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Summary. Background: A large body of evidence has
accumulated indicating a relation between postprandial
hyperglycemia and hypertriglyceridemia, and the risk of
cardiovascular disease. Objective: We studied possible mech-
anisms underlying the postprandial proatherogenic state by
exposing healthy males to two consecutive high-fat
mixed meals. Patients/methods: Seventeen healthy males
[age 25.4 + 3 years, body mass index 23.6 + 2 kg m~
were studied during two randomized visits. During the meal
visit, subjects consumed standardized meals (50 g of fat,
55 g of carbohydrates and 30 g of proteins) as breakfast
and 4 h later as lunch. During the control visit, subjects
remained fasted. Prior to each blood collection (before
and every 2 h after the first meal), flow-mediated dila-
tion (FMD) of the brachial artery was measured.
Results: Although within the normal range, postprandial
plasma glucose and triacylglycerol concentrations increased
significantly, especially after the second meal, as compared
with baseline (4.8 £ 03 to 54 £ 04, 08 £ 02 to
1.7 + 0.7 mmol L', respectively; both P < 0.05) and the
fasting visit. After the second meal, FMD was significantly
impaired (6.9% vs. 3.7%, P < 0.05) whereas oxidized
low-density lipoprotein (oxLDL)/LDL cholesterol ratio and
malondialdehyde concentrations were markedly -elevated
(both P < 0.01). Finally, an increase in total microparticle
(MP) numbers was observed during the meal visit
(P < 0.05). Conclusions: In healthy males, after two
consecutive fat-rich meals, mild elevations in plasma glucose
and triacylglycerol were paralleled by impaired FMD,
increased markers of oxidative stress and circulating MPs,

Correspondence: M. E. Tushuizen, Department of Endocrinology/
Diabetes Center, VU University Medical Center, PO Box 7057, 1007
MB Amsterdam, The Netherlands.

Tel.: +31 204443597; fax: + 31 204440530; e-mail: m.tushuizen@
vumc.nl

Received 3 October 2005, accepted 14 February 2006

© 2006 International Society on Thrombosis and Haemostasis

in particular, after the second meal. These findings may
have consequences for subjects with postprandial dysmetab-
olism, including those with Type 2 diabetes.

Keywords: cardiovascular disease, flow-mediated vasodilation,
healthy subjects, microparticles, oxidative stress, postprandial
state.

Introduction

In the 1970s, Zilversmit postulated atherosclerosis to be a
postprandial phenomenon [1]. Ever since, a large body of
evidence has accumulated indicating a relation between
postprandial hyperglycemia and hypertriglyceridemia, and
the risk of cardiovascular disease (CVD) [2-7]. The mech-
anisms that may link postprandial dysmetabolism to the
increased CVD risk include postprandial endothelial dys-
function, as described in both healthy subjects and in
patients at increased CVD risk, meal-induced oxidative
stress, and inflammation [7-10]. Indeed, the observed
correlations among postprandial triacylglycerol-rich-lipo-
proteins, endothelial dysfunction and selected oxidative
stress markers suggest that triacylglycerols may reduce
nitric oxide (NO) bioavailability by inducing oxidative stress
[8-10].

Oxidative stress is the common pathway by which many
classic CVD risk factors adversely affect the vasculature and
elevated levels of oxidative stress markers, such as oxidized
low-density lipoprotein (oxLDL), circulate in subjects at high
risk of CVD [11,12]. Although prolonged exposure to dietary
high fat increased plasma oxLLDL concentrations [13], no acute
meal-induced elevations of oxLDL were reported in healthy
subjects.

In addition to oxidative stress, the observed meal-related
increases in circulating proinflammatory cytokines have been
implicated in postprandial vascular dysfunction [7,14,15].
Some authors found postprandial elevations of proinflam-
matory molecules in patients with Type 2 diabetes or
postprandial leukocyte activation even in healthy subjects
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[7,10], whereas others could not confirm these findings
[15,16].

Besides their previously reported procoagulant properties,
adverse effects of cellular microparticles (MP) on endothelium-
mediated vasodilation and their ability to induce cytokine
production from endothelial cells in vitro, MP have recently
also been suggested to reflect cellular stress [17]. Indeed,
increased numbers of MP of various cellular origins are present
in the circulation of patients at risk of CVD [18-21], and the
recently described meal-induced increase in circulating endo-
thelial cell MP, in association with postprandial metabolic
changes, seems in line with this hypothesis [22]. Thus, cellular
MP may be one of the mechanisms linking postprandial
metabolic and vascular functional derangements.

