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Introduction
The traditional classification of plasma lipoproteins based
on physical properties such as electric charge, size, and den-
sity has provided an indispensable conceptual framework

for systematic studies of their physical, chemical, metabolic,
and pathophysiologic characteristics [1-4]. However, the
compositional and metabolic heterogeneity of major lipo-
protein density classes necessitated the introduction of an
alternative approach to definition and classification of
plasma lipoprotein system [3,5–10]. Discovery and charac-
terization of a number of specific lipid-binding proteins,
the apolipoproteins, led to the recognition of their pivotal
roles as determinants of the structural integrity and
metabolic and functional properties of lipoproteins [9–12].
Furthermore, as chemically unique constituents, apolipo-
proteins have also been recognized as the most suitable
markers for identifying, differentiating, and classifying lipo-
proteins [9–11]. The introduction and use of immunologic
techniques for the quantification and distribution of apoli-
poproteins among various lipoproteins [10,11,13–16] indi-
cated that subfractions of very low-density (VLDL),
intermediate-density (IDL), low-density (LDL), and high-
density (HDL) lipoproteins do not have the same apolipo-
protein composition. This apolipoprotein heterogeneity
was interpreted as an indication that each of these major
lipoprotein density classes consists of several discrete lipo-
protein subclasses characterized by similar density proper-
ties but different apolipoprotein composition [9,11].
Although the identification of discrete lipoprotein species
added another dimension to the complexity of plasma lipo-
proteins, it also disclosed apolipoprotein-defined lipopro-
tein families as the fundamental chemical and functional
entities of lipid transport system. The purpose of this review
is to present the conceptual aspects of a classification
system of plasma lipoproteins based on apolipoprotein
composition as the criterion for identifying and differenti-
ating discrete lipoprotein families, and its usefulness in
selecting and monitoring pharmacologic and/or dietary
interventions of dyslipoproteinemic states.

The Concept of Apolipoprotein-defined 
Lipoprotein Families
Chemistry and metabolism of lipoprotein families
According to the lipoprotein family concept, there are two
major classes of lipoprotein families, one of which is charac-
terized by apolipoprotein A (apoA-I and apoA-II) and the

Classification of plasma lipoproteins on the basis of apolipo-
protein (apo) composition recognizes two lipoprotein (Lp) 
classes, one of which is characterized by apoA-I and the 
other by apoB as major protein constituents. The former 
lipoprotein class consists of three major subclasses referred 
to (according to their apolipoprotein constituents) as Lp-A-I, 
Lp-A-I:A-II, and Lp-A-II, and the latter one of five subclasses 
called Lp-B, Lp-B:E, Lp-B:C, Lp-B:C:E, and Lp-A-II:B:C:D:E. 
As polydisperse systems of particles, the apoA-I–containing 
lipoproteins overlap in high-density segments and apoB-
containing lipoproteins in low-density segments of the 
density gradient. Each subclass is characterized by a specific 
chemical composition and metabolic property. Normolipi-
demia and dyslipoproteinemias are characterized by quanti-
tative rather than qualitative differences in the levels of 
apoA- and apoB-containing subclasses. Furthermore, apoA-
containing subclasses seem to differ with respect to their 
relative antiatherogenic capacities, and apoB-containing 
subclasses regarding their relative atherogenic potentials. 
Whereas Lp-A-I may have a greater antiatherogenic capacity 
than other apoA-containing subclasses, the cholesterol-
enriched Lp-B:C appears to be the most atherogenic 
subclass among apoB-containing lipoprotein families. The 
use of pharmacologic and/or dietary interventions to 
treat dyslipoproteinemias has already shown that these 
therapeutic modalities may affect selectively individual 
apolipoprotein-defined lipoproteins, and thus allow the 
selection of individualized treatments targeted at decreasing 
harmful and/or increasing beneficial lipoprotein subclasses.
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other by apoB. The former class consists of three major lipo-
protein families referred to (according to their apolipopro-
tein constituents) as Lp-A-I, Lp-A-I:A-II, and Lp-A-II, and the
latter of five major lipoprotein families named Lp-B, Lp-B:C,
Lp-B:E, Lp-B:C:E, and Lp-A-II:B:C:D:E (Fig. 1) [17]. The third
class of lipoproteins of high- and very high-density proper-
ties encompasses lipid-protein complexes characterized by
apolipoproteins A-IV, A-V, D, E, F, G, H, I, K, L, and M as sole
apolipoprotein constituents or, frequently, in association
with apoA-I; however, with a few exceptions, a direct role of
these lipoproteins in lipid transport has not yet been defined.

