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Abstract

To investigate the degree of endothelial activation and inflammation in prepubertal obese children and to determine the relationship
between the markers of endothelial activation, inflammation, and cardiovascular risk factors. In 30 obese and 28 healthy prepubertal children,
soluble intercellular adhesion molecule—1 and endothelial leukocyte adhesion molecule—1 (sE-selectin) as markers of endothelial activation
and soluble vascular cell adhesion molecule—1 (sSVCAM-1) and C-reactive protein (CRP) as markers of endothelial inflammation in addition
to cardiovascular risk factors including blood lipids, glucose, insulin, hemoglobin Aj., and systolic and diastolic blood pressure were
investigated and compared. The tests were repeated after an oral glucose tolerance test in the obese group. Fasting CRP levels were found to
be significantly higher in obese children. Vascular cell adhesion molecule—1 levels were found to be significantly increased in obese children
after oral glucose tolerance test. Fasting CRP was positively correlated with body mass index (BMI) and low-density lipoprotein, whereas sE-
selectin was positively correlated with total cholesterol. In the obese group, postload levels of soluble sE-selectin was positively correlated
with low-density lipoprotein; sVCAM-1 was positively correlated with insulin and homeostasis model assessment values. Postload soluble
intercellular adhesion molecule—1, sVCAM-1, and soluble sE-selectin levels were also positively correlated with each other. In the fasting
state, BMI was the significant independent risk factor for CRP, and total cholesterol was the significant risk factor for soluble sE-selectin.
Insulin resistance was the significant independent risk factor for postload sVCAM-1, and postload low-density lipoprotein stood as the
significant independent risk factor for postload soluble sE-selectin. Endothelial inflammation is present in obese prepubertal children and is
mainly associated with insulin resistance and lipid levels as well as BMI.
© 2005 Elsevier Inc. All rights reserved.

1. Introduction vascular cell adhesion molecule—1 (sVCAM-1) and C-reactive
protein (CRP) are markers of endothelial inflammation [5-9].
In adults, it was shown that obesity causes endothelial
activation and inflammation that precede atherosclerosis,
independent of other risk factors such as hypertension,
smoking, diabetes, and stress [10]. However, the degree of
endothelial inflammation or activation in childhood obesity is
not exactly known especially in the prepubertal stage. In this
study, serum levels of SICAM-1, sE-selectin, sVCAM-1, and
CRP levels are investigated in prepubertal obese and age-
matched healthy children to clarify the presence of endothelial
activation and inflammation.

Childhood obesity, a significant determinant of obesity and
cardiovascular complications in later life, has become an
important public health problem [1,2]. Obesity and, especially,
resultant atherosclerosis are the leading causes of mortality
and morbidity in adults [3]. Atherosclerosis is an immune
process initiated by endothelial activation and inflammation
which progresses by the involvement of the environmental
and genetic factors [4,5]. Previous studies have shown that
soluble intercellular adhesion molecule—1 (SICAM-1) and sol-
uble endothelial leukocyte adhesion molecule—1 (sE-selectin)
are reliable markers of endothelial activation, whereas soluble
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8.3 £ 1 years) Turkish children of 6 to 9 years of age. Body
mass index (BMI) greater than the 95th percentile for age
and sex was accepted as obesity. Centers for disease control
BMI-for-age charts were used as standards. The pubic hair
and breast development of all the girls [11], as well as the
pubic hair and genital development of all the boys [12] in
our study, were either stage 0 or 1 according to the clas-
sification of Marshall and Tanner [12]. None of the girls
had menarche.

Fasting sICAM-1, sVCAM-1, sE-selectin, and CRP
levels, in addition to the levels of the cardiovascular risk
factors including total cholesterol (TC), triglyceride (TG),
high-density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C) and very low-density
lipoprotein cholesterol (VLDL-C), blood glucose, insulin,
hemoglobin A;. (HbA,.) levels, and systolic and diastolic
blood pressure (BP) were investigated in all children. In
obese cases, sSICAM-1, sVCAM-1, sE-selectin, plasma
lipids, blood glucose, and insulin levels were reevaluated
after an oral glucose tolerance test (OGTT).