The main limitation of previous studies addressing post-
prandial dysmetabolism in relation to CVD risk was that only a
single meal was given, while the subjects were fasted for the
subsequent 8—10 h. In fact, in many studies, artificial solid or
liquid ‘meals’ were used which may not be compatible with the
real-life situation. Thus, the metabolic responses after these
artificial fat and/or glucose loads and the concomitant effects
on the endothelium and blood cells elicited by the experimental
condition may differ from those occurring in real life.
Therefore, in the present study, 17 healthy volunteers received
two consecutive fat-rich mixed meals, as breakfast and lunch,
respectively. In addition to the meal-related metabolic and
endothelial functional responses, we measured markers of
oxidative stress and inflammation, and cellular MP as possible
mechanisms linking metabolic and vascular changes in the
postprandial state.

Subjects and methods

Subjects

Seventeen healthy subjects were recruited from the VU
University by billboard advertising and via advertisements at
a local student-rowing club. Healthy males, Caucasian, aged
between 20-35 years, having a body mass index less than
27kgm™ and a blood pressure < 145/90 mmHg were
eligible. Current smoking, the use of drugs (including anti-
platelet drugs and non-steroidal anti-inflammatory drugs) and
the presence of CVD, hypertension, diabetes mellitus, or 1st
degree family history of the aforementioned diseases were
exclusion criteria. Subjects were initially studied during a
screening visit after giving written informed consent. The local
ethics committee approved the study and the investigation
conformed to the principles outlined in the Declaration of
Helsinki.

Study design

Each subject was studied at two occasions, after an overnight
fast (from 20:00 hours the previous evening). Subjects had to
refrain from heavy physical activities during 24 h prior to each
visit. The order of the visits was randomized and the time

interval between the control and meal visits was less than
4 weeks. During the meal day, the subjects received two
consecutive, isocaloric (900 kcal) test meals at time point r = 0
(breakfast) and 4 h (lunch). Blood samples were collected
before and at 2, 4, 6 and 8 h after the first meal. Prior to each
blood collection, vascular function was measured as flow-
mediated dilation (FMD) at the brachial artery (see below).
During the control day, subjects were kept in the fasting state,
only drinking water was allowed (maximum of 50 mL h™' to
limit the effects on the autonomic nervous system due to gastric
distension), and FMD and blood collection were performed
similar to the meal day. Subjects remained in the supine position
during both days in a quiet, temperature-controlled room.

Test meals

At the meal visit, each subject received two standardized fat-
rich mixed-meals at breakfast (08:30 hours) and lunch-time
(12:30 hours). Each meal consisted of 50 g of fat, of which 60%
was saturated, 55 g of carbohydrates and 30 g of protein. The
breakfast consisted of an EggMcMuffin® (McDonald’s, affi-
liation Amsterdam-Sloten, the Netherlands), croissant with
butter and marmalade, 200 mL of milk, combined with 20 mL
of cream. The lunch consisted of Quarterpounder® (McDon-
ald’s), croissant with butter, and 200 mL of milk. The subjects
were instructed to consume each meal within 15 min.

Blood sample collection

To avoid endothelial and platelet activation artifacts, no
in-dwelling canula was used and a new blood collecting system
(Microflex, size 1.0 mm — 19-G; Vygon, Ecouen, France) was
used for each blood collection. Venous blood was collected
from the left antecubital vein at 15 min after each FMD
measurement (which was invariably performed at the right
arm), to avoid the effect of forearm occlusion on the
parameters measured. The needle was placed at least 1 cm
distal from the previous insertion and stasis was carefully
avoided. Plasma was recovered after centrifugation (1550 x g,
20 min, 20 °C) and aliquots of 250 uLL were snap frozen in
liquid nitrogen within 30 min after withdrawal and stored at
—80 °C until assay. All samples from one subject were analyzed
in the same series.

