
ORIGINAL RESEARCH
published: 07 May 2020

doi: 10.3389/fped.2020.00175

Frontiers in Pediatrics | www.frontiersin.org 1 May 2020 | Volume 8 | Article 175

Edited by:

Umberto Morbiducci,

Politecnico di Torino, Italy

Reviewed by:

Carla Marisa Maia Moreira,

University of Porto, Portugal

Yuko Gando,

National Institutes of Biomedical

Innovation, Health and

Nutrition, Japan

*Correspondence:

Birgit Böhm

birgit.boehm@tum.de

Specialty section:

This article was submitted to

Pediatric Cardiology,

a section of the journal

Frontiers in Pediatrics

Received: 30 September 2019

Accepted: 26 March 2020

Published: 07 May 2020

Citation:

Kirchhuebel H, Oberhoffer R and

Böhm B (2020) Primary Prevention:

No Associations of Strength and

Cardiorespiratory Fitness Status With

Arterial Stiffness in Young School

Children. Front. Pediatr. 8:175.

doi: 10.3389/fped.2020.00175

Primary Prevention: No Associations
of Strength and Cardiorespiratory
Fitness Status With Arterial Stiffness
in Young School Children
Hannah Kirchhuebel, Renate Oberhoffer and Birgit Böhm*

Faculty of Sport and Health Sciences, Institute of Preventive Pediatrics, Technical University Munich, Munich, Germany

Pulse wave velocity (PWV) and central systolic blood pressure (CSBP) are

well-established biomarkers of arterial stiffness. Further, fitness is known to be an

important protective factor in adults in respect of vascular stiffening. However, the

association of both muscular and cardiorespiratory fitness (CRF) with arterial properties

in younger individuals has been inconsistent. The aim of the present study was to

investigate the relationship between anthropometric data, CRF, strength status, and

arterial stiffness parameters in German primary school children. A total of 76 children,

age 6–11 years (63.2% males) were examined. Peripheral systolic blood pressure

(PSBP) [mmHg] and peripheral diastolic blood pressure (PDBP) [mmHg] and PWV [m/s]

were measured non-invasively after 10min of rest with the oscillometric cuff-based

Mobil-O-Graph (IEM, Healthcare, Stolberg, Germany). CSBP [mmHg] was calculated

using the ARCSolver Algorithm (Austrian Institute of Technology, Vienna, Austria)

based on the recorded brachial pulse waves. CRF was measured using the validated

Progressive Aerobic Cardiovascular Endurance run (PACER), also called shuttle-run test,

for estimating maximal aerobic capacity (VO2max). Hand-grip strength as an indicator

of overall muscle strength was determined with the Jamar Analog Hand Dynamometer.

The results were recorded in kilograms [kg]. For more detailed analyses, the study group

was divided into subcohorts, namely a risk group including children with abnormal blood

pressure or high body weight, and a healthy subgroup. Healthy children showed a

positive association between PWV and body mass index (BMI) (p = 0.016) and CSBP

and BMI (p = 0.033), respectively. Hand-grip strength was positively associated with

CSBP (left: p = 0.013, right: p = 0.015) and PWV (left: p = 0.008, right: p = 0.002),

as well as the number of shuttle run rounds were positively correlated to PWV (p =
0.038) in the whole cohort. No significant association of converted VO2max with arterial

PWV was found. The multivariate regression analysis explained 38.8% (R2 = 0.388) of

the variance and the model was a significant predictor of PWV [F (6,29) = 3.060, p =
0.019], however, none of the integrated covariates (BMI, number of shuttle run rounds,

VO2max, dominant hand-grip strength) contributed significantly to the model. The lack of

associations between fitness, strength and arterial stiffness might be explained by the

few harmful lifestyle factors influencing vascular changes in the first decade of life.
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INTRODUCTION

Cardiovascular diseases (CVDs) are the biggest cause of death
in Europe (1). Cardiovascular dysfunctions are often related
to atherosclerosis. Risk factors and risk behaviors accelerate
the development of endothelial lesions and the progression of
arterial wall transformations. There is increasing evidence that
arterial wall transformations start at a very early age and that
the atherosclerotic process and arterial stiffening commences in
childhood (2, 3).

Arterial function can be measured as the pulse wave velocity
(PWV) a well-validated method to measure arterial distensibility
(4). PWV is influenced by the elasticity of large arteries. A
surrogate for arterial stiffness is the central systolic blood pressure
(CSBP) (5) which has been proven to be more important than
peripheral BP in predicting CVDs (6, 7). Literature also reveals
the importance of CSBP in childhood as it is seen as a consistent
predictor for development of arterial stiffness at an early age (8).

Physical activity involving endurance and strength training
seems to play an important role in preventive cardiology
in children.

Studies in children (9, 10) have examined the relationship
between cardiorespiratory fitness (CRF) and arterial
distensibility. Besides the positive effects of healthy CRF
(11), literature also demonstrated that resistance training
may be effective for improving vascular health in adults and
adolescents (12–14).

However, despite the promising results of strength training in
adolescents, data are lacking regarding strength status and the
attenuating effect on arterial stiffness in primary school children
in Germany (aged 11 years and younger). Accordingly, the aim of
the present paper is to analyse the association between hand-grip
strength, CRF, anthropometrics, and arterial stiffness in young
healthy children.

Based on the available data on this topic, it was hypothesized
that higher CRF would be associated with lower arterial
stiffness. Since scientific evidence showed a positive effect on
arterial compliance related to strength training, it was further
hypothesized that an interaction might exist in young children
as well.

Possible sex differences, age differences, and children with
cardiovascular risk factors were taken into account.

METHODS

Study Design and Study Population
Within the Bavarian health initiative “Healthy.Living.Bavaria”
the heart health community project “Pressure down—Activity
up” was implemented in December 2017 at a South Bavarian
community in Germany within a community-university-
government partnership context. The heart health project
promotes the importance of cardiovascular risk screening
across generations in different settings. Next to the diagnosis
of hypertension in the elderly, emphasis is being laid on early
cardiovascular risk screening in primary school children,
focusing on blood pressure, arterial stiffness, cardiorespiratory

FIGURE 1 | Study setting in school’s gymnasium. Station 1: Measurement of

body weight and height. Station 2: Measurement of hand grip strength. Station

3: Measurement of heart rate. blood pressure and pulse wave velocity. Station

4: Shuttle-run test.

fitness and strengths. The present cross-sectional study presents
data of the participating primary school children.

The study was approved by the ethics committee of the Faculty
of Medicine at the Technical University of Munich (162/18S)
and was conducted in accordance with the principles of the
Declaration of Helsinki. 110 children are attending the primary
school from the 1st to 4th grade. Written informed consent was
obtained from the children’s guardians prior to the participation
in the study, resulting in a study cohort of 76 primary school
children, age 6–11 years (63.2% males). The children were
recruited and measured in a school setting to make sure to
reach apparently healthy children. Children entered the setting
in groups of five, starting off with the individual assessment
of body composition, measurement of blood pressure (PSBP,
PDBP, CSBP, CDBP) and arterial stiffness (PWV), followed by the
assessment of handgrip strength. Finally, the cardiorespiratory
fitness was tested (Figure 1).

Assessment of Body Composition
Anthropometric measurements were assessed by trained staff
according to standardized guidelines (15). Portable scales
(Withings Body Cardio) and a tape measure were used for
quantifying body weight to the nearest 0.1 kg and height to
the nearest 0.5 cm. Measurements of height and weight were
performed without shoes and with the children wearing a
single layer of light clothing over undergarments. The BMI was
calculated as weight in kilograms divided by height in meters-
squared and converted into z-scores using the reference values
of a German cohort (16). According to the German Obesity
Association childhood overweight was defined as a BMI between
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90th and 97th percentile, obesity was defined as a BMI >the 97th
percentile for children with the same age and sex. Underweight
was defined as a BMI < 10th percentile (16).

