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Abstract: The literature is consistent that regular physical activity in children has to be increased in order to compensate the negative 

health effects resulting from growing sedentary lifestyle. Thus, we analyzed in 45 students (aged 6.6 ± 0.7 years) the effects of a 

regular exercise intervention, on top of the normal physical education classes, on motor performance (MP) and hemodynamic 

parameters. The students were randomized either to an intervention (INT) (n = 23) or a control (CON) (n = 22) group. Throughout a 9 

months period, INT received additional exercise interventions two days a week for 45 minutes. The main outcome measures were MP, 

peripheral and central blood pressure (BP), augmentation index (Alx) and aortic pulse wave velocity (aPWV). After the exercise 

intervention, we found significant (P < 0.05) positive effects on various test items of MP and significant decreases in peripheral and 

central systolic BP in INT. In contrast, in CON the respective parameters increased in CON after the observation period. Moreover, 

aPWV decreased significantly in INT (P = 0.047) and increased in CON, thus resulting in a significant difference in the mean change (P 

= 0.043). There were no considerable changes in AIx in both groups. In conclusion, we demonstrated that an increase in regular 

physical activity has a positive influence on development of MP and hemodynamic parameters even in early childhood. The findings of 

this study suggest that an increase in exercise time should be initiated as early as possible to improve motor ability and prevent future 

cardiovascular risk. 
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1. Introduction

 

Today’s children experience an increasing lack of 

physical activity and a rising evidence of 

cardiovascular risk factors such as overweight and 

elevated blood pressure (BP).  

Hypertension is one of the leading causes of global 

disease burden [1] and a major independent risk factor 

for cardiovascular diseases. Even subjects with 

pre-hypertension are at increased risk for future 

cardiovascular morbidity and mortality [2]. The only 

recommended treatment for pre-hypertension and 

prevention of hypertension is to modify lifestyle, 
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typically by normalizing elevated body-weight and 

increasing physical activity [3]. 

Cardiovascular risks and diseases originate in the 

first decade of life [4]. Arterial hypertension appears to 

have its onset in childhood as well [5] and high BP at a 

young age predicts cardiovascular morbidity and 

mortality decades later [6]. An earlier study suggests 

that an alarming number of youth have hypertension or 

nearly meet the definition of hypertension with 

documented BP in the hypertensive range [7] and 

multiple studies have demonstrated tracking of 

hypertension into adulthood. Therefore, early 

diagnosis, evaluation, and treatment but most of all 

prevention of hypertension are important to avoid 

future organ damage and alleviate the health risks 
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associated with future arterial hypertension. 

Regular physical exercise promotes health and 

improves cardiovascular function not only in adults but 

in youth as well [8]. New research suggests that the 

level of cardio-respiratory fitness at an early age may 

predict long-term cardiac outcomes [9]. In a large 

cohort, low aerobic capacity was associated with 

increased risk of hypertension, independent of family 

history and socioeconomic factors [10].  

Emerging evidence now suggests that in contrast to 

pressure measured in the brachial artery, central 

pressure is more strongly associated with preclinical 

organ damage such as left ventricular hypertrophy, 

carotid intima-media thickness and pulse wave velocity 

[11] and is better related to future cardiovascular events 

as well [12]. Antihypertensive therapy can exert 

differential effects on brachial and central pressures 

[13]. 

Arterial wall stiffness and reduced arterial 

compliance and dilation capacity are the first signs of 

cardiovascular diseases. Aortic pulse wave velocity 

(aPWV) is a measure of arterial stiffness and is reliably 

reproducible [14]. Data from prospective observational 

cohort studies indicate that aPWV relates to future 

cardiovascular risk even after accounting for other 

accepted cardiovascular risk factors such as peripheral 

BP [15]. Moreover, young healthy subjects with 

familial risk for hypertension showed increased arterial 

stiffness before any increase in BP [11, 16]. In the 

PANIC-Study, poor cardio-respiratory fitness was 

independently associated with increased arterial 

stiffness and impaired arterial dilation capacity already 

among pre-pubertal children [5]. Augmentation index 

(AIx = augmentation pressure/pulse pressure) 

represents pulse wave reflection and has been shown to 

be closely correlated to various cardiovascular risk 

scores [17]. Measures of arterial compliance are used 

to detect first signs of cardiovascular diseases even in 

children. However, the effects of a long term   

exercise intervention program on measures of arterial 

stiffness have not been evaluated in this young age 

group. 

