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Abstract

Background: The evidence on the associations of cardiorespiratory fitness, body adiposity and sports participation with
arterial stiffness in children and adolescents with chronic diseases or physical disabilities is limited.

Methods: Altogether 140 children and adolescents with chronic diseases or physical disabilities participated in this
cross-sectional study. Cardiorespiratory fitness was assessed using maximal exercise test with respiratory gas analyses
either using shuttle run, shuttle ride, or cycle ergometer test. Cardiorespiratory fitness was defined as peak oxygen
uptake by body weight or fat-free mass. Body adiposity was assessed using waist circumference, body mass index
standard deviation score and body fat percentage. Sports participation was assessed by a questionnaire. Aortic pulse
wave velocity and augmentation index were assessed by a non-invasive oscillometric tonometry device.

Results: Peak oxygen uptake/body weight (standardised regression coefficient § —0.222, 95% confidence interval (Cl)
—0.386 to —0.059, P=0.002) and peak oxygen uptake/fat-free mass (f —0.173, 95% ClI —0.329 to —0.017, P=0.030)
were inversely and waist circumference directly ( 0.245, 95% CI 0.093 to 0.414, P =0.002) associated with aortic pulse
wave velocity. However, the associations of the measures of cardiorespiratory fitness with aortic pulse wave velocity
were attenuated after further adjustment for waist circumference. A higher waist circumference (f —0.215, 95% ClI
—0.381 to —0.049, P=10.012) and a higher body mass index standard deviation score (B 0.218, 95% Cl —0.382 to
—0.054, P=0.010) were related to lower augmentation index.

Conclusions: Poor cardiorespiratory fitness and higher waist circumference were associated with increased arterial
stiffness in children and adolescents with chronic diseases and physical disabilities. The association between cardio-
respiratory fitness and arterial stiffness was partly explained by waist circumference.
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Introduction

Arteriosclerotic cardiovascular diseases are one of the
leading causes of morbidity and mortality and the costs
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related to arteriosclerosis demonstrate a considerable
economic burden.! Arterial stiffness and endothelial
dysfunction are the first signs of arteriosclerosis and
they have already been established in children and ado-
lescents.>® In adults, increased arterial stiffness has
been found to predict subsequent clinical cardiovascu-
lar events.* Therefore, early identification of children
and adolescents with increased arterial stiffness is of
importance in order to prevent arteriosclerotic cardio-
vascular diseases in later years.!

Poor cardiorespiratory fitness has been associated
with higher carotid and femoral artery stiffness and
aortic intima media thickness (IMT) and elasticity in
adolescents.™® Better cardiorespiratory fitness in ado-
lescence also has been linked to lower femoral artery
stiffness and carotid IMT at the age of 36 years.’
Furthermore, obesity has been consistently related to
stiffer carotid and aortic arteries among youth.® Higher
levels of habitual physical activity have been associated
with lower arterial stiffness, lower aortic IMT and
improved endothelial function in children and adoles-
cents in some,” ! but not all studies.'> !> Furthermore,
constantly high levels of vigorous physical activity
between the ages of 13 and 36 years have been linked
to lower arterial stiffness at the age of 36 years.'®
Finally, the results of some previous studies suggest
that exercise training has favourable effects on flow-
mediated dilation as a marker of endothelial function
in overweight and obese children and adolescents.'’

Children and adolescents with chronic diseases or
physical disabilities may have an increased risk of
arteriosclerosis.'® The evidence suggests that children
and adolescents with chronic diseases or physical dis-
abilities have lower cardiorespiratory fitness,'” a higher
prevalence of overweight and obesity,'”** lower levels
of physical activity,”®?' and they participate less often
in organised sports,?® than their apparently healthy or
normally developing peers. Children and adolescents
with chronic diseases or disabilities may also have
increased arterial stiffness.”> Studies among adults
also suggest that arterial stiffness is a particularly
important marker of subsequent cardiovascular mor-
bidity and mortality among those with chronic cardio-
vascular or metabolic diseases.* However, one small
study found no differences in arterial structure and
function between children with cerebral palsy and nor-
mally developing children with similar levels of physical
activity and body adiposity.”® Nevertheless, there are
no studies on the associations of cardiorespiratory fit-
ness, body adiposity and sports participation with
arterial stiffness in a large sample of children and ado-
lescents with chronic diseases or physical disabilities.

The aim of the present study was to investigate the
associations of cardiorespiratory fitness, body adiposity
and sports participation with arterial stiffness in

children and adolescents with chronic diseases or phys-
ical disabilities. We also studied if there are thresholds
for cardiorespiratory fitness and the measures of body
adiposity that are associated with increased arterial
stiffness.