Both the apoA- and apoB-containing lipoproteins
represent polydisperse systems of particles heterogeneous
with respect to physical properties (ie, size and density)
and lipid/protein ratios, but homogeneous with respect to
qualitative apolipoprotein composition. ApoA-containing
lipoprotein families overlap within the HDL density range
and apoB-containing lipoproteins within the VLDL, IDL,
and LDL density ranges (Fig. 1). The magnitude of poly-
dispersity and distribution of lipoprotein families along
the density gradient of 0.92 to 1.21 g/mL depend on the
concentrations of lipids to be transported and processes
responsible for their degradation and removal.

The lipid composition of all three apoA-containing
lipoproteins is characterized by high percentages of
phospholipids (55% to 65%) and varying cholesterol
ester/free cholesterol ratios and triglyceride levels [18,19].
Approximately 20% to 25% of lipoprotein-A-I (Lp-A-I)
and Lp-A-I:A-II subclasses contain minor apolipoproteins
as integral protein constituents [11].

The lipid composition of Lp-B and Lp-B:E is character-
ized by cholesterol esters as the main neutral lipid consti-
tuent regardless of their density properties; on the other
hand, Lp-B:C, Lp-B:C:E, and Lp-A-II:B:C:D:E families
contain triglycerides as the most characteristic neutral lipid
[11]. However, with increasing densities of these particles,
the relative content of triglycerides decreases and that of
cholesterol esters increases. The apolipoprotein composi-
tion of triglyceride-rich lipoproteins also changes with
increasing densities: the relative content of apoB increases
and the relative contents of apoC-peptides and apoE
decrease [11].

It has been established in a number of studies that apoli-
poprotein-defined apoA- and apoB-containing lipoprotein
families are characterized not only by specific apolipo-
protein composition, but also by specific metabolic and

Figure 1. The relationship of individual apolipoprotein A (apoA)- and apoB-containing lipoprotein (Lp) families defined by their unique 
apolipoprotein composition to major lipoprotein density classes against the density (d) gradient background (d=0.92 to 1.25 g/mL). 
The lines under lipoprotein families designate the approximate density boundaries, with solid lines depicting the actual localization of each 
lipoprotein family and dotted lines the possible localization of each lipoprotein family. Lipoprotein families represent polydisperse systems 
of particles, each of which has a different lipid/protein ratio, but the same qualitative apolipoprotein composition. The polydisperse character 
of lipoprotein families is the main reason for their overlap within certain density segments. (Chylos—chylomicron; HDL—high-density 
lipoprotein; IDL—intermediate-density lipoprotein; LDL—low-density lipoprotein; VHDL—very high-density lipoprotein; VLDL—very low-
density lipoprotein.)
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functional properties [11,17]. The turnover rate of apoA-I in
Lp-A-I has been found to be faster than that of apoA-I in Lp-
A-I:A-II [20]. It has been shown recently that apoE is metab-
olized at a slower rate when associated with Lp-A-I:A-II than
Lp-A-I or Lp-A-II subclasses [21•]. The Lp-A-I particles,
but not Lp-A-I:A-II, seem to function as the acceptors of
peripheral cholesterol [22,23], and, in association with
lecithin:cholesterol acyltransferase (LCAT) and cholesterol
ester transfer protein (CETP), as templates for esterifying
and transferring cholesterol in plasma [24]. Lp-A-I have
greater binding affinities for various cell membranes than
Lp-A-I:A-II [25]. On the other hand, Lp-A-I:A-II seem to have
a greater capacity than Lp-A-I for binding apoC peptides and
apoE released during the lipolytic degradation of triglycer-
ide-rich lipoproteins, and to provide these minor apolipo-
proteins for the completion of extracellular formation of
triglyceride-rich lipoproteins in space of Disse [26,27].

It has been shown that HepG2 cells secrete mainly tri-
glyceride-rich Lp-B and Lp-B:E, suggesting that these two
families may be the precursors for the extracellular forma-
tion of Lp-B:C and Lp-B:C:E [28]. Alaupovic et al. [29] have
shown that the triglyceride-rich Lp-B:C, Lp-B:C:E, and Lp-A-
II:B:C:D:E families have different affinities for lipoprotein
lipase (LPL) despite similar triglyceride and apoC-III con-
tents. Thus, Lp-B:C:E particles seem to be the most efficient
and Lp-A-II:B:C:D:E particles the least efficient substrate for
LPL. ApoB-containing lipoprotein families differ also in
their binding affinities for the LDL receptors. The Lp-B:E
bind to LDL receptors on human fibroblasts, HepG2, and
HeLa cells with greater affinity than Lp-B [30–32]. In con-
trast, the binding of Lp-B:C to LDL receptors of HeLa cells
has been found to be negligible, suggesting that this
lipoprotein family has very little effect on regulating 3-
hydroxy-3-methylglutaryl coenzyme A (HMG CoA) reduc-
tase activity [31]. ApoB-containing lipoprotein families may
also have different binding affinities and rates of uptake by
human THP1 macrophages [33]; Lp-B:C were shown to
have the greatest affinity followed by Lp-B:C:E, Lp-A-
II:B:C:D:E, and Lp-B in descending order.

