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Reduced arterial stiffness in very fit boys and girls
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Abstract Low cardiorespiratory fitness is associated with higher cardiovascular risk, whereas high levels of
cardiorespiratory fitness protect the cardiovascular system. Carotid intima-media thickness and arterial
distensibility are well-established parameters to identify subclinical cardiovascular disease. Therefore, this study
investigated the influence of cardiorespiratory fitness and muscular strength on carotid intima-media thickness
and arterial distensibility in 697 children and adolescents (376 girls), aged 7–17 years. Cardiorespiratory fitness
and strength were measured with the test battery FITNESSGRAM; carotid intima-media thickness, arterial
compliance, elastic modulus, stiffness index β, and pulse wave velocity β were assessed by B- and M-mode
ultrasound at the common carotid artery. In bivariate correlation, cardiorespiratory fitness was significantly
associated with all cardiovascular parameters and was an independent predictor in multivariate regression
analysis. No significant associations were obtained for muscular strength. In a one-way variance analysis, very fit
boys and girls (58 boys and 74 girls> 80th percentile for cardiorespiratory fitness) had significantly decreased
stiffness parameters (expressed in standard deviation scores) compared with low fit subjects (71 boys and
77 girls< 20th percentile for cardiorespiratory fitness): elastic modulus −0.16± 1.02 versus 0.19± 1.17,
p= 0.009; stiffness index β −0.15± 1.08 versus 0.16± 1.1, p= 0.03; and pulse wave velocity β −0.19± 1.02
versus 0.19± 1.14, p= 0.005. Cardiorespiratory fitness was associated with healthier arteries in children and
adolescents. Comparison of very fit with unfit subjects revealed better distensibility parameters in very fit boys
and girls.
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CARDIORESPIRATORY FITNESS HAS AN INDEPENDENT

beneficial effect on the cardiovascular system.1

Fit subjects have a lower risk for cardiovascular
disease and lower mortality rates.2,3 In contrast, low
cardiorespiratory fitness is regarded as major risk
factor for cardiovascular disease.1 Carotid intima-
media thickness and arterial distensibility are
independent predictors of cardiovascular disease and
are well-established markers to identify early athero-
sclerotic changes of the arterial wall.4 Pathologically
altered arteries are characterised by an abnormal

increase in wall thickness and loss of elasticity.5 These
alterations are already present in inactive children
and adolescents.6 Promotion of cardiorespiratory
fitness should therefore start as early as possible, in
order to prevent children from becoming inactive
adults at cardiovascular risk.7

Findings on the association between cardior-
espiratory fitness and carotid intima-media thickness
in children are scarce. Ried-Larsen et al8 and Pahkala
et al9 observed no significant association between
cardiorespiratory fitness and carotid intima-media
thickness in adolescents aged 15 and 17 years,
respectively. In adults, there are studies reporting no
significant influence of cardiorespiratory fitness on
carotid intima-media thickness.10–13 Others have
reported the opposite but only in high-risk patients14
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or in men but not in women.15 Regarding arterial
distensibility, an inverse correlation with arterial
stiffness has been observed in children6,8,16,17 and
adults.12,16,18 Comparison between exercise-trained
subjects and sedentary controls revealed more
distensible arteries in trained subjects.11,19

Resistance training positively modifies traditional
cardiovascular risk factors.20 The influence of
resistance training or strength, respectively, on carotid
intima-media thickness and arterial distensibility is not
clear. A particular study on adolescents observed no
increased carotid intima-media thickness after resis-
tance training for 12 weeks.21 In children, Melo et al22

reported an inverse relationship between muscular
strength and carotid intima-media thickness. For
arterial distensibility and strength, no study in children
has been reported thus far. Findings in adults are
contradictory, with studies reporting that resistance
training increases arterial stiffness,20,23 leads to no
change,24,25 or to reduced stiffness.26,27

Owing to contradictory findings of the influence of
cardiorespiratory fitness on vascular parameters, and
the lack of studies on the effect of strength on vascular
parameters in children, this study aimed to investi-
gate the relationship between cardiorespiratory
fitness and strength and carotid intima-media thick-
ness and arterial distensibility in a large cohort of
boys and girls aged between 7 and 17 years.