Methods
Participants

The present analyses are based on the data from the
Health in Adapted Youth Sports (HAYS) study and
the Sport-2-Stay-Fit (S2SF) study. These studies are
designed to investigate the associations of sports par-
ticipation and exercise training with physical fitness,
physical activity, body adiposity, cognition, cardiovas-
cular health and quality of life in children and adoles-
cents with chronic diseases or physical disabilities. The
study designs are published in detail elsewhere.***°

The children and adolescents for the HAYS study
and S2SF study were recruited in the Netherlands
among different patient associations, paediatric phys-
ical therapy practices, Wilhelmina Children’s Hospital
in Utrecht, De Hoogstraat Rehabilitation Center in
Utrecht, Fitkids practices, schools for special education
and adapted sports organisations. The inclusion criteria
for the HAYS study and the S2SF study were that
participants had to understand the Dutch language,
understand simple instructions and be able to perform
physical fitness tests. All ambulatory children and ado-
lescents and wheelchair users were eligible to partici-
pate. Children and adolescents using an electric
wheelchair, having a progressive disease, who partici-
pated in other research projects, or who had contraindi-
cations for performing a maximal exercise test were
excluded.

Ethical approval

The study protocols were approved by the medical
ethics committee of the University Medical Center
Utrecht, the Netherlands (METC number: 14-332/c
and 14-118/m). All participants and the parents of par-
ticipants under 18 years of age provided their informed
written consent. Studies were conducted in accordance
with the Helsinki Declaration.

Assessment of cardiorespiratory fitness

Peak oxygen uptake (VOzpeak) as a measure of cardio-
respiratory fitness was assessed either by an adapted 10-
m incremental shuttle run test, by a 10-m incremental
shuttle ride test, or by an incremental cardiopulmonary
exercise test on an electronically braked Ergoline cycle
ergometer (Ergoselect 200 K; Ergoline, Bitz,
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Germany).”* The test modality was based on the
evaluation of children’s ambulatory ability, mode of
daily locomotion, type of sports and safety issues.
All children with a congenital cardiopulmonary disease
underwent an incremental cardiopulmonary exercise
test with continuous electrocardiography monitoring
on a cycle ergometer. Participants who were able to
walk or run performed an incremental shuttle run test
and wheelchair users performed a shuttle ride test.
Altogether 64% of the participants performed a shuttle
run test, 11% a shuttle ride test and 24% a cycle erg-
ometer test. All the test procedures have been described
in detail previously.>*

Respiratory gases were collected using paediatric
masks (Hans—Rudolph, Shawnee, Kansas, USA)
during the test by a calibrated metabolic cart (Cortex
Metamax, Samcon bvba, Melle, Belgium). Regardless
of testing modality, respiratory gases were measured
directly by the breath-by-breath method from the 3-
minute resting steady-state period to the post-exercise
rest and were averaged over consecutive 10-s periods.

Children and adolescents were verbally encouraged
to exercise until voluntary exhaustion. The exercise test
was considered maximal if the subjective and objective
criteria indicated maximal effort and maximal cardio-
respiratory capacity (i.e. flushing, sweating, heart rate
>180, respiratory exchange ratio >1.0, or plateau of
VO,). Cardiorespiratory fitness was defined as
VOzpeak per body weight and VOzpeak per kg fat-free
mass (FFM).

Assessment of body size and body adiposity

Body size and composition were measured after empty-
ing the bladder. Body height was measured by stadi-
ometer (Seca, Hamburg, Germany) in ambulant
participants. Among participants using a wheelchair
the body height was measured in a supine position
using a measuring tape. In the case of spasticity of
the lower limbs, arm span width was measured to the
nearest centimetre from middle fingertip to fingertip.
Body weight was measured by standard scale (Seca,
Hamburg, Germany). Participants who wused a
wheelchair and who were not able to stand on a scale
were measured using a wheelchair scale (Stimag BV,
Lisse, the Netherlands). Body mass index (BMI) was
calculated as body weight (kg)/body height (m)? for
ambulant participants and as body weight (kg)/arm
span length. We used arm span adjustment of x0.95
and x0.90 for participants with central neurological
disorders in mid-lumbar lesions and high lumbar/thor-
acic lesions, respectively.”® Waist circumference was
measured by an unstretchable measuring tape at the
level of the navel. BMI standard deviation score
(SDS) and waist circumference SDS were computed

using national reference values.”” Body fat percentage
and FFM were measured by bioelectrical impedance
analyses using a Bodystat Quadscan 4000 device
(EuroMedix, Leuven, Belgium).

Assessment of sports participation

To allow a comparison between children and adoles-
cents with chronic diseases or physical disabilities who
participated in organised sports and those without
regular sports participation we recruited sports partici-
pants from a broad range of participation in sports
including recreational level as well as high level com-
petitive sports.>* The study participants reported how
often they participated in organised sports on a ques-
tionnaire. In the present study, we defined regular
sports participation as any involvement in organised
sports at least two times per week.

