
Effect of Postprandial Hypertriglyceridemia and
Hyperglycemia on Circulating Adhesion Molecules and
Oxidative Stress Generation and the Possible Role of
Simvastatin Treatment
Antonio Ceriello,

1
Lisa Quagliaro,

2
Ludovica Piconi,

2
Roberta Assaloni,

1
Roberto Da Ros,

1

Amabile Maier,
1

Katherine Esposito,
3

and Dario Giugliano
3

Adhesion molecules, particularly intracellular adhesion
molecule (ICAM)-1, vascular cell adhesion molecule
(VCAM)-1, and E-selectin, have been associated with
cardiovascular disease. Elevated levels of these mole-
cules have been reported in diabetic patients. Post-
prandial hypertriglyceridemia and hyperglycemia are
considered risk factors for cardiovascular disease, and
evidence suggests that postprandial hypertriglyceride-
mia and hyperglycemia may induce an increase in circu-
lating adhesion molecules. However, the distinct role of
these two factors is a matter of debate. Thirty type 2
diabetic patients and 20 normal subjects ate three
different meals: a high-fat meal, 75 g of glucose alone,
and a high-fat meal plus glucose. Glycemia, triglyceride-
mia, plasma nitrotyrosine, ICAM-1, VCAM-1, and E-
selectin were assayed during the tests. Subsequently,
diabetic subjects took simvastatin 40 mg/day or placebo
for 12 weeks. The three tests were performed again at
baseline, between 3 and 6 days after starting the study,
and at the end of each study. High-fat load and glucose
alone produced an increase of nitrotyrosine, ICAM-1,
VCAM-1, and E-selectin plasma levels in normal and
diabetic subjects. These effects were more pronounced
when high fat and glucose were combined. Short-term
simvastatin treatment had no effect on lipid parameters,
but reduced the effect on adhesion molecules and nitro-
tyrosine, which was observed during every different
test. Long-term simvastatin treatment was accompanied
by a lower increase in postprandial triglycerides, which
was followed by smaller variations in ICAM-1, VCAM-1,
E-selectin, and nitrotyrosine during the tests. This
study shows an independent and cumulative effect of
postprandial hypertriglyceridemia and hyperglycemia
on ICAM-1, VCAM-1, and E-selectin plasma levels, sug-
gesting oxidative stress as a common mediator of such
effects. Simvastatin shows a beneficial effect on oxida-
tive stress and the plasma levels of adhesion molecules,
which may be ascribed to a direct effect in addition to

the lipid-lowering action of the drug. Diabetes 53:

701–710, 2004

P
atients with diabetes have an increased risk of
cardiovascular disease (CVD). Recently, much
attention has been paid to evidence that abnor-
malities of the postprandial state are important

contributing factors to the development of atherosclero-
sis, even in diabetes (1). In nondiabetic subjects, there is
evidence that postprandial hypertriglyceridemia is a risk
factor for CVD (2), whereas in diabetic subjects, postpran-
dial hyperglycemia has been recently proposed as an
independent risk factor for CVD (3). Since in diabetic
patients the postprandial phase is characterized by the
simultaneous increase of plasma triglycerides and glucose
(1), the distinct role and relative importance of these two
factors in the pathogenesis of CVD in diabetes is a matter
of debate.

The adhesion of circulating leukocytes to endothelial
cells plays an important role in the initiation of atheroscle-
rosis (4). Cellular adhesion molecules are poorly ex-
pressed by the resting endothelium, but they are
upregulated during atherogenesis (5). Soluble forms of
some cellular adhesion molecules can be found in plasma,
and it has been suggested that elevated plasma levels of
some cellular adhesion molecules may be an index of
endothelial activation (6) or even a molecular marker of
early atherosclerosis (7).

Circulating levels of some cellular adhesion molecules,
particularly intracellular adhesion molecule (ICAM)-1, vas-
cular cellular adhesion molecule (VCAM)-1, and E-selec-
tin, have been found to be increased in diabetic patients
(8–15). Hyperglycemia has been shown to condition, even
acutely (13–15), the concentration of these cellular adhe-
sion molecules. However, hyperlipemia has also been
reported to be associated with increased levels of cellular
adhesion molecules (16–18), and evidence also suggests
that postprandial hyperlipemia may condition an increase
of these molecules (19). Moreover, it has been suggested
that oxidative stress may be the mediator of the effect of
both hyperglycemia and hypertriglyceridemia (12–13,19).
In particular, the mechanism underlining free radical gen-
eration during an acute increase of both glycemia and
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triglyceridemia seems to be mediated by the induction of
NADPH activity (20,21).

