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Low levels of high-density lipoprotein cholesterol (HDL-C) represent a major cardiovascu-
lar risk factor, with a stronger relationship to coronary heart disease than that seen with
elevated levels of low-density lipoprotein cholesterol (LDL-C). HDL-C has important an-
tiatherogenic effects, including reverse cholesterol transport, inhibition of LDL-C oxida-
tion, and antiplatelet and anti-inflammatory actions. Patients with low HDL-C are also
at an amplified risk of coronary heart disease due to the common coexistence of other
risk factors, including excess adiposity, metabolic syndrome, type 2 diabetes mellitus,
hypertriglyceridemia, and the atherogenic dyslipidemia characterized by small dense
LDL-C. First-line therapy of low HDL-C generally consists of nonpharmacologic mea-
sures such as improved fitness and weight loss. Current pharmaceutical options include
statins, fibrates, and nicotinic acid. A host of novel approaches involving HDL-C and
reverse cholesterol transport hold the promise of fundamentally changing the natural
history of atherosclerosis, the most common and important chronic disease in humans.
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(NCEP/ATP 1II) guidelines recommend focusing on low-density lipopro-
tein cholesterol (LDL-C) as the primary target for lipid therapy to prevent
development and progression of atherosclerotic vascular disease,' a goal that
generally can be achieved in compliant patients with available lipid-lowering
therapies. However, many coronary heart disease (CHD) events still occur in
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patients (about 15%%*%) whose LDL-C
levels and other major risk factors
appear to be adequately controlled
(Figure 1). In major trials of patients
treated with hydroxy-methylglutaryl-
coenzyme A reductase inhibitors
(statins), up to 70% of cardiovascular
(CV) events were not prevented.? It
has been suggested that either the es-
tablished target LDL-C levels are still
too high, and thereby obscure the
maximum benefit attainable by treat-
ing high levels of this lipoprotein, or
that other risk factors, particularly
low levels of high-density lipoprotein
cholesterol (HDL-C), also must be
controlled to achieve better out-
comes. In addition, the fact that in
the United States more than one-
fourth of adults and more than one-
half of patients with CHD have low
levels of HDL-C?® has led to increased
interest in the physiology, abnormal-
ities, and treatment of problems re-
lated to HDL. Lately, there has been
great success in developing more po-
tent therapies to raise HDL-C that
will likely usher in a new era in the
primary and secondary prevention of
atherosclerosis.®

Although the terms HDL and
HDL-C are often used interchange-
ably, HDL refers to the lipoprotein
and its properties, and HDL-C refers
to the measured value (mg/dL) on
laboratory testing. Low HDL-C is an
important risk factor; it is highly
prevalent and strongly associated
with atherosclerotic vascular dis-
ease.” Low HDL-C has been detected
in 35% of men and 15% of women
among the general population, ac-
cording to data from the National
Health and Nutrition Examination
Surveys (NHANES).® Several epi-
demiological and clinical studies
have demonstrated that low levels of
HDL-C are an independent risk
factor for CHD (Figure 2).”'° Some
of these studies have also shown
that low HDL-C may be even more
strongly related to CHD events than
high LDL-C: for every increase in
HDL-C of 1 mg/dL, the risk of major
CHD events decreases by 2% to 3%
and the risk of CHD mortality de-
creases by 4% to 5% (Figure 3).!1%12
The highest risk of CHD occurs
when low HDL-C coexists with high
LDL-C.'>1?

There is evidence that low HDL-C
increases the risk of CHD indepen-
dently of other lipid abnormalities.'*
However, in many cases the associa-
tion of low HDL-C with CHD may
not be isolated from other CHD risk
factors that frequently coexist in
these patients, including excess
adiposity, metabolic syndrome, type
2 diabetes mellitus (DM), hyper-
triglyceridemia, and the atherogenic
dyslipidemia characterized by small
dense LDL-C. This association also
helps explain the growing incidence of
low HDL-C in patients afflicted in the
worldwide obesity pandemic.!31516

The elucidated mechanism of low
HDL-C in patients with the meta-
bolic syndrome includes increased
hepatic production of very low-
density lipoprotein (VLDL) mole-
cules from free fatty acids that are
released by the abdominal fat (which
is greater in obese patients) into the
portal circulation, and then into the
peripheral bloodstream. The larger
the number of VLDL molecules, the
greater the chances that cholesteryl
ester transfer protein (CETP) can
transfer cholesterol from HDL or LDL
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Figure 1. In these data from the Framingham study, low HDL-C levels
(< 40 mg/dL) were associated with an increased risk of CHD, even
when the total-C level was less than 200 mg/dL. This figure shows the
CHD incidence for a 14-year period among Framingham study subjects
who were aged 48 to 83 years at baseline. Among those with HDL-C
levels less than 40 mg/dL and total-C less than 200 mg/dL, 11.24%
experienced a CHD event. This incidence was virtually the same as that
for subjects with HDL-C levels between 40 to 49 mg/dL and total-C at
or greater than 260 mg/dL (11.91%). HDL-C, high-density lipoprotein
cholesterol; CHD, coronary heart disease; C, cholesterol. Reprinted with
permission from Castelli WP, Garrison RJ, Wilson PW, et al. Incidence of
coronary heart disease and lipoprotein cholesterol levels. The Framing-
ham Study. JAMA. 1986;256:2835-2838.° Copyright © American
Medical Association. Al rights reserved. £ www.medreviews.com
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Figure 2. Results of the Prospective Cardiovascular Miinster (PRO-
CAM) study confirmed the Framingham data. PROCAM showed
that the incidence of coronary heart disease decreased with increas-
ing HDL-C levels among a group of 4407 German men, aged 40 to
65 years, followed for 6 years. HDL-C, high-density lipoprotein cho-
lesterol. Reprinted with permission from Assmann G and Schulte
H.'’¢ ® www.medreviews.com
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Figure 3. Several studies suggest that low HDL-C may be even more strongly related to CHD events than high LDL-
C: for every increase in HDL-C of 1 mg/dL, the risk of major CHD events decreases by 2% to 3% and the risk of
CHD mortality decreases by 4% to 5%. The 95% confidence intervals shown were adjusted for proportional haz-
ards regression coefficients. HDL-C, high-density lipoprotein cholesterol; CHD, coronary heart disease; LDL-C, low-
density lipoprotein cholesterol; FHS, Fframingham Heart Study; LRCF, Lipid Research Clinics Prevalence Mortality
Follow-up Study; CPPT, Lipid Research Clinics Coronary Primary Prevention Trial; MRFIT, Multiple Risk Factor Inter-
vention Trial. Adapted with permission from Gordon Dj, et al. High-density lipoprotein cholesterol and cardiovas-
cular disease. Four prospective American studies. Circulation. 1989;79:8-15."2 &) www.medreviews.com

to VLDL in exchange for triglycerides
(TGs). This process also results in
large, cholesterol-rich atherogenic
VLDL particles and in small-LDL
(which is very atherogenic because it
carries cholesterol into the endothe-
lium) and small-HDL particles.
Finally, the kidneys more easily clear
the small TG-rich HDL, reducing its
plasma concentration (Figure 4).

In terms of treatment, clinical trials
have shown that increasing low
HDL-C levels further reduces the risk

of CHD, beyond the success achieved
by LDL-lowering therapy. Further-
more, certain therapies for low HDL-
C levels may not only slow or arrest
the atherogenic process, but in some
cases they may also cause existent le-
sions to revert, thus promoting true
regression of atherosclerosis.!”1
However, supporting evidence of
many studied therapies is not strong
or is inconsistent and not infre-
quently limited by the fact that some
of their clinical effects cannot be

Figure 4. In patients with IR, hepatic production of VLDL is increased due to elevated levels of FFA in the portal cir-
culation, released by the abdominal fat. High levels of VLDL molecules enhance the transfer of CE from HDL to VLDL
in exchange for TG, causing production of large cholesterol-rich atherogenic VLDL and small HDL that can be more
easily cleared by the kidneys (reducing HDL-C levels). IR, insulin resistance; FFA, free fatty acids; TG, triglycerides;

Apo, apolipoprotein; VLDL, very low-density lipoprotein; CE, cholesteryl esters; CETP, cholesteryl ester transfer pro-
tein; HDL, high-density lipoprotein. £ www.medreviews.com
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isolated from comodification of other
lipid abnormalities.