Materials and methods

Data collection was part of the prevention project
“Sternstunden der Gesundheit”, a cross-sectional
prospective study conducted from October, 2012 to
July, 2013 in Berchtesgadener Land, Germany.
Healthy children (n= 1017, 483 boys/534 girls)
aged 7–17 years were included to establish reference
percentiles for carotid intima-media thickness and
distensibility measures28 and to investigate cardior-
espiratory fitness and strength. The study was
approved by the ethics committee of the Technische
Universität München (5490/12), and informed
written consent was obtained from parents of
children younger than 14 years of age and from both
parents and children ⩾ 14 years.
Data on carotid intima-media thickness, arterial

distensibility, and cardiorespiratory fitness and
strength were available for n= 697 healthy school
children (376 girls) aged 7–17 years. Owing to
technical problems, data on carotid intima-media
thickness were lost for n= 281 subjects and on
arterial distensibility for n= 89 subjects. In addition,
eight students could not participate in fitness testing,
owing to injuries or no proper sportswear.
Anthropometric measurements were performed by

trained staff, according to standardised guidelines.29

Body weight and height were measured to the nearest
0.1 kg and 0.1 cm, respectively, without shoes and
with light clothes (seca 799, seca, Hamburg,
Germany). Body mass index was calculated using the
ratio of mass (kg) to height2 (m2). Standard deviation
scores for body mass index refer to German reference
values.30

Carotid intima-media thickness and arterial
distensibility were assessed with semi-automated
B- and M-mode ultrasound (ProSound Alpha 6,
Aloka/Hitachi Medical Systems GmbH, Wiesbaden,
Germany), using a high-frequency linear array probe
(5–13MHz). After a 15-minute rest period, subjects
were examined in the supine position, with their neck
slightly extended and their head turned 45° opposite
the site being scanned. Carotid intima-media thick-
ness was measured in B-Mode according to the
Mannheim consensus31 on the common carotid artery
far wall, 1 cm proximal to the bulb at end diastole.
Distensibility was assessed at the same location in real
time M-mode with high-precision vascular echo
tracking. In total, four measurements were performed
for each subject, two on the left and two on the right
common carotid artery, and the mean value out
of the four measurements was calculated. Cardiac
cycle was simultaneously monitored with a three-lead
electrocardiogram.
Common carotid artery distensibility was defined

by arterial compliance, elastic modulus, stiffness
index β, and pulse wave velocity β according to the
following formulae,32 where D is the change in vessel
cross-sectional area and BP is blood pressure.

Arterial compliance= πðDmax2�Dmin2Þ = ½4ðBPmax�BPminÞ�

Arterial compliance defines the ability of the
artery to increase its volume in response to a given
increase in blood pressure. It is the inverse of arterial
stiffness.

Elasticmodulus= ðBPmax�BPminÞ = ½ðDmax�Dmin =DminÞ�

Elastic modulus increases with increasing stiffness of
the vessel and is high in blood pressure dependency.

Stif fness index β= lnðBPmax =BPminÞ = ½ðDmax�DminÞ =Dmin�

Stiffness index β increases with increasing stiffness of
the vessel but is low in blood pressure dependency.

