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ABSTRACT

Despite the excellent success of lowering low-density lipoprotein cholesterol (LDLc) cholesterol for treating coronary
heart disease (CHD), a major part of the population still suffer from CHD. This fact is more prominent among the
high risk patients who receive lipid lowering treatment with statins. This treatment is based on the prevailing view
that LDL cholesterol (LDLc) is the only important risk factor for CHD. It is well known that HDL plays a crucial role
for preventing CHD. Several epidemiologic studies and clinical trials have reported that high density lipoprotein
cholesterol (HDLc) is an independent risk factor for CHD as well. A large scale meta-analysis of clinical trials
clearly supports that increasing HDLc is equally important as decreasing LDLc, suggesting that physicians should pay
attention to increasing HDLc as well as decreasing LDLc. Ongoing trials that are focused on this issue will test this
hypothesis in the near future. (Korean Circulation J 2007;37:187—190)
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Introduction

It is well known that a high cholesterol level is a major
risk factor for coronary heart disease(CHD). Several epi-
demiologic studies such as the Multiple Risk Factor
Intervention Trial(MR-FIT) showed that the plasma total
cholesterol concentration is positively associated with the
risk of cardiovascular mortality.” Seven Countries Study
has revealed that a high plasma cholesterol concentration
was the universal risk factor for CHD, regardless of geo-
graphy and race.” It is also known that a high LDLc
concentration in Koreans is significantly associated with
an increased CHD risk.” Many clinical trials have sup-
ported that lowering cholesterol is a crucially important
therapeutic tool for preventing cardiovascular mortality
and morbidity.

As a result of these studies, lowering cholesterol, and
especially the low-density lipoprotein cholesterol(LDLc),
is now widely accepted as an important tool for preven-
ting CHD. Moreover, recent clinical trials such as the
TNT and PROVE-IT trials have suggested that intensive
LDLc lowering is better than conventional treatment.?”
Nowadays, the paradigm of “the lower, the better” for
high risk patients has become a mantra.

However, it was also known that intensive LDLc
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lowering is not a panacea for preventing CHD. A large
scale meta analysis revealed that lowering cholesterol pre-
vented CHD events by 26%, implicating that 74% of
events were not avoided with lowering cholesterol.*®
Consequently, the non LDLc such as HDLc and trigly-
ceride have been revealed as another important risk factor,
which runs counter to the previously accepted dogma.

In this article, the epidemiologic studies and clinical
trials will be reviewed to show the importance of LDLc
as an independent risk factor for CHD. Further, it will
be discussed the light of the LDLc centric paradigm.
Finally, several studies will be sited to support that HDLc
is the another important risk factor for CHD and increa-
sing the HDLc is as important a therapeutic tool as de-
creasing the LDLc.

Lessons from Clinical Trials

A myriad of clinical trials have consistently showed that
lowering LDLc reduces CHD mortality and morbidity.
The Scandinavian Simvastatin Survival Study(4S) was
the first to report that lowering LDLc in CHD patients
who have a high plasma LDLc level reduced the recur-
rence of CHD and death.” The West on Scotland Co-
ronary Artery Disease Prevention Study (WOSCOPS)
found that lowering LDLc in healthy men who have a
high LDLc level was even helpful for preventing CHD in
those people.'® The Cholesterol And Recurrent Event
(CARE) and Long-term Intervention with Pravastatin in
Ischaemic Disease (LIPID) studies revealed that for CHD



188 Korean Circulation J 2007;37:187-190

patients with a moderate cholesterol level, treatment to
lower lipid was also helpful for preventing recurrence of
CHD."" The Heart Protection Study(HPS) systemati-
cally showed that the benefit of lipid lowering treatment
is the same regardless of the baseline LDLc level, sugge-
sting that lipid loweriry treatment should be started for
the entire range of LDLc levels, only if the patients have
a substantial risk for CHD." HPS also confirmed that
the benefit of lipid lowering treatment in women was the
same as that of men. The Prospective Study of Pravas-
tatin in the Elderly at Risk(PROSPER) study, which was
performed on very old aged men and women, eloquently
revealed that the benefit of lipid lowering treatment for
the elderly was the same as it was for the middle aged."”
It also showed that the side effects of the lipid lowering
agents, i.e., the statins, in the elderly were not so serious
compared to those of the middle aged, which virtually
unlocked the final barrier blocking the use of statin.