Therefore, the current study was designed to 

determine the influence of a long-term physical activity 

program on hemodynamic function and motor-skills in 

elementary school children who participated in the 

prevention-program “Fitness für Kids- Frühprävention 

im Kindergarten- und Grundschulalter” (Fitness for 

Kids - Early Prevention in Pre-school and Elementary 

School Children). 

2. Methods 

2.1 Subjects and Study Design 

For the cluster-randomized controlled trial, students 

were recruited from a pool of participating “project 

schools” of the exercise program “Fitness für Kids”. A 

primary school was randomly selected and two second 

grade classes were randomized either to intervention 

class (INT, n = 23) or control class (CON, n = 22). 

Forty-five pre-pubertal children (aged 6.6 ± 0.7, 29 

boys, 16 girls) were included in the study.  

Apart from the school’s principal and teachers, the 

participating students and their parents were informed 

about the course and the content of the study. Written 

parental consent was obtained prior to the study. The 

study was in agreement with the Helsinki Declaration 

on the use of human subjects for research and was 

submitted to and approved by the ethics committee of 

the Education Authority Berlin (Landesschulamt 

Berlin). 

Prior to the intervention, baseline examinations were 

performed followed by a 9 months intervention period 

and a post-intervention examination, where all baseline 

measurements were repeated.  

2.2 Measurements  

Prior to the study, the subjects were familiarized 

with all experimental procedures and were 

subsequently tested on two different days. The first day, 

anthropometric measurements including body mass, 

height and waist circumference were registered to 

calculate body mass index (BMI), and waist to height 
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ratio (WHtR). Children’s motor performance was 

assessed using a motor skill test 

(Deutscher-Motorik-Test DMT 6-18 [18]). This test 

originally consists of 8 test items (20-meter sprint, side 

jumps, stand and reach, push-ups, sit-ups, dynamic 

balance, standing long jump, 6-minute endurance run) 

to evaluate the motor skills endurance, strength, speed, 

coordination and agility [18]. The test item dynamic 

balance could not be performed due to local reasons. 

For analyzing motor performance, a composite score 

was calculated by summing up the entire mean 

z-transformed item scores (tMP) [18]. Specially trained 

assistants in a station operation performed all tests in 

the school’s gym, where all children followed the same 

station order. 

On a separate day, hemodynamic parameters were 

determined non-invasively using Mobil-O-Graph
®

 

(24h PWA monitor, I.E.M., Stolberg GERMANY), a 

clinically validated device for hemodynamic 

measurements [19] with a novel transfer function-like 

algorithm, using brachial cuff-based waveform 

recordings. Peripheral and central BP, aPWV and AIx, 

a measure of pulse wave reflection, were assessed. To 

guarantee standardized conditions, the 

recommendations of the Clinical Applications of 

Arterial Stiffness, Task Force III [20] were followed. 

Subjects rested in a separate temperature controlled 

room (23 ± 1°C) for 10 minutes before two resting 

measurements were performed on each child on the 

right upper arm using custom fit arm cuffs. During 

measurements, the children had to extend their arms 

and place them on a customized arm-support, with the 

heart and the pressure cuff at the same level. The same 

investigator performed all BP measurements with the 

same device at the corresponding time of day pre- and 

post-intervention. The average of both measurements 

was used for analysis. To ensure that the children 

remained quiet during the measurement procedure, a 

short movie sequence (“March of the Penguins”   

Wild Bunch & National Geographic Films) was 

presented. 