These findings have provided strong evidence for the
crucial role of minor apolipoproteins in modifying and
determining the metabolic properties of individual apoA-
and apoB-containing lipoprotein families.

Clinical significance of lipoprotein families
Metabolic derangements of lipid transport processes are of
great clinical significance because they are considered as
one of the main factors responsible for the genesis and
development of atherosclerotic disease [1,2,4,34]. Normo-
lipidemia and a variety of dyslipoproteinemias are charac-
terized by specific concentration profiles of apoA- and
apoB-containing lipoprotein families. Due to the complex-
ity of plasma lipoproteins, the only reliable methods for
the quantification of apolipoprotein-defined lipoprotein
families are based on highly specific and sensitive
immunologic procedures, including immunoprecipitation

[35,36], immunoaffinity chromatography [37], enzyme
linked differential-antibody immunosorbent assays [38],
and differential electroimmunoassays [39,40].

It is generally accepted that apoB is the marker of
atherogenic lipoproteins and apoA-I the marker of anti-
atherogenic lipoproteins. The recognition that apoA- and
apoB-containing lipoprotein families have distinct apoli-
poprotein composition and metabolic properties has
raised the question as to whether or not lipoprotein fami-
lies may also possess different antiatherogenic or athero-
genic potentials. Although the entire HDL has been
thought to be nonatherogenic, the finding that patients
with documented coronary artery disease (CAD) have
lower levels of LpA-I than LpA-II:A-II in comparison with
control subjects has suggested that the former may possess
a greater cardioprotective capacity than the latter [41]. In
subsequent studies, some investigators found no difference
in the levels of Lp-A-I and Lp-A-I:A-II between subjects with
and without CAD [42–44], whereas others confirmed the
original observation about the greater antiatherogenic
potential of Lp-A-I in comparison with that of LpA-I-A-II
[45–49]. In a recently reported prospective study of two
populations of Northern Ireland and France [50], it was
concluded that both Lp-A-I and LpA-I:A-II were signifi-
cantly associated with the incidence of CAD, and that there
was no difference between these two subclasses as predic-
tors of atherosclerotic disease. However, due to its direct
role in reverse cholesterol transport, Lp-A-I appears to be
more compatible with a greater cardioprotective capacity
than Lp-A-I:A-II. Thus, the possible differences in the
relative antiatherogenicity between Lp-A-I and Lp-A-I:A-II
still remain to be resolved in future studies.

