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1. Introduction
In 1946 health wasdefinred by t he Worl d Health Orglami zat.

physical, mental and social wdleing and not merl v t he a b s énad, 2002 f di s ¢

Cardiovascular disease ithe leading cause of death worldwide @nacounts for
approximately 30 per cepf all deaths. In 2010 the three leading risk factorglevelopment

of cardiovascular diseasgere arterial hypertension, tobacco smoking and household air
pollution from solid fuelslt is known that, an increased bhb pressure contributes to the
development of heart failure, myocardial infarction and stroke. Santulli writes in his article of
epidemiology of cardiovascular disease in th& @intury, that 16.5 per ceaof all deaths are
attributed to adrial hypertasion. Of those 51 per cent are due to stroke and 45 pedwent

to coronary heart diseas&antulli, 2013.

The prevalence of hypertension rises with age. Of people aged 60 to 65 md@ gercent

are affected, while in aggroups 70 years of age drolder thredourth are affected.
(Chobanian et al, 2003

In children hypertension has become more and more prevalent in recent years. Elevated blood
pressure values in childhood commonly lead to the developroertypertension in
adulthood. In childrersecondary hypertension is more likely than in adull®st often
secondary hypertension in children is associated with renal parenchymal disease and reno
vascular diseasefRiley and Bluhm, 2012)

With the development of hypertension starting as early as cottllit is of paramount
importance to start prevention as early as possifnieactive and healthy lifstyle should be
promoted and enforced in children.

Physical activity and physical fithess play an important role mmeathg and maintaining
health, sike physical inactivity is considered thé"4eading risk factor for global mort&i

(2010) Recent studiebave shown that as much as 12.2 per oéatl myocardial infarctions

i n the wor |l do satriputeg to pbhysical marctivitf@amethore et al., 2005[k

was proven that a sedentary lifestyle increases the risk @lagewent of cardiovascular
disease, type 2 diabetes and breast and colon daeeeet al., 2012)

Multiple studies havestablishedhat ghysical inactivity is strongly positi\g associated with
hypertension.Intervention studies havascertainedhat ingeased physical activity ian
effectivetreatment of high blood prase in a variety of populatior(8Varburton et al., 2006)

Thus b prevent the development of said diseases one should start prevention as early as
possible. Itis henceforthof paramount importance to establish and promote a healthy and

active lifestyle early in life.



With the development of new technologies amdincreasing amount of scheabrk, it has
become more and more difficult for young children and adetdscto lead a healthy lifé&

study with 16.918 children age-1b years in Germany fro20022010 showed, that only 14

per cent of the girls and 19.9 peent of the boys achieved the amount of recommended
moderateto-vigorous physical activity. lvas also shown, that in adolescence there is a
steady decline in physical activity and an increase indnd PCscreertime (Bucksch et al.,
2014) Another study evaluated the effect of physical exercise on mental health of children.
The study showed that physical activity had a positive effect on depression, anxiety,
psychological distress and emotional disturbance in childresinolived furthermore that the
higher the intensity of the wodkitis, the greater the positive efft on mental health. Ahn et

al. recommend a mix of higimtensity aerobic and resistance training exercises for optimum
mental health of our childreghn and Fedewa, 2011)

The European Youth Heart Studieterminedthat to prevent the development of insulin
resistance and thereby cardiovascular risk facteteting, at least 90minutes of modeitate
vigorous physical excise is required in childrgAndersen et al., 2006)

The WHOcurrentlyrecommends at least one hour of moderate tosetphysical activity per
day(2010)

A study published in the Journal of Rhatrics in 2005 by Strong et.akviewed the effects of
physical activity on health and behami@utcomes, by doing a systematic literature review of
850 artides. The studydiscovered using evidencéased data, that physical activity has
strong beneficial effects on musculoskeletal health, cardiovascular health, adiposity and blood
pressure in mildly hypéensive children. The authorsnga to the conclusion that children
should performat least 60minutes of moderdtevigorous physical activity every dayo
achieve beneficial effec{$trong et al., 2005)

Another study proved that total physical activity was significantly and inversely assbcia
with waist circumference, fasting insulin and triglycerides. Furthermore the study found
significantly lower values of waist circumference, fasting insulin, fasting triglycerides and
systolic blood pressure in individuals with higher levels of moddcatggorous phgical
activity. In the study waist circumference was measured and showed up to 5,6cm difference in
between the top and bottom percentiles for modeoatgorous physical activity in children
(Ekelund et al., 2012)Another study by TPischon et al. from 2008 found that an increase of
5cm in waist circumference in adults increases the relative risk for all-ozarsality in men

and women by 17 per cent and 13 per ¢Brgchon et al., 2008)



In today®society chronic diseases such as diabetes, arterial hypertension and cancer are more
and more prevalent. It is thus important to identify the risk factors associated to chronic
illnesses to prevent the despment or progressn. There are multiple hypothes¢hat
speculate that chronic iliness starts in childhood.

We thereforeconducteda study to find out if there ia correlation betweehlood pressure

and cardievascular risk factors, suchs physical agtity, BMI, body fat percentage in'8

grade students in northern Germany.



2. Literature Review
2.1 Physiology ofblood pressure

Blood pressure regulation is required to ensure sufficient blood flow to organs and tissues
during \arious states of physical activity.

Arteries deliver the oxygench blood to organs and tissues, while veins transport the oxygen
depleted blood from organs and tissues to the right atrium of the heart.

The contraction of the left ventricle of the headngrates a pressure gradient in the
circulatory system of theody; the elastic vascular system modulates this pressure gradient
thus ensuring sufficient supply of all tissues and organs.

The function of the human heart is to pump oxygeh blood to thdissues and organs of the

body and delivering oxygedepleted blood to the lungs for gas exchange.

The heart pumps blood by means of rhythmical contractions.

The cardiac cycle consists of systole (contraction phase) and diastole (dilatation phase). Due
to systole and diastole the arterial blood pressure is pulsatile in character.

The maximum increase in pressure wave is called systolic, minimal increase in pressure wave
is called diastolic blood pressure.

During diastole the ventricles of the heart fillthvblood.Closing of the pulmonic and aortic
valve, and dilatation of the ventricular muscle mark the beginning of diaBtotang the end

of diastole the atriwentricular valves (mitral andricuspid valves) close and aortic and
pulmonicvalve reopen.

During systole the ventiular muscle begins to contracthd pressure in the ventricle rises
above the pressure in the surrounding vascular system thus opening thenaoptidnaonic

valve. The blood is being ejected from the ventricles into the pulmotiazylation and the
circulatory system of the body. The end of systole is marked by closing of aortic and
pulmonic valve and beginning of dilatation of the ventricles.

Systolic blood pressure is determined by myocardial contraction speed, elasticitgrial ar
vessels close to the heart (windkessel function) and stroke volume.

Theperipheral resistance of the blood vessels mainly determines the diastolic blood pressure
Arterial bloodpressure is the product cdrdiac output and total peripheral resis&an

A change in arterial blood pressure is therefore either the result of a change in cardiac output
or peripheral resistance.

Vasoconstriction and an increase in cardiac output lead to an increase in blood pressure,

whereas vasodilatation and a decreasgardiac output lead to decreased blood pressure.



Hypertension is thus the result of a shift of balance between cardiac output/ stroke volume
and modified elasticity of the peripheral blood vessels.