Pulse wave velocity β=pð β ´BPminð Þ = 2ρÞð Þ

Pulse wave velocity is the speed at which the forward
pressure wave is transmitted from the aorta through
the vascular tree. In this study, pulse wave velocity
β was assessed as local pulse wave velocity of the
common carotid artery.
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Blood pressure was measured oscillometrically
(Mobil-O-Graph®, I.E.M., Stolberg, Germany) on
the left arm, after subjects had rested for 10 minutes
in the supine position.
All measurements were performed by two experi-

enced testers. Variability between testers was assessed
with the coefficient of variation in 27 subjects mea-
sured by both testers. For carotid intima-media
thickness, the coefficient of variation was 4.79%,
and 3.54% for distensibility, calculated as average
coefficient of variation of arterial compliance
(4.47%), elastic modulus (3.42%), stiffness index
β (4.92%), and pulse wave velocity β (1.37%).
Cardiorespiratory fitness and strength were

assessed with the test battery FITNESSGRAM33:
(1) cardiorespiratory fitness as number of laps in a
20-metre shuttle run at increasing speed, (2) upper
body strength by push-ups, and (3) abdominal
strength by curl-ups, as well as (4) lower back
strength by trunk lift. Children were tested one by
one by trained staff, following standardised test
instructions.33 The test–re-test reliability for
FITNESSGRAM is reported with a κ coefficient of
0.64 for cardiorespiratory fitness, 0.48 for push-ups,
and 0.56 for curl-ups.34 For cardiorespiratory fitness,
three categories were calculated for each age group
and for boys and girls separately.35 The categories
were “low fit” (<20th percentile), “normal fit”
(20th–80th percentile), and “very fit” (>80th
percentile). For strength testing, children were
defined as either being within the healthy fitness zone
or not – that is, needs improvement zone – according
to age- and sex-specific criterion-referenced stan-
dards.33 Results of strength testing were combined
into one category for correlation and multiple
regression analysis: healthy fitness zone for children
within the normal range for all three tasks and needs
improvement zone for children failing in one or more
of the categories.
Data were analysed using IBM SPSS statistics for

Windows, version 21.0 (IBM SPSS Statistics for
Windows, version 22.0, IBM Corp., Armonk, NY,
United States of America). After testing for normal
distribution, differences between boys and girls and
between boys and girls in different age groups
were analysed by independent samples t-test or
Mann–Whitney U-test. The influence of cardior-
espiratory fitness and strength on vascular data was
analysed by bivariate correlation, controlled for sex,
age, body mass index, and blood pressure. A multi-
variate stepwise linear regression was performed to
account for the independent influence of cardior-
espiratory fitness, strength, body mass index, and
blood pressure on vascular data. For cardiorespiratory
fitness, differences in vascular status between differ-
ent fitness levels were analysed by one-way analysis of

variance with Bonferroni post hoc correction. To
control for age differences in parameters, sex- and
age-specific standard deviation scores were applied
in this analysis.28 Data are expressed as mean
value± standard deviation; a p-value of <0.05 was
considered to be statistically significant.

Results

Carotid intima-media thickness, arterial dis-
tensibility, cardiorespiratory fitness, and strength
were assessed in n= 697 children (376 girls). Girls
were significantly older than boys (12.6± 2.5 years
versus 11.8± 2.2 years, p< 0.001), and no sig-
nificant differences were observed for anthropometric
measures and cardiovascular data. Boys performed
significantly better in push-ups (12.7± 10.7 versus
6.6± 6.5, p< 0.001) and had better cardior-
espiratory fitness (34.5± 16.5 versus 30.1± 12,
p< 0.001), whereas girls performed better in
trunk lift (25.9± 5.9 versus 23.6± 5, p< 0.001).
Anthropometric and cardiovascular data, cardior-
espiratory fitness, and strength testing results for the
entire study population and separate age groups
are displayed in Tables 1 and 2, respectively. Among
all, 78.2% (246 boys/299 girls) of children were
normal weight, 7.2% (30/20) were overweight,
6.6% (19/27) were obese, and 8.1% (26/30) were
underweight.

Table 1. Subject characteristics in absolute values and standard
deviation scores (SDS).