Endothelial function

Changes in brachial artery diameter in response to reactive
hyperemia (FMD) were measured non-invasively using a high-
resolution ultrasonic wall-tracking system (Wall-track System;
PieMedical, Maastricht, the Netherlands). All individuals
underwent the ultrasound examination according to the
guidelines of the International Brachial Artery Reactivity Task
Force [23]. In brief, the right brachial artery (20 mm proximal
to the antecubital fossa) was visualized in B-mode using a
7.5 MHz linear probe (AU-5; Esaote, Maastricht, the Nether-
lands) and the baseline diameter was recorded. Then, during
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5 min, a blood pressure cuff (Hokanson EC-4) around the
forearm was inflated to 200 mmHg. After deflation of the cuff,
the change in diameter was recorded every 30 s (up to 5 min
after deflation). To avoid movement artifacts, we used a
stereotactic probe-holding device with the subject’s arm
immobilized in a foam cast. Ten minutes after the final blood
collection a second baseline recording was performed. Subse-
quently, 400 pug of nitroglycerin (NTG, Nitrolingual Spray;
Pohl-Boskamp, Hohenlockstedt, Germany) was administered
sublingually and the change in brachial artery diameter was
recorded at various time points (up to 10 min after NTG
administration). Data were analyzed off-line using the Wall-
track System. FMD and NTG-induced vasodilation were
expressed as a percentage change in diameter relative to
baseline diameter. All measurements were performed by one
experienced observer (MT). Reproducibility of the measure-
ments showed a coefficient of variation < 2%.

Biochemical measurements

Plasma glucose was measured using a hexokinase-based
technique (Roche diagnostics, Mannheim, Germany), HbA .
by high-performance liquid chromatograph. Insulin was
measured by a commercially available immunoradiometric
assay (Biosource/Medgenix Diagnostics, Fleurus, Belgium).
Plasma total cholesterol, high-density lipoprotein cholesterol
(HDL-C) and triacylglycerols were determined using enzymatic
methods (Modular, Hitachi, Japan). Low-density lipoprotein
cholesterol (LDL-C) was calculated using Friedewald’s for-
mula and insulin resistance according to the homeostasis model
assessment of insulin resistance [HOMAg; (plasma glu-
cose X insulin)/22.5]. Non-esterified fatty acids (NEFA) were
assessed using ELISA (WAKO chemicals, Neuss, Germany).
OxLDL was measured using a competitive ELISA (Mercodia,
Uppsala, Sweden), with intra-assay and inter-assay coefficients
of variation of 4.8% and 7.8%, respectively. To obtain an
estimate of the percentage of oxidized LDL particles, the
oxLDL to LDL-C ratio (U mmol™") was calculated. Total
malondialdehyde (MDA ; pmol L™") was measured in ethylene-
diaminetetraacetic (EDTA)-plasma, after reaction with thio-
barbituric acid with an additional alkaline hydrolysis step as
described previously [24]. The within run and between run
variations were 3.5% and 8.7%, respectively. Both interleukin-
6 (IL-6; pgmL™") and high-sensitive C-reactive protein
(hs-CRP; mg L™") were measured in duplicate using ELISA
(Diaclone, Besangon, France and Sanguin, Amsterdam, The
Netherlands [25], respectively).

Reagents and assays

All chemicals were of analytical quality. Phycoerythrin (PE)-
labeled anti-glycophorin A (JC159, IgG;) and anti-CD61-PE
(Y2/51, 1gG,) were from Dako A/S (Glostrup, Denmark), anti-
CD4-PE (CLB-T4/2,6D10, IgG;) and anti-CD66e-PE (CLB-
gran/10, TH4Fc, IgG,) from the CLB (Amsterdam, The
Netherlands), anti-CD8-PE (SK 1, IgG;), anti-CD14-PE (M@
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P9, IgG,y,), anti-CD20-PE (L27, 1gG,), IgG;-PE (X40), IgG2b-
PE (S2), and IgG-peridinin chlorophyll-a protein (PerCP;
X40) from Becton Dickinson (San Jose, CA, USA). Anti-
CD62e-PE (1.2B6, IgG) from Serotec Ltd (Oxford, England),
anti-CD66b-PE (80H3, IgGy,) and fluorescein isothiocyanate
(FITC)-labeled anti-CD66b (0531) from Coulter/Immunotech
(Marseille, France). Allophycocyanin (APC)-labeled annexin
V-APC was from Pharmingen (San Jose, CA, USA) and anti-
CDI106-FITC (B44498) from Calbiochem-Novabiochem Cor-
poration (San Diego, CA, USA). Anti-CD144-FITC (BMS
158FI) was from Bender MedSystems Diagnostics GmbH
(Vienna, Austria).