Oral glucose tolerance test was performed with 1.75 g/kg
(maximum 75 g) oral glucose, as a suspension in 250 mL of
water after 12 hours of fasting. Blood glucose levels were
determined just before and 120 minutes after taking the
glucose solution [13,14]. All the cases received standard
diet for 1 week preceding the test. Oral glucose tolerance
test was not performed to the control group because of
ethical reasons. Informed consent was taken from the
parents of all the cases. The study was approved by the
Ethical Committee of Gazi University Faculty of Medicine.

None of the cases in the obese or control groups had
vascular or allergic disease; neither had a history of recent
infection and alcohol or drug intake. Exercise was avoided
for 5 days before sampling.

Blood samples were taken into EDTA-containing tubes at
8:30 AM after arest of a minimum of 15 minutes. The samples
were centrifugated at 4°C for 3 minutes at 3500 rpm and they
were kept at —70°C until the time of the study [15,16].

Soluble vascular cell adhesion molecule-1, sSICAM-1
(Biosource International kit, Camarillo, Calif), and sE-
selectin (Bender Medsystems kit, Vienna, Austria) levels
were determined by enzyme-linked immunosorbent assay
method at Gazi University Department of Immunology.

Plasma insulin levels were determined by radioimmuno-
assay (Phadebas, Pharmacia Diagnostics, Piscataway, NJ).
This method has a cross-reaction rate of 41% with
proinsulin and a rate of less than 0.2% with C-peptide.

Plasma glucose levels were measured by colorimetric-
spectrophotometric Aeroset (Abbott) autoanalyzer at 340 nm.
Total cholesterol, TG, and HDL-C levels were determined by
colorimetric-spectrophotometric Aeroset (Abbott, Abbott
Park, Ill) autoanalyzer at 500 nm according to the trinder
reaction. Very low-density lipoprotein cholesterol levels were
calculated by the formula TG/5. Low-density lipoprotein
levels were calculated according to the Friedwald formula
[TC — (HDL-C + VLDL-C)]. Hemoglobin A, levels were

determined by Shimadzu high-performance liquid chroma-
tography device (Columbia, Md).

C-reactive protein levels were studied by nephelometric
high-sensitivity assay.

Insulin resistance was assessed by homeostasis model as-
sessment of insulin resistance (HOMA-IR), calculated as
{[fasting insulin (mU/mL) X fasting glucose (mmol/L)]/22.5}.

3. Statistical analysis

The differences between the fasting parameters of the
control and obese groups and also between the boys and
the girls were investigated by ¢ test. The differences
between the fasting and postload levels of parameters in
the obese group were investigated by paired ¢ test. The
normality of the data was checked by Kolmogorov-
Smirnov test. For the correlation analysis between adhe-
sion molecules, CRP, and cardiovascular risk factors,
Pearson correlation analysis was used. Independent car-
diovascular risk factors, those significantly associated with
adhesion molecules or CRP levels, were investigated by
multiple regression analysis. The fasting parameters of the
obese and control groups were pooled for the correlation
and regression studies. The correlation and multiple
regression analyses were also held in obese group with
only postload parameters as well as BMI and HOMA-IR.
Before statistical analyses, square root transformation was
applied to all parameters to provide a normal distribution
[17]. P < .05 was accepted as significant. SPSS version
11.0 for Windows (SPSS, Chicago, Ill) was used for
statistical analysis.

4. Results

Body mass index and fasting metabolic parameters of
obese and control groups are shown in Table 1. C-reactive

Table 1
Body mass index and fasting metabolic parameters of obese and control
groups (mean + SD)

Control (n = 28)  Obese (n = 30) P

BMI (kg/m?) 16.6 + 1.3 23+ 17 .0001°
TG (g/L) 0.82 + 0.57 091 +039 279
TC (mmol/L) 3.72 + 0.61 442 £ 089  .001°
HDL-C (mmol/L) 137 £ 0.29 116 + 023 .002°
LDL-C (mmol/L) 1.89 + 0.61 272+ 065 0001
VLDL-C (mmol/L) 043 + 0.29 049 + 0.21 226
Glucose (mmol/L) 4.96 + 0.38 4.82 + 0.41 178
Insulin (mU/L) 543 +2.07 10.90 + 537 .0001°
HOMA-IR 1.20 + 0.52 232+ 119 0001
HbA . (%) 0.048 + 0.0052  0.049 + 0.010  .914
Systolic BP (mm Hg)  100.71 + 9.88 107.83 + 838 .005°
Diastolic BP (mm Hg)  66.07 + 6.72 68.17 + 1021 355