2.3 Intervention  

Throughout 9-months, both groups received the 

regular physical education class (3 × 45 minutes/week). 

Children of the INT participated in an additional 

exercise intervention consisting of a supervised 

physical activity program two times a week. Qualified 

and in intensive workshops specifically trained 

physical education teachers conducted the program. 

The content of the intervention was based on the 

movement concept of the prevention program “Fitness 

für Kids”, which is characterized by moderate interval 

exercise activities. Short bouts of exercise, interspersed 

by rest periods, allowed relatively high intensity levels 

and corresponded to the child’s general movement 

behavior. The standardized structure contained an 

initial worm-up followed by the main part consisting of 

different joyful games, activities, relays, coordination 

tasks, and a short cool-down thereafter. All contents 

were appropriate for children and could easily be 

performed in the school’s gym irrespective of special 

equipment. The focus of the exercise sessions was a 

high degree of active movement time, which clearly 

stands out from the contents of general school physical 

education classes.  

2.4 Statistical Analyses 

All statistical analyses were performed using IBM 

SPSS Statistics 22.0 (SPSS, Chicago, IL, USA). 

Results are reported as means with one standard 

deviation (SD) and confidence intervals. Paired 

Student’s t-test was used to compare pre-intervention 

and post-intervention variables within the groups. 

Independent Student’s t-tests assessed differences in 

mean change between INT and CON for all measured 

variables.). A P-value < 0.05 was considered to 

indicate statistical significance. 

3. Results 

The characteristics of the exercise and control 

groups are in Table 1. INT displayed a lower height, 

weight, BMI and waist circumference at baseline 
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compared with CON.   

At baseline motor performance-scores were 

comparable in both groups (Table 2). This was true for 

hemodynamic measurements as well (Table 2). In both 

gender groups mean BP was above the 90th percentile, 

thus the sample can be classified “high-normal” [21]. 

After the intervention period, there were significant 

improvements in various test items of the motor skill 

test (20-meter sprint, side jumps, push-ups and sit-ups, 

tMP) in INT and CON. Concerning the stand and reach 

and 6-minute endurance run, only INT displayed 

considerable improvements. After the intervention 

period, INT demonstrated significantly higher scores in 

the side jumps (P = 0.03), stand and reach (P = 0.025), 

push-ups (P = 0.007), 6-minute endurance run (P < 

0.001) and tMP (P < 0.001) compared to CON (Table 2).  
 

Table 1  Subject’s characteristics at baseline.  

Items Total (n = 45) INT (n = 23) CON (n = 22) P values 

Boys/Girls (n) 29/16 14/9 15/7  

Age (yrs) 6.6 ± 0.7 6.4 ± 0.7 6.7 ± 0.7 0.258 

Height (cm) 126.5 ± 6.9 123.0 ± 7.0 130.0 ± 6.8 0.002 

Weight (kg) 25.3 ± 5.4 22.4 ± 3.9 28.1 ± 6.8 0.002 

Body-Mass-Index (kg·m-2) 15.6 ± 2.5 14.7 ± 1.8 16.5 ± 3.1 0.026 

Waist circumference (cm) 57.9 ± 5.8 55.6 ± 3.9 60.2 ± 7.6 0.016 

Waist-to-height-ratio 0.46 ± 0.04 0.45 ± 0.03 0.46 ± 0.05 0.453 

Values are means ± 1SD, unless stated otherwise.  
 

Table 2  Motor performance test scores and hemodynamic measurements before (pre) and after (post) intervention. 

