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Cardiovascular disease has become one of the major causes of death in Western countries. 
The role of endogenous lipoproteins in the process of atherogenesis is now well estab- 
lished, but the role of plasma triacylglycerol (TAG), especially in the postprandial state, 
has been largely overlooked until more recently. It was first proposed in 1979 that remnant 
particles of dietary-derived lipoproteins are atherogenic (Zilversmit, 1979). Studies have 
since shown that there is a link between coronary artery disease (CAD) and high magnitude 
and duration of postprandial lipaemia (Simpson et al. 1990; Groot et aE. 1991). In light of 
these findings it is important to investigate any factors which may decrease postprandial 
lipaemia. Various methods have been used to characterize postprandial lipaemia, with the 
use of apolipoprotein (apo) B-48 as a marker for intestinally-derived lipoproteins being the 
most successful to date. The aim of the present review is to examine the techniques 
currently used to study postprandial lipoprotein particles and to describe some of the 
studies which have been carried out to investigate the effects of lifestyle factors, parti- 
cularly exercise and diet, on postprandial lipaemia. 

METABOLISM OF CHYLOMICRONS 

TAG-containing chylomicrons (CM) are synthesized in the enterocyte in response to an 
influx of dietary fat. The CM core contains dietary TAG and cholesteryl ester (CE) and on 
the surface are cholesterol, phospholipids and the apolipoproteins, including apo B-48 the 
transport protein unique to intestinally-derived lipoproteins. 

CM catabolism occurs as a two-step process. TAG is hydrolysed by the enzyme 
lipoprotein lipase (EC 3.1.1.34; LPL) in extra-hepatic tissues to produce non-esterified 
fatty acids which are taken up by these tissues. The resultant CM remnant (CMR) with its 
depleted TAG core is taken up by receptors in the liver. During its residence time in the 
circulation the CMR may interact with endogenous lipoproteins through the action of CE 
transfer protein (CETP), which transfers CE from HDL to CMR, and TAG from CMR to 
the HDL (Tall, 1993). 

THE LINK BETWEEN CORONARY ARTERY DISEASE AND POSTPRANDIAL LIPAEMIA 

Various studies have implicated postprandial TAG-rich lipoproteins (TGRL) and their 
remnants in the pathogenesis of CAD. Zilversmit (1979) proposed that CMR could be 
directly atherogenic and infiltrate the arterial endothelium in a similar manner to LDL and 
eventually lead to atherogenesis. Evidence in support of this theory has shown that CMR 
can be taken up into macrophages leading to the production of foam cells (Floren et al. 
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1981; Chung & Segrest, 1990). Two more recent studies have shown that TGRL can be 
taken up into arterial walls (Mamo & Wheeler, 1994) and are found in atherosclerotic 
plaques (Rapp et al. 1994). 

In contrast to the ‘Zilversmit (1979) theory’, Patsch and his group (Miesenbock & 
Patsch, 1991) proposed that CMR were not themselves atherogenic particles, but that their 
interactions with other endogenous lipoproteins created an atherogenic state. According to 
this theory, a prolonged residence time of CMR in the circulation could lead to TAG- 
enrichment of HDL through the action of CETP, thus increasing the metabolism and uptake 
of HDL and reducing the level of these so-called ‘anti-atherogenic’ lipoproteins. 

Several clinical studies have provided evidence for the involvement of postprandial 
lipaemia in the risk of CAD. Patients with CAD were shown to have a higher magnitude 
and duration of postprandial lipaemia than healthy controls (Simpson et al. 1990; Groot et 
al. 1991; Ginsberg et al. 1995). Interestingly, a study of healthy young men who had a 
family history of CAD showed that these individuals had a higher postprandial lipaemia 
than the sons of healthy men (Uiterwaal et al. 1994). 

MARKERS FOR THE MEASUREMENT OF POSTPRANDIAL LIPOPROTEINS 

Three markers have been used to investigate postprandial lipoprotein metabolism: TAG, 
retinyl esters (RE) and apo B-48. 

Triacylglycerols 

The easiest method used to follow postprandial lipaemia is to measure the change in TAG 
concentration in blood samples taken for a period of hours after a meal (Patsch et al. 1983). 
However, the drawback with this approach is that there is no discrimination between 
endogenous VLDL-TAG and dietary-derived TAG in CM. In an attempt to look more 
selectively at CM, a TGRL fraction can be produced by ultracentrifugation (Weintraub et 
al. 1987). However, a pure CM fraction cannot be produced since the densities of CM and 
VLDL particles overlap. 

