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In his Nobel laureate address, Joseph Goldstein referred
to cholesterol as the most decorated molecule in
history,1 and certainly there is a lot of evidence relating

the levels of total and low-density lipoprotein (LDL) choles-
terol to the risk of vascular disease. But does that mean that
they will remain tomorrow in the central position that they
occupy today? We believe that the answer may well be No,
because plasma apolipoprotein B (apo B) appears to be a bet-
ter marker of the risk due to the atherogenic lipoproteins,
namely, very low-density lipoprotein (VLDL) and LDL.

The latest critical piece of evidence comes from the
AFCAPS/TexCAPS study, which tested whether treatment
with lovastatin would reduce the frequency of coronary
events in a large asymptomatic group of individuals who did
not have marked hypercholesterolemia, many of whom also
had low levels of high-density lipoprotein (HDL) choles-
terol.2 Several of these researchers subsequently considered
which lipid variables predicted clinical benefit before and
during therapy.3 LDL cholesterol was not the most infor-
mative parameter. Rather, the most valuable turned out to
be apo B. The authors write, “Apo B was in fact the single
most significant and consistent lipid measurement to predict
risk at both baseline and on-treatment.” Because apo B is
neither generally measured nor familiar to most Canadian
practitioners, we believe that their findings, taken with the
other evidence that is available, merit serious attention.

Within a population, as the levels of cholesterol rise, so
does the risk of coronary disease and, unquestionably, indi-
viduals with very high levels of cholesterol are at very high
risk. However, only a small portion of the population have
very high levels of cholesterol. It is not generally appreciated
that a major finding of the Framingham study is that most
cases of premature vascular disease occurred in individuals
with levels of total and LDL cholesterol that were indistin-
guishable from those of individuals who did not develop pre-
mature disease.4 Moreover, except for those individuals with
extremely high values, only a minority at any level will de-
velop premature disease.5 Thus, cholesterol is a good marker
of risk within a large group but, for the most part, is a rela-
tively poor marker of risk for its individual members.

One result of this paradox has been a successive lower-
ing of the definition of “high” cholesterol, with the desir-
able level now being designated as a less than 5.2 mmol/L
of total cholesterol and less than 3.4 mmol/L of LDL cho-
lesterol. The drawback to this approach is that about 50%
of our population will automatically be designated “hyper-
cholesterolemic.”6 Even so, 40% of individuals with prema-

ture vascular disease will have levels of total and LDL cho-
lesterol below those of the 50th percentile of the popula-
tion.7 Measurement of HDL cholesterol and triglycerides
does improve the recognition of risk, with lower levels of
the former and higher levels of the latter being associated
with an increased likelihood of disease. But the questions
remain: Can we do better to recognize those at risk and —
equally important — can we make clinical practice simpler?

The liver secretes a triglyceride-rich lipoprotein,
VLDL, which by the removal of most of its triglyceride is
converted to a smaller cholesterol-rich lipoprotein, LDL.
The biologic half-life of an LDL particle is at least 9 times
longer than that of a VLDL particle and, therefore, there
are always 9 times more LDL particles than VLDL parti-
cles (Fig. 1). Because each VLDL and LDL particle con-
tains one molecule of apo B, measuring plasma apo B mea-
sures exactly the total number of VLDL and LDL
particles, 90% of which are LDL.8 In contrast, because
LDL particles differ substantially from one another in the
amount of cholesterol they contain, total and LDL choles-
terol are imprecise measures of the number of apo B parti-
cles. Measuring apo B, therefore, provides a direct estimate
of the total number of atherogenic particles. The measure-
ment of plasma apo B is standardized, automated and inex-
pensive.9 It can be performed on nonfasting samples, and
population reference values are now available.10,11

The most common atherogenic dyslipoproteinemia
consists of mild to moderate hypertriglyceridemia, low
HDL cholesterol and increased numbers of small dense
LDL particles (Fig. 1).12,13 These are the consequence of in-
creased secretion of VLDL particles by the liver. This, in
addition to increased “core lipid exchange,” results in the
formation of increased numbers of small dense LDL parti-
cles and low HDL cholesterol.14 It should be noted that be-
cause the cholesterol content is reduced in small dense
LDL, the LDL and total cholesterol levels may be normal
even when the number of LDL particles is elevated.

A series of basic studies have shown that, particle for
particle, small dense LDL particles are more atherogenic
than the larger, more cholesterol-rich LDL particles.15–29

These are critical findings but they form only part of the
evidence. Data from a series of prospective double-blind
trials that tested the effect of various LDL-lowering regi-
mens on the rate of progression or regression, or both, of
angiographically evident coronary disease showed that a
benefit was associated with the reduction in levels of small
dense LDL.30–33 There have also been several prospective
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epidemiologic studies that showed that small dense LDL
particles were associated with a greater risk of vascular dis-
ease.34–36

Most of these studies were relatively small, and their
findings have had little impact. However, a major recent
Canadian study has changed the epidemiologic landscape.