Metabolism and Mechanisms
of Action of HDL
The anti-atherogenic properties of
HDL are a result of at least 4 major
antiatherogenic effects. First, HDL is
a major participant in the reverse
cholesterol transport system that
brings cholesterol from peripheral
tissues back to the liver to be re-
moved (Figure 5). This system is a
multistep process through which
HDL removes excess cholesterol
from extrahepatic peripheral cells,
especially cholesterol-loaded macro-
phages in the arterial walls, and
transfers it to the liver for biliary
excretion.’ Second, HDL inhibits
LDL-C oxidation via paraoxonase, an
enzyme that appears to be upregu-
lated with exercise.?”?! Third, HDL
inhibits the expression of cellular ad-
hesion molecules and monocyte re-
cruitment and, thus, has an anti-in-
flammatory effect.?*** Fourth, HDL
inhibits platelet activation and ag-
gregation with platelet-activating
factor acetylhydrolase and, thus, re-
duces the risk of atherothrombosis.*
However, the traditional belief that
the main antiatherogenic effect of
HDL is related to its reverse transport
mechanism has been questioned re-
cently, and more direct protective
effects of HDL are being considered.
HDL is a lipoprotein composed
mainly of phospholipids and
apolipoproteins (apo A-I, apo A-lI,
apo C) that are synthesized in the
liver and intestinal mucosa as
nascent HDL particles, which are
small, spherical, and lipid-poor (Fig-
ure 6).>* After being released to the
circulation, the nascent lipid-poor
HDL promotes the transfer of excess
extrahepatic cellular-free cholesterol,
mainly from lipid-rich macrophages
in arterial walls and other peripheral
tissues, to HDL apo A-I particles. This
process is mediated by molecular
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Figure 5. Nascent lipid-poor HDL promotes the transfer of excess extrahepatic cellular-FC, mainly from lipid-rich
macrophages in arterial walls, to HDL apo A-I particles. This process is mediated by molecular interaction with ABCAT
in these cells, and results in formation of discoid HDL particles. Plasma LCAT converts the cholesterol in these grow-
ing HDL particles into cholesteryl esters, mediated by apo A-I protein on the surface of HDL. The hydrophobic cho-
lesteryl esters are withdrawn into the core of HDL, allowing new cholesterol molecules to be translocated onto the
surface of HDL. The result is the maturation of HDL that acquires a spherical configuration and is brought to the liver
for final fecal excretion in the bile. FC, free cholesterol; CE, cholesteryl ester; SR-B1, scavenger receptor B1; Apo A-l,
apolipoprotein A-I; HDL, high-density lipoprotein; LCAT, lecithin-cholesterol acyltransferase; ABCA1, adenosine
5'-triphosphate-binding cassette transporter A1. “fJ www.medreviews.com
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Figure 6. Structure of high-density lipopro-
tein. Apo, apolipoprotein. Adapted from
Atherosclerosis, Vol 145, Rye KA, Clay MA,
Barter P|. Remodelling of high density
lipoproteins by plasma factors, pages 227-
238,'"8 Copyright 1999, with permission
from Elsevier. ‘£ www.medreviews.com

interaction with the adenosine
5'-triphosphate-binding cassette trans-
porter Al (ABCA1) present in these
cells, which is the cholesterol efflux
regulatory protein that interacts with
newly synthesized lipid-poor apo A-I
and results in formation of discoid
HDL particles.!®?>?¢ Then, plasma
lecithin-cholesterol acyltransferase
(LCAT) converts the cholesterol in
these growing HDL particles into
cholesteryl esters, a step that is medi-
ated by apo A-I protein on the sur-
face of HDL. The hydrophobic cho-
lesteryl esters are withdrawn into the
core of HDL, allowing new choles-
terol molecules to be translocated
onto the surface of HDL. The result is
the maturation of HDL that acquires
a spherical configuration and is

242 VOL 9 NO. 4 2008

ready to be brought to the liver for
final excretion (Figure 7).2

Once HDL has recovered choles-
terol particles from the peripheral tis-
sues, it can transport them back to
the liver by 2 alternative mecha-
nisms. First, it can transfer the esteri-
fied cholesterol to apo B-containing
lipoproteins, such as VLDL and LDL,
in exchange for TG, a process that is
mediated by CETP.?” These lipopro-
teins can subsequently deliver the
esterified cholesterol for clearance
back to the liver through the hepatic
LDL receptor. Second, the esterified
cholesterol within the TG-rich HDL-
molecules that is generated following
the CETP effect is directly removed
by the liver through a scavenger re-
ceptor B1. This step occurs after the
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TG component in HDL undergoes hy-
drolysis by a hepatic lipase and results
in the generation of lipid-depleted
HDL particles that can be excreted or
catabolized. In the liver, the extracted
cholesterol is then converted to bile
and excreted in the feces.!?*

Both of these hepatic delivery
steps lead to a drop in the lipid con-
tent of HDL and, thus, promote HDL
catabolism.?® The catabolic rate of
apo A-I (the main protein in HDL) is
a key determinant of the circulating
levels of HDL-C and is inversely re-
lated to the lipid content in HDL
(and at the same time proportional
to HDL's molecular size). The higher
the lipid content of HDL, the larger
the molecule and the slower the
catabolic rate of apo A-I, thus main-
taining the elevation of HDL-C lev-
els. Factors that are involved in the
reverse cholesterol transport system
and regulate the lipid content of
HDL, such as lipid transfer proteins
or enzymes, also control the levels of
circulating HDL-C. As shown in
Table 1, different mutations and in-
teractions of these enzymes cause a
variety of effects on the levels of
HDL-C, revealing the complexity of
the reverse cholesterol transport sys-
tem. Some of the components of the
reverse cholesterol transport system
have also become of interest in pre-
ventive cardiology due to their value
as markers of vascular disease or their
influence on HDL-C metabolism. For
example, low levels of apo A-I have
been consistently demonstrated to
be independently related to coronary
artery disease,” leading some au-
thors to advocate their use as a more
accurate risk factor for atheroscle-
rotic vascular disease than total cho-
lesterol or HDL-C.

Factors Associated With Low
and High HDL-C

In addition to the different physio-
logic and metabolic factors that in-
fluence HDL-C levels by altering the
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Figure 7. These are some of the pathways involved in the generation and conversion of HDL: Mature HDL; and
HDL, are generated from precursors (lipid-free apo A-I or lipid-poor pre-B,-HDL), which are produced as nascent HDL
by the liver or intestine, or from lipolysed very low-density lipoprotein and chylomicrons. ABC1 mediates lipid efflux
from cells; LCAT mediates esterification of cholesterol, generating spherical particles that continue to grow on ongo-
ing cholesterol esterification. Larger HDL, particles are converted into smaller HDL; particles during the CETP-medi-
ated export of cholesteryl esters from HDL onto: apo B—containing lipoproteins, SR-B1-mediated selective uptake of
cholesteryl esters into the liver, and HL- and EL-mediated hydrolysis of phospholipids. HDL lipids are catabolized ei-
ther separately from HDL proteins (ie, by selective uptake or via CETP transfer) or together with HDL proteins. The
conversion of HDL, into HDL; and the PLTP-mediated conversion of HDL, into HDL, liberates lipid-free or poorly lip-
idated apo A-I. A portion of lipid-free apo A-I undergoes glomerular filtration in the kidney and tubular reabsorption
through cubilin. HDL, high-density lipoprotein; TGRL, triglycerides; LPL, lipoprotein lipase; ABC1, ATP-binding cas-
sette transporter 1; apo A-l, apolipoprotein A-I; CETP, cholesteryl ester transfer protein; SR-B1, scavenger receptor
B1; HL, hepatic lipase; EL, endothelial lipase; LCAT, lecithin-cholesterol acyltransferase; PLTP, phospholipid transfer
protein. Adapted with permission from von Eckardstein A and Assmann G.""” 8 www.medreviews.com

lipid content of HDL-C and thereby
modulating the catabolic rate of apo
A-I, there are several other genetic
and acquired factors that contribute
to the concentration of plasma
HDL-C. These factors are directly or
indirectly related to the reverse cho-
lesterol transport system and mag-
nify the effects of metabolic factors
that alter HDL-C levels. In fact,
about 50% of the variability in HDL-
C among the population is due to ge-
netic mutations that affect the struc-
ture of the apolipoproteins in HDL
or the enzymes involved in the re-
verse cholesterol transport system.?
The most commonly recognized ge-
netic causes of low HDL-C include
familial hypoalphalipoproteinemia
(apo A-I gene mutations), familial
HDL deficiency and Tangier disease
(ABCA1 mutations), lipoprotein li-
pase deficiency, elevated hepatic TG
lipase activity, and LCAT deficiency
(Table 2). Alternatively, there are
other factors that are associated with
elevated levels of HDL-C by different
mechanisms (Table 3).

Table 1

Conditions and Genetic Factors That Change HDL-C Levels

Effect Condition Mechanism
|l HDL-C Mutation of ABCA1 ! Cellular cholesterol efflux — T clearance of apo A-I
Senescent, very small HDL particle Renal glomerular filtration
Hypertriglyceridemia T Catabolic rate of apo A-I
Mutations of apo A-I gene Eg, apo A-I Milano — T HDL size — enhances reverse
cholesterol transport
Eg, | ability of LCAT to catalyze cholesterol esterification,
increasing lipid-poor apo A-I catabolism
Overexpression of SR-B1 Enhances reverse cholesterol transport
Complete inhibition of CETP T Cholesterol-rich HDL — decreases reverse cholesterol transport
T HDL-C Alcohol, estrogens T Transport rate of apo A-I

Overexpression of ABCA1
Mutation of other plasma factors
Partial inhibition of CETP

T Cellular cholesterol efflux — | clearance of apo A-I
T Response to certain medications
T HDL-C — enhances reverse cholesterol transport

HDL-C, high-density lipoprotein cholesterol; ABCA1, adenosine 5'-triphosphate-binding cassette transporter Al; apo, apolipoprotein; LCAT, lecithin-cholesterol

acyltransferase; SR-B1, scavenger receptor B1; CETP, cholesteryl ester transfer protein.
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Table 2
Causes of Low HDL-C

Genetic factors/familial disorders
Familial hypoalphalipoproteinemia
Familial high-density lipoprotein

deficiency
Tangier disease

Overweight/obesity

Physical inactivity

Elevated triglycerides

Cigarette smoking

Metabolic syndrome

Type 2 diabetes mellitus

Atherogenic dyslipidemia

Very low-fat/carbohydrate-rich diet

Medications
Antihypertensives

Loop and thiazide diuretics

B-blockers without intrinsic
sympathomimetic activity

Steroids
Anabolic
Progestins
Lipid-lowering agents
Probucol
Benzodiazepines

HDL-C, high-density lipoprotein cholesterol.