Retinyl esters 

Several studies of postprandial lipaemia have used exogenously-administered RE as a 
marker for dietary-derived lipoproteins, since the RE should remain in the CMR core until 
uptake by the liver (Weintraub et al. 1987; Ben, 1992). However, there are some concerns 
as to the validity of RE as a marker for intestinally-derived lipoproteins (Krasinski et al. 
1990; Cohn el al. 1993; Blaner et at. 1994) and taken together these findings suggest that 
the level of RE may not specifically indicate the level of CM and CMR in the circulation. 

Apolipoprotein B-48 

The most obvious discriminating feature between lipoproteins of hepatic and dietary origin 
is the form of apo B on these particles. Apo B-48 is produced only in the intestine of human 
subjects and, therefore, is found only in lipoproteins carrying dietary lipids: CM and CMR. 
As there is only one apo B-48 per CM (Young, 1990) and no transfer of apo B-48 to other 
lipoproteins, the concentration of apo B-48 should give an accurate measure of CM and 
CMR levels. However, despite its potential importance, analysis of apo B-48 as a marker 
for dietary-derived lipoproteins has been limited since the protein is difficult to measure by 
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conventional methods. The main problem is that the amino acid sequence of apo B-48 is 
identical to the N-terminal sequence of apo B-100; this has prevented antibodies from 
being raised specifically to apo B-48. In addition, the concentration of apo B-48 in the 
circulation is very low; in plasma it is 1-5 pg/ml, which is between 100- and 1000-fold 
lower than the concentration of apo B-100 (Karpe & Hamsten, 1994). 

The most reliable and successful method to date for measuring apo B-48 has been 
electrophoresis of proteins on SDS-PAGE followed by staining of protein bands with 
Coomassie Blue and densitometry (Karpe & Hamsten, 1994; Kotite et al. 1995). This was 
the method used originally to identify the two forms of apo B in plasma (Kane et al. 1980). 
However, the technique is long and complicated, the limit of detection is relatively high 
and very few samples can be measured in 1 d, making it of limited use for large 
postprandial studies. 

A breakthrough in the measurement of apo B-48 was made by raising a specific 
antibody to the protein (Peel et al. 1992). The antiserum exploited the fact that the C- 
terminal isoleucine residue of apo B-48 was negatively charged, unlike the equivalent 
isoleucine in apo B-100 where it is part of a peptide bond. In apo B-100 this is in a 
hydrophobic region of the protein which is probably buried in the lipoprotein particle, but 
in CM this negative charge on apo B-48 is accessible to the antibodies. This antiserum was 
originally used in a semi-quantitative immunoblotting technique (Peel et al. 1993). A more 
sensitive, quantitative ELISA assay has since been developed (Lovegrove et al. 1996) 
which has applications in large-scale clinical and dietary studies (Zampelas et al. 1995; 
Jackson et al. 1996). 

STUDIES OF APOLIPOPROTEIN B-48 

The use of the analytical SDS-PAGE method has allowed the investigation of the 
contribution of liver and intestine to postprandial lipaemia. Studies by both Cohn et al. 
(1993) and Schneeman et al. (1993) suggested that 80% of the postprandial increase in 
TAG is carried in CM particles. But, although postprandially there was a 5-6-fold increase 
in the apo B-48 level, 80 % of the absolute increase in particle number was accounted for 
by VLDL particles. This reflects the very low concentration of apo B-48 in plasma and 
implies that relatively few CM carry the bulk of the TAG postprandially. A possible reason 
for the increase in the VLDL levels postprandially is competition for LPL and preferential 
hydrolysis of CM (Karpe & Hultin, 1995). 

Karpe and his group (Karpe et al. 1994; Karpe & Hamsten, 1994) have investigated the 
metabolism of TGRL by studying apo B-48 and apo B-100 concentrations in four 
lipoprotein subfractions isolated by ultracentrifugation (Svedberg flotation unit (Sf); > 400 
large VLDL, 60-400 small VLDL, 20-60 IDL, 12-20 LDL). Karpe & Hamsten (1994) 
showed that in normolipidaemic subjects in the fasting state the majority of apo B-48 was 
found in the Sf 20-60 fraction. Postprandially there was an increase in apo B-48 levels in 
all fractions except the Sf 12-20. However, because the level of apo B-48 in this Sf 12-20 
fraction was on the limit of detection, this result may not be entirely accurate. In a study of 
young male post-infarction patients, Karpe et al. (1994) showed a significant correlation 
between levels of apo B-48 in the Sf 20-60 range 4 h after a meal (i.e. small CMR) and 
progression of CAD. 