Measurement of Blood Pressure and Pulse
Wave Velocity
Peripheral blood pressure (PSBP and PDBP) and PWV
were measured non-invasively after 10min of rest with the
oscillometric cuff-based Mobil-O-Graph (IEM, Healthcare,
Stolberg, Germany). Peripheral blood pressure was defined
in “Normotensive”: <90th percentile (z-score BP sysSDS (z)-
score < 1.282 or BP dia SDS (z)-score < 1.282); “High
normotensive” (90th−94th percentile) BP sys SDS (z)-score ≥
1.282, <1.645, or BP dia SDS (z)-score ≥ 1.282, <1.645 and
“Hypertensive Grade 1” (95th−99th percentile + 5 mmHg)
BP sys SDS (z)-score ≥1.645 or BP dia SDS (z)-score ≥1.645
according to the recommendations of the European Society for
Hypertension (17).

Central blood pressure (CSPB and CDBP) was calculated
using the ARCSolver Algorithm (Austrian Institute of
Technology, Vienna, Austria) based on the recorded brachial
pulse waves (18). All tests were performed on the left upper
arm with the patients in supine position. In order to select the
appropriate arm cuff subjects’ arm circumferences were assessed
before starting the tests. The Mobil-O-Graph has already
been validated for measurement of peripheral, central blood
pressure and the analysis of pulse wave velocity (18, 19). Three
measurements were performed and the mean of measurement
two and three was then taken and classified according to German
age and sex specific norm values (20).

Assessment of Strength Status
Hand grip strength was measured using a Jamar Analog Hand
Dynamometer with participants sitting in a straight-backed
position with the feet flat on the floor. The shoulder was
abducted and neutrally rotated, the elbow flexed at 90 degrees,
and the forearm was in a neutral position. Participants were
encouraged to keep the dynamometer vertically and in line
with the forearm during the hand grip measurement trials to
maintain the standard forearm and wrist positions. The arm
was never supported by the examiner or by an armrest. The
opposite arm was placed on the opposite thigh. This position
has been well-documented as reliable (21, 22). Results were
recorded in kilograms. All measurements were performed for
both dominant and non-dominant hands. Subjects performed
three maximum attempts for each measurement and the average
value of these trials was recorded. Verbal encouragements at each
trial were performed. The participants’ hand grip strength data
were displayed as left or right regardless of hand dominance.

Assessment of Cardiorespiratory Fitness
Cardiorespiratory fitness was tested using the validated
Progressive Aerobic Cardiovascular Endurance Run (PACER),
also called shuttle-run, for estimating the maximal aerobic
capacity (VO2max) (23). It was tested according to the
Fitnessgram & Activitygram Test Manual (23). The children
were encouraged to run as long as possible. Testing was stopped

when the participant reached volitional fatigue or could not
maintain the required pace for two consecutive shuttles. Subjects
completed the test on average in groups of five people and if
needed, a researcher ran alongside the participants to aid with
pacing. Peak aerobic capacity was computed using the following
formula: VO2max= 41.76799+ (0.49261× PACER)− (0.00290
× PACER2)− (0.61613 × BMI) + (0.34787 × sex × age) (24),
where PACER is the number of laps completed; for sex: 1 = boy
and 0 = girl; and age is in years (24). Each child’s VO2max value
was then compared to sex- and age-specific standards.

Data Analyses
All analyses were performed using SPSS version 23.0 software
(IBM Corp, Armonk, NY). Data were tested for normal
distribution using the Kolmogorov-Smirnoff test. Since data were
skewed, all descriptive data were expressed in median values
and interquartile ranges (Q1;Q3). The non- parametric Mann-
Whitney-U test was calculated to assess differences between sex.
Kruskal-Wallis test was used to evaluate differences between
different age groups. Spearman’s rho was applied to account for
correlations between cardiovascular parameters, anthropometric
measures, and fitness status. Effect size was calculated with the
formula r = z√

n (z = z-value, n = cohort size) (25). A multiple

linear regression model was performed to find the strongest
independent determinant on PWV and CSBP by including age,
sex, BMI, dominant hand-grip strength, shuttle run rounds
and VO2max. Diagnostics to avoid collinearity was carried
out (variance influence factor <10.0). Normal distribution of
residuals was proofed. For all analyses, a p <0.05 was considered
to be statistically significant.

RESULTS

Descriptive Statistics of the Subject
Characteristics
A total of 76 subjects (48 boys) were included in the analysis.

Sex Differences
In Table 1 anthropometric and cardiovascular data, CRF and
hand grip strength testing results for the studied population and
according to sex are displayed. No significant differences were
observed for anthropometric measures and cardiovascular data
between boys and girls. However, boys had a significantly higher
cardiorespiratory fitness (50.3 ml/kg/min (47.2; 53.9) vs. 46.5
ml/kg/min (42.6; 49.5), p= 0.001). Effect size value was r= 0.365
and suggested a medium effect. Further, a trend of higher hand-
grip results for boys was detected but not to a significant level. As
no further differences were found between genders, analyses were
continued by looking at the different age groups more closely.

Age Groups
Table 2 presents anthropometric and cardiovascular data, CRF
and hand grip strength testing results for the entire study
population and according to age groups.

The-Kruskal-Wallis-H test showed that there was a
statistically significant difference in CSBP [X2

(2) = 6.199,
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TABLE 1 | Subject characteristics according to sex.

Whole study group Girls Boys

Variables N Median 25th 75th N Median 25th 75th N Median 25th 75th p-value

Anthropometrics

Age (years) 76 8.00 7.00 9.00 28 8.00 7.00 9.00 48 8.00 7.00 9.00 0.850

Height (cm) 76 132.50 127.00 142.00 28 131.00 127.00 139.50 48 133.00 128.00 142.00 0.428

Weight (kg) 76 28.00 25.00 34.00 28 26.70 24.30 33.90 48 29.40 26.00 34.00 0.221

BMI (kg/m²) 76 15.80 14.90 17.40 28 15.50 14.20 17.60 48 15.80 15.40 17.20 0.299

BMI-SDS-LMS 76 0.00 −0.70 0.60 28 −0.10 −1.00 0.90 48 0.00 −0.60 0.60 0.311

Height-SDS-LMS 76 0.40 0.10 1.10 28 0.40 −0.40 1.40 48 0.40 0.10 1.00 0.620

Fitness parameters

VO2max (ml/kg/min) 76 49.00 44.30 53.30 28 46.50 42.60 49.50 48 50.30 47.20 53.90 0.001

Shuttle run rounds 76 30.50 20.00 43.00 28 30.00 20.00 41.80 48 32.50 18.30 47.00 0.829

Mean hand grip left (kg) 76 11.30 8.50 14.70 28 10.30 8.30 14.50 48 11.70 8.70 14.90 0.314

Mean hand grip right (kg) 76 12.70 9.30 15.50 28 11.50 9.00 14.30 48 13.80 9.30 16.00 0.116

Cardiovascular parameters

Heart rate (bpm) 76 83.00 73.30 91.80 28 82.00 73.00 88.80 48 83.50 75.00 92.00 0.383

PSBP (mmHg) 76 114.00 104.00 118.00 28 112.50 102.00 118.00 48 114.00 104.00 118.00 0.838

PDBP (mmHg) 76 66.00 60.30 71.80 28 63.50 58.00 69.80 48 67.00 62.30 72.80 0.144

CSBP (mmHg) 76 96.00 89.00 102.50 28 96.50 87.50 103.00 48 95.50 89.30 101.00 0.897

CDBP (mmHg) 76 68.00 61.30 73.00 28 66.50 61.00 71.50 48 68.50 62.50 73.80 0.244

PWV (m/s) 76 4.50 4.20 4.70 28 4.50 4.10 4.80 48 4.60 4.20 4.70 0.991

BP systolic SDS (z) -Score 76 1.40 0.40 2.10 28 1.20 0.20 2.10 48 1.50 0.50 2.10 0.464

BP diastolic SDS (z) -Score 76 0.60 −0.30 1.40 28 0.20 −0.70 1.10 48 0.70 0.00 1.60 0.076

PWV age (z) -Score 53 1.40 0.20 2.50 20 1.00 −0.20 2.50 33 1.70 0.20 2.70 0.263

PWV height (z) -Score 70 0.90 −0.60 2.10 28 0.80 −0.40 2.20 42 1.10 −0.70 1.60 0.640

CSBP age (z) -Score 53 0.90 0.20 2.30 20 0.70 −0.40 2.10 33 0.90 0.30 2.40 0.378

CSBP height (z) -Score 70 0.60 −0.30 1.70 28 0.40 −0.40 1.80 42 0.60 −0.30 1.60 0.598

P < 0.05 are shown in bold. BMI, body mass index; PSBP, peripheral systolic blood pressure; PDBP, peripheral diastolic blood pressure; CSBP, central systolic blood pressure; CDBP,

central diastolic blood pressure; PWV, pulse wave velocity; BP, blood pressure.

p = 0.045] and PWV [X2
(2) = 0.014, p = 0.030] between the

different age groups (Table 3).
Further, they differed significantly in height [X2

(2) = 38.924,

p = < 0.001] and weight [X2
(2) = 22.759, p < 0.001]. Moreover,

groups revealed statistically significant differences in all fitness
parameters, namely VO2max [X2

(2) = 10.938, p = 0.004], shuttle

run rounds [X2
(2) = 10.362, p= 0.006], and hand-grip left [X2

(2) =
21.770, p < 0.001], and right [X2

(2) = 24.113, p < 0.001].