Two recent clinical trials, the Treating to New Targets
(TNT) and Pravastatin or Atorvastatin Evaluation and
Infection Therapy (PROVE-IT) studies, went further.?”
These studies elegantly showed that intensive lipid lowe-
ring treatment is far better than conventional treatment
for preventing cardiovascular mortality in high risk pati-
ents, thus igniting another frenzy of statin use, with every-
one shouting “the lower, the better”!

The Cholesterol Treatment Trial(CTT) study was re-
cently published and it showed the linear relationship
between cardiovascular risk reduction and the degree of
lowering the LDLc level(Fig. 1), again confirming the
mantra is valid indeed! “The lower the better!”."

Not surprisingly, physicians around world have enthu-
siastically espoused lipid lowering treatment, and so lowe-
ring the LDLc in the patients with a substantial risk for
CHD has become all the fashion.
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Fig. 1. Relation between the proportional reduction in the incidence
of major coronary events and mean absolute low-density lipoprotein
(LDL) cholesterol reduction at 1 year‘b)

The Myth of Cholesterol

In our zeal to lower lipid, our efforts to eradicate the
development of CHD around the globe have not always
been successful. A recent meta-analysis of 97 randomised
controlled trials investigated different lipid lowering in-
terventions in a total of almost 280,000 individuals. The
results showed that only 26% of CHD could be avoided
with treatment, leaving another 74% of the patients for
whom CHD couldn’t be avoided and they didn’t benefit
from treatment.”’” There have been significant research
findings for several decades that have poked large holes
in the cholesterol dogma. Genest et al. reported that with
using only the LDLc concentration, they could not com-
pletely discern between the CHD patients and the nor-
mal population. In their study, the LDLc distribution of
both groups overlapped by 70%.'® Furthermore, the
proportion of subjects with the highest occurrence of the
LDLc concentration was similar in both groups(130
mg/dL of LDLc)(Fig. 2). The recently reported world-
wide cross sectional study INTERHEART lends support
for feeling righteously skeptical about the LDLc centric
view. In this study, it was not the LDLc concentration,
but the apoB/apoAl ratio that was the foremost risk
factor for CHD, followed by smoking and psychosocial
stress.'”

These collective findings have given us a reason to
be suspicious and surely reevaluate the cholesterol
dogma.

HDL Cholesterol and the
Cardiovascular Risk

Cholesterol is synthesized by all the organs in the
human body, yet breaking down the cholesterol is per-
formed in only one organ: the liver. Transporting choles-
terol from the peripheral organs towards the liver requi-
res a specific pathway designed to transfer cholesterol,
that is, the HDL. By and large, one can surmise that a
higher HDLc level would be better than a lower HDLc
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Fig. 2. LDL cholesterol distribution between coronary heart disease
(CHD) patients and normal controls." LDLc: low-density lipoprotein
cholesterol.



level.

According to the Framingham Heart study, men and
women with higher HDLc levels suffered less CHD mor-
tality and morbidity than those men and women with
lower HDLc levels, and this was regardless of age and
sex."¥ The impact of the HDLc concentration on CHD
has an interaction with the LDLc concentration. It is
known that the population with the highest HDLc and
lowest LDLc concentrations has the lowest risk for CHD
mortality, whereas those people with the lowest HDLc
and highest LDLc concentrations had the highest risk
for this disease.

The impact of HDLc is universal, regardless of race. In
the elaborately designed study performed on 95 Korean
CHD patients and 216 healthy Koreans, Cho et al.'” sho-
wed that the patients with CHD had significantly lower
HDLc concentrations than normal healthy people. In a
large scale clinical study that performed carotid ultra-
sonography in 4,077 healthy Koreans over 27 months of
a follow-up period, Cho et al.” revealed that a low HDLc
concentration was an independent risk factor for athero-
sclerotic stenosis of the carotid artery. In parallel, Bae et
al.? reported that a low HDLc concentration was signi-
ficantly associated with increased carotid intima-media
thickness, which is the important surrogate marker for

CHD.
Brief Review of HDL Metabolism

In addition to reverse cholesterol transport(RCT),
HDL has several functions such as anti-inflammation,
anti-oxidation, anti-thrombosis, anti-infection and vaso-
dilatation. Yet in this article, only the HDLs RCT func-
tion will be discussed.