Assessment of arterial stiffness

Aortic pulse wave velocity (PWVao), as a measure of
arterial stiffness and augmentation index (AIX%), as a
measure of peripheral arterial tone, were assessed by a
non-invasive oscillometric tonometry device
(Arteriograph; TensioMed Ltd., Budapest, Hungary)
from the right arm. PWVao and AIX% derived from
the arteriograph analyses have been validated against
an invasive method in adults. The correlation of inva-
sively assessed PWVao and AIX% to PWVao and
AIX% measured by the arteriograph has been found
to be strong (r>0.90) with a reasonable agreement
between oscillometric tonometry and invasive meth-
ods.*® Before the measurement, participants were
asked to rest in a supine position for 10 minutes. Age
and sex-specific SDS norm values for PWVao and
AIX% were calculated based on the data of over
4500 Caucasian children and adolescents.””*° A
higher PWVao indicates higher aortic stiffness and a
higher AIX% indicates higher peripheral arterial tone.
Systolic blood pressure was also assessed by the
arteriograph device (TensioMed Ltd., Budapest,
Hungary) in a supine position after 10 minutes rest.

Statistical methods

Basic characteristics between boys and girls were
compared using the Student’s ¢-test, the Mann—
Whitney U-test, or the chi square test. The associations
of cardiorespiratory fitness and body adiposity as inde-
pendent variables with PWVao and AIX% as depend-
ent variables were studied using linear regression
analyses adjusted for age and sex. The differences in
PWVao and AIX% between sport participants and
non-sport participants were investigated using general
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linear models (GLMs) adjusted for age and sex. The
data on the associations of cardiorespiratory fitness,
body adiposity and sports participation with PWVao
and AIX% were also mutually adjusted.

All data were additionally controlled for systolic
blood pressure, the mode of exercise testing and diag-
nosis (cardiovascular disease vs. other).

Receiver operating characteristics (ROC) curves
were used to investigate the optimal cut-off for
VOzpeak, waist circumference, BMI SDS and body fat
percentage to identify children and adolescents at or
over +1 SD of PWVao and AIX% reference
values.””** The area under the curve (AUC) is con-
sidered a measure of the effectiveness of the predictor
variable to identify correctly children and adolescents
at or above +1 SD of PWVao and AIX% (sensitivity)
and to identify correctly participants (specificity) below
+1 SD of PWVao and AIX%. An AUC of 1 represents
the ability to identify perfectly children and adolescents
at or above +1 SD of PWVao and AIX% from other
participants, whereas an AUC of 0.5 indicates no
greater predictive ability than chance alone.

The optimal cut-off was determined by the Youden
index,*! which is the maximum value of J that is com-
puted as: sensitivity + specificity — 1.

The effect modification of sex was investigated by
GLMs. Because we found no statistically significant
sex interactions between the measures of cardiorespira-
tory fitness and body adiposity and the outcome vari-
ables, we performed all analyses with data of boys and
girls combined.

Student’s f-test, the Mann—Whitney U-test, the chi
square test, GLM analyses and the linear regression
analyses were performed using the SPSS Statistics,
Version 23.0 (IBM Corp., Armonk, NY, USA). The
ROC curve analyses were performed using MedCalc
Statistical Software, version 16.1 (MedCalc Software
bvba, Ostend, Belgium). A P value of less than 0.05
was considered statistically significant.

Results
Descriptive characteristics

Complete data on variables used in the present ana-
lyses were available for 140 children and adolescents
with chronic diseases or physical disabilities (86 boys,
54 girls). Children and adolescents who were excluded
(N=37, 20 boys, 17 girls) from the present analyses
because of the missing data did not differ from those
who were included in waist circumference or BMI
SDS. Children and adolescents who were included
in the present analyses were slightly older than
those who were excluded from the present analyses
(P=0.029).

Among the included children and adolescents, boys
were taller, had a lower body fat percentage, higher
VOopear and a lower AIX% than girls (Table 1).
Seventy-six (56%) of the included children and adoles-
cents participated in sports. Altogether 17 children and
adolescents had a cardiovascular disease, four had a
pulmonary disease, 10 had a metabolic disease, 11
had a musculoskeletal/orthopaedic disability, 82 had a
neuromuscular disease/disability, six had an immuno-
logical/haematological disease, three had cancer and
seven had epilepsy (Table 1). There were no age differ-
ences among the children and adolescents in different
diagnosis groups (P =0.682).

Associations of cardiorespiratory fitness body
adiposity and sports participation with
arterial stiffness

VOzpeak per body weight and \'/Ozpeak per FFM were
inversely and waist circumference was directly asso-
ciated with PWVao after adjustment for age and sex
(Table 2). However, the relationship of VOzpeak per
body weight (B —0.133, 95% confidence interval (CI)
—0.315 to 0.050, P=0.152) and VOzpeak per FFM (B
—0.137,95% CI —0.291 t0 0.017, P =0.082) to PWVao
were no longer statistically significant after further
adjustment for waist circumference. Additional adjust-
ment for systolic blood pressure, the mode of exercise
testing, or diagnosis had no effect on these associations
(data not shown).

Waist circumference and BMI SDS were inversely
associated with AIX% after adjustment for age and
sex. Further adjustment for the measures of cardio-
respiratory fitness or sports participation had no
effect on these associations (data not shown).
However, further adjustment for systolic blood pres-
sure slightly attenuated the association between waist
circumference and AIX% ( —0.166, 95% CI —0.343 to
0.010, P=0.064). Additional adjustment for the mode
of exercise testing, or diagnosis had no effect on these
associations (data not shown).

