died
of colon cancer at the age of 54. The patient had a colonoscopy one year ago
which was unremarkable. Physical examination is normal for age. His serum
amylase and lipase are normal. LFTs, renal, and glycemic indices, T4 and
TSH, and ECG are all normal. His serum triglycerides are 3500 mg dl~!.
HDL-C is 32 mg dl~!. Because his triglycerides are over 400 mg dI~!, his
serum LDL-C cannot be calculated using the Friedewald equation. Inspec-
tion of his plasma specimen shows that it is milky and turbid.

It is quite likely that this patient has a mutation affecting his activity
of the enzyme lipoprotein lipase. This can involve a mutation in the gene
for lipoprotein lipase, or it can represent underexpression of the activator
of lipoprotein lipase (apoprotein CII) or overexpression of this enzyme’s
inhibitor, apoprotein CIII. When lipoprotein lipase activity is reduced from
either low enzyme mass, or increased inhibition, patients have reduced
capacity for triglyceride catabolism. Serum levels of triglycerides can in-
crease to very high levels. Your first priority will be to reduce his serum
levels of triglycerides as much as possible in order to prevent additional
episodes of pancreatitis. The patient is counseled about a low fat diet and
advised to keep a detailed food diary for seven days. He and his wife meet
with a dietitian who reviews the diary with them and provides a series of
written recommendations on how is diet should be altered. The patient is
started on fenofibrate at 145 mg po qd and purified omega-3 fatty acids
(Lovaza) at 4.0 g daily. He is advised to follow up in six weeks with a
repeat lipid and liver profile.

With medication and dietary changes, his lipid profile shows serum
triglyceride of 1400 mg d1~!, HDL-C 36 mg dI~!, and a direct LDL-C of
170 mg dI~'. His triglycerides are still dangerously elevated. The patient
is advised to begin pancreatic lipase inhibitor orlistat 120 mg po with each
meal. He is cautioned about the possibility of diarrhea and oily stools
secondary to impaired fat absorption. After eight weeks of this drug combi-
nation, the patient’s transaminase levels are normal and serum triglycerides
are 275 mg dI~!, TC 262 mg dI~!, HDL-C 38 mg dl~!, and direct LDL-C
165 mg d1~!. His current Framingham risk score is 7%, which places him in
the moderate risk group. His serum LDL-C and non-HDL-C targets should
be <130 mg dI~! and <160 mg d1~', respectively. In order to further reduce
his serum LDL-C and triglycerides and raise his HDL-C, the patient contin-
ues all of his current antilipidemic medications but also begins atorvastatin
10 mg po qd. After eight weeks of therapy he returns to clinic and notes
no adverse side effects from his medications. Serum transaminase levels
remain normal. His TC is 193 mg dI~!, LDL-C 116 mg dI~!, non-HDL-C
159 mg di~!', HDL-C 44 mg dI~!, and serum triglycerides 180 mg dI~!.
The patient is urged to continue this pharmacologic and lifestyle regimen
lifelong.
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CASE FIVE: METABOLIC SYNDROME

SG is a 64-year-old Asian Indian female who is referred by her gynecologist
for management of multiple cardiovascular risk factors. At the time of her
annual gynecologic evaluation, the patient was noted to be obese and have
a BP of 146/92, pulse 88, FBS 115 mg dlI~!, normal TSH and renal indices,
and normal LFTs. A 2-h glucose tolerance test reveals a glucose value
of 185 mg dI~'. A fasting lipid profile shows TC 217 mg dI~!, LDL-C
122 mg dI~', triglycerides 305 mg dl~!, non-HDL-C 183 mg dl~!, and
HDL-C 34 mg dI~!. The patient smokes 20 cigarettes daily. The patient’s
waist circumference is 39 in. Baseline ECG is normal with no evidence
for myocardial ischemia, arrhythmia, or bundle branch block. The patient’s
Framingham risk score is 11%, which places SG in the moderately high risk
group. Her lipid targets include LDL-C and non-HDL-C of <130 mg dI~!
and <160 mg d1™!, respectively (or, based on the NCEP update of 2004,
she has optional, more stringent goals of <100 mg dI~! and <130 mg dI~',
respectively).

