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O besity in childhood increases the
risk of atherosclerotic disease and
death in adulthood (1). A dramatic

increase in overweight among children
and adolescents during the past 2 decades
has been documented (2). Moreover,
overweight children and adolescents have
an increased risk of adult obesity (3). A
clustering of factors typical of the insulin
resistance syndrome has been identified
in 5- to 10-year-old overweight/obese Af-
rican-American children (4) and in pre-
adolescent obese children (5). The
pediatric obesity epidemic accounts for
most new diagnoses of type 2 diabetes, a
disease once virtually confined to adult-
hood, in adolescence (6).

High-resolution B-mode ultrasound
measurements of carotid intima-media
thickness (IMT) and stiffness are markers
of early, preclinical atherosclerosis. Pre-
vious observations show significantly
increased IMT in familial hypercholester-
olemic children (7,8) and in children with
type 1 diabetes (9) and hypertension (10).
Recent evidence suggests an increased ar-
terial stiffness in familial hypercholester-
olemic children (11) and in children with
severe obesity (12).

However, in the study by Tounian et
al. (12) there was no evidence of statisti-
cally significant differences in carotid IMT
between severely obese children and con-
trol subjects; moreover, there was no sub-

group analyses for boys versus girls. The
present study aimed to verify whether
obesity in childhood may cause prema-
ture vascular alterations in both sexes.

RESEARCH DESIGN AND
METHODS — We studied 100 chil-
dren with obesity consecutively recruited
from the outpatient clinic of the Depart-
ment of Pediatrics, A. Cardarelli Hospital,
Naples, Italy, among patients evaluated
for overweight or obesity and 47 healthy
age-matched control subjects. The inclu-
sion criteria for both obese children and
control subjects were age 6–14 years; no
personal history of diabetes or impaired
fasting glucose, hypercholesterolemia, or
hypertension; absence of any pharmaco-
logical therapy; and absence of cardiovas-
cular disease in their parents. Obesity was
defined as BMI �95th percentile of the
reference values stated in the Centers for
Disease Control and Prevention growth
chart (13).

All of the children had measurements
of fasting serum total cholesterol, triglyc-
erides, apolipoproteins A and B, HDL
cholesterol, plasma glucose and insulin,
C-reactive protein, and glycated HbA1c.
An oral glucose tolerance test was per-
formed in the obese children. The esti-
mate of insulin resistance was calculated

by a homeostasis model assessment
(HOMA) score, as described by Matthews
et al. (14). Quantitative B-mode ultra-
sound measurements of common carotid
IMT and stiffness were calculated for all
children following a standardized proto-
col. Carotid stiffness was calculated using
the following formula: � � (natural loga-
rithm systolic blood pressure � natural
logarithm diastolic blood pressure)/
(systolic diameter � diastolic diameter)/
diastolic diameter.

Statistical analysis
Statistical analysis was performed using
the Statistical Package for Social Sciences
(SPSS 11). Univariate, unadjusted analy-
ses between obese and control subjects
were performed with the independent
samples t test. Stiffness measures were not
normally distributed, and a Kruskal-
Wallis test was used. ANCOVA was used
to evaluate the presence of confounding
variables in the relationship between obe-
sity status and vascular parameters. Mod-
els were adjusted for several confounding
variables, including age, sex, systolic
blood pressure, total cholesterol, HDL
cholesterol, and triglycerides. Adjusted
means and CIs were estimated with the
use of the Bonferroni method. The coeffi-
cient of variation for each pair of IMT and
diameter measurements was 3.9% for
IMT measurements, 1.8% for lumen sys-
tolic diameters, and 2.5% for lumen dia-
stolic diameters.

RESULTS — Table 1 shows anthropo-
metrical, biochemical, and ultrasonic pa-
rameters of the arterial carotid wall in
obese and nonobese children. Obese chil-
dren had significantly higher blood pres-
sure and plasma concentrations of
triglycerides, cholesterol, glucose, insu-
lin, HOMA, and C-reactive protein than
control subjects. Carotid thickness and
stiffness were significantly different be-
tween obese and nonobese children and
in both boys and girls.