The Quebec Cardiovascular Study is the most up-to-date,
prospective, epidemiologic investigation of the risk factors
responsible for coronary artery disease. It is also the first
study in which apo B was measured in all subjects, and it is
worth noting that apo B was found to be the single most
important lipid parameter for influencing outcome.37
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Fig. 1: The normal ratio of VLDL to LDL particles in plasma (above). The VLDL particles are larger (left) because they are en-
riched with triglyceride, whereas the LDL particles (right) are smaller and enriched with cholesterol. Each particle contains one
molecule of apo B. LDL particles differ in size, with most being larger because they contain more cholesterol. Hypertriglyceri-
demic hyperapo B (below). This is the most common atherogenic dyslipoproteinemia and is characterized by increased num-
bers of VLDL particles (left) and increased numbers of smaller, denser LDL particles (right). VLDL = very low-density lipopro-
tein, LDL = low-density lipoprotein, apo B and B = apolipoprotein B, Tg = triglyceride, CE = cholesterol ester.



More significantly, for the first time, this study allowed
the respective roles of the number of LDL particles and
LDL composition to be disentangled. Thus, when the
number of LDL particles was increased, that is, if plasma
apo B was greater than or equal to 1.20 g/L and LDL com-
position was normal, risk was increased 2-fold. However,
when the number of LDL particles was increased and small
dense LDL particles were present, risk was increased more
than 6-fold.38 On the other hand, when small dense LDL
particles were present but the number of LDL particles was
normal (apo B less than 1.20 g/L), risk was not increased.38

Thus, increased numbers of small dense LDL particles
constitute a particularly deadly duo. There are no practical
ways to measure the size of LDL particles in clinical labo-
ratories, but this is, in any case, unnecessary because of
their predictable relation to plasma triglyceride. Thus, if
fasting plasma triglycerides are greater than 1.5 mmol/L,
small dense LDL particles are very likely to be present.12

The data from AFCAPS/TexCAPS demonstrate that
prior to therapy, levels of LDL cholesterol, HDL choles-
terol and apo B predict cardiac outcome. However, during
therapy, lipid levels and their ratios did not predict out-
come, whereas apo B and the ratio of apo B to apolipopro-
tein A-I (apo A-I) did. It is important to point out that all
the analyses were prespecified and, therefore, this does not
represent a post hoc analysis. These findings fit with the
observational data reported by Moss and colleagues,39 who
followed 1045 postinfarction patients and also found that
lipid levels did not predict outcome, whereas levels of apo
B, apo A-I and the d-dimer of fibrin, which is a degradation
product of fibrin, did.

If apo B remains predictive during therapy, it becomes
critical to have a target value. This can be taken with some
confidence from the POSTCABG study, which is the only
clinical trial that has tested whether more intensive LDL
lowering with a statin is more effective than less intensive
therapy. Alaupovic and colleagues demonstrated that more
intensive lowering of the LDL level was superior in terms
of angiographic outcome, and that this was associated with
a mean apo B level of less than 0.90 g/L,40 a target level that
has been accepted by the Canadian Cardiovascular
Society.41

Current clinical practice in the diagnosis and treatment
of lipids is undeniably complex and confusing. Five para-
meters — total cholesterol, plasma triglycerides, HDL cho-
lesterol, LDL cholesterol and the total cholesterol–HDL
ratio — are reported. All 5 must be interpreted by the
physician and understood by the patient, and the complex-
ity inherent in such a system may explain, to some degree
at least, why only a minority of patients who begin pharma-
cologic lipid-lowering therapy reach target levels and stay
on therapy.42

Given that the present system is far from ideal, should
we not consider modifying it? Why should we not measure
apo B in routine practice if it improves the prediction of
risk and outcome? Moreover, if statin therapy is chosen,

the evidence described here suggests that only apo B need
be measured in follow-up. If so, care would be simpler for
the patient, in that fasting is not necessary, and simpler for
the physician in that only one result, and not 5, needs to be
considered and acted on. Simpler care should translate into
more cost-effective care and therefore the payer, that is, the
government or, rather, ourselves, should benefit as well.

We would emphasize that we are proposing modifica-
tion, not abolition, of the present system. Apo B should not
be the only parameter measured in the initial assessment of
the risk of disease due to lipids. Marked hypertriglyc-
eridemia certainly increases the risk of pancreatitis, and the
plasma triglyceride level cannot be predicted from apo B.
Similarly, a low level of HDL cholesterol increases the risk
of vascular disease, and the level of HDL cholesterol can-
not be predicted from plasma apo B. The converse, how-
ever, is also true: low HDL cholesterol and otherwise nor-
mal plasma lipids can coexist with an elevated level of apo
B.43

Even if it is granted that such a shift in practice is ac-
ceptable from a medical perspective, careful preparation
will be essential and considerable education will be re-
quired. Given the importance that has been assigned to
cholesterol, change will not be easy. But change is the price
of progress. Whether we accept this particular change, and
how long it takes to do so, will reveal just how much our
policy decisions are evidence based and can evolve, or how
much they are determined by choices made in the past and
are static. Given the potential for benefit for our patients
and our society, we hope the former and not the latter will
prove to be the case.
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