In our previous study (22), we demonstrated that post-
prandial hyperglycemia and postprandial hypertriglyceri-
demia may have a direct and cumulative effect in
producing an endothelial dysfunction and nitrotyrosine
generation. Nitrotyrosine is a suitable marker of peroxyni-
trite and nitrosative stress generation (23), and increased
nitrotyrosine plasma level has been found in the plasma of
diabetic patients (24,25).

The aim of this study was primarily to evaluate whether
postprandial hypertriglyceridemia and hyperglycemia play
a distinct role in producing an increase of cellular adhe-
sion molecule plasma levels and if this phenomenon is
accompanied by oxidative stress generation, as evaluated
by nitrotyrosine formation. To demonstrate this hypothe-
sis, ICAM-1, VCAM-1, and E-selectin plasma levels were

measured after a fat-rich meal associated or not with the
simultaneous administration of an oral glucose tolerance
test (OGTT) in both diabetic patients with moderate
hyperlipidemia and normal subjects. The secondary objec-
tive was to evaluate the possible effect of simvastatin
treatment. Therefore, the diabetic patients were retested
after 3–6 days or 3 months of simvastatin treatment. The
objective of the short-term simvastatin treatment was to
evaluate a possible direct effect of the drug on cellular
adhesion molecule plasma levels, possibly through an
inhibition of oxidative stress because statins can decrease
nitrotyrosine production (24,25), whereas the long-term
treatment was aimed to also evaluate the effect of de-
creased postprandial hypertriglyceridemia (17).

RESEARCH DESIGN AND METHODS

Thirty type 2 diabetic patients and 20 healthy subjects were recruited. The
clinical characteristics of the groups are reported in Table 1. All subjects were
nonsmokers and had a normal resting electrocardiogram and no personal
history of vascular disease. None of the subjects were taking aspirin,
lipid-lowering agents, or supplemental vitamins. Diabetes was treated in 18
patients with diet alone and with sulfonylureas in the remaining 12 patients.
All subjects were recommended to consume their habitual diet during the
entire period of the study. Written consent was obtained from all subjects,
with local ethics committee approval.
Study design. At the end of a 4-week placebo run-in period, blood samples
were taken, and fasting glycemia, total cholesterol, LDL cholesterol, HDL
cholesterol, triglycerides, nitrotyrosine, and HbA1c were measured. Therefore,
diabetic patients and control subjects ate three different menus in randomized
order on different days, i.e., a high-fat meal, 75 g glucose alone, or a high-fat
meal plus 75 g glucose. Blood samples were drawn at 0, 1, 2, 3, and 4 h, and
the following variables were assayed: glycemia, triglyceridemia, and nitroty-
rosine, ICAM-1, VCAM-1, and E-selectin plasma levels. Studies began at 8:00
A.M., after a 12- to 14-h overnight fast.

Subsequently, a double-blind, crossover, placebo-controlled study was
started in diabetic patients. Diabetic subjects were randomly assigned to take
simvastatin 40 mg/day or placebo for 12 weeks. The washout period between
the simvastatin treatment and placebo period was 3 months. At baseline and
at the end of each period, the following parameters were measured: fasting
glycemia, serum total cholesterol, LDL cholesterol, HDL cholesterol, triglyc-
erides, HbA1c, nitrotyrosine, ICAM-1, VCAM-1, and E-selectin plasma levels.
The three meal tests described above were performed at baseline, between 3
and 6 days after the start of both placebo and simvastatin treatment and at the
end of each study. The scheme of the protocol is illustrated in Fig. 1.
High-fat load. The standardized high-fat meal consisted of whipping cream
and contained 75 g of fat, 5 g of carbohydrates, 6 g of proteins per square
meter of body surface area. The corresponding caloric intake was 700 kcal/m2.

FIG. 1. Scheme of the simvastatin trial.