SG meets diagnostic criteria for all five components of the metabolic
syndrome. She has a waist circumference >35 in., BP >130/85 mmHg, FBS
>100 mg dI~', HDL-C <50 mg dI~!, and triglycerides > 150 mg d1~!. This
places her at increased risk for both diabetes mellitus and cardiovascular dis-
ease. While it might be assumed that she is high risk, her Framingham risk
score places her at moderately high risk for CHD. Because of her age and
the fact that she smokes, it would be in the patient’s best interest to treat her
atherogenic lipoproteins to the more stringent target levels suggested by the
NCEP [2]. It is imperative that SG quit smoking. In addition to inducing
endothelial dysfunction, and accelerating atherogenesis, smoking also pro-
motes insulin resistance by increasing systemic expression of tumor necrosis
factor-alpha. The patient is determined to quit by herself and decides to go
“cold turkey.” She is advised to try to lose 20 lbs in an effort to reduce her
insulin resistance and to begin an exercise regimen. She thinks she would
enjoy walking in the pool at the local YMCA and is willing to do this
for 20—30 min daily. She is a vegetarian and receives nutritional counsel-
ing because of the high starch/carbohydrate content of her diet. Because
of her risk factor profile, age, and chronic smoking status, she undergoes
a stress echocardiogram in order to ensure that it is safe for her to begin
daily exercise. This revealed no electrocardiographic abnormalities or any
impairment in ventricular wall motion. Her LVEF is estimated at 70%. An
albumin/creatinine spot ratio is normal and her 24-h albumin secretory rate
is 17 mg. She is started on aspirin 81 mg po qd, enalapril 20 mg po qd, and
pravastatin 40 mg po qd.

After three weeks of therapy, her BP decreases to 134/85 mmHg. She
has quit smoking. She is exercising in the pool six days per week and has lost
3 lbs. Hydrochlorothiazide 12.5 mg po qd is added to her antihypertensive
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regimen. She is advised to follow-up in three weeks. At time of follow-up,
her BP is 125/80 mmHg. Despite having quit smoking, she has lost another
4 Ibs. She notes that she feels better than she has in years. Her lipid pro-
file is improved with TC 171 mg dI~', LDL-C 82 mg dI~!, triglycerides
230 mg dI~!, non-HDL-C 128, and HDL-C 43 mg dI~!. The patient has had
a disproportionate rise in HDL-C most likely secondary to the combination
of statin therapy as well as smoking cessation and other forms of lifestyle
modification (weight loss, dietary modification). The patient’s HDL-C, and
triglycerides remain abnormal. In an effort to further raise her HDL-C and
decrease her triglycerides, fenofibrate 145 mg po qd is added to her phar-
macologic regimen. After six weeks of combination lipid-lowering therapy
and continued lifestyle modification, the patient’s lipid profile is now nor-
mal: TC 158 mg dI~!', LDL-C 78 mg dl™!, triglycerides 147 mg dl~',
non-HDL-C 107 mg dI~!, and HDL-C 51 mg dI~'.

