
Introduction

Impaired lipoprotein metabolism is now well established as
one of the major treatable risk factors for CVD. It is usually
assessed in terms of the fasting level of atherogenic low-
density lipoprotein (LDL) cholesterol and anti-atherogenic
high-density lipoprotein (HDL) cholesterol. Measurements
are usually made in the fasting state for several reasons,
including facilitation of the calculation of the level of LDL-
cholesterol.

1
The fasting state is not representative of the

metabolic circumstances that apply to people most of the
time. Morton’s early observations, together with the work of
Fraser and Zilversmit, led to the “post-prandial theory of 
atherosclerosis” as an alternative or additional explanation
for the aetiology of CVD.

2-4
This theory suggests that the

development of atherosclerosis is a more episodic process
that largely depends on the metabolic response to individual
meals. One limitation of the theory is that it only considers
post-prandial metabolism in pro-atherogenic terms. As in the
case of the fasting state, it is more plausible that post-
prandial lipid metabolism creates a range of pro- and anti-

atherosclerotic phenomena that may or may not cause a net 
contribution to CVD, depending on a variety of 
circumstances. It is important to understand these 
phenomena in some detail.

This review examines the practical aspects of post-prandial
assessment, and the current picture it provides of lipid 
metabolism. It considers the patho-physiological effects that
the post-prandial state may exert on the artery wall in terms
of atherosclerosis and its prevention. Other aspects of CVD
such as thrombogenesis and vascular reactivity are also 
discussed. Interaction with other macronutrients is 
considered with particular emphasis on carbohydrate 
metabolism and insulin resistance. Clinical trial results are
examined for evidence of an independent effect by post-
prandial lipoproteins. The review concludes with reflections
about the prospects for investigations and interventions that
specifically target the post-prandial state.
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Abstract

Impaired lipoprotein metabolism is one of the major aetiological factors for the pathogenesis of atherosclerosis and 
cardiovascular disease (CVD). Assessment is usually made in the fasting state, and particular attention is directed towards the 
measurement of the cholesterol content of both the low and high-density lipoprotein fractions. By comparison, a massive
amount of lipid fluxes through the intra-vascular compartment during the post-prandial period. This has led to the hypothesis
that atherosclerosis could be partially, or even predominantly, due to the pathological effects of this flux of post-prandial
lipoproteins on the vessel wall. This justifies efforts to systematically study the relationship between the lipoprotein responses
to food (particularly fat) ingestion and cardiovascular disease or its surrogate markers. This review will consider the 
mechanisms by which post-prandial metabolism might affect the risk of CVD. It will examine the evidence for and against such
an association. It will also consider the practical and methodological issues that are likely to determine the future utility of post-
prandial lipoprotein assessment.



Clinical Assessment

Comparison with Fasting Measurements

The lifestyle determinants of the post-prandial lipid response
differ from those for fasting triglyceride (TG),

5
but non-

fasting TG is similar to fasting TG in its predictive value for
CVD.

6
Nevertheless, fasting TG level remains one of the

main determinants of post-prandial lipid metabolism.
7

Unfortunately, there are several issues that have frustrated
attempts to increase our understanding of the relationship
between post-prandial metabolism and CVD. Procedures for
post-prandial testing have yet to be standardised. They are
inherently more time-consuming and labour-intensive than
fasting investigations and it is more difficult to condense
post-prandial data into a form that is easily interpreted. These
limitations make it difficult to directly compare the 
conclusions of various clinical studies. As a result, there is a
relative paucity of data.

Nevertheless, there is enough preliminary information to 
suggest that post-prandial lipid metabolism can strongly
influence the risk of CVD. The lipoprotein changes that
accompany the insulin resistance syndrome have highlighted
the importance of TG-rich lipoproteins (TRL), that include
both chylomicrons and very low-density lipoproteins
(VLDL) and their remnants.

8
The impact of these metabolic

changes is likely to be amplified following fat ingestion.
Attempts to integrate the assessment of the metabolism of the
major macronutrients (carbohydrates and lipids) by 
examining their inter-relationship after the ingestion of a
mixed meal is still at an early stage.