Items  
INT 

(n = 23) 

CON 

(n = 22) 

 pre post   pre post   

 M ± SD M ± SD 95% CI P value M ± SD M ± SD 95% CI P value 

SP (sec) 5.2 ± 0.5 4.7 ± 0.3 0.4; 0.7 < 0.001 5.1 ± 0.6 4.7 ± 0.4 0.2; 0.6 < 0.001 

SJ (n jumps) 23.3 ± 5.7 33.4 ± 6.3* -13.0; -7.2 < 0.001 23.8 ± 7.1 28.6 ± 8.2 -7.3; -2.3 0.001 

SR (cm) 0.5 ± 6.2 4.0 ± 4.8* -6.2; -0,9  0.010 -1.4 ± 5.0 -1.0 ± 5.6 -1.3; 0.4 0.329 

PU (rep) 11.0 ± 5.0 19.0 ± 4.6** -8.9; -5.5 < 0.001 12.8 ± 3.8 15.3 ± 4.4 -3.9; -1.1 0.001 

SU (rep) 14.6 ± 6.7 19.9 ± 5.7 -6.8; -3.7 < 0.001 15.0 ± 5.8 18.4 ± 6.5 -5.1; -1.6  0.001 

LJ (cm) 109.0 ± 21.4 113.7 ± 19.3 -11.2; 1.9 0.153 110.5 ± 17.5 113.7 ± 15.2 -7.8; 1.4 0.160 

ER (m) 814.5 ± 123.3 916.7 ± 114.6† -135.4; -69.0 < 0.001 752.3 ± 88.6 753.7 ± 117.2 -54.4; 51.5 0.955 

tMP 101.4 ± 8.2 108.3 ± 5.4† -9.0; -5.0 < 0.001 100.0 ± 6.1 102.0 ± 5.8 -3.6; 0.4 0.019 

SBP (mm Hg) 111.8 ± 10.5 110.0 ± 9.2* 0.1; 3.7 0.037 113.6 ± 6.5 115.5 ± 8.5 -4.8; 1.1 0.196 

DBP (mm Hg) 67.0 ± 11.1 64.7 ± 8.4* -0.4; 5.1 0.091 68.3 ± 5.8 71.1 ± 8.4 -4.8; -0.7 0.009 

cSBP (mm Hg) 98.5 ± 8.6 96.8 ± 7.3 0.2; 3.2 0.032 97.5 ± 7.1 97.9 ± 7.9 -2.6; 1.9 0.744 

cDBP (mm Hg) 69.5 ± 11.7 67.3 ± 9.2* -0.5; 5.0 0.103 70.4 ± 5.6 72.6 ± 8.0 -3.9; -0.4 0.019 

aPWV( m·s-1) 4.50 ± 0.3 4.44 ± 0.3* 0.0; 0.1 0.047 4.56 ± 0.2 4.64 ± 0.3 -0.2; -0.0 0.187 

AIx 36.6 ± 8.7 37.2 ± 9.5 -4.9; 3.6 0.759 31.6 ± 8.8 30.7 ± 7.4* -1.7; 3.3 0.493 

Motor performance scores and hemodynamic measurements for intervention (INT) and control (CON) group before (pre) and after 

(post) intervention period. Values are means (M) ± 1SD.  

Differences between INT and CON are displayed as *P < 0.05, **P < 0.01, †P < 0.001.  

Abbreviations: CI = confidence interval; SP = 20-meter sprint; SJ = side jumps; SR = stand and reach; PU = push-ups; SU = sit-ups; 

LJ = standing long jump; ER = 6-minute endurance run; tMP = total motor performance z-score; SBP = peripheral systolic blood 

pressure; DBP = peripheral diastolic blood pressure; cSBP = central systolic blood pressure; cDBP = central diastolic blood pressure; 

aPWV = aortic pulse wave velocity; AIx = Augmentation Index; rep = repetitions.  

 

 
 

 



Daily Physical Activity Improves Vascular Function and Motor Skills in Children 82 

 

When comparing the mean improvements between 

pre- and post-observation in both groups, there were 

significant differences in the side jumps (P = 0.007) 

push-ups (P < 0.001), 6-minute endurance run (P = 

0.001) and tMP (P < 0.001) favoring INT (Table 3,  

Fig. 1). 
 

Table 3  Effects of intervention on motor performance test scores and hemodynamic measurements.  

