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REVIEW / SYNTHESE

Regulation of postprandial lipemia: an update on
current trends

Sabina Paglialunga and Katherine Cianflone

Abstract: People spend a large percentage of their waking hours in the postprandia state. Postprandial lipemia is associ-
ated with disruptions in lipoprotein metabolism and inflammatory factors, cardiovascular disease, MetS, and diabetes.
Commonly, the dietary sources of fat exceed the actual needs and the tissues are faced with the excess, with accumulation
of chylomicrons and remnant particles. This review will summarize recent findings in postprandial lipemia research with a
focus on human studies. The effects of dietary factors and other meal components on postprandial lipemia leads to the fol-
lowing question: do we need a standardized oral lipid tolerance test (OLTT)? An overview of recent findings on FABP2,
MTP, LPL, apoAV, and ASP and the effects of body habitus (sex influence and body size), as well as exercise and weight
loss, on postprandial lipemia will be summarized.

Key words: triglyceride rich lipoprotein, cardiovascular disease, acylation stimulating protein, lipoprotein lipase, insulin re-
sistance, dietary fat, exercise.

Résume : Les gens passent la plupart de leur temps éveillé en état post-prandial. La lipémie post-prandiale est associée a
des perturbations du métabolisme des lipoprotéines et des facteurs inflammatoires, a la maladie cardiovasculaire, au syn-
drome métabolique ainsi qu’ au diabéte. Les sources alimentaires de gras dépassent généralement les besoins réels et les
tissus doivent composer avec un surplus de gras, une accumulation de chylomicrons et des particules en trop. Cet article-
synthése présente le bilan des derniéres études sur la lipémie post-prandiale et donne une grande place aux études sur les
humains. Les effets des facteurs aimentaires et d autres constituants des repas sur la lipémie post-prandiale soulévent la
question suivante : devons-nous élaborer un test oral de tolérance aux lipides (OLTT) ? Nous présentons un apercu des
études sur les protéines de liaison des acides gras (FABP2), les protéines microsomiques de transfert des triglycérides
(MTP), la lipoprotéine lipase (LPL), les apolipoprotéines A-5 (apoAV), les protéines stimulatrices de I’ acylation (ASP).
Nous exposons aussi les effets de I’ habitus corporel (influence du sexe et de la corpulence), de I’ activité physique et de la
perte de poids sur la lipémie post-prandiale.

Mots clés : lipoprotéine riche en triglycérides, maladie cardiovasculaire, protéine stimulant |’ acylation, lipoprotéine lipase,
insulinorésistance, gras alimentaire, activité physique.

[Traduit par la Rédaction]

Clinical implications of exaggerated disease and are associated with obesity, MetS, and diabetes

ostprandial lipemia (Kolovou et a. 2005a; Graham 2004). These criteria are pri-
postp P marily based on blood sampling conducted in the fasting
It is well recognized that alterations in plasma lipid and  state, especially for disease evaluation. Although it is true
lipoprotein concentrations increase the risk of cardiovascular  that elevated fasting TG can often be indicative of delayed
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postprandial TG clearance (Cianflone et a. 2004), this is not
always the case. There are a number of examples (as de-
scribed later) where, in spite of a norma fasting plasma
TG, subjects manifest delayed postprandial TG clearance.
Thus, analysis of postprandial TG clearance can provide ad-
ditional information on overall physiological processes as
well.

Dietary fat composition effects on
postprandial lipemia

Numerous studies have demonstrated a beneficial effect
of PUFASs on cardiovascular disease risk factors, as well as
morbidity and mortality (Kris-Etherton et al. 2004). Of the
individual fatty acid classes, PUFAs (specificaly n-6 PU-
FAs) have the most potent cholesterol-lowering effects of
the individual fatty-acid classes (Kris-Etherton et al. 2004).
Further, PUFASs have favorable effects on postprandia lipe-
mia (Kris-Etherton et a. 2004). In fact, part of the beneficial
effects of PUFAs on hepatic lipoproteins may be mediated
within the postprandial phase. Chung et al. have demon-
strated that dietary fats, while serving as precursors of TRL,
also influence circulating LDL and HDL levels (Chung et al.
2004). In vivo postprandial clearance of LDL and HDL cho-
lesterol was greater after a PUFA-enriched diet than an SFA
diet, owing to increased cholesterol ester transfer protein-
mediated transfer of LDL and HDL cholesterol ester to-
wards the TRL (followed by hepatic removal) (Chung et al.
2004). MUFA, SFA and PUFA diets can alter other lipopro-
teins as well, such as Lp(a) (Tholstrup and Samman 2004).
Downstream, aterations in dietary fatty acid composition
can trandate into reduction of other factors associated with
endothelial dysfunction, such as reduction in antibodies to
modified LDL (Gradek et al. 2004) and decreased activation
of monocyte NF-xB (Bellido et al. 2004).

The dietary components responsible for such changes are
not always as evident. For example, dairy butter fat (high in
SFA) modified to reduce the saturated to unsaturated fatty
acid ratio (replacement of 16% of SFAs by MUFAs and
PUFAS) increased postprandial lipemia, which is not a ben-
eficial change for CAD risk (Poppitt et a. 2004). Character-
istics such as solidity and melting point of the fat may have
effects that are relevant. Thus, although SFAs are typically
considered the most deleterious, when stearic acid (18:0) is
compared with other SFAs such as palmitic (16:0), myristic,
or lauric acids, or with diets high in trans and oleic acid
(MUFAYS), stearic acid results in smaller postprandial in-
creases in factor VII, and does not support the hypothesis
that stearic acid is more thrombotic (Tholstrup 2005). Stea
ric acid presented as cocoa butter results in similar post-
prandial lipemia and factor VII activation as high MUFA
sunflower oil, but when stearate is presented as shea buitter,
this results in decreased postprandial lipemia and activation
of factor VIl (Sanders and Berry 2005). Diets rich in palm
oil, lard, or puff-pastry margarine (which differ in SFA and
trans MUFA content but are all “solid” fats) had similar ef-
fects on postprandia response in obese and non-obese sub-
jects (Jensen et al. 1999). However, administration of
modified milk fats of varying melting profiles to guinea
pigs did influence postprandial lipemia (Asselin et al.
2004). It has been suggested that differences in positional
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composition of the fatty acids in triglycerides may affect
the physica properties of the fats (Berry and Sanders
2005). Thus, the differences in responses may relate to
varying melting points and solid fat contents of the diets
under physiological temperatures. These differences in fat
texture (and in fat taste) also elicit an array of orosensory
stimulation and cephalic phase responses including release
of digestive enzymes, which lead to aterations in ingestion,
digestion, and absorption of fat independent of the effect of
the diet components. These combined processes affect post-
prandial lipemia (review Mattes 2005).