Follow-up tests were conducted to evaluate pairwise
differences among the three groups, controlling for Type I error
across test by using the Bonferroni approach. The results of these
tests showed that there was a significant difference between age
group 1 and 3 for VO2max (z = −2.178, p = 0.004, r = 0.556),
shuttle run rounds (z = −1.911, p = 0.005, r = 0.552) and
hand grip left (z = −3.745, p < 0.001, r = 0.724) and right (z =
−4.063, p < 0.001, r = 0.707). The amount of hand grip force
was also greater in group 2 than in group 1(left: z = −3.745, p
= 0.001, r = 0.461; right: z = −4.276, p < 0.001, r = 0.526).
Regarding cardiovascular parameters, group 1 only showed a
significantly lower PWV compared to group 2 (z = −2.573, p =
0.030, r = 0.317) but not to the oldest age group. Further, the
oldest children were significantly taller (compared to group 2:

z = −2.548, p = 0.032, r = 0.350; compared to group 1: z =
−5.670, p < 0.001, r = 0.987) and group 1 weighted significantly
less than group 2 (z = −3.641, p < 0.001, r = 0.448) and 3 (z =
−4.379, p < 0.001, r = 0.762). The strength of these relationship,
as indexed by the effect size r, was always r>= 0.30 and therefore
revealed medium to very large effects.

Cardiovascular Risk Factors
Table 3 depict weight and blood pressure categories and mean
values+/− standard deviations divided by sex and in total.

Among all, 10.5% (5 girls/3 boys) were underweight, 73.7% (19
girls/37 boys) were normal weight, 10.5% (4 girls/4 boys) were
overweight, and 5.3% (0 girls/4 boys) were obese (26). Almost
half of the children, 46.1% (12 girls/23 boys), were classified as
hypertensive, 13.1% (3 girls/7 boys) as high normotensive, and
40.8% (13 girls/18 boys) had a normal blood pressure according
to criterion-reference (17).

As more than half of the study population presented with
high normotensive or hypertensive blood pressure values, the
population was divided into a healthy control group and a
risk group for further analysis. The risk group consisted of all
children with blood pressure classified as high normotensive
and hypertensive or overweight and obese weight categories.
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TABLE 2 | Subject characteristics according to age groups.

Whole study group Group 1: 6-7 years Group 2: 8-9 years Group 3: 10-11 years Significance between groups

Variables N Median 25th 75th N Median 25th 75th N Median 25th 75th N Median 25th 75th X2 DF p-value 1 vs. 2 1 vs. 3 2 vs. 3

Anthropometrics

Age (years) 76 8.00 7.00 9.00 23 7.00 6.00 7.00 43 8.00 8.00 9.00 10 10.00 10.00 10.25 62.837 2 <0.001 <0.001 <0.001 0.001

Height (cm) 76 132.50 127.00 142.00 23 126.00 121.00 128.00 43 134.00 131.00 142.00 10 145.00 140.75 151.50 38.924 2 <0.001 <0.001 <0.001 0.032

Weight (kg) 76 28.00 25.00 34.00 23 25.00 23.00 27.00 43 30.00 26.10 34.00 10 36.00 31.33 40.50 22.759 2 <0.001 <0.001 <0.001 0.122

Body mass index (kg/m²) 76 15.80 14.90 17.40 23 15.87 14.11 17.16 43 15.75 14.92 17.12 10 17.32 15.39 18.02 1.605 2 0.448 / / /

BMI-SDS-LMS 76 0.00 −0.70 0.60 23 0.18 −0.92 0.76 43 −0.27 −0.76 0.73 10 0.20 −0.56 0.52 0.560 2 0.756 / / /

Height-SDS-LMS 76 0.40 0.10 1.10 23 0.65 0.09 1.03 43 0.40 −0.14 1.11 10 0.33 −0.25 0.95 0.546 2 0.761 / / /

Fitness parameters

VO2max (ml/kg/min) 76 49.00 44.30 53.30 23 50.51 42.45 53.49 43 48.13 44.29 53.17 10 50.77 48.51 53.00 10.938 2 0.004 0.088 0.004 1.000

Shuttle run rounds 76 30.50 20.00 43.00 23 20.00 16.00 30.00 43 38.00 25.00 47.00 10 31.50 21.75 49.50 10.362 2 0.006 0.168 0.005 1.000

Hand-grip left (kg) 76 11.30 8.50 14.70 23 8.33 5.33 11.00 43 12.33 10.00 15.00 10 15.17 13.00 17.75 21.770 2 <0.001 0.001 <0.001 0.251

Hand-grip right (kg) 76 12.70 9.30 15.50 23 9.00 7.33 11.00 43 14.00 11.00 16.00 10 14.83 13.92 17.00 24.113 2 <0.001 <0.001 <0.001 0.648

Cardiovascular Parameters

Heart rate (bpm) 76 83.00 73.30 91.80 23 83.00 75.00 88.00 43 83.00 73.00 91.00 10 90.50 72.25 93.75 0.702 2 0.704 / / /

PSBP (mmHg) 76 114.00 104.00 118.00 23 106.00 101.00 116.00 43 114.00 105.00 119.00 10 114.00 111.50 121.25 4.858 2 0.088 / / /

PDBP (mmHg) 76 66.00 60.30 71.80 23 64.00 58.00 69.00 43 66.00 60.00 73.00 10 67.50 61.00 72.50 1.035 2 0.596 / / /

CSBP (mmHg) 76 96.00 89.00 102.50 23 90.00 87.00 97.00 43 96.00 91.00 103.00 10 100.00 94.25 104.50 6.199 2 0.045 0.125 0.086 1.000

CDBP (mmHg) 76 68.00 61.30 73.00 23 66.00 58.00 70.00 43 68.00 62.00 75.00 10 69.50 63.25 74.50 2.474 2 0.290 / / /

PWV (m/s) 76 4.50 4.20 4.70 23 4.30 4.10 4.60 43 4.60 4.30 4.70 10 4.60 4.45 4.80 8.517 2 0.014 0.030 0.052 1.000

BP systolic SDS (z) -Score 76 1.40 0.40 2.10 23 0.90 0.19 2.08 43 1.59 0.52 2.12 10 1.16 0.51 1.61 2.345 2 0.310 / / /

BP diastolic SDS (z) -Score 76 0.60 −0.30 1.40 23 0.35 −0.48 1.29 43 0.67 −0.26 1.72 10 0.50 −0.40 1.36 0.172 2 0.918 / / /

PWV age (z) -Score 53 1.40 0.20 2.50 0 / / / 43 1.68 −0.04 2.92 10 0.79 0.25 1.84 1.990 1 0.158 / / /

PWV height (z) -Score 70 0.90 −0.60 2.10 18 0.83 −1.17 2.16 42 1.03 −0.52 2.10 10 0.78 −0.15 1.26 0.599 2 0.741 / / /

CSBD age (z) -Score 53 0.90 0.20 2.30 0 / / / 43 0.91 0.16 2.50 10 0.76 0.02 1.70 0.167 1 0.682 / / /

CSBD height (z) -Score 70 0.60 −0.30 1.70 18 0.89 −0.57 1.72 42 0.42 −0.33 1.73 10 0.53 −0.17 1.72 0.119 2 0.942 / / /

P < 0.05 are shown in bold. DF, degrees of freedom; X2 Kruskal-Wallis chi-squared; BMI, body mass index; PSBP, peripheral systolic blood pressure; PDBP, peripheral diastolic blood pressure; CSBP, central systolic blood pressure;

CDBP, central diastolic blood pressure; PWV, pulse wave velocity; BP, blood pressure.
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TABLE 3 | Descriptive analysis of the studied population according to weight categories and blood pressure categories.