CASE SIX: INTOLERANCE OF
INTERMEDIATE-DOSE STATIN THERAPY

IF is a 59-year-old Caucasian male with stable CHD. IF does not have dia-
betes mellitus, metabolic syndrome, history of an ACS, or any symptoms of
myocardial ischemia. He has been treated with multiple statins but the only
one he has not experienced myalgias with is rosuvastatin 5 mg po qd. Drug
interactions, thyroid dysfunction, muscle trauma, baseline myopathy, and
electrolyte disturbances have all been ruled out. His LDL-C is 115 mg d1~!,
triglycerides 95 mg dl~!, and HDL-C 52 mg dI~'. In an effort to further
reduce his LDL-C to <100 mg dl~!, rosuvastatin is increased to 10 mg po
qd. Within 10 days he returns to clinic complaining of diffuse myalgias.
His serum creatine phosphokinase (CPK) level is 95 TU 17!, which is nor-
mal. He has no objective evidence for motor weakness. After decreasing
his rosuvastatin to 5 mg po qd, his myalgias resolve within five days. The
patient is then started on ezetimibe therapy in combination with rosuvas-
tatin. After six weeks, his LDL-C decreases to 91 mg dl~!, triglycerides
are 90 mg dlI~!, and HDL-C is 54 mg dI~'. He is not experiencing any
myalgias and LFTs remain normal.

Ezetimibe provides patients with an acceptable alternative to statin titra-
tion when additional LDL-C reduction is needed in order for a patient to
achieve their NCEP goals. The addition of ezetimibe to any given statin
dose is equivalent to three statin titration steps. Assuming that each dou-
bling of a statin’s dose reduces LDL-C by approximately 6% (the “rule
of sixes”), this patient would have required two titration steps (5 — 10
— 20 mg) in order to reduce LDL-C to <100 mg dI~!. The addition of
ezetimibe helped the patient achieve his LDL-C goal without exacerbating
myalgia.
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CASE SEVEN: PATIENT WITH ISCHEMIC STROKE

JK is a 71-year-old African American female with a history of an ischemic
cerebrovascular accident (CVA) two years ago. At that time she had evi-
dence of a single atheromatous plaque in her right internal carotid artery that
was 30% obstructive and without ulceration. The left carotid arterial system
showed some intimal thickening but no obvious atheromatous plaquing. At
the time of her CVA she developed left upper extremity weakness with tin-
gling. She could not grasp and had reduced motor strength in her wrist and
forearm. None of her cranial nerves were affected. She had no cognitive
impairment. She experienced complete recovery of motor function over the
course of three days. Magnetic resonance imaging of her brain revealed no
evidence of infarction with the parietal cortex. She was fully ambulatory and
had full capacity to perform her activities of daily living. She was started
on a daily aspirin (325 mg).

The patient’s hypertension was well controlled with ramipril 10 mg
po qd and amlodipine 10 mg po qd. At the time of her CVA her lipid
profile revealed LDL-C 98 mg dI~!, triglycerides 110 mg dI~!, and HDL-C
52 mg dI~!. She had smoked for 30 years but quit at the time of her CVA.
She does not have diabetes and she is lean with a waist circumference of
27 in. She is active and is a committed local church leader. She wants
everything possible to be done to reduce her risk of having another CVA.
The first one frightened her considerably. A repeat lipid profile shows an
LDL-C of 96 mg dl~!, triglycerides 136 mg dl~!, and HDL-C 50 mg dI~'.
Chest X ray, ECG, and physical examination are normal. Carotid upstrokes
are brisk and she has no carotid, abdominal, or femoral bruits. Her glycemic,
renal, and thyroid indices are normal. Her BP is 118/73 mmHg and she is
taking her antihypertensive medications. A repeat carotid duplex ultrasound
study confirms the presence of a 30% lesion in her right internal carotid
artery. There is also a new 20% lesion in her left carotid bulb with no
apparent fissuring or ulceration.

Given the fact that she has established atherosclerotic disease in her
carotid system, it is quite reasonable to consider statin therapy even though
her lipid profile meets NCEP targets for a high risk patient. Many of the
statin trials have shown reductions in the risk for ischemic stroke [6].
In the Stroke Prevention by Aggressive Reduction in Cholesterol Levels
(SPARCL) trial, atorvastatin dosed at 80 mg daily significantly reduced risk
of recurrent ischemic stroke [7]. Since the patient requests that maximal
therapy be undertaken to reduce risk of a second stroke, she is started on
atorvastatin 10 mg daily and then titrated to 80 mg daily over the course of
four months. She is tolerating the medication without adverse side effects.
On 80 mg of atorvastatin daily her LDL-C is 50 mg dl~!, triglycerides
87 mg dI~!, and HDL-C 57 mg dI~'. It is hoped that with these lipid levels
and continued good control of her BP, her carotid artery plaque will not
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only stabilize, but also perhaps regress. She is advised to return for follow
up blood chemistries every six months.