TABLE 1
Baseline characteristics of the normal and diabetic subjects

Control
subjects

Diabetic
subjects

n 20 30
Sex (M/F) 12/8 22/18
Age (years) 53.5 � 2.5 54.3 � 2.6
BMI (kg/m2) 28.4 � 2.1 29.7 � 2.3
Duration of disease (years) — 5.9 � 2.7
Fasting glucose (mmol/l) 4.8 � 0.2 11.1 � 2.2*
HbA1c (%) 5.8 � 0.2 7.8 � 0.3*
Resting systolic blood pressure

(mmHg) 118.3 � 7.5 122.4 � 6.5
Resting diastolic blood pressure

(mmHg) 78.4 � 2.1 82.2 � 3.1
Total cholesterol (mmol/l) 4.5 � 0.6 7.5 � 0.8*
Triglycerides (mmol/l) 0.9 � 0.2 3.7 � 0.4*
HDL cholesterol (mmol/l) 1.4 � 0.2 0.9 � 0.3*
LDL cholesterol (mmol/l) 2.5 � 0.3 3.6 � 0.4*
Nitrotyrosine (�mol/l) 0.23 � 0.5 0.56 � 0.3*
ICAM-1 (ng/ml) 144.6 � 22.7 225.5 � 18.4*
VCAM-1 (ng/ml) 630.8 � 11.5 934.6 � 32.7*
E-selectin (ng/ml) 35.8 � 18.5 75.9 � 12.3*

Data are means � SE. *P � 0.001 vs. control.
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Biochemical measurements. Cholesterol and triglycerides were measured
enzymatically (Roche Diagnostics, Basel, Switzerland). HDL cholesterol was
estimated after precipitation of apolipoprotein B with phosphotungstate/
magnesium (26). LDL cholesterol was calculated after lipoprotein separation
(27). Plasma glucose was measured by the glucose-oxidase method and HbA1c

by high-performance liquid chromatography. Nitrotyrosine plasma concentra-
tion was assayed by enzyme-linked immunosorbent assay (24). Serum sam-
ples for ICAM-1, VCAM-1, and E-selectin were stored at �80°C until the time
of the assay. Serum concentration was determined in duplicate with commer-
cially available immunosorbent kits (British Bio-technology, Abington, Oxon,
U.K.). Intra- and interassay coefficients of variation were 3.5 and 5.6, respec-
tively.
Statistical analysis. The Kolmogorov-Smirnov algorithm was used to deter-
mine whether each variable had a normal distribution. Comparisons of
baseline data among the groups were performed using the unpaired Student’s
t test. The paired Student’s t test was used for comparison of the various
parameters before and after treatment with simvastatin or placebo. The
changes in variables during the tests were assessed by two-way ANOVA with
repeated measures. If differences reached statistical significance, post hoc
analyses with two-tailed paired t test was used to assess differences at
individual time periods in the study, using Bonferroni correction for multiple
comparisons. Statistical significance was defined as P � 0.05.

RESULTS

Baseline cholesterol, LDL cholesterol, triglycerides, nitro-
tyrosine, ICAM-1, VCAM-1, and E-selectin plasma levels
were increased in diabetic patients, whereas HDL choles-
terol levels were reduced (Table 1). As compared with
preprandial values, serum triglycerides were increased
from 1 to 3 h during tests 1 and 3 in normal subjects (P �
0.001 vs. baseline) (Fig. 2) and from 1 to 4 h in diabetic
patients (P � 0.001 vs. baseline) (Fig. 3). Glycemia in-
creased at 1 h in normal subjects (P � 0.001 vs. baseline)
(Fig. 2) and at 1, 2, and 3 h in diabetic patients during tests
2 and 3 (P � 0.001 vs. baseline) (Fig. 3), whereas triglyc-
erides remained unchanged during test 2 (Figs. 2–3).

High-fat load alone produced an increase in nitroty-
rosine, ICAM-1, VCAM-1, and E-selectin plasma levels
from 1 to 3 h in normal subjects (P � 0.001 vs. baseline)
(Fig. 2) and from 1 to 4 h diabetic patients (P � 0.001 vs.
baseline) (Fig. 3). The increase in glycemia during the
OGTT was accompanied by a significant change in nitro-
tyrosine, ICAM-1, VCAM-1, and E-selectin plasma levels
during the studies (P � 0.001 vs. baseline) (Figs. 2–3).