321 (♂) 376 (♀)

Age (years)‡ 11.8± 2.2 12.6± 2.5
Weight (kg) 44.8± 15.3 46.5± 14.3
Height (cm) 151.9± 14.5 153.9± 13.2
Body mass index 18.9± 3.5 19.2± 3.9
Body mass index SDS 0.1± 1.0 0.01± 1.1
Systolic blood pressure 116± 9.8 116.1± 9.9
Systolic blood pressure SDS 0.9± 1.1 0.8± 1.2
Diastolic blood pressure 67.8± 7.9 68.2± 8.2
Diastolic blood pressure SDS 0.4± 1.2 0.4± 1.3
Carotid intima-media thickness (mm) 0.46± 0.03 0.46± 0.03
Carotid intima-media thickness SDS −0.02± 1 0.02± 1
Arterial compliance 1.2± 0.4 1.2± 0.3
Arterial compliance SDS 0.03± 1 0.01± 1
Elastic modulus 46.6± 11.7 44.9± 10.7
Elastic modulus SDS −0.01± 1 0.03± 1
Stiffness index β 3.9± 1 3.8± 0.9
Stiffness index β SDS 0.00± 1 0.03± 1
Pulse wave velocity β (m/s) 4± 0.4 4.0± 0.5
Pulse wave velocity β SDS 0.4± 0.6 0.02± 1
Cardiorespiratory fitness (pacer laps)‡ 34.5± 16.5 30.1± 12.1
Curl-ups 24.7± 19 22.9± 16.2
Push-ups‡ 12.7± 10.7 6.6± 6.5

‡p< 0.001
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Table 2. Subject characteristics in absolute values and standard deviation scores (SDS) for different age groups.

<10 years 10–11.99 years 12–13.99 years 14–15.99 years 16–17.99 years

64 (♂) 67 (♀) 126 (♂) 90 (♀) 76 (♂) 92 (♀) 36 (♂) 96 (♀) 19 (♂) 31 (♀)

Age (years) 8.9± 0.6 8.9± 0.6 11.1± 0.5 11± 0.5 12.8± 0.6 12.8± 0.6 14.8± 0.6 14.8± 0.6 16.6± 0.5 16.7± 0.5
Weight (kg) 31.2± 6.7 30.8± 6.4 40.4± 8.5 40.2± 10.4 49± 12.9 48.2± 9.2 62.9± 15.6† 56.8± 12.2† 68.3± 14* 61.6± 12.1*
Height (cm) 134.7± 5.7 133.7± 6.4 147.8± 7.2 148.3± 7.6 157.3± 8.6 160± 7.5 172± 9.5‡ 165± 5.7‡ 176.7± 6.3‡ 164.8± 6.1‡