CASE EIGHT: PATIENT WITH CHEST PAIN
ON GEMFIBROZIL

YC is a 67-year old Asian male on gemfibrozil therapy for the past 10
years because of hypertriglyceridemia and low HDL-C. At the time of initi-
ating fibrate therapy and dietary modification, his lipid profile shows LDL-C
105 mg dI~', triglycerides 320 mg d1~!, and HDL-C 34 mg dI~!. After three
months of therapy LDL-C was 118 mg dl~!, triglycerides 162 mg dl~',
and HDL-C 39 mg dl~!. The patient is lean and does not meet criteria for
metabolic syndrome as his BP is 124/68 mmHg, FBS is 88 mg d1~!, and his
waist circumference is 28 in. He presents to clinic because of episodic chest
pain for the past two weeks. He thought at first it was indigestion because it
could be accompanied by nausea at times. However, in the past three days,
he is experiencing substernal pressure, interscapular discomfort, diaphore-
sis, and occasional radiation of pain into his neck and left jaw. An ECG
reveals ST-segment depressions inferiorly and anteriorly. YC is admitted
to the hospital where his initial myocardial markers (troponin, myoglobin)
are negative for evidence of acute myocardial injury. He undergoes cardiac
catheterization and is noted to have a tight 90% stenosis along his mid
LAD and another flow-limiting lesion with 95% stenosis along his proxi-
mal RCA. Both of these lesions are successfully stented with drug-eluting
stents. He experiences no recurrence of chest or interscapular discomfort
and he feels well.

A lipid profile in hospital shows a TC 163 mg dI~!', LDL-C 116 mg d1~!,
triglycerides 148, non-HDL-C 125 mg dlI~!, and HDL 37 mg dl~!. The
patient has been revascularized and given his recent history of unstable
angina, meets criteria for ACS and very high risk status. His LDL-C and
non-HDL-C should be reduced to <70 mg dl~!' and <100 mg d1~!. Because
statin therapy is clearly indicated in this case, gemfibrozil should be discon-
tinued. When gemfibrozil is coadministered with a statin, the gemfibrozil can
reduce the glucuronidation and elimination of the statin, leading to increased
risk for rhabdomyolysis and hepatotoxicity [8, 9]. The gemfibrozil is dis-
continued and fenofibrate 145 mg po qd is started in order to control serum
triglycerides and raise HDL-C. The patient is also simultaneously started
on simvastatin 20 mg po qd. In addition to lipid-lowering medication, he is
also started on Lopressor 25 mg po bid, aspirin 81 mg po qd, clopidogrel
75 mg po qd, Lovaza 1000 mg po qd, and nitroglycerin (NTG) 0.4 mg sub-
lingual PRN. After six weeks of therapy, YC’s ECG is normal. He has not
had to use any NTG. BP is 105/60 and pulse 60 bpm. LFTs remain normal.
His lipid profile shows: TC 128 mg dI~!, LDL-C 60 mg d1~!, triglycerides
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116 mg dI~!, non-HDL-C 84 mg dl~!, and HDL-C 44 mg dI~!. He is
advised to return to clinic for follow up in three months.

