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Abstract

This study investigated whether subjects with permanent activated endothelium have altered soluble forms of intercellular adhesion
molecule 1 (sICAM-1) and vascular cell adhesion molecule 1 (sVCAM-1) postprandial response to a high-fat meal and whether this
phenomenon is modulated by the nature of dietary fats. Twenty-eight hypertriglyceridemic (14 normotensives and 14 hypertensives) and 14
healthy male subjects were placed in a randomized and crossover design on diets enriched in refined olive oil (ROO) or high-palmitic
sunflower oil (HPSO) for a 1-week lead-in period. Thereafter, subjects ate the corresponding fat-rich meal as a breakfast and underwent
sampling hourly for 8 h. Plasma triglycerides (TG), sICAM-1 and sVCAM-1 were assayed. sICAM-1 and sVCAM-1 postprandial peak
levels were significantly higher and occurred later in hypertriglyceridemic subjects (all Pb.001) compared with healthy subjects. ROO meal
resulted in smaller areas under the curve for sICAM-1 and sVCAM-1 in hypertriglyceridemic (normotensive and hypertensive) and healthy
subjects compared to HPSO meal. Hypertension did not aggravate the postprandial response of TG, sICAM-1 and sVCAM-1. We conclude
that the challenge of a meal with ROO appears to have a significant postprandial benefit on sICAM-1 and sVCAM-1 as surrogate markers
of endothelial activation and vascular inflammation in healthy and more importantly in hypertriglyceridemic (normotensive and
hypertensive) subjects.
© 2008 Elsevier Inc. All rights reserved.
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1. Introduction

Clinical studies have consistently shown that the increase
in the postprandial triglyceride (TG) response constitutes an
independent cardiovascular risk factor and may predict the
incidence of coronary artery disease (CAD) [1]. Recently,
postprandial hypertriglyceridemia has been reported to
induce endothelial activation in hypertriglyceridemic sub-
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jects [2]. This fact suggests a role for dietary TG in the injury
of the artery wall during the postprandial state, which could
be of particular relevance in subjects with permanent
activated endothelium.

Soluble forms of intercellular adhesion molecule 1
(sICAM-1) and vascular cell adhesion molecule 1
(sVCAM-1) are found in plasma as a result of ADAM
(A Disintegrin And Metalloproteinase)-mediated shedding
from the surface of activated endothelial cells [3,4]. They
strongly mediate the recruitment of leukocytes to the
endothelium, a crucial early step in the initiation of
atherosclerosis. Enhanced levels of sICAM-1 and sVCAM-
1 have been found in hypertension [5,6] and fasting
hypertriglyceridemia [7,8], which are counteracted after
therapeutic reductions of blood pressure [6] or plasma TG
[7]. Despite hypertension and fasting hypertriglyceridemia
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being two common determinant abnormalities that fre-
quently coexist [9], there are, however, no data available
regarding postprandial levels of sICAM-1 and sVCAM-1
as surrogate markers of endothelial activation and vascular
inflammation to a high-fat meal in hypertriglyceridemic
subjects with coexisting hypertension. In fact, very little is
known about the postprandial events in hypertension and
fasting hypertriglyceridemia [10,11], and to the best of our
knowledge, the role of different dietary fats in modulating
the postprandial TG response in subjects affected with
hypertension and fasting hypertriglyceridemia has never
been assessed. Current dietary recommendations empha-
size the role of monounsaturated fats (MUFA) in replacing
saturated fats (SFA) to reduce the risk of CAD [12,13]. In
this study, we compared the influence of two high-fat
meals [refined olive oil (ROO) and high-palmitic sun-
flower oil (HPSO)] that differed in the content of MUFA
and SFA on postprandial levels of TG, sICAM-1 and
sVCAM-1 in healthy and hypertriglyceridemic (normoten-
sive and hypertensive) subjects.
2. Subjects and methods

This study was conducted according to the guidelines of
good clinical practice: prior to the beginning of the study, all
subjects provided informed consent using Human Clinic
Commission- and Ethic Committee-approved protocols. The
investigation conforms with the principles outlined in the
Declaration of Helsinki.