Weight category Girls MV ± SD (kg) Boys MV ± SD (kg) Total MV ± SD (kg)

Underweight (<10th percentile) 5 21.82 ± 4.12 3 24.40 ± 5.24 8 (10.5%) 22.79 ± 4.40

Normal weight (10th–≤90th percentile) 19 29.39 ± 6.31 37 29.12 ± 4.60 56 (73.7%) 29.21 ± 5.19

Overweight (90th–≤97th percentile) 4 34.98 ± 9.33 4 34.30 ± 6.35 8 (10.5%) 34.64 ± 7.39

Obese (>97th percentile) 0 – 4 37.48± 5.58 4 (5.3%) 37.48± 5.58

Blood pressure category Girls MV ± SD Boys MV ± SD Total MV ± SD

Normotensive(< 90th percentile) 13 18 31 (40.8%)

BP sys SDS (z)-score <1.282 or −1.52 ± 5.82 −0.20 ± 1.81 −0.76 ± 3.98

BP dia SDS (z)-score <1.282 −0.25 ± 0.72 −0.11 ± 0.98 −0.17 ± 0.87

High normotensive (90th−95th percentile) 3 7 10 (13.1%)

BP sys SDS (z)-score ≥ 1.282, <1.645 or 1.58 ± 0.06 1.22 ± 0.39 1.33 ± 0.36

BP dia SDS (z)-score ≥ 1.282, <1.645 0.05 ± 1.14 0.28 ± 1.09 0.21 ± 1.05

Hypertensive (>95th percentile) 12 23 35 (46.1%)

BP sys SDS (z)-score ≥1.645 or 2.36 ± 1.02 2.19 ± 0.48 2.25 ± 0.70

BP dia SDS (z)-score ≥1.645 1.03 ± 1.18 1.45 ± 0.87 1.31 ± 0.99

TABLE 4 | Subjects characteristics according to healthy group and group with risk factors.

Healthy group Risk factors

Variables N Median 25th 75th N Median 25th 75th p-value

Anthropometrics

Age (years) 24 8.00 7.00 9.00 49 8.00 7.00 9.00 0.966

Height (cm) 24 132.50 127.25 144.75 49 133.00 127.00 138.50 0.279

Weight (kg) 24 27.30 24.78 36.00 49 28.20 25.75 33.80 0.920

Body mass index (kg/m²) 24 15.91 14.84 17.08 49 15.87 14.99 18.42 0.428

BMI-SDS-LMS 24 −0.07 −0.71 0.42 49 0.05 −0.59 1.25 0.236

Height-SDS-LMS 24 0.66 0.30 1.43 49 0.28 −0.12 0.93 0.014

Fitness parameters

VO2max (ml/kg/min) 24 48.61 44.05 52.62 49 49.54 44.14 53.24 0.511

Shuttle run rounds 24 29.00 17.75 42.25 49 35.00 20.00 43.50 0.372

Hand-grip left (kg) 24 10.83 8.08 14.67 49 11.33 9.33 14.83 0.573

Hand-grip right (kg) 24 11.50 8.83 14.83 49 13.33 9.33 15.83 0.466

Cardiovascular parameters

Heart rate (bpm) 24 74.00 70.00 84.25 49 86.00 75.50 93.50 0.002

PSBP (mmHg) 24 102.50 97.50 109.00 49 116.00 113.50 119.50 <0.001

PDBP (mmHg) 24 60.50 58.00 65.50 49 69.00 62.50 73.50 <0.001

CSBP (mmHg) 24 89.00 84.00 94.50 49 99.00 94.00 104.00 <0.001

CDBP (mmHg) 24 62.50 60.00 67.75 49 70.00 66.00 75.50 <0.001

PWV (m/s) 24 4.20 4.03 4.50 49 4.60 4.50 4.70 <0.001

BP systolic SDS (z) -Score 24 0.18 −0.61 0.71 49 1.90 1.44 2.24 <0.001

BP diastolic SDS (z) -Score 24 −0.34 −0.70 0.35 49 1.12 0.01 1.85 <0.001

PWV age (z) -Score 15 −0.04 −0.38 1.07 36 2.22 1.00 3.06 <0.001

PWV height (z) -Score 22 −0.68 −1.29 0.25 45 1.44 0.92 2.27 <0.001

CSBD age (z) -Score 15 0.26 −1.03 0.68 36 1.60 0.53 2.51 0.005

CSBD height (z) -Score 22 −0.47 −1.33 0.06 45 1.58 0.25 1.85 <0.001

P < 0.05 are shown in bold. Differences were testes using Mann-Whitney-U test. BMI. body mass index; PSBP. peripheral systolic blood pressure; PDBP. peripheral diastolic blood

pressure; CSBP. central systolic blood pressure; CDBP. central diastolic blood pressure; PWV. pulse wave velocity; BP. blood pressure..

The healthy control group only consisted of children with
normal blood pressure and normal weight. Table 4 presents the
characteristics of the sample stratified by risk factors.

The groups did not show significant differences in
anthropometric and fitness status data. For cardiovascular
data, several significant differences were observed.
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TABLE 5 | Spearman correlation coefficients for A) PWV and B) CSBP.

Healthy subgroup Risk subgroup Whole study group

A) PWV (m/s) PWV age (z)-score PWV height (z)-score PWV (m/s) PWV age (z)-score PWV height (z)-score PWV (m/s) PWV age (z)-score PWV height (z)-score

Variables N r p N r p N r p N r p N r p N r p N r p N r p N r p

Age (years) 24 0.679 <0.001 15 0.647 0.009 22 0.618 0.002 49 0.188 0.196 36 −0.327 0.051 45 −0.231 0.127 76 0.321 0.005 53 −0.198 0.156 70 −0.021 0.864

Sex 24 −0.012 0.955 15 0.248 0.373 22 −0.222 0.321 49 −0.118 0.418 36 0.097 0.575 45 −0.218 0.150 76 0.001 0.991 53 0.155 0.267 70 −0.056 0.643

Height (cm) 24 0.670 <0.001 15 0.728 0.002 22 0.493 0.020 49 0.274 0.057 36 0.051 0.770 45 −0.207 0.173 76 0.310 0.006 53 −0.022 0.874 70 −0.072 0.553

Weight (kg) 24 0.670 <0.001 15 0.782 0.001 22 0.562 0.006 49 0.078 0.592 36 −0.144 0.404 45 −0.172 0.260 76 0.277 0.015 53 −0.054 0.699 70 0.030 0.802

BMI (kg/m²) 24 0.488 0.016 15 0.533 0.041 22 0.456 0.033 49 −0.186 0.201 36 −0.215 0.208 45 −0.111 0.470 76 0.092 0.430 53 −0.064 0.647 70 0.097 0.423

Shuttle run

rounds

24 −0.011 0.960 15 −0.306 0.267 22 −0.040 0.861 49 0.285 0.047 36 0.284 0.094 45 0.025 0.868 76 0.238 0.038 53 0.200 0.152 70 0.096 0.429

VO2max

(ml/kg/min)

24 0.054 0.801 15 −0.129 0.647 22 −0.032 0.887 49 0.272 0.059 36 0.297 0.079 45 −0.040 0.796 76 0.225 0.050 53 0.233 0.093 70 0.038 0.757

Hand–grip left

(kg)

24 0.479 0.018 15 0.627 0.012 22 0.320 0.146 49 0.224 0.122 36 0.059 0.734 45 −0.171 0.261 76 0.303 0.008 53 0.081 0.565 70 −0.008 0.947