Regulation of blood pressure is achieved via nervousiohal and renal mechanisms. The
goal is to maintain a constant basal blood pressure, thus ensuring adequate f&tiugeh,

2001)

2.2. Measurement of blood pressure

There are invasive and namvasive techniques for the measurement of blood pressure.

The maximum pulsatile pressure is the systblaod pressure, while the minimum pulsatile
pressure is being defined as diastolic blood pressure. Duringnwasive blood pressure
measurement an artery, usually the braclagkry is being occluded bya mercury
sphygmomanometerhis sphygmomanomat@sually consists of a pneumatic cuff, which is
connected to a column of mercury next to a scale.

The external pneumatic cuff is being inflated until the pressure in the cuff exceeds the
pressure inside the artery and the artery collapses. The pressdesthe pneumatic cuff is

then slowly reduced, until the blood in the artery can flow again. This occurs when the
pneumatic cuff pressure is lower than the systolic pressure in the artery. With the recurrence
of the blood flow in the arteries the Korotksounds apear. This sound can laiscultated

and gives you the systolic blood pressure value in millimetre quicksilver. When the Korotkoff
sounds disappear the blood flow in the artery is continuous again, this is an estimate of the
diastolic blood presure value. This method of blood pressure measurement is still the gold
standard for blood pressure measurement. Blood pressummoty measuredin
millimetre quicksilverimmHQ)

To achieve an accurate measurement using this technique proper trainecessary. The
outcome during this procedure greatly depends on the correct selection of cuff size for the
individual, furthermore it is importanthat the examiner has an adequate cognitive
competency and is able to use his/her eye/hand/ear coordiaatiordingly.

The American Heart Association has specific guidelines forimaasive blood presure
measuremenfThe patient should be comfortable seated with back supported, legs uncrossed
and bare right arm. The cuff bladder spposed to encircle aedst 80 per cemf the
patientsd arm circumference. Furthermore tF
the arm of the patient shiloube supported at heart lev@Pickering et al., 2005)Blood
pressure stuld be measured in bodrms while the child is in sitting position and in one leg

while the child is in prone position. In both arms the blood pressure should be approximately
5



the same. While the blood pressure in legs is normally 10 to 20 mmHg (Rdégrard

Bluhm, 2012)

Another norinvasive wildly used technique is the use of automated oscillometric devices.
This method uses the oscillations at cardi a
increase in amplitude as cuff pressure falls betwestolsy and mean arterial pressure. The
oscillations then decrease in amplitude as cuff pressure falls below mean arterial pressure.
The corresponding oscillation envelope function is interpreted by computer aided analysis to
extract estimates of blood peesl r (Bablis, 2012)

Invasive blood pressure measurement techniques are most commonlin ukedclinical

setting inintensive care units or in the operating theatre. The indication for use is very narrow
due possible complications, such as infection and arterial embolism. For ambulatory blood
pressure measurement invasive technique is not recommended.

During invasive blood pssure monitoring the mean arterial pressure is measured by insertion
of acannulisedheedle into an artery. The needle is connected to a fluid filled system and an
electronic patient monitor. This allows a constant measurement ohehe arterial blood

pressure.

2.3 Blood pressure in children and adolescents

In general children have lower blood pressure values than adults. Systolic and diastolic blood
pressure rises with age and height. In children not only age and gender must be considered
during evaluabn of blood pressure but also the height of the child.

Blood pressure values usually rise more significantly within the first 10 years of life.

The American heart association defines hypertension in adults as a systolic blood pressure
above 140 mmHg andastolic blood pressure above 90 mmffickering et al., 2005)

In children a rigid definition like this is not applicable, since height, age and developmental
stage of the child must be taken into consideration.

The Working Group on High Blood Pressure in Children and Adolescents defined
hypertension as blood pressure in th& pBrcentile or greater. Prehypertension was defined

as blood pressure measurement over 120/80mmHg or betweer"tard®0%' percentilefor

age, height and gendéFalkner and Daniels, Pd). In Hansen et al. study about the
underdiagnosis of hypertension in children and adolescents the prevalence of hypertension in
children age 3.8 was 3.6er cent while the prevalence of prehypertension in this age group

was 3.4per cenfHansen et al., 2007)



Hypertension in children and adolescenisiter the diagnosis is being maderther divided

into stage | andtage Ilhypertension. Stage | hypertension is defined by the Natioighl H
Blood Pressure Education Program (NHBPEP) as systolic or diastolic blood pressure from the
95" percentile to <99 percentile plus 5mmHg, whereas stage Il is classified ad' >99

percentile plus 5 mmH(Riley and Bluhm, 2012)

2.4 Cardiovascular risk famrs

A study about the prevalence of hypertension anhgpertension among higschool
students by McNiece et al done in 2007 found that the prevalence-bf/pegension ah
hypertension was more than 30 per denthe obesenale study population and3-30 per
centin the obese female study populat{®cNiece et al., 2007)

Falkner et al. analysed the data collected in the National ChidBtmnd Pressure database

of adolescents who underwent blood pressmeasurement at 2 and 4 yaastervds. The
analysis showed that 14 per ceoft adolescents with pyeypertension had developed
hypertension 2 years later. Of the adolescents whiilglarisk blood pressure measurement 68
per cent of the male and 43 per cefhthe female population progressed to-pypertension

or hypertension within 2 years. This data indicates that adolescents wittygaeension
continue to have elevated blood pressor even progress to hypertensi@alkner et al.,
2008)

Falkner et al found that being overweight and obesity correlate strongly with primary
hypertension in children. Other risk factors found were matemakisig during pregnancy,
male gender and a family history of cardiovascular disgzakner et al., 2006)

Atherosclerotic disease is one of the major causes of death in adults in Western society. The
Bogalusa Hart studyprovedthat the development of atherosclerotic disease begins in early
childhood(Berenson et al., 1998)

The occurrenceof type 2 diabetes in adolesceniserising. It is the most common for of
diabetedn the world (>90 per centlt is associated with an increased risk of cardiovascular

disease.



2.5 Physical activity

The WHO defined physical activity as fiany b
that requires energy expenditiir€hysicalinactivity is estimated to cause 3.2 million deaths

globally andhas been identified as the fourth leading risk factor for global mor{2ity0)
Accordingto WHO 31 perceatf adul t s di dn édmimemlatiens fortphysicalg! o b a
activity. This is partly due to an increase in the use of motorized modes of transportation as

well as due to sedentary lifestyle during occupational and domestic activities. A study
conducted by the WHO in 2008 showed that in Mmericas andEastern Mediterranean
Region50 percedf women di dndt meet the recommended

2.6 Guidelinesfor physical activity

The current guidelines of the WHO recommend at least 60 minutes of meevajerous
exercisedaily for the age group of-57 years. Furthermore it is advised that most physical
activity should be aerobic in nature. Vigoraagensityworkoutsthat strengthen the muscles

and bones should be additionally performed at least 3 times per week. iflkéngs are
independent of gender, race or ethnicity and can be applied to all children. Children who do
not meet these criteria should be encouraged to gradually increase their daily physical activity
until the criteria are met. According to WHO beingysically active less than the global
recommendation is still more beneficial than not being active 2Gi0)

2.7 Effectof physical activityon cardiemetabolic risk

In 2010 Janssen et gublished the redts of asystematic literature review ait the health
benefits of physical activity and fitness in schagkd childrenThe data collected showed

that physical activity has beneficial effects on adiposity, musculoskeletal health and fitness, as
well as gveral components of cardiovascular health. The evideased data furthermore
illustrated that physical activity has beneficial effects on adiposity levels in children with
normal body weight. Physical activity hdarthermore apositive effecton bloa pressure in
normotensive children, as well as on plasma lipid and lipoproteins levels. The study also
analysed the effect of physical activity on Aoaditional cardiovascular risk factorsuch as
inflammatory markers, endothelial cell function as veal heart rate variability. A positive
correlation between these factors and physical activity could be confi(daedsen and
Leblanc, 2010Q)



Meyer et all conducted a study with 96 obese children in Germany. The aim of the study was
to assess the effect of anonth nterventional exercise program in obese children on-flow
mediated vasodilatation, thickness of the intimedia as well as cardiovascular risk factors.