2.1. Subjects

Twenty-eight hypertriglyceridemic (14 normotensives
and 14 hypertensives) and 14 healthy male subjects, aged
between 21 and 38 years, were recruited by advertising.
They were required to have no evidence of established
Table 1
Subject characteristics at entry

Healthy
subjects

Hypertriglyc
normotensiv

Subjects 14 14
Males (%) 100 100
Age (years) 27±7 33±7
Weight (kg) 75±6 79±8
BMI (kg/m2) 23.9±1.9 24.2±5.1
Blood pressure (mmHg)
Systolic 123±9 135±9
Diastolic 77±9 79±11
Triglyceride (mmol/L) 0.86±0.27 4.49±0.89
Cholesterol (mmol/L) 4.09±0.31 6.89±1.09
LDL-C (mmol/L) 2.34±0.85 4.19±0.70
HDL-C (mmol/L) 1.39±0.21 0.80±0.10
sICAM-1 (ng/ml) 601±100 986±188
sVCAM-1 (ng/ml) 847±128 1246±232

⁎ Hypertriglyceridemic hypertensive subjects vs. healthy and hypertriglycerid
† Hypertriglyceridemic normotensive and hypertensive subjects vs. healthy su
coronary heart disease and excluded if any evidence of
renal impairment, hypothyroidism or liver dysfunction,
based on clinical chemistry testing. Hypertensive and
normotensive subjects with Type IIb or IV hyperlipopro-
teinemia and without clinical evident target organ damage
had a body mass index (BMI) lower than 27 kg/m2.
Hypertensive subjects displayed mild essential hyperten-
sion according to the World Health Organization–Interna-
tional Society of Hypertension criteria (i.e., diastolic blood
pressure 90–99 mmHg and/or systolic blood pressure 140–
159 mmHg) on repeated measurements [14]. Subjects with
secondary forms of hypertension were excluded. The
characteristics of subjects that were enrolled for the study
are depicted in Table 1.

2.2. Diet protocol and blood sampling

The design of the study was randomized, within-subject
crossover and blinded. Subjects had a lead-in baseline
period of 1 week on a National Cholesterol Education
Program (NCEP) Step I diet. Thereafter, the subjects were
instructed to follow the same diet or they were switched to
an NCEP diet supplemented with ROO or HPSO for a
further period of 1 week. Fasting blood samples were then
taken 12 h after the evening meal. Immediately afterwards,
the subjects were administered a fat-rich meal consisting of
the corresponding dietary fats (ROO or HPSO, 40 g/m2

body surface area) along with a portion of plain pasta
(50 g), one slice of brown bread (28 g) and one skimmed
yogurt. The range of fat consumed per subject was 76.8–
79.2 g. The average total energy provided by the meals was
3700 kJ (885 kcal) with a macronutrient profile of 72% fat,
22% carbohydrate and 6% protein. ROO and HPSO had no
phenolic compounds. The fatty acid composition of the
meals is shown in Table 2. Subjects were asked to consume
the meal in less than 15 min, after which time blood was
eridemic
e subjects

Hypertriglyceridemic
hypertensive subjects

P value

14
100
32±3 NS
78±5 NS

26.0±3.4 NS

155±5 b.001⁎

96±5 b.001⁎

4.57±0.70 b.001†

6.78±0.82 b.001†

4.23±0.51 b.001†

0.90±0.12 b.001†

957±144 b.001†

1302±216 b.001†

emic normotensive subjects.

bjects.



Table 2
Fatty acid composition of the meals

Fatty acid ROO HPSO

% by weight of total fatty acids

16:0 11.7 24.9
16:1n-7 1.0 6.8
18:0 2.8 2.0
18:1n-9 79.8 58.7
18:2n-6 3.6 6.9
Others 1.1 0.6
SFA 14.9 27.2
MUFA 81.0 65.8
PUFA 4.0 7.0
MUFA/SFA 5.43 2.42

PUFA, polyunsaturated fatty acids.

able 3
aseline values of TG, sICAM-1 and sVCAM-1 after the lead-in
ashout and adaptation period on ROO- and HPSO-enriched diets in
ealthy subjects and in hypertriglyceridemic subjects without and with
oexisting hypertension

