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ABSTRACT

Objectives: Childhood obesity contributes to the development of adult obesity and
subsequent atherosclerosis, and cardiovascular disease. Associations between early
morphologic and functional vascular changes as Endothelial Dysfunction, and Sub
clinical vascular inflammatory soluble markers are in need for intensive assessment
especially in obese childhood. The present study aimed to investigate the relationship
of morphological vascular status (Carotid Artery intima-media thickness [IMT]) and
functional vascular changes as plasma endothelial markers (von Willebrand factor
[VWf], soluble intercellular adhesion molecule-1(sICAM-1), soluble vascular cell
adhesion molecule-1 (sVCAM-1)), sP-selectin (sE-selectin), and high sensitive C
Reactive Protein (hs-CRP) concentrations in obese children, compared with controls.
Patients and methods: 35 obese children included 15 males and 20 females, and
twenty five healthy lean children of matched age and sex were included in this study
as a control. All underwent assessment of morphological vascular status by measuring
Carotid Artery intima-media thickness [IMT]) and analysis of plasma endothelial
markers (VWf, sICAM-1, sVCAM-1, sP-selectin, hs-CRP concentrations and E-
selectin). Results: Our results showed that in comparison with controls, obese
children demonstrated significantly increased IMT, We demonstrated that,
concentrations of soluble E-selectin, SICAM-1, sVCAM-1, sP-selectin and hs-CRP
concentrations were significantly elevated in obese children, whereas vWf showed no
significant differences between obese children and controls. Conclusions: The
present study documented that subclinical inflammation associated with obesity
increase the risk of early atherosclerosis in these children. Sonographic assessment of
vascular status and the estimation of soluble endothelial plasma markers, may form a
rationale to identify high-risk children susceptible to early atherosclerotic disease and
to monitor vascular changes during follow-up studies and therapeutic measures.
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INTRODUCTION

The recent epidemic of childhood
obesity has become a leading public
health problem in Western countries”
because of the possible later clinical
consequences, including
cardiovascular disease® The
constellation of cardiovascular risk
factors that is frequently associated
with obesity in adults has been
demonstrated to affect obese children
as well.®) Those children often
manifest with left  ventricular
hypertrophy, type 2  diabetes,
hypertension,  increased serum
concentrations of low-density
lipoprotein (LDL) cholesterol and
factor VIIIc, and decreased serum
concentrations  of high-density
lipoprotein (HDL) cholesterol®®. As
in adults, the metabolic syndrome®
and a significant degree of insulin
resistance'® can be observed in obese
children. In addition, the risk for
developing all of the features of the
metabolic syndrome during adult life
is four times increased in children who
were obese at 7 years'”.

Although the presence of
additional risk factors could be
relevant in increasing the individual
cardiovascular risk profile, recent data
suggest that obesity in children per se
could worsen cardiovascular prognosis
later in life.®*'” Thus, obesity per se
has the potential to promote
atherosclerotic plaque formation since
the earliest phases of life. Even more
interesting, obesity at adolescence is a
strong predictor of coronary heart
disease during adulthood."'?
Therefore, obesity in childhood might
represent the trigger for the
development of permanent vascular

abnormalities that, in turn, increase
cardiovascular risk in adulthood.™"

It is universally accepted that
disturbed endothelial cell biology,
variably including activation, injury,
damage, and dysfunction, forms part
of the early pathogenesis of
atherosclerosis. Therefore, the
assessment of endothelial dysfunction
by either noninvasive or invasive
means may represent a clinically
relevant tool to predict the overall
vascular risk.®'"

Therefore, it is tempting to
hypothesize  that  obesity-related
activation of vascular endothelial cells
and platelets may occur during
childhood and contribute to increased
cardiovascular risk later in life.
However, to the best of our
knowledge, no studies have tested this
possibility. To assess this topic, we
evaluated circulating levels of
SICAM-1, sVCAM-1, and sE-selectin,
as indices of endothelial activation in
obese children., Finally, because CRP
deeply affects vascular biology by
favoring a proinflammatory and
proatherosclerotic phenotype™'¥, we
evaluated the relationship between
circulating levels of highly sensitive
(hs)-CRP and soluble markers of
vascular endothelial cell and platelet
activation in our study population. We
aimed to investigate the relationship
of morphological vascular status
(Carotid Artery IMT) and functional
vascular  changes as  plasma
endothelial markers (VWf, sICAM-1
and E-selectin) and sP-selectin as
markers of platelet activation in obese
children, compared with controls.
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METHODS

Study Design

We recruited 35 consecutive
obese children (age range 7—15 years)
when they presented to outpatient
department of pediatric endocrinology
and cardiology, Batnan Medical
Center, Tobruk, Lybia, after obtaining
written informed consent from the
parents. Obesity was defined as a
BMI in excess of the 97" percentile
for the  German pediatric
population.!?