Sports participation was not associated with PWVao
or AIX% after adjustment for age and sex (P > 0.40). The
associations of cardiorespiratory fitness, body adiposity,
sports participation with PWVao and AIX% remained
similar when PWVao SDS and AIX% SDS were used as
outcome measures or waist circumference SDS was used
as an independent variable (data not shown).

Ability of cardiorespiratory fitness and body adiposity
to identify children and adolescents with increased
arterial stiffness

The ROC curve analyses revealed that the optimal cut-
off for waist circumference to identify children and
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Table I. Descriptive characteristics.

All Boys (N=86) Girls (N =54) P value
Age (years) 14.3 (2.7) 14.1 (2.7) 14.7 (2.9) 0.078
Diagnosis group 0.320
Cardiovascular disease (%) 12.1 15.1 74
Pulmonary disease (%) 2.9 4.7 0.0
Metabolic disease (%) 7.1 4.7 .1
Musculoskeletal/orthopaedic disability (%) 79 9.3 5.6
Neuromuscular disease/disability (%) 58.6 57.0 61.1
Immunological/haematological disease (%) 43 35 5.6
Cancer (%) 2.1 1.2 3.7
Epilepsy (%) 5.0 4.7 5.6
Body height (cm) 160 (14.3) 162.7 (15.9) 157.9 (10.9) 0.033
Body weight (kg) 54.8 (16.6) 56.7 (18.4) 51.7 (12.7) 0.059
Body mass index® (kg/m?) 20.0 (5.2) 20.2 (5.6) 19.7 (5.1) 0.681
Body mass index standard deviation score 0.68 (1.3) 0.83 (1.3) 0.43 (1.3) 0.078
Prevalence of overweight (%) 393 43 333 0.253
Waist circumference (cm) 75.7 (13.3) 75.6 (14.2) 759 (12.1) 0.888
Waist circumference standard deviation score 0.8 (1.3) 0.7 (1.5) .1 (1.1) 0.062
Body fat percentage (%) 23.9 (9.7) 21.2 (9.4) 28.1 (8.7) <0.001
Peak oxygen uptake (L/min) 2.1 (1.0) 2.5 (0.9) 1.8 (0.4) <0.001
Peak oxygen uptake (ml/kg/min)? 40.0 (15.0) 44.0 (15.0) 36.0 (11.0) <0.001
Peak oxygen uptake (ml/FFM/min)? 52.9 (13.7) 56.5 (14.8) 51.1 (8.1) <0.001
Aortic pulse wave velocity (m/s)? 5.8 (1.3) 5.8 (1.2) 5.8 (I.1) 0.098
Aortic pulse wave velocity standard deviation score® —0.17 (1.71) —0.21 (1.7) —0.04 (1.7) 0.189
Aortic augmentation index (%)* 9.0 (10.4) 77 (11.4) 10.1 (10.3) 0.005
Aortic augmentation index (%) standard deviation score® 0.19 (1.23) 0.17 (1.2) 0.25 (1.2) 0.245

FFM: fat-free mass.

The data are mean (SD), median (interquartile range),” or percentages and the P values from the t-test for independent samples for continuous variables
with normal distribution and Mann—Whitney U-test for continuous variables with skewed distribution, or chi-square for prevalence of diseases/

disabilities and overweight.

Table 2. Associations of cardiorespiratory fitness and body adiposity with arterial stiffness in 140 children and adolescents with

chronic diseases or physical disabilities.

Aortic pulse wave velocity (m/s)

Aortic augmentation index (%)

B 95% ClI P value B 95% ClI P value
Peak oxygen uptake (ml/kg/min) —0.222  —0.386 to —0.059  0.008 —0.100 —0.271 to 0.070 0.247
Peak oxygen uptake (ml/fat-free mass/min)  —0.173  —0.329 to —0.017  0.030 —0.120  —0.281 to 0.041 0.142
Waist circumference (cm) 0.254 0.093 to 0.414 0.002 —0.215 —0.381 to —0.049 0.012
Body mass index standard deviation score 0.141  —0.026 to 0.307 0.097 —0218 —0.382 to —0.054 0.010
Body fat percentage (%) 0.036 —0.127 to 0.198 0.664 0016 —0.150 to 0.183 0.847

The data are standardised regression coefficients and their 95% confidence intervals (Cl) adjusted for age and sex.

adolescents with 1 SD or greater of PWV SDS was
more than 73cm (95% CI 66 to 78) with a sensitivity
of 81%, a specificity of 53% and the Youden index of
0.3386 (Figure 1). The corresponding cut-off for waist
circumference SDS was greater than —0.05 units (95%

CI —0.09 to —0.02) with a sensitivity of 81%, a specifi-
city 54% and the Youden index of 0.3477. The optimal
cut-off for VOzpeak per body weight was less than 35ml/
kg/min (95% CI 27 to 40) with a sensitivity of 48%, a
specificity of 76% and the Youden index of 0.2453.
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Figure |. Receiver operating characteristics curves of the effi-
cacy of the measures of cardiorespiratory fitness and body adi-
posity to identify children and adolescents with chronic diseases
or physical disabilities with increased aortic pulse wave velocity
(>1 SD from reference values.?® AUC indicates the area under
the curve (95% confidence interval; ClI).
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Figure 2. Receiver operating characteristics curve of the effi-
cacy of cardiorespiratory fitness to identify children and adoles-
cents with chronic diseases or physical disabilities with increased
peripheral arterial tone (augmentation index (AIX%) >1 SD from
reference values.”> AUC indicates the area under the curve (95%
confidence interval; Cl). FFM: fat-free mass.