Related to the issue of fat composition, a novel fat pri-
marily containing diacylglycerol has been investigated for
its effects on lipid metabolism (review Tada and Yoshida
2003). Consumption of this oil demonstrates decreases in
fasting TG, as well as postprandial lipemia in healthy sub-
jects, insulin-resistant subjects, and diabetic subjects (Takase
et al. 2005). These changes may be mediated through in-
creased oxidation and decreased storage of this type of fat.

Effect of carbohydrate and protein on
postprandial lipemia

Within any isocaloric dietary modification that alters the
fat composition, there are corresponding changes in the car-
bohydrate and protein content that can impact postprandial
lipemia and confound interpretations. Very low carbohydrate
diets have become increasingly popular, but little is known
of their effects on lipids and other cardiovascular risk fac-
tors. In healthy women, a very low carbohydrate diet (com-
pared with a low fat diet) increased total, LDL, and HDL
cholesterol, but decreased fasting TG and postprandia lipe-
mia (Volek et a. 2003). In contrast to fat absorption (which
is extremely efficient), cholesterol absorption is much less
efficient and this can impact on postprandial lipemia. Indi-
viduals with a high cholesterol absorption ratio (based on
serum cholestanol—cholesterol ratios) demonstrate increased
CHYLO cholesterol linked to increased fasting LDL cho-
lesterol (Agren et al. 2006).

A high carbohydrate diet vs. a high protein diet with the
same fat content produced an increase in postprandia lipo-
protein apoB48 profile, which is indicative of increased
CHYLO and CR (Mamo et a. 2005). As with fats, an addi-
tional factor is the carbohydrate composition: slowly digesti-
ble carbohydrate reduces postprandial lipemia (both of
intestinal and hepatic origin) in obese insulin-resistant sub-
jects (Harbis et al. 2004) as does acarbose, an apha-glucosi-
dase inhibitor that delays the digestion of carbohydrate
(Ogawa et a. 2004). Addition of different types of protein
(whole milk vs. fermented milk, addition of casein or soy
protein) has been suggested to modify postprandial lipemia
via effects on gastric emptying and insulinotropic activity,
effects that can even neutralize the postprandial lipemia-in-
duced endothelial dysfunction (based on assessment of
flow-mediated vasodilatation) (Westphal et al. 2006).

Do we need a standardized OLTT?

There are countless studies evaluating postprandia lipid
metabolism, only a small proportion of which are discussed
in the present review. Almost every author presents data on
standardized meals, with appropriate comparison to control
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groups. However, between studies, these *standardized”
meals vary widely. As summarized in a recent review by
Kolovou et a. (2005a), fat loads vary widely in almost
every parameter possible. Fat load tests vary in the total
caloric content, ranging from 250 to 2500 kcal total, from
50% to 100% fat, 0% to 50% carbohydrate, and 0% to 20%
protein. Further, the meals may be entirely liquid, solid, or a
mixture with varying caloric density, which is an important
consideration in subjects that have, for example, undergone
gastric bypass.

Differences in fat distribution between SFAs, MUFAS,
and PUFAs as well as positional distribution within the TG
molecule can be problematic when comparing postprandial
lipemia effects. Diets high in safflower oil are primarily pol-
yunsaturated, diets high in olive oil are primarily monounsa-
turated, and diets enriched in butter contain mainly saturated
fats (Dworatzek et a. 2004). In many cases, the fatty-acid
diet composition is not calculated nor are sufficient details
provided. Finaly, the addition of other components, such as
the type of carbohydrate (complex vs. sugar), protein source,
or other components (as described above), can influence
postprandial lipemia.

Further, the times when blood samples are drawn, the
length of the studies, and the sample analysis are not neces-
sarily uniform. For example, the evaluation of TRLs can be
based on TG, apoB48 or other components of the TRL, and
the separation of the particles by ultracentrifugation into
large TRLs vs. small TRLs varies widely. In the past few
years, additional methods for evaluation have included ret-
inyl palmitate tracers (Cohn et al. 1993), immunochemical
methods for isolation of RLP (Cohn et al. 1999), and a rem-
nant-like emulsion breath test (Redgrave et al. 2001).

In addition to all of the acute components listed above,
changes in dietary patterns and exercise prior to the fatload
test may influence both fasting lipoproteins and postpran-
dia responses. The CHYLO response to a fat challenge
can vary by as much as 50% according to the fat, carbohy-
drate, and protein content of daily food intake (Slivkoff-
Clark et a. 2004). Chronic consumption of reduced-caloric
high-carbohydrate diets can exaggerate plasma TG levels.
It has been demonstrated that in non-obese, normolipi-
demic subjects, standardizing food intake for 3 d reduced
the intrarindividual variability associated with postprandial
chylomicronemia (assessed as apoB48 concentration), but a
more prolonged time may be required to achieve the same
effect on postprandia TG lipemia (Slivkoff-Clark et al.
2004).

Gatekeeper proteins regulating postprandial
lipemia

Various dietary factors affect postprandial metabolism
(absorption, lipolysis, and hepatic remnant clearance), yet
the precise mechanisms have not necessarily been pin-
pointed. However, there are a number of transporters, en-
zymes, and hormones that directly influence and act as
“gatekeepers’ of these processes. Each protein appears to
have a specific and individual role in the overall process,
the following section reviews recent developments in these
areas.
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Proteins affecting intestinal absorption

Intestinal absorption of fat is efficient. Following uptake
of fatty acids into enterocytes and re-esterification to TG,
CHYLOs are assembled and released through the lymphatic
system. Intestinal FABP2 and MTP play important roles in
these processes. FABP2 is involved in the intracellular trans-
port of long-chain fatty acids via a collisional mechanism,
whereas M TP regulates the assembly of CHYLOs in the in-
testine (described below).

A common aanine for threonine substitution (A54—T) in
FABP2 has been associated with hypertriglyceridemia, in-
creased BMI, hyperinsulinemia, and insulin resistance (He-
gele et a. 1996). In humans, the T54 dlele is associated
with increased postprandia lipemia in obese and diabetic
subjects (Georgopoulos et al. 2000). However, not all stud-
ies have supported the associations with postprandia lipe-
mia. When matched for both visceral adipose tissue and
fasting plasma TG levels, no difference was found in post-
prandial TG clearance following a 64% fat mixed meal
(Dworatzek et a. 2004). When diet—gene interactions of
FABP2 A5AT were tested using 3 different diets (butter, saf-
flower oil, and olive oil), the T54 group had increased
CHYLO cholesterol after olive oil only (enriched in oleic
acid) (Dworatzek et al. 2004). This is relevant, as the T54
variant is associated with increased transport and secretion
of triacylglycerol in in vitro enterocyte and tissue models
(Baier et a. 1996). Further, this mutation affects the entry
of long-chain fatty acids into the FABP2 protein (Zhang et
al. 2003) with a two-fold greater binding affinity to the
long-chain fatty acids oleate and arachidonate as compared
with the A54 isoform (Baier et a. 1996), which may explain
the diet—gene interaction, as well as some of the discrepan-
cies in the literature.