The control group consisted of
lean children (n=25) was selected
among children presenting at the same
institution for diagnostic workup of
non specific complaints. Children
with chronic or recurrent illness were
excluded from the studied groups. We
ensured comparability of the 2 groups
by frequency matching for major
baseline  characteristics, including
family history of atherosclerotic
disease, risk behavior (smoking),
gender, and Tanner stages based on
the  assumption that significant
differences between the 2 groups in
these variables would have an impact
on the study conclusions. The study
plan was approved by the local ethics
committee, and written informed
consent was obtained from the parents
after a detailed interview.
Measurement of Risk Factors

Anamnestic and anthropometric
data were reviewed during a 2-day
hospital stay. Body fat was assessed
by bioelectrical impedance. (Data
Input Inc, Frankfurt/Main, Germany)
and was expressed as percentage of
body weight. A venous blood sample
was collected after overnight fasting.
Insulin resistance was calculated using

the homeostasis model assessment'>
and insulin sensitivity was determined
using data of an oral glucose tolerance
test (insulin sensitivity index) to
exclude any children with any degree
of impaired glucose tolerance.
Vascular Measurements

Echocardiograph vascular
measurements were done with a
Hewlett-Packard Sonos system (Sonos
5500;  Philips, Int, Hamburg,
Germany)'®.  All of the children
were examined in a  quiet,
temperature-controlled room.  For
IMT, a high-frequency (15 MHz)
vascular linear transducer was used for
imaging the carotid arteries. Patients
were examined in the supine position,
with the head turned 45° away from
the side being scanned. Two segments
were identified on each side: the distal
1 cm of the common carotid artery
and the bifurcation itself. Five
measurements were taken at 2-mm
intervals at near and far wall (distance
from the transducer) in each of the 2
segments. Maximum and mean IMT
were calculated separately for each
side of each segment. Sonography and
reading were performed by trained and
board-certified sonographers.
Intraobserver and interobserver
variability (mean bias) were 0.2% and
1.2%, respectively.
Measurement of Plasma
Endothelial Markers

Fasting plasma samples were
obtained from citrate-anticoagulated
venous  blood  samples  after
centrifugation (3000 rpm, 15
minutes). Aliquots were snap frozen,
stored at —80°C, and thawed only once
immediately before analyses, which
were performed in 1 batch. After an
overnight fast, blood samples were
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taken in obese children and in control
subjects to measure serum total
cholesterol, HDL cholesterol, LDL

cholesterol, and triglyceride
concentrations. vWF:Ag was
determined by an

immunoturbidimetric ~ assay  with
antibody-coated polystyrene beads
using a Behring coagulation analyzer
(Dade Behring, Marburg, Germany).

Plasma aliquots were stored at —
80°C in  polypropylene tubes
immediately after centrifugation (15
min at 4°C at 3000 rpm) of blood
samples and subsequently used to
assess circulating levels of sSICAM-1,
sVCAM-1, sE-selectin, sP-selectin
and hs-CRP concentrations were
measured by an immunoenzymatic
method (R&D Systems, Minneapolis,
MN).
Statistical Methods

Data were stored and analyzed
using the SPSS 12.0 statistical
package (SPSS Inc, Chicago, IL).
Descriptive statistics were computed
for variables of interest and included
mean values and SDs of continuous

variables and absolute and relative
frequencies of categorical factors.
Testing for differences of continuous
variables between the study groups
was accomplished by the 2-sample t
test for independent samples or the
Mann-Whitney U test, as appropriate.
Test selection was based on evaluating
the variables for normal distribution
using the Kolmogorov-Smirnov test.
For categorical factors, comparisons
between groups were performed by
Fisher's exact test. All ofthe P values
resulted from 2-sided statistical tests,
and P <.05.

RESULTS

The two study groups were
matched in terms of age, sex and body
height (Table 1). Highly significant
differences were found for weight and
BMI, as well as for SBP and DBP.
DBP was significantly higher in obese
male patients than in obese females
and controls (ANOVA, Tamhane’s T2
pair wise comparison, P <0.001).

