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Introduction and objectives. The availability of a
noninvasive marker of vascular lesions that enables their
detection in the preclinical phase would be of great benefit
for cardiovascular disease prevention. The aim of this study
was to investigate the usefulness of a range of indices of
arterial wall stiffness in the common carotid artery, as
derived using high-resolution Doppler ultrasonography, for
identifying vascular damage in children with risk factors.
Methods. The study involved 99 children (age, 8-16
years) divided into two groups: 65 had cardiovascular
risk factors (45 obesity, 20 dyslipidemia) and 34 were
controls. Family histories of cardiovascular risk factors
and anthropometric and biochemical measurements were
recorded. Functional parameters of arterial stiffness (ie,
arterial compliance, elastic modulus, beta stiffness index,
pulse wave velocity, and augmentation index) and the
intima-media thickness were also measured.
Results. Some functional vascular parameters were
higher in obese children than controls: there were
significant differences in beta stiffness index (P<.02),
elastic modulus (P<.001), and pulse wave velocity (P<.01).
There was a significant difference in arterial compliance
between dyslipidemics and controls (P<.05). No significant
difference in intima-media thickness was found between
the groups. In obese children, there were positive
correlations between body mass index, systolic pressure
and triglyceride levels and vascular parameters (ie, elastic
modulus and pulse wave velocity); in dyslipidemic children,
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triglyceride levels same were correlated with these same
parameters.
Conclusions. Ultrasonographic measurement of arterial
stiffness is a sensitive technique that can detect vascular
damage in children with cardiovascular risk factors earlier
than intima–media thickness measurement.
Key words: Cardiovascular disease. Arterial stiffness.
Intima-media thickness. Cardiovascular risk factors.
Prevention of atherosclerotic disease. Childhood obesity.
Dyslipidemia.

Medida de la rigidez de la arteria carótida
como marcador precoz de lesión vascular
en niños y adolescentes con factores de riesgo
cardiovascular
Introducción y objetivos. Para la prevención de la enfermedad cardiovascular resulta de gran interés disponer
de un marcador incruento de lesión vascular que permita
su detección en fase preclínica. Nuestro objetivo fue analizar diversos índices de rigidez arterial de la carótida común mediante ultrasonografía Doppler de alta resolución
para definir su utilidad como detector de daño vascular
en niños con factores de riesgo.
Métodos. Se estudió a 99 niños (edades, 8-16 años)
divididos en dos grupos: 65 niños con factores de riesgo
cardiovascular (45 obesos, 20 dislipémicos) y 34 controles. Se recogieron antecedentes familiares de riesgo cardiovascular y variables antropométricas y bioquímicas.
Se midieron parámetros funcionales de rigidez arterial
(compliance arterial, módulo elástico, índice beta de rigidez, velocidad de la onda de pulso e índice de aumento)
y el grosor íntima-media.
Resultados. Los niños obesos presentaron parámetros
vasculares funcionales elevados respecto a los controles,
que fueron significativos para el índice beta (p < 0,02), el
módulo elástico (p < 0,001) y la velocidad de onda del
pulso (p < 0,01). En los dislipémicos constatamos diferencias significativas en la compliance arterial respecto a
los controles (p < 0,05). No hubo diferencias significatiRev Esp Cardiol. 2010;63(11):1253-60   1253
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ABBREVIATIONS
BMI: body mass index
CVRF: cardiovascular risk factor
DBP: diastolic blood pressure
Dd: diastolic (or minimum) arterial diameter
Ds: systolic (or maximum) arterial diameter
SBP: systolic blood pressure

vas en el grosor íntima-media entre grupos. Encontramos
correlación positiva entre el índice de masa corporal, la
presión sistólica y los triglicéridos con los parámetros
vasculares (módulo elástico y velocidad de onda del pulso) en los obesos y, entre triglicéridos y los mismos parámetros en los dislipémicos.
Conclusiones. La medida ultrasonográfica de la rigidez arterial es un procedimiento sensible que puede
resultar más precoz que el grosor íntima-media para detectar daño vascular en niños con factores de riesgo cardiovascular.
Palabras clave: Enfermedad cardiovascular. Rigidez arterial. Grosor íntima-media. Factores de riesgo cardiovascular. Prevención de la enfermedad arteriosclerótica.
Obesidad infantil. Dislipemia.