MTP is a heterodimeric lipid-transfer protein responsible
for the assembly of intestinal CHYLO, as well as hepatic
VLDL. Absence of MTP results in an inability to form
CHYLO as demonstrated in abetalipoproteinemia (Wetterau
et a.1992). The promoter region contains both negative in-
sulin response elements and positive cholesterol response el-
ements, and intestina MRNA and protein are increased in
animal models of insulin resistance and diabetes (Lewis et
al. 2005). Two recent studies have examined directly the re-
lationship between intestinal MTP gene expression and post-
prandial lipoprotein composition in diabetic and non-
diabetic subjects. (Phillips et al. 2005; Laly et a. 2006).
Both studies demonstrated increased intestinal MTP mRNA
in diabetic subjects, with a decrease in statin-treated pa-
tients. Further, there was a positive correlation between the
MTP mRNA and postprandial CHYLO cholesterol — B48 ra-
tio, suggesting that the level of MTP directly impacts post-
prandial lipoproteins. A number of polymorphisms in the
promoter region of MTP have been identified, although as-
sociations with fasting lipids were negative, it has been hy-
pothesized that the presence of other conditions (such as
diabetes) may amplify the effects of MTP polymorphisms
and reveal themselves in postprandial lipemia changes (Phil-
lips et a. 2004). Accordingly, the effect of 3 polymorphisms
in a diabetic population revealed that the common —493G—T
polymorphism is associated with increased postprandial
apoB48, but significantly lower LDL cholesterol, suggest-

© 2007 NRC Canada



64

ing that this polymorphism may decrease risk of athero-
sclerosis (Phillips et al. 2004).

Cholesterol absorption can also influence postprandia li-
pemia (as mentioned above), (Agren et a. 2006). The rela-
tionship between CHYLO composition and expression of
Niemann—Pick C1-like 1 (NPC1L1), which regulates choles-
terol absorption and ABC transporters G5 and G8 (ABCG5
and ABCGS), which regulate cholesterol homeostasis were
examined (Lally et a. 2006). Diabetic subjects expressed in-
creased intestinal NPC1L1 but decreased ABCG5 and
ABCGS8. Statin therapy increased expression of the ABC
transporters. Interestingly, postprandial CHYLO correlated
not only with MTP, but also with NPC1L1 expression.

In addition to functional proteins that directly influence
CHYLO formation and postprandial lipemia, a number of
gastrointestinal hormones are implicated in postprandial li-
pemia. Administration of the gastrointestinal-derived GLP1
in healthy male volunteers abolishes the postprandial in-
crease in TG and decreases NEFA, presumably as a result
of delayed gastric emptying, athough effects mediated
through insulin-mediated inhibition of adipose lipolysis may
also contribute (Meier et a. 2006a). By contrast, administra-
tion of GLP2 in headthy male volunteers led to significantly
higher postprandial plasma TG and NEFA, and increased
circulating glucagon. Changes in postprandial lipid excur-
sion seem to reflect enhanced intestinal nutrient absorption
but not gastric emptying although changes in adipose lipoly-
sis (secondary to the changes in circulating glucagons) can-
not be ruled out (Meier et al. 2006b).

Overdll, these studies demonstrate that numerous intesti-
nal factors such as FATP2, MTP, and gastrointestinal hor-
mones regulate postprandial lipemia, and are in turn
modified through diet—gene—disease-pharmacological inter-
actions.

Effect of peripheral adipose clearance on
postprandial lipemia

Lipoprotein lipase (LPL) is a glycoprotein enzyme pro-
duced primarily by adipose and muscle. Anchored on the lu-
minal surface of capillary endothelial cells, LPL hydrolyzes
the TG in CHYLO and VLDL, releasing NEFAs that are
stored (adipose) or oxidized (muscle). LPL is key to this
process, and in the absence of LPL (such as in genetic mu-
tations) there is complete absence of CHYLO hydrolysis.
The enzyme LPL and consequently the overall TG storage
process are primarily regulated through both the amounts
and the activity of the protein, which is in turn modulated
via various protein helpers, as well as through hormonal reg-
ulation (review (Fargj et a. 2004a)).

Genetic mutations in LPL can produce partial LPL defects
and are associated with changes in lipid profile (Mailly et al.
1995). However, other genetic variations, which are com-
mon in the population, may also influence lipoprotein me-
tabolism. The LPL variant S447—-X, present in 18%—22%
of individuals, results in alteration of the penultimate amino
acid from Ser to a stop codon. This mutation is associated
with increased LPL mass (Zhang et al. 1996; Kastelein et
a. 2000). Evauation of postprandia lipid clearance in men
has demonstrated that this LPL variant is associated with at-
tenuation of apoB48 and triglyceride postprandial increases
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and increased preheparin LPL mass (Nierman et al. 2005),
consistent with a lower risk for CAD. Conversely, the Hin-
dil polymorphisms (also indicated as H1/H2), located in the
intron between exon 8 and 9 on the LPL gene, are associ-
ated with delayed TG clearance and may contribute to fami-
lial combined hyperlipidemia (Lopez-Miranda et al. 2004).

A substantial body of evidence has accumulated showing
that apoE polymorphisms play a crucial role in the clearance
of TRL and apoCll is well recognized as a co-factor activa-
tor of LPL (Dart et a. 1997). Variations in plasma apoClI|
are strong correlates of fasting and postprandia lipemia re-
sponses to high MUFA and high carbohydrate diets, with in-
creased levels of apoClll associated with delayed
postprandial TG clearance (Archer et a. 2005).