CASE NINE: LOW HDL-C IN A PATIENT WITH
STABLE CHD AND EARLY CAROTID DISEASE

AF is a 72-year-old Caucasian female with stable CHD and early evidence
of carotid artery disease as evidenced by increased carotid intima media
thickness bilaterally on a carotid duplex ultrasonography scan. The patient
underwent a three-vessel coronary artery bypass grafting procedure three
years ago. She has had lifelong low HDL-C and never smoked. She does
not have diabetes mellitus and does not meet criteria for metabolic syn-
drome. AF is currently on fluvastatin 40 mg po qd with LDL-C 77 mg dI~,
triglycerides 76 mg d1~!, and HDL 29 mg dl~'. She walks daily for 45 min
with her husband. She is active and is free of any symptoms suggestive
of myocardial ischemia. She has tried to raise her HDL-C through lifestyle
modification but has been unsuccessful.

The addition of fibrate therapy would be inappropriate in this patient
given the fact that she does not have hypertriglyceridemia. Her LDL-C is
at target value and titration of her fluvastatin to 80 mg po qd would be
unlikely to raise her HDL-C significantly. She is advised to begin Niaspan
(extended-release niacin) at 500 mg po at bedtime. The patient understands
that of all the currently available medications, niacin supplementation has
the greatest capacity to increase serum levels of HDL-C. One potential diffi-
culty of niacin therapy is its ability to activate prostaglandin D, biosynthesis
in the skin, leading to dermal vasodilatation and flushing. She is told that
this does not constitute an allergic reaction. After a period of habituation, the
flushing does resolve. She is advised to take her 325 mg tablet of aspirin 1-h
before taking her Niaspan in an effort to prevent flushing. She is also care-
fully advised to not substitute over the counter niacin for Niaspan because
of its variable purity and potential contamination with nicotinamide adenine
dinucleotide, which is toxic to the liver at high doses.

The patient calls five days later noting that during three of the previous
five nights she has had flushing that caused a feeling of intense heat, some
pruritus, and dyspepsia. She is advised to take aspirin 1 h before supper
and to take Niaspan with supper. This improves her symptoms considerably
and within seven days she is no longer experiencing flushing. She denies
any myalgias. After one month her Niaspan is increased to 1000 mg daily.
After three months of Niaspan at this dose combined with her fluvastatin
therapy, her LDL-C is 65 mg dI~!, triglycerides 45 mg dl~!, and HDL
is 41 mg dl~!. LFTs remain normal. Her Niaspan is titrated further over
the next three months to 2.0 g daily. She understands that at this dose of
niacin, not only will her lipid profile improve further, but her risk of acute
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coronary events [10], need for bypass surgery [11], and risk for progression
of carotid artery disease [12] will also be beneficially impacted. Moreover,
it is likely that her serum HDL-C will continue to increase for an additional
9-12 months [12]. After 12 months of combination therapy, her HDL-C
has increased to 53 mg d1~!. She has habituated to the Niaspan and has no
manifestations of toxicity.

CASE TEN: STATIN DRUG INTERACTION
WITH HEPATOTOXICITY

EM is a 47-year-old African American female with hypertension and hyper-
lipidemia. She had poorly controlled hypertension for a number of years. On
presentation her BP is 185/110 and pulse 92 bpm. She notes that both of her
parents and all of her siblings have severe hypertension. An echocardiogram
reveals left atrial enlargement and significant left ventricular hypertrophy
(LVH) with an estimated LVEF of 76%. Her EKG confirms LVH with spik-
ing QRS complexes anteriorly, but she does not have an arrhythmia nor
is there any evidence of ischemia. EM has been postmenopausal for three
years, smokes approximately 10 cigarettes daily, FBS is 96 mg dI~!, waist
circumference is 33 in., renal indices are normal, and her physical exami-
nation is unremarkable except for the presence of an S3 gallop on cardiac
examination. Her rate of urinary albumin secretion is 21 mg day~'. Her
lipid profile shows TC 274 mg dl~!, LDL-C 195 mg d1~!, triglycerides
120 mg d1~!, non-HDL-C 219 mg dI~!, and HDL-C 55 mg dl~!. Her
10-year Framingham risk score is 14%, which places EM in the range of
moderately high risk. Given the severity of her hypertension and her smok-
ing history, her lipid goals are set to the more stringent target of LDL-C
<100 mg d1~!. She is started on lisinopril 20 mg po qd, hydrochlorothiazide
12.5 mg po qd, extended-release metoprolol 100 mg po qd, aspirin 81 mg
po qd, and simvastatin 40 mg po qd.