Body mass index 17± 2.5 17.1± 2.9 18.4± 3 18.1± 3.6 19.5± 3.7 19± 2.8 21.1± 4.1 20.8± 4 21.8± 3.4 22.7± 4.5
Body mass index SDS 0.11± 0.9 0.07± 1.1 0.11± 1 −0.05± 1.1 0.09± 1.2 −0.12± 1 0.2± 1.1 0.04± 1 0.15± 1.1 0.35± 1.2
Systolic blood pressure 112.1± 9.3 113± 11 115.4± 9.8 116.7± 9.2 118.7± 8.6 117.4± 9.5 116.1± 9.5 116± 9.2 122.7± 10.9 117.3± 11.3
Systolic blood pressure SDS 1.3± 1 1.27± 1.3 1.11± 1.1 1.17± 0.9 1± 0.9 0.81± 1 116.4± 7.8* 0.38± 1.1* 0.15± 1 0.37± 1.3
Diastolic blood pressure 64.3± 6.6 66.4± 8.7 69.1± 8 67.3± 8.1 69.4± 6.8 68.9± 7.1 64.9± 10.1 69.3± 8.9 69.4± 7.3 68.4± 8.2
Diastolic blood pressure SDS 0.33± 1 0.59± 1.4 0.71± 1.2 0.45± 1.2 0.5± 1 0.44± 1.1 −0.03± 0.9 0.21± 1.3 −0.14± 0.9 −0.19± 1.1
Carotid intima-media thickness (mm) 0.46± 0.03 0.45± 0.03 0.46± 0.03 0.47± 0.03 0.47± 0.03 0.47± 0.03 0.47± 0.03 0.47± 0.04 0.48± 0.03 0.46± 0.03
Carotid intima-media thickness SDS −0.11± 1 −0.04± 1 −0.03± 1 0.14± 1 0.01± 1 −0.01± 1 −0.46± 1.4 0.03± 1.1 0.19± 1 −0.16± 1
Arterial compliance 1.2± 0.5 1.1± 0.4 1.3± 0.4 1.1± 0.2 1.2± 0.3 1.2± 0.3 1.2± 0.2 1.2± 0.3 1.3± 0.4 1.1± 0.3
Arterial compliance SDS 0.01± 1 0.12± 1.2 0.08± 1.1 −0.06± 0.9 0.01± 1 0.08± 1 −0.01± 0.9 0.02± 1 0.02± 1.3 −0.2± 1
Elastic modulus 44.3± 10.5 44± 11.3 46.4± 12.5 45.6± 9.9 47.4± 9.8 44.2± 9.8 46.8± 9.3 44.3± 11.6 51.3± 18.4 49.1± 11.1
Elastic modulus SDS −0.13± 1 −0.11± 1.1 0± 1.1 0.09± 0.9 0.07± 0.9 0.01± 1 −0.06± 0.8 0.01± 1.1 0.18± 1.6 0.28± 1
Stiffness index β 3.8± 0.9 3.8± 1 3.9± 1 3.8± 0.9 3.9± 0.9 3.7± 0.8 4.1± 1.1 3.7± 0.9 4.1± 1.2 4.1± 0.8
Stiffness index β SDS −0.05± 1 −0.09± 1.1 0± 1 0.09± 1 0± 0.9 0± 1 0.11± 1 0.11± 1 0.03± 1.3 0.24± 0.9
Pulse wave velocity β (m/s) 3.9± 0.4 3.9± 0.4 4.1± 0.5 4± 0.4 4.1± 0.4 4± 0.4 4± 0.3 4± 0.5 4.2± 0.7 4.2± 0.5
Pulse wave velocits β SDS −0.15± 0.9 −0.15± 1.1 0.03± 1.1 0.05± 0.9 0.7± 0.9 0.01± 1 −0.13± 0.8 0± 1.1 0.23± 1.4 0.26± 1
Cardiorespiratory fitness (pacer laps) 25.2± 12 20.9± 7.9 31.5± 13.7 28± 10 40.8± 16.5* 34.1± 10.3* 39.9± 17.3 34.5± 13.5 49.8± 21‡ 30± 13.3‡

Curl-ups 11.3± 7.6* 18.9± 20* 23± 20.4 20.8± 15.8 33.8± 17.8† 24.6± 5.4† 32.8± 18.4 26.8± 17.4 29.2± 13.3* 20.6± 14*
Push-ups 9.5± 8.1 7.5± 6.9 11.3± 9.2‡ 6.8± 6.6‡ 13.7± 11.5‡ 6.4± 6.4‡ 14.9± 11.9‡ 6.3± 6.1‡ 24.9± 13.7‡ 5.5± 7‡