Items Change from baseline   

 INT (n = 23) CON (n = 22) 95% CI P value 

SP (sec) -0.5 ± 0.3 -0.4 ± 0.4 -0.4; 0.04 0.105 

SJ (n jumps) +10.1 ± 6.9 +4.8 ± 5.6 1.5; 9.0 0.007 

SR (cm) +3.5 ± 6.2 +0.4 ± 1.9 0.4; 5.8 0.025 

PU (rep) +7.2 ± 4.0 +2.5 ± 3.2 2.5; 6.8 < 0.001 

SU (rep) +5.2 ± 3.6 +3.4 ± 3.9 -0.3; 4.1 0.092 

LJ (cm) +4.7 ± 15.4 +3.2 ± 10.4 -6.5; 9.3 0.715 

ER (m) +102.2 ± 78.7 +1.5 ± 119.4 41.1; 160.4 0.001 

tMP +6.9 ± 4.9 +1.9 ± 3.6 2.4; 7.6 < 0.001 

SBP (mm Hg) -1.9 ± 4.1 +1.9 ± 6.6 -7.1; -0.5 0.026 

DBP (mm Hg) -2.3 ± 6.3 +2.8 ± 4.5 -8,4; -1.8 0.004 

cSBP (mm Hg) -1.7 ± 3.5 +0.4 ± 5.0 -4.7; 0.6 0.122 

cDBP (mm Hg) -2.3 ± 6.2 +2.1 ± 3.9 -7.5; -1.2 0.008 

aPWV (m·s-1) -0.06 ± 0.1 +0.08 ± 0.3 -0.3; -0.008 0.043 

AIx +0.6 ± 9.5 -0.8 ± 5.7 -3.3; 6.3 0.534 

Changes from baseline to post-intervention in motor performance test scores and hemodynamic measurements for intervention (INT) 

and control (CON) group. Values are reported as means (M) ± 1SD. Abbreviations: CI = confidence interval; SP = 20-meter sprint; SJ 

= side jumps; SR = stand and reach; PU = push-ups; SU = sit-ups; LJ = standing long jump; ER = 6-minute endurance run; tMP = total 

motor performance z-score; SBP = peripheral systolic blood pressure; DBP = peripheral diastolic blood pressure; cSBP = central 

systolic blood pressure; cDBP = central diastolic blood pressure; aPWV = aortic pulse wave velocity; AIx = Augmentation Index; rep 

= repetitions. 
 

 
Fig. 1  Total motor performance Z-score (tMP) for intervention (INT) and control group (CON) before (pre) and following 

(post) intervention period. Values are means ± 1SD. *P < 0.05, ***P < 0.001.  
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3.1 Hemodynamic Measurements 

Peripheral and central systolic pressures decreased 

significantly (P = 0.037; P = 0.032) in INT. In contrast, 

CON both peripheral and central BP increased with a 

significant change in diastolic pressures (P = 0.009; P 

= 0.019) (Table 2). Furthermore, aPWV was 

significantly (P = 0.047) lower in INT after 

intervention, whereas in CON aPWV was higher than 

before, thus resulting in a significant difference in the 

mean change between the two groups (P = 0.043)  

(Fig. 2). Both before and after intervention, AIx was 

higher in INT than in CON. There were no significant 

changes in AIx in both groups throughout the 

observation-period (Fig. 3, Table 3).   

4. Discussion 

The present study demonstrates beneficial effects of 

a 9 months exercise intervention on hemodynamic 

function and motor performance. The decrease in 

peripheral BP in INT and the difference between the 

two groups after 9 months exceeds the effects that have 

been found in adult study groups [22]. In a recently 

published study in adolescent schoolchildren, 

participants of the intervention group already displayed 

a significant decrease in systolic BP of five mmHg 

after 7 weeks of a high intensive interval training, 

whereas diastolic BP remained unchanged [23]. 