After one month of therapy the patient’s BP is 150/91 mmHg and pulse
78 bpm. Her serum creatinine is stable at 0.8 mg dl~'. Her lisinopril is
increased to 40 mg po qd and her other medications are continued. After
six weeks of simvastatin therapy, her LDL-C was 112 mg d1~!, triglycerides
98 mg dI~!, and HDL-C 58 mg dl~!. LFTs remained normal. Her simvas-
tatin was increased to 80 mg po qd and she was advised to return to clinic
for follow up in six weeks. At that time, her BP was 138/85 mmHg with
stable serum creatinine. TC was 175 mg dl~!, LDL-C 98 mg dI~!, triglyc-
erides 90 mg d1~!, non-HDL-C 116 mg d1~!, and HDL-C 59 mg dl~!. She
was advised to remain on all of her medications and follow-up in six months
with repeat lipid and liver profiles.

After six months of therapy, the patient’s lipid profile was stable and
at target levels. However, her serum alanine aminotransferase (ALT) and
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aspartate aminotransferase (AST) levels increased to 1276 and 1050 U 17!,
respectively. She felt well and was not experiencing any myalgias, right
upper quadrant pain, impaired appetite, nausea, or malaise. She was asked
if she had been started on any new medications by another physician.
She replied that three months ago she was admitted to the hospital by a
cardiologist for atrial fibrillation. She notes that she underwent successful
cardioversion and was started on a new medication for heart rhythm distur-
bances. She was placed on amiodarone 200 mg po bid. It is well documented
that in patients treated with amiodarone or verapamil, the dose of simvastatin
should not exceed 20 mg d1~! (see also package insert for simvastatin) [13].
At the time of initiating amiodarone, her cardiologist should have switched
her to another statin, such as rosuvastatin or atorvastatin, which are not
known to interact with amiodarone. The patient’s simvastatin was discon-
tinued and her LFTs were monitored every two weeks. Her transaminitis
steadily improved with decreasing ALT and AST values. Within two months
her LFTs were back within normal range. She was treated with rosuvastatin
20 mg po qd with no subsequent toxicity and her lipoprotein targets were
achieved.

CASE ELEVEN: PATIENT WITH DYSLIPIDEMIA
AND HISTORY OF RHABDOMYOLYSIS

CD is a 58-year-old Caucasian male with a history of statin-induced rhab-
domyolysis. He has no history of any type of atherosclerotic disease. After
eight weeks of statin therapy, he developed severe, diffuse, escalating myal-
gias. He was immediately evaluated and found to have diffuse muscle
tenderness with motor weakness in his lower extremities. He had myo-
globinuria and serum CPK level was 24 500 U 17!, He was immediately
hospitalized and provided with all manner of supportive care including intra-
venous hydration, analgesia, statin cessation, and electrolyte management.
Over the course of the following two days his serum CPK level peaked
at 45 000 U 17! and he developed renal failure. He was dialyzed for one
week until his renal function recovered. With aggressive physical therapy he
regained full motor capacity with no residual deficit or myalgia. The patient
understood that this was a potential complication of statin therapy and was
grateful it was recognized and treated in an expeditious manner. Subse-
quent neurologic evaluation revealed no evidence for underlying congenital
myopathy or mitochondrial disorder.