9
Although this will

require more complex assessment, it is important to reflect
the homeostatic interdependence of macronutrient 
metabolism because it involves integration by regulatory 
hormones such as insulin.

10

Lipoproteins

Traditional methods for the separation of lipoproteins are not
capable of completely isolating particles of intestinal origin
from those synthesised in the liver.

11
In particular, the 

remnants formed by the partial catabolism of intestinal 
chylomicrons following hydrolysis by lipoprotein lipase
(LPL) cannot be separated from those formed by the similar
hydrolysis of VLDL of hepatic origin.

12
The similarity

between the remnants from these two sources in terms of
density and electrophoretic mobility prevents resolution by
ultracentrifugation or electrophoresis, whilst their overlap in
size prevents separation by new techniques such 
as size-exclusion chromatography. Newly secreted 
chylomicrons can be separated and sub-classified by

ultracentrifugation.
13

However, it is probably the smaller
remnant fraction that is more relevant to pathological effects
on the vessel wall. This inability to isolate the components of
the spectrum of intestinally derived lipoproteins poses a 
substantial obstacle to the study of post-prandial lipoprotein
metabolism.

A well-established technique for the study of intestinally-
derived lipoproteins involves the oral administration of
retinol. This is esterified during intestinal absorption and then
transported in the core of chylomicrons, mainly as retinyl
palmitate.

14
Hepatic uptake of the chylomicron remnants

results in conversion to retinol, which only re-enters the 
circulation in association with retinol-binding protein.
Theoretically, the level of retinyl ester following retinol
administration should be proportional to the level of core
lipids in chylomicrons and their remnants. Some studies 
suggest that there could be substantial exchange of retinyl
esters between intestinal and non-intestinal lipoproteins,

15

whilst others imply that intestinal remnants account for all
the retinyl ester in d<1.063 g/mL fractions.

16
In either case,

the usefulness of this marker is likely to be superseded by
newer methods. 

Intestinally-derived TRL have a distinguishing apolipoprotein
(apo) in the form of apoB48. This is a truncated equivalent to
hepatically-synthesised apoB100. ApoB48 is formed by the
action of the apoB-editing enzyme (APOBEC) in enterocytes
which converts a nucleotide base in apoB mRNA to produce
a stop codon.

17
There is one molecule of the truncated apoB48

per intestinal TRL particle.
18

ApoB48 lacks the LDL receptor-
binding domain, and although its sequence is identical to the
amino terminus of apoB100 molecule, apoB48 may be 
distinguished from other apolipoproteins, including
apoB100, by immunoassay

19
or polyacrylamide gel 

electrophoresis (PAGE).
20

The rate of apoB48 secretion by
the intestine is relatively constant, whilst the degree of lipid
enrichment and the rate of catabolism are more variable.

21

This implies that enterocytes control intestinal lipid transport
by modifying the composition of the secreted lipoproteins,
rather than their absolute number.

The clinical measurement of apoB48 has been limited by the
complexity and lack of standardisation of the available
assays. The PAGE methods utilise specialised equipment and
require the preparation of a purified apoB48 standard, whilst
immuno-assay methods require validation of the ability of the
anti-apoB48 antibody to distinguish the conformational
change in the apoB moiety of all intestinally-derived 
lipoproteins in the presence of those of hepatic origin. As
expected, the limited studies conducted so far reveal very low
fasting levels of apoB48 that rise substantially after fat 
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ingestion.
22

Pathological states in which TG is elevated are
associated with an increase in fasting and post-prandial
apoB48 levels.

8
Furthermore, higher post-prandial and 

fasting levels of apoB48 have been reported in patients with
coronary heart disease (CHD)

23
and diabetes,

24
but apoB48 is

yet to be established as an independent predictor of CVD. 

An immuno-affinity method exploits differences in the
apolipoprotein composition of TRL to remove those of 
hepatic origin that contain apoB100.