There are some conditions in
which there is no direct proportional
relationship between the HDL-C
level and the expected effect on CHD
protection, indicating that other fac-
tors, including particle function, are
important. Some patients have CETP
deficiency that is associated with
high HDL-C levels. However, these
high levels do not seem to provide
any protection against CHD.? Con-
versely, some polymorphisms of the
CETP gene can cause higher CETP
levels and lower levels of HDL-C,
which has been found to be associ-
ated with reduced risk of CHD.*® A
recent large study demonstrated that
certain ABCA1 mutations are related
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Table 3
Causes of High HDL-C

Genetic factors
Exercise
Weight loss
Smoking cessation
Moderate daily alcohol intake
Very high-fat diet
Medications
Lipid-lowering agents
Nicotinic acid
Fibrates
Statins
Estrogen
Corticosteroids
Anticonvulsants
Phenobarbital
Phenytoin
Carbamazepine

HDL-C, high-density lipoprotein cholesterol.

to lower HDL-C levels. However,
lower plasma HDL-C was not associ-
ated with increased risk of CHD.?!
HDL particles differ in size, struc-
ture, and function,* allowing them
to be subcategorized based on their
density into HDL, (density range,
1.063-1.125 g/mL) and HDL, (den-
sity range, 1.125-1.21 g/mlL), sub-
species that seem to be inversely as-
sociated with a lower incidence of
CHD.*#* The HDL, particles contain
apo A-l, whereas the HDL; particles
are composed of apo A-I and apo A-
I1.** (The HDL particles containing
only apo A-I are strongly participate
in cholesterol efflux from peripheral
cells, whereas the particles contain-
ing both apoproteins are less effec-
tive in cholesterol mobilization from
nonhepatic cells and appear to have
other functions that are not an-
tiatherogenic.) However, the clinical
importance of the different HDL sub-
fractions is still uncertain. Many case

REVIEWS IN CARDIOVASCULAR MEDICINE

control and prospective studies have
demonstrated that the HDL, subfrac-
tion and plasma apo A-I concentra-
tion are better predictors of coronary
atherosclerosis than total HDL-C or
HDL,* In contrast, the Physicians’
Health Study and some other reports
have shown similar CHD risk be-
tween levels of total HDL-C and
HDL,; compared with HDL, and apo
A-1**% This finding may reflect the
participation of both HDL, and
HDL, in the reverse cholesterol
transport system.

Treatment of Low HDL-C
The NCEP/ATP III guidelines have
designated an HDL-C level of less
than 40 mg/dL as a major risk factor
for CHD, in both men and women.!
Conversely, an HDL-C level of 60
mg/dL or higher is a protective factor
because it eliminates one of the
major risk factors used to calculate
CV risk. Although the absolute para-
meters of normalcy mentioned
above have been established, HDL-C
correlates inversely with CHD as a
continuous variable, with a wide
spectrum of effects.®

Importantly, HDL-C levels are also
predictive of major CV events in pa-
tients treated with statins to low
LDL-C levels. A recent analysis of the
Treating to New Targets (TNT) study
found an inverse relationship be-
tween HDL-C and CV events among
patients treated with statins, includ-
ing those with LDL-C less than
70 mg/dL (Figure 8).* Furthermore,
another observational study recently
demonstrated the importance of low
HDL-C levels in patients who have
LDL-C well below current guidelines
(< 60 mg/dL), achieved either spon-
taneously or with pharmacotherapy.
In this study, among patients on
statin therapy and with an LDL-C
level less than 60 mg/dL (~50%), the
inverse relationship between HDL-C
and CHD risk persisted.*’ In patients



Recognizing and Treating Low Levels of HDL-C

167 Atorvastatin 10 mg Atorvastatin 80 mg
14 Mean LDL-C Mean LDL-C
12 - 99 mg/dL 73 mg/dL
10
g 8-
6 -
4 -
2 -
0 T
<40 > 40-50 > 50-60 > 60 <40 > 40-50 > 50-60 > 60
On-treatment HDL-C (mg/dL)

Figure 8. Major cardiovascular events according to on-treatment HDL-C: results from the TNT trial. The TNT trial
demonstrated that atorvastatin 80 mg with an on-treatment LDL-C of 73 mg/dL was superior to atorvastatin
10 mg with an on-treatment LDL-C of 99 mg/dL at decreasing coronary events in a coronary heart disease patient
population. Low HDL-C (< 40 mg/dL) was associated with a higher residual risk, even in patients with a low
LDL-C. HDL-C, high-density lipoprotein cholesterol; TNT, Treating to New Targets; LDL-C, low-density lipoprotein
cholesterol. Data from Barter P| and Kastelein JJ'°" and Waters DD et al.’?° “§) www.medreviews.com

with CHD, achievement of an LDL-C
level of less than 70 mg/dL with
statin therapy may need to be fol-
lowed by efforts to raise the HDL-C
level. These patients will likely bene-
fit from a significant further reduc-
tion in event rates compared with
patients managed according to the
common current practice standards
of treating only LDL-C.

Despite a comparable effect of
high LDL-C and low HDL-C on the
incidence of CHD as demonstrated
in several epidemiologic studies, ev-
idence proving the benefits of thera-
pies that increase HDL-C is more
limited than evidence showing LDL-
C reduction with statin therapy. It is
also still uncertain if raising HDL-C
levels per se, independently of
other lipid and nonlipid abnormali-
ties, reduces CHD. Therefore, the
NCEP/ATP III guidelines did not es-
tablish specific treatment goals for
HDL-C except for the use of thera-
pies that raise HDL-C when used for
treatment of other lipid and non-
lipid disorders. The guidelines rec-
ommend a stepwise approach to
patients with dyslipidemia, in which

LDL-C continues to be the primary
target of therapy. Once LDL-C has
been controlled (based on the Fram-
ingham risk score criteria), the sec-
ondary target is non-HDL-C, which
consists of the sum of VLDL-C, LDL-
C, and remnant particles (all athero-
genic lipid particles). VLDL is a TG-
rich lipoprotein that contains 10%
to 15% of the total cholesterol apo
B-100 and is associated with athero-
genic remnant lipoproteins. There-
fore, non-HDL cholesterol combines
these atherogenic particles with
LDL-C (all apo B-containing
lipoproteins), improving the CHD
risk prediction, particularly when
TG levels are greater than 200
mg/dL—in which case VLDL-C be-
gins to substantially increase.
Non-HDL-C is calculated by sub-
tracting HDL-C from total choles-
terol. The recommended plasma
value is less than 30 mg/dL higher
than the LDL-C goal. Considering
that non-HDL-C seems to provide
additional predictive power and
overlaps with HDL-C, the guidelines
focus on TG instead of HDL-C
as a secondary therapeutic target.

However, many experts recommend
that HDL-C be considered as a treat-
ment target.*!

Treatment of low HDL-C consists
of both nonpharmacologic and
pharmacologic measures. Pharmaco-
logic agents that raise HDL-C are
generally used when the nonphar-
macologic measures are insufficient.
However, they are also used as a ter-
tiary prevention strategy for very
high-risk patients (after LDL-C and
non-HDL have been controlled), or
as a primary prevention strategy for
those patients in whom HDL-C is
particularly important (those who
are overweight/obese or who have
the metabolic syndrome or DM).
Selection of a pharmacologic agent
depends on the presence and type of
coexistent lipid abnormalities. In
the presence of elevated TGs, treat-
ment usually focuses on reduction
of TG levels with fibrates, which fre-
quently leads to significant increases
in HDL-C.

Disadvantages and limitations of
treating low HDL-C are:

e Less than 3% of the general popu-
lation is physically fit enough to
complete 3 miles of running; there-
fore, almost all patients have sub-
optimal or poor fitness.
Substantial increases in or high lev-
els of physical conditioning are
needed to substantially raise HDL-C.
More than 80% of adults are expe-
riencing a steadily increasing waist-
line and growing stores of excess
adipose tissue, which work to
lower levels of HDL-C.

¢ Because many of the available and
most-studied medications to raise
HDL-C have additional molecular
effects, it is difficult to attribute
their benefits only to their effect
on HDL-C.

Niacin, the most effective agent
currently available to raise HDL-C,
is the most poorly tolerated med-
ication in preventive cardiology.
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Nonpharmacologic
Management of Low HDL-C
Nonpharmacologic measures that
raise HDL-C are the first step in the
management of patients in any risk
category with this lipid abnormality.
Although low HDL-C levels of pa-
tients with concomitant hyper-
triglyceridemia seem to respond
better to nonpharmacologic inter-
ventions,*> some studies have
demonstrated the opposite effect,
that is, that patients with isolated
low HDL-C and normal TGs have a
better response.***! Nonpharmaco-
logic strategies include increased
physical activity and conditioning,
weight loss, reduction of cholesterol-
raising foods, smoking cessation,
moderate daily alcohol consump-
tion, and discontinuation of HDL-
lowering medications.?*** These
measures, such as increased exercise
and fitness combined with weight
reduction, can not only raise HDL-C
but may also improve its function.