In this study the exercise regime significantly improved intmedia thickness of the carotid
artery al showed an improvement of endothelidependant vasodilatation of the radial
artery. Furthermore a significant reduction of body weight, blood pressure, insulin resistance
and waist/hip ratio was found. The authors suggested that exeocikEhave an itmediate

effect on vascular conditignvhich is of paramount importance for the pathogenesis of early
atherosclerosis. Additionally the data found in this study showed a reduction in systolic blood
pressure and left ventricular mass after 6 month of exerclhis, so the authors
hypothesized, could be due to a reduction in arterial stiffness, thereby promoting an
improvement of vascular response and by weight reduction a reduction in blood volume in
obese children. The size of the left atrium is known taalrésk factor for cardiovascular
outcome. Meyer et al further found that there is an increase in inflammatory markers in obese
children. A positive correlation between inflammatory markers and BMI, body fat percentage,
insulin resistance and blood pressis well known. It has been suggested that inflammation
might disturb the endothelial cell function and promotes thickening of intedia. This

would affirm that inflammation isinvolved in the early stages of pathogenesis of
atherosclerosi@Meyer et al., 2006)

2.8 Physical fitness

VO2 max isdefined aghe highest rate of oxygen consumption attainable during maximal or
exhaustive exercisdt is the measure of the maximum volume of oxygen thatratividual

can use. It is measured in millilitres per kilogramme of body weight per minute
(ml/kg/min)Bassett and Howley, P0).

The point at which oxygen consunugnti plateaus defines the Y@nax, maximal aerobic
capacity. It is generally considered the best indicator of cardiorespiratory endurance and
aerobic fitnessHigher VO2 max s indicative for more favourable cardiopgsitory fitness.

Part ofphysical fithesss attributed to genetics, such as large chest size in relation to body
size and strong respiratory musclégcording to Guyton and Hall maximal exercise results

in an increase of heart rate and stroke volumeato95 per cent of their maximal levels.
Cardiac output reaches 90 per cent of the maximum that a person can achieve during
maximum exercise. But this equals only 65 per cent of the maximum pulmonary ventilation a

person can achieve. This shows that theliosascular system is more limiting &0O-max,
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than the respiratory system is. The body can only utilize oxygen at the rate at which the
cardiovascular system transports it. This in turn means, that athletic perforoepeds

much more on the performancapaility of the hear{Guyton and Hall, 2011)

There are multiple factors affectizvd2 max. Factors can be divided into demand and supply.
For one we have thigansport of oxygen to the lungs and from there to mitochoslaply)

This pathway ioludes factors, such as stroke volume, blood volume and lung diffusion.
Demand on the other hand would be the ability of mitochondria to convert oxygen into
energy.There are additional other factpisuch as age, sepulmonary diffusion capaty,

oxygencarrying capacity andapillary densityBassett and Howley, 2000)

3. Objectives

The main objective of this study wa®tanalyse the correlation between blood gues and
physical fitness in8grade students

The aims wereat determine a correlatn between bloogressure and physical activity
determinea correlation between waisircumference and blood pressuFeirther aims were
the determination ok correlation betweemody mass indexand blood pressurand a

determination o& correlation between bodgt percentagand blood pressure.

10



4. Materials and Methods

The data collection was conducted from January 2014 till February 2014 at 29 schools in the

federal state of Schleswigolstein, northern Germany.

4.1 Participants and Design

Thisstudyvas part ostudyp h e gi b fu f-{régeam is a 22uveéktplysical

activity program, designed by a team of psychologists, sports medicine specialists, as well as
nutritional scientists, sport scientists and teachers, for teenagef$ gna& to promote
physical acti vi ty i 4studgdrograndwae to evaluate the effeztfofabh h e i
interventional physi cal activity ©prswudyyam fo
baseline data was acquiréslchert et al., 2015The baseline data was subsequently used for

this crosssectional study.

For t htudi theé dath was collected at baseline as well as 3month and 1 year after the
12weeks interventioperiod. Our study only useéhe baseline data collected.

During the Al2&ufto project students were di\
intervention group d2-week physical activity program was realized. The activity program
consisted of pedometer (Omron WalkingyI8tOne 2.1) use for evaluation of daily physical

activity. Furthermore classes received four educational lessons during which ideas how to be
more physically active were created. The students participated in two class competitions. One
competition involve collection of the most steps during 3 given weeks, in the other
competition the most creative class project to assimilating the most steps was awarded. Also

all teachers and parents received information material.

Prior to data collection invitation leteand information sheets about the study were sent to

all secondary schools from 6 selected districts in Schileklelgtein and informed consent

for the storage and collection of the data was collected from the parents. Schools for disabled
students wer@ot included in the study. In total 134 schools were invited to participate. 29
secondary schools with 69 classes and 1489 students were willing to participate. The target
were &' grade classes, with students aged 12 t(Slichert et al., 2013)

The data of a totalfal296 students was collectetB3 students had to be excluded due to

missing data. 136 students n@dsthe parental consent, another 52 were absent during data
collection and 5 students left the school in the following month.

52.23 per cendf the study population was male. The mean age was 13,71 years, the youngest

participant was 12 years old, wherehs oldest was 17 years of age. The mean age for the

11



female and male study population was almost ideh&t 13.71 years of age. 57.06 per cent
of the students went to community school and 4p&4centvent to secondary school.
The study was approved lbhe Ministry of School and Professional Education of the Land

Schleswig Holstein, as well as the ethics committee of the German Psychological Society.

4.2 Outcomes andnalysed items

The items collected for this study were blood pressure, gemgieryeight, height, body mass

index, body fat and waistircumference. Additionally students were asked to participate in a
20mShuttleRun-Test to assess physical fitness. A -seliministered questionnaire was used

to assess the daily physical activity of eatudent.

Standing height was determined by use of a portable stadiometer (Seca 213, Basel,
Switzerland). Bioelectrical impedance analysis (Omron-5&E, Omron Healthcare,
Mannheim, Germanyyas used for determination bodgt. For weight measurement an
electrical scale (Omron BBE11, Omron Healthcare, Mannheim, Germany) was used.

