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Introduction

Summary
Nutritional status, its assessment and its influence on numerous
diseases is currently still being discussed. The aim of this study
was to determine the current state of nutrition by various
research methods in school children. Also, to verify the accuracy
of body mass index (BMI) determination in school environment
and to compare the nutritional status in two different types of
school. We used a quantitative questionnaire method in
64 children from schools in the South Moravian Region. We have
verified the weight and height measurement in the same group
by sophisticated instruments. We have determined the basic
parameters

of

the

cardiovascular

system

(non-invasive

continuously blood pressure recording; mutual spectral analysis
for estimation of baroreflex sensitivity; applanation tonometry
and cardiac polygraphy for arterial stiffness evaluation). The
indicative questionnaire method encountered a problem with the
weight of almost 40 % of the population approached – both
obesity (14.3 %) and malnutrition (25.2 %). Cardiovascular
parameters were in physiological range for the given age
categories. We found increased values in BMI, % of body fat and
heart rate in children from countryside type of school, respecttively. We concluded that obesity/malnutrition are both common
phenomena in the children population in the Czech Republic.
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Obesity and overweight represents an important
public health problem in the developed countries all over
the world (Kumar and Kelly 2017). Prevalence of obesity
is increasing worldwide and the increase in obesity
prevalence in younger age groups is alarming. The
prevalence of childhood obesity was 4.2 % in 1990,
increased to 6.7 % in 2010 and is estimated to reach
9.1 % in 2020 (de Onis et al. 2010). In 2014, there were
600 million obese people worldwide, of whom 41 million
were obese children aged under five years (Hayashi et al.
2018). The Czech Republic has its own unique
anthropological analyses from years 1951, 1981, 1991,
and 2001. These analyses are in good accordance with the
WHO data showing increase in prevalence of both
overweight and obesity also in the Czech children's
population (Vignerova et al. 2008, Kratenova et al.
2017).
The management of childhood obesity requires
interdisciplinary approach and moreover, interaction with
family and schools is essential as obesity development is
also affected by the eating patterns observed in the family
and by socio-economic status (Bodzsar and Zsakai 2014).
The main complications associated with childhood
obesity are its persistence into adulthood (Parson et al.
1999) and the development of so called “adult diseases”,
such as hypertension, type 2 diabetes mellitus or
dyslipidemia, also in pediatric population (Kumar and
Kelly 2017). Cardiovascular diseases still represent one
of the leading causes of death in the developed countries
and healthy life-style (including regularly performed

PHYSIOLOGICAL RESEARCH • ISSN 0862-8408 (print) • ISSN 1802-9973 (online)
 2019 Institute of Physiology of the Czech Academy of Sciences, Prague, Czech Republic
Fax +420 241 062 164, e-mail: physres@fgu.cas.cz, www.biomed.cas.cz/physiolres

S244

Linhartová et al.

physical activity and healthy eating) shall be encouraged
and promoted already in children to avoid these diseases
development in future.
Within our pilot study, we attempted to
characterize the nutritional status and cardiovascular
system function in school children from two types of
school (city and countryside) from the South Moravian
region of the Czech Republic.