TG (mmol/L) sICAM-1 (ng/ml) sVCAM-1 (ng/ml)

ealthy subjects
ROO 0.68±0.19 535.4±90.9 758.3±110.6
HPSO 0.69±0.16 454.7±54.2 705.9±120.4
ypertriglyceridemic normotensive subjects⁎

ROO 4.10±0.58 1105.0±201.7 1342.8±238.7
HPSO 3.99±0.94 935.0±256.2 1208.7±201.1
ypertriglyceridemic hypertensive subjects⁎

ROO 4.17±0.66 1220.1±165.2 1383.1±190.3
HPSO 4.02±0.71 998.6±215.4 1257.6±206.9

alues are represented as mean±S.D. (n=14).
⁎ Pb.001 vs. healthy subjects.
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collected from a cubital vein catheterized with a small-bore
extension set and a Smartsite needleless valve port. A
blood sample was drawn every 1 h for a total of 8 h into
precooled tubes containing sodium citrate (final concentra-
tion, 0.129 mmol/L). The plasma was separated immedi-
ately by centrifugation (2000 g, 4°C, 20 min), and the
aliquots were transferred into sterile cryovials of 1 ml and
stored at −70°C until further analysis. The test meals were
well tolerated by the subjects without any unpleasant side
effects. The subjects rested and read during the postprandial
period. Only water was available on request.

Each 1-week cycle of the NCEP diet in between the
corresponding test fat was considered as a washout and
adaptation period to eliminate any carryover effects on the
next diet being tested [15]. The diets were prepared by the
subjects themselves under the direction of a registered
dietician and consisted of whole foods according to
calculated menus and standardized recipes. For subjects to
maintain a constant body weight during the study, energy
intake was periodically adjusted. None of the subjects
consumed tobacco or special diets or took vitamins,
antioxidants or medication. They were asked to maintain
their usual exercise pattern and abstain from alcohol.

2.3. Analytical methods

TG and other plasma lipids were quantified by auto-
analyzer using commercially available reagents (Roche
Diagnostics GmbH). Plasma levels of sICAM-1 and
sVCAM-1 were determined in duplicate with commercially
available immunosorbent kits (ICAM-1 and VCAM-1, Eli-
pair, Diaclone). The intra- and interassay coefficients of
variation were below 5%. All the assays were standardized
according to the Standardization Program of the Spanish
Society of Chemical Chemistry and the International
Federation of Chemical Chemistry.

2.4. Statistical analysis

Continuous variables are expressed as mean±S.D.
Differences were assessed with repeated-measures
ANOVA, with time of measurement as the within-factor
and meal type as the grouping factor. If differences reached
statistical significance, post hoc analyses with two-tailed
paired t test was used, using Bonferroni correction for
multiple comparisons. The “response to the meal” was
analyzed by calculating the TG, sICAM-1 and sVCAM-1 net
incremental area under the curve (netAUC), including the
entire incremental area below the curve and the area below
the fasting concentration by the trapezoidal rule. Statistical
significance was defined as Pb.05.
3. Results

The baseline values of TG, low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), sICAM-1 and sVCAM-1 after the washout and
adaptation periods on the NCEP Step I diet supplemented
with ROO or HPSO are shown in Table 3. No significant
differences were observed between diets in each group
(lower baseline values with HPSO did not reach statistical
significance by post hoc pairwise comparisons). However,
the baseline values of TG, LDL-C, sICAM-1 and sVCAM-1
were significantly higher, whereas those of HDL-C were
lower in hypertriglyceridemic (normotensive and hyperten-
sive) compared to healthy subjects.

The effect of the nature of dietary fatty acids on the
postprandial levels of TG, sICAM-1 and sVCAM-1 was
evaluated by comparing baseline values with samples
collected hourly from 1 to 8 h after the consumption of the
test meals enriched in ROO or HPSO (Fig. 1). Values
markedly increased and peaked postprandially. Postpran-
dial peak levels of sICAM-1 and sVCAM-1 were
significantly (Pb.001) higher and occurred later in
hypertriglyceridemic (normotensive and hypertensive),
compared with healthy subjects. In general, the three
groups experienced parallel rises in plasma TG, sICAM-1
and sVCAM-1 until the postprandial peak. Thereafter, the
levels of theses variables decreased fastest with the ROO
T
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Fig. 1. Postprandial changes in plasma TG, sICAM-1 and sVCAM-1 vs. baseline value in healthy subjects and in hypertriglyceridemic subjects without and
with coexisting hypertension after a meal enriched in ROO (open circles) or HPSO (closed circles). Values at corresponding time are represented as
mean ±S.D. (n=14).
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meal. No differences in the postprandial curves were found
between normotensive and hypertensive hypertriglyceri-
demic subjects.