These analyses indicated that children and adolescents
with a higher waist circumference and a lower VOzpeak
per body weight were more likely to have increased
arterial stiffness. '

The optimal cut-off for VOypea per FFM to identify
children and adolescents with 1 SD or greater of AIX%
SDS was less than 51 ml/kg FFM/min (95% CI 46 to
66) with a sensitivity of 64%, a specificity of 66% and
the Youden index of 0.3036, suggesting that children
and adolescents with poorer cardiorespiratory fitness
had increased AIX% compared to those with better
cardiorespiratory fitness (Figure 2).

Discussion

In the present study, we found inverse associations of
the measures of cardiorespiratory fitness with aortic
stiffness among children and adolescents with chronic
disease or physical disabilitiecs. However, the relation-
ships between cardiorespiratory fitness and aortic stiff-
ness were partly explained by waist circumference. We
also found that a higher waist circumference had strong
and consistent relationship to a higher aortic stiffness.
Furthermore, higher waist circumference and BMI SDS
were associated with a lower peripheral arterial tone as
indicated by a lower AIX%. Finally, we observed no
relationship between sports participation and arterial
stiffness.

To the best of our knowledge, this is the first study
on the associations of directly assessed VOzpeak with
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arterial stiffness among children and adolescents with
chronic diseases or physical disabilities. In conjunction
with some other studies, we found that better cardio-
respiratory fitness was linked to lower aortic stiffness.”°
However, the associations of VOzpeak per body weight
and VOzpeak per FFM with arterial stiffness were partly
explained by waist circumference. Similarly, one study
found that an inverse association between cardio-
respiratory fitness and arterial stiffness was explained
by body adiposity among children aged 10 years.
These results are in line with the observations that the
associations between VOzpeak relative to body weight
and cardiometabolic risk factors are confounded by
body adiposity.***

In our previous study, maximal work load by FFM as
a measure of cardiorespiratory fitness was inversely asso-
ciated with arterial stiffness in children aged 6-8 years
independent of body fat percentage.”> We found that
VOzpeak relative to FFM was attenuated after further
adjustment for waist circumference, but remained at bor-
derline significance. Furthermore, controlling for BMI
SDS or body fat percentage had no effect on the rela-
tionship between VOzpeak relative to FFM and arterial
stiffness. These results together indicate that better car-
diorespiratory fitness is related to more compliant
arteries and that this relationship is not completely
caused by lower levels of body adiposity in individuals
with higher cardiorespiratory fitness. However, more
research on the associations of cardiorespiratory fitness
with arterial fitness with an appropriate scaling of
VOzpeak is warranted to clarify further the independent
role of higher cardiorespiratory fitness of reduced arter-
ial stiffness in children and adolescents. Nevertheless,
our results suggest that in addition to weight manage-
ment improvements in cardiorespiratory fitness may
improve arterial stiffness in children and adolescents
with chronic diseases or physical disabilities.

Previous studies have suggested a threshold of
35-46 mL/kg/min for VOzpeak to identify apparently
healthy children with increased cardiometabolic risk.*®
We found that a Vo2peak per body weight lower than
35mL/kg/min was the optimal threshold for identifying
those with increased PWVao and the threshold for
identifying children and adolescents with increased
AIX% was 51 mL/FFM/min. These slight differences
in the cut-offs are probably due to the differences in
the outcome measures, methods used to assess cardio-
respiratory fitness and to measure or estimate VOzpeak
as well as the populations studied. We also analysed
boys and girls together to achieve a better statistical
power, whereas other studies have provided separate
cut-offs for boys and girls. However, our results along
with the results from previous studies suggest that
VOzpeak below 35-40 mL/kg/min is related to increased
cardiometabolic risk in children and adolescents.

Obesity has been consistently linked to increased
arterial  stiffness in children and adolescents.®
Similarly, we found that waist circumference in particu-
lar was directly associated with arterial stiffness in
children and adolescents with chronic diseases and
physical disabilities independent of cardiorespiratory
fitness. However, we found relatively weak associations
of BMI SDS and body fat percentage with arterial stiff-
ness. An explanation for these inconsistent findings
may be that abdominal adiposity has a pronounced
negative impact on arterial health in children and ado-
lescents.’” Furthermore, we found that higher levels of
body adiposity were related to lower arterial tone at
rest. We*> and others®® have previously observed
inverse associations between body adiposity and per-
ipheral arterial tone in children and adolescents. One
reason for these observations may be that overweight
may increase arterial diameter and thereby compensate
the negative effects of body adiposity on arterial
stiffness.™®