INTRODUCTION
Despite prevention initiatives, atherosclerosis
continues to be responsible for increased adult
morbidity and mortality in the Western world,
reaching epidemic proportions in technologically
developed societies. This well-documented process
begins very early in life with progressive vascular
modification and cholesterol deposits in the intima
of large arteries, although this is not manifested
clinically until adulthood.1-5
The main cardiovascular risk factors (CVRF)
favoring pediatric atherogenic development
are known. The most relevant are overweight
and, particularly, obesity, which are reaching
dramatically rising prevalence levels in Western
societies and especially in Spain.6-11 This problem,
of an evidently nutritional nature, entails
complications such as arterial hypertension,
dyslipidemia, diabetes, metabolic syndrome,
hepatic steatosis, biliary disease, and orthopedic
1254   Rev Esp Cardiol. 2010;63(11):1253-60

disorders, as well as respiratory and psychological
problems. These comorbidities, which were once
characteristic of adults, are now being detected
at alarmingly rising frequencies in children at an
increasingly early age.11,12
Other cardiovascular risk groups of children are
carriers of familial dyslipidemia, especially those
with a serum lipid profile with high levels of low
density lipoprotein cholesterol (LDL-C) and low
hight density lipoprotein cholesterol (HDL-C). Also
considered at risk are healthy children who have
extensive family history of cardiovascular disease
and premature death (men <55 years and women
<65 years).13
Information available on the topic supports the
hypothesis that preventive intervention should
begin as soon as possible, ie, in the early years of
life; therefore, it of great clinical interest to have a
noninvasive method with which to detect vascular
injury in the subclinical phase, particularly
at the onset of endothelial dysfunction and/
or during the first histological changes. In this
respect, several ultrasound techniques have been
developed in recent years, which aim to assess
the degree of arterial involvement in subjects
suffering from CVRF.14-17 Some studies have
assessed morphologic changes to the arterial wall
by measuring the intima-media thickness (IMT)
of the carotid artery, linking its gradual increase
with the severity and extent of coronary artery
disease and stroke.18-22 Later works have concluded
that this assessment can only provide a local or
at the most regional estimation of the vascular
wall under examination and propose the use of
high-resolution and ultrasound techniques to
assess the functional changes in arterial elasticity
caused by atherosclerosis. Most of these studies
have been conducted in adults and concluded that
increased arterial hardening by arteriosclerosis,
is a good predictor of cardiovascular events,
independent of classic factors.16,23-25 Furthermore,
endothelial dysfunction is thought to occur
with atherosclerosis, probably related to local
inflammation, suggesting that CVRF exert a
deleterious effect on arterial elasticity through
endothelial dysfunction.26
Under these circumstances we propose that
having a functional marker of vascular damage that
precedes structural changes would enable preventive
measures to be taken at the sub-clinical stage.
Therefore our goal was to analyze several indices of
arterial-wall stiffness of the common carotid artery
using high-resolution Doppler ultrasonography, in
children and adolescents with CVRF, to assess its
usefulness as an earlier marker of vascular damage
as compared to the first structural changes reflected
in IMT.

Document downloaded from http://www.revespcardiol.org, day 26/05/2019. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.

Núñez F et al. Artery Stiffness in Children and Adolescents

METHODS

Treatment of High Blood Pressure in Children and
Adolescents).30

Patients
A case-control study was conducted (June
2008-December 2009) in schoolchildren and
adolescents aged 8-16 years with CVRF (obesity
and dyslipidemia) referred by a primary care
pediatrician to the Pediatric Gastroenterology and
Nutrition Unit of Hospital Clínico Universitario
de Valencia. Patients were recruited from 10 health
care centers (Number Area 5 of the Department of
Health in Valencia) whose referral hospital is the
Hospital Clinico Universitario de Valencia, Spain.
Selection was at random and patients presenting
dysmorphic syndromes and/or with endocrine
disorders were excluded. A control group of
children with no CVRF, matched by age and
sex was also included in the study (referred from
the same health centers for studies of functional
murmurs or preoperative study prior to minor
surgery). Children were included in the study after
the informed consent of a guardian was given. The
study protocol was approved by the hospital’s
Committee on Ethical Practice.
Clinical Evaluation
For each patient the following data were
recorded: a) family history of cardiovascular risk
(overweight, obesity, metabolic syndrome, type 2
diabetes mellitus, primary arterial hypertension,
inherited, and acquired dyslipidemia, cardiovascular
incidents in men <55 years and women <65
years old); b) personal history and growth
curve; c) nutritional assessment: anthropometric
measurements (weight and height) were collected
using a standardized technique; to compare
children of different ages and sex, the z-score was
calculated for each measurement with reference
to WHO standards 200727; to define obesity, the
body mass index (BMI) Z-score was calculated
and subjects were considered obese when it was
≥2SD, equivalent to a BMI of 30 kg/m2 at the age
of 1927-29; d) arterial pressure, always measured
by the same researcher using the same measuring
apparatus (Dinamap® oscillometric method); high
values were checked with the auscultatory method
and mercury sphygmomanometer; measurements
were taken from the right arm with the child sitting
comfortably; the sleeve was placed at the level of
the heart, adjusting the size to fit the diameter
of the arm; 3 measurements were taken for each
child and the average of the 3 were calculated; the
values for each child were compared with reference
tables according to sex, age, and height (The
Fourth Report on the Diagnosis, Evaluation, and