Table (1): Characteristics of the study groups (mean + SD; median (range) for
age; Chi-squared test for sex, Mann-Whitney test for age, Independent Sample t

test for all other variables)

Control group Obesity group P
N 25 35
Sex 13 girls, 15 17 girls, 26 0.628
boys
boys
Age (years) 12 (7-14) 12(7-15) 0. 105
Height (cm) 147.9+5.7 147.81+12.8 0.947
Weight (kg) 35.0%6.6 60.5+11.9 <0.001
BMI (kg/m2) 16.0£2.4 27.7%£5.1 <0.001
SBP (mmHg) 104.8+£7.7 119.8+13.3 <0.001
DBP (mmHg) 67.1£43 73.5£8.2 <0.001
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Carotid ultrasound study:

The ultrasound Doppler study of
the common and internal carotid
vessels did not show significant
haemodynamic differences in peak
flow wvelocity and average flow
velocity but the mean carotid IMT
showed a significant increase in obese
subjects in CCA and ICA (Table 2)
significantly larger CCA diameter in
obese children, compared with control
subjects, while ICA diameters were
significantly larger for obese girls and

boys, compared with controls. After
adjustment for BMI, SBP and DBP as
covariates on ANCOVA, the only
significant). These differences
remained highly significant after
adjustment for BMI, SBP and DBP
(all P <0.001).

We calculated an average of IMT
for CCA and ICA and used this value
for correlation analysis. No advanced
atherosclerotic  lesions, such as
plaques, calcifications or stenosis,
were observed in our study subjects.

Table (2):
Control group Obese group P

Measured diameter 5.83+0.67 6.49+0.90 * 0.013
CCA 5.10+£0.68 5.95+1.15 0.001
ICA

Diameter estimate 6.403 (0.257) 6.130 (0.185.)** 0.040
CCA 5.457 (0.331) 639 (0.235) 0.5713
ICA

* Significantly larger than in the other three groups

(Tamhane’s T2 pair wise, P <0.05)

**Significantly smaller than in the other three groups

(Tamhane’s T2 pair wise, P <0.05)

Soluble  markers of vascular
endothelial cells and activation
Obese children showed higher
plasma levels of  sICAM-1
(206.4£33.6 vs. 122.8 + 16.0 pg/liter;
P<0.001), sVCAM-1 (402.6 + 75.7 vs.
289.5+44.8.0 pg/liter; P<0.001), and
sE-selectin (84.0 £20.0 vs. 55.3+10.6
pg/liter; P<0.001) when compared
with non obese subjects (Fig. 1). In
contrast, VvWf:Ag showed no
significant difference between obese

and control children Similarly,
significant platelet activation was
present in obese children as indicated
by their higher plasma levels of sP-
selectin (73.2 £ 11.2 vs. 48.5 + 8.9
pg/liter; P<0.001) in comparison with
non obese children, also CRP
concentrations (95% CI 1.97-3.24
mg/l obese vs. 95% CI 0.488-1.356
mg/1 control) were significantly higher
in obese children in comparison with
non obese children.
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Table (3): Parameters of Soluble markers of vascular endothelial cells and

activation performed for statistical comparison

Control Group Obesity group P
SICAM-1 (ug/liter) 206.4+ 33. 122.8+16.0 <0.001
sVCAM-1 pg/liter 402.6 +75.7 289.5+44.8.0 <0.001
sE-selectin (pg/liter) 84.0 £20.0 55.3+£10.6 <0.001
sP-selectin (pg/liter) 73.2+£11.2 48.5+8.91.97 <0.001
CRP (mg/l) 0.488+1.356 3.24+1.8 <0.001
DISCUSSION surrogate plasma endothelial markers,

Childhood obesity has become a
public health problem in developed
countries, while its prevalence also
shows an increasing trend in
developing countries. Obesity is
associated with an increased risk for
cardiovascular disease and mortality
in adults. Insulin resistance, the main
characteristic of the metabolic
syndrome, can also be observed in
children with obesity.?” Childhood
obesity  frequently persists into
adulthood. In addition, the risk for
developing metabolic syndrome and
Type-2 Diabetes Mellitus (T2DM) in
adulthood is increased in obese
children. Obesity-related vascular
abnormalities form part of a cluster of
risk factors in overweight children,
putting them at high risk for the
development of premature
atherosclerotic disease.

The aim of the present study in
obese children was two fold. Two
independent vascular measures were
used to document early functional and
morphologic arterial changes in obese
children, and plasma endothelial
markers were used to assess
endothelial cell function and integrity.
The vascular endothelium remains a
difficult organ to study, and the use of

18)

reflecting either endothelial cell
activation or injury, has attracted
much attention."”

In the present study, obese
children = demonstrated  elevated
concentrations of the plasma
endothelial markers soluble E-
selectin, whereas those of VvWfAg
showed no significant differences
between obese and control children.