As previously mentioned, the liver is the only organ
that can break down cholesterol. Three different states/
types of HDL are needed for this purpose: lipid-poor
apoA-1, nascent HDL and alpha-HDL.

The first step of RCT is cholesterol efflux. Lipid-
poor apoA-1 plays the role as an acceptor for choles-
terol. With cholesterol efflux, the proteins are lipidated,
converting them to nascent HDL, and these are the

substrate of lecithin: cholesterol acyltransferase(LCAT).

Esterification of cholesterol in the nascent HDL leads
to formation of spherical alpha-HDL particles. These
particles convert themselves to larger alpha-HDL par-
ticles by acquiring more cholesterol from many different
sources. The second step of RCT is that cholesteryl ester
transfer protein (CETP) exchanges the accumulated cho-
lesterol ester of HDL for the triglyceride of VLDL. The
last step is accomplished by the uptake of HDL in the
liver via the SR-B1 receptor. As a final result, choleste-

rol from the peripheral organs is transferred to the liver
via HDL.*?
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Increasing HDL Cholesterol with
Decreasing LDL Cholesterol

There is considerable epidemiologic evidence that the
LDLc and HDLc levels are comparably important as pre-
dictors of the risk of CHD.” The Framingham Offspring
study showed that a 1% difference in HDLc, for both
sexes, or a 1% difference in the LDLc implies a 1% dif-
ference in the incidence of CHD.?" Indeed, the statin
clinical trials clearly demonstrated that a 1% reduction
in LDLc is associated with a 1% reduction in the CHD
risk, and this is true over a wide range of LDLc concen-
tration.”™ The insightful epidemiologic analysis by Gor-
don et al.” found that a 1 mg/dL, or about 2-3%, grea-
ter HDLc level, is associated with an LDLc-independent
2-4% risk reduction for cardiovascular disease over a 7
to 10-year follow-up duration, and these findings were
valid for 4 studies on 4 different populations. In an com-
prehensive and timely review article, Brown et al.® drea-
med up a plausible hypothesis after performing a meta-
analysis on 23 clinical trials: both HDLc and LDLc are
equally associated with a reduced risk of CHD. The
hypothesis can be described in the formula:

Relative risk=(1+% 4 LDLc) X (1+%.4HDLc),

where the ‘%’ is given as a decimal value(i.e., 30% is 0.3)
and an increase in the lipoprotein level is ‘+’ and a dec-
rease is ‘-’. For moderate changes in these lipoproteins
(30-40%), the final term of this product(% 4 LDLc X %
AHDLe) is so small(i.e., 0.3X0.3=0.09) as to be neg-
ligible and it can be omitted. Consequently, the formula
can be described as:

Relative risk=1+%.4LDLc-% 4 HDLc

The relative risk will be a positive number, ranging
between 1(no benefit) or O(complete benefit). For exam-
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Fig. 3. Effect of various drug classes on trial primary clinical event
rate.”® HDL: high-density lipoprotein, LDL: low-density lipoprotein.
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ple, if one can decrease the LDLc by 40% and increase
HDLc by 30%, then the relative risk will be 0.3(1-0.4-
0.3), implicating that the relative risk reduction will be
70% in comparison with placebo(Fig. 3). The R square
of this formula is reported to be about 0.95, meaning
that nearly the complete CHD risk can be explained with
only the variation of these lipoproteins. The final proof
of this hypothesis awaits the completion of three ongoing
clinical trials. In these trials, aggressive statin therapy is
compared to the combination of statin therapy and an
HDLc increasing agent such as niacin or fibrate.

Conclusion

A plethora of clinical trials have confirmed that inten-
sive lipid lowering treatment results in a lower rate of
CHD events than does moderate lipid lowering treat-
ment, and the greatest benefits are related to the greatest
reductions of the LDLc levels. But even with intensive
lipid lowering, it is also known that only a quarter of the
events can be avoided. It has been suggested that CHD
patients additively benefit from increasing the HDLc as
well as decreasing the LDLc. Several studies have firmly
supported this hypothesis, and this hypothesis now awaits
its final validation in the near future.
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