We observed that waist circumference exceeding
73 cm and waist circumference SDS above —0.05 units
were the optimal cut-offs for identifying children and
adolescents with increased arterial stiffness. These cut-
offs corresponding to an average waist circumference in
the Dutch population suggest that waist circumference
already at normal range at the population level is asso-
ciated with increased arterial stiffness in children and
adolescents with chronic diseases or physical disabil-
ities. These findings are supported by the study showing
an increased cardiovascular mortality over a 40-year
follow-up already among those who had a BMI at the
mid-normal range during adolescence.®

Previous studies have found either inverse or no asso-
ciation between habitual physical activity and the meas-
ures of arterial stiffness in children and
adolescents.'****! We observed no differences in arterial
stiffness between sports participants and non-sports par-
ticipants. One reason for our observations may be that
sports participation among children and adolescents
with chronic diseases or physical disabilities is insuffi-
cient in frequency, duration, or intensity to elicit favour-
able effects on arterial stiffness. Accordingly, there is
some ecvidence that despite the high prevalence of
sports participation, the majority of children and ado-
lescents with chronic diseases and physical disabilities
fail to meet the physical activity recommendations.*?
Another explanation may be that there may not be a
large difference in total habitual physical activity
among sports participants and non-participants.*

The strengths of the present study include valid and
reproducible methods used to assess cardiorespiratory
fitness, body composition and arterial stiffness in a rela-
tively large sample of children and adolescents with
chronic diseases or physical disabilities. This study
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had few limitations. We were not able to assess the
pubertal status of the participants, nor were dietary
factors recorded. We also used sports participation as
a proxy for physical activity instead of objectively mea-
sured physical activity. We defined chronic disease
using a non-categorical approach that considers chron-
ically ill young people as one population rather than
specific disease classes.* The current sample size pro-
hibited a sub-group analysis in specifying the disease
classes. Furthermore, we analysed boys and girls com-
bined because of the limited statistical power to analyse
boys and girls separately. We found no evidence on the
effect modification of sex, but the results of some pre-
vious studies suggest that the association between car-
diorespiratory fitness and arterial health is stronger in
boys than in girls.” Furthermore, longitudinal studies
are needed to study whether the effects of arterial stiff-
ness during childhood and adolescence on cardiovascu-
lar diseases in adulthood are different in boys and girls.
In conclusion, lower cardiorespiratory fitness and a
higher waist circumference were associated with a
higher arterial stiffness in children and adolescents
with chronic diseases or physical disabilities in the pre-
sent study. However, the associations of cardiorespira-
tory fitness were partly explained by waist
circumference. Furthermore, we found no association
between sports participation and arterial stiffness. We
also found that thresholds of less than 35 mL/kg/min
for VOzpeak, more than 73 cm for waist circumference
and over —0.05 units for waist circumference SDS were
associated with increased arterial stiffness. Taken
together, these results suggest that interventions
aiming to decrease body adiposity and to improve car-
diorespiratory fitness may improve arterial stiffness in
children and adolescents with chronic diseases or phys-
ical disabilities. However, intervention studies are war-
ranted to confirm the findings of the present study.

The HAYS study group

FJG Backx (Department of Rehabilitation, Physical Therapy
Science and Sports, Brain Center Rudolf Magnus, University
Medical Center Utrecht, Utrecht, the Netherlands), KWJE
van der Ende-Kastelijn (University of Applied Sciences,
Utrecht, the Netherlands), JF de Groot (University of
Applied Sciences, Utrecht, the Netherlands), KM Lankhorst
(University of Applied Sciences, Utrecht, the Netherlands),
TCW Nijboer (Brain Center Rudolf Magnus, University
Medical Center Utrecht, Utrecht, the Netherlands), T
Takken (Child Development and Exercise Center,
University Medical Center  Utrecht, Utrecht, the
Netherlands), DW Smits (Brain Center Rudolf Magnus,

University Medical Center  Utrecht, Utrecht, the
Netherlands), OW Verschuren (Brain Center Rudolf
Magnus, University Medical Center Utrecht and De

Hoogstraat Rehabilitation, Utrecht, the Netherlands), JMA
Visser-Meily (Department of Rehabilitation, Physical

Therapy Science and Sports, Brain Center Rudolf Magnus,
University Medical Center Utrecht, and De Hoogstraat
Rehabilitation, Utrecht, the Netherlands), MJ Volman
(Faculty of Social Sciences, Department of General and
Special Education, Utrecht University, Utrecht, the
Netherlands), HW Wittink (University of Applied Sciences,
Utrecht, the Netherlands).

Author contribution

EAH, KL, AVM, OV, JG, FIGB, HW, MZ and TT contrib-
uted to conception or design of the study and analysis or
interpretation of the data of the present study. EAH and
KL drafted the manuscript and AVM, OV, JG, FJGB,
HW, MZ and TT critically revised the manuscript. All
authors gave final approval and agree to be accountable for
all aspects of work ensuring integrity and accuracy. The paper
is original and it or parts of it have not been published
elsewhere.

