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EDITORIAL

Beyond LDL Cholesterol: the Role
of LDL Particles and HDL

Christos Pitsavos, MD, FESC, FACC

ABSTRACT

Currently available hypolipidemic treatments aim at reducing low density lipoprotein
(LDL)-cholesterol. Unfortunately, cardiovascular events continue to occur despite
LDL-lowering therapy with use of statins. Recent evidence has revealed that having
increased concentrations of small LDL particles, though common, is an unhealthy pat-
tern; high concentrations of small LDL particles correlate with much faster growth of
atheroma, progression of atherosclerosis and earlier and more severe cardiovascular
events and death. In addition, at any given level of total cholesterol, the relative risk
of coronary artery disease increases with decreasing levels of high density lipoprotein
(HDL)-cholesterol. Thus, the target for new interventions would be to reduce small
LDL particles and increase HDL and/or its apolipoproteins, which are recognized to
have major vascular protective effects ranging from prevention to stabilization and
regression of atherosclerosis.

LDL CHOLESTEROL AND LDL PARTICLES

Atherosclerotic cardiovascular disease is the worldwide leading cause of death,
which involves multiple pathways in which lipoprotein entry and retention, injury to the
vessel wall from several stimuli, and inflammation seem to play a key role. Currently
available treatments are aimed at reducing the high plasma lipid concentrations, most
particularly low density lipoprotein (LDL)-cholesterol. Increasing evidence has re-
vealed that the concentration and size of the LDL particles are powerfully related to the
degree of atherosclerosis progression than the concentration of cholesterol contained
within all the LDL particles."* The LDL particles actually vary in size and density, and
studies have shown that a pattern that has more small dense LDL particles—called
“Pattern B”—equates to a higher risk factor for coronary heart disease (CHD) than
does a pattern with more of the larger and less dense LDL particles (“Pattern A”).
This is because the smaller particles are more easily able to penetrate the endothe-
lium. “Pattern I,” meaning “intermediate,” indicates that most LDL particles are very
close in size to the normal gaps in the endothelium (26 nm). The healthiest pattern,
though relatively rare, is to have small numbers of large LDL particles and no small
particles. Having small LDL particles, though common, is an unhealthy pattern; high
concentrations of small LDL particles (even though potentially carrying the same total
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cholesterol content as a low concentration of large particles)
correlates with much faster growth of atheroma, progression
of atherosclerosis and earlier and more severe cardiovascular
disease events and death.

HDL CHOLESTEROL

Statin therapy has improved event-free survival by lower-
ing LDL-cholesterol and controlling inflammation. Unfor-
tunately, cardiovascular events continue to occur despite
LDL-lowering therapy. This is probably due to the fact that
there are risk factors that are important in certain patients
other than LDL-cholesterol. Therefore, there is a clear need
for additional preventive and therapeutic interventions to
complement the results of LDL lowering. Among others
increased level of high density lipoprotein-cholesterol (HDL-
cholesterol)** is thought to protect against atherosclerosis
by promoting the efflux of excess cholesterol from cells and
returning that cholesterol to the liver for secretion into the
bile, but depends on the repeated transfer of cholesteryl
esters among lipoproteins before finally the excretion oc-
curs through the liver. Interestingly, during the last several
years investigators have explored the effect of inflammatory
stimuli on the formation of a phenotype of HDL with reduced
anti-atherogenicity, suggesting a link between inflammation
and HDL functionality. One such target for new interven-
tions is HDL*® and/or its apolipoproteins. HDL and/or its
apolipoproteins have been recognized to have major vascular
protective effects ranging from prevention to stabilization and
regression of atherosclerosis. The relationship between low
levels of HDL-cholesterol and the development of coronary
heart disease can be inferred from epidemiological studies,
where even small differences in the level of HDL-cholesterol
are associated with substantial variations in the risk of major
coronary events. Data from the Framingham population’
indicated that at any given level of total cholesterol, the rela-
tive risk of coronary artery disease increases with decreasing
levels of HDL-cholesterol. Low HDL-cholesterol is commonly
found in the general population. For example, 18% of men
and 4% of women in the Framingham Offspring study® had
HDL-cholesterol equal or below 35 mg/dl.

The Veterans Affairs cooperative studies program High
density Intervention Trial (VA-HIT)’ assessed the effect of
raising HDL-cholesterol levels on CHD-risk in patients with
low levels of both LDL-cholesterol and HDL-cholesterol.
After 1-year with gemfibrozil treatment there was a significant
effect on HDL-cholesterol and total cholesterol but not LDL-
cholesterol, which was associated with a reduction of 22 % in
non-fatal myocardial infarction or death due to coronary heart
disease, compared to placebo therapy. For every 5 mg increase
in HDL-cholesterol, there was a decrease in CHD-death or
myocardial infarction by 11 %. Furthermore, the PROCAM!

and the Helsinki Heart studies" suggest that a high ratio of
triglyceridemia/HDL cholesterol constitutes a powerful risk
factor for fatal or non-fatal myocardial infarction that would
escape attention if LDL cholesterol levels alone were deter-
mined. Dietary and exercise modifications can lead to im-
provement in HDL-cholesterol concentrations, which may be
associated with greater anti-oxidative role of HDL-cholesterol.
Kesteloot et al,' in a Belgian population group, investigated
the relationship between dietary fat intake and serum total
and HDL-cholesterol and revealed that polyunsaturated fat
and the polyunsaturated/saturated fat ratio decrease the
HDL-cholesterol value, while dietary cholesterol increased the
HDL-cholesterol level in women only, alcohol consumption
increased and cigarette smoking decreased HDL-cholesterol
levels, demonstrating the importance of dietary fat as a de-
terminant of the serum lipid level within a population. The
key lifestyle changes to increase HDL-cholesterol are weight
loss in the case of obesity, increased physical activity, smoking
cessation and alcohol consumption in moderate amounts. With
smoking cessation for example, HDL-cholesterol increases on
average 6—8 mg/dl.