25
After apoA-I removal,

the remaining fraction consists of apoB48-containing 
chylomicrons and their remnants, together with an apoE-rich
VLDL remnant fraction in which the apoB100 epitope has
been masked. The measurement of the cholesterol and TG
levels in this remnant fraction may provide insight into the
effect of these lipoproteins on the risk of CVD but the 
relative contributions from intestinal and non-intestinal 
particles cannot be differentiated. Nevertheless, increased
post-prandial remnant cholesterol levels were associated with
endothelial dysfunction,

26
and fasting levels measured with

this method were predictive of future CVD events.
27

ApoC-
III, which is another component of remnants and their 
precursors, is also associated with the risk of CVD. However,
the contribution of intestinal and non-intestinal particles is
once again unclear.

Clinical Investigations

The apparent superiority of impaired glucose tolerance over
impaired fasting glucose as a predictor of future macrovascular
disease suggests that an equivalent loading test to increase
the sensitivity of lipoprotein measurements could improve
prediction of future CVD.

28
There are several reasons why an

equivalent widely accepted lipid-loading test has not been
developed so far. Firstly, the absorption of a lipid load is less
predictable due to variability of gastric emptying.
Interventions that alter gastric emptying have been shown to
have significant effects on acute and chronic responses of TG
and glucose ingestion.

29
Although the problem can be 

by-passed by administration of intravenous lipid material,
this approach fails to assess the intestinal synthetic 
component of the process. Other solutions, such as the
administration of drugs to stimulate gastric emptying, or
duodenal cannulation techniques, would complicate interpre-
tation and compromise the widespread use of such tests.
Secondly, the question of “What to administer?” poses a
more substantial problem in the case of lipids. An oral load of
unadulterated lipid would be a challenge in terms of 
palatability, whilst the addition of other macronutrients
would alter associated regulatory responses such as insulin
secretion.

9
The composition of the lipid load could also vary

in terms of both fatty acid composition and the presence or

absence of other lipids, especially cholesterol.
30 

The amount
to be administered is another source of variability. Should an
absolute amount be administered, or should a dose be 
calculated on a patient-specific basis such as body surface
area? Should the load be designed to result in an exaggerated
response, or should it attempt to mimic average levels of
intake? The number and timing of measurements is another
aspect that currently lacks standardisation. Control of the 
preceding diet has been shown to reduce the intra-individual
variability of the post-prandial response,

31
as has avoidance

of exercise following administration of the fat load. None of
these aspects have been standardised, and in the absence of a
more compelling case for post-prandial lipid testing, it seems
doubtful that they will be in the near future.

Laboratory assessment is another area in which studies vary.
The prolonged response to dietary fat intake requires 
sustained monitoring, but the exact timing of sample 
collection has remained somewhat arbitrary. Most studies
emphasise time points between two and eight hours, but 
evidence suggests that the main independent predictors of
CVD occur considerably later.

32,33
TG levels nine hours after

an oral fat load are more reproducible than fasting levels,
suggesting that later time-points should be selected.

34
The

selection of analyses is another area of variation. The level
and pattern of post-prandial TG levels has received the most
emphasis, but this is highly correlated with the fasting TG
level. The time-course of changes in the composition of TRL
may reflect alterations in cholesterol content of this fraction,
and this may be due, at least in part, to reciprocal changes in
the HDL fraction.

35
Measurement of apoB48 or retinyl 

palmitate provides a means of attempting to relate these
changes to alterations in the proportion of intestinally-
derived particles. In animal experiments, intestinally-derived
particles may be labelled and their recovery from plasma and
tissues may be assessed. The opportunities for similar studies
in humans are limited, but surrogate markers such as the 
production of carbon dioxide from lipid labelled with stable
isotope can provide an index of lipid uptake and oxidation.

36

The volume and variety of measurements obtained during
post-prandial studies present a problem in presentation of
data. How should such large amounts of information be 
condensed into succinct results that convey the essential 
features of an individual’s response to lipid ingestion? Many
studies use the trapezoid rule to present the area under the
curve for various analytes, but these are often closely 
correlated with fasting TG, even after normalisation for the
baseline level.

32
Even if a summary statistic could be 

established, there is insufficient data at present to establish a
relationship with clinical endpoints in order to select a cut-off
for medical decision-making.
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Despite these problems of clinical evaluation, there is 
abundant evidence to suggest that the metabolic events that
accompany ingestion of lipids are extremely important in the
pathogenesis of CVD.