Hand–grip right

(kg)

24 0.502 0.012 15 0.578 0.024 22 0.369 0.091 49 0.248 0.086 36 0.093 0.590 45 −0.132 0.386 76 0.349 0.002 53 0.141 0.314 70 0.053 0.661

B) CSBP (mmHg) CSBP age (z)–score CSBP height (z)–score CSBP (mmHg) CSBP age (z)–score CSBP height (z)–score CSBP (mm Hg) CSBP age (z)–score CSBP height (z)–score

Variables N r p N r p N r p N r p N r p N r p N r p N r p N r p

Age (years) 24 0.581 0.003 15 0.364 0.183 22 0.500 0.018 49 0.119 0.415 36 −0.247 0.146 45 −0.212 0.163 76 0.263 0.022 53 −0.114 0.417 70 −0.007 0.953

Sex 24 −0.036 0.866 15 0.341 0.214 22 −0.136 0.546 49 −0.149 0.305 36 −0.057 0.742 45 −0.297 0.048 76 −0.015 0.898 53 0.122 0.384 70 −0.064 0.601

Height (cm) 24 0.637 0.001 15 0.674 0.006 22 0.501 0.018 49 0.096 0.513 36 −0.189 0.269 45 −0.291 0.052 76 0.240 0.037 53 −0.054 0.702 70 −0.079 0.514

Weight (kg) 24 0.643 0.001 15 0.639 0.010 22 0.506 0.016 49 0.010 0.948 36 −0.257 0.130 45 −0.275 0.068 76 0.248 0.030 53 −0.078 0.579 70 −0.007 0.954

BMI (kg/m²) 24 0.436 0.033 15 0.283 0.307 22 0.307 0.165 49 −0.076 0.603 36 −0.203 0.235 45 −0.126 0.409 76 0.131 0.259 53 −0.086 0.540 70 0.067 0.581

Shuttle run

rounds

24 −0.007 0.975 15 −0.215 0.441 22 −0.012 0.956 49 0.099 0.497 36 0.039 0.823 45 −0.032 0.837 76 0.150 0.197 53 0.023 0.871 70 0.031 0.802

VO2max

(ml/kg/min)

24 0.055 0.799 15 0.013 0.965 22 0.050 0.824 49 0.091 0.536 36 0.048 0.780 45 −0.081 0.595 76 0.142 0.221 53 0.089 0.528 70 0.008 0.946

Hand–grip left

(kg)

24 0.466 0.022 15 0.461 0.083 22 0.339 0.122 49 0.169 0.245 36 −0.037 0.832 45 −0.139 0.362 76 0.283 0.013 53 0.085 0.545 70 0.025 0.838

Hand–grip right

(kg)

24 0.378 0.069 15 0.272 0.328 22 0.207 0.354 49 0.166 0.254 36 −0.051 0.768 45 −0.154 0.312 76 0.278 0.015 53 0.052 0.710 70 0.011 0.929

PWV, pulse wave velocity; BMI, body mass index; CSBP, central systolic blood pressure. P < 0.05 are shown in bold.
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The healthy control group revealed a lower heart rate (74.00
bpm (70.00;84.25) vs. 86.00 bpm (75.50;93.50), U = 319.0, p
= 0.002, r = 0.363) and lower PWV (4.20 m/s (4.03;4.50)
vs. 4.60 m/s (4.50;4.70), U = 230.5, p < 0.001, r = 0.490).
As one inclusion criterion for the risk group was high to
hypertensive blood pressure, the healthy group also presented
with a lower PSBP (102.50 mmHg (97.50;109.00) vs. 116.00
mmHg (113.50;119.50), U = 111.0, p < 0.001, r = 0.643), PDBP
(60.50 mmHg (58.00;65.50) vs. 69.00 (62.50;73.50), U = 261.0, p
< 0.001, r = 0.441), CSBP (89.00 mmHg (84.00;94.50) vs. 99.00
mmHg (94.00;104.00), U = 251.0, p < 0.001, r = 0.454), and
CDBP (62.50 mmHg (60.00;67.75) vs. 70 mmHg (66.00;75.50),
U = 267.5, p < 0.001, r = 0.432). These differences were also
detectable when CSBP was adjusted for age (0.26 (-1.03;0.68) vs.
1.60 (0.53;2.51), U = 133.0, p < 0.001, r = 0.397), and height
(−0.47 (−1.33;0.06) vs. 1.58 (0.25;1.85), U = 154.0, p < 0.001, r
= 0.556). Similar trends were discovered for age-adjusted PWV
(−0.04 (−0.38;1.07) vs. 2.22 (1.00;3.06), U = 95.0, p < 0.001, r
= 0.507), and height-adjusted PWV (−0.68 (−1.29;0.25) vs. 1.44
(0.92;2.27), U= 94.00, p < 0.001, r = 0.654).

Correlation Analysis
Among the whole study population, PWV showed a significant
positive association with the anthropometrics age (r = 0.321,
p = 0.005), height (r = 0.310, p = 0.006), and weight (r = 0.277,
p= 0.015).

PWV z-scores adjusted to age as well as PWV z-scores
adjusted to weight did not retain a significant association with
shuttle run rounds, VO2max (ml/kg/min) or handgrip strengths.
Corresponding results were found for CSBP (Table 5).

In the healthy control group PWV correlated significantly
with anthropometric measures. Higher PWV was also associated
with higher hand grip strength left and right (r = 0.470, p =
0.018; r = 0.502, p = 0.012). This association was still revealed
when PWV values were transformed into age-specific (z)-scores
(Figure 2) but did not reveal for PWV adjusted height (z)-scores.
CSBP revealed similar correlations for anthropometrics. Only left
hand grip strength showed a significant association with CSBP (r
= 0.466, p = 0.022), but did not stay significant for the age and
height adjusted z-scores (Table 5).

The risk group did not show significant relationships
between the cardiovascular parameters (PWV and CSBP) and
anthropometric measures, nor strength data. PWV only showed
significant association with the amount of shuttle run rounds (r
= 0.285, p = 0.047). CSBP transformed for height revealed a
negative relationship with sex (r =−0.297, p= 0.048) (Table 5).

Regression Analysis
Multiple linear regression analysis was used to develop a
model for predicting PWV and CSBP from participants’
anthropometrics, fitness and strength status. However, for the
whole study population no significant model could be found.
Therefore, analyses were continued with the healthy subgroup
only, which showed most of the significant associations in the
correlation analyses.

In the healthy subgroup, a multiple linear regression was
employed to predict PWV based on age, sex, cardiorespiratory
and strength fitness. The results of the regression indicated that
the model explained 38.8% (R2 = 0.388) of the variance. The
model was a significant predictor of PWV [F(6,29) = 3.060,
p = 0.019]. Nevertheless, none of the variables included in

FIGURE 2 | Scatterplot showing association between hand grip strength right (�/—)/left (◦/—) and PMW in healthy subgroup.
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TABLE 6 | Multiple linear regression analysis.

(A) PWV (B) CSBP

B ± SE ß p-value B ± SE ß p-value

Constant 4.438 ± 1.300 0.002 73.775 ± 37.397 0.058

Age (years) 0.108 ± 0.063 0.528 0.100 1.732 ± 1.820 0.312 0.349

Sex* (−0.013) ± 0.113 −0.022 0.911 (−0.669) ± 3.254 −0.043 0.839

BMI (kg/m2 ) (−0.003) ± 0.040 −0.016 0.938 0.388 ± 1.155 0.071 0.739

Shuttle run rounds (n) 0.004 ± 0.006 0.278 0.522 (−0.049) ± 0.183 −0.121 0.791

VO2max (ml/kg/min) (−0.026) ± 0.028 −0.472 0.362 (−0.134) ± 0.815 −0.089 0.871

Hand-grip strength (kg)* 0.014 ± 0.015 0.222 0.377 0.515 ± 0.443 0.303 0.255

P < 0.05. Dependent variable PVW, pulse wave velocity and CSBP, central systolic blood pressure. BMI, body mass index; Sex* Female=1, Male =2 in model; Hand-grip strength*:

dominant hand.

the regression analyses contributed significantly to the model
(Table 6). Further, statistical analyses were continued with a
multiple regression for predicting CSBP. The six predictor model
was not significant [F(6,29) = 2.234, p= 0.068, R2 = 0.316).