For carotid IMT, when we added tra-
ditional cardiovascular risk factors (ex-
cept for blood pressure and HOMA) in
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addition to age and sex as covariates, we
still found evidence of statistically signif-
icant differences between obese children
and control subjects. IMT in obese chil-
dren was 0.55 mm (95% CI 0.54–0.57)
and in healthy control subjects was 0.48
mm (0.46–0.51, P � 0.001). The further
addition of C-reactive protein did not ma-
terially modify the outcome of our analy-
ses. Adding systolic blood pressure as a
covariate reduced the P value, but the sta-
tistical significance was retained. How-
ever, when glucose level was substituted
by HOMA, the statistical significance was
further reduced to a level that did not
reach the formal level of statistical signif-
icance. IMT in obese children was 0.54
mm (0.52– 0.56), and IMT in healthy
control subjects was 0.51 mm (0.48 –
0.54, P � 0.099).

CONCLUSIONS — Obese children
have significantly increased carotid IMT
and stiffness compared with healthy con-
trol children. A previous study demon-
strated an increased stiffness of the
carotid artery in obese children (12) (a
finding confirmed in the present study)
but concluded that no significant differ-

ence was present in IMT between obese
and nonobese children. The apparent dis-
crepancy with the present observation
could be due to the limited statistical
power available for the study by Tounian
et al. (12), which focuses on much smaller
sample sizes (48 obese children and 27
control subjects). Increased carotid IMT
and stiffness in obese boys and girls could
reflect structural changes of large arteries
that occur very early in atherosclerosis.
The increased vascular IMT and stiffness
in obese children compared with healthy
control subjects suggests that obesity in
children represents a powerful determi-
nant of early manifestations of athero-
sclerosis and affects structural and
mechanical properties of major vessels.
The effect on structural changes appears
to be mediated, at least in part, by the risk
factors considered, especially systolic
blood pressure and, most importantly, in-
sulin resistance. Based on these findings,
children affected by the insulin resistance
syndrome are at particularly higher risk of
developing premature cardiovascular
complications. Our observation confirms
that obesity and its associated comorbidi-
ties, particularly hypertension and insulin
resistance, even in this young age should

be regarded as a disease with vascular im-
plications. We emphasize that weight re-
duction and risk-factor control in obese
children for the long-term prevention of
atherosclerosis and its sequelae should
begin in childhood.
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BMI (k/mg2) 27.8 � 5.3 17.8 � 2.6 — 28.5 � 5.9 17.9 � 2.8 — 26.6 � 3.9 17.6 � 2.3 —
Systolic blood pressure

(mmHg)
120.6 � 15.8 98.8 � 13.8 0.001 122.4 � 16.9 103.4 � 10.6 0.001 117.9 � 13.6 93.0 � 15.4 0.001

Diastolic blood
pressure (mmHg)

76.4 � 8.0 65.4 � 8.3 0.001 77.1 � 8.8 69.4 � 6.2 0.001 75.4 � 6.6 60.5 � 8.0 0.001

Fasting cholesterol
(mmol/l)

4.25 � 0.74 3.96 � 0.52 0.008 4.14 � 0.78 3.99 � 0.61 0.38 4.42 � 0.65 3.93 � 0.39 0.001

Fasting triglycerides
(mmol/l)

0.91 � 0.41 0.67 � 0.22 0.001 0.93 � 0.46 0.73 � 0.24 0.008 0.87 � 0.30 0.61 � 0.18 0.001

Plasma fasting glucose
(mmol/l)

4.55 � 0.51 4.37 � 0.45 0.036 4.62 � 0.46 4.37 � 0.52 0.030 4.45 � 0.56 4.36 � 0.38 0.50

Insulin (�U/ml) 16.1 � 11.4 7.1 � 2.1 0.001 16.4 � 13.3 7.5 � 2.3 0.001 15.6 � 7.6 6.7 � 1.8 0.001
HOMA 3.2 � 2.1 1.4 � 0.5 0.001 3.3 � 2.3 1.5 � 0.5 0.003 3.1 � 1.6 1.3 � 0.4 0.001
C-reactive protein 1.45 � 0.78 1.26 � 0.08 0.001 1.49 � 0.45 1.26 � 0.09 0.001 1.39 � 0.06 1.26 � 0.06 0.004
IMT (mm) 0.55 � 0.08 0.49 � 0.09 0.001 0.56 � 0.08 0.48 � 0.10 0.001 0.53 � 0.09 0.49 � 0.07 0.045
Stiffness 3.48 � 1.26 2.38 � 0.61 0.001 3.65 � 1.3 2.43 � 0.64 0.001 3.19 � 1.17 2.32 � 0.59 0.004

Data are means � SD.
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