35,37
Examination of this evidence 

may assist the formulation of recommendations for 
standardisation of post-prandial testing.  

Lipoprotein Metabolism

Chylomicrons

Post-prandial metabolism might affect atherosclerosis and
the risk of CVD via a number of different mechanisms.
Firstly, the intestinally-derived lipoprotein particles might
directly affect atherosclerosis or other aspects of CVD.
Secondly, the post-prandial flux of lipid through the vascular
compartment might modify the metabolism of non-intestinal
lipoproteins or other metabolites in a fashion that affects their
atherogenicity. Finally, post-prandial metabolism may 
directly affect other processes that affect CVD such as
endothelial function and thrombosis.

The clinical features of hereditary LPL deficiency were
thought to suggest that chylomicrons did not contribute to
atherosclerosis unless they underwent lipolysis, consistent
with the concept that uncatabolised chylomicrons were too
large to penetrate the endothelium. However, this theory has
now been called into question.

38,39
The issue of whether or 

not chylomicron remnants can directly contribute to 
atherosclerosis or not remains complicated, but evidence
tends to favour the possibility that they may. There is 
plentiful evidence that TRL remnants can contribute to 
atherosclerosis in animals 

40
and humans.

41
The clinical 

example of CVD following remnant accumulation due to
ApoE2 homozygosity,

42
and atheroma in animal models 

following apoE gene knockout 
43

suggest that these remnants
are particularly atherogenic. Furthermore, animal evidence
suggests that intestinally-derived lipoproteins can contribute
to this process.

44
Whilst the demonstration of apoB48 in

human plaque has been problematical,
45

largely because of
methodological limitations, it has also been postulated that
surface components of remnant lipoproteins may exert an
atherogenic effect due to their cytotoxicity.

46

Even if intestinally-derived remnant lipoproteins do not
directly contribute to human plaque, it is likely that these
chylomicron remnants could exert several indirect actions on
atherosclerosis. Nascent chylomicrons containing apoB48
and ApoA-I, II and IV acquire ApoE and ApoC-II and III
when they enter the vascular compartment. The apoC’s 
control hydrolysis by endothelial LPL which transforms the
chylomicron into a smaller remnant. The composition of the

chylomicron and its remnant is also likely to be affected by
the action of cholesteryl ester transfer protein (CETP) which
allows the exchange of cholesteryl ester and TG between
lipoprotein classes. Chylomicron remnants are rapidly
removed from the circulation in the liver, but this requires
sequestration into the Space of Disse via endothelial 
fenestrations in the hepatic sinusoids.

47
Loss of fenestrations

with age 
48

and reduced hepatic clearance of remnants  have
been reported in the elderly.

49
Sequestration within the Space

of Disse is further augmented by apolipoproteins, 
proteoglycans, hepatic and endothelial lipases, which assist
molecular interaction between remnant lipoproteins 
and specific receptors. Complete removal involves 
receptor-mediated endocytosis, particularly by the LDL
receptor; however, the LDL receptor-related protein (LRP)
also appears to play an ancillary role.

50
The involvement of

the LDL receptor in the clearance of chylomicron remnants
infers a mechanism by which these remnants might affect
CVD. Removal of chylomicron remnants via this pathway
competitively reduces the clearance of LDL, and this may
exert a non-acute cumulative effect leading to an increase in
plasma LDL levels.

51

The action of CETP not only increases the cholesterol 
content of chylomicron remnants, but also modifies the 
composition of non-intestinally derived lipoproteins. This
may be seen as a transient decrease in the level of HDL-
cholesterol during the post-prandial phase.

35
The action of

CETP could also modify the composition of LDL particles,
making them smaller and denser. Excessive post-prandial
CETP activity driven by exaggerated post-prandial 
hypertriglyceridaemia may therefore increase the risk of
CVD via several mechanisms. Firstly, it may increase the
atherogenicity of chylomicron remnants by cholesterol ester
enrichment. Secondly, it may reduce the protective effect of
HDL by lowering the level of HDL cholesterol. Finally, it
may increase the atherogenicity of LDL by increasing the
proportion of small dense LDL particles. 