Flowcytometric analysis of MP

MP were isolated as described previously [19,20]. The samples
were analyzed in a FACScan flow cytometer with CellQuest
software (Becton Dickinson). Fluorescence threshold were set
using a calcium-containing buffer, annexin V and isotype-
matched control antibody as described before [19,20]. MP were
identified on forward scatter (FSC) and sideward scatter (SSC)
characteristics, by binding of annexin V and a monoclonal
antibody (MoADb) directed against a cell type-specific antigen.
MP numbers were calculated as described earlier [19,20].

Statistical analysis

Continuous variables are expressed as mean £+ SD, unless
otherwise stated. To estimate the overall metabolic responses
and the changes in MP during both visits, the area under the
incremental curve (AAUC) of these parameters plotted against
time were calculated. We used repeated-measures ANOvVA, with
time of measurement as the within factor and visit type as the
grouping factor. Non-parametrical tests were performed for
non-normally distributed data. Pair wise comparisons (Wilc-
oxon-Signed-Ranks tests) were applied as post hoc tests only
when aNova revealed overall significant differences. Correla-
tions were performed using Spearman’s test. A P < 0.05 was
considered statistically significant. Data were analyzed with
SPSS for Windows, release 11.5.1 (SPSS Inc., Chicago, IL,
USA).

Results

The clinical and laboratory characteristics of the participants
are depicted in Table 1. All participants were highly active,
with an average physical training activity of 5.6 £ 4 h per
week.

During the meal visit, plasma glucose, triacylglycerol and
insulin concentrations rose significantly, especially after the
second meal, as compared with baseline and the fasting visit
(both P < 0.05, P < 0.01, P < 0.01, respectively; Fig. 1).
Mean glucose concentrations rose from 4.8 £ 0.3 to
54 + 04mmol L™' (1=6h, P < 0.001 compared with
baseline) and triacylglycerols increased from 0.8 + 0.2 to
maximum mean values of 1.7 = 0.7 mmol L™! (+ = 6 h).
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Table 1 Baseline characteristics of the study population

Healthy males (n = 17)

Age (years) 254 £ 3
BMI (kg m™?) 23.6 = 1.8
Waist (cm) 87.6 £ 5
Systolic blood pressure (mmHg) 116 + 8
Diastolic blood pressure (mmHg) 75 £ 17
HbA . (%) 51 +£0.2
Glucose (mmol L™") 48 £ 0.3
Insulin (pmol L") 33 £ 10
HOMAr 1.0 £ 0.3
Total-cholesterol (mmol L) 40 + 0.6
HDL-C (mmol L") 1.37 £ 0.2
LDL-C (mmol L™") 22+ 06
Triacylglycerols (mmol L") 0.8 £ 0.3

Values are mean £ SD. BMI, body mass index; HOMA/R,
homeostasis model assessment of insulin resistance; HDL-C, HDL-
cholesterol; LDL-C, LDL-cholesterol.

After the meals (=2 and 6 h), insulin concentrations
increased to 75.2 + 32.2and 114.2 + 37.6 pmol L™, respect-
ively. During the meal day, HDL-C decreased from 1.37 + 0.2
to 128 + 02 mmol L™' (P < 0.01) (data not shown).
During the control visit, glucose (from 4.9 + 0.3 to
46 + 03 mmol L™ and insulin (from 35.7 + 13.8 to
266 + 9.6 pmol L")  decreased  significantly  (both
P < 0.001 vs. baseline). Triacylglycerol concentrations re-
mained unchanged (Fig. 1). Levels of NEFA remained low
during the meal day with significant further lowering after both
meals, suggesting insulin-mediated NEFA suppression (from
0.31 + 0.2 at baseline to 0.13 = 0.1 at z = 2 h after the first
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meal; and from 0.28 £ 0.1 prior to the second meal to
020 = 0.1 mmol L™ at r=2h after the second meal,
respectively, both P < 0.001). As expected, NEFA concentra-
tions rose significantly during the fasting day from 0.32 + 0.1
to 0.78 £ 0.2 mmol L™ (at r = 8 h; P < 0.001 vs. baseline
and meal day; Fig. 1).