Weight Reduction

There is good evidence that obesity is
associated with low HDL-C levels
and elevated TGs.*® Weight loss is a
main component of the manage-
ment of overweight and obese pa-
tients with low HDL-C. Although
caloric restriction may be associated
with slight decreases in HDL-C,
HDL,-C, and apo A-l, as weight loss
occurs, these levels increase again
and remain improved with sustained
normalization of body weight. Esti-
mates from meta-analyses suggest
that for every 4.5 kg of weight reduc-
tion, HDL-C increases by 2 mg/dL
and TG levels decrease by 6 mg/dL.*’
Some authorities recommend grad-
ual, controlled weight loss with an
average of 1 pound per week and a
goal body-mass index of less than 25
kg/m%.%® More importantly, reduc-
tion of abdominal adiposity with the
return of a scaphoid abdominal pro-
file and normal/small waist circum-
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ference should be a prime goal for
those who are overweight or obese.

Diet
Caloric restriction with resulting
weight loss has been shown to raise
HDL-C. Additionally, because diets
rich in simple carbohydrate (starch)
content (> 60% of total calories)
tend to raise TG levels and to lower
HDL-C, they should be avoided.*
Thus, patients with low HDL-C
should be counseled to reduce or
eliminate sugars and starch sources
including candy; desserts; most
baked goods, including breads and
pasta; potatoes; and rice. However,
low-fat diets (especially those low in
saturated fat and cholesterol, such as
the Dietary Approaches to Stop Hy-
pertension [DASH] diet) usually de-
crease both LDL-C and HDL-C.*
Therefore, it is recommended that
the undesired decline of HDL-C that
often occurs with these diets be off-
set or compensated by exercise and
reduction of visceral adiposity.*
Replacing diets rich in sugar,
starch, and saturated fat for diets
that are rich in high-quality sources
of protein, fresh fruits and vegeta-
bles, and monounsaturated fatty
acids (eg, olive oil) lowers LDL-C and
may prevent a reduction in HDL-C.*°
Increased intake of monounsatu-
rated fatty acids (even without any
energy restriction, like in a Mediter-
ranean-type diet) has been shown to
produce comparable effects.’! Diets
rich in n-3 polyunsaturated fatty
acids also seem to have a beneficial
effect on HDL-C. Some studies have
shown that communities in which
people eat diets rich in n-3 polyun-
saturated fatty acids have higher
HDL-C levels.>? Therefore, we gener-
ally recommend a modified Mediter-
ranean-type diet that eliminates or
markedly reduces sugar, starch, and
saturated fat and emphasizes high-
quality sources of protein (seafood,
lean meats, beans, nuts, legumes)
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that are relatively rich in monoun-
saturated fats, fish oils, and n-3
polyunsaturated fatty acids (eg, olive
and canola oils). Fresh fruits and veg-
etables complement this approach
by providing soluble and insoluble
fiber and important micronutrients.
This dietary approach leads to loss of
adiposity in the overweight and
obese, maintenance of ideal weight
in those who are fit, improvement in
the overall lipid profile, mainte-
nance/increase in HDL-C, and pre-
vention of CHD and some forms of
cancer.?%%3

Exercise

A meta-analysis of 4700 subjects that
included 52 trials of exercise training
programs lasting more than 12 weeks
demonstrated an average increase in
HDL-C of 4.6%, reduction in TG of
3.7%, and reduction in LDL-C of
5.0%.>* Data from the Ochsner
Clinic Foundation in New Orleans,
Louisiana, showed that patients with
CHD, including elderly people,
achieved 6% to 16% elevation in
HDL-C when undergoing cardiac re-
habilitation and taking part in exer-
cise training programs. In this study,
greater improvements were noted in
patients with lower initial levels of
HDL-C.***35 Likewise, in a study of
healthy military recruits who were
free of CHD, Rubinstein and col-
leagues®® reported 10% improvement
in HDL-C after 6 weeks of intensive
exercise training and 33% improve-
ment after 12 weeks of training. In
summary, it is accepted that regular
aerobic exercise increases HDL-C lev-
els by 3% to 9% in healthy people
and probably also in CHD patients,
especially if they have a sedentary
lifestyle.?®

Smoking Cessation

It has been shown that cigarette
smoking is associated with low levels
of HDL-C% and apo A-I, as well as
with reduced CETP and LCAT activ-
ity,%®%? both of which interfere with
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the adequate functioning of the re-
verse cholesterol transport system.
HDL-C levels seem to be particularly
low in the postprandial state, con-
tributing to the fat intolerance
condition in patients who smoke.*®
Therefore, smoking cessation is a
main component of the manage-
ment of low HDL-C, besides being a
therapeutic target in prevention of
CHD, because it is a recognized inde-
pendent risk factor.%%!

Alcohol Consumption

Alcohol (ethanol) consumption in
moderate amounts raises HDL-C lev-
els. This effect seems to be related to
an elevation in apo A-I, by increasing
its transport rate in the liver, in a
dose-dependent fashion.®> A meta-
analysis of studies that assessed the
effects of moderate alcohol intake on
lipids and hemostatic factors showed
that consumption of 30 g of ethanol
per day (2 servings of ethanol, beer,
wine, or spirits) raised HDL-C levels
by an average of 4 mg/dL.®® Data
from other studies show that people
who consume 1 to 3 drinks a day
have higher HDL-C levels and a
lower risk of CHD events than those
who drink less.?® The effect on HDL-
C seems to explain, at least in part,
the inverse association of moderate
alcohol intake with the lower risk of
CHD events.®® Approximately 80%
of the US population consumes alco-
hol, and promoting alcohol use in
nondrinkers is not advised due to the
recognized and well-established
medical and social risks associated
with such practice (alcoholism, vio-
lence, accidents, violation of reli-
gious practices, etc).%

Estrogen Replacement Therapy

Oral estrogen replacement therapy is
known to cause favorable effects on
the lipid profile. It elevates levels of
HDL-C (from 12% to 22%, depend-
ing on the dose) and decreases levels
of LDL-C (from 11% to 23%)° and
lipoprotein (a) (Lp[a]). However,

estrogens also increase TG levels
(which are usually associated with
small dense LDL particles),*” increase
inflammatory markers, and cause co-
agulation abnormalities that ad-
versely affect the incidence of CHD
events.®® Therefore, initiation or con-
tinuation of estrogen therapy is not
recommended for the treatment of
low HDL-C. Clinically, results of sev-
eral studies do not support this prac-
tice either. Results from the Women's
Health Initiative trial and the Heart
and Estrogen/Progestin Replacement
Study (HERS) did not confirm a net
beneficial effect on CHD and sug-
gested that estrogen-progestin ther-
apy might cause harm when used for
either primary or secondary preven-
tion of CHD.®®%° In the HERS trial,
women with elevated Lp(a) (> 25
mg/dL) had a significant mortality
benefit with hormone replacement
therapy.”” For this reason, estrogen
therapy could be considered in the
management of women with CHD
who have elevated Lp(a) levels, espe-
cially if the HDL-C is low and TGs
are not significantly elevated.
Multimodality intervention on
HDL-C in patients with CHD was as-
sessed in a study performed in 2
major institutions with cardiac reha-
bilitation units.***% Strict hygienic
interventions (American Heart Asso-
ciation/National Cholesterol Educa-
tion Program [AHA/NCEP] phase I
diet, directly supervised exercise pro-
gram, weight loss, and smoking ces-
sation program) were applied, and
their effects on HDL-C and LDL-C
were evaluated according to the pres-
ence of isolated and nonisolated low
HDL-C levels (without and with ele-
vated TGs, respectively). There were
no differences in achieving control
of major risk factors between both
patient groups, but the ability to
raise HDL-C was significantly
stronger in patients who had isolated
low HDL-C compared with patients
who had nonisolated low HDL-C

(+17% vs +2%; P < .001). Patients
with isolated low HDL-C also had a
nonsignificant decline in LDL-C. Re-
sults from this study suggested that
patients with isolated low HDL-C are
more sensitive than patients with
nonisolated low HDL-C to therapeu-
tic lifestyle measures that can im-
prove the lipid profile and are more
likely to gain important benefits
from this approach.

Pharmacologic Treatment

of Low HDL-C

In our experience, many patients
with low HDL-C levels have an inad-
equate response to lifestyle changes.
A high level of dedication and effort
is required for the normalization of
body weight and for achievement of
physical fitness. Unfortunately, this
is a difficult task that is rarely carried
out by the average adult. Therefore,
pharmacologic therapy is generally
required, especially for CHD or CHD-
equivalent conditions. However, this
approach differs from the NCEP/ATP
III guidelines, which do not recom-
mend treating HDL-C pharmacologi-
cally, except as part of the manage-
ment of other lipid and nonlipid risk
conditions.”! On the other hand, cer-
tain expert groups, such as the Amer-
ican Diabetes Association and the
Expert Group on HDL, are more ex-
plicit in recommending the addition
of pharmacologic agents to raise
HDL in specific patient populations,
including those with isolated low
HDL-C and subclinical coronary or
systemic atherosclerosis, metabolic
syndromes, DM, or atherogenic dys-
lipidemia, as well as elderly patients.
They recommend the use of pharma-
cologic therapy as part of primary or
secondary prevention, especially
after other established risk factors are
controlled.