The question of absolute and relative atherogenicity of
apoB-containing lipoproteins is quite complicated due to
differences in the lipid and apolipoprotein composition and
physical properties of individual lipoprotein families.
According to the classification of lipoproteins based on
density properties, cholesterol-rich LDL are considered to
have the highest atherogenic capacity followed in decreasing
order of atherogenicity by intact or partially delipidized
triglyceride-rich IDL and small VLDL; the large VLDL and
chylomicrons are thought to have negligible atherogenic
potential. Thus, the size or density of lipoprotein particles
represents an important determinant of their atherogenicity
[51]. Based on the distribution studies of discrete apoB-
containing lipoproteins along the density gradient between
0.94 to 1.063 g/mL, it is possible to equate cholesterol-rich
Lp-B and Lp-B:E particles with LDL and the triglyceride-rich
Lp-B:C, Lp-B:C:E, and Lp-A-II:B:C:D:E particles with VLDL
and IDL. On this basis, Lp-B and Lp-B:E particles may be
considered to be the main atherogenic lipoproteins, whereas
the atherogenicity of Lp-B:C, Lp-B:C:E, and Lp-A-II:B:C:D:E
particles may be relatively low in comparison with that of
cholesterol-rich apoB-containing lipoproteins. However, the
atherogenicity of discrete apoB-containing lipoprotein fami-
lies cannot be derived from or determined by comparison
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with that of lipoprotein density classes because density
classes are mixtures of varying concentrations of individual,
polydisperse apoB-containing lipoprotein families. The
problem of atherogenicity is further compounded by the
controversial views regarding the contribution of hypertri-
glyceridemic and hypercholesterolemic lipoprotein profiles
to the risk of CAD. Although, in general, hypertriglyceri-
demia with or without associated hypercholesterolemia
occurs more frequently in patients with premature CAD
than hypercholesterolemia, most of the major prospective
studies have shown that lowering of LDL cholesterol, but
not triglycerides, has a significant beneficial effect on the
progression of atherosclerotic disease and reduction of coro-
nary events [52]. Although these studies have provided little
evidence that plasma triglyceride levels represent an inde-
pendent predictor of CAD, it has been demonstrated in
some subsets of patient populations (eg, women, elderly
subjects, and patients with type 2 diabetes) that increased
triglyceride concentrations are an independent risk factor for
the progression of atherosclerotic disease [53]. These find-
ings have been supported by results of a meta-analysis of
population-based prospective studies [54] and clinical trials
[55,56•] confirming that hypertriglyceridemia is an inde-
pendent risk factor for coronary events even after adjust-
ments for several lipid and clinical confounding factors,
including HDL cholesterol. In addition, a number of clinical
and metabolic studies have indicated that partially delip-
idized triglyceride-rich lipoproteins (remnant lipoproteins)
may have atherogenic potentials similar to, if not greater
than, that of cholesterol-rich LDL particles [56•,57]. One of
the possible reasons for this LDL cholesterol/triglyceride
controversy may be due to the selection of markers for the
statistical evaluation of the atherogenicity of cholesterol-rich
and triglyceride-rich lipoproteins. As a marker of choles-
terol-rich lipoproteins, LDL cholesterol encompasses a
relatively narrow density segment of apoB-containing lipo-
proteins and, when determined by the Friedewald formula,
it also includes the IDL known to contain atherogenic,
partially delipidized, triglyceride-rich lipoproteins (ie, rem-
nant lipoproteins). In contrast, plasma triglyceride levels as
the marker of triglyceride-rich lipoproteins encompass the
entire lipoprotein density spectrum, including the non-
atherogenic chylomicrons and large VLDL as well as anti-
atherogenic HDL. Based on these considerations, it appears
that the use of triglycerides as a marker of potentially athero-
genic triglyceride-rich lipoproteins is not equivalent to the
use of LDL cholesterol as a marker of cholesterol-rich lipo-
proteins. Thus, when estimating atherogenicity of apoB-
containing lipoproteins, the use of triglycerides introduces
an a priori bias in statistical evaluations.

The relationship of apoB-containing lipoproteins to
atherosclerosis was explored in two prospective angio-
graphic trials, including the Cholesterol Lowering Athero-
sclerosis Study (CLAS) [58], and Monitored Atherosclerosis
Regression Study (MARS) [47]. The 2-year treatment with a
niacin-colestipol combination of subjects with moderate

hypercholesterolemia and previous bypass surgery in CLAS
and the treatment with lovastatin of subjects with moderate
hypercholesterolemia and angiographically documented
CAD in MARS resulted in significantly reduced progression
of atherosclerotic lesions due to the lowering effect of these
drugs on the levels of apoB and LDL cholesterol or choles-
terol-rich Lp-B particles. However, despite highly reduced
levels of LDL cholesterol (97 ± 27 mg/dL in CLAS and 82 ±
17 mg/dL in MARS), the continuing progression of athero-
sclerotic lesions in 35% to 40% of patients was shown to be
associated with increased levels of the constituents of tri-
glyceride-rich lipoproteins (triglycerides and apoC-III) in
CLAS or increased concentration of directly measured sum
of triglyceride-rich Lp-B:C, Lp-B:C:E, and Lp-A-II:B:C:D:E
(referred to as Lp-B complex) and individually measured Lp-
A-II:B:C:D:E. It was shown in both trials that niacin-
colestipol combination and lovastatin had significant
lowering effects on LpB, but no effects on triglyceride-rich
Lp-B:C and LpB:C:E [40,59].

In a search to replace plasma triglycerides with a more
adequate marker for the atherogenicity of triglyceride-rich
lipoproteins, it was shown in the ancillary Cholesterol and
Recurrent Events (CARE) study [60] that statistically, the
most powerful predictors of the recurrent coronary events
in patients with previous myocardial infarction were
VLDL-apoB and apoC-III bound to apoB-containing
lipoproteins, even after adjustments for LDL and HDL
cholesterol and total and VLDL triglycerides.