Biochemical Analyses of Plasma
Total cholesterol was determined along with
fractions and triglycerides. Dyslipidemia was
diagnosed when total cholesterol and LDL-C values
were above the 95th percentile for age and sex, with/
without HDL-C <35 mg/dL, and triglycerides were
above the 95th percentile.31
High-Resolution Ultrasound Measurement
of Arterial Stiffness and Intima-Media
Thickness
An Aloka alfa-10 ultrasound apparatus was
employed using EchoTracking®. Measurements
were taken of the right common carotid artery,
1 cm below the carotid bulb, with the patient in
supine position, head turned 45 degrees to the
left and an ambient temperature of 22-25ºC, as
described previously.32 The common carotid artery
was chosen because it is a central artery, branching
directly from the aorta. The patient remained in the
supine position for at least 5 minutes before starting
the examination. The transducer was positioned
so that the carotid artery could be observed
longitudinally and was tilted to maximize the
echoes from the interface between the medium and
adventitia. When this line of division was captured
clearly, the 2 system tracers were placed on the
diametrically opposed interface points. Once in
place, these tracers were oscillated with the arterial
wall, thus recording the temporal distance between
the two. Patient monitoring by ECG continued
throughout the examination so that the system
could detect the onset of the pulse wave. Using this
technique we recorded (Figure 1): a) graphic chart
of the pulse wave; b) maximum or systolic arterial
diameter (Ds) corresponding to the peak of each
pulse and representing the point at which the blood
vessel is subjected to highest pressure (systolic
blood pressure [SBP]); c) minimum or diastolic
arterial diameter (Dd) corresponding to the lowest
point, when the pressure to which the blood vessel
is subjected is minimum (diastolic blood pressure
[DBP]). All measurements were performed by the
same researcher.
After the 3 measurements of blood pressure had
been taken, the average of both SBP and DBP
were calculated and recorded in the EchoTacking
program, assuming the arterial pressure at the level
of the brachial artery was the same as that of the
carotid. Once all data were recorded, the program
implemented a series of equations to calculate the 5
parameters related to arterial wall elasticity:
Rev Esp Cardiol. 2010;63(11):1253-60   1255

Document downloaded from http://www.revespcardiol.org, day 26/05/2019. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.

Núñez F et al. Artery Stiffness in Children and Adolescents

Figure 1. Results windows. Top: pulse
wave and electrocardiogram. Bottom right:
calculated parameters of arterial stiffness
in one of the patients. b indicates stiffness
parameter; Ep, pressure-strain elasticity
modulus; AC, arterial compliance; AI,
augmentation index; PWV, one-point
pulse wave velocity; D_max, maximum
arterial diameter; D_min, minimum
arterial diameter; P_max, systolic blood
pressure; P_min, diastolic blood pressure;
HR, heart rate

– Arterial compliance (AC): p (Ds2-Dd2)/ 4(SBPDBP). Units: mm2/kPa
– Pressure-strain elasticity modulus (Ep): (SBPDBP) Dd/ (Ds-Dd). Units: kPa
– Stiffness index (b): ln (SBP-DBP)/ [(Ds-Dd)/
Dd].
– One-point PWV (PWV): Distance/ Δt. Units:
m/s
Augmentation index (AI): (D2 - D1) 100/(Ds-Dd).
Units: as a percentage
The IMT was measured at the same point
specified for functional examination, determining
the thickness in the carotid far wall, according
to the criteria established by Mannheim.33 The
images were recorded digitally and measured
again manually. The mean of 3 measurements was
obtained, as well as the maximum value; both were
analyzed.
Statistical Methods
Sample size was calculated using the Ene 3.0
program (Statistical Department, University of
Barcelona, Spain and Department of Biometry,
GlaxoSmithKline®). The results of an initial pilot
study on PWV and also on Ep were taken as a
reference. For both, sample size should be between
23-25 subjects per group.
Statistical processing was performed with SPSS
version 15. The results were expressed as mean
and standard deviation. Continuous variables were
compared using the Student t test. The relation
1256   Rev Esp Cardiol. 2010;63(11):1253-60