The combination of high fat and a glucose load, i.e., test
3, produced an increase in nitrotyrosine, ICAM-1, VCAM-1,
and E-selectin plasma levels (P � 0.001 vs. baseline) (Figs.

2–3) that was even more pronounced than that with either
nutrient taken alone (P � 0.01) (Figs. 2–3) in both normal
and diabetic subjects. The increase in nitrotyrosine,
ICAM-1, VCAM-1, and E-selectin plasma levels was maxi-
mal at 1 h in normal subjects (Fig. 2), whereas in diabetic
patients such variations were observed throughout the
test, with a maximum at 2 h (Fig. 3).

Short-term simvastatin treatment had no effect on lipid
parameters in diabetic patients (Table 2). However, a
significant improvement in basal nitrotyrosine, ICAM-1,
VCAM-1, and E-selectin plasma levels was observed (Table
2). Such treatment was able to reduce the effect on
nitrotyrosine, ICAM-1, VCAM-1, and E-selectin plasma
levels, which was observed during every different test,
even though postprandial hypertriglyceridemia was not
affected (P � 0.001 vs. placebo) (Figs. 4–6).

Long-term simvastatin treatment reduced fasting total
cholesterol, LDL cholesterol, and triglycerides and raised
HDL cholesterol in diabetic patients, whereas BMI and
HbA1c remained unchanged throughout the study (Table
2). Long-term simvastatin treatment was accompanied by
a significant improvement of fasting nitrotyrosine, ICAM-1,
VCAM-1, and E-selectin plasma levels (Table 2). When the
high-fat load test was performed, the increase in postpran-
dial triglycerides was lower compared with placebo (P �
0.01) (Figs. 4 and 6) and the increase in nitrotyrosine,
ICAM-1, VCAM-1, and E-selectin plasma levels was still
significant, but significantly smaller (P � 0.01) (Figs. 4 and
6). During the glucose challenge, triglycerides remained
unchanged and nitrotyrosine, ICAM-1, VCAM-1 and E-
selectin plasma level increases were smaller than those in
the placebo period (P � 0.01) (Fig. 5), although they were
still significant. The combined load of a high-fat meal and
glucose resulted in a smaller increase in triglycerides after
simvastatin treatment (P � 0.01) (Figs. 4–6). Again, nitro-
tyrosine, ICAM-1, VCAM-1, and E-selectin plasma levels
increased in this test, and the observed variations were
smaller than those at the end of the placebo period (P �
0.01) (Figs. 4–6).

DISCUSSION

This study confirms that ICAM-1, VCAM-1, and E-selectin
plasma levels are increased in type 2 diabetic patients.

TABLE 2
Effects of short- and long-term simvastatin treatment in diabetic patients

3–6 days 3 months
Placebo Simvastatin Placebo Simvastatin

BMI (kg/m2) 29.8 � 2.2 29.7 � 2.1 29.5 � 2.2 29.4 � 2.3
Fasting glucose (mmol/l) 11.3 � 2.0 11.4 � 2.3 11.2 � 3.2 10.8 � 2.4
HbA1c (%) 7.8 � 0.2 7.8 � 0.3 7.8 � 0.5 7.9 � 0.5
Resting systolic blood pressure (mmHg) 119.1 � 7.0 120.4 � 6.5 125.3 � 7.1 123.2 � 7.5
Resting diastolic blood pressure (mmHg) 80.4 � 2.1 81.2 � 3.1 84.6 � 2.1 82.4 � 3.7
Total cholesterol (mmol/l) 7.4 � 0.6 7.5 � 0.8 7.5 � 0.9 5.5 � 0.6*
Triglycerides (mmol/l) 3.5 � 0.5 3.7 � 0.4 3.6 � 0.5 2.3 � 0.4*
HDL cholesterol (mmol/l) 0.9 � 0.3 0.9 � 0.3 0.9 � 0.4 1.2 � 0.2†
LDL cholesterol (mmol/l) 3.6 � 0.5 3.5 � 0.4 3.5 � 0.4 2.6 � 0.6†
Nitrotyrosine (�mol/l) 0.55 � 0.3 0.41 � 0.2† 0.57 � 0.4 0.32 � 0.3*‡
ICAM-1 (ng/ml) 218.3 � 15.1 189.2 � 13.4† 220.2 � 17.7 165.2 � 11.1*‡
VCAM-1 (ng/ml) 949.4 � 33.7 899.1 � 27.8† 940.6 � 29.0 820.2 � 18.5*‡
E-selectin (ng/ml) 77.5 � 11.3 59.8 � 10.1† 79.2 � 13.4 45.9 � 10.0*‡