Results of CLAS and MARS have already suggested that
minor apolipoproteins may not only modify the metabolic
properties of lipoprotein families, but also affect to various
degrees their atherogenic potentials by establishing that
Lp-B:C, Lp-B:C:E, or Lp-A-II:B:C:D:E may have similar, if
not greater, atherogenic capacity than Lp-B. This was
confirmed in a clinical trial of men undergoing coronary
angiography indicating that the severity of CAD was signif-
icantly correlated with Lp-B:C:E and Lp-B:C, but not with
Lp-B particles [61]. In a study of subjects with type 2 diabe-
tes, it was shown that diabetic patients with clinically
verified vascular disease had similar levels of Lp-B, but a
twofold higher level of Lp-B:C than diabetic patients with-
out vascular disease [62]. This finding has been recently
confirmed in a larger study of type 2 diabetic patients
showing that the levels of Lp-B:C particles were indepen-
dently associated with macrovascular complications of
diabetes, with the highest odds ratio among independent
variables [63]. In a recently reported ancillary CARE study
[64••], type 2 diabetic patients with previous myocardial
infarction were followed for 5 years, and 121 who had a
recurrent coronary event were matched to 121 who did not.
Measurement of Lp-B and Lp-B:C in VLDL and IDL plus
LDL provided the first opportunity to compare the predic-
tive power of these two atherogenic subclasses. Results
showed that Lp-B:C particles in IDL plus LDL were a
several-fold greater predictor of recurrent coronary events
than Lp-B (relative risk [RR] of 6.6; P<0.0001 for Lp-B:C
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versus RR of 2.2; P<0.07 for Lp-B). The relationship
between Lp-B:C and coronary events was independent of
standard lipid and apolipoprotein risk factors and other
baseline characteristics of patients. The significant differ-
ence in the capacities of Lp-B and Lp-B:C particles to elicit
recurrent coronary events in diabetic subjects commensu-
rate with other presented findings indicates not only a
greater atherogenic potential of Lp-B:C particles in com-
parison with that of Lp-B particles, but also supports the
concept of relative atherogenicity of apoB-containing lipo-
proteins. The relative atherogenicity of Lp-B:E, Lp-B:C:E,
and Lp-A-II:B:C:D:E particles in relation to those of Lp-B
and Lp-B:C remains to be established in future studies.

The Effect of Pharmacologic and Dietary 
Interventions on ApoA- and ApoB-containing 
Lipoprotein Families
Apolipoprotein A- and apoB-containing lipoprotein fami-
lies occur in varying concentrations in almost all normolipi-
demic and dyslipoproteinemic subjects. Lp-A-I accounts for
approximately 20% to 25% and Lp-A-I:A-II for 70% to 75%
of total apoA-I (Table 1). In general, dyslipoproteinemic
subjects with or without CAD tend to have lower levels of
apoA-I than normolipidemic, asymptomatic subjects. Due
to higher levels of apoA-I, women have higher levels of both
Lp-A-I and Lp-A-I:A-II than men. There are, however, signifi-
cant differences in the levels of Lp-A-I and Lp-A-I:A-II among
individuals of both genders depending on several genetic
and environmental factors. The goal of intervention therapy
is to raise levels of Lp-A-I and/or Lp-A-I:A-II in subjects with
low levels of these subclasses.

In both the dyslipoproteinemic and normolipidemic
subjects, Lp-B is the main lipoprotein subclass, accounting
for 50% to 65% of total apoB (Table 2). However, the sum
of complex apoB-containing lipoproteins, including Lp-
B:C, Lp-B:E + Lp-B:C:E, and Lp-A-II:B:C:D:E, accounts for
an almost equal percentage of total plasma apoB content,
especially in subjects with primary hypercholesterolemia
and hypertriglyceridemia. All complex apoB-containing

lipoprotein families are significantly increased in both pri-
mary and secondary dyslipoproteinemias when compared
with normolipidemic, asymptomatic control subjects.

Pharmacologic interventions
Atmeh et al. [65] first showed that lipid-lowering drugs
may affect the levels of lipoprotein families in a specific
manner by establishing that niacin increases and probucol
decreases the concentration of Lp-A-I with little or no effect
on the levels of Lp-A-I:A-II. All statins increase moderately
the levels of Lp-A-I and Lp-A-I:A-II [40,66], with the excep-
tion of pravastatin, which seems to be the only statin that
increases significantly the levels of Lp-A-I:A-II [67,68]. In
contrast, both gemfibrozil [68] and fenofibrate [66]
increase markedly the concentration of Lp-A-I:A-II, but
show no effect on that of Lp-A-I. Cholestyramine [67]
increases both the Lp-A-I and Lp-A-I:A-II, and, in combina-
tion with niacin, appears to be the most efficient pharma-
cologic agent in raising the levels of apoA-I and its
corresponding lipoprotein subclasses.