Postprandial netAUC0–8 h for TG was marginally lower in
healthy subjects after the HPSO meal (P=.046) and did not
differ between groups (Table 4). However, the postprandial
response for sICAM-1 and sVCAM-1 was higher with both
meals in hypertriglyceridemic (normotensive and hyperten-
sive) subjects. The ROO meal induced a decrease (Pb.001)
in the postprandial netAUC5–8 h for sICAM-1 and sVCAM-1
in all subjects.
Table 4
Postprandial responses for TG, sICAM-1 and sVCAM-1 to a meal enriched in ROO
and with coexisting hypertension

TG netAUC0–8 h

(mmol·h/L)
sICAM-1
netAUC0–4 h

(ng·h/ml)

Healthy subjects
ROO 4.45±0.67 185.1±40.0
HPSO 3.75±0.51⁎ 165.3±41.2
Hypertriglyceridemic normotensive subjects‡

ROO 5.63±0.99 940.3±106.1
HPSO 4.87±1.32 872.2±88.5
Hypertriglyceridemic hypertensive subjects⁎

ROO 5.48±1.12 893.4±122.4
HPSO 4.74±0.90 844.0±116.1

Values are represented as mean±S.D. (n=14).
⁎ P=.046 vs. ROO.
† Pb.001 vs. ROO.
‡ Pb.001 vs. healthy subjects for sICAM-1 and sVCAM-1.
§ Pb.05 vs. ROO.
4. Discussion

The up-regulation of sICAM-1 and sVCAM-1 is synon-
ymous with endothelial activation and vascular inflamma-
tion [3,4], which is emphasized during the postprandial state
in subjects with hypertension [10] or fasting hypertriglycer-
idemia [11]. Due to the importance of adopting healthy
dietary habits, many controlled studies have focused on
replacing dietary SFA by MUFA to reduce the risk of CAD
[12,13]. Thus, studies addressing the role of MUFA and SFA
on the postprandial levels of sICAM-1 and sVCAM-1 appear
and HPSO in healthy subjects and in hypertriglyceridemic subjects without

sICAM-1
netAUC5–8 h

(ng·h/ml)

sVCAM-1
netAUC0–4 h

(ng·h/ml)

sVCAM-1
netAUC5–8 h

(ng·h/ml)

−69.7±15.6 380.3±84.8 46.6±9.1
83.4±22.9† 450.5±72.3 284.0±75.8†

380.4±48.4 1177.3±130.1 283.0±53.2
787.5±95.8† 1136.1±134.8 659.5±72.4†

335.8±40.4 1155.8±178.2 160.8±23.0
698.0±108.3† 897.3±183.5§ 706.9±59.4†
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to be needed to identify the mechanisms by which dietary fatty
acids might influence atherogenesis. The current study is the
first demonstration that a MUFA-rich meal, when compared to
a meal rich in SFA, reduces postprandial levels of sICAM-1
and sVCAM-1 in healthy subjects and in normotensive and
hypertensive subjects with fasting hypertriglyceridemia.