After the second meal, FMD showed a marked reduction
(6.9% vs. 3.7%; P < 0.05) as compared with baseline (Fig. 2).
The difference between FMD at 1 = 6 h between both days
tended to be statistically significant (P = 0.051). NTG-induced
vasodilation measured at the end of both days did not differ
(both 13.0%). Changes in FMD showed no significant
correlation with the metabolic changes or MP numbers (r =
—-0.36, P = 0.31, for FMD and total MP).
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Fig. 2. Changes in flow-mediated dilation (FMD) during the meal (solid
circles) and fasting days (open circles) in healthy lean subjects. Data are
mean = SEM. *P < 0.05.
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Fig. 1. Plasma concentrations of glucose, insulin, triacylglycerols and non-esterified fatty acids during the meals (solid circles) and fasting days (open

circles) in healthy lean subjects. Data are mean + SD. *P < 0.05.
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During both visits, OXLDL and MDA concentrations were
measured at baseline (r = 0) and # = 6 h (i.e. 6 h after the first
meal on the meal day, and 6 h after the first blood collection
during the fasting visit). During the meal visit, the oxLDL/
LDL-C ratio increased from 194 + 2.8 to 224 + 45U
mmol™" (P = 0.001 compared with baseline and fasting day;
Fig. 3). During the fasting visit, oxLDL/LDL-C remained
constant (18.7 + 2.8 and 18.1 + 2.3 U mmol™"). Post-
prandial changes in oxLDL/LDL-C correlated with the
changes in triacylglycerol levels (r = 0.60, P = 0.01) but not
with changes in glucose concentrations. Similarly, MDA
increased during the meal day from 7.2 £+ 0.6 to
7.8 + 0.8 pmol L™' and decreased during the fasting day
from 7.8 + 0.7 to 7.0 = 0.5 umol L™' (P = 0.0l and P =
0.001, respectively and P = 0.001 meals vs. fasting; Fig. 3).
Changes in MDA correlated with meal-induced changes in
glucose concentrations (r = 0.67, P = 0.003) but not with
increases in postprandial triacylglycerols. Postprandial MDA
elevations tended to correlate inversely with FMD changes
(r=-0.52, P = 0.059; Fig. 4).

Circulating numbers of MP from T-helper, T-suppressor, B
cells, granulocytes, and endothelial cells were negligible (data
not shown). Therefore, we only reported MP from platelets,
erythrocytes and monocytes, in addition to the total MP count.
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Fig. 3. Oxidized low-density lipoprotein (oxLDL)/LDL-C ratios and
malondialdehyde (MDA) concentrations at baseline (# = 0 h) and at 1 =
6 h during the meal (black bars) and fasting (white bars) days. Data are
mean = SD. P < 0.01.
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Fig. 4. Scatter plot representing the relationship between postprandial

percentual changes in FMD and absolute changes in MDA concentra-
tions.
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Fig. 5. Courses of plasma total microparticles (MP) concentrations
during the meal (solid circles) and fasting (open circles) visit (A) The area
under the incremental curve (AAUC) of total MP numbers during the
meal visit (black bars) as compared with the fasting visit (white bars)

(B) Data are mean + SEM. *P < 0.05.

The total numbers of MP, of which the largest fraction is
platelet derived (88-98%), increased during the meal visit
compared with the fasting visit (P < 0.05; Fig. 5A,B). The
overall changes in platelet-derived MP (PMP), calculated as
AAUC PMP, correlated with the percentile change in oxLDL/
LDL during the meal day (r=0.59, P = 0.042). After
consumption of both meals, the fraction of erythrocyte-derived
MP, comprising 2-3% of total MP numbers during fasting,
increased to 3—-11% (P < 0.001, vs. baseline and fasting day).
Finally, monocyte-derived MP, constituting 0.3% of the total
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Fig. 6. The course of plasma interleukin-6 and C-reactive protein (CRP)
concentrations during the meal (solid circles) and fasting (open circles)
days in healthy lean subjects. Data are mean £+ SD. *P < 0.05.

MP numbers, tended to increase during the meal visit only
(P = 0.07 vs. baseline; data not shown).

Plasma IL-6 concentrations followed an identical ‘U-shaped’
curve on both days, with the lowest values after noon (f = 4 h
after baseline, P < 0.03). CRP remained unchanged during
both days (Fig. 6).

Discussion

The present study demonstrates that exposure of healthy,
physically active, lean and insulin sensitive young males to two
consecutive fat-rich mixed meals results in impaired endo-
thelium-dependent vasodilation and acute elevation of oxLDL
and MDA concentrations despite relatively mild metabolic
changes. All postprandial changes were most marked after the
second meal, and the meal-related increase in oxidative stress
associated with postprandially elevated numbers of circulating
PMP.