Elevated arterial pressure is the most treatable cause 

of premature death in developed countries. A family 

history of hypertension is a contributory risk factor, as 

is tachycardia, but neither is as strong a predictor as a 

youthful elevated pressure [24]. Due to data of the 

NHANES-Survey, BP increased substantially among 

children and adolescents in the United States [25] and 

increasing BP levels during childhood have been 

shown to strongly predict hypertension in young 

adulthood [26]. Independent of BMI, family history 

and socioeconomic factors, aerobic capacity in 

adolescence was an important factor associated with 

the long-term risk of hypertension in adulthood 

according to a recently published article [3]. Despite 

well-established benefits of regular physical activity on 

health and well-being, current levels within school 

aged youth are widely  regarded as  insufficient to meet 
 

 
Fig. 2  Aortic pulse wave velocity (aPWV) for intervention (INT) and control group (CON) before (pre) and following (post) 

intervention period. Values are means ± 1SD. *P < 0.05.  
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Fig. 3  Augmentation Index (AIx) for intervention (INT) and control group (CON) before (pre) and following (post) 

intervention period. Values are means ± 1SD.   
 

recommendations [27]. 

According to the result of the current study, it can be 

concluded that a major potential benefit of regular 

physical activity is the prevention of the development 

of hypertension. Therefore, regular physical activity 

should be increased to improve cardiovascular risk 

profile and cardiopulmonary capacity and strengthen 

muscles and bones. The school environment, and in 

particular physical education classes, afford an ideal 

setting to practice health-promoting behaviors, where 

interventions can reach a large number of individuals 

from assorted socio-economic surroundings. 

In the current study, systolic and diastolic central 

BPs decreased in INT whereas in CON both pressures 

were even higher after the observation period. In adults, 

central BP, the pressure in the aorta, has been shown to 

be more strongly related to preclinical organ damage, 

vascular disease, left ventricular hypertrophy and 

carotid atherosclerosis as markers of hypertensive 

end-organ damage and future cardiovascular events 

than the traditional upper arm BP [12, 13, 28]. The 

CAFE-study demonstrated better clinical outcome with 

comparable peripheral BP but with lower central BP 

due to medical therapy [29]. So far, to the best of our 

knowledge there are no data in children concerning 

central BP and its influence on cardiovascular outcome 

besides peripheral BP.  

The same tendency was found in aPWV, which is 

widely measured as an indicator of arterial stiffness. 

Pulse wave depends on vessel size and the elastic 

properties of the aortic wall and predicts cardiovascular 

events and mortality in the general population beyond 

conventional risk factors [30]. Aortic stiffness 

increases with age especially in large and central 

arteries, and is accelerated by high BP [31]. The 

predictive value of aPWV is stronger in younger versus 

older subjects [15]. Therefore, the present results 

demonstrate that the expected age related increase in 

aPWV is not only compensated but even more, aPWV 

was reduced in INT after the intervention period. The 

difference in aPWV between INT and CON seen after 

the observation period was 0.2m/sec. According to 

adult studies, this would translate into a 3% higher 

future cardiovascular risk in CON. 

On one side, the reduced aPWV in INT might be due 

to their lower BP, on the other side one can argue that 
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this finding was due to an improved vascular function 

as well. 

The Panic-Study showed that better physical fitness, 

physical activity and a low body fat percentage were 

associated with more flexible arterial walls already in 

primary school children and that only physical fitness 

was independently linked to arterial stiffness [5]. 

In healthy adults, increased arterial stiffness was 

superior to BP in predicting cognitive decline in all 

domains and in explaining the hypertension-executive 

function association [32]. Furthermore, previous 

studies suggest that aPWV attenuation is associated 

with improved survival [33]. 

Surprisingly and in contrast to the literature, 

adherence to the exercise program in the current study 

was not associated with a significant decrease in AIx, 

an index of arterial stiffness and wave reflection. It can 

be argued that probably the exercise intensity was not 

high enough to influence sufficiently the reduction in 

the expression of the elastin-degrading enzyme matrix 

metalloproteinase (MMP), since MMP plays a major 

role in the return of the reflected wave as one 

influential mechanism of arterial stiffness [34]. 