The size of LDL does not seem to be acutely affected during
the post-prandial response. On the other hand, there is 
evidence to suggest a cumulative effect. Our studies 
identified the level of post-prandial TRL as the strongest
determinant of LDL particle size 

52
and this association has

also been reported elsewhere.
53,54

A possible explanation is
illustrated in Figure 1. Post-prandial enhancement of 
cholesterol ester transfer is likely to remove cholesterol ester
from LDL as well as HDL, especially when HDL-cholesterol
has become relatively depleted. The cholesterol deficit in
HDL can be substantially replaced during the post-absorptive
period by transfer of free cholesterol followed by 
esterification by lecithin: cholesterol acyltransferase (LCAT).
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However, the post-prandial removal of cholesterol ester from
LDL cannot be replaced to the same extent because LCAT
esterification associated with LDL is much less active. As a
result, sequential episodes of exaggerated post-prandial TRL
accumulation are likely to lead to a cumulative reduction in
LDL particle size.

On the other hand, the post-prandial actions of CETP may not
necessarily be pro-atherogenic. Modest post-prandial
lipaemia may enhance reverse cholesterol transport (RCT). 
In vitro evidence suggests that post-prandial TRL may
enhance cholesterol efflux under some circumstances

55
whilst

in vivo studies indicate that HDL phospholipid increases
post-prandially.

56,57
The net effect is likely to depend on the

complex interaction of a number of factors including plasma
lipoprotein levels, intravascular metabolic processes and the

capacity for hepatic uptake of remnants. Impairment of the
process has been noted in patients with coronary artery 
disease (CAD).

58
Post-prandial RCT may be more severely

impaired in insulin resistance and type 2 diabetes.
59

Post-prandial events also affect the metabolism of lipoprotein
(a) [Lp(a)]. The presence of chylomicrons causes Lp(a) to
form a non-covalent association with TRL with the result that
a significant proportion of Lp(a) can be isolated from the
d < 1.006 g/mL fraction of post-prandial plasma.

60
The extent

of association is proportional to the molecular weight of the
apolipoprotein (a) isoforms,

61
and the phenomenon reverses

as the post-prandial phase resolves.
62

It is important to note
that complex formation is more pronounced with the higher
molecular weight isoforms that are associated with a lower
risk of CVD.

63
The significance of this process is yet to be
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Figure 1. Hypothetical explanation for the association between excessive post-prandial lipaemia and LDL particle size. Panel
1: Normal cholesterol ester transfer protein activity exchanges HDL-cholesterol for VLDL triglyceride in the fasting state (1a).
This exchange is enhanced due to the presence of increased triglyceride in the form of chylomicrons during 
post-prandial lipaemia (1b). The HDL can be replenished by free cholesterol transfer followed by esterification once 
chylomicrons have been cleared in the post-absorptive phase (1c). Panel 2: Recurrent episodes of exaggerated post-prandial
lipaemia deplete fasting HDL-cholesterol levels (2a). Further episodes of exaggerated post-prandial lipaemia require transfer of
LDL-cholesterol to compensate for the deficit (2b). Whilst HDL-cholesterol can be partly replenished as previously described,
LDL-cholesterol depletion is more permanent. The relative lack of LCAT activity associated with LDL means that even if free
cholesterol transfers to LDL, esterification will be far more limited, so levels will remain low (2c).



determined. It may modify the propensity for TRL to cause
accumulation of lipid within macrophages.

64
Alternatively,

the interaction between Lp(a) and TRL may modulate the
role of sinusoidal fenestrations in the hepatic clearance of
chylomicron remnants via the Space of Disse.

47
The TRL-

Lp(a) complex has a greater diameter than un-complexed
chylomicrons and their remnants, and as a result, the 
complexes are more likely to remain in circulation. The 
complex dissociates after sufficient lipolysis has taken place,
after which the chylomicron remnant would be more likely to
pass through the sinusoidal fenestration into the space of
Disse. Furthermore, Lp(a) secreted into the Space of Disse
may retain chylomicrons and their remnants by forming a
complex that prevents their escape. It is also possible that this
interaction may affect the way in which chylomicron 
remnants interact with proteoglycans, ApoE and lipases that
are present in the space of Disse as facilitators of 
receptor-mediated uptake.