ship of BMI, arterial pressure, LDL-C, HDL-C,
and triglycerides with arterial stiffness parameters
and IMT was studied using the Pearson correlation
coefficient. For all studies, P<.05 was considered
statistically significant.
RESULTS
The sample included a total of 99 children aged
between 8 and 16 years (62 boys and 37 girls, 63%
and 37%, respectively), distributed into 2 groups:
a) study group of 65 children with CVRF of which
45 were obese and 20 had familial dyslipidemia; and
b) controls: 34 children without disease who did not
have any CVRFs, matched to the study group by
age and sex.
Table 1 summarizes anthropometric results,
blood pressure and lipid values of the 3 groups, and
the differences between them. In obese children,
5 patients had LDL-C levels over 130 mg/dL, and
3 had HDL-C levels below 35 mg/dL, with HDL-C
levels significantly lower than in the controls and the
dyslipidemic patients (P<.001) and triglyceride levels
significantly higher than in the controls (P<.01).
Four patients showed arterial hypertension; the rest
had normal values but on average these values were
significantly higher than in the controls.
In the dyslipidemic group, all patients were
normotensive, with values similar to those of the
control group. Obviously, since it was the selection
criterion, all had high total cholesterol and LDL-C,
with significant differences compared to the other
groups. However, HDL-C levels were similar to
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TABLE 1. Anthropometric Results, Arterial Pressure and Lipidic Values of Study Groups
CVRF Group (n=65)
Controls (n=34)
		

Sex (male/female)
Age, mean (SD), y
Z-score BMI
SBP, mmHg
DBP, mmHg
Total-C, mg/dL
HDL-C, mg/dL
LDL-C, mg/dL
Triglycerides, mg/dL

Obesity (n=45)

21/13
11.6 (1.9)
0.03 (0.7)
101 (10)
56 (7)
165 (25)
62 (11)
88 (21)
69 (22)

Dyslipidemia (n=20)

32/13
12.4 (2.2)
2.6 (0.5)a,b
115 (12)a,c
61 (8)d
161 (35)
47 (8)a,b
97 (29)
101 (49)d

9/11
11.1 (2.2)
0.44 (1.1)
104 (12)
57 (7)
263 (62)a,b
60 (18)
188 (52)a,b
80 (33)

Abbreviations: BMI, body mass index; CVRF, cardiovascular risk factors; DBP, diastolic blood pressure; HDL-C, hight-density lipoproteins cholesterol; LDL-C, low-density
lipoproteins cholesterol; SBP, systolic blood pressure.
a
P<.001 (controls vs CVRF).
b
P<.001 (controls vs dyslipidemia).
c
P<.01 (obesity vs dyslipidemia).
d
P<.001 (controls vs CVRF).

TABLE 2. Results of the Vascular Parameters of Study Groups
CVRF Group (n=65)
Controls (n=34)
		

Obesity (n=45)

Dyslipidemia (n=20)

b
Ep, kPa
AC, mm2/kPa
AI, %
PWVb, m/s
Ds
Dd
IMT-mean
IMT-maximum

4.21 (0.96)
48.33 (12.33)b
1.36 (0.33)
2.84 (12.34)
4.02 (0.44)e
6.99 (0.5)b,d
6.08 (0.43)b,d
0.36 (0.04)
0.40 (0.06)

4.08 (1.56)
42.26 (14.78)
1.2 (0.44)c
12.68 (15.89)d
3.72 (0.96)
6.08 (1.49)
5.41 (1.33)
0.33 (0.13)
0.33 (0.15)

3.67 (0.84)
38.86 (7.79)
1.41 (0.32)
7.73 (18.87)
3.7 (0.34)
6.48 (0.61)
5.62 (0.56)
0.32 (0.05)
0.36 (0.05)

a

Abbreviations: b, stiffness parameter); AC, arterial compliance; AI, augmentation index; Dd, diastolic arterial diameter; Ep, pressure-strain elasticity modulus; IDs, systolic
arterial diameter; IMT-maximum, maximum intima-media thickness; PWVb, one-point pulse wave velocity.
a
P<.002 (CVRF vs controls).
b
P<.001 (CVRF vs controls).
c
P<.05 (CVRF vs controls).
d
P<.01 (obesity vs dyslipidemia).
e
P<.01 (CVRF vs controls).
f
Forty-two cases (15 controls, 18 obese, and 9 dyslipidemic)