Acknowledgements

The authors would like to thank all children and adolescents
who participated the HAYS and the F2SF studies and the study
groups for the skillful contribution in performing these studies.

Declaration of conflicting interests

The authors declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The authors disclosed receipt of the following financial sup-
port for the research, authorship, and/or publication of this
article: the study was funded by an unconditional grant of the
Dutch Organization of Health Research (ZONMW) grant
number 525001005. Eero Haapala was financially supported
by Jenny and Antti Wihuri Foundation, Péivikki and Sakari
Sohlberg Foundation, Eemil Aaltonen Foundation and the
University of Jyviskyla.

References

1. Piepoli M, Hoes A, Agewall S, et al. 2016 European
Guidelines on cardiovascular disease prevention in clinical
practice: the Sixth Joint Task Force of the European
Society of Cardiology and other societies on cardiovascu-
lar disease prevention in clinical practice (constituted by
representatives of 10 societies and by invited experts)
developed with the special contribution of the European
Association  for  Cardiovascular  Prevention and
Rehabilitation (EACPR). Ewr Heart J 2016; 37:
2315-2381.

2. McGill HC, McMahan CA, Herderick EE, et al. Origin of
atherosclerosis in childhood and adolescence. Am J Clin
Nutr 2000; 72: 1307-1315.

3. Fernhall B, Agiovlasitis S, Rowland T, et al. Arterial func-
tion in youth: window into cardiovascular risk. J Appl
Physiol 2008; 105: 325-333.



Haapala et al.

4,

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Ferreira 1,

Vlachopoulos C, Aznaouridis K and Stefanadis C.
Prediction of cardiovascular events and all-cause mortal-
ity with arterial stiffness. A systematic review and meta-
analysis. J Am Coll Cardiol 2010; 55: 1318-1327.

. Pahkala K, Laitinen TT, Heinonen OJ, et al. Association

of fitness with vascular intima-media thickness and elas-
ticity in adolescence. Pediatrics 2013; 132: 77-84.

Twisk JWR, Stehouwer CDA, et al.
Longitudinal changes in VOzmaX: Associations with car-
otid IMT and arterial stiffness. Med Sci Sport Exerc
2003; 35: 1670-1678.

. Ferreira I, Twisk JWR, Van Mechelen W, et al. Current

and adolescent levels of cardiopulmonary fitness are
related to large artery properties at age 36: the
Amsterdam Growth and Health Longitudinal Study.
Eur J Clin Invest 2002; 32: 723-731.

. Cote AT, Phillips AA, Harris KC, et al. Obesity and

arterial stiffness in children: systematic review and
meta-analysis. Arterioscler Thromb Vasc Biol 2015; 35:
1038-1044.

. Pahkala K, Heinonen OJ, Lagstrom H, et al. Vascular

endothelial function and leisure-time physical activity in
adolescents. Circulation 2008; 118: 2353-2359.

Pahkala K, Heinonen OJ, Simell O, et al. Association of
physical activity with vascular endothelial function and
intima-media  thickness.  Circulation  2011;  124:
1956-1963.

Ried-Larsen M, Grontved A, Kristensen PL, et al.
Moderate-and-vigorous physical activity from adoles-
cence to adulthood and subclinical atherosclerosis in
adulthood: prospective observations from the European
Youth Heart Study. Br J Sports Med 2015; 49: 107-112.
Walker DJ, Maclntosh A, Kozyrskyj A, et al. The asso-
ciations between cardiovascular risk factors, physical
activity, and arterial stiffness in youth. J Phys Act
Health 2013; 10: 198-204.

Melo X, Santa-Clara H, Pimenta NM, et al. Intima-
media thickness in 11-13 years-old children: variation
attributed to sedentary behavior, physical activity, car-
diorespiratory fitness and waist circumference. J Phys
Act Health 2014; 12: 610-617.

Reed KE, Warburton DER, Lewanczuk RZ, et al.
Arterial compliance in young children: the role of
aerobic fitness. Eur J Cardiovasc Prev Rehabil 2005; 12:
492-497.

Idris NS, Evelein AMV, Geerts CC, et al. Effect of phys-
ical activity on vascular characteristics in young children.
Eur J Prev Cardiol 2015; 22: 656-664.

Van De Laar RJ, Ferreira I, Van Mechelen W, et al.
Lifetime vigorous but not light-to-moderate habitual
physical activity impacts favorably on carotid stiffness
in young adults: the Amsterdam Growth and Health
Longitudinal Study. Hypertension 2010; 55: 33-39.

Dias KA, Green DJ, Ingul CB, et al. Exercise and vascu-
lar function in child obesity: a meta-analysis. Pediatrics
2015; 136: 648—659.

Rimmer JA, Rowland JL. Physical activity for youth with
disabilities: a critical need in an underserved population.
Dev Neurorehabil 2015; 11: 141-148.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Kotte EMW, Winkler AMF and Takken T. Fitkids exer-
cise therapy program in the Netherlands. Pediatr Phys
Ther 2013; 25: 7-13.

Neter JE, Schokker DF, de Jong E, et al. The prevalence
of overweight and obesity and its determinants in chil-
dren with and without disabilities. J Pediatr 2011; 158:
735-739.