The studendbody mass indexvas calculated and converted into genderd agespecific
percentiles using the Kromeyelauschildpercentiles as referend&uchert et al., 2013,
Suchert et al., 2015)

Blood pressure was being measured prior to physical exercise using an automated
oscillometric device (M&rofessional, Omron Healthcare, Mannheim, Germany). The blood
pressure was measuredides for each individual. We calculated the mean systolic and
diastolic blood pressure from the two blood pressure measurements. For further analysis of
minimum and maximum blood pressure values, the lower blood pressure wa8losed.
pressure percentilewere adjusted according to NHBPEP (National High Blood Pressure
Education Program Working Group on High Blood Pressure in Children an Adolescents).

For determination of waist circumference a flexible measuapg was used. Waist
circumference was meawd at the medial axillary line halfway between iliac crest and
lowest rib(2000)

The 20mShuttlerun test was conducted to measure cardiorespiratory fitness and\d0tain

max The 20mShuttlerun-test is a progressive maing test, in which subjects must run back

and forth between two lines on a 20m course. The subjects must cross each line in a given
time. For this a preecorded sound signal is emitted. The initial running speed is 8.0 km/h.
The frequency of the soundgsal is increased by 0.5km/h every minute. When the subject
fails to cross the line in time for the sound signal twice the test is stopped and the last stage

announced is used to determine the aerobic capacity.

12



Maximal oxygen uptake is calculateding he following formula: VOmax=31.025+3.238x
3.248a+0.1536ax, where x is speed in km/h and a is age in years.

Using the 20m shuttle run test allowsvalidated estimation of maximal oxygen uptake as
indicator for cardiovascular fithegseger et al., 1988, Mahar et al., 2011)

For the seladministered questionnaire items of the Moluivity questionnairgFalkner

and Daniels, 2004yere usedFig. 2233). The questionnaire gave an insight into physical
activity of a regular week in the childdo [Iif
how students spent their time during recess, how they commuted to school, what heusehold
chores students had t@ @t homeas well as participation in sports club outside of school.

The determination of physical acti vi-tejm i n tFh
screening(Hansen et al., 2007Most recent school day and Sunday were evaluated for
physical activity during leisure tim@&uchert et al., 2015)

All data collection was conducted under the supervision of a physi€hiddren with
pathological results were informed by the participating phgsi and received a letter for

their parents. A cheelp was suggested for those students.

4.3 Statistical analysis

All statistical analyses were conducted with Stata 14 (Stata Corp, Collega Sta{).

Multilevel mixed-effects regression analyses were applied to evaluate effeqibysical
activity, body mass indexwvaist circumferencephysical fithessand body fat percentage on
blood pressure.

Multilevel mixed-effects regression analysedescribe the directed correlation of a
characteristic against various other variables. Thereby, the specific influence of each variable
in relation to the characteristic is measured.

The twosample ttest Snedecor and Cochran, 198%as used to deteine gender
differences in body fat, waistircumference, blood pressure, physical activitgdy mass
indexand cardiorespiratory fitness.

Cohenos d wa sphysiall actwity, ®ddyy wohassf idexwaist circumference,
physical fithnessand bodyfat percentage to evaluate effect strength on blood pressure. Like
Cohen suggested in 1988 d=0.2 meant small effect, d=0.5 meant medium effect and d=0.8

meant largeeffect. Cases with missing data were excluded from the analysis.

13
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5. Results

5.1 Study population

In this stidy 1141 individuals were anabs. Males made up 52.23 per cefitthe study
population (Fig.1). The mean age of the study population was 13,71 yeargouhgest
participant was 12 years old, whereas the oldest was 17 years of age (Fig.2). The mean age for

the female and male study population was almost ideraicdB.71 years of ageésD +/-
0.669)

Gender distribution of study population

& male

& female

Figure 1: shows the gender distribution of the stoolyulation made up of 1141 individuals

Age distribution among study population

S
=)
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W
=]

20
10
0 -
12 13 14 15 16 17
years of age

Figure 2: shows age distribution among study population of 1141 students in pgecent
14



Of the 1141 individuals 57.06 per cem¢nt to community school and 42.pér centwent to
secondary school.

5.2. Waistcircumference

1138 studentdiad their waistircumference measured. The mean circumference was 71.62
cm, the smallest circumference measured 39.2cm, the biggest 122.2cm. Of the students who
had their waist circumference measured 594 were bmrethe mean coumference was
73.10cm. For the 544 girls the mean waist circumference measured was 69.88mmwvas a
significant statistial difference between the wamtcumference bmale and female students
(p<0,001)(Tab. 3.

n Mean Std. dev.
Boys 594 73.1074 9.74212
Girls 544 69.99044 9.236569
Combined 1138 71.61757 9.626531
*p<0.0001

Table 1 Two-sample ttest with equal variance fgender andavaistcircumference

Difference in mean waist circumference in boys and
girls

73,5
73
72,5
72
71,5
71
70,5
70
69,5
69
68,5
68

cm

Std.dev
9.24

.

boys girls

| ¥ mean waist- circumference 73,1 69,99

Figure3: shows theyender difference in mean wagstcumference
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5.3. Bodymassmndex

For those 1138 students whoreeneasured the body mass indexs also calculated. The
meanbody mass indewas 20.98 kg/ mahe minimum value fobody mass indewas 2.6
and maximum was 47.03kgi2

The statistical analysis showed no significaffedence betweerhebody mass indegf boys
and girls (p9.8303.

Using thechi-squareTest t was found thapathological or normal blood pressure values
(mean systolic and mean diastolic values@ dependant on body mass ingexcentile
(p<0.0M1)(Table 2 and 3

Mean diastolic  blood BMI <10th BMI 10th-90th BMI >90th Total
pressure percentile percentile percentile

Normal blood pressure 45 841 174 1060
Elevatedblood pressure 3 37 36 76*
Total 48 878 210 1136

*p<0.0001

Table2: chi-squareTestfor dependency dfiastolicblood pressure and BMiercentile

Mean systolic BMI <10th BMI 10th-90th BMI >90th Total
bp percentile percentile percentile

Normal bp 43 753 136 932
Elevated bp 5 125 74 204
Total 48 878 210 1136
*p<0.0001

Table3: chi-squareTest for dependency of systolic blood pressure and-paicentile
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5.4. Body fatpercentage

The body fatpercentage of 1096 students was obtained. Timmmam percentage measured
was 5 per cent, the maximum 49.5per céme mean body fatercentage of the students was
20.25 per centOf those 1096 students 540 were girls, the girls rbedly fatpercentage was
24.52 per cent the boys mean body fgiercenage on the other hand was 16.09 per.cent
There was a significant statisticdifferencebetween the body fgtercentage ofmale and
female students withq®,001(Fig. 4).

Difference in mean body fat percentage in boys and girls

30

25

20

15

percent %

10

5

0
boys girls

| 5 bodyfat 16,09 25,52

Figure4: shows difference in medwody fatpercentagén boys and girls
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5.5. Weekly physical activity

By using the aforementioned questionnaire it was plessd obtain data concerning the
physical activity of the participating students. In total 1141 were analysed for weakly physical
activity. 20 individuals had to be excluded for not answering the questionnaire sufficiently.
The mean wddy physical activiy of the remaining 1121 students wa®#4days per week.