SICAM-1 (ng/mL)
sVCAM-1 (ng/mL)
sE-selectin (ng/mL)
CRP (ng/L)

663.56 + 174.13
292.61 + 74.52
15.16 £ 6.03
33.6 £ 62.7

70223 £ 137.73 290

308.12 £ 8.58 497
17.41 £ 7.16 211
125.7 £ 180.4 .0001*

 Statistically significant.
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Table 2
Fasting and postload metabolic parameters of obese group (mean + SD)

Obese (fasting) Obese (postload) P

Table 4

The correlations between postload cardiovascular risk factors, markers of
endothelial activation and inflammation and HOMA-IR in obese cases
(r values)

TG (g/L) 0.9150 + 0.3908 0.8433 + 0.3554 .034%
TC (mmol/L) 4.42 + 0.89 4.18 + 0.63 .049°
HDL-C (mmol/L) 1.16 + 0.23 1.13 £ 0.21 249
LDL-C (mmol/L) 2.72 £ 0.65 2.67 £ 0.59 .625
VLDL-C (mmol/L) 0.49 + 0.21 0.49 + 0.35 921
Glucose (mmol/L) 4.82 +£ 041 5.68 + 0.98 .0001*
Insulin (mU/L) 10.90 + 5.37 38.08 + 23.67 .0001*

SICAM-1 (ng/mL)
sVCAM-1 (ng/mL)
sE-selectin (ng/mL)

702.23 + 133.73
308.12 + 85.81
17.41 + 7.16

762.92 + 221.33 207
389.91 + 128.83 .015?
16.48 + 7.48 .633

@ Statistically significant.

protein levels of obese children were significantly higher
than the control ones. Fasting and postload metabolic
parameters of obese group are shown in Table 2. Among
the markers of endothelial activation and inflammation, only
postload sVCAM-1 levels were significantly higher than the
fasting levels in the obese group.

None of the children in control or obese groups had
impaired glucose tolerance.

When the levels of the adhesion molecules and CRP
were compared between boys and girls in each group, only
sE-selectin levels of the girls in the control group were
significantly higher than the boys (17.43 + 6.16 and
13.45 + 5.52, respectively; P = 047).

As for the correlation studies in the fasting stage, CRP
was positively correlated with BMI (» = 0.328; P = .012)
and LDL-C (r = 0.268; P = .042); sE-selectin was
positively correlated with TC (» = 0.275; P = .037) in all
children (Table 3).

In the postload correlation studies of the obese group, sE-
selectin was positively correlated with LDL-C (» = 0.388;
P = .034); sVCAM-1 was positively correlated with

Table 3
The correlations between fasting cardiovascular risk factors and markers of
endothelial activation and inflammation in all cases (r values)

CRP SICAM-1 sVCAM-1 sE-selectin
BMI 0.328** 0.132 0.123 0.154
TG 0.095 0.081 0.063 0.142
TC 0.122 0.073 —0.071 0.275*
HDL-C —0.221 —0.180 0.167 0.025
LDL-C 0.268* 0.086 —0.067 0.246
VLDL-C 0.114 0.038 0.030 0.161
Glucose —0.121 0.071 —0.089 0.151
Insulin 0.145 0.064 —0.166 0.124
HOMA-IR 0.125 0.073 —0.175 0.143
HbA . 0.008 —0.003 0.022 0.101
Systolic BP —0.091 0.016 0.011 0.082
Diastolic BP —0.087 0.115 —0.128 0214
SICAM-1 0.174 - 0.177 0.182
sVCAM-1 0.208 0.177 - 0.123
sE-selectin 0.176 0.182 0.123 -
CRP - 0.174 0.208 0.176

HOMA-IR = {[fasting insulin (mU/mL) X fasting glucose (mmol/L)}/22.5}.
* P <.05.
** P o< .01,

sICAM-1 sVCAM-1 sE-selectin

BMI —0.043 0.124 —0.174
TG —0.010 0.294 0.077
TC 0.117 0.278 0.298
HDL-C 0.159 0.130 0.332
LDL-C 0.182 0.092 0.388*
VLDL-C 0.127 0.244 0.093
HbA |, 0.180 0.200 0.050
Glucose 0.165 0.251 0.086
Insulin 0.105 0.362* 0.354
HOMA-IR 0.094 0.435* 0.292
sICAM-1 - 0.704** 0.558%*%*
sVCAM-1 0.704** - 0.547**
sE-selectin 0.558%* 0.547** -

* P <.05.