those observed in controls. None of them had
HDL-C levels below 35 mg/dL.
With respect to measurements of arterial stiffness
and IMT (Table 2), on comparing the CVRF groups
with the controls we found that all parameters
increased in CVRF patients compared to the controls;
however, these differences were only statistically
significant for the b, Ep, PWV and arterial diameters
in obese children. Statistically significant differences
in AC also were observed, but only in dyslipidemic
patients compared to controls. On comparing the
2 CVRF groups, significant differences were found
only in AI and arterial diameters.
The IMT measurements were taken in 42 cases
(18 obese children, 9 dyslipemic children, and 15

controls). Analysis of results showed no significant
differences between groups.
The results of the correlation analysis between
anthropometric and biochemical parameters
compared with vascular parameters are summarized
in Table 3: in controls DBP was correlated with
PWV and HDL-C with vascular parameters
(b, AC, and PWV); in obese children there was
correlation of BMI, SBP and triglyceride levels with
vascular parameters (b, Ep, AC, and PWV); in the
dyslipidemic subjects, a correlation was only found
between triglyceride levels and b, Ep and PWV. IMT
was not correlated with any biochemical parameters
apart from triglyceride levels in the dyslipidemic
group.
Rev Esp Cardiol. 2010;63(11):1253-60   1257
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TABLE 3. Correlation Between Body Mass Index, Blood Pressure and Lipid Values and Vascular Parameters
Controls (n=34)
Ep

BMI
SBP
DBP
LDL–C
HDL–C
TG

PWV

0.295 (NS)
0.292 (NS)
0.29 (NS)
0.275 (NS)
0.233 (NS) 0.369 (0.038)
0.068 (NS)
0.142 (NS)
0.367 (NS) 0.43 (0.028)
–0.043 (NS) –0.129 (NS)

Obese Children (n=45)
IMT-Mean

a

0.613 (0.02)
0.425 (NS)
–0.011 (NS)
–0.231 (NS)
–0.219 (NS)
0.332 (NS)

Ep

PWV

0.424 (0.005) 0.37 (0.015)
0.7 (<0.001) 0.658 (<0.001)
0.089 (NS)
0.257 (NS)
0.023 (NS)
0.051 (NS)
–0.108 (NS)
–0.092 (NS)
0.459 (0.004) 0.338 (0.041)

Dyslipidemic Children (n=20))
IMT-Mean

a

Ep

PWV

IMT-Meana

0.269 (NS) –0.257 (NS) –0.122 (NS)
0.027 (NS)
0.028 (NS) 0.193 (NS)
0.115 (NS)
0.192 (NS)
0.023 (NS) –0.143 (NS) –0.072 (NS)
0.091 (NS)
0.192 (NS) 0.348 (NS)
0.336 (NS)
0.306 (NS)
0.02 (NS)
0.184 (NS)
0.213 (NS)
0.352 (NS)
0.275 (NS) –0.522 (0.022) –0.676 (0.001) –0.816 (0.013)

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; Ep, pressure-strain elasticity modulus; HDL-C, hight-density lipoprotein cholesterol; IMT-mean, mean
intima-media thickness; IMT-maximum, maximum intima-media thickness; LDL-C, low-density lipoproteins cholesterol; PWVb, one-point pulse wave velocity; SBP, systolic
blood pressure; TG, triglycerides.
a
42 cases (15 controls, 18 obese, and 9 dyslipidemic).
Other correlations: controls, beta stiffness index versus HDL-C (P=.010); AC versus HDL-C (P=.035); obese children, beta stiffness index versus BMI (P=.006), SBP (P=.002)
and TG (P=.007); AC versus SBP (P=.001); dyslipidemic children, beta stiffness index versus TG (P=.031).

DISCUSSION
The preclinical phase of atherosclerosis begins in
childhood, when very early alterations that progress
slowly have been described1-5 and which do not
usually lead to ischemic complications in adulthood.
Early detection of the extent of arterial degeneration
caused by atherosclerosis using noninvasive
techniques, based on ultrasound, has provided
an important stimulus to develop early detection
programs and to assess the effects of intervention in
the pediatric population.
So far most research conducted in children and
adolescents has studied the IMT to determine
the vascular damage in CVRF patients, mainly in
obese children.21,22,34 However, results show there is
already structural damage to the arterial wall and
thus indicate that measurements of arterial stiffness
parameters reflect dysfunction earlier on, which
is, therefore, potentially reversible.16,35 Numerous
studies have shown that PWV in children and
adolescents is significantly correlated with CVRF
and increases gradually with age in both sexes. In
young adults, this parameter has been established as
a good measure of arterial stiffness, proving to be an
important predictor of cardiovascular events.32,36
Other parameters to assess arterial stiffness, such
as arterial compliance and distensibility, evaluate
the role of the artery studied as a hollow structure.
The Ep parameter can be regarded as a measure of
the intrinsic rigidity of the arterial wall itself and is
inversely related to arterial elasticity.32 Two other
parameters used in adults have been the beta stiffness
index, which assesses the elastic properties of the
arterial wall independent of distending pressure and
AI as an indirect index to evaluate aortic elasticity.37
In this study, the age range (8 to 16 years) was
chosen expecting major changes would take place in
carotid elastic properties as compared to the control
1258   Rev Esp Cardiol. 2010;63(11):1253-60