Available drugs include fibric acid
and nicotinic acid derivatives,
statins, estrogens, and the combina-
tion of an LDL-lowering drug with
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Table 4
Pharmacological Management
of Low HDL-C

Percentage
Agent HDL-C Increase*
Nicotinic acid 20%-40%
Gemfibrozil 5%-20%
Fenofibrate 10%-25%
Statins’ 0%-15%
Apo A-I Milano NA

CETP inhibitors 46%-106%

*See text for percentage increase of HDL-C with
different combinations of agents.

FSee text for possible differences between
statins at various dosages.

HDL-C, high-density lipoprotein cholesterol;
Apo, apolipoprotein; NA, not applicable; CETP,
cholesteryl ester transfer protein.

either a fibrate or a nicotinic acid de-
rivative. In current clinical practice,
these agents are still commonly used
despite their modest effect on HDL-C
levels (Tables 4 and 5) because they
have acceptable clinical evidence
from different trials to support their
use. However, contrary to the strong
evidence from epidemiological stud-
ies demonstrating the inverse rela-
tionship between HDL-C level and
CHD risk, available evidence show-
ing the benefit of raising HDL-C on
improvement of CHD outcomes, in-
dependent of other lipid and non-
lipid effects, is not as robust. Obser-
vational studies have questioned the
inverse correlation between HDL-C
and CHD risk in the setting of phar-
macotherapy. Although some trials
have suggested that raising HDL-C
(mainly by using monotherapy with
niacin or fibrates) is associated with
improved CHD outcomes, in most of
these trials, levels of several other
lipoproteins and serologic risk fac-
tors (LDL-C, remnant lipoproteins,
TGs, fibrinogen, etc) have also been
modified. Therefore, it has been dif-
ficult to specifically determine how
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Table 5
Studies Supporting Benefit of Pharmacological Treatment
of Low HDL-C
Prevention
Study Category Medication
Helsinki Heart Study®’ Primary Gemfibrozil
Fenofibrate Intervention Primary Fenofibrate
and Event Lowering
Diabetes (FIELD)??
VA-HDL Intervention Trial (VA-HIT)*° Secondary Gemfibrozil
Bezafibrate Infarction Prevention Secondary Bezafibrate
Trial (BIP)"!
Coronary Drug Project’” Secondary Niacin
HDL Atherosclerosis Treatment Secondary Niacin +
Study (HATS)® Simvastatin
Arterial Biology of Reducing Secondary Niacin + Statin

Cholesterol (ARBITER)”®

HDL-C, high-density lipoprotein cholesterol.

much of the clinical benefits of those
medications are related to raising
HDL-C per se.

Niacin

Niacin inhibits the hepatic synthesis
of VLDL, delays HDL-C clearance by
reducing the hepatic removal of apo
A-I particles without impairing he-
patic uptake of their cholesteryl es-
ters, and reduces the transfer of cho-
lesterol from HDL-C to VLDL.?>7?

Niacin or nicotinic acid remains
the most effective medication to
raise HDL-C that is currently avail-
able for clinical use (Figure 9). It typ-
ically increases HDL-C levels by
about 25% in patients with isolated
low HDL-C, but it may raise it by
more than 35%, especially in pa-
tients with combined hypertriglyc-
eridemia (Table 6) (2- to 3-fold
higher than the increase noted with
fibrates).”® In a study that enrolled

Figure 9. Results from randomized, placebo-controlled trials of agents that increase HDL-C in patients with isolated
low HDL-C. HDL-C, high-density lipoprotein cholesterol. £ www.medreviews.com
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Table 6

Pharmacologic Agents to Raise HDL-C: Mechanisms and Effects on Lipoproteins

CETP inhibitors

4 CETP activity: | transfer of cholesteryl esters to apo

HDL-C (long-term)

Medication Mechanism of Action Lipoprotein Effect
4 Hepatic removal of apo A-I (not cholesteryl esters) 7T HDL-C (20%-40%)
Niacin  Synthesis of VLDL l LDL-C (5%-25%)
I Transfer of cholesteryl esters from HDL-C to VLDL I TG (20%-50%)
I Lp(a) = 30%
T HDL-C (5%-25%)
Fibrates T Production of apo A-I by PPAR-« activation 1/—/T LDL-C (0%-20%)
1 TG (20%-50%)
Statins T Production of apo A-I by PPAR-a activation I EDDIE-CC ((108;){;(; _1555%2)
r-Apo A-I Milano Direct T levels of highly active apo A-I variant T HDL-C (short-term)
T
4

B—containing lipoproteins (VLDL, LDL)

LDL-C

HDL-C, high-density lipoprotein cholesterol; apo, apolipoprotein; VLDL, very low-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; TG, triglycerides; Lp(a), lipoprotein (a); PPAR, peroxisome proliferator activated receptor; CETP, cholesteryl ester transfer protein.

37 patients with isolated low HDL-C,
nicotinic acid (mean dose of 4.5 g/d)
raised serum HDL-C by 30%,
whereas gemfibrozil raised it by
only 10%.”* In another multicenter,
randomized, double-blind trial, an
extended-release niacin preparation
at its higher doses (1 to 2 g at bed-
time) provided up to a 2-fold greater
HDL-C increase than gemfibrozil
(600 mg twice a day). In addition, it
caused greater reduction of Lp(a) and
fibrinogen levels, as well as greater
improvements in HDL-C/cholesterol
ratios (P < .001 to P < .02). Gemfi-
brozil was more effective in reducing
the TG level (P < .001 to P = .06;
—40% for gemfibrozil vs —16% to
—29% for extended-release niacin),
but it also increased LDL-C.”® Similar
findings were reported in another
study, in which extended-release
niacin (1 to 2 g at bedtime) was more
effective than gemfibrozil (1.2 g/d)
in increasing HDL-C and apo A-I lev-
els.”? We also reported the substan-
tial benefit of using sustained-release
niacin in patients with isolated low
HDL-C, and the comparably superior
effect in patients with concomitant
hypertriglyceridemia.”®

The Coronary Drug Project, a sec-
ondary prevention trial of patients
with previous myocardial infarction
(MI), showed that despite a compli-
ance of only 30%, short-acting
niacin significantly reduced the inci-
dence of recurrent nonfatal MI by
about 30% compared with placebo,
and produced a nonsignificant trend
toward decreased mortality.”® A 15-
year follow-up study (10 years after
the trial ended) reported a significant
11% mortality reduction in patients
treated with niacin.”® More recent
analyses have also shown that pa-
tients with DM or the metabolic syn-
drome who are treated with niacin
seem to have at least the same and
probably greater reductions in CHD
events and total mortality than other
patient populations.””

The combination of niacin plus
simvastatin was evaluated in CHD
patients with low HDL-C and normal
LDL-C in the HDL-Atherosclerosis
Treatment Study (HATS) (Figure 10).
Patients who were treated with the
combination therapy had marked re-
duction of LDL-C (-42%) and eleva-
tion of HDL-C (+26%), accompanied
by a 60% to 90% reduction of CV

events (death, MI, stroke, or revascu-
larization) and by angiographic re-
gression of coronary lesions.”®

The Arterial Biology of Reducing
Cholesterol (ARBITER) 2 trial assessed
the effect of extended-release niacin
(1 g/d) on change in carotid intima-
media thickness (CIMT) in patients
with CHD who were already receiving
statins (usually simvastatin).” When
niacin was added, HDL-C levels in-
creased by 21%, and LDL-C levels re-
mained unchanged (the baseline
LDL-C was only 89 mg/dL). Patients
taking statin-only treatment contin-
ued to show progression of carotid le-
sions (0.044 = 0.1 mm; P < .001),
whereas patients taking the combina-
tion treatment had no progression of
CIMT (0.014 = 0.1; P = .23). Al-
though the overall difference in CIMT
progression between niacin and
placebo was not statistically signifi-
cant (P = .08), niacin significantly re-
duced the rate of CIMT progression in
patients with no insulin resistance
and showed a nonsignificant trend
toward decreased incidence of CV
events (9.6% vs 3.8%; P = .2).