¥+ p < .0l.

postload (» = 0.362; P = .049) insulin and HOMA-IR.
Postload SICAM-1, sVCAM-1, and sE-selectin levels were
also positively correlated with each other (Table 4).

In the multiple regression analysis, markers of endothe-
lial activation and inflammation were taken as dependent,
and BMI, TC, LDL-C, and HOMA-IR were accepted as
independent risk factors. In the fasting state, BMI was the
significant independent risk factor for CRP (+* = 0.107;
P = .012), and TC was the significant risk factor for
sE-selectin (> = 0.076; P = .037). Homeostasis model assess-
ment of insulin resistance was the significant independent
risk factor for postload sSVCAM-1 (+* = 0.189; P = .016),
and postload LDL-C stood as the significant independent
risk factor for postload sE-selectin (> = 0.151; P = .034).

5. Discussion

In adult studies, it was shown that blood sICAM-1,
sVCAM-1, and sE-selectin levels are increased in athero-
sclerotic cardiovascular diseases, and these are accepted as
reliable markers of endothelial activation and inflammation
[18-20]. C-reactive protein is an acute phase reactant
produced in the liver, which was shown to be related to
the degree of endothelial inflammation and the extent of
atherosclerosis in adult population [9,21]. Obesity was
previously shown to trigger endothelial activation indepen-
dent from the other risk factors in adults [10,22-24].

Although there are a few studies performed in obese
adults, our study seems to be the first one investigating the
level of endothelial activation and inflammation in obese
prepubertal children in the literature. The prepubertal group
was chosen to exclude the possible effects of pubertal
hormones on the levels of adhesion molecules and CRP
levels. The parameters of endothelial activation and
inflammation except CRP were reinvestigated in the obese
group after an OGTT to evaluate the possible postload
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changes. In the fasting state, although an increase was
noticed in all parameters of endothelial inflammation and
activation, CRP levels were found to be significantly higher
in the obese children, and the levels were significantly
related to BMI. There are studies in the literature supporting
our finding. In the 3rd National Health and Nutrition
Examination Survey done between 1988 and 1994, CRP
levels of 5305 children between 6 to 18 years were
distributed in a wide range (2.1-93.5 mg/dL), as in our
study. In that study, the highest CRP levels were found in
the children whose BMI was in the upper 95% [25]. Invitti
et al [26] has found CRP to be elevated in 11.5% of 710
obese Italian children. In the same study, the degree of
obesity was significantly correlated with CRP levels, as in
our study. However, there are also cases with puberty in
both of these studies, and the finding in our study for the
first time shows that obesity per se triggers endothelial
inflammation in prepubertal children even before the
accelerating effects of the pubertal hormones are active. In
addition, Mannge et al [27] has found that high-sensitive
CRP levels were significantly higher in older (86) obese
children, compared with 142 age-matched controls and also
with 148 patients with type 1 diabetes mellitus. It was also
shown that carotis intimamedia thickness showed the best
overall correlation with BMI SD score followed by high-
sensitive CRP in their study.

The increase in CRP is an occasion especially in reaction
to inflammation, infection, and tissue damage and triggered
by cytokines. Interleukin (IL) 1 and IL-6 are the cytokines
that increase the production of CRP in the liver [28,29].
About 30% of IL-6 is produced from the adipose tissue. In
addition, adipocytes in obese cases produce large amounts
of tumor necrosis factor o messenger RNA that supports the
production of IL-6 [9]. Although BMI is an indicator of
total degree of obesity, in the recent years, the type of fat
distribution is also reported to be well correlated with
inflammatory markers. Fried et al [30] has shown that
omental adipocytes release 2 to 3 times more IL-6 than
subcutaneous adipocytes in 10 severely obese patients
without diabetes. Furthermore, Forouhi et al [31] showed
that the CRP has correlated with the measures of central
obesity such as waist girth and visceral fat area in adult
South Asians. Even the associations of CRP with visceral
fat area and waist girth persisted after adjustment for either
BMI or percent fat. As well, Yudkin et al [9] and Festa et al
[24] have found that concentration of CRP was strongly
related to measures of total but particularly central obesity
in adults. Although Pannacciulli et al [32] has found that
CRP plasma levels positively correlated with BMI, waist,
fat-free mass, and fat mass; after multivariate analyses,
waist and fat mass maintained their independent association
with CRP.