Data are means � SE. *P � 0.001 vs. placebo; †P � 0.05 vs. placebo; ‡P � 0.001 vs. simvastatin short-term treatment.
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However, for the first time, our data show that postpran-
dial hyperglycemia and hypertriglyceridemia have an inde-
pendent and cumulative effect in determining an acute rise
of these molecules in the plasma. Our data also suggest
that oxidative stress may be the common mediator of this
phenomenon, since the increase of cellular adhesion
molecules during both postprandial hyperglycemia and
hypertriglyceridemia is accompanied by a significant nitro-
tyrosine increase.

Postprandial hypertriglyceridemia may represent an in-
dependent predictor of CVD in nondiabetic patients (2)
and a predictor of carotid intima-media thickness in
patients with type 2 diabetes (28). However, recent studies
(1) support the hypothesis that postprandial hyperglyce-
mia is also a risk factor for CVD. The notion that postpran-
dial hypertriglyceridemia and hyperglycemia may be
important factors for the development of CVD is sup-
ported by evidence that both induce an increase of the
adhesion molecules ICAM-1, VCAM-1, and E-selectin (12–
13,19), which have been shown to predict the development
of atherosclerosis in diabetes (29–31).

Meal absorption is a complex phenomenon, and post-
prandial hyperlipidemia and hyperglycemia are simulta-
neously present in the postabsorptive phase, particularly
in diabetic subjects and in subjects with impaired glucose
tolerance. Therefore, a specific and direct role of hyper-
glycemia, independent of the concomitant hyperlipidemia,
has been frequently questioned. Our study clearly shows
that on both cellular adhesion molecules and nitroty-
rosine, hyperglycemia has an earlier effect during the
postprandial period, whereas hypertriglyceridemia has a
delayed but lasting effect, and that the combination of both
has an early and lasting effect. Moreover, when hypergly-
cemia and hypertriglyceridemia were simultaneously
present, there was a greater increase in cellular adhesion
molecules compared with that observed during either
hyperglycemia or hypertriglyceridemia alone. These data
suggest that postprandial hyperglycemia and hypertriglyc-
eridemia have an independent but cumulative effect on
favoring the development of atherosclerosis and that their
combination may favor an atherogenetic postprandial pro-
file for �4 h.

The independent role of hyperglycemia is also sup-
ported by the long-term simvastatin study in diabetic
patients. Consistent with other studies, after that treat-
ment, ICAM-1, VCAM-1, and E-selectin plasma levels are
ameliorated in basal conditions (32–34) and the level of
postprandial triglycerides after a high-fat load is signifi-
cantly reduced (35). Consequently, there is a smaller
increase in ICAM-1, VCAM-1, and E-selectin plasma levels
during the fat load. In this condition, the independent role
of hyperglycemia is pointed out by the demonstration that
even in the presence of diminished postprandial hypertri-
glyceridemia, ICAM-1, VCAM-1, and E-selectin plasma
levels increased during the OGTT.

It has been suggested that statins may have beneficial
effects independently of their lipid-lowering effect (36). To
examine this effect as well as its influence on the results of
long-term simvastatin treatment, wherein postprandial hy-
pertriglyceridemia is expected to decrease by treatment,
we also performed a short-term trial. We found that a 3- to
6-day simvastatin treatment can ameliorate ICAM-1,

VCAM-1, and E-selectin plasma levels in diabetic patients,
a phenomenon independent of the lipid-lowering effect of
the drug, as the plasma lipid concentration was unchanged
after this brief treatment. Such an effect is conceivably
related to the reduction of oxidative stress because nitro-
tyrosine was significantly decreased, supporting the recent
finding (37) that simvastatin may work as an intracellular
antioxidant. Since it has been suggested that nitrotyrosine
production may influence the overgeneration of adhesion
molecules in hyperglycemia (38–39), it should be hypoth-
esized that the reduction of nitrotyrosine during the sim-
vastatin trial may play an important role in reducing
cellular adhesion molecule plasma levels. Interestingly,
nitrotyrosine has recently been shown as an independent
risk factor for CVD (25).