*p< 0.05, †p< 0.01, ‡p< 0.001
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More than half of the children, 59.8% (192/225),
were classified as normal fit, 21.2% (71/77) as
low fit, and 18.9% (58/74) as very fit. Partial corre-
lation, controlled for sex, age, body mass index, and
blood pressure, revealed cardiorespiratory fitness to be
significantly correlated with all cardiovascular para-
meters: for carotid intima-media thickness, r= 0.14;
arterial compliance, r= 0.16; elastic modulus,
r=− 0.15; stiffness index β, r=− 0.13; and pulse
wave velocity β, r=− 0.14 (p< 0.001). No sig-
nificant correlation was observed for push-ups and
curl-ups, respectively, with cardiovascular para-
meters. No significant correlation was observed for
the combined strength parameter (healthy fitness
zone/needs improvement zone): carotid intima-media
thickness, r= 0.03 (p= 0.38); arterial compliance,
r= 0.04 (p= 0.33); elastic modulus, r=− 0.02
(p= 0.58); stiffness index β, r=− 0.02 (p= 0.58);
pulse wave velocity β, r=− 0.03 (p= 0.42). In the
multivariate regression analysis, cardiorespiratory
fitness was significantly associated with all cardio-
vascular parameters, and push-ups and curl-ups had
no independent influence on cardiovascular data
(Table 3). Cardiorespiratory fitness and strength tasks
were positively correlated with body dimensions.
Correlation coefficients, controlled for age, sex, and
blood pressure, were r=− 0.19 (curl-ups) and −0.29
(push-ups) for body mass index, r=− 0.13 and
r=− 0.21 for waist-to-hip ratio, and r=− 0.21 and
r=− 0.31 for waist-to-height ratio (p< 0.001).
Furthermore, cardiorespiratory fitness and strength
were intercorrelated (r= 0.35 for curl-ups; r= 0.54
for push-ups, p< 0.001).
Regarding cardiorespiratory fitness categories, 192

boys and 225 girls were defined as normal fit, 71 boys
and 77 girls as low fit, and 58 boys and 74 girls as
very fit. Comparison between the three categories
revealed no significant differences for carotid intima-
media thickness or arterial compliance. Regarding
elastic modulus, stiffness index β, and pulse wave
velocity β, very fit subjects had significantly reduced
stiffness parameters compared with subjects with a
low fitness level (expressed as standard deviation
scores): elastic modulus 0.16± 1.02 versus
0.19± 1.17, p= 0.009; stiffness index β
−0.15± 1.08 versus 0.16± 1.1, p= 0.03; pulse wave
velocity β standard deviation scores −0.19± 1.02
versus 0.19± 1.14, p= 0.005 (Fig 1).

Discussion

Carotid intima-media thickness in this study was
positively associated with cardiorespiratory fitness,
independent of sex, age, body mass index, and blood
pressure. These results are in contrast with studies in
children8,9 and in adults.10–13 As the artery’s T
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functional parameters such as arterial compliance,
elastic modulus, stiffness index ß, and pulse wave
velocity ß were not impaired, we state a functional
arterial adaptation in our subjects, mediated by
exercise that is similar to muscular adaptation to a
training stimulus. Cuspidi et al36 found significantly
higher carotid intima-media thickness in athletes and
borderline hypertensive individuals and assumed that
the arterial wall may undergo similar adaptations as
the athlete’s heart. According to Giannattasio et al,37

this exercise-induced increase in carotid intima-
media thickness affects more distensible tissues than
less elastic components.
The results of the multivariate regression analysis

revealed systolic blood pressure, body mass
index, and cardiorespiratory fitness as independent
predictors of carotid intima-media thickness. The
extent to which cardiorespiratory fitness influences
carotid intima-media thickness is similar to that of
body mass index; however, these parameters may
address different aspects of arterial wall thickening.
Overweight and obesity are generally associated with
an increased risk for cardiovascular disease, whereas
cardiorespiratory fitness has a beneficial effect on the
cardiovascular system.35,38,39

Parameters of arterial distensibility were positively
associated with cardiorespiratory fitness, which is in
accordance with other studies in children.8,9,16,17

Furthermore, cardiorespiratory fitness was an
independent predictor of all parameters of arterial
distensibility, indicating a reduced cardiovascular
risk in fit children.15 In comparison between children
of different cardiorespiratory fitness categories,

children within the lowest fitness category showed
significantly increased stiffness parameters – elastic
modulus, stiffness index β, and pulse wave velocity
β – compared with very fit children. In contrast to
Ferreira et al40 and Pahkala et al,9 these results indi-
cate that in childhood and adolescence low cardior-
espiratory fitness is already associated with increased
carotid stiffness. Mechanisms leading to this
improved arterial distensibility could be mediated by
increased shear stress and nitric oxide release, which
positively modify vasodilatory response of the vessel
wall and lower blood pressure and heart rate.17,41,42