The levels of endothelial activation and inflammation
markers were also compared between girls and boys both in
obese and control groups, and only sE-selectin levels in
girls of the control group were significantly higher than the

levels of the boys, only with a weak significance (P = .047).
Adipose tissue has receptors for estrogen, rogen, and
progesterone, and the altered levels in puberty could create
the differences in fat distribution between prepuberty and
puberty and the difference between boys and girls [33]. The
difference between the boys and girls could be expected to
increase when they reach puberty, as the difference of the
amount of adipose tissue between girls and boys are
reflected differently to the levels of the inflammatory
markers, especially after puberty with the effect of the
sex hormones [7,24]. There are also other factors occurring
during puberty, which could effect inflammation. It was
previously shown that normal puberty leads to insulin
resistance [34]. Elhadd et al [15] had found that endothelial
inflammation was significantly higher in adolescents with
type 1 diabetes mellitus compared with young adults and
concluded that puberty exerts a negative effect on
endothelial function. In addition, the upsurge of sex
hormones and growth factors during this period of
development were considered as potential factors. The
increased incidence of some environmental factors in
puberty, such as smoking, could also lead to increased
inflammation [35].

Although it was hypothesized that there might be a
significant positive effect of glucose load on the levels of the
adhesion molecules in our study, only sVCAM-1 levels
were found to be significantly elevated in the obese group
after the OGTT. There are experimental studies in the
literature that show that higher glucose concentrations
increase the expression of adhesion molecules on endothe-
lial cells and promote leukocyte adhesion to endothelium.
This effect is thought to be caused either by the conforma-
tional change of collagen associated with increased glyca-
tion or by the increased concentration of advanced glycation
end products [36,37]. It was also shown experimentally that
insulin promotes vascular cell adhesion molecule—1 expres-
sion in human-cultured endothelial cells through a
p38MAP-kinase pathway [38]. An adipocytokine resistin,
known to induce insulin resistance, experimentally induced
the expression of adhesion molecules in cultured human
endothelial cells. [39] As the postload increase in sSVCAM-1
levels also parallels the increase in blood glucose and
insulin levels in our study, it could be assumed that previous
experimental findings were confirmed clinically in our
study. It was also seen that the relationships between sE-
selectin, SICAM-1, and sVCAM-1 had gained statistical
significance after OGTT. As well, in obese cases, postload
sVCAM-1 was found to be significantly correlated with
postload insulin and HOMA-IR. Homeostasis model as-
sessment of insulin resistance was found to be the most
significant independent risk factor for postload sVCAM-1
levels. There are contradictory reports in the literature
concerning the relationship between insulin resistance and
adhesion molecule levels mainly in adults. In a few previous
adult studies, it was shown that insulin resistance correlate
with vascular cell adhesion molecule-1 levels in type 2
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diabetes mellitus [40] and also in healthy volunteers [29].
However, there exists no study done in prepubertal children.
The link between the higher insulin levels and endothelial
inflammation could be that higher tumor necrosis factor o
levels in obese cases inhibit the function of insulin receptor
and tyrosine kinase activity, which leads to peripheral
insulin resistance causing higher glucose levels to activate
transcriptional factor xf that leads to an increase in the
expression of adhesion molecules [41,42].

Other important findings in our study are the significant
correlation of fasting CRP levels with LDL-C and the
correlation of sE-selectin levels with TC. Tamakoshi [43]
also found CRP levels to be significantly correlated with
LDL-C levels in 34- to 69-year-old adults. It was experi-
mentally shown that hypercholesterolemia can cause endo-
thelial damage independently [44,45]. The finding of positive
correlation between sE-selectin levels and TC in our study
supports the idea clinically that activation of adhesion
molecules could serve as a mechanism for the endothelial
damage that elevated serum cholesterol would cause.
However, it is not still clear whether dyslipidemia causes
endothelial dysfunction that results in increased expression
and release of adhesion molecules or whether the increased
levels of soluble adhesion molecules are a consequence of
atherosclerosis induced by the hypercholesterolemia.