Several studies have examined the impact of various
apoAV polymorphisms on postprandial lipemia. Moreno
and colleagues, as well as Jang and colleagues, both demon-
strate that carriers of the —=1131T—C allele had significantly
increased postprandia lipemia (Moreno et a. 2006; Jang et
al. 2004). On the other hand, previous studies do not support
this (Masana et al. 2003; Martin et a. 2003). Factors such as
caloric content and fat composition likely contribute to these
differences. There are severa mechanisms proposed to ex-
plain why this polymorphism may be responsible for the dif-
ferences in postprandial lipemia in humans (Moreno et a.
2006; Jang et a. 2004): (i) the C alele is associated with
lower plasma apoAV, (ii) higher levels of apoAV are associ-
ated with enhanced LPL activity, (iii) VLDL lacking apoAV
have reduced receptor binding, suggesting reduced CHYLO
remnant clearance, and (iv) apoAV influences assembly of
VLDL (which can influence CHYLO clearance). All these
points are consistent with decreased TRL production and in-
creased TRL catabolism demonstrated in mice and can influ-
ence postprandial lipemia (Fruchart-Ngjib et al. 2004).

Regulation of lipoprotein lipase

One additional participant in this lipolytic process is the
VLDLR, a member of the LDL receptor family with distinc-
tive ligand-binding properties and tissue distribution (Sakai
et a. 1994). VLDLR is uniquely expressed at sites involved
in periphera TG clearance, including adipose, heart, and
muscle tissue (Sakai et al. 1994). VLDLR appears to be in-
volved in the transcytosis of active LPL across endothelial
cells, and may facilitate the binding of TRLs in the capillary
bed in concert with LPL (Goudriaan et al. 2004). The role of
VLDLR in CHYLO clearance was evaluated in VLDLR
knockout mice. In spite of unchanged fasting lipid levels,
postprandial TG levels were increased 9 fold in knockout
mice following a fat load. There was no observable effect
on adipose tissue uptake of NEFA, suggesting that VLDLR
facilitates postprandial LPL-mediated TG hydrolysis and ab-
sence of VLDLR is associated with reduced activity of LPL
(Goudriaan et al. 2004).

A number of hormones contribute to modulation of over-
al LPL activity. These include insulin, TNFa, acylation-
stimulating protein (ASP), and possibly adiponectin. In the
postprandial state, adipose tissue LPL is increased relative
to fasting levels, whereas muscle LPL tends to be reduced
(Boivin et al. 1994). In adipocytes, insulin acutely increases
LPL activity and secretion, mostly through changes at the
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post-translational level. This raises the question: are the
postprandial increases in LPL solely mediated by the post-
prandial increases in insulin? Based on studies by Picard
and colleagues in rodents, the simple answer would appear
to be “yes’ (Picard et a. 1999). Changes in adipose tissue
LPL activity were proportional to the changes in insulin,
even in the absence of nutrient absorption. Conversely, the
usual postprandial changes in adipose and muscle LPL did
not occur in the absence of an increase in insulinemia

Although insulin clearly plays a major role in influencing
LPL activity, insulin is not the only component that influen-
ces postprandial lipemia clearance. TNF« is a cytokine with
a wide range of activities. It is produced primarily by mono-
cytes and macrophages, athough significant amounts are se-
creted by other cell types including adipocytes. Increased
production has been implicated in the pathogenesis of insu-
lin resistance and type 2 diabetes (review Robinson and Gra-
ham 2004). Severa variants have been identified, such as
the polymorphism at position —308, which involves a substi-
tution of G to A and leads to a higher rate of gene transcrip-
tion. It has been suggested that this may lead to increased
predisposition of severa chronic inflammatory related dis-
eases (Cuenca et al. 2001). In Polish Caucasians from obese
families, male “A” allele carriers were characterized by sig-
nificantly increased levels of TG and NEFA during OLTTs.
Thus, in addition to the known association of TNFo with in-
sulin resistance, TNFo can potently suppress lipid genes in-
cluding LPL and glycerol phosphate dehydrogenase (review
Fargj and Cianflone 2004).

TG clearance occurs as a two-step process: first, lipopro-
teins are hydrolyzed by LPL-releasing NEFA; second,
NEFA is taken up into the cell and re-esterified to a storage
TG molecule. Numerous studies in vitro and in vivo have
demonstrated that excess generation and local accumulation
of NEFA will inhibit LPL (Saxena et al. 1989). Therefore,
processes that amplify the ability of the adipocyte to rapidly
take up and store NEFA as TG will indirectly increase the
hydrolytic efficiency of LPL. ASP is one such hormone.
Also known as C3adesArg, ASP is an adipokine produced
through the cleavage of complement C3 by adipsin (see
Maslowska et a. 2005 for review). ASP interacts with
C5L2, a G protein coupled receptor, activating an intracel lu-
lar pathway that leads to increased glucose transport and TG
storage (Kalant et al. 2005; Maslowska et al. 2006). Studies
in ASP-deficient C3 knockout mice demonstrate a delayed
TG clearance (in spite of normal insulin levels), which is
normalized with injection of ASP (Maslowska et al. 2005).
This effect is maintained in mice treated with a high fat
diet or in genetically obese ob/ob mice deficient in ASP.
This delay in TG clearance leads to a leaner mouse with re-
duced adipose tissue, resistant to diet-induced obesity. In vi-
tro studies demonstrated that although ASP has no direct
effect on LPL activity (in contrast to insulin), the clearance
of TRLs is enhanced by ASP through increasing TG storage
and relieving NEFA inhibition of LPL (Fargj et al. 2004a).
The effectiveness of adipose tissue trapping of LPL-derived
NEFA determines overall LPL activity, which in turn deter-
mines the efficiency of postprandial TG clearance (Farg et
a. 2004a). In contrast to the effects of ASP on adipose tis-
sue, ASP decreased in situ muscle LPL activity, similar to
the effects of insulin (Faraj et al. 2004b).
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In human studies, fasting ASP is influenced by diet, body
size (obesity), exercise, and metabolic status (cardiovascular
disease and diabetes) (Matthan et al. 2001; Schrauwen et al.
2005; Maslowska et al. 1999; Cianflone et a. 2003). In nor-
mal healthy men and women, stratification of fasting ASP
by tertiles demonstrated a delayed postprandial TG and
NEFA clearance in the subjects with the highest fasting
ASP, a correlation that remained even after correction for
differences in fasting TG. Interestingly, the precursor to
ASP, complement C3, also demonstrates similar associations
with postprandial TG lipemia, as well as correlations with
MetS indices (van Oostrom et a. 2006). The association be-
tween increased fasting ASP and postprandial lipemia likely
reflects ASP resistance, as proposed and described else-
where (Cianflone et al. 2004; Havel 2004), similar to the in-
sulin resistance paradigm. Fasting plasma ASP and C3 may
be useful markers to identify subjects with postprandial de-
layed TG clearance or MetS.