DISCUSSION

Our key findings were that higher levels of CRF as well as higher
levels of hand-grip strengths were not associated with improved
vascular health or central systolic blood pressure in our sample
of primary school children. Healthy children without overweight
or hypertension reveal strong correlations between PWV age (z)-
scores and anthropometric measures, such as height, weight and
BMI. There were also no differences in CRF, number of shuttle
run rounds or hand-grip strength between healthy children and
children with cardiovascular risk factors. No sex differences in
anthropometrics and cardiovascular risk factors could be found,
however boys demonstrated higher VO2max values than girls.

Influence of Cardiovascular Risk Factors
on Arterial Properties
In the present study, children classified as high normotensive or
hypertensive and overweight or obese showed higher values for
all arterial properties, namely heart rate, PBP, CBP, and PWV,
compared to the healthy subgroup. This supports the idea that
both obesity and hypertension at a young age can lead to an
increase of arterial properties and therefore a greater risk for
CVD (3, 8, 27). A longitudinal analysis in Finland, proved that
individuals with high PWV in adulthood also had a higher
prevalence of increased BP during childhood (27). Additionally,
the importance of weight control in primary school children
was also evident in the healthy subgroup, as BMI was positively
associated with age and height adjusted PWV. These values are
in good agreement with Pakhala et al. Cilek et al. and Sakuragi
et al. and further support the role of weight reduction in young
children (28–30). Also, the association between BMI and CSBP
is in line with previous findings, where the authors highlight
the positive correlation of increased BMI with CSBP in healthy
children (n= 320, 14.0± 2.1 years) (5).

Muscular Fitness and Arterial Properties
To the best of our knowledge, this study is the first to address
the correlation between strength status and the arterial system
among young German children. Notwithstanding many other
studies have been done on strength status and vascular health,
these were mainly tests with older individuals and reported
inconsistent results (31, 32). Equally to the inconsistent findings
in adults, the association between handgrip strength and arterial
properties in childhood has shown contradictory results.

Cohen et al. tested n = 7329 youths from 10–17 years and
demonstrated that in obese and unfit children good muscle
strength may be a protective factor against high blood pressure
(33). This inverse association supports findings by other authors
who included not only blood pressure but also blood parameters
to predict cardio-metabolic risk (34). On the other hand,
Demmer et al. reported a positive correlation of handgrip
strength with BP in 10,14, and 17 year olds (35). In a recent
study by Zhang et al. participants aged 8–19 years (n = 2939)
also showed positively associated BP with muscular fitness (36).
These findings, along with ours, are opposite of what would
be expected according to studies that show health benefits of
resistance training in children (14, 37, 38). The underlying
molecular mechanisms in young children regarding the effects of
endurance and strength training are still unclear.

From healthy adults it is known that vascular endothelial
cells play an important role in the regulation of vascular activity
by producing vasoactive substances, such as endothelin-1 (ET-
1) a vasoconstrictor and nitric oxide (NO) an endothelium-
derived relaxing factor (39). Endurance training decreases the
plasma concentration of ET-1. It is possible that changes in
ET-1 and NO production caused by exercise training could
promote differential changes in arterial stiffness. Alternatively,
the increased arterial stiffness in relation to strength could be a
result of a strong stimulus to increase sympathic nervous system
activity, which may act to increase arterial stiffness by providing
chronic restraint on the arterial wall via greater sympathetic
adrenergic vasoconstrictor tone (40). Young children’s running
and play consist of acute changes in exercise intensity with acute
intermittent elevations in arterial blood pressure. This may alter
the arterial structure, or arterial load-bearing properties or both.
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These effects have been reported in a meta-analysis for resistance
training in adults (41).

Cardiorespiratory Fitness and Arterial
Properties
As far as cardiorespiratory fitness parameters are concerned,
we could not demonstrate that VO2max was associated with
stiffness parameters. Compared to the computed VO2max values,
the amount of shuttle run rounds were positively associated
with PWV and CSBP in the whole study group, The results
share similarities with Meyer et al. who studied surrogates of
arterial stiffness in n = 646 German adolescents (age 13.9 ± 2.1
years) with the Mobil-O-Graph (9). In their cohort PWV was
also positively associated with CRF, whereas CSBP showed no
association. As mentioned earlier, Muller et al., demonstrated
that BMI was a strong predictor for arterial stiffness. On top
of that, they highlighted, that CRF was not the responsible
determinant for vascular wall changes (5).

These findings are in contradiction with previous results
reported in the literature (10, 30, 42). Looking at studies with
similar age groups compared to our population, Sakuragi et al.,
Reed et al., andWeberruß et al., who also used the shuttle run test
for assessing CRF, found inverse relationships between physical
performance und arterial properties (30, 42, 43). This trend has
been confirmed in a longitudinal analysis of pre-pubertal n = 44
obese children (8.9± 1.5 years) who performed a regular aerobic
exercise training for 3-months (total 180 min/week in addition to
physical education 135 min/week) (34).

The reason for our result is still not entirely clear, but
differences might be explained partly by a bias through growth
and maturity at this young age. In addition, it cannot be
ruled out that the method of measuring CRF might have
been influenced by external factors, for instance the motivation
and compliance of the children to complete the shuttle
run test.

Study Strengths and Limitations
Strengths of the present study include the technique of measuring
arterial parameters non-invasively. The oscillometric method is
validated and provides acceptable accuracy compared to intra-
aortic catheter measurements (19, 44) and can therefore be
used as a standard in broad school settings. Further, the hand
grip strength measurement is a non-invasive, and inexpensive
method, which can be easily implemented and therefore used for
further tests with children.

However, the present study must be interpreted within the
context of its potential limitations. The study was performed in
a cross sectional design, in a school setting, with a small sample
size. We could implement three blood pressure measurements,
however, we could not perform a 24-h BP measurement to
confirm hypertension (Grade 1). This might be one confounder
why nearly 46% of the study population showed hypertensive
values (possibly white coat blood pressure elevation). Also the
dietary intake of the young children was not evaluated. It is
known that high dietary intake of salt has been linked to high
blood pressure or hypertension. The hormonal status of the
primary school children was not assessed. Although the work

has limitations, we still believe it gives relevant information on
determinants of vascular properties and could be a starting point
for further investigations in strength-related arterial changes in
young children.

CONCLUSION

The results of the current study revealed that higher levels of
CRF or higher levels of hand-grip strength is not associated to
arterial stiffness and central systolic blood pressure in young
children. Future research should reinforce the evaluation of
underlying mechanisms concerning fitness and arterial elasticity
and is required to understand the effects of physical activity in
regard to CVD in young people.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation, to any
qualified researcher.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Technical University Munich, Faculty of Medicine
(162/18S). Written informed consent to participate in this study
was provided by the participants’ legal guardian.

AUTHOR CONTRIBUTIONS

BB warrants that all aforementioned authors fulfill the criteria of
authorship as defined by the International Committee of Medical
Journal Editors (ICMJE). BB warrants that the work described in
this manuscript has not been published before, that all authors
approved the present submitted version and their institutions
have no objections to the manuscript’s contents.

FUNDING

This study was funded by the Bavarian State Ministry
of Health and Care. It was further supported by the
German Research Foundation (DFG) and the Technical
University of Munich within the funding program Open
Access Publishing.

ACKNOWLEDGMENTS

The original data were presented in a poster presentation
at the 24th Annual Congress of the European College of
Sport Sciences which was held in Prague, Czechia from
3rd−6th July 2019. An abstract is published: HK, RO, BB.
Associations of Anthropometric Measures and Fitness Status
With Cardiovascular Parameters in Primary School Children.
Book of Abstracts of the 24th Annual Congress of the
European College of Sport Science−3rd−6th July 2019, Prague-
Czechia. Edited by Bunc, V., Tsolakidis, E. p. 639-640. ISBN
978-3-9818414-2-8.