In the recent years, it was shown that acute postprandial
hyperglycemia, a state which could be created by the model
of OGTT, may be an independent predictor of cardiovas-
cular disease [46.,47]. In addition, macrovascular disease is
more closely related to acute hyperglycemia [48]. It was
also shown that postprandial low-density lipoproteins are
oxidized more extensively in the presence of insulin
resistance [49]. The mechanisms through which increased
postprandial glucose levels and lipid concentrations may
damage endothelial cells are complex. Increased expression
of the adhesion molecules could be one of the mechanisms
[46]. The finding of postload correlations between LDL-C
and sE-selectin levels supports this hypothesis. Parallel to
these, it was experimentally shown that antioxidants inhibit
expression of adhesion molecules induced by oxidized low-
density lipoprotein [50]. Matrix metalloproteinases pro-
duced by macrophages influence vascular remodeling and
plaque disruption. Oxidized low-density lipoprotein, which
is more oxidized postprandially, was experimentally shown
to regulate and contribute to macrophage-mediated matrix
breakdown in atherosclerotic plaques and secretion of
adhesion molecules [51].

It should be stressed that a limitation of our study could be
that an approximate measure of adiposity, such as BMI, may
not adjust fully for fat distribution in children, and adjust-
ments for adiposity by dual-energy x-ray absorptiometry or
waist-to-hip ratio measures may give a different result.

As a conclusion, in our study, it was shown that
endothelial inflammation is higher in obese prepubertal
children compared with healthy ones, and this activation is
mainly related to cholesterol, insulin resistance, and BML.

References

[1] Livingstone B. Epidemiology of childhood obesity in Europe. Eur J
Pediatr 2000;159(Suppl 1):S14-S34.

[2] Zwiauer KFM. Prevention and treatment of overweight and obesity in
children and adolescents. Eur J Pediatr 2000;159(Suppl 1):S56-S68.

[3] Zieske AW, Malcom GT, Strong JP. Natural history and risk factors of
atherosclerosis in children and youth: the PDAY study. Pediatr Pathol
Mol Med 2002;21:213-37.

[4] Sherer Y, Shoenfeld Y. Is atherosclerosis a cellular or humoral
mediated autoimmune disease? Ann Rheum Dis 2002;61:97-9.

[5] Weyer C, Yudkin JS, Stehouwer CDA, Schalkwijk CG, Pratley RE,
Tataranni PA. Humoral markers of inflammation and endothelial
dysfunction in relation to adiposity and in vivo insulin action in Pima
Indians. Atherosclerosis 2002;161:233-42.

[6] Blann AD, Lip GYH. Cell adhesion in cardiovascular disease and its
risk factors—what can soluble levels tell us? J Clin Endocrinol Metab
2000;85:1745-7.

[7] Cook DG, Mendall MA, Whincup PH, Carey IM, Ballam L, Morris
JE, et al. C-reactive protein concentration in children: relationship to
adiposity and other cardiovascular risk factors. Atherosclerosis 2000;
149:139-50.

[8] Kuller LH, Sutton-Tyrrell K. Aging and cardiovascular disease.
Cardiol Clin 1999;17:51-65.

[9] Yudkin JS, Stehouwer CDA, Emeis JJ, Coppack SW. C-reactive
protein in healthy subjects: associations with obesity, insulin
resistance and endothelial dysfunction. Arterioscler Thromb Vasc
Biol 1999;19:972-8.

[10] Ferri C, Desideri G, Valenti M, Bellini C, Pasin M, Santucci A, et al.
Early upregulation of endothelial adhesion molecules in obese
hypertensive men. Hypertension 1999;34:568 -73.

[11] Marshall WA, Tanner JM. Variations in the pattern of pubertal changes
in girls. Arch Dis Child 1969;44:291-303.

[12] Marshall WA, Tanner JM. Variations in the pattern of pubertal changes
in boys. Arch Dis Child 1970;45:13-23.

[13] Sinha R, Fisch G, Teague B, Tamborlane WV, Banyas B, Allen K, et al.
Prevelance of impaired glucose tolerance among children and
adolescents with marked obesity. N Engl J Med 2002;346:802-10.

[14] Young-Hyman DG, Schlundt L, Herman F, De Luca D. Evaluation of
the insulin resistance syndrome in 5- to 10-year old overweight/obese
African-American children. Diabetes Care 2002;24:1359-64.

[15] Elhadd TA, Khan F, Kirk G, McLaren M, Newton RW, Greene SA, et al.

Influence of puberty on endothelial dysfunction and oxidative stress

in young patients with type 1 diabetes. Diabetes Care 1998;21:

1990-6.