The mean wed¥ activity for boys was 4.21 days per week, whereas gigee less active

with a mean wddy physical activity of 3.91 days of moderate igarous exercise per week
(Tab. 3. The datsshowed a significant difference in weekly physical activity amongst boys
and girls (p=0,0028). A statistical significance was being defined as p<0,05. Physical activity

was defined as at least 60 minutes of moderate to vigorous exercise per day.

n Mean Std. dev.
Boys 587 4.214651 1.72907
Girls 534 3.91573 1.599254
Combined 1121 4.072257 1.674426
*p=0.0028

Table 3 Two-sample ttest with equal variance for weekly physical actiwitypoys and girls

Days of physical activity per week

80
70

60 —
50 — —

40 : —
30

individuals

n=

20
10

i .

o |05, 1|15 2 |25 3 |35| 4 (45| 5 |55| 6 |65 | 7
Eboys| 13 3 18 | 17 | 32 | 26 | 60 | 56 | 73 | 49 | 75 | 42 | 44 | 23 | 56

Egirls | 6 6 [ 20| 10 | 40 | 45 | 54 | 69 | 61 | 57 | 61 | 31 | 30 | 14 | 30

Figure5: days of physical activity (at lea80 min of moderate/vigorous activity per day) per

week divided by gender
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5.6. Systolic blood pressure

1225 students had their blood pressure take:]
120.28 mmHg, ranging from 70mmHg to 164.5mmHg. For 1139 stad®95 boys, 544

girls) a systolic mean value was calculatédr 86 students the mean systolic blood pressure
could not be calculated because only one measurement was @fktase 1139 students

with calculated mean systolic blood press@fb studerst showed elevated systolic blood
pressure for their age and height. Of those 205 students with elevated systolic blood pressure
124 were maleTwo-sampleT-Testanalysis showed that there was a statistically significant
(p<0.003) difference between the mand female study population when analysing the mean
systolic blood pressure values.

Using the chisquareTest it was established that there is a depeoe of normal and

pathologicaimean systolic blood pressure values and gender (p<0.009).

Mean systolc blood pressure  Boys Girls Total
Normal blood pressure 471 463 934

Elevated Hood pressure 124 81 205
Total 595 544 1139
*p=0.009

Table4: chi-squareTest for dependency of systolic blood pressarfeoys and girls

Normal vs elevated systolic blood pressure in boys and
girls

n=individuals

boys girls

Enormal mean systolicbp ¥ elevated mean systolic bp

Figure6.: shows difference ofarmal and elevated mean values in boys and girls

5.7. Diastolic blood pressure
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For the diastolic blood pressure 2 students had to be excluded due to failure of obtaining a
value. For the remaining 1223 students the mean diastolic blood pressured ramged f
32mmHg to 10immHg with an average 68.15mmkéglculated. For 84 students the mean
diastolic blood pressure could not be calculated since only one measurement was taken.
Hence he mean value ofliastolic blood pressure of 1139 studewtss obtained. Of hose

mean values 76 were elevated, 43 of the elevated valuedramrgirls.

Two-sampleT-Testanalysis showed that there was statistically significant (p<0.001
difference between the male and female study population when analysing the mean diastolic
blood pressure values.

Using the chisquareTest it was established that there is no dependence of normal and

pathological mean diastolic blood pstire values and gender (p=0.111

Diastolic blood pressure Boys Girls Total
Normal blood pressure 562 501 1063
Elevated Hood pressure 33 43 76*
Total 595 544 1139
*p=0.111

Table5: chi-squareTest for dependency of diastolic blood pressure and-pgdi¢entile

Normal vs elevated diastolic blood pressure in boys
and girls

n=individuals

boys girls

Enormal mean systolicbp ¥ elevated mean systolic bp

Figure7: distributionof normal and elevated systolic blood pressaregoys and girls
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5.8. Physical fithess

The physical fitness (V@max)was obtained after the shuttien-test by using the model of
Maher et al (2011) for calculation. @D students participated in the shutile-test and were
therefore analy=sd. The mearphysical fitnessof the totalstudy population was 47.73 ml
O2/min, the minimum was 17.43 mk/min and the maximum 58.19 r@k/min. Of the 1067
students who were anaba 559 were boys, the meaf©®¥max for this group was 5168l
O2/min. 508 girls were analgsl, the mearphysical fithesswas calculated to be 43.73ml
Oo/min. There is a highly significant difference betweglysical fitnessn the ma¢ and

female study population, p<0.001

n Mean VOz2max  Std. dev.
Boys 559 51.35941 4.89715%
Girls 508 43.72875 5.250884
Combined 1067 47.72644 6.340664

*p<0.0001

Table 6 Two-sample ttest with equal variance fMO>max
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5.9 Regression analysis

The regression analysis showed a statistically significant (p<0.001) negative relation between
mean diastolic blood pressure and weekly physidaligc (regression coefficient=1,7272.
Meaning that for a one unit change in physical activity the mean diastolic blood pressure
would change byl,7272nmHg.

There was no statistically significant relation (p=0.807) by regression analysis found between
the mea systolic blood pressure and weekly physical activity.

In Figure 8the regression line of physical activity and diastolic blood pressseen.

Correlation of weekly physical activity and diastolic
blood pressure

8,00

7,00

6,00

5,00

4,00

3,00

o
=]
S

physical activity >60min/day [days]
o
=

0,00

65,00 67,00 69,00 71,00 73,00 75,00 77,00 79,00
blood pressure [mmHg]

Figure8: correlation of physical activity and mean diastolic blood pressure

Regression analysis for vaaicircumference and mean systolic blood pressure showed a
statistically significant positive relation (p=€@1, regression coefficient= @R74.
Additionally the regression analysis for mean diastolic blood pressure and waist
circumference showed a stdically significant positive relation (p<@1, regression
coefficient= 05925. In Figure 9 and 10@egression line ofvaist circumference and mean
systolic and diastolic blood pressure is shown.

For aoneunit change in waistircumference the mean diabt blood pressure would change
0.5925mmHg whereas the mean systolicdid pressure would change ®g974nmHg.
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Correlation of waist circumference and systolic blood
pressure

20,00
85,00 90,00 95,00 100,00 105,00 110,00 115,00 120,00 125,00 130,00
blood pressure [mmHg]

Fig. 9 correlation ofwaistcircumference and mean systolic blood pressure

Correlation of waist circumference and diastolic
blood pressure

20,00
60,00 65,00 70,00 75,00 80,00 85,00 90,00 95,00 100,00 105,00

blood pressure [mmHg]

FigurelQ: correlation ofwaistcircumference and mean dialsc blood pressure

For mean systolic and meamastolic blood pressure and BMilercentile, the regression
analysis showed a statistically significant positive relation, p<0.001.

For one unit change inody mass indepercentile, the mean diastolic btbpressure would
change 0.240mmHg, while the systolic mean blogutessure would change2868nmHg,
the regression coefficient for mean diastolic blood pressure beiBgd dnd the coefficient

for systolc mean blood pressure bein@668
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Fiure 11 and 2 show the regression line &Ml percentileand mean systolic argiastolic
blood pressure

Correlation of BMI and systolic blood pressure
50,00
45,00
40,00
35,00

= 30,00

bmi [n]

25,00
20,00
15,00

10,00
84,00 85,00 86,00 87,00 88,00 89,00 90,00 91,00 92,00 93,00

blood pressure [mmHg]
Figurell: correlation of BMI percentile and mean systolic blood pressure

Correlation of BMI and diastolic blood pressure
50,00
45,00
40,00

35,00

[n]

30,00
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25,00
20,00
15,00

10,00
62,00 62,50 63,00 63,50 64,00 64,50 65,00 65,50 66,00 66,50 67,00
blood pressure [mmHg]

Figurel2: correlation oBMI percentile and mean diastolic blood pressure
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During analysis of body fat percentage and blood pres&ereegression analysis proved a
statistically significant relation between mean diastolic blood pressure and body fat
percentage, as well as between mean systolic blood pressure and body fat percentag
(p<0.001).In Figure 13 and 14he regression line of body fat percentage and mean systolic
and diastolic blood pressure is seen.