The most troublesome side effect of
niacin is the development of flushing,
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Figure 10. Results from the HATS niacin and statin outcome trial. In this placebo-controlled secondary prevention
study, 160 patients with CHD, low HDL-C (average, 31 mg/dL), and “normal” LDL-C levels (average, 125 mg/dL)
were administered either niacin (slow-release or immediate-release, mean dose 2.4 g/d) plus simvastatin (mean
dose 13 mg/d) or placebo with or without antioxidant vitamins for 3 years. In the group receiving niacin plus sim-
vastatin without antioxidants, LDL-C levels were lowered by 42%; the LDL-C levels in the placebo groups were un-
altered. HDL-C was increased by 26% in the niacin plus simvastatin group. The combination of niacin and sim-
vastatin reduced CHD events (coronary death, M, stroke, or revascularization) by 60% to 90%, with about a 90%
reduction seen in those subjects who did not take antioxidants, possibly because the treatment-induced increase in
HDL particle size was blunted by antioxidants. HATS, HDL-Atherosclerosis Treatment Study; CHD, coronary heart
disease; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; MI, myocardial in-
farction. Data from Brown BG et al.”® j www.medreviews.com

which limits its clinical use. Flushing
can only be partially controlled by
premedicating patients with aspirin,
starting with a lower dose that is
gradually increased, or by using a
sustained-release (many of which are
associated with higher rates of liver
enzyme abnormalities) or an inter-
mediate-release preparation. The
mechanism of niacin-induced flush-
ing, which consists of cutaneous va-
sodilation with associated discomfort,
has been partially established. It is
mediated by prostaglandins, which
exert an effect on a G protein-coupled
receptor, PGD, receptor 1 or DP1.%
This discovery has led to the develop-
ment of an investigational drug
that is being tested for clinical use,
laropiprant (MK-0524), which is a
potent, selective, and orally active
DP1 antagonist. Other potential side
effects of niacin include dyspepsia,
liver enzyme abnormalities (which
are more likely with sustained-
release preparations), and modest
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increases in blood glucose and uric
acid, which have also limited the
widespread use of this important ther-
apy. However, 2 recent studies have
demonstrated that niacin therapy
markedly improves the lipid profile
without adversely affecting glucose
control in DM patients, 3% suggest-
ing that the reduction in CHD risk
seems to far outweigh the theoreti-
cally negative consequences of a hy-
perglycemic effect.

Fibric Acid Derivatives

Fibric acid compounds are the first-
line therapy in patients who require
pharmacologic treatment for low
HDL-C associated with hypertriglyc-
eridemia, and they are an alternative
to niacin in patients with isolated
low HDL-C. Fibrates belong to a class
of synthetic peroxisome proliferator
activated receptor (PPAR)-a activa-
tors. PPAR activators are direct or
indirect ligand-activated nuclear
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transcription factors that regulate a
wide range of genes, some of which
induce synthesis of apo A-I and apo
A-IL. Fibric acid derivatives (eg, gem-
fibrozil, fenofibrate) generally in-
crease HDL-C by less than 10% in pa-
tients with isolated low HDL-C but
by 15% to 25% in patients who have
low HDL-C combined with hyper-
triglyceridemia (Table 6).% These
drugs are very effective in reducing
TG levels by up to 60%, but they
may also raise LDL-C.”* However,
this effect on LDL-C is minimal in
the presence of significant hyper-
triglyceridemia. Slow-release fibrates
(eg, fenofibrate) have been found to
be more effective than gemfibrozil in
raising HDL-C and are effective even
in those patients who do not re-
spond to gemfibrozil. The main ad-
vantage of fenofibrate, however, is
the lower risk of drug interactions
and myopathy when it is used in
combination with statins. Finally, in
patients with very low levels of HDL-
C or patients who do not respond to
a single-agent therapy, the combina-
tion of gemfibrozil and nicotinic
acid has been shown to be more ef-
fective than each agent alone, raising
HDL-C by as much as 45%.%* Unfor-
tunately, compared with other drugs,
there is not enough evidence prov-
ing superior clinical event reduction
from primary or secondary preven-
tion studies,® and the incidence of
side effects may be higher.

The Helsinki Heart Study (HHS)
examined the benefit of using gemfi-
brozil 600 mg twice daily for primary
CHD prevention in patients with
non-HDL-C levels above 200 mg/dL.
This study suggested that an 8% in-
crease in HDL-C would be expected
to result in a 23% reduction in major
CHD events. It also showed a more
prominent elevation in HDL-C in
those patients at greatest CV risk. A
subgroup analysis found that gemfi-
brozil was particularly effective in
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preventing CHD in patients with
high serum TGs plus either low HDL-
C or a high LDL/HDL cholesterol
ratio (> 5.0). In these patients, CHD
events were reduced by 70% com-
pared with 34% in the entire trial
population.®® Recently, the 18-year
follow-up of the HHS was published,
showing a significant mortality re-
duction in the subgroup with the
most obese patients and the worst
levels of TG and HDL-C.%’

The Veterans Affairs High-Density
Lipoprotein Cholesterol Interven-
tion Trial (VA-HIT) was a secondary
prevention study that included 2531
patients with CHD who had an LDL-
C of 140 mg/dL or less, an HDL-C of
40 mg/dL or less, and TGs of 300
mg/dL or less.®® The patients were
randomly assigned to treatment with
gemfibrozil (1200 mg/d) or placebo.
At 5 years, in the gemfibrozil group,
HDL-C rose by 6%, and the com-
bined primary endpoint (CHD and
nonfatal MI) was modestly reduced
compared with the group receiving
placebo (17.3% vs 21.7%, with ab-
solute and relative risk reductions of
4.4% and 22%; P = .006).%% Further
analysis showed that gemfibrozil was
associated with reduction of primary
endpoints in patients both with and
without DM. (Among patients with-
out diabetes, gemfibrozil was partic-
ularly effective in those with the
highest fasting plasma insulin lev-
els.?”) Furthermore, another study
suggested that the occurrence of CV
events and the benefit of fibrate ther-
apy was less dependent on levels of
HDL-C or TGs than on the presence
or absence of insulin resistance.”

Another secondary prevention
study, the Bezafibrate Infarction Pre-
vention Trial (BIP), evaluated pa-
tients with CHD and low HDL-C
who were randomly treated with ei-
ther bezafibrate (400 mg/d) or
placebo. In the fibrate-treated group,
TG levels decreased by 21% and

HDL-C levels increased by 18%.
However, after 6.2 years, the reduc-
tion in the cumulative probability of
the primary endpoint (MI or sudden
death) was not significantly different
compared with placebo (7.3%; P =
.24). But, in a post hoc analysis, pa-
tients in the bezafibrate group who
had high baseline TGs (= 200
mg/dL) experienced a significant re-
duction in the cumulative probabil-
ity of the primary endpoint (39.5%;
P = .02).°! Diabetic dyslipidemia
(small and dense LDL-C, low HDL-C,
and high TGs) can be treated with fi-
brates, and most available trials have
suggested greater benefit in patients
with DM or insulin resistance. The
Fenofibrate Intervention and Event
Lowering in Diabetes (FIELD) study
was designed to evaluate this hy-
pothesis. This study assessed the ef-
fects of long-term treatment with
fenofibrate (200 mg/d) on CHD mot-
bidity and mortality in patients with
type 2 DM and total cholesterol lev-
els of less than 250 mg/dL, who were
not taking statins.”? Fenofibrate did
not significantly reduce the risk of
primary outcome of CHD, death, or
nonfatal MI. However, further analy-
sis showed that fenofibrate reduced
the number of total CHD events,
mainly due to fewer nonfatal MIs
and revascularizations. During the 5
years of the study, more patients in
the placebo group than in the fenofi-
brate group started using statins,
which might have masked a more
significant treatment benefit of
fenofibrate. Certainly, after adjusting
for the use of statins, fenofibrate
therapy was associated with a statis-
tically significant reduction in major
CHD events.

Finally, in a recently published
meta-analysis of all randomized con-
trolled trials using monotherapy
with either fibric acid or nicotinic
acid derivatives, it was demonstrated
that fibrates reduced major CHD

events and increased HDL-C without
significant toxicity. In contrast,
niacin, despite a more potent effect
on HDL-C levels, lacked data sup-
porting its effect on CHD outcome
reduction.”®

Statins

Statins also have PPAR-a activator
activity, which helps explain their
beneficial effect on HDL-C.** How-
ever, statins are generally less effec-
tive in raising HDL-C than niacin or
fibrates. They modestly increase
HDL-C levels, by about 4% to 7%, in-
dependently of TG levels.?® Starting
doses of statins usually increase
HDL-C by 5% to 7%. There is evi-
dence that simvastatin at a high dose
(40 to 80 mg/d) may be more effec-
tive than atorvastatin (20 to 40
mg/d) in raising concentrations of
HDL-C (9.1% vs 6.8%; P < .001) and
apo A-1 (5.6% vs 2.6%; P < .001).%
Among different statins, the greatest
effect on HDL-C is achieved with ro-
suvastatin, which increases HDL-C
by 10% to 15% (Table 6).°° In a study
comparing rosuvastatin and atorva-
statin, increases of HDL-C were larger
with rosuvastatin 5 mg (13%) and 10
mg (12%) than with atorvastatin
(8%; P < .01 and P < .05, respec-
tively).”” In addition, a greater effect
on LDL-C reduction was seen with
rosuvastatin 5 mg (—40%) and 10 mg
(—43%) than with atorvastatin 10 mg
(=35%; P < .01 and P < .001, respec-
tively).”” Furthermore, apo A-I incre-
ments were also greater with rosuva-
statin. TG reductions were similar.