Goonasekera CDA, Shah V, Rees DD, Dillon MJ. Vascular

endothelial cell activation associated with increased plasma asym-

metric dimethyl agrinine in children and young adults with
hypertension: a basis for atheroma? Blood Press 2000;9:16-21.

[17] Dawson B, Trapp RG. Mean differences when the observations are
not normally distributed. In: Dawson B, Trapp RG, editors. Basic and
Clinical Biostatistics. 3rd ed. Columbus, Ohio: Lange/McGraw-Hill;
2001. p. 119-20.

[18] Mulvihill NT, Foley JB. Inflammation in acute coronary syndromes.
Heart 2002;87:201-4.

[19] Saadeddin SM, Habbab MA, Ferns GA. Markers of inflammation and
coronary artery disease. Med Sci Monit 2002;8:5-12.

[20] Demerath E, Towne B, Blangero J, Siervogel RM. The relationship of
soluble ICAM-1, VCAM-1, P-selektin and E-selektin to cardiovascu-
lar disease risk factors in healthy men and women. Ann Hum Biol
2001;28:664-78.

[21] Hulthe J, Wikstrand J, Fagerberg B. Relationship between C-reactive
protein and intima-media thickness in the carotid and femoral arteries
and to antibodies against oxidized low-density lipoprotein in healthy
men: the Atherosclerosis and Insulin Resistance (AIR) study. Clin Sci
2001;100:371-8.

[22] Fams UN. Is obesity an inflammatory condition? Nutrition 2001;17:
953-66.

(16

—



[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

F. Siiheyl Ezgii et al. / Metabolism Clinical and Experimental 54 (2005) 1384—1389

Yeh ET. CRP as a mediator of disease. Circulation 2004;109(Suppl 1):
1111-4.

Festa A, D’Agostino R, Karter A, Mayer-Davis E, Tracy RP, Haffner
SM. The relation of body fat mass and distribution to markers of
chronic inflammation. Int J Obes 2001;25:1407-15.

Ford ES, Galuska DA, Gillespie C, Will JC, Giles WH, Dietz WH.
C-reactive protein and body mass index in children: findings from the
Third National Health and Nutrition Examination Survey, 1988-1994.
J Pediatr 2001;138:486-92.

Invitti C, Guzzaloni G, Gilardini L, Morabito F, Viberti G. Prevelance
and concomitants of glucose intolerance in European obese children
and adolescents. Diabetes Care 2003;26:118-24.

Mannge H, Schauenstein K, Stroedter L, Griesl A, Maerz W,
Borkenstein M. Low grade inflammation in juvenile obesity and type
1 diabetes associated with early signs of atherosclerosis. Exp Clin
Endocrinol Diabetes 2004;112:378 -82.

Hansson GK. Immune mechanisms in atherosclerosis. Arterioscler
Thromb Vasc Biol 2001;21:1876-90.

Chen NG, Holmes M, Reaven GM. Relationship between insulin
resistance, soluble adhesion molecules and mononuclear cell binding
in healthy volunteers. J Clin Endocrinol Metab 1999;84:3485-9.
Fried SK, Bunkin DA, Greenberg AS. Omental and subcutaneous
adipose tissues of obese subjects release interleukin-6: depot
difference and regulation by glucocorticoid. J Clin Endocrinol Metab
1998;83:847-50.

Forouhi NG, Satar N, McKeigue PM. Relation of C-reactive protein to
body fat distribution and features of the metabolic syndrome in
Europeans and South Asians. Int J Obes 2001;25:1327-31.
Pannacciulli N, Cantatore FP, Minena A, Bellacicco M, Giorgino R,
De Pergola G. C-reactive protein is independently associated with
total body fat, central fat, and insulin resistance in adult women. Int J
Obes 2001;25:1416-20.

He Q, Horlick M, Thornton J, Wang J, Pierson RN, Heshka S, et al.
Sex-specific fat distribution is not linear across pubertal groups in a
multiethnic study. Obes Res 2004;12:725-33.

Caprio S. Insulin: the other anabolic hormone of puberty. Acta
Paediatr Suppl 1999;88:84-7.

Ambrose JA, Barua RS. The pathophysiology of cigarette smoking
and cardiovascular disease: an update. J] Am Coll Cardiol 2004;19:
1731-7.

Morigi M, Angioletti S, Imberti B, Donadelli R, Micheletti G, Figliuzzi
M, et al. Leukocyte-endothelial interaction is augmented by high
glucose concentrations and hyperglycemia in a NF-kB-dependent
fashion. J Clin Invest 1998;101:1905-15.