group. The average age was similar in all groups, even
slightly lower in the dyslipidemic group of children;
therefore, the differences detected in functional
vascular parameters cannot be attributed to age.
On comparing arterial stiffness parameters of
healthy children with those of CVRF children, they
were higher in the latter, but statistically significant
differences were only found in beta stiffness index b,
Ep, PWV and arterial diameters in obese children
and for AC in dyslipemic patients. Differences
in AI and arterial diameters were found between
the 2 vascular risk groups. Similar results have
been recorded by other authors in both obese and
dyslipidemic patients.16,35 However, on assessing
whether structural changes were reflected in the
IMT, no differences were found in either study group
when functional anomalies had already shown up.
Bearing in mind the limitations due to sample size,
these results seem relevant and support the potential
use of these functional indices as early markers of
vascular injury in individuals at risk. Studies with
larger sample sizes and longer follow-up periods can
validate these findings.
The results obtained show the onset of changes in
arterial elasticity take place sooner in obese children
than in those with dyslipidemia. We also found that
blood pressure values were significantly higher than
other groups, although they did not reach hypertense
levels. This same group also revealed a pattern
associating dyslipidemia with significantly lower
HDL-C values and higher triglyceride levels, which
would suggest they are at an early stage of metabolic
syndrome. Moreover, BMI, SBP and triglycerides
were significantly correlated with arterial stiffness
indices, which would directly indicate adiposity as a
trigger of vascular injury. These findings support the
need to implement intervention programs for obese
school children and adolescents in order to delay the
process before adulthood. Similarly, postoperative
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follow-up of vascular anomalies would be of great
interest to evaluate the possible reversibility of
functional alterations and/or IMT.
With regard to the relationship between
dyslipidemia and cardiovascular disease, there is no
doubt that low levels of LDL-C play a role in the
prevention and treatment of coronary disease. The
effect of dyslipidemia on arterial elastic properties
has been extensively studied in adults, where healthy
individuals have shown an inverse relationship
between LDL levels and aortic compliance.38
Elasticity of the common carotid artery was also
assessed in normotensive hypercholesterolemic
patients (with or without varying degrees of coronary
disease), in hypertensive normocholesterolemic
patients (without coronary disease) and healthy
controls. Results indicated reduced carotid
compliance mainly occurred in normotensive
hypercholesterolemic patients, suggesting that
reduction in compliance is an indicator of severe
atherosclerosis.39
In children with heterozygous familial
hypercholesterolemia, an increase in stiffness of
the carotid artery has been observed. This group of
patients was found to have LDL-C levels that were
positively correlated with PWV.13,35 However, no
correlation was found between either Ep or IMT
and total cholesterol or LDL-C levels.35 Our patients
with dyslipidemia showed significantly higher values
of LDL-C than the obese patients and controls, with
HDL-C values in all 3 groups over 35 mg/dL. In this
group there were statistically significant differences
in AC compared with controls; however, we did not
observe any correlation between LDL-C levels and
vascular damage as reported by other authors,35
possibly because the sample size of this group was
smaller than the others.
Significant changes in functional vascular
parameters in the 2 CVRF groups would seem
to indicate that the arterial wall components are
affected very early on, which probably leads to the
onset of IMT found in these patients. Nevertheless,
on analyzing this structural parameter in our study
groups, we found no significant differences in IMT
compared to controls, suggesting that this structural
parameter is affected later on. These results lead us to
the conclusion that functional vascular parameters
are the ultrasonographic indicators which change
the earliest in children with CVRF.
CONCLUSIONS
The ultrasonographic measurement of arterial
stiffness is a sensitive procedure which can serve as
an earlier marker than IMT for detecting vascular
changes in children with CVRF. Systematic
application of these techniques may have important

preventive implications because it would provide a
marker of atherosclerosis at the preclinical phase of
the disease. Detection of functional alterations in
children at risk would enable them to benefit from
early therapeutic measures, thereby preventing or
delaying the development of atherosclerosis when
they reach adulthood.