Combination Treatments

Small but important studies, includ-
ing HATS (niacin plus simvastatin)
and ARBITER-2 (extended-release
niacin plus a statin) have shown that
combining niacin and statins is not
only efficacious in normalizing lipid
values but also in achieving better
clinical outcomes than monotherapy
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with statins alone. Furthermore, a re-
cent randomized clinical trial of pa-
tients with angiographic evidence of
coronary atherosclerosis and low
HDL-C assessed the angiographic
and clinical effects of dietary and
lifestyle interventions to increase
HDL-C along with an aggressive
pharmacologic strategy (using gemfi-
brozil plus niacin and cholestyra-
mine) or placebo. Compared to
placebo, the combination regimen
improved lipid profiles and showed a
trend towards a reduction in angio-
graphic progression of coronary ath-
erosclerosis and major CV events.
Pharmacologically treated patients
experienced an increase in HDL-C of
36% (95% confidence interval [CI],
28.4%-43.5%), a decrease in LDL-C
of 26% (95% CI, 19.1%-33.7%), and
reduction in TGs of 50% (95% CI,
40.5%-59.2%). Focal coronary
stenoses decreased by 0.8% in the
treatment group and increased by
1.4% in the placebo group (differ-
ence, —2.2% [95% CI, —4.2% to
—0.1%]). The incidence of the
composite CHD event endpoint was
50% lower in the active treatment
group compared with the placebo
group (13% vs 26% [95% CI,
0.9%-26.5%]).®

New and Investigational
Treatments

The development of strategies to
treat low HDL-C has been stimulated
by several factors: the recognition of
low HDL-C as an important contrib-
utor to CV risk, including in patients
with CHD and controlled traditional
risk factors; controversial data from
different epidemiologic studies sug-
gesting a clinical benefit of treating
low HDL-C; and better understand-
ing of the different processes in-
volved in HDL metabolism. Some
pharmacologic studies have failed to
show that increased HDL-C levels
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correlate with improved clinical out-
comes. This finding has led to the
acknowledgment that functionality
of HDL particles is critical and may
not correlate with the serum HDL
mass. Mechanisms are being devel-
oped to determine HDL's effective-
ness in removing cholesterol from
peripheral cells and to identify the
nature of the anti-inflammatory, an-
tioxidant, antithrombotic, and en-
dothelial functions that promote
beneficial effects.”” Understanding of
the importance of HDL's metabolism
and insights into the mechanisms of
operation have also facilitated the
development of more focused thera-
pies that target the different compo-
nents of the reverse cholesterol
transport system and enhance the
antiatherogenic effect. Some of these
therapies could improve HDL func-
tion without necessarily increasing
HDL-C levels but by making the re-
verse cholesterol transport system
more effective.

The therapeutic approach to rais-
ing HDL-C can target 1 or more
mechanisms, including increased
production of apo A-I, primarily by
the liver and/or the intestine, and al-
teration of intravascular remodeling
of HDL particles, by mechanisms
such as inhibition of CETP. The new
treatments that are being investi-
gated can be divided into oral and
intravenous agents (Table 7).

Oral Agents

CETP inhibitors: torcetrapib and
anacetrapib. Understanding the
role of CETP in HDL metabolism and
identification of clinical implications
of CETP gene mutations in certain
populations have converted CETP
into a pivotal target for the develop-
ment of new treatments of athero-
sclerosis. CETP is a glycoprotein se-
creted by the liver that circulates
mainly bound to HDL molecules. Its
main role is to facilitate the transfer
of cholesteryl esters from HDL to
apo B-containing lipoproteins in
exchange for TGs, theoretically
enhancing the antiatherogenic effect
of reverse cholesterol transport (Fig-
ure 11). However, by facilitating
transfer of cholesteryl esters from
HDL to VLDL and LDL, which brings
them back to the liver, CETP also
causes a reduction in the concentra-
tion of antiatherogenic HDL and
increases the concentration of LDL-
C.' This process makes HDL parti-
cles rich in TGs and susceptible to
hydrolysis by hepatic TG lipases. The
final products are small-dense HDLs,
devoid of atheroprotective effect,
and lipid-poor apo A-I particles that
can be excreted by the kidneys. This
process is important in metabolic
diseases like type 2 DM and the
metabolic syndrome, in which there
is high CETP activity. On the
other hand, CETP deficiency causes

Table 7
Novel Agents for Treatment of Low HDL-C

Oral Agents

Intravenous Agents

CETP inhibitors: torcetrapib, anacetrapib

Niacin with DP1 receptor blocker
(ER niacin/laropiprant)

Apo A-I mimetic peptides (D4F)

Apo A-I Milano

Parenterally administered
human HDL, apo A-I

HDL-C, high-density lipoprotein cholesterol; CETP, cholesteryl ester transfer protein; Apo,

apolipoprotein; ER, extended release.
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Figure 11. CETP is secreted by the liver and circulates mainly bound to HDL molecules. It facilitates the transfer of
CE from HDL to apo B—containing lipoproteins (ie, VLDL and LDL) in exchange for TGs. However, by facilitating this
process, CETP also causes a reduction in the concentration of antiatherogenic HDL and increases the concentration
of atherogenic LDL-C. This process makes HDL particles rich in TGs and susceptible to hydrolysis by hepatic TG li-
pases. The final products are small-dense HDLs, devoid of atheroprotective effect, and lipid-poor apo A-I particles
that can be excreted by the kidneys. HDL, high-density lipoprotein; CETF, cholesteryl ester transfer protein; FC, free
cholesterol; CE, cholesteryl ester; SR-B1, scavenger receptor B1; LDLR, low-density lipoprotein receptor; apo A-l,
apolipoprotein A-I; TG, triglycerides; VLDL, very low-density lipoprotein; LDL, low-density lipoprotein; LCAT, lecithin-
cholesterol acyltransferase; ABCAT, adenosine 5'-triphosphate-binding cassette transporter AT.
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accumulation of cholesteryl esters in
HDL, with increased amounts of apo
A-I, phospholipids, nonesterified
cholesterol, and large HDL parti-
cles.’! The role of CETP in HDL me-
tabolism is also highlighted by the
discovery that genetic CETP
deficiency is the main cause of high
HDL-C levels in Asian populations.
CETP may have both pro- and
anti-atherogenic properties depend-
ing on the lipid environment, the
mechanism that caused the alter-
ation of CETP levels, and the degree
to which CETP activity is changed.!"?
In humans, the first CETP inhibitor
was shown to be capable of raising
HDL-C by up to 100%.!”® However,
this agent, torcetrapib, failed to re-
duce CHD events in the Investiga-
tion of Lipid Level Management to
Understand its Impact in Atheroscle-
rotic Events (ILLUMINATE) trial (Fig-
ure 12).1% The study was terminated
prematurely due to increased mortal-
ity in the torcetrapib group. Torce-
trapib increased HDL-C, apo A-l, and
apo E levels, as well as HDL particle

size. However, it was also believed to
increase aldosterone levels, cause
electrolyte abnormalities, and raise
blood pressure, which may account
for the excess in major CV events. It

has also been hypothesized that
CETP inhibition could stimulate pro-
duction of nonfunctional HDL, ac-
cording to the findings of 2 major
trials that have failed to show signif-
icant effects of torcetrapib on coro-
nary or carotid atherosclerosis.'®

A newer CETP inhibitor, anace-
trapib, is also being investigated. It
increases HDL-C levels to a higher
extent than torcetrapib—up to 129%
with the highest dose of 300 mg/d. It
also decreases LDL-C by up to 38%
and raises apo A-I1 by 47%.'% Anace-
trapib has not been shown to change
blood pressure. These findings indi-
cate that those adverse effects seem
to be specific to torcetrapib and can-
not be attributed to a class effect.'”’

Niacin with a DP1 receptor
blocker (extended-release [ER]
niacin/laropiprant). In spite of all
the beneficial effects of niacin on
LDL-C, TGs, Lp(a), HDL-C, and apo
A-], its widespread use has been lim-
ited by flushing, its main side effect.
Flushing is associated with cutaneous
vasodilation of the face, neck, and