In contrast to the adipokine ASP, which is associated with
increased TG storage and efficiency of postprandial lipemia,
adiponectin has been shown to have the opposite effect.
Adiponectin is known to enhance TG lipoprotein catabolism
and fatty acid oxidation, and has been linked to fasting TG
and HDL independently of insulin sensitivity and visceral
obesity (Baratta et a. 2004). In mice administration of adi-
ponectin reduced postprandial NEFA and atered VLDL
apoB catabolism (Yamauchi et a. 2002). In patients with
nonalcoholic steatohepatitis, the magnitude of postprandial
lipemia was substantially higher than in controls, and was
inversely related to fasting adiponectin levels (Musso et al.
2005). Conversely, both the amount and type of dietary fat
can regulate adiponectin secretion (Seo et a. 2004).

At the level of peripheral clearance, especially in adipose
tissue, the central component is LPL. But LPL does not act
aone: it is supported by numerous stimulatory and inhibi-
tory co-factors (apoCll, apoClll, apoE, apoAV, and LRP)
and influenced at both the gene and activity level by insulin,
TNFa, and ASP. Not only do all these factors contribute to
postprandial clearance, many of these factors in turn are in-
fluenced by dietary factors, creating a complex web of inter-
dependence.

Regulation of hepatic CHYLO and remnant
clearance

As with peripheral lipid clearance, hepatic uptake of CR
is controlled by a battery of apoproteins and receptors. One
of the first factors recognized to play a critical role was
apoE. ApoE acts as a specific ligand for the LDL receptor,
LRP and the VLDLR (review St Clair and Beisiegel 1997).
Human apoE occurs as 3 main isoforms: apoE3, apoE2, and
apoE4, the latter two resulting from a single amino acid
change. Consequently apoE2 has a lower in vitro receptor
binding activity compared to apoE3, and apoE4 has aso
been associated with delayed postprandial TG clearance (St
Clair and Beisiegel 1997). In addition to the qualitative
modification of the apoE structure owing to the amino acid
sequence, polymorphisms in the proxima promoter region
have been described at positions 491A—-T, —427T—-C,
and —219G—T (Lambert et a. 2000). In young normolipi-
demic apoE3/E3 men, subjects with the —219T genotype
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have lower serum apoE levels, and a higher postprandial re-
sponse than carriers of the G allele in spite of similar fasting
TG levels (Moreno et a. 2003).

Although apoE is clearly the major ligand of CR and in-
teracts with multiple receptors, numerous experiments in
cells and animal models show that LPL bound to apoB lip-
oproteins (including CR) also enhances their uptake via re-
ceptor mediated pathways (Beisiegel et a. 1991). A low
concentration of circulating LPL has been detected in vivo,
and high levels of NEFA not only interfere with LPL activ-
ity (as discussed above) but also enhance disassociation of
LPL from the endothelial cell surface, increasing circulating
levels (Saxena et al. 1989). Interestingly, the lipolytic func-
tion of LPL is not required for mediation of lipoprotein par-
ticle uptake based on studies with LPL inhibitors and
catalytically inactive LPL (Nykjaer et al. 1994). Whether
this is a normal physiological function of LPL still remains
to be answered. A recent study by Zheng and colleagues ex-
amined this aspect in normolipidemic human subjects
(Zheng et al. 2006). Following an oral fat load, LPL con-
taining apoB lipoproteins were isolated by immunoaffinity
chromatography and analyzed. Their results suggested that
apoB lipoproteins containing LPL had significantly en-
hanced rates of clearance, and neither size nor apoE content
could explain the increased clearance rates. This was espe-
cially true for apoB48 intestinal lipoproteins (CHYLO and
CR).

Within the hepatic space, a number of receptors have
been linked in various ways to CR clearance. These in-
clude LDL receptor, LRP, SR-B1, ABCA1, and HL (van
Eck et al. 2005). HL is a lipolytic enzyme that is synthe-
sized in parenchymal liver cells, secreted, and bound ex-
tracellularly to the liver (Nilsson-Ehle et a. 1980). HL
hydrolyzes phospholipids and triglycerides, participating in
the metabolism of IDL, LDL, and HDL. Although this is
the major role of HL, a possible role has emerged in the up-
take of remnant particles. Inhibition of HL leads to impair-
ment of CR clearance, and various HL gene promoter
polymorphisms appear to influence HL activity (Guerraet al.
1997). Functiona genetic variants of HL with high popula-
tion frequencies include -250G—A, -514C—T, —710T—>C,
and —-763A—G. The -514C—T polymorphism mediates
changes in the level of HL. The effect on postprandia li-
pemia was tested in normolipidemic apoE3 participants
(Gomez et al. 2004). Carriers of the T alele had signifi-
cantly lower postprandial apoB, which contrasts with the
results obtained in a separate study (Jansen et a. 1999).
This also contrasts with the existing knowledge that the T
alele is associated with lower HL activity, and the pro-
posed effects of HL on TRL metabolism (Deeb and Peng
2000).

Although the LDL receptor and LRP are well established
as clearance mechanisms for remnants (CR and VLDL rem-
nants) (review Willnow 1997), the role of other receptors is
now also emerging. SR-B1 is a cell-surface glycoprotein
comprising 2 transmembrane and 2 cytoplasmic domains, as
well as a large extracellular loop containing several glycosy-
lation sites (review van Eck et al. 2005). This highly con-
served protein is expressed in liver and other tissues
important to cholesterol metabolism, with distinctive binding
sites for phospholipids, advanced glycation end products,
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apoptotic cells, and native and modified lipoproteins. SR-
B1 has been well characterized with respect to HDL metab-
olism, but less so in the clearance of apoB-containing lipo-
proteins. In vitro, SR-B1 recognizes both apoE as well as
apoB, and studies in SR-B1 knockout mice further support
arole in postprandial lipid metabolism. Consistent with this,
the association of CHY LO-type particles to freshly isolated
hepatocytes is reduced in SR-B1 knockout mice. In humans,
several studies on common polymorphisms of CLA-1 (the
human homologue of SR-B1) demonstrate that some var-
iants are associated with altered lipid metabolism, including
apoB lipoproteins; effects that vary according to age and
gender (review van Eck et al. 2005). Further, carriers of the
2 dleles in exon 1 of the SR-B1 gene demonstrate reduced
fasting LDL and TG, and were more responsive to changes
in dietary saturated fat intake (Perez-Martinez et al. 2003). It
has also been suggested that SR-B1 may be involved in in-
testinal absorption of TG. Perez-Martinez and colleagues
have demonstrated that a common polymorphism (1/2) is as-
sociated with accelerated clearance of postprandial TG, in
particular small TRL, in normolipidemic apoE3 subjects
(Perez-Martinez et al. 2004).