The regression coefficient for mean diastolic blood presancebody fat percentage was
0.9173 For one unit of change inobdy fat percentage the mean diastolic blood pressure
would change 173nmHg.

The regression coefficient for mean systolic blood pressure and body fat percentage was
0.7429

Correlation of body fat and systolic blood pressure

body fat [%]

10,00
0,00

80,00 85,00 90,00 95,00 100,00 10500 110,00 11500 120,00 12500 130,00
blood pressure [mmHg]

Figure 13 correlation of body fat percentage and mean systolic blood
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Correlation of body fat and diastolic blood pressure

body fat [%]

10,00

0,00
60,00 70,00 80,00 90,00 100,00 110,00
blood pressure [mmHg]

Figure 14 correlation of body fat percentage and mean diastolic blood pressure

Additionally the regression analysis showed a statistical significant relation (p<0.001)
betweenphysical fitnessand mean systolic blood pressure. Thgression coefficient was
-0.9423 meaning for aneunit change in \Domax the systolic blood pressulecreased by
0.9423 mmHg. In conclusion the higher thghysical fithess the lower the mean systolic
blood pressure.

Similar results were found for the mean diastolic blood pressure. There was a statistical
significant relation found betweephysical fithessand mean diastolic blood pressure
(p<0.001). The regressiaoefficient was1.1579 meaning for aneunit change irvO>max

the diastolic mean blood pressure changes1b$579 mmHg In Figure 15 and 16he

regression line gbhysical fitnes@nd mean systolic and diastolic blood pressure is seen.
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Correlation of physical fitness (VO,max) and systolic
blood pressure
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110,00 115,00 120,00 125,00 130,00 135,00 140,00

blood pressure [mmHg]

Figure 15: correlation gfhysical fitness@nd mean systolic blood pressure

Correlation of physical fitness (VO,max) and diastolic
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Figure 16: correlation ophysical fithnessand mean diastolic blood pressurghmiegression

line
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5.10 Correlation analysis of mean blood pressure anrdac@ants

The statistical analysis showed no correlation between physical activity and mean systolic
blood pressure (p=0.8214), but a correlation between mean diastolic blesslingr and
physical activity was found (p<0.001).

The statistical analysis showed that there ig@ng correlation between waisircumference

and systolic lmod pressure, as well as watstcumference and mean diastolic blood pressure
(p<0.001). Seeifure 10 and 1Xor the correlation graph of mean systolic and meastalia

blood pressure and waisitcumference with regression line.

There is a strong correlation between mean systolic &aslotic blood pressure and BMI
percentile p<0.001)

The staistical analysis showed a strong correlation between mean systolicaatalidiblood
pressure and bodfat percentage (mean systolic blood pressure and-fabdyercentage
p=0.0178; mean dstolic blood pressure and boidy percentage p<0.001).

There wa no correlation found between mean systolic blood pressure and physical fithess
(p=0.381), but the statistical analysis showed a strong correlation between the mean diastolic

blood pressure arghysical fithesgp<0.001).

VO2max | Weekly | Waist Body-fat | BMI - Mean Mean
PA percentile | diastole | systole
VOzmax | 1.0000
p
Weekly | 0.2772 | 1.0000
PA
p 0.0000
Waist -0.4656 | -0.0818 | 1.0000
p 0.0000 | 0.0046
Body-fat | -0.8196 |-0.1767 | 0.5559 | 1.0000
p 0.0000 | 0.0000 | 0.0000
BMI - -0.2565 | -0.0420 |0.7435 | 0.6449 | 1.0000
percentile
p 0.0000 |0.1470 | 0.0000 | 0.0000
Mean -0.2418 | -0.1179 |0.2318 | 0.2675 | 0.1583 1.0000
diastole
p 0.0000 | 0.0000 |0.0000 | 0.0000 |0.0000
Mean -0.0256 | 0.0065 |0.3473 | 0.0694 | 0.3015 0.5142 | 1.0000
systole
p 0.3891 |0.8214 | 0.0000 |0.0178 |0.0000 0.0000

Table 7 correlation matrix with
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5.11 Effectstrengthof the different variablesn mearsystole and dstole

We calculated the effestrengthof physical fithessphysical activity, BMIpercentile, body

fat and waistircumference on mean diastolic asysbtolic blood pressure usingteo h e n 6 s
formula of efficacy.

The dfect strengthmeasures the strength of a relationship between variables on a numeric
scale. The greater the effect strength, the more influence a variable has.

The analysis shows thathysical activity has no significant effect anean systole and
diastole. BMIpercentile and waistircumference have the most significant effect on mean
systole, whereaphysical fithessand bodyfat show the most significant effect on mean

diastole.

Effect stength of variables on systole and
vormax diastole

0,1
BMI-percentile < : \\ physical activi
\th i_\ ’ Y
VbM" e===mean diastole
P a @m==mean systole
/N
wi

aist-
circumference

bodyfat

Figure 17 effect strength f2 for cgariants on mean systolic and diastolic blood pressure

Mean systolic Bood Mean diastolic Hood
pressure pressure
Physical fithess f2=0.037 f2=0.057
Weekly physical activity f2=0.004 f2=0.010
Waist circumference f2=0.065 f2=0.047
Body fat percentage f2=0.036 f2=0.060
BMI -percentile f2=0.087 f2=0.022

Table 8 effect strength f2 for cgariants on mean systolic and diastolic blood pressure
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6. Discussion

The objective of this study was ttetermine amongs others,a correlation betweehlood
pressureand body fat percentageThe analysis of the data showed, thare is a strong
correlation between meagstolic blood pressure and botht percentage, as well as between
mean diastiic blood pressure andoldy fatpercentage. This corresponds with the findings of
most studies. In one study from 1988, Rocchini et al. faurslrong correlation between
blood pressurgalues and fat weight in obese adolescents. After an intervention period of 20
weeksit was slown thata reduction in body weightand therebyeduction of bodyfat
percentageleadto asignificantreduction of both the systolic and diastolic blood pressure.
The study divided the interventional groups in diet and exercise group. The exercise group
showed a sigficantly higher reduction in blood pressu(Rocchini et al., 188). It is
commonly known, that a diet regimen withoderate to vigorouphysical exercise has a
positive effect on body coposition, the reduction of bodgt percentage is higher using this
method (Janssen and Leblanc, 201@®ilva and Lopes showed thdtete is asignificant
correlation betweemxcessbody fat and high blood pressyréhus confirming ouresults
Obesity often results in insulin resistance, vascular dysfunction and amaaivety of the
sympathetic nervous system. This can explain threeladion between elevated bodfat
percentage anthe development ddrterial hypertensioSouza et al., 2010Children with
obesity are at a higher risk for the development of atherosclerosis later in life and
consequently the development of arterial hypertension. Our study demonstrated, using
regressionanalysis that an increase in bodfat leads to an increase in both systolic and
diastolic blood pressure. The effect strength analgsmved a strong effect of bodat
percentage on systolic and diastolic blood pressure. One can thus stipulate that there is a
strong corelation betweerelevated bodyfat percentage and elevated blood pressure. The
treatment of arterial hypertension in children should therebom®ngst other variables, aim at
thereduction of bodyat percentage.