Statins and fibrates, in addition to niacin and bile acid-
sequestering resins, represent a wide choice of drugs prima-
rily affecting atherogenic apoB-containing lipoproteins. It
has been well documented that, in general, statins are more
effective in lowering the cholesterol-rich [40,47,66-69] and
fibrates the triglyceride-rich apoB-containing lipoproteins
[66,68]. It is customary to determine the effect of lipid-lower-
ing drugs by measuring the levels of LDL cholesterol as a
marker of cholesterol-rich lipoproteins and plasma triglycer-
ide as a marker of triglyceride-rich lipoproteins. However,
because these two markers may encompass several discrete
apoB-containing lipoprotein families, the actual effect of
statins or fibrates cannot be assessed solely on the basis of
LDL cholesterol or triglyceride levels. There is already
evidence to illustrate this point. For example, in subjects with
combined hyperlipidemia, atorvastatin (20 mg/d) lowered
significantly cholesterol-rich Lp-B (26%) and triglyceride-
rich Lp-B:C and Lp-B:C:E (44%), but had very little effect on
the levels of Lp-A-II:B:C:D:E (10%) [69]. On the other hand,
in subjects with combined hyperlipidemia, simvastatin

Table 1. Lipoprotein A-I and lipoprotein A-I:A-II in plasma of normolipidemic and 
dyslipoproteinemic subjects

Dyslipoproteinemias
HDL-C, mg/dL  
(mean ± SD)

ApoA-I, mg/dL  
(mean ± SD)

Lp-A-I, mg/dL  
(mean ± SD)

Lp-A-I:A-II, mg/dL 
(mean ± SD)

Moderate hypercholesterolemia (n=253) 38 ± 10* 127 ± 20* 31.4 ± 4.8* 94.5 ± 18.4*
Hypertriglyceridemia (n=16) 36 ± 9* 123 ± 18† 33 ± 6 97 ± 17
Chronic renal failure (n=93) 38.7 ± 15* 114 ± 22* 34 ± 8 80 ± 21*
Type 2 diabetes (n=224) 44 ± 9* 114 ± 24* 30 ± 6* 84 ± 19*
Normolipidemia (n=238) 51 ± 14 139 ± 27 34 ± 7.5 104 ± 22
Men (n=125) 46 ± 11 131 ± 22 32 ± 6 98 ± 18
Women (n=113) 57 ± 17 150 ± 28 36 ± 8 112 ± 22

*P<0.001 in normolipidemic versus dyslipoproteinemic subjects.
†P<0.05  in normolipidemic versus dyslipoproteinemic subjects.
Apo—apolipoprotein; HDL-C—high-density lipoprotein cholesterol; Lp—lipoprotein.
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(80 mg/d) reduced significantly Lp-B (18%), Lp-B:E + Lp-
B:C:E (30%), and Lp-A-II:B:C:D:E (45%), but had only a
slight lowering effect on Lp-B:C (10%) [70]. This outcome
could not have been predicted from almost identical lower-
ing effect of these two statins on LDL cholesterol (34% vs
33%), triglycerides (30% vs 32%), apoB (32% vs 31%), or
apoC-III (27% vs 26%). As inhibitors of HMG CoA reduc-
tase, all statins share the ability to lower plasma cholesterol
by inhibiting hepatic cholesterol synthesis and upregulating
LDL receptors. Consequently, the most characteristic lipopro-
tein-lowering effect of statins is to decrease plasma levels of
cholesterol-rich Lp-B and Lp-B:E particles; statins differ,
however, in the capacity to lower equally and consistently the
levels of Lp-B:C and Lp-A-II:B:C:D:E particles.

In contrast to statins, fibrates lower markedly plasma
triglycerides accompanied by moderate to insignificant
reduction of plasma cholesterol or LDL cholesterol.
Surprisingly, the pronounced lowering of plasma triglycer-
ides is not always reflected in an equal reduction of the
number of triglyceride-rich lipoprotein particles. For
example, lowering of triglycerides by gemfibrozil was
threefold greater than lowering of apoC-III or correspond-
ing triglyceride-rich particles [68]. On the other hand,
fenofibrate treatment resulted in a similar reduction of
triglycerides, apoC-III, and triglyceride-rich lipoprotein
families [66]. Because the lowering effect of fibrates is
mediated through the activation of peroxisome prolifera-
tor activated receptors causing, among others, the repres-
sion of apoC-III and induction of LPL genes, it may be that
gemfibrozil and fenofibrate have a similar effect on the
expression of LPL gene, but a differential effect on the
expression of apoC-III gene. Aside from statins and
fibrates, it was shown in CLAS that the combination of
niacin-colestipol had a highly significant effect, similar to
that of statins, in reducing Lp-B, but no effect in lowering
Lp-B:C and Lp-B:C:E particles [59].

These rather sketchy findings should provide the basis
for further systematic studies on differential effects of

hypolipidemic drugs on apoA- and apoB-containing lipo-
protein families.