Figure 12. Data from the ILLUMINATE trial shown in Kaplan-Meier curves for the primary composite outcome,
which was the time to the first occurrence of a major cardiovascular event, a composite that included 4 compo-
nents: death from coronary heart disease, nonfatal myocardial infarction (excluding procedure-related events),
stroke, and hospitalization for unstable angina. These data show the between-group comparison of patients who
had the primary composite outcome: 373 patients in the atorvastatin-only group and 464 patients in the torce-
trapib group. The hazard ratio for the primary outcome was 1.25 in the torcetrapib group, as compared with the
atorvastatin-only group (95% confidence interval, 1.09-1.44; P = .001). ILLUMINATE, Investigation of Lipid Level
Management to Understand its Impact in Atherosclerotic Events. Adapted with permission from Barter PJ et al.’®”
Copyright © 2007 Massachusetts Medical Society. All rights reserved. £ www.medreviews.com
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torso. It causes significant discomfort
and is related to elevated levels of va-
sodilatory prostaglandin D2 (PGD2),
whose major source is the skin.
Flushing can be partially attenuated
by pretreatment with high doses of
aspirin and other cyclooxygenase in-
hibitors. However, because niacin is
also associated with elevated levels
of other prostanoids, further investi-
gations have focused on potential in-
volved receptors. One of the recep-
tors for PGD2, receptor DP1, has
been found to mediate niacin-
induced vasodilation. Treatment
with a DP1 antagonist has also been
shown to partially reduce flushing.%
Preliminary studies have been per-
formed with a combination drug, ER
niacin/laropiprant, formerly known
as MK-0524A. Unfortunately, the
positive results of the combination
drug have been modest. Trials pre-
sented on March 31, 2008, at the an-
nual Scientific Sessions of the Ameri-
can College of Cardiology showed
that 78% of patients taking ER niacin
alone had episodes of moderate to
very severe flushing, compared with
53.3% of patients taking ER niacin/
laropiprant. Twelve percent of those
on niacin alone stopped taking the
drug because of the side effect, com-
pared with 7% of subjects on
niacin/laropiprant. In many of the
study subjects, aspirin therapy,
which is utilized in most patients
with CHD, seemed to prevent flush-
ing almost as well as the combina-
tion therapy. Therefore, due to these
findings and the lack of information
about long-term  effects, ER
niacin/laropiprant received a “Not
Approvable” action letter from the
US Food and Drug Administration.
Apo A-I mimetic peptides (eg,
peptides synthesized from D-
amino acids or D-4F).  Apo A-l is
the main protein in HDL, and when
it is forming part of lipid-poor parti-
cles, it becomes an important accep-
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tor of cholesterol from macrophages.
This process is mediated by the cellu-
lar transporter ABCA1. Apo A-I has
been found to be an independent
risk factor for CHD, and its levels
seem to have a stronger inverse rela-
tionship to CHD than levels of HDL-
C. Therefore, several approaches to
increase apo A-l levels are being
studied, including intravenous infu-
sion of delipidated HDL (rich in
lipid-poor apo A-I), apo A-I-like pep-
tides, or a genetic variant of apo A-I;
oral administration of apo A-I
mimetic peptide; and upregulation
of apo A-I gene expression. According
to some animal studies, D-4F, a syn-
thetic apo A-I mimetic peptide that
can be administered orally, markedly
reduced atherosclerosis in mice.
These agents are being evaluated in
humans, following demonstration of
their anti-inflammatory and anti-
atherosclerotic effects.'®® In mice, ad-
ministration of D-4F did not raise
HDL-C concentrations but promoted
formation of pre-8 HDL, increasing
paraoxonase activity, which results
in significant improvements in the
HDL'’s anti-inflammatory properties
and ability to promote cholesterol ef-
flux from macrophages in vitro. Oral
D-4F also promotes reverse choles-
terol efflux from macrophages in
vivo. These findings further confirm
that the quality of HDL may be more
important than the actual levels of
HDL-C, and that apo A-I and apo A-I
mimetic peptides appear to have sig-
nificant therapeutic potential in ath-
erosclerosis.'” In systemic inflam-
matory states like acute coronary
syndrome (ACS) or certain infec-
tions, HDL-C loses its anti-inflamma-
tory properties and may even be-
come pro-inflammatory.!% It has
been shown in mice models infected
with influenza that in this inflam-
matory setting, the loss of the anti-
inflammatory properties of HDL is
associated with increased arterial
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macrophage traffic, and it can be
prevented by administration of D-
4RO Apo A-1 mimetic peptides,
like D-4F, remove oxidation products
from lipoproteins and cell mem-
branes and help HDL return to its
normal structure and function.

An important mechanism that
may increase the production of apo
A-1 is the enhancement of apo A-I
gene expression. New and more po-
tent PPAR-a agonists, which have
this effect, are being investigated.
These agents seem to enhance the
macrophage ABCA1 enzyme that fa-
cilitates the transfer of cholesterol to
apo A-1.26112

Intravenous Agents

Apo A-I Milano. Genetic variants
of apo A-I have also been seen as
potential therapeutic approaches to
low HDL-C. Apo A-I Milano was dis-
covered in a small population in
northern Italy that has low HDL-C
levels and low incidence of CHD.
Animal studies have also shown that
apo A-I Milano is associated with re-
duced atherosclerosis.''® In addition,
preclinical studies have demon-
strated that intravenous infusions of
recombinant apo A-I Milano inhibit
progression and induce regression of
atherosclerosis. In a clinical trial that
enrolled 57 patients with ACS, ad-
ministration of 5 weekly injections
of synthetic HDL that contained re-
combinant apo A-I Milano com-
plexed with phospholipids was asso-
ciated with significant regression of
coronary atherosclerosis as measured
by intravascular ultrasound.'” Fur-
thermore, acute plaque regression
after short-term administration of
apo A-I Milano also seems to be asso-
ciated with plaque stabilization. Pro-
duction of large quantities of apo A-I
Milano has proved to be difficult,
and therefore larger trials have not
been performed.
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Parenterally administered HDL
and apo A-I. Other therapies based
on infusion of plasma-derived human
HDL and apo A-l are being studied.
These treatments have the potential
to be useful in patients with ACS, as
induction therapy, for rapid plaque
stabilization and/or regression. How-
ever, evaluation of short-term infu-
sions of reconstituted HDL, which
contains delipidated apo A-I from
human plasma combined with soy-
bean phosphatidylcholine and that
(chemically and biologically) resem-
bles native HDL, has not been associ-
ated with any significant reduction in
the volume of coronary lesions mea-
sured by intravascular ultrasound.
Unpublished data also show contro-
versial results regarding beneficial ef-
fects of human-derived HDL infusion.

Other therapies. Other promis-
ing therapies that are being evalu-
ated include a vaccine that induces
autoantibodies that specifically bind
and inhibit the activity of endoge-
nous CETP. In addition, endothelial
lipase inhibitors hold the promise of
inhibiting apo A-I catabolism and re-
modeling HDL particles.''*

Current Treatment Strategies
Selection of optimal drug therapy for
low HDL-C is determined in part by

the presence or absence of other

lipid abnormalities. Our recommen-

dations are as follows:

1. The LDL-C goal should be
reached before low HDL-C is
treated. The goal can be achieved
with a statin (simvastatin at a
high dose of 40 to 80 mg/d or ro-
suvastatin seems to produce the
largest effects on HDL-C) or with
a statin/ezetimibe combination. If
HDL-C remains low, it can be ef-
fectively treated with the addition
of either nicotinic acid or fibrates.
The combination of a statin with
fenofibrate is suggested, given the
lower risk of myopathy. In this
situation, pravastatin or fluva-
statin may be the statins of choice
because they have fewer drug
interactions and perhaps less in-
trinsic muscle toxicity than other
statins (which are more lipophilic
and undergo more metabolism by
the cytochrome P450 3A4 sys-
tem).8>!1% Statins can also be
combined with niacin as shown
in a recent meta-analysis,”® given
the low rates of significant drug
interactions.®>11

2. In patients with goal or mini-
mally elevated LDL-C levels, ac-
cording to their Framingham risk
score, low HDL-C along with-

hypertriglyceridemia (with or
without elevated non-HDL-C
level) may be corrected using
monotherapy with fibrates or
nicotinic acid. In this setting,
nicotinic acid and fenofibrate
usually lower LDL-C considerably
better than gemfibrozil. If LDL-C
levels are still minimally elevated
after the hypertriglyceridemia is
controlled, a statin can be added.

3. For patients with goal or mini-
mally elevated LDL-C and iso-
lated low HDL-C levels requiring
pharmacologic treatment (but
without any other lipid abnor-
mality), nicotinic acid is the most
effective therapy. And for those
patients who cannot tolerate
nicotinic acid, statin therapy can
be considered in order to increase
HDL-C and, in particular, to im-
prove the LDL/DHL ratio.

Conclusion

Substantial data support the impor-
tance of considering HDL-C as a
major CV risk factor and primary tar-
get for therapy. Nonpharmacologic
approaches (especially weight loss
and aerobic exercise) and pharmaco-
logic agents (niacin, fibrates, and
statins) that increase levels of HDL-C
or enhance the effects of the reverse

Main Points

e Low high-density lipoprotein cholesterol (HDL-C) may be even more strongly related to coronary heart disease (CHD)
events than high low-density lipoprotein cholesterol (LDL-C): for every increase in HDL-C of 1 mg/dL, the risk of
major CHD events decreases by 2% to 3%, and the risk of CHD mortality decreases by 4% to 5%.

e There is evidence that low HDL-C increases the risk of CHD independently of other lipid abnormalities, but in many
cases the association of low HDL-C with CHD may not be entirely explained by impairment of the reverse cholesterol

transport system.

¢ Increased exercise and fitness combined with weight reduction can raise HDL-C and may improve its function.

e To raise HDL-C levels, available drugs include fibric acid and nicotinic acid derivatives, statins, estrogens, and the
combination of an LDL-lowering drug with either a fibrate or a nicotinic acid derivative. These agents are commonly
used despite their modest effect on HDL-C levels.

e Understanding of the importance of HDL's metabolism and insights into the mechanisms of operation have facilitated
the development of more focused therapies that target the different components of the reverse cholesterol transport
system and enhance the antiatherogenic effect.
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cholesterol transport system should
routinely be considered for most at-
risk patients to prevent development,
slow progression, or even promote
regression of atherosclerotic lesions.
New therapies that directly or indi-
rectly enhance the effects of the re-
verse cholesterol transport system
are being developed and appear
promising, with the potential to
change the natural history of athero-
sclerosis and bring the risk of future
CHD events to minimally acceptable

levels. u
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