ABCA1 belongs to a large family of conserved transmem-
brane proteins that use ATP as energy to drive the transport
of a wide variety of molecules across the plasma membrane
(review van Eck et a. 2005). ABC transporters typicaly
consist of two 6-helix transmembrane domains with two nu-
cleotide-binding domains. ABCA1 has been shown to inter-
act with apoAl, lipidating and forming nascent HDL (van
Eck et al. 2005). In addition to apoA1l, other apolipoproteins
with amphipathic helical motifs such as apoAll, apoCl,
apoCll, apoClll, and apoE aso efficiently induce lipid ef-
flux by the same mechanism. Tangier disease results in ex-
tremely low plasma HDL as a result of ABCAL1 dysfunction.
Cardiovascular disease patients with low HDL frequently
have increased fasting TG and delayed postprandia TG
clearance. Consistent with that, Tangier disease patients dis-
play delayed TG clearance postprandialy (Kolovou et al.
2003). These effects on postprandial lipemia may be a sim-
ple consequence of the interaction between HDL and apoB
metabolism. We have previously demonstrated that an in-
crease in the efflux of cholesterol from hepatocytes to
apoA1l results in a decrease in secretion of apoB-containing
lipoproteins (Sniderman et al. 2003). Sahoo et a. (2004)
demonstrated that this effect is nullified in hepatocytes lack-
ing ABCAL.

Contrasting data have been obtained in other studies. A
decrease in plasma TG levels was observed in ABCAL
knockout mice with a complete absence of postprandial
CHYLO (Orso et al. 2000). Patients with Tangier disease
evidence a 40% decrease in total plasma apoB levels
(Schaefer et al. 2001). Correspondingly, overexpression of
ABCAL1 in mice resulted in increased apoB and TG levels
(Wellington et a. 2003). A recent study examined targeted
disruption in hepatic ABCA1 using plasmid-based small
interference RNA (siRNA) methodology to generate a re-
combinant adenovirus to selectively downregulate hepatic
ABCA1 in mice (Ragozin et a. 2005). Following a fat
load, the postprandial increase in CHYLO and CHYLO-
associated apoB and apoE were significantly reduced as
compared to controls. Although the mechanism for this ef-

© 2007 NRC Canada



Paglialunga and Cianflone

fect remains unknown, it could not be explained by either
reduced intestinal fat absorption or decreased hepatic
VLDL secretion, but appeared to be associated with in-
creased CHYLO clearance. Clearly, either positively or
negatively, ABCA1 appears to influence postprandia lipid
metabolism.

In humans, the influence of any of these receptors on
postprandial lipemia is difficult to determine due to the lim-
ited methods available to evaluate individua receptor activ-
ity and function in humans, and the absence of
epidemiological studies. The combination of indirect meth-
odology in physiological studies coupled to direct testing in
biological cell and animal models will provide the best in-
sights in the future.

Effect of sex-related fat distribution on
postprandial lipemia

Men and women have different fat distribution; men typi-
caly store excess fat in visceral adipose tissue depots,
whereas women tend to preferentially store fat in the subcu-
taneous adipose tissue depots of the buttocks and thighs.
This difference in fat distribution may be associated with
the relative atherogenic risk. Women have lower postpran-
dia TG response and more rapid clearance of dietary
CHYLO TG than men (Knuth and Horowitz 2006; review
Graham 2004).

Unfortunately, this postprandial lipemic protection is lost
after menopause. Postmenopausa women have decreased
CHYLO clearance capacity and endogenous estrogen defi-
ciency is associated with a more adverse lipid profile, which
increases the risk for CAD. The Framingham Study reported
postmenopausal women had a 2-3 times greater risk of de-
veloping CAD compared to premenopausal women of the
same age (Kannel 1987). Even artificially induced meno-
pause (oopherectamy) increases the risk of myocardia in-
farct (Kannel 1987), whereas estrogen-replacement therapy
reduces this risk (van Beek et al. 1999). When pre and post-
menopausal women were matched for age and fasting TG,
the postmenopausal women nonetheless displayed higher
postprandial lipemia, specificaly a delayed CHYLO re-
sponse (van Beek et al. 1999).

Abdominal obesity is associated with accumulation of vis-
ceral adipose tissue (VAT) and insulin resistance and is a
contributing factor for exaggerated postprandial lipemia. In
a study conducted by Blackburn et al. (2003), who examined
impaired glucose tolerant (IGT) men to normal glucose tol-
erant (NGT) men, IGT men displayed increased BMI, body
mass, VAT, waist circumference, fasting TG, insulin, and
glucose (by study design). The IGT subjects also had higher
postprandial lipemia after a fat load. Interestingly, when IGT
and NGT men were matched for VAT, there was no longer
any difference between the groups in postprandia lipid re-
sponse. Moreover, after adjusting for fasting glucose and
OGTT, subjects with increased VAT displayed higher post-
prandial TG levels compared to men with less VAT. The au-
thors also confirmed a positive correlation between
postprandial lipemia and VAT accumulation. These results
suggest that VAT had a greater effect on postprandial lipe-
mia than glucose intolerance (Blackburn et al. 2003).

MetS is defined as having at least 3 of the 5 following
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symptoms. increased fasting TG, decreased HDL-C, in-
creased glucose, abdomina obesity, and hypertension (re-
view Robinson and Graham 2004). Men with MetS
displayed delayed postprandial lipid clearance after a fat
load compared to men with hypertension or controls (Ko-
lovou et al. 2005b). Sub-group anaysis of MetS subjects
with hypertension showed delayed clearance compared to
hypertensive patients alone. However, these groups had dif-
ferent BMI and fasting TG levels. TG AUC was greater in
MetS with hyperTG compared to MetS patients with normal
TG. A linear regression analysis found only fasting TG to
correlate with postprandial TG response in these subjects.
However, both MetS and hypertensive men with normal
fasting TG displayed exaggerated postprandia lipemic re-
sponse compared to controls (Kolovou et al. 2005b). This
was also seen in postmenopausal women with MetS and
norma TG levels (Kolovou et al. 2006a). Therefore, inde-
pendent of fasting lipid levels, severe postprandial lipemia
may be considered as an additional component of the associ-
ated risk of developing chronic disease.

Diabetes and postprandial lipemia

Peripheral insulin resistance is the hallmark of type 2 dia-
betes (T2D) and those with severe T2D often have impaired
insulin secretion as well. T2D subjects have increased inci-
dence of cardiovascular morbidity and mortality. A common
feature of diabetic didipidemia is fasting hyperTG and lipid
abnormalities in the postprandial state. Several studies have
reported correlations between fasting TG levels and post-
prandial response after a fat meal and this could contribute
to the observed elevated health risks of T2D (Hauner 2002;
Annuzzi et a. 2004).