Dietary interventions
Diet plays an important, if not essential, role in affecting
lipid transport processes as manifested by recommenda-
tions that dietary interventions should always be under-
taken as the first therapeutic step in normalizing or
ameliorating abnormalities of plasma lipoproteins. In
innumerable studies, nutritional interventions have been
aimed mainly, but not exclusively, at the content of choles-
terol and the quantity and fatty acid composition of
dietary fat, because of well-documented influence of these
nutrients on the levels of atherogenic apoB-containing and
antiatherogenic apoA-containing lipoproteins. The inter-
vention studies have been monitored and evaluated almost
exclusively by measurements of plasma lipids and lipopro-
tein cholesterol and, more recently, by apoA-I and B. In
contrast to pharmacologic interventions, there are only a
few studies on the effects of diets on individual apoA-
containing lipoproteins and practically no information on
apoB-containing lipoproteins.

Delplanque et al. [71] and Fumeron et al. [72] were first
to establish that diets with high ratio of polyunsaturated to
saturated fatty acids (1.1 to 1.2) lowered the levels of anti-
atherogenic Lp-A-I, but had no effect on the levels of Lp-A-
I:A-II. The lowering of Lp-A-I levels counteracted to some
extent the beneficial effect of these diets in reducing the
concentration of cholesterol-rich apoB-containing lipopro-
teins. However, it was shown by Delplanque et al. [71] that
the negative effect of polyunsaturated fatty acids may be
corrected by the use of an equal ratio of monounsaturated
to polyunsaturated fatty acids; although this still decreased
the levels of LDL cholesterol, this diet had no effect on Lp-
A-I. It appears that increasing ratios of monounsaturated to
polyunsaturated fatty acids, with no change in saturated
fatty acids, tend to increase the levels of apoA-I, Lp-A-I, and
Lp-A-I:A-II, although monounsaturated oleic acid alone

Table 2. Apolipoprotein B-containing lipoprotein families in plasma of normolipidemic and 
dyslipoproteinemic subjects

Dyslipoproteinemias
ApoB, mg/dL 
(mean ± SD)

Lp-B, mg/dL 
(mean ± SD)

Lp-B:C, mg/dL 
(mean ± SD)

Lp-B:E + Lp-B:C:E, 
mg/dL (mean ± SD)

Lp-A-II:B:C:D:E, 
mg/dL (mean ± SD)

Phenotype IIA (n=35) 142 ± 15* 73 ± 7.7* 16.4 ± 4* 18.3 ± 4.7* 20.8 ± 5.9*
Phenotype IIB (n=26) 171 ± 15* 91 ± 10.7* 21.7 ± 7.1* 21.7 ± 8.2* 31.5 ± 10.7*
Chronic renal failure 

before dialysis (n=15)
137 ± 409* 82 ± 30* 20.3 ± 10* 22.3 ± 7.5* 12 ± 5.6

Type 2 diabetes (n=7) 119 ± 17† 69 ± 18‡ 14 ± 7.2 21 ± 18§ 15 ± 5.3
Normolipidemia (n=75) 93 ± 19 56 ± 12 10.6 ± 5.3 12 ± 5.3 13.4 ± 8
Men (n=34) 95 ± 20 54 ± 13 13 ± 6.1 13 ± 6.1 14.8 ± 8
Women (n=39) 90 ± 17 58 ± 11 8.5 ± 3.7 11 ± 4.4 11.8 ± 6.7

*P<0.0001 in normolipidemic versus dyslipoproteinemic subjects.
†P<0.001 in normolipidemic versus dyslipoproteinemic subjects.
‡P<0.01 in normolipidemic versus dyslipoproteinemic subjects.
§P<0.005 in normolipidemic versus dyslipoproteinemic subjects.
Apo—apolipoprotein; Lp—lipoprotein.
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increases mainly Lp-A-I:A-II [71]. The effect of high polyun-
saturated to saturated fatty acid ratio and that of equal
monounsaturated to polyunsaturated fatty acid ratios on
apoA-containing lipoprotein subclasses have been
confirmed in subsequent studies [73,74].