65
The Lp(a) component of the

complex may even modulate receptor-mediated uptake
processes because it is likely to reduce interaction with LDL
receptors 

66
whilst enhancing interaction with LRP.

67

This uncertainty about the implications of CETP activity and
Lp(a) metabolism during the post-prandial phase suggests
that it is over-simplistic to regard the post-prandial state as
necessarily pro-atherogenic. Like the fasting state, it is likely
that there is an inter-play between pro-atherogenic and 
anti-atherogenic aspects of lipoprotein metabolism. This
poses the broader challenge of recognising both the harmful
and the protective components in order to correct the former
and enhance the latter.

Vessel Wall Response

A number of techniques, such as arterial compliance and
assessment of vascular endothelial function by flow 
mediated vascular reactivity (FMV), have been established as
surrogate markers for the risk of CVD. Several studies
employing such techniques suggest that vascular function
can be markedly affected in the post-prandial period.

68-72
Both

hypertriglyceridaemia and hyperglycaemia have been 
associated with post-prandial impairment of endothelial
function.

73
As endothelial dysfuction appears to be a key early

event in atherogenesis, this observation lends support to the
concept that episodic meal-related events may have a 
cumulative effect on CVD.

Early studies suggested that fat ingestion was associated with
impairment of the vascular endothelial response, and that this
could be counteracted by administration of anti-oxidants or
replacement of dietary fat by carbohydrate.

67,74
The 

impairment correlated with the timing and degree of 

post-prandial hypertriglyceridaemia
75

and, in some instances,
markers of oxidative stress.

76
The detrimental effects of a

fatty meal may depend on qualitative rather than quantitative
aspects of fat consumption because fatty acid composition or
chemical changes induced by repeated use of cooking oil
account for deterioration in vascular endothelial function in
some studies.

69
These findings have been supported by 

studies that used alternative methods of assessment of
endothelial function, but some negative studies have also
been reported.

74,77-79
One of these studies showed an 

association between the level of remnant lipids and impaired
baseline endothelial function, but fat ingestion did not cause
further deterioration.

77
Studies of the post-prandial response

of resistance vessels have also shown some neutral results.
80

Care is required in interpretation of these results because it is
likely that the insulin response to any carbohydrate 
component of the test meals would have an independent
effect. Insulin is well recognised as a potent vasodilator.
Carbohydrate-containing lipid loads are likely to cause a 
confounding change in underlying vessel diameter.

81
This

makes it difficult to design an appropriate control meal that is
equivalent, not only in terms of calories, but also in its 
ability to stimulate insulin release. It is also difficult to 
interpret the significance of percentage reductions in
response if the baseline diameter of the vessel has altered in
response to insulin. Furthermore, the vasodilatory response
to insulin may diminish the residual capacity for further
endothelium-dependent vasodilatation. Resolution of these
issues will require reporting of absolute changes in all 
relevant post-prandial vascular parameters, rather than just
the change in percentage dilatation. It is therefore interesting
to note that intimal medial thickness, which is not dependent
on intercurrent vasodilitation, is also impaired in subjects
with increased post-prandial lipaemia.

82

Post-prandial insulin-mediated vasodilitation may in fact 
represent a vascular-specific aspect of insulin action. It has
been postulated that resistance to insulin-stimulated 
vasodilatation of adipose tissue and muscle may account for
the failure to extract macronutrients in insulin resistance.

83
It

remains to be determined whether or not vascular resistance
to insulin action represents a broader indication of the 
vessel’s vulnerability to the other consequences of insulin
resistance, including susceptibility to macrovascular disease.
The post-prandial lipid response also modulates insulin
secretion

84
and this response also appears to be altered in

insulin resistance.
85

Finally, post-prandial studies are also
complicated by the need to differentiate the degree to which
post-prandial hyperglycaemia (rather than post-prandial
lipaemia) may be responsible for vascular impairment.

86
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Endothelial function may also be affected by other nutrients
in the post-prandial phase. Marked impairment has been
reported after intake of methionine. The severity of the
impairment correlated with plasma homocysteine level, and
the problem was eliminated by administration of sufficient
folic acid to avoid hyperhomocysteinaemia.