Kado S, Wakatsuki T, Yamamoto M, Nagata N. Expression of
intercellular adhesion molecule—1 induced by high glucose concen-
trations in human aortic endothelial cells. Life Sci 2001;68:727-37.
Madonna R, Pandolfi A, Massaro M, Consoli A, De Caterina R.
Insulin enhances vascular cell adhesion molecule-1 expression in
human cultured endothelial cells through a pro-atherogenic pathway

[39]

[40]

[41]

[42]

[43]

(44]

(45]

[46

[}

[47]

(48]

(49]

[51]

1389

mediated by p38 mitogen—activated protein-kinase. Diabetologia
2004;47:532-6.

Kawanami D, Maemura K, Takeda N, Harada T, Nojiri T, Imai Y, et al.
Direct reciprocal effects of resistin and adiponectin on vascular
endothelial cells: a new insight into adipocytokine-endothelial cell
interactions. Biochem Biophys Res Commun 2004;314:415-9.
Leinonen E, Hurt-Camejo E, Wiklund O, Hulten LM, Hiukka A,
Taskinen MR. Insulin resistance and adiposity correlate with acute-
phase reaction and soluble cell adhesion molecules in type 2 diabetes.
Atherosclerosis 2003;166:387-94.

Adams MR, Kinlay S, Blake GJ, Orford JL, Ganz P, Selwyn AP.
Atherogenic lipids and endothelial dysfunction: mechanisms in the
genesis of ischemic syndromes. Annu Rev Med 2000;51:149-67.
Bagg W, Ferri C, Desideri G, Gamble G, Ockelford P, Braatvedt GD.
The influences of obesity and glycemic control on endothelial
activation in patients with type 2 diabetes. J Clin Endocrinol Metab
2001;86:5491-7.

Tamakoshi K, Yatsuya H, Kondo T, Hori Y, Ishikawa M, Zhang H, et al.
The metabolic syndrome is associated with elevated circulating
C-reactive protein in healthy reference range, a systemic low-grade
inflammatory state. Int J Obes 2003;27:443-9.

Asada Y, Hayashi T, Tanimura N, Kisanuki A, Sumiyoshi A.
Replication of endothelial cells and smooth muscle cells induced in
vivo by hypercholesterolaemia and materials released from platelet-
rich white thrombus. J Pathol 1992;166:69-75.

Blann AD. Endothelial cell activation, injury, damage and dysfunc-
tion: separate entities or mutual terms? Blood Coagul Fibrinolysis
2000;11:623 -30.

Lefebvre PJ, Scheen AJ. The postprandial state and risk of
cardiovascular disease. Diabet Med 1998;15(Suppl 4):S63-8.
Bonora E, Muggeo M. Postprandial blood glucose as a risk factor for
cardiovascular disease in LI. type, diabetes: the epidemiological
evidence. Diabetologia 2001;44:2107-14.

Temelkova-Kurktschiev TS, Koehler C, Henkel E, Leonhardt W,
Fuecker K, Hanefeld M. Postchallenge plasma glucose and glycemic
spikes are more strongly associated with atherosclerosis than fasting
glucose or HbA, . level. Diabetes Care 2000;23:1830-4.

Diwadkar VA, Anderson JW, Bridges SR, Gowri MS, Oelgten PR.
Postprandial low-density lipoproteins in type 2 diabetes are oxidized
more extensively than fasting diabetes and control samples. Proc Soc
Exp Biol Med 1999;222:178 - 84.

Cominacini L, Garbin U, Pasini AF, Davoli A, Campagnola M,
Contessi GB, et al. Antioxidants inhibit the expression of intercellular
cell adhesion molecule-1 and vascular cell adhesion molecule-1
induced by oxidized LDL on human umbilical vein endothelial cells.
Free Radic Biol Med 1997;22:117-27.

Xu XP, Meisel SR, Ong JM, Kaul S, Cercek B, Rajavashisth TB, et al.
Oxidized low-density lipoprotein regulates matrix metalloproteinase—
9 and its tissue inhibitor in human monocyte—derived macrophages.
Circulation 1999;99:993 -8.



	Endothelial activation and inflammation in prepubertal obese Turkish children
	Introduction
	Materials and methods
	Statistical analysis
	Results
	Discussion
	References