Methods
The study was approved by Ethical committee of
Faculty of Medicine, Masaryk University Brno, the
Czech Republic. It was conducted in accordance with the
principles stated in the Declaration of Helsinki. All
respondents (pupils under 18 years of age) and their
parents were informed about the aim and purposes of the
study and they signed the informed consent that was
archived.
Questionnaires
After obtaining the informed consent, children
were asked to fill in the questionnaire with the help of the
class teacher. The questionnaire focused on the
demographic data (age, gender, body weight, body
height, and weight status of parents and siblings), daily
physical activity (mileage per day, regular exercise) and
inactivity (sitting position with digital media use,
including watching television, working with personal
computer or mobile phone). Direct measurements of
anthropometric and cardiovascular parameters (as
described further) were performed at the same day when
questionnaire was filled in.
Anthropometry
Body weight in kilograms (kg) and the
percentage of body fat (%) was determined using the
personal weight TANITA (bioimpedance method). Body
height was assessed using TANITA HR-001 portable
altimeter. Caliper (BEST K-501; official anthropometric
gauge) was used to measure two skin folds (over the
triceps and under the scapula on non-dominant upper
limb) independently by two trained persons. Waist-to-hip
ratio was measured by certified centimeter.
Based on the obtained results of weight and
height, BMI was calculated by dividing the weight in
kilos by the square of height in meters. The classification
of respondents into weight categories (severe
malnutrition, underweight, ideal weight, overweight,
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obesity) was carried out with respect to the
developmental fact of the two basic components from
which BMI is determined, taking into account the
percentile graphs, according to Centers for Disease
Control and Prevention USA (Ogden et al. 2002).
Cardiovascular function assessment
Non-invasive continuous blood pressure
measurement by photo-plethysmography method
according to Penaz (Finometer, FMS, Netherlands) was
used. Two measurements were performed: 5 min
recording under resting conditions (i.e. sitting) and 5 min
recording of standing to provoke autonomous nervous
system regulation (i.e. orthostatic challenge; Ondrusova
et al. 2017). Children breathed according to the
metronome
at
the
frequency
of
0.33 Hz
(20 breaths/min) in both phases. Paced breathing
eliminates influence of respiratory sinus arrhythmia to the
heart rate variability on low frequency band
(0.14-0.15 Hz, Honzikova et al. 1995, Porta et al. 2012).
Sequences of systolic blood pressure (SBP),
diastolic blood pressure (DBP) and inter-beat intervals
(IBI; defined as a time interval between two neighboring
local blood pressure minima corresponding to diastolic
blood pressure) were detected beat-to-beat from the 5 min
long continuous blood pressure signals. Pulse pressure
(PP) was defined as difference between consecutive
samples of SBP and DBP. Baroreflex sensitivity (BRS;
IBI change caused by SBP change by 1 mm Hg) as a gain
of transfer function from IBI to SBP was computed using
cross-spectral analysis (Svacinova et al. 2013, Honzikova
and Fiser 2009, Zavodna et al. 2006). BRS was evaluated
as a mean gain in the low frequency band (0.04-0.15 Hz).
Variability of heart rate reflecting respiratory sinus
arrhythmia (RSA) was computed as a mean power
spectral density of IBI in the high frequency band (HF;
0.15-0.5 Hz). RSA is a parameter of parasympathetic
activity (Eckberg 1983, Malliani 1999).
From the obtained sequences, mean values and
standard deviations were computed (meanIBI, sdIBI,
meanSBP, sdSBP, meanDBP, sdDBP, meanPP, sdPP).
Standard deviation is a simple parameter of overall
cardiovascular signal variability. All parameters were
calculated for both phases of measurement, sitting and
standing.
Vascular system data collection
Cardio-ankle vascular index (CAVI) was
determined using a VaSera device (Fukuda Denshi,
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Tokyo, Japan). The ECG, phonocardiography, pressures
and waveforms of brachial and ankle arteries were
measured. CAVI values were automatically calculated by
the VaSera. ABI is defined as the ratio of the higher of
the systolic blood pressures of the 2 ankle arteries of that
limb (either the dorsalis pedis or the tibial artery) and the
higher of the 2 systolic blood pressures of the upper limbs
(Shirai et al. 2006).
Pulse wave velocity (PWV) was measured by
applanation tonometry with Sphygmocor (AtCor
Medical, Australia). Measurement was performed on the
dominant hand on radial and carotid arteries. PWV was
calculated dividing distance between carotid and radial
arteries by transition time (difference between time from
R-wave on ECG to forward wave on radial artery and
time from R-wave on ECG to forward ware on carotid
artery). All measurements were corrected by oscillometric blood pressure measurement on the brachial artery
(Omron HEM, 907) on the same side.
The following parameters were calculated from
peripheral and central curves: SBPact, DBPact (mm Hg),
augmentation pressure (AP; mm Hg), augmentation index
(AI; %). The both parameters are influenced by heart rate
and thus, to minimize this influence, values of AP and AI
were standardized to a heart rate 75/min and pulse height
– APHR75 (Korpas et al. 2009, Budinskaya et al. 2017).