Abundant evidence is now available that subjects with
elevated fasting levels of TG or LDL-C have reduced
HDL-C [16], which, per se, is considered a key factor in
determining elevated levels of sICAM-1 and sVCAM-1 [17].
That low HDL-C results from hypertriglyceridemic states
represents, at least in part, inefficient catabolism of TG-rich
lipoproteins (TRL) and increased transfer of TG from the
core of TRL to HDL. TG-enriched HDL particles are more
rapidly catabolized by lipases, thereby resulting in choles-
terol depleted HDL particles. It is interesting to note that
sICAM-1 and sVCAM-1 are positively associated with low
HDL-C concentrations in subjects with fasting hypertrigly-
ceridemia [18] but not in subjects with normal levels of TG
[19]. These observations highlight the importance of TG and
TG enrichment of HDL particles secondary to fasting
hypertriglyceridemia in the values of sICAM-1 and
sVCAM-1. In our study, we did not find any statistical
differences between normotensive and hypertensive hyper-
triglyceridemic subjects or diets (rich in SFA and MUFA) in
the fasting values of TG, HDL-C, sICAM-1 and sVCAM-1.
However, hypertriglyceridemic (normotensive and hyper-
tensive) subjects had higher fasting TG, LDL-C, sICAM-1
and sVCAM-1 and lower HDL-C values than those found in
healthy subjects, indicating a common unfavourable lipo-
protein phenotype and similar systemic inflammation [20]
between normotensive and hypertensive hypertriglyceri-
demic subjects. To our knowledge, sICAM-1 and sVCAM-
1 have not yet been studied in hypertriglyceridemic subjects
with coexisting hypertension and without other metabolic
abnormalities, such as obesity or some degree of glucose
intolerance, which could complicate the search for the
independent effect of the hypertensive state on fasting (and
postprandial) levels of sICAM-1 and sVCAM-1 in hyper-
triglyceridemic subjects.

High postprandial levels of TG may further induce
elevated sICAM-1 and sVCAM-1 in subjects with fasting
hypertriglyceridemia, but data are not available on hyper-
triglyceridemic subjects with hypertension, which is con-
sidered a classic and strong risk factor for CAD. This issue
has been addressed here by determining the effect of high-fat
meals rich in MUFA or SFA on postprandial levels of TG,
sICAM-1 and sVCAM-1 in healthy and hypertriglyceri-
demic (normotensive and hypertensive) subjects. We found
that the postprandial levels of sICAM-1 and sVCAM-1
increased as TG did, but the netAUC for sICAM-1 and
sVCAM-1 was rather related to the nature of the fat included
in the meal. The postprandial levels of sICAM-1 and
sVCAM-1 severely increased in hypertriglyceridemic (nor-
motensive and hypertensive), compared with healthy sub-
jects. Interestingly, ROO meal (having a higher ratio of
MUFA to SFA) induced lower netAUC for sICAM-1 and
sVCAM-1 than HPSO meal (having a lower ratio of MUFA
to SFA). These observations are fully consistent with the
results of in vitro experiments showing that MUFA, but not
SFA, acutely inhibited cytokine-induced expression of
ICAM-1 and VCAM-1 [21]. The mechanism of the effect
is uncertain, although it may be the result of fatty acid
changes in lipid moieties (phospholipids and mainly TG) of
nascent TRL that could be “transferred” to other lipoproteins
as a result of postprandial TRL metabolism. This assumption
agrees with recent studies, indicating that SFA adversely
affected postprandial anti-inflammatory (antiadhesive) prop-
erties of HDL [22] and that postprandial LDL is more
effective than postabsorptive LDL in up-regulating ICAM-1
on the surface of endothelium [23]. In addition, MUFAwere
described to have protective effects on vascular inflamma-
tion during the acute-phase response [24]. However, we do
not exclude the possibility that other mechanisms unrelated
to fatty acids could also be involved.

In a complementary finding, the present study also
shows no differences in the postprandial levels of TG,
sICAM-1 and sVCAM-1 between normotensive and
hypertensive hypertriglyceridemic subjects after the ROO
or HPSO meal. One possible explanation may be that a
high-fat meal does not acutely impair endothelial function
in resistance vessels and that the resistance vessels are
resistant to the effects of postprandial TRL [25]. Our data
suggest that although high-fat meal may further contribute
to endothelial activation and vascular inflammation in
fasting hypertriglyceridemia, it probably does not predis-
pose to a higher risk in hypertensive with regard to
normotensive hypertriglyceridemic subjects.

We conclude that the challenge of a meal with a high
ratio in MUFA to SFA appears to have a significant
postprandial benefit on sICAM-1 and sVCAM-1 as
surrogate markers of endothelial activation and vascular
inflammation in healthy and, more importantly, in hyper-
triglyceridemic (normotensive and hypertensive) subjects.
Therefore, it is conceivable that diets rich in oleic acid
(MUFA) may lead to the reduction of the risk of CAD in
subjects with permanently activated endothelium by
improving vascular inflammatory response postprandially.
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