Our data are different from the results by Dandona et al.
(40), who recently reported that 80 mg of simvastatin in 1
week of treatment was not able to suppress the oxygen
species generation and nuclear factor-�B activation in
leukocytes from normal subjects. A possible explanation
may be that normal subjects have a balanced production
of free radicals that is not influenced by statin treatment;
this is efficacious in the short term, when the inflammatory
pathways are activated as in diabetic patients (38).

From a clinical point of view, these data suggest that the
larger reduction of cellular adhesion molecules, and pos-
sibly the best approach to the prevention of CVD, in type
2 diabetes with combined hyperlipemia may be obtained
by correcting both hyperglycemia and hyperlipemia. This
goal may be very relevant because an association between
the risk of future myocardial infarction and raised ICAM-1
plasma concentration has been found, at least, in nondia-
betic patients (7,41), and an increased risk of cerebral
infarct associated with increased ICAM-1 level has been
demonstrated in diabetic patients (42).

In conclusion, the direct role of hyperglycemia in deter-
mining an increase of adhesion molecules in type 2 diabe-
tes, although suggested, was questionable in previous
studies because the possible concomitant role of hyperli-
pemia was not evaluated. In our opinion, this study clearly
demonstrates that hyperglycemia is, by itself, a sufficient
stimulus to increase adhesion molecules independently of
hyperlipemia.

REFERENCES

1. Ceriello A: The possible role of postprandial hyperglycaemia in the
pathogenesis of diabetic complications. Diabetologia 46 (Suppl. 1):M9–
M16, 2003

2. Ebenbichler CF, Kirchmair R, Egger C, Patsch JR: Postprandial state and
atherosclerosis. Curr Opin Lipidol 6:286–290, 1995

3. Ceriello A: The emerging role of post-prandial hyperglycaemic spikes in
the pathogenesis of diabetic complications. Diabet Med 15:188–193, 1998

4. Ross R: The pathogenesis of atherosclerosis: a perspective for 1990s.
Nature 326:801–809, 1993

5. Jang Y, Lincoff AM, Plow EF, Topol EJ: Cell adhesion molecules in
coronary artery disease. J Am Coll Cardiol 24:1591–1601, 1994

6. Raab M, Daxecker H, Markovic S, Karimi A, Griesmacher A, Mueller MM:
Variation of adhesion molecule expression on human umbilical vein
endothelial cells upon multiple cytokine application. Clin Chim Acta

321:11–16, 2002
7. Ridker PM, Hennekens CH, Roitman-Johnson B, Stampfer MJ, Allen J:

Plasma concentration of soluble intercellular adhesion molecule 1 and
risks of future myocardial infarction in apparently healthy men. Lancet

351:88–92, 1998
8. Steiner M, Reinhardt KM, Krammer B, Ernst B, Blann AD: Increased levels

of soluble adhesion molecules in type 2 (non-insulin dependent) diabetes

A. CERIELLO AND ASSOCIATES

DIABETES, VOL. 53, MARCH 2004 709



mellitus are independent of glycaemic control. Thromb Haemost 72:979–
984, 1994

9. Cominacini L, Fratta Pasini A, Garbin U, Davoli A, De Santis A, Campag-
nola M, Rigoni A, Zenti MG, Moghetti P, Lo Cascio V: Elevated levels of
soluble E-selectin in patients with IDDM and NIDDM: relation to metabolic
control. Diabetologia 38:1122–1124, 1995

10. Ceriello A, Falleti E, Bortolotti N, Motz E, Cavarape A, Russo A, Gonano F,
Bartoli E: Increased circulating intercellular adhesion molecule-1 levels in
type II diabetic patients: the possible role of metabolic control and
oxidative stress. Metabolism 45:498–501, 1996

11. Otsuki M, Hashimoto K, Morimoto Y, Kishimoto T, Kasayama S: Circulating
vascular cell adhesion molecule-1 (VCAM-1) in atherosclerotic NIDDM
patients. Diabetes 46:2096–2101, 1997

12. Cominacini L, Fratta Pasini A, Garbin U, Campagnola M, Davoli A, Rigoni
A, Zenti MG, Pastorino AM, Lo Cascio V: E-selectin plasma concentration
is influenced by glycaemic control in NIDDM patients: possible role of
oxidative stress. Diabetologia 40:584–589, 1997