Furthermore, it has to be mentioned, that AIx was 

higher in INT than in CON, but the small difference 

was not statistically significant. This finding might be 

due the taller subjects in CON, since AIx, but not 

aPWV decreases with increasing height [35]. Another 

explanation might be the higher percentage of females 

in the INT-group, since females display higher stiffness 

than males during the pre-pubertal years [36]. Similarly, 

a study by Lurbe et al. [37] including children from 7 to 

18 years reported a higher augmentation index in 

females compared to males. 

It is widely believed that the performance of children 

and adolescents in physical fitness tests has declined 

over the past decades. A meta-analysis of Tomkinson 

et al. [38] confirmed a very rapid decline in physical 

performance over the last 20 years in children and 

adolescents aged 6-19 years. Early motor development 

and subsequently increased motor skill acquisition are 

predictors of regular physical activity during later 

childhood and adolescence [39].  

The results of the current study show an 

improvement in tMP in INT, which serves as a measure 

of all physical test items. This variable was mainly 

influenced by the 6-minute endurance run and confirms 

an improvement in aerobic capacity due to the regular 

moderate interval training. It is in agreement with an 

earlier study in younger children, where nearly the 

same results came out after one year with three training 

sessions per week [40]. Better developed movement 

skills in early childhood are important contributors to 

the child’s future physical and fitness level and can 

positively influence organized sports activities during 

later childhood and adolescence and future overall 

health [39]. 

Most participants who were physically active 

slacked off after the study’s structured exercise 

program ended. Therefore, one should focused not only 

on motivation and to start as early as possible to adopt a 

healthy behavior but moreover, to integrate regular 

exercise into everybody’s daily life. The present study 

draws attention to the substantive and independent 

value of physical activity on motor skills and, 

moreover, on various hemodynamic parameters 

demonstrating a beneficial effect for arterial health and 

therefore highlighting its significance as a tool for 

individual and population-based interventions.  

One limitation of the study is the low number of 

subjects and physical fitness has not been evaluated 

before inclusion in the study. Furthermore, the level of 

participation in the regular physical education class in 

both groups and the level of adherence by the INT were 

not assessed. No other risk factors but body weight, 

BMI and WHtR have been examined in the present 

study. Therefore, the results do not provide information 

whether the beneficial effect of regular exercise derives 

from the influence of exercise itself or results from its 

effects on other cardiovascular risk factors, such as 

lipids and lipoproteins, who themselves are known to 

influence endothelial function. Before one can 
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recommend the adoption of hemodynamic 

measurements in daily routine in such a young age 

group, randomized controlled trials are required to 

provide convincing evidence that this method has 

clinical value. Another limitation of this study is that 

given the extended period of the study it is possible that 

other confounding factors will have influenced the 

outcomes, which are not considered. Furthermore, the 

heterogeneity of the groups concerning anthropometric 

data might cause bias on the results. However, despite 

significant differences in BMI and WHtR, there were 

no significant differences in the hemodynamic 

parameters at baseline. This may lead to the 

assumption, that biometrical dimensions do not have 

such a strong influence on hemodynamic parameters in 

this young age and group differences could be 

neglected.  

Overall, the results showed that higher levels of 

physical activity, even in early childhood were 

associated with better motor performance and 

hemodynamic parameters. Therefore, children should 

be encouraged to increase their participation in 

physical activity as early as possible and more policies 

promoting physical activity in this young population 

are needed to avoid unhealthy behaviors and reduce the 

burden of future cardiovascular diseases. Further 

research should access the potentials of regular 

exercise with higher intensities even in children, as 

been used in the present study. Probably similar 

favorable effects could be elicited through more 

intense interventions as already shown in adults. Apart 

from the high quality of the intervention in the present 

study, the interval exercise with the relatively high 

intensities may account for the more positive effects of 

this study then found elsewhere.  
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