87
Folate also 

prevented deterioration in endothelial function induced by fat
consumption.

88
Conversely, large intakes of arginine acutely

increase the availability of substrate for nitric oxide synthesis
via endothelial nitric oxide synthase (eNOS). Reversal of
impaired endothelial function has been demonstrated with
arginine supplementation,

89,90
but the effect may be 

short-lived.
91

Athero-thrombosis
Post-prandial events may also affect the coagulation 
component of the athero-thrombotic process that underlies
CVD events. There is a positive relationship between fasting
TG and post-prandial lipaemia on one hand, and 
pro-thrombotic factors such as activated factor VII and 
plasminogen activator inhibitor-1 (PAI-1) on the other.

92-95

This may be partially due to the fact that the phospholipids
and other components of the coat of TRL mimic the surfaces
that initiate the intrinsic coagulation pathway. Studies in
patients with CAD also show that levels of activated factor
VII increase during the chylomicronaemia associated with fat
consumption, and it has been postulated that these 
haemostatic changes may trigger episodes of acute coronary
syndrome.

96

Clinical End-points

Results

It is clear from the evidence presented so far that important
processes that may promote or retard CVD take place during
the post-prandial period. Although several practical problems
have been highlighted, clinical post-prandial assessment is
feasible, but the question is whether or not the effort is 
justified. Post-prandial parameters have been associated with
all forms of CVD.

32,33,97-104
These cross-sectional case control

studies may be susceptible to confounding factors such as the
prevalence of beta-blocker use. On the other hand, the 
association is also predictive of progression of CVD,

105
and it

has been noted amongst close relatives of CVD patients.
106

The most popular parameters include area under the TG and
retinyl ester curves, but these are strongly correlated with
fasting TG and tend to reflect the early phase of lipid 
absorption. The crucial issue is whether or not any post-
prandial measurement provides additional information
beyond that supplied by fasting levels, especially fasting TG.
Several studies suggest that they do, because they displace

fasting TG as an independent variable in multivariate 
analysis. However, this may largely be a reflection of reduced
biological variability. More detailed analyses suggest that
later time-points are more predictive 

33
and that cholesterol

content 
32

or numbers of remnant lipoproteins
8

are more 
likely to be independent of fasting TG. Recent studies argue
that fasting levels of apoB48 or remnant lipoprotein 
cholesterol may suffice for clinical assessment of CVD risk
related to some aspects of post-prandial lipid metabolism.

107-109

Conclusions

The issue of post-prandial assessment of metabolism is 
clinically important. The additional complexity associated
with post-prandial testing will be justified if it provides a 
reliable means for quantifying CVD risk that is not detected
by other means. Although disturbances in post-prandial lipid
and carbohydrate metabolism may have some separate
effects on the pathogenesis of CVD, it seems important to
recognise the inter-dependence of these two components of
macronutrient metabolism. This is particularly important in
light of the increasing prevalence of obesity and insulin
resistance, and it argues in favour of the establishment of a
standardised test using a mixed meal. This is just one of the
areas in which standardisation is required. The available data
suggests that protocols should concentrate on late time-points
(over eight hours after fat intake) and it may even be possible
to use the fasting levels of some post-prandial markers such
as apoB48 or remnant lipoprotein cholesterol.

The insights gained from the study of post-prandial 
metabolism may also identify new forms of intervention that
act via modification of the intestinal absorption of fat and
other nutrients. For example, it may detect differences caused
by changes in meal size and frequency, or changes arising
from lifestyle factors such as those associated with 
shift-work. It may identify the need for strategies that 
modify gastric emptying time or meal composition. This type
of information is likely to be increasingly important due to
the introduction of new lipid–lowering drugs such as 
ezetimibe, that act at the level of nutrient absorption. It may
even be possible to manipulate some of the favourable 
components of the post-prandial state, such as increased 
cholesterol ester transfer, to obtain a clinical benefit in some
instances. Most importantly, emphasis of the post-prandial
component of lipid metabolism reinforces the fundamental
link between dietary factors and the aetiology of CVD.
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