13. Ceriello A, Falleti E, Motz E, Taboga C, Tonutti L, Ezsol Z, Gonano F,
Bartoli E: Hyperglycemia-induced circulating ICAM-1 increase in diabetes
mellitus: the possible role of oxidative stress. Horm Metab Res 30:146–149,
1998

14. Chen NG, Azhar S, Abbasi F, Carantoni M, Reaven GM: The relationship
between plasma glucose and insulin responses to oral glucose, LDL
oxidation, and soluble intercellular adhesion molecole-1 in healthy volun-
teers. Atherosclerosis 152:203–208, 2000

15. Marfella R, Esposito K, Giunta R, Coppola G, De Angelis L, Farzati B,
Paolisso G, Giugliano D: Circulating adhesion molecules in humans: role of
hyperglycemia and hyperinsulinemia. Circulation 101:2247–2251, 2000

16. Hackman A, Abe Y, Insull W Jr, Pownall H, Smith L, Dunn K, Gotto AM Jr,
Ballantyne CM: Levels of soluble cell adhesion molecules in patients with
dyslipidemia. Circulation 93:1334–1338, 1996

17. Sampietro T, Tuoni M, Ferdeghini M, Ciardi A, Marraccini P, Prontera C,
Sassi G, Taddei M, Bionda A: Plasma cholesterol regulates soluble cell
adhesion molecule expression in familial hypercholesterolemia. Circula-

tion 96:1381–1385, 1997
18. Kowalski J, Okopien B, Madej A, Makowiecka K, Zielinski M, Kalina Z,

Herman ZS: Levels of sICAM-1, sVCAM-1 and MCP-1 in patients with
hyperlipoproteinemia IIa and IIb. Int J Clin Pharmacol Ther 39:48–52,
2001

19. Nappo F, Esposito K, Cioffi M, Giugliano G, Molinari AM, Paolisso G,
Marfella R, Giugliano D: Postprandial endothelial activation in healthy
subjects and in type 2 diabetic patients: role of fat and carbohydrate meals.
J Am Coll Cardiol 39:1145–1150, 2002

20. Mohanty P, Hamouda W, Garg R, Aljada A, Ghanim H, Dandona P: Glucose
challenge stimulates reactive oxygen species (ROS) generation by leuco-
cytes. J Clin Endocrinol Metab 85:2970–2973, 2000

21. Jagla A, Schrezenmeir J: Postprandial triglycerides and endothelial func-
tion. Exp Clin Endocrinol Diabetes 109:S533–S547, 2001

22. Ceriello A, Taboga C, Tonutti L, Quagliaro L, Piconi L, Bais B, Da Ros R,
Motz E: Evidence for an independent and cumulative effect of postprandial
hypertriglyceridemia and hyperglycemia on endothelial dysfunction and
oxidative stress generation: effects of short- and long-term simvastatin
treatment. Circulation 106:1211–1218, 2002

23. Ischiropoulos H: Biological tyrosine nitration: a pathophysiological func-
tion of nitric oxide and reactive oxygen species. Arch Biochem Biophys

356:1–11, 1998
24. Ceriello A, Mercuri F, Quagliaro L, Assaloni R, Motz E, Tonutti L, Taboga

C: Detection of nitrotyrosine in the diabetic plasma: evidence of oxidative
stress. Diabetologia 44:834–838, 2001

25. Shishehbor MH, Aviles RJ, Brennan ML, Fu X, Goormastic M, Pearce GL,
Gokce N, Keaney JF Jr, Penn MS, Sprecher DL, Vita JA, Hazen SL:
Association of nitrotyrosine levels with cardiovascular disease and mod-
ulation by statin therapy. JAMA 289:1675–1680, 2003

26. Warnick GR, Nguyen T, Albers AA: Comparison of improved precipitation
methods for quantification of HDL cholesterol. Clin Chem 31:217–222,
1995

27. Graham JM, Higgins JA, Gillott T, Taylor T, Wilkinson J, Ford T, Billington
D: A novel method for the rapid separation of plasma lipoproteins using
self-generating gradients of iodixanol. Atherosclerosis 124:125–135, 1996

28. Teno S, Uto Y, Nagashima H, Endoh Y, Iwamoto Y, Omori Y, Takizawa T:
Association of postprandial hypertriglyceridemia and carotid intima-media
thickness in patients with type 2 diabetes. Diabetes Care 23:1401–1406,
2000