E-selectin is an endothelial cell-
specific adhesion molecule. The
mechanisms of the generation of its
soluble form have not been well
established. Increased concentrations
of soluble E-selectin have been
repeatedly  reported for  obese
adults.?Y However, increased soluble
E-selectin in obese children, as an
indicator of early vascular endothelial
cell activation, has only recently been
reported for the first time.
Experimental studies have provided
firm evidence that soluble E-selectin
was increased after endothelial cell
activation by cytokines.®?
Accordingly, in our study population,
an association of elevated levels of
soluble E-selectin with indicators of a
low-grade pro inflammatory
phenotype Hs C-reactive protein was
established.
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Increased vVWFAg concentrations
have been repeatedly demonstrated in
hypertensive and obese adults.
However, its prognostic impact in
asymptomatic patients with regard to
subsequently developing strokes and
other atherosclerotic manifestations is
a matter of ongoing controversy.*?
Interpretation in individual subjects
must be cautious, because VWFAg
concentrations are influenced by
various physiologic stimuli, including
vasopressin, thrombin, and
proinflammatory cytokines.(24)
Accordingly, its reliability as a marker
of early atherosclerotic disease
development in children has yet to be
proven.

Also, the present study found that
obese children had significantly
elevated SICAM-1l,and sVCAM-1
levels, in comparison with control
group. A significant correlation was
also noted between sICAM and
sVCAM  levels and variables
indicative of low-grade inflammation
(CRP) and proinflammatory cytokines
(IL-6).

Vascular endothelial dysfunction
is considered the earliest stage in the
atherogenic process®. One of the
molecules acting on the endothelium
is SICAM, elevated levels of which are
indicative of endothelial dysfunction,

implying enhanced  leukocyte
adhesion®  which in turn s
pathologically decisive in
atherogenesis®”.

In obese subjects, increased
sICAM and sVCAM levels prompt a
pathological increase in endothelial
adhesion and permeability, thus
favoring atherogenesis. SICAM-1 has
been associated with an increased risk

of ischemic disease and peripheral
artery disease®.

It has been suggested that
sICAM, and sVCAM mediated
endothelial dysfunction is prompted
by cytokines secreted in part by
adipose tissue. Inflammation is
associated with endothelial
dysfunction. CRP, which appears to be
a key sICAM regulator®, may be
involved in this process. Liver CRP
synthesis is in turn enhanced by the
action of proinflammatory cytokines
such as IL-6, secreted by adipose
tissue.

Our results are consistent with
those reported in obese Caucasian
children, in whom increased levels of
sICAM, sVCAM, soluble E-selectin,
and soluble P-selectin have been
reported®”.  An elevation of
circulating soluble adhesion
molecules represents an early stage in
atherosclerosis. These molecules are
produced by injured endothelial cells,
leading to the rolling, activation, and
firm  adhesion of  circulating
leukocytes to the endothelium®?.
Recent data suggest that CRP, and
ICAM-1 are molecular markers
associated with atherosclerosis and its
progression®.  Elevated sICAM
levels (and not sVCAM) also predict
the development of type 2 diabetes in
adults (32). Our data therefore
demonstrate  the  presence  of
endothelial activation in this group of
overweight children and adolescents
that may reflect an increased risk for
both type 2  diabetes and
cardiovascular disease. Vascular
inflammation is a key element in the
development of  cardiovascular
disease.®?
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Also, the present study revealed
increased IMT in obese children as
compared with control. IMT in obese
children is a matter of ongoing debate.

In agreement with our study,
extending data from previous studies
describing vascular abnormalities in
obese children were reported.®®

Moreover, a recent study
compared obese children from a Hong
Kong school community with non-
obese peers and found a significantly
increased IMT®®.  Another report
from the same research group showed
a significant reduction in carotid IMT
among obese subjects after physical
exercise and diet, suggesting a certain
degree of reversibility of early
atherosclerotic changes.®”

In contrast with our study a study
of obese children obtained no
evidence of significant differences in
carotid IMT as compared with control
subjects®, data from the present
study lend support to results from a
larger study demonstrating increased
carotid IMT in obese children.®”

The present study provides
evidence that a number of parameters
may be used for disclosing those
children at high risk. IMT
measurements and the analysis of
endothelial dysfunction, and vascular
inflammatory markers soluble E-
selectin and thrombomodulin may
reflect the overall influence of
different risk factors on the early
development of atherosclerosis.

From a clinical point of view,
weight control and the support of
physical fitness will remain the
cornerstones in the management of
obese children at risk of early
atherosclerotic disease. In contrast,
noninvasive assessment of endothelial

integrity is a research tool to
document the vascular effects of
weight control and  therapeutic
measures.

In conclusion, we have found that
obese children and adolescents have
elevated markers of endothelial
dysfunction and vascular
inflammation closely related to
morphologic arterial changes (IMT).
This may increase their risk of
development of permanent vascular
abnormalities that, in turn, increase
cardiovascular risk in adulthood,
Insulin resistance, and type 2 diabetes
and further emphasizing the need for
obesity prevention strategies.
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