Results
Questionnaires
The questionnaire was completed by sixty-four
children (13-15 years, mean age: 13.9±0.71 years;
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34 boys, 30 girls) from different types of schools in the
South Moravia Region of the Czech Republic.
Concerning the self-reported anthropometric
parameters, thirty-nine children (60.9 %) had the ideal
weight, fourteen children presented with underweight
(22.0 %) and two with severe malnutrition (3.2 %).
Overweight/obesity was observed in 6 (9.5 %)/3 (4.8 %)
of children. There was a statistically significant
correlation between these values of self-reported BMI
using the questionnaire and the BMI measured by
anthropometric instruments by a trained members of our
team (Spearman's correlation coefficient; r=0.8505,
P≤0.0001), which indicates that self-reported BMI in
these population is satisfactory precise.
Exercise activity: For the whole group, mean
number of kilometers per day (mileage) was 3.88 km/day
(range 1-10 km) and the time spent sitting using digital
media was 5.24 h/day (range 1-10 h). Twenty eight pupils
(43.8 %) fulfilled the standard for a healthy lifestyle
defined as 4 km or more per day. Five to six hours are
spent daily in school during the weekdays. From the
whole cohort, 65.1 % of children is dedicated to do some
sports.
Anthropometry
Table 1 shows the results of nutritional status
measurements, which expresses the basic characteristics
of study group. When comparing girls and boys, there
were no significant differences in body weight, BMI,
waist and hip circumference and skin fold over the
triceps. Both genders differed significantly in body
height, % of body fat and waist-to-hip ratio (P˂0.001).

Table 1. Evaluation of nutritional state - basic characteristics of data set.

Parameters
Number of subjects
Weight (kg)
Height (m)
BMI (kg/m2)
Fat (%)
Waist (cm)
Hip (cm)
Waist/Hip
Skin fold triceps (cm)
Skin fold scapula (cm)

Whole group

Boys

Girls

P value

64
55.6 (49.0-64.7)
166.0 (161.0-173.0)
20.0 (18.7-22.8)
22.9 (17.5-26.9)
68.0 (63.0-73.0)
89.5 (83.5-95.0)
0.76 (0.72-0.81)
0.8 (0.5-1.05)
0.75 (0.50-1.00)

34
58.6 (52.3-64.7)
171.5 (166.0-174.0)
19.8 (18.9-22.0)
17.9 (15.3-21.9)
69.5 (65.0-74.0)
90.0 (83.0-94.0)
0.79 (0.75-0.85)
0.8 (0.4-1.0)
0.65 (0.50-0.80)

30
53.3 (48.5-64.5)
162.0 (159.0-164.0)
20.9 (18.3-22.8)
25.9 (22.9-28.6)
65.5 (62.0-72.0)
88.5 (85.0-98.0)
0.73 (0.71-0.77)
0.8 (0.5-1.1)
0.90 (0.60-1.00)