REFERENCES

1. Cook S. The metabolic syndrome: Antecedents of adult
cardiovascular disease in pediatrics. J Pediatr. 2004;145:427-30.
2. Oren A, Vos LE, Litereaal CS, Gorissen WH, Grobbe DE,
Bots ML. Birth weight and carotid intima-media thickness:
New perspectives from the atherosclerosis risk in young adults
(ARYA) study. Ann Epidemiol. 2004;14:8-16.
3. NcMahan CA, Gidding SS, Malcom GT, Tracy RE, Strong JP,
McGill HC. Pathobiological Determinants of Atherosclerosis
in Youth Risk Scores Are Associated With Early and Advanced
Atherosclerosis. Pediatrics. 2006;118:1447-55.
4. Berenson GS. Childhood risk factors predict adult risk
associated with subclinical cardiovascular disease. The
Bogalusa Heart Study. Am J Cardiol. 2002;90:3L-7L.
5. Kavey RW, Daniels SR, Lauer RM, Atkins DL, Hayman LL,
Taubert K. American Heart Association guidelines for primary
prevention of atherosclerotic cardiovascular disease beginning
in childhood. Circulation 2003;107:1562-6.
6. Serra Majem L, Ribas Barba L, Aranceta Bartrina J, Pérez
Rodrigo C, Saavedra Santana P, Pena Quintana L. Childhood
and adolescent obesity in Spain. Results of the enKid study
(1998-2000). Med Clin (Barc). 2003;121:725-32.
7. Moreno LA, Mesana MI, Fleta J, Ruiz JR, González-Gross
M, Sarría A, et al. AVENA Study Group. Overweight, obesity
and body fat composition in Spanish adolescents. The AVENA
Study.Ann Nutr Metab. 2005;49:71-6.
8. International Obesity TaskForce. Estimated burden of
paediatric obesity and co-morbidities in Europe. The increase
in the prevalence of child obesity in Europe is itself increasing.
International Journal of Pediatric Obesity. 2006;1:26-32.
9. Aranceta Bartrina J, Serra-Majen LL, Foz-Sala M, MorenoEstevan B, y grupo colaborativo SEEDO. Prevalencia de
obesidad en España. Med Clin (Barc). 2005;125:460-6.
10. Hedley AA, Ogden CL, Johnson CL, Carroll MD, Curtin LR,
Flegal KM. Prevalence of overweight and obesity among US
children, adolescent and adults, 1999-2002. JAMA. 2004;291:
2847-50.
11. Baker S, Barlow S, Cochran W, Fuchs G, Klish W, Krebs N,
et al. Overweight children and adolescents: A clinical report of
the North American Society for Pediatric Gastroenterology,
Hepatology and Nutrition. J Pediatr Gastroenterol Nutr.
2005;40:533-43.
12. Aggoun Y. Obesity, metabolic syndrome and cardiovascular
disease. Pediatr Res. 2007;61:653-9.
13. De Jong S, Lilien MR, Bakker HD, Hutten BA, Kastelein
JJP, Stroes ESG. Family history of cardiovascular events
and endothelial dysfunction in children with familial
hypercholesterolemia. Atherosclerosis. 2002;163:193-7.
14. Charakida M, Deanfield JE, Halcox JPJ. Childhood origins of
arterial disease. Curr Opin Pediatr. 2007;19: 538-45.
15. Aggoun Y, Szezepanski I, Bonnet D. Noninvasive assessment
of arterial stiffness and risk of atherosclerotic events in children.
Pediatr Res. 2005;58:173-8.
16. Tounian P, Aggoun Y, Dubern B, Varille V, Grand BG, Sidi
D, et al. Presence of increased stiffness of the common carotid
artery and endothelial dysfunction in severely obese children: a
prospective study. Lancet. 2001;358:1400-4.
Rev Esp Cardiol. 2010;63(11):1253-60   1259

Document downloaded from http://www.revespcardiol.org, day 26/05/2019. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.