There is only one study evaluating the effect of a high-fat
diet (40% of calories from fat, polyunsaturated to saturated
fat ratio of 0.11) on the postprandial levels of lipids, apolipo-
proteins, and apoB-containing lipoprotein families in normo-
lipidemic (triglyceride level of 84 ± 36 mg/dL) and
hypertriglyceridemic (triglyceride level of 237 ± 85 mg/dL)
subjects [75]. The major changes in postprandial state only
occurred in lipoproteins with density gradient less than 1.020
g/mL characterized by slight increases in the levels of triglycer-
ides, apoB, and apoC-III in both groups of subjects. However,
there were significant differences in the postprandial levels of
apoB-containing lipoprotein subclasses between normolipi-
demic and hypertriglyceridemic subjects. The levels of athero-
genic Lp-B:C were increased twofold in the latter and slightly
decreased in the former, whereas the levels of Lp-A-II:B:C:D:E
were increased in the former and decreased in the latter, a
finding that could not have been predicted from the changes
in the levels of plasma apoB. In a recent study (unpublished
data) in collaboration with Kris-Etherton and associates, we
have compared the effects of three experimental diets, includ-
ing high-oleic acid fat blend, high-oleic acid fat blend with
the addition of omega-3 marine fatty acids, and a high-oleic
acid fat blend with the addition of α-linolenic acid, on the
postprandial concentrations of apoB-containing lipoprotein
families in type 2 diabetic subjects. The results have shown
that all three diets had similar postprandial effects in increas-
ing the levels of total apoB, but different effects on the
concentration of individual apoB-containing lipoproteins.
The postprandial increase in the levels of atherogenic Lp-B:C
particles was significantly greater on the oleic acid diet
compared with a moderate effect of α-linolenic and a negli-
gible effect of omega-3 marine fatty acids; this increasing
effect of oleic acid on the levels of Lp-B:C was further exacer-
bated in a subpopulation of diabetic subjects with plasma
apoB levels greater than 100 mg/dL.

These findings and tentative conclusions deserve to be
investigated and confirmed in larger population studies of
normolipidemic and dyslipoproteinemic subjects, because
they show that diets, especially in postprandial state, may
have significant effects on individual apolipoprotein-
defined apoA- and apoB-containing lipoprotein families
similar to those of pharmacologic agents.

Conclusions
By emphasizing apolipoproteins as chemically unique
constituents and metabolic and functional determinants of
plasma lipoproteins, the concept of lipoprotein families
provides a framework capable of incorporating any number
of apolipoproteins and corresponding lipoprotein families
into an integrated system of lipid transport. Moreover, this

concept maintains that normal and defective lipid transport
processes ought to be regarded, measured, and evaluated in
terms of macromolecular lipoprotein families of particles
rather than their individual lipid or apolipoprotein constitu-
ents. Because the ubiquitous lipoprotein constituents such as
cholesterol or triglyceride are not specific or unique markers
for discrete lipoprotein families, the measurement of lipids
either in plasma or in major lipoprotein density classes can-
not describe adequately the concentration profiles of these
chemically and metabolically unique entities of plasma lipo-
protein system. There is already substantial evidence to indi-
cate that individual apoA-containing lipoprotein families
may differ in their antiatherogenic and apoB-containing
lipoprotein families in atherogenic potentials. Although the
quantification of plasma apoA-I and apoB provides an
estimate of the number of corresponding antiatherogenic
and atherogenic lipoproteins, the distribution of these two
major apolipoproteins among discrete metabolically and
pathophysiologically different lipoprotein families can only
be determined by direct measurement of these apolipo-
protein-defined lipoproteins. Because, in general, the same
distinct apoA- and apoB-containing lipoprotein families
occur in subjects with normal or aberrant lipoprotein pro-
files, the difference between normal and dyslipoproteinemic
states results from quantitative rather than qualitative
changes in individual lipoprotein families.

The use of a variety of pharmacologic agents for treat-
ing dyslipoproteinemias has already shown that these
drugs alone or in combination may affect selectively indi-
vidual apolipoprotein-defined lipoproteins. Although it is
necessary and important to continue with systematic
studies of pharmacologic therapeutic interventions, there
is an urgent need to extend such studies to the effect of
diets and dietary interventions on individual apoA- and
apoB-containing lipoprotein families in normal and dysli-
poproteinemic states. The ultimate goal of both the
pharmacologic and dietary interventions is to develop
individualized treatments targeted at decreasing undesir-
able and/or increasing the desirable concentrations of apo-
lipoprotein-defined lipoprotein families.
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	12 ± 5.6

	<TABLE ROW>
	Type 2 diabetes (n=7)
	119 ± 17†
	69 ± 18‡
	14 ± 7.2
	21 ± 18§
	15 ± 5.3

	<TABLE ROW>
	Normolipidemia (n=75)
	93 ± 19
	56 ± 12
	10.6 ± 5.3
	12 ± 5.3
	13.4 ± 8

	<TABLE ROW>
	Men (n=34)
	95 ± 20
	54 ± 13
	13 ± 6.1
	13 ± 6.1
	14.8 ± 8

	<TABLE ROW>
	Women (n=39)
	90 ± 17
	58 ± 11
	8.5 ± 3.7
	11 ± 4.4
	11.8 ± 6.7


	<TABLE FOOTING>
	<TABLE ROW>
	*P<0.0001 in normolipidemic versus dyslipoproteinemic subjects. †P<0.001 in normolipidemic versus...
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