NS
˂0.001
NS
˂0.001
NS
NS
˂0.001
NS
˂0.05

Parameters are expressed as median (lower quartile – upper quartile). BMI – body mass index in kg/m2; P value: statistical evaluation
differences between boys versus girls, Mann Whitney test, NS – non-significant.
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Cardiovascular function assessment
Cardiovascular parameters from 5-minute-long
continuous beat-to-beat measurements of blood pressures
are shown in Table 2. There were no statistically
significant differences between boys and girls. We found
statistically significant decrease of mean IBI, mean PP
and BRS (sitting vs. standing: 682 vs. 596 ms, P˂0.001;
39 vs. 35 mm Hg, P˂0.001; 9.2 vs. 5.9 ms/mm Hg,
P˂0.001) and increase of mean HR and mean DBP (1474
vs. 1688 mHz, P˂0.001; 73 vs. 78 mm Hg, P˂0.01)
between sitting and resting position.
There were no statistically significant
differences between boys and girls with exception of

SBPact (boys vs. girls: 116 vs. 106 mm Hg, P≤0.01) in all
other vascular parameters (as shown in Table 3).
Table 4
shows
statistically
significant
correlations among BMI, % of body fat, waist-to-hip ratio
and some of the cardiovascular parameters calculated
using Spearman´s coefficient. The strongest correlation
was observed between peripherally and centrally
measured SBP with BMI and waist-to-hip ratio
(P˂0.001).
The values of the cardiovascular parameters of
the subgroup of only obese children compared to the
subgroup of only malnourished children aged 13-15 years
showed no statistically significant differences.

Table 2. Cardiovascular parameters during sitting and standing position (orthostatic challenge).

Parameters
IBI (ms)
sdIBI (ms)
HR (mHz)
sdHR (mHz)
SBP (mm Hg)
sdSBP (mm Hg)
DBP (mm Hg)
sdDBP (mm Hg)
PP (mm Hg)
sdPP (mm Hg)
LFgain=BRS (ms/mm Hg)

Sitting position

Standing position

P value

682 (629.0-785.8)
57.3 (46.4-80.952)
1473 (1279.8-1597.7)
113.5 (98.8-134.2)
114.3 (101.3-122.3)
6.4 (5.3-8.1)
73.1 (65.9-81.3)
4.3 (3.6-5.4)
39.4 (32.3-45.5)
4.6 (3.9-5.2)
9.2 (6.4-11.8)

596 (561.8-636.1)
46.0 (37.3-54.2)
1688 (1587.6-1791.1)
118.0 (106.5-137.1)
111.5 (101.8-123.2)
7.2 (5.9-8.3)
77.9 (70.8-83.9)
5.2 (4.4-5.8)
34.7 (28.5-40.8)
4.2 (3.6-5.3)
5.9 (4.3-8.5)

˂0.001
˂0.001
˂0.001
NS
NS
˂0.05
˂0.01
˂0.001
˂0.001
NS
˂0.001

Parameters are expressed as median (lower quartile – upper quartile). Parameters from 5-min blood pressure record by Penaz method:
IBI (mean inter-beat interval) ± standard deviation (sdIBI), HR (mean heart rate in mHz) ± standard deviation (sdHR), SBP-DBP (mean
systolic and diastolic blood pressures) ± standard deviation (sdSBP, sdDBP), PP (mean pulse pressure) ± standard deviation (sdPP),
LF gain=baroreflex sensitivity (BRS).
Table 3. Vascular parameters data set.

Parameters
SBPact (mm Hg)
DBPact (mm Hg)
MAP (mm Hg)
AP HR75 (mm Hg)
PWV (m/s)
CAVI R
CAVI L
ABI R
ABI L

Whole group

Boys

Girls

108.0 (101.0-116.0)
61.0 (54.0-67.0)
75.0 (69.0-81.0)
-1.0 (-3.0-+1.0)
6.8 (5.9-7.8)
4.7 (4.3-5.2)
4.8 (4.3-5.2)
0.98 (0.86-1.04)
0.95 (0.88-1.02)

116.0 (107.0-121.0)
61.0 (54.0-65.0)
77.0 (70.0-81.0)
-1.0 (-3.0-+1.0)
7.0 (5.9-7.7)
4.6 (4.3-5.2)
4.9 (4.3-5.2)
0.99 (0.87-1.06)
0.98 (0.90-1.03)