In their studies Karpe and his group (Karpe et al. 1994; Karpe & Hamsten, 1994) found 
no evidence for the presence of apo B-48 in the small, dense lipoprotein size range, i.e. 
Sf < 12, in which the LDL particles would be isolated. Using the more sensitive 
immunoblotting technique, we have shown that apo B-48 is present in both the IDL and 
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LDL subfractions isolated by ultracentrifugation (Isherwood et al. 1996). This finding 
suggests that CMR may be delipidated to such an extent before their removal by the liver, 
that they reach a size and density equivalent to that of IDL and LDL. This finding 
challenges current thinking regarding the distribution of dietary-derived lipoproteins and 
requires further investigation to determine its true significance. 

EFFECTS OF LIFESTmE FACTORS ON POSTPRANDIAL LIPAEMIA 

Esfects of exercise 
Cross-sectional studies have established that athletes have a lower postprandial lipaemia 
than sedentary individuals, as indicated by lower peak TAG levels and lower areas under 
the curve (AUC) of TAG concentration over time (Merrill et al. 1989; Pod et al. 1994). 
This positive effect of exercise persists even when both the active and inactive subjects are 
matched for fasting TAG concentrations (Cohen et al. 1989). Longitudinal studies have 
also shown that exercise training improves the lipaemic response to a high-fat test meal 
(Weintraub et al. 1989; Mankowitz et al. 1992). In both these studies, postprandial CM and 
CMR levels were specifically monitored using retinyl palmitate (Rp) as marker and each 
reported a significant effect of exercise on lipoprotein levels in the CM fraction and a less- 
marked effect on the CMR fraction (measured as RP concentrations). 

In terms of the public health implications of effects of exercise on postprandial 
lipaemia, studies which investigate moderate, easily-attainable levels of exercise appear to 
be warranted. Thus Hardman and her group (Aldred et al. 1994, 1995; Hardman & Aldred, 
1995) have investigated the effects of brisk walking. They showed that brisk walking after 
a meal reduces alimentary lipaemia (Hardman & Aldred, 1995), moreover a single bout of 
brisk walking in the afternoon significantly reduced the postprandial TAG response to a 
test meal taken the following morning (Aldred et al. 1994). In another study they found that 
there was an improvement in endurance fitness when sedentary middle-aged women were 
trained by brisk walking over a period of 12 weeks, but that there was no effect on 
postprandial peak TAG levels or AUC for the postprandial TAG response to a standard test 
meal at the end of the training period (Aldred et al. 1995). 

Only one study has examined the apo B-48 responses in relation to exercise. This study 
also aimed to look at the effects of a relatively-low level of exercise by comparing the 
lipaemic response in young male subjects who exercise three to four times per week with 
the responses of matched sedentary subjects (Isherwood et al. 1994). The subjects were 
given each of three test meals (containing 20, 40 or 80g fat) on different occasions. The 
active group had significantly lower postprandial responses (peak and AUC) after each test 
meal for each variable measured when compared with the inactive group. Fig. 1 shows the 
results for TAG and apo B-48 in a CM-enriched fraction isolated by ultracentrifugation 
after a 40 g fat meal. Interestingly, the effects of meal fat content on the apo B-48 responses 
was different in the two groups. The AUC for CM-TAG and CM-apo B-48 after each of the 
meals are shown in Fig. 2. The CM-TAG AUC increased with increasing fat content in 
both groups. The CM-apo B-48 AUC also increased in the inactive group with increasing 
fat content, but the CM-apo B-48 AUC remained the same in the active group despite the 
four-fold increase in meal fat content. This work shows that the potentially-beneficial lipid- 
lowering effects of exercise are apparent even at a young age and the difference in apo B- 
48 responses warrants further investigation to determine the mechanism behind this 
potentially beneficial adaptation. 
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Fig. 1. Chylomicron (CM)-triacylglycerol (TAG) and CM-apolipoprotein (apo) B-48 responses in active (0) and 
inactive (m) subjects after a mixed meal containing 40g fat. The subjects consumed the meal after a 12 h overnight fast 
and rested quietly during the 8 h study period. Values represent means with their standard errors represented by vertical 
bars for seven subjects in each group. The difference between the areas under the curves for the two groups for the CM- 
TAG was significant (P < 0.05). 
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Fig. 2. Area under the curve (AUC) for chylomicron (CM)-triacylglycerol (TAG) and CM-apolipoprotein (apo) B-48 
responses after a mixed meal containing either 20.40 or 80 g fat in active (m) and inactive (0) subjects. The meals were 
consumed in random order on three separate occasions after an overnight fast. Blood samples were taken for 8 h  
postprandially, during which time the subjects rested quietly. Values are means with their standard errors represented by 
vertical bars for seven subjects in each group. The difference between the active and inactive groups was significant, 
*P < 0.05. 