Frontiers in Pediatrics | www.frontiersin.org 10 May 2020 | Volume 8 | Article 175

https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Kirchhuebel et al. Fitness and Arterial Stiffnes in Children

REFERENCES

1. Mendis S, Puska P, Norrving B, Organization WH, Federation WH,
Organization WS. Global atlas on Cardiovascular Disease Prevention and

Control. Geneva: Geneva World Health Organization (2011).
2. Berenson GS, Srinivasan SR, Bao W, Newman WP III, Tracy RE,

Wattigney WA, Association between multiple cardiovascular risk factors and
atherosclerosis in children and young adults. Bogalusa Heart Study. N Engl J

Med. (1998) 338:1650–6. doi: 10.1056/NEJM199806043382302
3. Kulsum-Mecci N, Goss C, Kozel BA, Garbutt JM, Schechtman KB,

Dharnidharka VR. Effects of obesity and hypertension on pulse wave velocity
in children. J Clin Hypertens. (2016) 11:222–4. doi: 10.1111/jch.12892

4. Reusz GS, Cseprekal O, Temmar M, Kis E, Cherif AB,
Thaleb A, et al. Reference values of pulse wave velocity in
healthy children and teenagers. Hypertension. (2010) 56:217–24.
doi: 10.1161/HYPERTENSIONAHA.110.152686

5. Muller J, Meyer J, Elmenhorst J, Oberhoffer R. Body weight and not exercise
capacity determines central systolic blood pressure, a surrogate for arterial
stiffness, in children and adolescents. J Clin Hypertens. (2016) 18:762–5.
doi: 10.1111/jch.12754

6. McEniery CM, Cockcroft JR, Roman MJ, Franklin SS, Wilkinson IB. Central
blood pressure: current evidence and clinical importance. Eur Heart J. (2014)
35:1719–25. doi: 10.1093/eurheartj/eht565

7. Roman MJ, Devereux RB, Kizer JR, Lee ET, Galloway JM, Ali T, et al. Central
pressure more strongly relates to vascular disease and outcome than does
brachial pressure: the Strong Heart Study. Hypertension. (2007) 50:197–203.
doi: 10.1161/HYPERTENSIONAHA.107.089078

8. Li S, Chen W, Srinivasan SR, Berenson GS. Childhood blood pressure as a
predictor of arterial stiffness in young adults. Hypertension. (2004) 43:541.
doi: 10.1161/01.HYP.0000115922.98155.23

9. Meyer J, Elmenhorst J, Giegerich T, Oberhoffer R, Muller J. Controversies in
the association of cardiorespiratory fitness and arterial stiffness in children
and adolescents. Hypertens Res. (2017) 40:675–8. doi: 10.1038/hr.2017.19

10. Veijalainen A, Tompuri T, Haapala EA, Viitasalo A, Lintu N, Vaisto J,
et al. Associations of cardiorespiratory fitness, physical activity, and adiposity
with arterial stiffness in children. Scand J Med Sci Sports. (2016) 26:943–50.
doi: 10.1111/sms.12523

11. Tomkinson GR, Carver KD, Atkinson F, Daniell ND, Lewis LK, Fitzgerald
JS, et al. European normative values for physical fitness in children
and adolescents aged 9-17 years: results from 2 779 165 Eurofit
performances representing 30 countries. Br J Sports Med. (2018) 52:1445–563.
doi: 10.1136/bjsports-2017-098253

12. Roberts CK, Lee MM, Katiraie M, Krell SL, Angadi SS, Chronley MK, et al.
Strength fitness and body weight status on markers of cardiometabolic health.
Med Sci Sports Exerc. (2015) 47:1211–8. doi: 10.1249/MSS.0000000000000526

13. Stebbings GK, Morse CI, McMahon GE, Onambele GL. Resting
arterial diameter and blood flow changes with resistance training and
detraining in healthy young individuals. J Athl Train. (2013) 48, 209–19.
doi: 10.4085/1062-6050-48.1.17

14. Yu CC, McManus AM, So HK, Chook P, Au CT, Li AM, et al.
Effects of resistance training on cardiovascular health in non-obese active
adolescents. World J Clin Pediatr. (2016) 5:293–300. doi: 10.5409/wjcp.v5.
i3.293

15. WHO. (2008). Waist Circumference and Waist-Hip Ratio. Report of a WHO
Expert Consultation.

16. Rosario AS, Kurth BM, Stolzenberg H, Ellert U, Neuhauser H. Body mass
index percentiles for children and adolescents in Germany based on a
nationally representative sample (KiGGS 2003-2006). Eur J Clin Nutr. (2010)
64:341–9. doi: 10.1038/ejcn.2010.8

17. Lurbe E, Cifkova R, Cruickshank JK, Dillon MJ, Ferreira I, Invitti C,
et al. Management of high blood pressure in children and adolescents:
recommendations of the European Society of Hypertension. J Hypertens.
(2009) 27:1719–42. doi: 10.1097/HJH.0b013e32832f4f6b

18. Weber T, Wassertheurer S, Rammer M, Maurer E, Hametner B, Mayer
CC, et al. Validation of a brachial cuff-based method for estimating
central systolic blood pressure. Hypertension. (2011) 58:825–32.
doi: 10.1161/HYPERTENSIONAHA.111.176313

19. Weiss W, Gohlisch C, Harsch-Gladisch C, Tölle M, Zidek W, van der Giet M.
Oscillometric estimation of central blood pressure: validation of the Mobil-O-
Graph in comparison with the SphygmoCor device. Blood Press Monit. (2012)
17:128–31. doi: 10.1097/MBP.0b013e328353ff63

20. Elmenhorst J, Hulpke-Wette M, Barta C, Dalla Pozza R, Springer S,
Oberhoffer R. Percentiles for central blood pressure and pulse wave
velocity in children and adolescents recorded with an oscillometric device.
Atherosclerosis. (2015) 238:9–16. doi: 10.1016/j.atherosclerosis.2014.11.005

21. Desrosiers J, Bravo G, Hébert R. Isometric grip endurance of healthy
elderly men and women. Arch Gerontol Geriatr. (1997) 24:75–85.
doi: 10.1016/S0167-4943(96)00756-X

22. Innes E. Handgrip strength testing: A review of the literature. Austr Occupat
Ther J. (2002) 46:120–40. doi: 10.1046/j.1440-1630.1999.00182.x

23. Plowman SA, Meredith MD. Fitnessgram/Activitygram Reference Guide. 4th

ed. Dallas, TX: The Cooper Institute (2013).
24. Mahar MT, Guerieri AM, Hanna MS, Kemble CD. Estimation of Aerobic

Fitness from 20-m Multistage Shuttle Run Test Performance. Am J Prevent

Med. (2011) 41:S117–23. doi: 10.1016/j.amepre.2011.07.008
25. Sullivan GM, Feinn R. Using effect size—or why the P value is not enough. J

Gradu Med Educat. (2012) 4:279–82. doi: 10.4300/JGME-D-12-00156.1
26. Kromeyer-Hauschild K, Wabitsch M, Kunze D, Geller F, Gei,ß HC,

Hesse V, et al. Perzentile für den Body-mass-Index für das Kindes- und
Jugendalter unter Heranziehung verschiedener deutscher Stichproben.Monat

Kinderheilk. (2001) 149:807–18. doi: 10.1007/s001120170107
27. Aatola H, Koivistoinen T, Tuominen H, Juonala M, Lehtimäki

T, Viikari JSA, et al. Influence of child and adult elevated blood
pressure on adult arterial stiffness. Hypertension. (2017) 70:531–6.
doi: 10.1161/HYPERTENSIONAHA.117.09444

28. Celik A, Ozcetin M, Yerli Y, Damar IH, Kadi H, Koc F, et al. Increased
aortic pulse wave velocity in obese children. Turk Kardiyol Dern Ars. (2011)
39:557–62. doi: 10.5543/tkda.2011.01694

29. Pahkala K, Laitinen TT, Heinonen OJ, Viikari JS, Rönnemaa T, Niinikoski H,
et al. Association of fitness with vascular intima-media thickness and elasticity
in adolescence. Pediatrics. (2013) 132:e77–84. doi: 10.1542/peds.2013-0041

30. Sakuragi S, Abhayaratna K, Gravenmaker KJ, O’Reilly C, Srikusalanukul W,
Budge MM, et al. Influence of adiposity and physical activity on arterial
stiffness in healthy children: the lifestyle of our kids study. Hypertension.
(2009) 53:611–6. doi: 10.1161/HYPERTENSIONAHA.108.123364

31. Bertovic DA, Waddell TK, Gatzka CD, Cameron JD, Dart AM,
Kingwell BA. Muscular strength training is associated with low arterial
compliance and high pulse pressure. Hypertension. (1999) 33:1385–91.
doi: 10.1161/01.HYP.33.6.1385

32. van Dijk SC, Swart KM. A., Ham AC, Enneman AW, van Wijngaarden JP,
Feskens EJ, et al. Physical fitness, activity and hand-grip strength are not
associated with arterial stiffness in older individuals. J Nutr Health Aging.