During dataacquisitionthe height and weight of the chikh was taken, and th®dy mass

index was calculatedThe body mass indeis dependant on age and gender. Our data was
then divided into reference groups/percentiles according to Kronattg@schild. Children

that were above the 9Qpercentile were considr ed over wei ght . The AAT
Adipositas im Kindesu n d J u g aefided hatiawide uniform percentile limits for

adiposity. According to this definition children in the"™8@7" BMI percentile are considered
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overweight, adiposity starta the 91-99.5" BMI percentile, and ex@éme adiposity is defined

as BMIpercentile above 99" (Wabitsch et al., 2002)

Our results furthermore provetat pathological or normal blood pressiselependat on

BMI percentile(p<0.0001) andhat there is a strong correlation between mean systolic and
diastolic bloa pressure and BMpercentile (p<0.001)By using regression analysis, a
statistically significant positive relatiorbetween blood pressure and Bldércentile was
found. Our findings largely reflect the current literatua@d are in accordance with our
findings concerning bodfat percentage and waisircumference

He et al. systematically examined, in their study, the association between obesity and blood
pressuren preschool children in Chin&hey found that théody mass indewas positively
related to blood pressure in nobese as well as obese children. They furthermore found that
an increase in onkeody mass indexnit was associated with an increase of 1mniHgoth
systolic and diastolic blood pressure and thatoibdy mass indeeffect was twice as strong

in the norobese group as in the obese study population. This further proofs our conclusion
that a decrease in body mass inderightand bodyfat percatage, leads to a decrease in
blood pressurand improvement of body compositi¢ide et al., 2000)

The body mass index a cheap and easy to use tool in the assessment of adipasitatric
doctors should tryat obtain thebody mass indewrf their patients to better monitor the risk of
development of cardiovascular diseases, such as arterial hypertension. If a childdis

mass indexver the 98 percentile or is gaining weight @in risk of becoming obesdietary
measures as well as a physical exercise regimen should be implernehbedy$fast paced

world, doctors only have minutes to tend to theirguas, the body mass indexan be an
easy, cheap tool i mch seedregt@ ahtiong The Hody mask indexi t s 6
could be easily obtained after a patient enters the practice of a paediatric doctor, since no
trained personnel is needed, this could be done during the waiting period, thus saving the
physiciangtime. The body mass indewould alsofacilitate the identification opatients with
pathologicalbody mass indexalues and could be used to monitor toeirse of the body

mass indexf a patienthis would make an early intervention possible.

In this study we furthermore found a strgmggtive correlation between waistrcumference

and systoliand diastolic blood pressurewas shown, that waisircumference has a strong
effect on blood pressure. We were able to dematest that the bigger the waist
circumference, the higher thdobd pressure. This is congst with the results in current
literature Choy et al. found that elevated blood pressure was associated with waist

circumference. In their study 26.8 per cehthe children in the highest waisircumference
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guartile had kevated blood pressure. This shothat waistcircumference is a risk factor for

the developmet of hypertension. A big waistircumference is associated with abdominal
obesty, this in turn is strongly associated with insulin resistance and the develbpien
metabolic syndrom€Choy et al., 2011)As Hirschler et al. showedaist circumference is a
strong predictor of insulin resistance and thus the eldgment of metabolic
syndroméHirschler et al., 2005)

There is an undeniable connection between childhood cardiovascsharfactors and
metabolic syndroméReis et al., 2006)Analysing theresultsof this studyit becomes clear

that weightreduction or prevention of development of obesity isitaiostimportance in the
prevention of development of hypertension in childhood or earligfeinRegular screening

of waistcircumference could become a ceffective, fast and easy to perform exaation

by general practitioners. We momend the measurement of wagtcumference on a
regular basis since one can easily assess the patiehtsctmposition and predict the total

fat content(Sarria et al., 2001)This would help physicians to @&wuate the risk of a patietd
develop metabolic syndromdaigh blood pressurer any other disease associated with
adiposity

Anotheraim of this study was to analyse the correlation between blood pressure and physical
fitness in 8th grade students. Gatatistical analysis could not find a correlation between
mean systolic blood pressure and physical fithnd&S2hax). For mean diastolic blood
pressure a significant correlation was found. The regression analysis was able to prove that
there is a strong positive relation between mean systolic and diastolic blood pressure and
physical fitness. The effect strength of physical fitness on mean syaolicnean diastolic

blood pressure was found to be strong.

Physical fitness does not seem to influence the arterial blood pressure directly. But, as
Carnethon et al., showed, adolescents with low physical fitness are 2 to 4 times more likely to
be overweift or obese. They found a strong association between low physical fithess and
obesity and other cardiascular risk factors. So, even though, physical fitness might not
directly correlate with systolic blood pressure, it is still a risk factor for theldpment of

heart disease later in lif€arnethon et al., 2005)

In 1988 Fraser et al. studied the relationship of phyditedss and blood pressure in 228
school children. They found that students with above average physical fitness exhibited lower
systolic and diastolic blood pressures. Their analysis showed a relationship between maximal

oxygen uptake\(O2max) and blood pressure. Increased physical fithess was associated with
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lower systolic blood pressure values. A dynamic relationship could not be (ertaser et al.,

1983) This correlates with the findings in this study.

We obtainedphysical fitness (V@max) by 20meter shuttleun test. Obtaining annbiased

result is difficult since this test depends largely on the motivation of the study subject. During
the performance of said test it was visible that sofrte students did not try to give their

best or were not motivated enough to push themselves to the limit. Furthermore the class
dynamics play a big role during this test. Some classes pushed themselves more, while in
other classes it was obvious thatdgnts only did the minimum. In some cases students
stopped the shuttiein test because they were the last one running. One was able to see that
some of the students stopped running, when their friends stopped. Some students did not take
the shuttlerun test seriously or had problems following the instructions, e.g. they ran too fast
in the beginning. Since théO-max is predicted by use of multiptegressioranalysisfrom

the number of lagp completed, gender, age and body mass |nithexprediction is strongly
dependant on the motivation of the children. Ergo theréssits forVO2max are not
necessarily objective or accurate in all individuals. Another problem with the estimation of
VO2maxusing the 2@meter shuttleun test is underestimation of values at high performance
levels. This is due to the fact that the regression coefficient for the squared term is negative,
so after a certain number of completed laps, estimdt@gnax decreasegMahar et al.,

2011)

This can explain that we were no able to find a correlation between systolic blood pressure
andphysical fitnessin further studies one should perhapalgse the dynamics of each study
group and build different teams to run together as to not discourage children to give their best.
In this study we additionally analysed the data to determine a correlation between blood
pressure and physical activity. @fe 1121 students that were being analysed for weekly
physical activity only 86 students met the recommendation of at least 60minutes of vigorous
to moderate exercise per day.