Effects of dietary factors 

Meal fat content. Various studies have shown that increasing the fat content of a meal 
results in an increased postprandial lipaemia (Cohen et al. 1988; Chen et al. 1992; Murphy 
et al. 1995). Cohen et aE. (1988) showed that there was a directly proportional increase in 
the TAG-AUC response to meals containing 40, 80 or 120g fat. Conversely, the study by 
Murphy et al. (1995) showed that, although there was an increase in the TAG response, it 
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was not directly proportional to the increase in fat content of the meals. The main dif- 
ference between the studies was in the composition of the test meals. Cohen et al. (1988) 
used double cream, whereas Murphy et al. (1995) used a mixed meal consisting of cheese, 
bread, cereal, milk and orange juice. The latter study suggests that the mechanisms in- 
volved in postprandial lipid metabolism can be regulated to maintain lipid homeostasis as 
fat intake increases. This may partly be caused by the higher activity of LPL with increased 
meal fat content which was noted in this study. 

Mealfrequency. A high meal frequency, i.e. a nibbling-type diet, has been shown 
to improve glucose tolerance (Jenkins et a1. 1989) and to reduce fasting cholesterol 
levels (Arnold et al. 1993), whereas a gorging-type diet is associated with an increased 
risk of CAD, diabetes and obesity (Fabry & Teppeman, 1970). A recent study investi- 
gated whether meal frequency produced any effects on postprandial lipid metabolism 
which could affect the level of potentially-atherogenic dietary-derived CMR particles 
present in the plasma (Murphy et al. 1996). At the end of a 2-week period on a nibbling- 
type diet the post-heparin LPL activity levels were found to be significantly increased 
compared with during the subjects normal diets. Although there was no effect on the total 
plasma TAG levels, there was a significantly lower TAG response associated with smaller, 
denser lipoprotein particles after the nibbling diet compared with the normal diet 
(Isherwood, 1996), suggesting that there may be some effect of meal frequency on lipid 
metabolism. 

Fatty acids. Recent interest in the effects of diet on postprandial lipaemia has focused 
on modifications to the fatty acid composition of either the background diet or a single test 
meal, with particular reference to n-3 polyunsaturated fatty acids (PUFA) and 
monounsaturated fatty acids (MUFA). Chronic intake of 12-3 PUFA for a period of 3-6 
weeks was found to reduce the postprandial lipaemic response to a test meal (Weintraub et 
al. 1988; Williams et al. 1992). Zampelas et al. (1994) altered the composition of 
individual test meals and found that consumption of a meal enriched in n-3 PUFA 
produced significantly lower postprandial TAG levels than consumption of a mixed-oil 
meal. Conversely, Harris et al. (1 988) found no difference in the TAG responses after a 
meal rich in saturated fatty acids compared with one rich in n-3 PUFA. 

There have been fewer studies on the effects of MUFA on postprandial lipaemia. 
Brouwer et al. (1993) compared the responses to infusions of olive oil and soyabean oil and 
found that TAG clearance rates were slower, and hepatic lipase (EC 3.1.1-3) activity 
higher, following olive-oil infusion. The same group showed that RP concentrations in 
CM, and apo B-48 concentrations in CMR were higher, but postprandial HDL levels 
remained constant after a meal enriched in olive oil compared with soyabean oil, 
suggesting an HDL-conserving effect of olive oil (de Bruin et al. 1993). A study of the 
acute effect of MUFA in the meal was made by Zampelas et al. (1995). Although there was 
no difference in the total lipaemic response after meals containing increasing amounts of 
MUFA, there was a difference in the pattern of response with a biphasic pattern being 
shown for both TAG and apo B-48 after the high-MUFA meal (24 % of total dietary energy 
as MUFA). A comparison of responses between populations which consumed different 
MUFA levels in their background diets was made by Jackson et al. (1996). They found that 
the incremental apo B-48 response to a standard test meal was significantly higher in UK 
subjects who habitually consumed a diet containing 11 % of total dietary energy as MUFA 
compared with Greek subjects who habitually consumed a diet containing 17% of total 
dietary energy as MUFA. 
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CONCLUSION 

In view of the link between postprandial lipaemia and CAD, investigation of lifestyle 
factors which may reduce the levels of potentially-atherogenic postprandial lipoproteins 
are of great importance in any attempt to reduce the need for drug intervention in later life. 
Measurement of apo B-48 appears to be the most relevant marker for dietary-derived 
lipoproteins, although the nature of the protein has made it difficult to analyse. The recent 
production and application of a specific antiserum to apo B,48 has aided the investigation 
of lifestyle influences on postprandial lipaemia. Regular strenuous exercise has clearly 
been shown to lower postprandial lipaemia, but recently more achievable levels of exercise 
have also been shown to have a positive effect on both postprandial TAG and apo B-48 
levels. The effects of dietary factors are now under investigation and future work may 
enable guidelines to be established which will help lower postprandial lipaemia. 
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