Nonetheless, study participants with well-controlled dia-
betes (normal TG and glucose levels) aso displayed in-
creased TG response after a fat meal. Specifically, there
was an increase in VLDL and CHYLO remnants as meas-
ured by delayed clearance of TG, cholesterol, apoB48 and
apoB100 in large VLDL fractions, which increases the
CAD risk in these patients, despite normal fasting TG (Riv-
ellese et al. 2004). In a similar set of patients, Annuzzi et al.
(2004) conducted hyperinsulinemic glycemic clamp studies
in addition to evaluating postprandia response. After con-
trolling for insulin and glucose levels in mild diabetics, they
reported that hyperinsulinemia and hyperglycemia do not
have an effect on postprandial lipemia per se, whereas insu-
lin sensitivity does (Annuzzi et a. 2004). Moreover, both
studies showed diabetics have increased CR production and
attributed this to a lack of insulin-induced inhibition of hep-
atic VLDL synthesis (Rivellese et a. 2004; Annuzzi et al.
2004).

Postprandial lipemia and cardiovascular
disease

In addition to diabetes, numerous disease states are aso
associated with postprandial lipemia. Patsch et al. (1992)
was the first to demonstrate that postprandial TG levels
were highly discriminatory between healthy individuals and
those with cardiovascular disease (CAD), and this has since
beenconfirmed by many studies (review Kolovou et al.
2005a). However, it is not always clear whether postprandial
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lipemiais an independent risk factor (especially independent
of fasting TG). Many CAD patients continue to have cardio-
vascular events despite effective lowering of their LDL cho-
lesterol. However, LDL cholesterol alone may not reflect
total CAD risk and other dydlipidemic states, such as im-
paired postprandia lipemia, may contribute as well (review
Nicholls and Lundman 2004). Increased postprandial lipid
intolerance is seen in smokers, even with normal fasting TG
levels, which may contribute to their increased CAD risk
(Eliasson et al. 1997). Heterozygous familial hypercholester-
olemia (hFH) is a genetic disease causing reduced activity
of LDL receptors, which in turn leads to increased total cho-
lesterol, LDL cholesterol and the development of xanthomas
and atherosclerosis. Kolovou et al. showed that postmeno-
pausal women with hFH exhibit increased postprandial TG
clearance compared to premenopausal hFH women. The au-
thors attributed this to estrogen-deficiency with increased
fasting TG values, resulting in postprandia lipemia (Ko-
lovou et al. 2004). However, when hFH postmenopausal
women with normal fasting TG were compared with con-
trols, the presence of hFH was still associated with an exag-
gerated postprandia response (Kolovou et al. 2006b). This
is also true for men with hFH (Kolovou et al. 2005c), since,
as outlined above, LDL receptor is important for CHYLO
and VLDL remnant clearance. Therefore, despite normal
fasting TG levels, high-risk patients would benefit from
treatment to reduce postprandial lipemic response which
contributes to increased incidence of cardiovascular events.

Endothelial dysfunction and postprandial
lipemia

Postprandial lipoproteins have direct effects on the endo-
thelium by infiltrating the arterial wall and contributing to
accumulation of atheromatous plaques (Zilversmit 1979). A
pro-oxidative state accompanies meal ingestion, which re-
sults in increases in biomarkers of inflammation and adhe-
sion (cytokines and soluble adhesion molecules) and
endothelial dysfunction, all of which are factors in the de-
velopment of CAD (review Bowen and Borthakur 2004). A
large body of in vitro and in vivo studies support the direct
atherogenicity of TRL and their remnants (reviews Cohn
1998; Karpe 1999) and it has recently become recognized
that endothelial dysfunction is evident during the hours fol-
lowing fat ingestion (Vogel et a. 1997; Evans et al. 2000).
In plasma, aterations in C-reactive protein, 1L-6, and TNFa
have been noted following a meal (Lanes et a. 2004). The
source of these pro-inflammatory cytokines is unknown, but
adipose tissue is one likely candidate, especialy derived
from resident macrophage populations (Wellen and Hotami-
digil 2003). The greater magnitude of these plasma hor-
mones in obese or diabetic subjects, and their decrease
induced by weight loss, support that adipose tissue is a
source (Giugliano et a. 2004).

These resultant changes in endothelial function, after a
single fat meal, have been documented through decreases in
flow-mediated dilatation of the brachial artery (van Oostrom
et al. 2003) and through increases in circulating levels of en-
dothelial cell microparticles (a sensitive indicator of endo-
thelia disturbance) (Ferreira et al. 2004). Changes in lipids
following a meal can result in an increase in blood coagula

Appl. Physiol. Nutr. Metab. Vol. 32, 2007

bility, with elevations in plasma factor VII coagulant activ-
ity (Miller et a. 1991; Silveira et al. 1994), which initiates
the thrombotic response following plaque rupture. Further-
more, activation of neutrophils, leukocytes, platelets, and
monocytes has been documented (van Oostrom et al.2003;
Hyson et a. 2002), although not al reports agree (Jaku-
bowski et al.1985). These effects appear to be especialy
marked after a fat meal (van Oostrom et al. 2003). Interest-
ingly, it may not be only the CHYLO and CR that induce
these responses, since LDL isolated from postprandial blood
appeared to be able to substantially increase the expression
of endothelial ICAM-1 (intracellular adhesion molecule-1)
while LDL isolated from fasting plasma had no effect (Mar-
schang et al. 2006).

Many of these changes are transient in nature. However,
in the context of daily living, multiple meal consumption
over the day, which takes many hours to process, results in
an amost continuous state of metabolic disturbance. Re-
peated exposure of the blood vessel wall to the activities of
pro-inflammatory cytokines and pro-oxidants may eventu-
aly damage the endothelium and promote atherogenesis.
Redlistically, in fact, the dynamic postprandial state prevails
during most of our waking hours, and constitutes the
“normal” physiological state.

Effects of exercise and weight loss on
postprandial lipemia

Daily physical activity is highly recommended, as exer-
cise has been shown to ameliorate CAD risk. Exercise be-
fore a fat meal will increase postprandial TG clearance and
the degree of reduction is associated with the energy ex-
pended (reviews Kolovou et al. 2005a; Graham 2004; Petitt
and Cureton 2003). Interestingly, it is only exercise-induced
energy deficiency that ameliorates TG response, as a compa-
rable dietary-induced energy deficiency does not improve
postprandial clearance (Gill and Hardman 2000). Moreover,
detraining in athletes rapidly increases postprandial TG re-
sponse to the level of untrained subjects (review Gill and
Hardman 2003). Thus, energy expenditure and enhanced in-
sulin sensitivity associated with exercise are fundamental for
reductions in postprandial lipemia. Here we will briefly
summarize recent articles focusing on the exercise intensity,
type (aerobic or resistance training), and duration (time, con-
tinuous, or intermittent activities) and their effect on post-
prandial lipemia (Table 1).