Núñez F et al. Artery Stiffness in Children and Adolescents

17. Groner JA, Joshi M, Bauer JA. Pediatric precursors of adult
cardiovascular disease: noninvasive assessment of early vascular
changes in children and adolescents. Pediatrics. 2006;118:1683-91.
18. Li S, Chen W, Srinivasan SR, Bond MG, Tang R, Urbina
EM, et al. Childhood cardiovascular risk factors and carotid
vascular changes in adulthood: the Bogalusa Heart Study.
JAMA. 2003;290:2271-6.
19. Raitakari OT, Juonala M, Kahonem M, Taittonen L,
Laitinem T, Maki.Torkko N, et al. Cardiovascular risk factors
in childhood and carotid artery intima-media thickness in
adulthood: the Cardiovascular Risk in Young Finns Study.
JAMA. 2003;290:2277-83.
20. Oren A, Vos LF, Uiterwaal CS, Gorissen WH, Grobbee DF,
Bots ML. Change body mass index from adolescence to young
adulthood and increased carotid intima-media thickness at 28
years of age: the Atherosclerosis Risk in Young Adults Study.
Int J Obes Relat Metab. 2003;27:1383-90.
21. Demircioglu F, Koçyigit A, Arslan N, Çakmakç H, Hzl S, Sedat
AP. Intima-media thickness of carotid artery and susceptibility
to atherosclerosis in obese children with nonalcoholic fatty
liver disease. J Pediatr Gastroenterol Nutr. 2008;47:68-75.
22. Stabouli S, Kotsis V, Papamichael C, Constantopoulos A,
Zakopoulos N. Adolescent obesity is associated with high
ambulatory blood pressure and increased carotid intimalmedial thickness. J Pediatr. 2005;147:651-6.
23. Van Popele NM, Grobbee DE, Bots ML, Asmar R, Topouchian
J, Reneman RS, et al. Association between arterial stiffness and
atherosclerosis-The Rotterdam Study. Stroke. 2001;32:454-60.
24. Im JA, Lee JW, Shim Jy, Lee HR, Lee DC. Association
between brachial-ankle pulse wave velocity and cardiovascular
risk factors in healthy adolescents. J Pediatr. 2007;150:219-20.
25. Mimoun E, Aggoun Y, Pousset M, Dubern B, Bouglé
D, Girardet JP, et al. Association of arterial stiffness and
endothelial dysfunction with metabolic syndrome in obese
children. J Pediatr. 2008;153:65-70.
26. Meyer AA, Kundt G, Steiner M, Schuff-Werner P, Kienast W.
Impaired flow-mediated vasodilatation, carotid artery intimamedia thickening, and elevated endothelial plasma markers
in obese children: The impact of cardiovascular risk factors.
Pediatrics. 2006;117:1560-7.

1260   Rev Esp Cardiol. 2010;63(11):1253-60

27. WHO Multicentre Growth Reference Study Group. Available
at: http://www.who.int/childgrowth/en/.
28. Cole TJ, Bellizi MC, Flegan KM, Dietz WH. Establishing a
Standard definition for child overweight and obesity worldwide:
international survey. BMJ. 2000;320:1240-3.
29. International Obesity TaskForce. Available at: http://www.
iotf.org/aboutobesity.
30. The Fourth Report on the Diagnosis, Evaluation, and
Treatment of High Blood Pressure in Children and Adolescents.
Pediatrics. 2004;114:555-76.
31. American Academy of Pediatrics. National Cholesterol
Education Program: Report of the expert panel on blood
cholesterol levels in children and adolescents. Pediatrics. 1992;
89:525-84.
32. Laurent S, Cockcroft J, van Bortel L, Boutouyrie P,
Giannattasio C, Hayoz D, et al. Expert consensus document
on arterial stiffness: methodological issues and clinical
applications. Eur Heart J. 2006;27:2588-605.
33. Tuboul PJ, Hennerici MG, Meairs S, Adams H, Amarenco P,
Bornstein N, et al. Mannheim carotid intima-media thicness
consensus (2004-2006). Cerebrovasc Dis. 2007;23:75-80.
34. Wunsh R, De Sousa G, Toschke AM, Reinehr T. Intimamedia thickness in obese children before and after weight loss.
Pediatrics. 2006;118:2334-40.
35. Aggoun Y, Bonnet D, Sidi D, Girardet JP, Brucker E, Polak
M, et al. Arterial mechanical changes in children with familial
hypercholesterolemia. Arterioscler Thromb Vasc Biol. 2000;20:
2070-25.
36. Collins RT, Somes GW. Arterial stiffness is increased in
American adolescent compared to Japanese counterparts.
Pediatr Cardiol. 2009;30:794-9.
37. Nakae I, Matsuo S, Matsumoto T, Mitsunami K, Horie M.
Augmentation index and pulse wave velocity as indicators of
cardiovascular stiffness. Angiology. 2008;59:421-6.
38. Lehman E, Watts G, Gosling R. Aortic distensibility and
hypercholesterolemia. Lancet. 1992;340:1171-2.
39. Barenbrock M, Spieker C, Kerber S, Vielhaner C, Hoeks AP,
Zidek W, et al. Different effects of hypertension, atherosclerosis
and hyperlipidaemia on arterial distensibility. J Hypertens.
1995;13:1712-7.