DRUG INTERVENTION

Ezetimibe® is a new selective cholesterol absorption
inhibitor that blocks the uptake of dietary and biliary choles-
terol by preventing its transport through the intestinal wall,
without affecting the passage of other fat-soluble nutrients.
Ezetimibe can reduce LDL-cholesterol levels by up to 19%
and moderately increases HDL-cholesterol by 3.5%, while it is
well tolerated when administered with a statin or fibrate with
additive effects. A combination of simvastatin plus extended
release niacin," currently in clinical development, has been
demonstrated to produce greater effects on LDL-cholesterol,
HDL-cholesterol and triglyceride levels than either of the two
drugs alone; HDL-cholesterol levels were increased by 30
%, LDL-cholesterol decreased by 47%. However, cutaneous
flushing resulted in the withdrawal of 7% of patients from
the study. Another very interesting therapeutic approach is
the infusion of apolipoprotein A-L" the main apolipoprotein
of HDL. This approach seems to lead also to an increase of
reverse cholesterol transport and regression of atherosclerosis
in animal models.

REFERENCES

1. Mudd JO, Borlaug BA, Johnston PV, et al. Beyond low-density
lipoprotein cholesterol: defining the role of low-density lipopro-
tein heterogeneity in coronary artery disease. J Am Coll Cardiol
2007;50:1735-1741.

2. Arsenault BJ, Lemieux I, Despres JP, et al. Cholesterol levels
in small LDL particles predict the risk of coronary heart disease

103



104

HOSPITAL CHRONICLES 4(3), 2009

in the EPIC-Norfolk prospective population study. Eur Heart J
2007;28:2770-2777.

. Rizzo M, Berneis K. Who needs to care about small, dense

low-density lipoproteins? Int J Clin Pract 2007;61:1949-1956.

. Feig JE, Shamir R, Fisher EA. Atheroprotective effects of

HDL: beyond reverse cholesterol transport. Curr Drug Targets
2008;9:196-203.

. Garcia RA. Pharmacological therapies for raising HDL cho-

lesterol beyond synthetic small molecules. Curr Opin Investig
Drugs 2008;9:274-280.

. Belsey J, de Lusignan S, van Vlymen J, Chan T, Hague N. Re-

ducing coronary risk by raising HDL-cholesterol: risk modelling
the addition of nicotinic acid to existing therapy. Curr Med Res
Opin 2008;24:2703-2709.

. Castelli WP, Anderson K, Wilson PW, Levy D. Lipids and risk

of coronary heart disease. The Framingham Study. Ann Epide-
miol 1992;2(1-2):23-28.

. Cobain MR, Pencina MJ, D’Agostino RB Sr, Vasan RS. Life-

time risk for developing dyslipidemia: the Framingham Off-
spring Study. Am J Med 2007;120:623-630.

. Robins SJ, Collins D, Wittes JT, et al; VA-HIT Study

Group. Veterans Affairs High-Density Lipoprotein In-
tervention Trial. Relation of gemfibrozil treatment and lipid
levels with major coronary events: VA-HIT: a randomized con-

10.

11.

12.

13.

14.

15.

trolled trial. JAMA 2001;285:1585-1591.

Assmann G, Schulte H, Cullen P, Seedorf U. Assessing risk of
myocardial infarction and stroke: new data from the Prospec-
tive Cardiovascular Ménster (PROCAM) study. Eur J Clin
Invest 2007;37:925-932.

Frick MH, Elo O, Haapa K, Heinonen OP, et al. Helsinki
Heart Study: primary-prevention trial with gemfibrozil in mid-
dle-aged men with dyslipidemia. Safety of treatment, changes in
risk factors, and incidence of coronary heart disease. N Engl J
Med 1987;317:1237-1245.

Kesteloot H, Geboers J, Pietinen P. On the within-population
relationship between dietary habits and serum lipid levels in
Belgium. Eur Heart J 1987;8:821-831.

Jankowski P, Loster M, Kawecka-Jaszcz K. Ezetimibe: New per-
spectives in lipid lowering treatment. Cardiol J 2007;14:232-
237.

Karas RH, Kashyap ML, Knopp RH, Keller LH, Bajorunas
DR, Davidson MH. Long-term safety and efficacy of a com-
bination of niacin extended release and simvastatin in patients
with dyslipidemia: the OCEANS study. Am J Cardiovasc
Drugs 2008;8:69-81.

Shah PK. Apolipoprotein A-I/HDL infusion therapy for
plaque stabilization-regression: a novel therapeutic approach.
Curr Pharm Des 2007;13:1031-1038.