29. Kowalska I, Straczkowski M, Szelachowska M, Kinalska I, Prokop J,
Bachorzewska-Gajewska H, Stepien A: Circulating E-selectin, vascular
adhesion molecule-1, and intercellular adhesion molecule-1 in men with
coronary artery disease assessed by angiography and disturbances of
carbohydrate metabolism. Metabolism 51:733–736, 2002

30. Matsumoto K, Sera Y, Ueki Y, Inukai G, Niiro E, Miyake S: Comparison of
serum concentrations of soluble adhesion molecules in diabetic microan-
giopathy and macroangiopathy. Diabet Med 19:822–826, 2002

31. Rizzoni D, Muiesan ML, Porteri E, Castellano M, Salvetti M, Montero C, De
Ciuccis C, Boari G, Valentini U, Cimino A, Sleiman I, Agabiti E: Circulating
adhesion molecules and carotid artery structural changes in patients with
noninsulin-dependent diabetes mellitus. J Hum Hypertens 17:463–470,
2003

32. Mueck AO, Seeger H, Wallwiener D: Further evidence for direct vascular
actions of statins: effect on endothelial nitric oxide synthase and adhesion
molecules. Exp Clin Endocrinol Diabetes 109:181–183, 2001

33. Rezaie-Majd A, Prager GW, Bucek RA, Schernthaner GH, Maca T, Kress
HG, Valent P, Binder BR, Minar E, Baghestanian M: Simvastatin reduces
the expression of adhesion molecules in circulating monocytes from
hypercolesterolemic patients. Arterioscler Thromb Vasc Biol 23:397–403,
2003

34. Seljeflot I, Tonstad S, Hjermann I, Arnesen H: Reduced expression of
endothelial markers after 1 year treatment with simvastatin and atorvasta-
tin in patients with coronary heart disease. Atherosclerosis 162:179–185,
2002

35. Sheu WH, Jeng CY, Lee WJ, Lin SY, Pei D, Chen YT: Simvastatin treatment
on postprandial hypertriglyceridemia in type 2 diabetes mellitus patients
with combined hyperlipidemia. Metabolism 50:355–359, 2001

36. Sowers JR: Effects of statins on the vasculature: implications for aggres-
sive lipid management in the cardiovascular metabolic syndrome. Am J

Cardiol 91 (Suppl.):14B–22B, 2003
37. Takemoto M, Node K, Nakagami H, Liao Y, Grimm M, Takemoto Y,

Kitakaze M, Liao JK: Statins as antioxidant therapy for preventing cardiac
myocyte hypertrophy. J Clin Invest 108:1429–1437, 2001

38. Ceriello A: New insights on oxidative stress and diabetic complications
may lead to a “causal” antioxidant therapy. Diabetes Care 26:1589–1596,
2003

39. Nishikawa T, Edelstein D, Du X-L, Yamagishi S, Matsumura T, Kaneda Y,
Yorek M, Beebe D, Oates P, Hammes HP, Giardino I, Brownlee M:
Normalizing mitochondrial superoxide production blocks three pathways
of hyperglycaemic damage. Nature 404:787–790, 2000

40. Dandona P, Kumar V, Aljada A, Ghanim H, Syed T, Hofmayer D, Mohanty
P, Tripathy D, Garg R: Angiotensin II receptor blocker valsartan sup-
presses reactive oxygen species generation in leukocytes, nuclear factor-
kappa B, in mononuclear cells of normal subjects: evidence of an
antiinflammatory action. J Clin Endocrinol Metab 88:4496–4501, 2003

41. Ridker PM, Hennekens CH, Buring JE, Rifai N: C-reactive protein and other
markers of inflammation in the prediction of cardiovascular disease in
women. N Engl J Med 342:836–843, 2000

42. Kawamura T, Umemura T, Kanai A, Uno T, Matsmae H, Sano T, Sakamoto
N, Sakakibara T, Nakamura J, Hotta N: The incidence and characteristics
of silent cerebral infarction in elderly diabetic patients: association with
serum-soluble adhesion molecules. Diabetologia 41:911–917, 1998

POSTPRANDIAL STATE AND ADHESION MOLECULES

710 DIABETES, VOL. 53, MARCH 2004