This results in lower mechanical stress on the arterial
wall and reduces cardiovascular risk. In accordance
with other studies,9–11,19 no significant differences
could be found between cardiorespiratory fitness
categories and carotid intima-media thickness or
arterial compliance for boys and girls.
We did not observe a significant correlation

between strength and vascular parameters. Thus far,
only one study has addressed carotid intima-media
thickness and strength in children and found an
independent association between the two para-
meters.22 In this study, strength was independently
associated with carotid intima-media thickness. The
authors connect increased strength with improved
insulin sensitivity and reduced glucose levels,
whereas insulin resistance on the other hand is asso-
ciated with a pre-atherogenic profile in adolescents.43

A lower cardiovascular risk associated with increased
strength was shown in two other studies.44,45 In both
studies, as well as the study by Melo et al,22 strength
was assessed as maximum strength measured via
handgrip test22,44,45 and standing long jump.44,45 In
our study, muscular endurance was measured and not
maximal strength, which could account for opposite
findings. Another reason could be the different age
groups that were studied. Melo et al22 examined
children aged 11–12 years, whereas our age range was
from 7 to 17 years. Thus, our results might be
influenced by factors related to age and puberty.46,47

Other studies that applied FITNESSGRAM cate-
gorised subjects according to sex- and age-dependent
criterion-reference standards, either being within the
healthy fitness zone or not.48,49 These standards were
derived from a large US sample.33,50 To avoid bias
due to different ethnical and social backgrounds, we
decided to treat FITNESSGRAM results as con-
tinuous variables. Mentioned studies by Morrow
et al49 and Marques et al48 report a relationship
between time spent in moderate-to-vigorous physical
activity and higher odds to achieve the healthy fitness
zone. In our study, strength tasks were positively
correlated with cardiorespiratory fitness and also with
body dimensions. It is likely that children with high
levels of cardiorespiratory fitness participate in

Figure 1.
Sex- and age-specific standard deviation scores for vascular
parameters. Subjects with cardiorespiratory fitness (CRF) <20th
percentile were defined as low fit, subjects with CRF >80th
percentile as very fit, and those in between as normal fit.
AC= arterial compliance; β= stiffness index β; cIMT= carotid
intima-media thickness; Ep= elastic modulus; and PWV β= pulse
wave velocity β and different fitness levels; SDS= standard
deviation scores.

122 Cardiology in the Young January 2017

https://doi.org/10.1017/S1047951116000226 Published online by Cambridge University Press

https://doi.org/10.1017/S1047951116000226


activities that influence both aerobic capacity as well
as strength, both of which lower cardiovascular
risk.44,45,39

In conclusion, cardiorespiratory fitness is associated
with healthier arteries, shown by a positive correlation
between cardiorespiratory fitness and arterial com-
pliance and an inverse correlation between cardior-
espiratory fitness and stiffness parameters. For carotid
intima-media thickness, we propose a positive func-
tional adaptation mediated by cardiorespiratory fitness.
Strength did not affect carotid intima-media thickness
and stiffness parameters. As cardiovascular disease
begins in childhood, prevention should start as early in
life as possible with a focus on cardiorespiratory
fitness.8,15,51

Limitations of the study

In total, 1017 healthy school children were included
in this study. According to the ethics guidelines,
study participation was voluntary, which may have
led to a bias in the selection of study participants.
Children participated in this study as part of a school
prevention project, and measurements were
performed in a school setting, with one class each day
(9am–1pm). Owing to this set time frame, we could
not assess pubertal status and we could perform only
one blood pressure measurement. That is why
children were not classified as being hypertensive or
not. Owing to an initial problem in the storage
process of ultrasound data, we lost 281 carotid
intima-media thickness measurements and 89
distensibility measurements.
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