The patient’s father died of an MI at the age of 56. He is anxious about
his cholesterol profile, which shows TC 234 mg dI~!, LDL-C 168 mg dI~,
triglyceride 136 mg d1~!, and HDL-C 39 mg d1~!. He refuses to try another
statin and it is agreed that he is a high risk for recurrent rhabdomyoly-
sis. His hypertension is controlled on candesartan, hydrochlorothiazide, and
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diltiazem. Without medication his BP is 170/95 mmHg, with medication
it is 127/78 mmHg. He does not have diabetes and does not smoke. He
swims for 45 min four days weekly. He does not have thyroid dysfunction
or residual renal compromise. CD’s 10-year-old Framingham risk score is
15%, which places him in the moderately high risk group.

If possible, CD agrees that it would be optimal to reduce his LDL
<100 mg dI~' and raise his HDL-C above 40 mg dl~'. The patient is
treated with ezetimibe 10 mg po qd. In six weeks his LDL-C decreases
to 128 mg d1~! and his HDL-C is 41 mg dl~'. Triglycerides are modestly
reduced to 121 mg d1~!. He is tolerating the ezetimibe well and without any
myalgia or LFT abnormalities. In order to reduce his LDL-C further, the
patient is given adjuvant therapy with the bile acid binding resin colesevelam
hydrochloride 1250 mg po tid with meals. He understands that because
colesevelam has no systemic absorption, it is not associated with any risk
for myopathy [14]. After eight weeks of combination therapy, his LDL-C
is 96 mg d17!, triglycerides 128 mg dI~!, and HDL-C 42 mg dl~'. He is
tolerating his lipid-lowering regimen with no myalgia, proximal weakness,
or sensory neuropathy. LFTs remain normal.

CASE TWELVE: STATIN-INDUCED MYALGIA
WITHOUT MYOPATHY

OC is a 65-year-old Hispanic female with diabetes mellitus, hypertension,
and dyslipidemia. She has no clinical manifestations of atherosclerotic dis-
ease and is highly functional. Her most recent hemoglobin Ajc is 6.3%
and BP on multiple antihypertensive agents is 115/62 mmHg. She has no
renal or thyroid dysfunction. Her cardiologist is requesting a second opinion
because he has attempted to treat her dyslipidemia with four different statins,
but has had to discontinue all of them due to rapid onset diffuse myalgias
occasionally accompanied by subjective proximal motor weakness. Serum
CPK levels are routinely less than 75 U 17! and neurologic evaluation is
also routinely normal. Without treatment the patient’s TC is 231 mg dI~',
LDL-C 142 mg dI~', triglycerides 205 mg dI~!, and HDL-C is 48 mg dI~!.

OC’s lipid profile is clearly abnormal for a patient with diabetes melli-
tus, a CHD risk equivalent. Statin-induced myalgia and myopathy are com-
plex phenomena and arise from a heterogeneous set of etiologies, including
autoimmune, mitochondrial, and isoprenoid-dependent biochemical changes
within myocytes [15]. Myalgias are clearly a complication of statin ther-
apy and can occur in up to 15% of patients enrolled in community-based
cohorts. There is some evidence that at least in some patients, a deficiency
of coenzyme Q10 may underlie statin-induced myalgia [16]. It was recently
suggested by Marcoff and Thompson that initiating a trial of coenzyme
Q10 in patients with statin-induced myalgia was reasonable given that there
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are no known toxic effects of coenzyme Q10 supplementation and it might
help to resolve myalgia and facilitate compliance with statin therapy. Given
OC’s high risk status, she elected to proceed with this approach. She was
advised to take coenzyme Q10 200 mg daily for three weeks and then begin
rosuvastatin 2.5 mg daily. She was also told to immediately report any mus-
cle symptoms that might suggest recurrence of myalgia. OC tolerated this
combination quite well. After six weeks of therapy, her LDL-C decreased to
106 mg d1~!. Her rosuvastatin was increased to 5 mg po qd and she was to
continue her coenzyme Q10 supplementation for as long as she remained on
statin therapy. After six weeks of therapy with the 5 mg dose, her LDL-C
decreased to 78 mg dI~', triglycerides were 153 mg d1~!, and her HDL was
54 mg dlI~'. She continued to be free of any myopathy symptoms.
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