106.0** (98.0-108.0)
64.0 (55.0-75.0)
76.0 (69.0-82.0)
0.0 (-2.0-+2.0)
6.9 (5.8-8.3)
4.7 (4.1-5.0)
4.8 (4.2-5.2)
0.87 (0.85-0.98)
0.88 (0.85-0.93)

Parameters are expressed as median (lower quartile – upper quartile). SBPact, DBPact – actually measurement blood pressure by
Omron device; parameters measured by SphygmoCor: MAP (mean arterial pressure), AP HR75 (augmentation pressure recalculated on
heart rate=75 bpm; parameters measured by VaSera device: CAVI R/L (cardio-ankle vascular index on right/left side of body), ABI R/L
(ankle-brachial index on right/left side of the body) ** P<0.01; Mann-Whitney test.
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Table 4. Correlation between parameters for evaluation of nutritional state and cardiovascular parameters in the whole group of
children.

Parameters
BMI – CAVI R
BMI – CAVI L
BMI – SBPact
BMI – SBPcent
BMI – DBPcent
Waist/hip – SBPact
Waist/hip – SBPcent
%fat – ABI R
%fat – ABI L
%fat – DBPact

r

P

-0.3006
-0.3089
0.3895
0.4191
0.2730
0.4185
0.3312
-0.3178
-0.3455
0.2737

0.021
0.017
0.003
0.001
0.042
0.001
0.012
0.023
0.013
0.041

r – Spearman´s correlation coefficient; P – P value (statistical significance); BMI – body mass index (kg/m2), CAVI R/L – cardio-ankle
vascular index on right/left side of body; ABI R/L – ankle-brachial index on right/left side of body; SBPact/DBPact – systolic/diastolic
blood pressure measure by Omron device immediately after pulse wave record was done; SBPcent/DBPcent – systolic and diastolic
blood pressures modified by SphygmoCor device on central aortic pulse wave.

Comparison between city and countryside children
We further divided our respondents into two
subgroups according to the type of school they attended –
city or countryside – as one of the examples of their
socio-economic status.
The Fig. 1 shows the differences between the

statistically significant parameters between city vs.
countryside: BMI (19.8 vs. 22.3 kg/m2; P˂0.05), % of
body fat (20 vs. 27.3 %; P˂0.05), heart rate (72 vs.
87 bpm; P˂0.01), respiratory sinus arrhythmia (RSA;
RSA; 113 vs. 55.9 ms2; P˂0.05).

Fig. 1. Differences of nutritional and
cardiovascular parameters between
city and countryside schools.

Discussion
In our pilot study, we characterize nutritional
status and cardiovascular system function in the group of
64 school children from the two types of schools (city
and countryside) from the South Moravian region of the
Czech Republic. Using BMI, as an accepted parameter
for assessing nutritional status, 25.2 % of our respondents
were classified as underweight or malnutrition, 14.3 % as

