
It is low density lipoprotein (LDL), the major choles-
terol-rich lipoprotein, which accounts for the link be-
tween increasing plasma cholesterol and coronary
heart disease risk. Although once considered to be
homogeneous it has become clear that LDL com-
prises a spectrum of particles.

LDL subclasses

Studies employing density gradient ultracentrifuga-
tion and gel electrophoresis have demonstrated that
the LDL density range is comprised of a number of
discrete subclasses which vary in size, density and li-
pid content [1] (Fig. 1). As the density of the LDL
species increases, particle diameter, flotation rate
and relative content of total and polar lipids all de-
crease. LDL-II is the most abundant subspecies in
healthy individuals. Women tend to have proportion-
ally more LDL-I than men while men have propor-
tionally more LDL-III.

LDL subclasses and coronary heart disease

Non-denaturing, gradient-gel electrophoresis which
determines particle size is the most commonly used
technique for studying LDL heterogeneity and is
suitable for large-scale clinical application. Two dis-
tinct LDL subclasses have been defined; pattern A,
major peak diameter over 25.5 nm, and pattern B,

major peak diameter under 25.5 nm [2]. Using this
technique Austin and colleagues [3] demonstrated a
preponderance of LDL pattern B in myocardial in-
farction survivors compared to healthy control sub-
jects. This was associated with a threefold risk of in-
farction independent of age, gender and body weight
but dependent on plasma triglyceride and high den-
sity lipoprotein (HDL) cholesterol [3]. The term
atherogenic lipoprotein profile was coined to de-
scribe the clustering of moderate hypertriglycerid-
aemia (> 1.7 mmol/l) circulating as large VLDL, re-
duced HDL cholesterol and a predominance of small
dense LDL [4]. Similar findings have been described
by others who have measured LDL particle size on
gels and separated LDL subclasses by ultracentrifu-
gation [5–9]. In atheroma regression studies small
dense LDL has been shown to be related to reduced
coronary artery diameter [10].

Metabolic determinants of LDL subclasses

Many factors have been shown to influence LDL sub-
class distribution including cholesterol ester transfer
protein (CETP) activity, hepatic lipase activity, apo-
protein E phenotype, gender, body weight, exercise
and genetics. However, the presence of hypertriglyc-
eridaemia appears to be a major determinant [11–
13]. Plasma triglyceride is negatively correlated with
LDL size and approximately 70% of the variability
of LDL distribution can be explained by triglyceride
and HDL cholesterol variations [14].

An attractive hypothesis to explain this relation-
ship is the stimulation of neutral lipid exchange via
CETP by the concentration of triglyceride-rich lipo-
proteins. Triglyceride transfers to LDL in exchange
for cholesterol ester and the triglyceride-enriched
particles become a substrate for hepatic lipase result-
ing in protein-rich, lipid-poor particles with a density
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resembling LDL-III. Kinetic studies suggest that
VLDL1 (Svedberg flotation units (Sf) 60–400) parti-
cles, which are present in hypertriglyceridaemia, give
rise to LDL-III particles whereas the smaller VLDL2
(Sf 20–60) found in normal and hyper-
cholesterolaemic individuals gives rise to LDL-II par-
ticles. Enhanced postprandial lipaemia is probably
also an important determinant of the production of
small dense LDL [15].

LDL subclasses and atherogenicity

Whether small dense LDL are directly atherogenic
remains to be fully proven. However, the literature
points to several possible mechanisms whereby small
dense LDL may be atherogenic including increased
infiltration into the arterial wall [16]. Increased se-
questration due to enhanced binding to arterial
proteoglycans [17, 18] possibly related to conforma-
tional changes in apoprotein B [19] and reduced car-
bohydrate and sialic acid content [20] has been re-
ported. Increased susceptibility to oxidation has also
been reported for small dense LDL [21].

LDL subclass distribution in insulin resistance and
non-insulin-dependent diabetes mellitus (NIDDM)

Hypertriglyceridaemia often associated with low
HDL cholesterol concentration is a common finding
in NIDDM and often persists despite best efforts at
glycaemic control. Several studies have pointed to the

strong relationship between triglycerides and coro-
nary heart disease risk and this relationship may be ex-
plained in part by abnormal postprandial lipaemia, the
accumulation of remnant particles and a shift in the
LDL distribution towards small dense particles [22].

In a group of poorly controlled, obese NIDDM pa-
tients with hypertriglyceridaemia a reduction in inter-
mediate density LDL and a concomitant increase in
small, dense LDL was observed [23]. Similarly, mor-
bidly obese (BMI > 40 kg/m2) and hyper-
triglyceridaemic NIDDM females were shown to
have a preponderance of small, dense LDL particles
[24]. In a further study there was a greater impact of
diabetes on LDL size in women than in men [25].
LDL size and peak density in mildly hyperlipidaemic
patients correlated with insulin resistance [26]. Simi-
lar results have been obtained in studies which sepa-
rated LDL subclasses by ultracentrifugation; insulin
resistance correlated inversely with LDL-I concen-
trations and positively with LDL-III and 32–33 split
proinsulin correlated with LDL-III [27]. Further-
more, in non-diabetic individuals subjects with a pre-
ponderance of small dense particles have been dem-
onstrated to be more insulin resistant [28, 29] and
small dense LDL can be considered to be part of the
insulin resistance syndrome [30].

Hypertriglyceridaemia has a major impact on
LDL concentrations in the non-diabetic population
[31] and this is also the case in NIDDM [27, 32]. In
the fasting state multivariate analysis showed that
fasting triglyceride concentrations, HDL cholesterol
and hepatic lipase activity were the most important
determinants of LDL-III (R 2 = 67%). Postprandially,
chylomicron remnant clearance, hepatic lipase activ-
ity and insulin resistance were the major determi-
nants of LDL-III (R 2 = 61%) [27].

The mechanisms explaining the link between insu-
lin resistance and LDL heterogeneity remain to be
fully elucidated. However, it is known that insulin re-
sistance is associated with increased non-esterified
fatty acid flux to the liver, increased hepatic output
of large VLDL which is not suppressed postprandi-
ally, increased postprandial lipaemia, increased activ-
ity of hepatic lipase and increased CETP activity. All
these factors would tend to favour the formation of
small dense LDL-III particles.
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