Carlon SL, Taylor NF, Dodd KJ, et al. Differences in
habitual physical activity levels of young people with
cerebral palsy and their typically developing peers: A sys-
tematic review. Disabil Rehabil 2013; 35: 647-655.
Cheung YF. Arterial stiffness in the young: assessment,
determinants, and implications. Korean Circ J 2010; 40:
153-162.

Martin AA, Cotie LM, Timmons BW, et al. Arterial
structure and function in ambulatory adolescents with
cerebral palsy are not different from healthy controls.
Int J Pediatr 2012; 2012: 168209.

Lankhorst K, van der Ende-Kastelijn K, de Groot J, et al.
Health in Adapted Youth Sports Study (HAYS): health
effects of sports participation in children and adolescents
with a chronic disease or physical disability. Springer Plus
2015; 4: 796.

Zwinkels M, Verschuren O, Lankhorst K, et al. Sport-2-
Stay-Fit study: health effects of after-school sport partici-
pation in children and adolescents with a chronic disease
or physical disability. BMC Sports Sci Med Rehabil 2015;
7:22.

Dosa NP, Foley JT, Eckrich M, et al. Obesity across the
lifespan among persons with spina bifida. Disabil Rehabil
2009; 31: 914-920.

Schonbeck Y, Talma H, von Dommelen P, et al. Increase
in prevalence of overweight in dutch children and adoles-
cents: a comparison of nationwide growth studies in 1980,
1997 and 2009. PLoS One 2011; 6: 27608.

Horvath IG, Németh A, Lenkey Z, et al. Invasive valid-
ation of a new oscillometric device (Arteriograph) for
measuring augmentation index, central blood pressure
and aortic pulse wave velocity. J Hypertens 2010; 28:
2068-2075.

Hidvégi EV, Illyés M, Benczuar B, et al. Reference values
of aortic pulse wave velocity in a large healthy population
aged between 3 and 18 years. J Hypertens 2012; 30: 1.
Hidvégi EV, Illyés M, Molnar FT, et al. Influence of
body height on aortic systolic pressure augmentation
and wave reflection in childhood. J Hum Hypertens
2015; 29: 495-501.

Perkins NJ and Schisterman EF. The inconsistency of
‘optimal’ cutpoints obtained using two criteria based on
the receiver operating characteristic curve. Am
J Epidemiol 2006; 163: 670—-675.

Sakuragi S, Abhayaratna K, Gravenmaker KIJ, et al.
Influence of adiposity and physical activity on arterial
stiffness in healthy children: the Lifestyle of our Kids
Study. Hypertension 2009; 53: 611-616.

Shaibi G, Cruz M, Ball G, et al. Cardiovascular fitness
and the metabolic syndrome in overweight Latino youths.
Med Sci Sport Exerc 2005; 37: 922-928.

Tompuri T, Lintu N, Savonen K, et al. Measures of car-
diorespiratory fitness in relation to measures of body size



European Journal of Preventive Cardiology 0(00)

35.

36.

37.

38.

39.

and composition among children. Clin Physiol Funct
Imaging 2015; 35: 469-477.

Veijalainen A, Tompuri T, Haapala EA, et al
Associations of cardiorespiratory fitness, physical activ-
ity, and adiposity with arterial stiffness in children. Scand
J Med Sci Sports 2016; 26: 943-950.

Adegboye ARA, Anderssen SA, Froberg K, et al.
Recommended aerobic fitness level for metabolic health
in children and adolescents: a study of diagnostic accur-
acy. Br J Sports Med 2011; 45: 722-728.

Arnberg K and Larnkjer A. Central adiposity and pro-
tein intake are associated with arterial stiffness in over-
weight children. J Nutr 2012; 142: 8§78-885.

Cote AT, Harris KC, Panagiotopoulos C, et al.
Childhood obesity and cardiovascular dysfunction.
J Am Coll Cardiol 2013; 62: 1309-1319.

Twig G, Yaniv G, Levine H, et al. Body-mass index in 2.3
million adolescents and cardiovascular death in adult-
hood. N Engl J Med 2016; 374: 2430-2440.

40.

41.

42.

43.

Palve KS, Pahkala K, Magnussen CG, et al. Association
of physical activity in childhood and early adulthood with
carotid artery elasticity 21 years later: the Cardiovascular
Risk in Young Finns Study. J Am Heart Assoc 2014; 3:
¢000594.

Haapala EA, Viist6 J, Veijalainen A, et al. Associations
of objectively measured physical activity and sedentary
time with arterial stiffness in pre-pubertal children. Ped
Exerc Sci. Epub ahead of print 2017. DOI: 10.1123/
pes.2016-0168.

Ng K, Rintala P, Tynjild J, et al. Physical activity trends
of Finnish adolescents with long-term illnesses or disabil-
ities from 2002 to 2014. J Phys Act Health 2016; 13:
816-821.

Stein RE and Jessop DJ. A noncategorical approach to
chronic childhood illness. Public Health Rep 1982; 97:
354-362.