(2015) 19:779–84. doi: 10.1007/s12603-015-0519-7
33. Cohen DD, López-Jaramillo P, Fernández-Santos JR, Castro-Piñero J,

Sandercock GRH. Muscle strength is associated with lower diastolic
blood pressure in schoolchildren. Prevent Med. (2017) 95:1–6.
doi: 10.1016/j.ypmed.2016.11.006

34. Farpour-Lambert NJ, Aggoun Y, Marchand LM, Martin XE, Herrmann FR,
Beghetti M. Physical activity reduces systemic blood pressure and improves
early markers of atherosclerosis in pre-pubertal obese children. J Am Coll

Cardiol. (2009) 54:2396–406. doi: 10.1016/j.jacc.2009.08.030
35. Demmer D, Beilin L, Hands B, Burrows S, Cox K, Straker L, et al. Effects of

muscle strength and endurance on blood pressure and related cardiometabolic
risk factors from childhood to adolescence. J Hypert. (2016) 34:2365–75.
doi: 10.1097/HJH.0000000000001116

36. Zhang R, Li C, Liu T, Zheng L, Li S. Handgrip strength and blood pressure
in children and adolescents: evidence from NHANES 2011-2014. Am J

Hypertens. (2018) 31:792–6. doi: 10.1093/ajh/hpy032
37. Ruiz JR, Ortega FB, Wärnberg J, Moreno LA, Carrero JJ, Gonzalez-Gross

M, et al. Inflammatory proteins and muscle strength in adolescents: the
avena study. Arch Pediatr Adol Med. (2008) 162:462–8. doi: 10.1001/archpedi.
162.5.462

38. Smith JJ, Eather N, Morgan PJ, Plotnikoff RC, Faigenbaum AD, Lubans
DR. The health benefits of muscular fitness for children and adolescents:

Frontiers in Pediatrics | www.frontiersin.org 11 May 2020 | Volume 8 | Article 175

https://doi.org/10.1056/NEJM199806043382302
https://doi.org/10.1111/jch.12892
https://doi.org/10.1161/HYPERTENSIONAHA.110.152686
https://doi.org/10.1111/jch.12754
https://doi.org/10.1093/eurheartj/eht565
https://doi.org/10.1161/HYPERTENSIONAHA.107.089078
https://doi.org/10.1161/01.HYP.0000115922.98155.23
https://doi.org/10.1038/hr.2017.19
https://doi.org/10.1111/sms.12523
https://doi.org/10.1136/bjsports-2017-098253
https://doi.org/10.1249/MSS.0000000000000526
https://doi.org/10.4085/1062-6050-48.1.17
https://doi.org/10.5409/wjcp.v5.i3.293
https://doi.org/10.1038/ejcn.2010.8
https://doi.org/10.1097/HJH.0b013e32832f4f6b
https://doi.org/10.1161/HYPERTENSIONAHA.111.176313
https://doi.org/10.1097/MBP.0b013e328353ff63
https://doi.org/10.1016/j.atherosclerosis.2014.11.005
https://doi.org/10.1016/S0167-4943(96)00756-X
https://doi.org/10.1046/j.1440-1630.1999.00182.x
https://doi.org/10.1016/j.amepre.2011.07.008
https://doi.org/10.4300/JGME-D-12-00156.1
https://doi.org/10.1007/s001120170107
https://doi.org/10.1161/HYPERTENSIONAHA.117.09444
https://doi.org/10.5543/tkda.2011.01694
https://doi.org/10.1542/peds.2013-0041
https://doi.org/10.1161/HYPERTENSIONAHA.108.123364
https://doi.org/10.1161/01.HYP.33.6.1385
https://doi.org/10.1007/s12603-015-0519-7
https://doi.org/10.1016/j.ypmed.2016.11.006
https://doi.org/10.1016/j.jacc.2009.08.030
https://doi.org/10.1097/HJH.0000000000001116
https://doi.org/10.1093/ajh/hpy032
https://doi.org/10.1001/archpedi.162.5.462
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Kirchhuebel et al. Fitness and Arterial Stiffnes in Children

a systematic review and meta-analysis. Sports Med. (2014) 44:1209–23.
doi: 10.1007/s40279-014-0196-4

39. Maeda S, Miyauchi T, Kakiyama T, Sugawara J, Iemitsu M,
Irukayama-Tomobe Y, et al. Effects of exercise training of
8 weeks and detraining on plasma levels of endothelium-
derived factors, endothelin-1 and nitric oxide, in healthy young
humans. Life Sci. (2001) 69:1005–16. doi: 10.1016/S0024-3205(01)
01192-4

40. Failla M, Grappiolo A, Emanuelli G, Vitale G, Fraschini N, Bigoni M, et al.
Sympathetic tone restrains arterial distensibility of healthy and atherosclerotic
subjects. J Hypertens. (1999) 17:1117–23. doi: 10.1097/00004872-199917080-
00011

41. Miyachi M. Effects of resistance training on arterial stiffness: a meta-
analysis. Br J Sports Med. (2013) 47:393–6. doi: 10.1136/bjsports-2012-0
90488

42. Reed KE, Warburton DE, Lewanczuk RZ, Haykowsky MJ, Scott JM, Whitney
CL, et al. Arterial compliance in young children: the role of aerobic fitness. Eur
J Cardiovasc Prev Rehabil. (2005) 12:492–7. doi: 10.1097/01.hjr.0000176509.
84165.3d

43. Weberru,ß H, Pirzer R, Schulz T, Böhm B, Dalla Pozza R, Netz H, et al.
Reduced arterial stiffness in very fit boys and girls. Cardiol Young. (2016)
27:117–24. doi: 10.1017/S1047951116000226

44. Hametner B, Wassertheurer S, Kropf J, Mayer C, Eber B, Weber T.
Oscillometric estimation of aortic pulse wave velocity: comparison with
intra-aortic catheter measurements. Blood Pressure Monit. (2013) 18:173–6.
doi: 10.1097/MBP.0b013e3283614168

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Kirchhuebel, Oberhoffer and Böhm. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Pediatrics | www.frontiersin.org 12 May 2020 | Volume 8 | Article 175

https://doi.org/10.1007/s40279-014-0196-4
https://doi.org/10.1016/S0024-3205(01)01192-4
https://doi.org/10.1097/00004872-199917080-00011
https://doi.org/10.1136/bjsports-2012-090488
https://doi.org/10.1097/01.hjr.0000176509.84165.3d
https://doi.org/10.1017/S1047951116000226
https://doi.org/10.1097/MBP.0b013e3283614168
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	Primary Prevention: No Associations of Strength and Cardiorespiratory Fitness Status With Arterial Stiffness in Young School Children
	Introduction
	Methods
	Study Design and Study Population
	Assessment of Body Composition
	Measurement of Blood Pressure and Pulse Wave Velocity
	Assessment of Strength Status
	Assessment of Cardiorespiratory Fitness
	Data Analyses

	Results
	Descriptive Statistics of the Subject Characteristics
	Sex Differences
	Age Groups
	Cardiovascular Risk Factors
	Correlation Analysis
	Regression Analysis


	Discussion
	Influence of Cardiovascular Risk Factors on Arterial Properties
	Muscular Fitness and Arterial Properties
	Cardiorespiratory Fitness and Arterial Properties
	Study Strengths and Limitations

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