Low-intensity exercise (25% VO,ma) performed 1 h be-
fore afat meal resulted in increased total fat oxidation; how-
ever, there were no improvements in TG clearance over no-
exercise control, thus the total amount of fat oxidation does
not seem to contribute to better postprandia clearance. In-
terestingly, moderate-intensity exercise (65% VOonay) per-
formed to expend the same amount of energy as the low-
intensity protocol successfully reduced TG AUC by 39%
compared with control and by 34% compared with low-in-
tensity exercise (Katsanos et al. 2004). Moreover, the rate
of fat oxidation (cal-kgl-min) in the moderate-intensity
group was higher, leading the authors to speculate that there
is increased intramuscular fat oxidation, followed by a de-
pletion of intramuscular TG (~6-8 h after exercise) and in-
creased LPL activity to restore muscle TG. This was
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demonstrated in another study by muscle biopsy analysis in
young healthy men who engaged in moderate exercise (60%
VO,nax) for 90 min, then were examined 16 h later. The ef-
fect of prior exercise attenuated postprandial lipemic re-
sponse and increased muscle LPL activity (Herd et al.
2001). LPL activity was reported to be increased with en-
durance training and decreased in detrained athletes. More-
over, after one exercise session muscle LPL mRNA levels
were upregulated at 4 h, returning to baseline only 24 h later
(Gill and Hardman 2003). Of note, some studies (Katsanos
et a. 2004; Gill and Hardman 2000), but not all (Herd et
al. 2001) showed that moderate intensity exercise reduced
postprandial insulinemia. Therefore, the effects may be
mediated through insulin inhibition of LPL activity in
muscle (as discussed above).

At a given energy deficit, exercise intensity impacts the
lipemic response, but does the type of activity also play a
role? A single session of resistance exercise was compared
to aerobic exercise matched for the same duration and en-
ergy expenditure (12% VO, 1.7 MJ) in healthy weight-
trained individuals. Resistance exercise attenuated the post-
prandial lipemic response by 14% compared to no exercise
and 18% compared to aerobic exercise (Petitt et al. 2003).
By contrast, another study reported that increasing amounts
of acute resistance exercise did not significantly alter post-
prandial TG clearance 13 h after a fat meal (Shannon et al.
2005). However, a eucaloric meal was administered follow-
ing the exercise session to maintain energy balance, and this
may have masked the expected reduction in postprandia li-
pemia. Similarly, there was no amelioration in postprandial
response after resistance exercise compared to no-exercise
control in untrained healthy males expending 2.3 MJ energy
(Burns et al. 2005). It was suggested that skeletal muscle
damage might have reduced LPL activity. Thus, it is unclear
whether there are always benefits, with regards to postpran-
dia lipemia, of resistance exercise before the consumption
of afat meal.

Exercise duration and exercise pattern (continuous or in-
termittent) can also regulate postprandial clearance. Modest
changes (not significant) in postprandial response were re-
ported when young healthy men performed moderate walk-
ing (50% VO,n4) for 60 or 90 min, but not for 30 min
(Pfeiffer et al. 2005). Continuous (30 min of treadmill run-
ning) and intermittent (accumulation of ten 3 min bouts
throughout the day) high-intensity aerobic exercise (70%
VOoma) Was examined in young healthy males (Miyashita
et al. 2006). The following day, postprandial TG AUC was
reduced to a similar extent, —24% and —22%, for continuous
and intermittent exercise, respectively (Miyashita et al.
2006). Yet when three 10 min intermittent exercise bouts
were compared with 30 min of continuous exercise, only
the intermittent workout significantly reduced the postpran-
dia lipemic response by 27% versus 16% by continuous ex-
ercise (not significant) (Altena et a. 2004). The
investigators suggest there is excess post-oxygen consump-
tion between intermittent exercise sessions, which increases
the rate of oxygen intake after strenuous activities, atering
overall energy expenditure. However, it still remains unclear
whether continuous or intermittent exercises have different
effects on postprandia lipemia.
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Effects of weight loss on postprandial
lipemia

Weight loss has been shown to increase insulin sensitivity
and reduce atherosclerotic risk. Overweight men involved in
a 16 week diet intervention lost an average of 10 kg and
successfully improved insulin and HOMA scores, moreover,
there was a 27.5% increase in LDL receptor binding in
mononuclear cells (James et a. 2003). Previously obesity,
insulin resistance and dyslipidemia have been shown to re-
duce LDL receptor binding compared to controls (James et
al. 2003). Although improved LDL receptor function was re-
ported, there was no change in postprandial TG response be-
fore and after intervention, yet CHYLO metabolism was
significantly improved after weight loss as evaluated by ret-
inyl palmitate AUC. Interestingly, even modest weight loss
(2-3 kg) from dieting improves postprandial TG clearance
in overweight women (Volek et al. 2004); however, this
may be gender specific as discussed before.

In summary, daily exercise and a healthy lifestyle can sig-
nificantly reduce postprandial lipemia and ultimately CAD
risk. However, based on our interpretation of the studies re-
viewed, as well as a meta-analysis study (Petitt and Cureton
2003), there is no clear consensus on which type of exercise
is better. The variability in study design makes comparisons
difficult (see Table 1). Discrepancies exist between exercise
period, administration of fat meal, fat mea content, and
number of meals given. Also subjects vary from trained ath-
letes to healthy subjects to inactive groups and sample sizes
are relative low due to complex study designs.

Conclusions

Throughout the day, people are primarily in a postpran-
dia state; thus fasting lipid values may not always reflect
the relative risk of diabetes, MetS, or CAD. Many factors
influence postprandial lipemia, including endogenous ex-
pression of intestinal, adipose, and hepatic proteins such as
FABP2, MTP, LPL, apoAV, ASP, SR-B1, and ABCAL. Ad-
ditional factors include dietary composition, body fat distri-
bution, clinical status, exercise, and weight loss. Oral lipid
tolerance testing (OLTT) would supply clinicians with perti-
nent information regarding the health status of their patients.
However, at this point, there are no standardized tests and
the evaluation is complex and time consuming. Therefore, it
is useful to examine other potential markers of delayed lipid
clearance such as apoAV, C3, ASP, and others. Analysis of
these candidate markers may be easier and cheaper to imple-
ment and still provide valuable information.
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