Weekly physical activity was obtained by setiministered questionnaire. Stute were

asked how much time they spent with different activities including household chores and
active commuting to and from school, participation in sports clubs and how students spent
their recess time. The questionnaire thus gave an insight into ahgstivity of a regular
week in the childd |ife. The determination
achieved by using a twibtem screeningHansen et al., 2007)

The nost receh school day and Sunday were evaluated for physical activity during leisure
time (Suchert et al., 2015)
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Our statistical analysis showed no correlation between physical activity and mean systolic
blood pressure. Asignificant correlation between diastolic blood pressure and physical
activity could be found. The regression analysis proved that there is a negative relation
between mean diastolic blood pressure and weekly physical activity, meaning the more
physicallyactive a child is the less the diastolic blood pressure was. No such relation could be
found for the systolic blood pressure.

The correlation between mean diastolic blood pressure and physical activity and between
diastolic blood pressure and physical és could be explained, due to the fact that, the
diastolic blood pressure is mainly determined by the peripheral resistance of the blood
vessels. The peripheral resistance rises with loss of elasticity, e.g. due to thickening ef intima
media, or the inabty to perform vasodilation, due to endothelial dysfunction. Meyer et al
showed in their study on improving vascular risk in obese children, thaieel8 exercise
regimen positively influenced endotheld¢pendant vasodilation independent of weight
reduction. This suggests that physical activity beneficially affects the vasculature condition.
The study further suggested that due to inflammatory processes in overweight children, the
endothelial function is disturbed and intimeedia thickening is promade Even though our

study could not find a significant correlation between physical activity and systolic blood
pressure, it is still advisable to adhere to the recommendation 60 minutes of vigerous
moderate exercise per day, since this physical aciwifyroven to influence the peripheral
resistance of blood vessels thus decreasing the risk of development of atherosclerosis and
arterial hypertension later in life. Physical ait{ifurthermore promotes weighiss and has a
therefore a beneficial infence on body composition thus indirectly influencing the systolic
blood pressuréMeyer et al., 2006, Andersen et al., 2006, Ekelund et al., 2012, Reinehr and
Andler, 2004) The results of our study concerning plgs activity have to be seen critically
since a sethdministered questionnaire is only a subjective method. Some students might tend
to over or underestimate their daily physical activity, thus distorting their actual physical
activity. In further stugks an objective method of obtaining the physical activity children
should be used to purify the results.

To come to a conclusion there is a strong correlation lestwéood pressure and body mass
index, body fat percentage and waistumference. It ishus advisable for paediatricians to
obtain these data during each visit of a patient and to monitor the course. By monitoring the
course of a patientsd history the physician
vicious cycle beings. Furthmore school could also monitor these parameters and try to

motivate children by teaching them about healthy eating habits and a heakstyléfeas
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early as primary school. Thereby the development of chronic diseases such as arterial
hypertension could é diminished. This wouldni turn decrease the burdéhat chronic
diseases put on the public health care system.
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7. Conclusions

I.  There is a strong correlation betwebndy mass index, body fat percentage, waist

circumference and blood pressu

II.  There is a correlation between physical activity and diastolic blood pressure

lll.  There is a correlation betwedrO-.max and diastolic blood pressurbut not systolic
blood pressure

IV.  Paediatricianshould regularly monitobody mass index and waisircumference, since
these parameters are easy to assess and show a high risk for the development of arterial
hypertension later in life

V.  Children with eleated body mass index or waistircumference should aim at losing
weight and thereby controlling their risk of development of arterial hypertension

VI.  Physical exercise can help, as an instrument, to influence hypertension in overweight
children by aiding at wight Icss, but the main emphasis liea @sing weightand
improving body composition

VIl.  Weight control is more important than physical fithess and physical activity in children
with elevated blood pressure
VIIl. By monitoring of parameters, such as weiditdy mass indexand waistcircumference

trends can be visualized and an early intervention could be initiated, thus limiting the risk
of development of chronic diseases

IX.  Teaching childrerabout healthy lifestyle and food choices one could, by preventing the
devebpment of chronic diseases, diminish the burden put on the public health care system

by chronic diseases, such as arterial hypertension
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8. Abstract Summary

Background:

Hypertension is one of the leading causes of mortality worldwide. Studies hawa shat

itsd devel opment i s ass o-stylesahdestlesswi t h obesity,
Obesity, one of the main risk factors for the development of hypertension, has become more
and more prevalent i n todayso6 snbafimetdabglic |t
syndrome, cardiovascular diseases and chronic illnesses, such as diabetes. Even children and
adolescents are nowadays more often obese. This might be due to the fact that a sedentary
lifestyle and a lack in physical exercise have becomemommon. Studies theorize that the
development of arterial hypertension starts as early as childhood. Thus the aim of this study
was to find a correlation between high blood pressamd body mass index, body fat
percentage and waisircumference in 114&th grade school children in northern Germany.
Objective:The objective of this study was to analyse the correlation between blood pressure
and waistcircumferencepody mass indeandbetween bodyat percentage. Another aim of

this study was to find aocrelation between blood pressure and physical activity and physical

fitness.
Materials and MethodsThe data collection was conducted from January 2014 till

February 2014 at 29 selected schools in the federal state of Schié¢slsigin, northern
Germany.The data was analysed using the Stata 14 (Stata Corp, College Station, TX). The
student s6 bl o cd BN wassalculated and daly fat @decentage and waist
circumference were measured. To obtain data concerning physical activity and physical
fitness, the school children were required to fill out a-adthinistered questionnaire with
information about their weekly physical activity. Furthermore students participated in the 20m
shuttle run test to obtaMO.max.

Results: 1141 students were analysed. It was found that pathological or normal blood
pressure values (mean systolic and meartaliavalues) are dependant on body mass index
percentile (p<0.0001). 210 children out of 1136 hadody mass indexalue above the 90
percentile and were therefore obese. The statistical analysis proved that there is a strong
correlation between waist circumference, bddly percetage (p=0.0178), awell as BMI
percentile and blood pressure (p<0.001). Using regression analysis for blood pressure and
waist circumference, as well as body fat percentage and B&ftentile, a statistically

significant positive relation (p<0.001) between those factorsbéowtl pressure were found.
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Body mass indeypercentile and waistircumference had the most significant effect on mean
systole, whereas bodwt percentage showed the most significant effect on mean diastole.
Our analysis additionally showed, that the amtoof weekly physical activity had no
significant effect on blood pressure.

ConclusionWwe found a strom correlation betweebody mass indgxbody fat percentage,

waist circumference and blood pressure. Paediatricians shegidarly monitor body mass
index and waistircumference, since these parameters are easy to assess and show a high risk
for the development of arterial hypertension later in IZaildren with elevated body mass
index or waistircumference should aim at losing weight and theremyrolling their risk of
development of arterial hypertension. Physical exercise can help, as an instrument, to
influence hypertension by aiding at weight loss, but the main empdtamigd lieon losing

weight and improvemenbf body composition. Weight ontrol is more important than

physical fithess and physical activity in children.
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9. Appendix
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Figure 18 percentilecurvefor BMI for boys and girls after Kromeyédtauschild et al., 2001
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Table 10 percentile for BMI for boys and girls aft&romeyerHauschild et al., 2001
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