Both in vivo and in vitro studies indicate that (postprandial)
hypertriglyceridemia adversely affects several endothelial func-
tions, including exposure of adhesion molecules and NO-
mediated vasodilation by inducing oxidative stress [7-9,26,27].
In healthy subjects, postprandially impaired FMD correlated
with meal-induced hypertriglyceridemia in some [9,28,29], but
not in other studies [8,10]. In our study, the decrease in FMD
after the second meal was not correlated with the concomitant
plasma triacylglycerol elevations, but rather tended to associate
with the meal-related increase in levels of oxidative stress
markers. There are several possible explanations for these
seemingly discrepant observations. First, the populations
studied are not readily comparable (i.e. very physical active

and therefore more insulin-sensitive compared with persons
with a more sedentary lifestyle), second, the postprandial
metabolic changes found in our subjects were relatively mild, as
compared with those observed in other studies [9,14,29], third,
the composition and consistency (liquid vs. solid) of the test-
meals differed in the various studies, and finally, the changes in
the different parameters measured, in relation to time after
meal ingestion, cannot easily be established.

We found lower baseline concentrations of oxLDL/LDL-C
(19.4 U mmol™") compared with findings by others who
reported oxLDL/LDL-C concentrations of 21.5 and 23.6 U
mmol™! in elderly control subjects and type 2 diabetic patients,
respectively [12]. These authors found a correlation between
fasting plasma triacylglycerols and oxLDL/LDL-C [12]. Our
results extend these observations to the postprandial state.
Although alterations in plasma oxLDL concentration by
dietary changes have been described previously [13], these
changes occurred only after exposure to a low vegetable diet for
several weeks, rather than acutely in response to a meal.
Previously, it was suggested that oxLDL can promote the
shedding of PMP in vitro [21]. Our present study shows that this
association may also exist in vivo. In addition, we found a
postprandial increase in plasma MDA concentrations, also
suggesting oxidative stress, and this was associated with FMD.

In contrast to Ferreira [22], we could not identify any MP
from endothelial cells. A possible explanation is that we only
used endothelial cell-specific antibodies (CD62e, CD106 and
CD144), and that the postprandial increases in CD31-positive
MP reported by these authors may be in part due to elevated
PMP [30,31].

Because PMP have often been associated with procoagulant
activity [18,19], we determined prothrombin fragment F|.,
and thrombin antithrombin complexes. However, no difference
was found in these coagulation parameters between fasting and
meal days (data not shown). PMPs, in addition to their
procoagulant potential, were previously shown to also possess
anti-coagulant activity [19]. Thus, the simultaneous presence of
these opposing properties may overall have resulted in no
measurable effect on thrombin generation in our study.

The lack of association between MP numbers and changes in
FMD during meal days does not preclude that MP may
directly impair NO-bioavailability in vivo, as was observed
in vitro [32], as the association between circulating MP,
representing the result of MP formation and clearance, and
NO-mediated vasodilation may be difficult to assess due to the
dynamic characteristics of both variables. However, the
observed association between MP and oxLDL suggest that
MP, albeit indirectly, may play a role in postprandial
endothelium-dependent vasodilation.

Despite previously reported plasma IL-6 elevations after a
meal and its association with postprandial hypertriglyceridemia
[7,14], we found no postprandial changes in IL-6 concentra-
tions. Interestingly, similar to others, we found IL-6 tend to
display a circadian rhythm [33]. In accordance to Tsai et al.
[10], who gave one high-fat meal to healthy males, postprandial
CRP remained unchanged in our subjects. Thus, in healthy,
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lean and insulin-sensitive subjects, the postprandial metabolic
changes do not elicit acute proinflammatory effects.

The present study suggests that even in young healthy
subjects high-fat diets may be atherogenic due to oxidative
stress-induced impairment of endothelium-dependent vaso-
dilation. We suggest that, in order to obtain a reliable impres-
sion of the total exposure of the vasculature to meal-related
derangements, postprandial studies should use a real-life
approach by giving several (consecutive) test meals, at regular
intervals, during one day. Our findings may have consequences
for insulin resistant and Type 2 diabetic patients, who suffer
from an impaired clearance and suppression of postprandial
triacylglycerol-rich lipoproteins resulting in prolonged and
exaggerated postprandial metabolic abnormalities.
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