overweight or obesity. Similar results are also described
in other similar studies (Mikolajczyk and Richter 2008,
Ticha et al. 2018). However, the values for height and
weight expressed by BMI do not provide information on
percentages and fat distribution in the body (Freedmann
et al. 2009). Moreover, especially in the children
population, differences in fat percentage between girls
and boys need to be assessed as they are related to
gradually establishing physiological changes in fat
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storage associated with the onset of puberty (Kaplowitz
2008). With onset of puberty, both estrogens and
testosterone stimulate differentiation of fat tissue.
Testosterone promotes proliferation in visceral fat,
whereas estrogen (hypothetically oestradiol) support
proliferation of pre-adipocytes to adipocytes in
subcutaneous fat (Matosyan et al. 2015). These
physiological hormonal changes explain differences
observed between the groups of boys and girls. Overall
we can say that boys were taller, presented with lower %
of body fat and with higher waist-to-hip ratio.
Function of the cardiovascular system for the
purposes of our study was expressed as heart rate, blood
pressures and their variability at resting (sitting) position
and standing position. Values of heart rate and blood
pressure in the sitting position were fluctuating around
the physiological age-dependent values. No significant
differences between boys and girls were observed,
although girls were expected to present with lower blood
pressure than boys (due to the hormonal differences
caused by the onset of puberty). It may be hypothesized
that anthropometric changes precede changes in the
cardiovascular system and thus the blood pressure and
heart rate in girls are still comparable to the boys.
It is commonly known that in adult population
premenopausal women have lower value of blood
pressure than men. This difference is again given by
different effects of sex hormones. In girls, with onset
puberty the level of estrogen (oestradiol) increases. The
oestradiol influence is very wide from local level to
nervous regulation. Oestradiol is vasodilator and its effect
is mediated through the estrogen receptors (ER) α and β.
Binding of oestradiol to ERα and ERβ upregulates nitric
oxide (NO) synthase and vasodilation occurs (Gou et al.
2005). Both androgens and estrogens extremely influence
the renin-angiotensin-aldosterone system (RAAS),
however their effects are opposite. Down regulation of
angiotensin-converting enzyme (ACE) and angiotensin I
(ATI) receptors attenuates the synthesis of Angiotensin
II. Protective effect of estrogens against aldosteroneinduced hypertension has been shown in animal
experiment. The androgens promote the opposite effect:
activation of RAAS through increasing sodium
reabsorption in proximal tubule and synthesis of
angiotensinogen (Ji et al. 2008).
Baroreflex sensitivity values were within the
physiological range (Zavodna et al. 2006) for both
groups.
Statistically significant changes in HR, SBP,
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DBP, PP, and BRS during provocative maneuver of
orthostatic type (sitting-standing) showed good baroreflex
regulation through the autonomous nervous system in all
the components (Javorka el al. 2010). The observed
changes are physiological, i.e. increase in blood pressure
and heart rate in response to orthostasis.
Pulse wave velocity is an important parameter
for evaluation of arterial stiffness in adults. It is less
common to use this standardized method in children, but
the growing interest of pediatricians and pediatric
cardiologists is observed. The disadvantage of wider
employment was the missing age-dependence reference
values, which is however already available (Fischer et al.
2012). PWV results of our study are slightly higher than
the reference values, but our method reflects the PWV
measurement in peripheral arteries (carotid and radial
arteries; Budinskaya et al. 2017).
Cardio-ankle and ankle-brachial indexes are
relatively new indices for arterial stiffness evaluation
reflecting atherosclerosis in large arteries (aorta, femoral
artery, tibial artery; Shirai et al. 2006). The research team
from Slovakia used these indices for the group of children
and adolescents to estimate the risk of cardiovascular
diseases in childhood and thus to set important agedependent reference values. Our results correspond to
these values for a healthy children population (Jurko
et al. 2018).
Inverse relationship between CAVI and BMI
was shown by team of authors from the USA (Phillip
et al. 2015) similarly to our results (as shown in Table 4).
Interesting results were provided by comparing
the children from the city and countryside. Differences in
basic parameters evaluating nutritional status – BMI,
amount of fat (%) and differences in heart rate and RSA
presence were observed. Despite our results are limited
due to a rather small number of respondents, they are in
correlation with global studies where the trend for higher
BMI in rural settlements in adults was recorded as
a result of reduced physical activity in these areas (Bixby
et al. 2019). Increased heart rate, increased % of body fat
and reduced RSA (as parasympathetic activity indicator;
Mestanik et al. 2019) are interlocking effects of
enhancing the activity of the sympathetic part of the
autonomous nervous system and its impact on
cardiovascular regulation. We can hypothesize that these
results reflect various differences between the rural and
city areas. Increase in BMI and % of body fat may be
influenced by different eating habits and also by different
access to food supplies – i.e. families in the cities are
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buying food in supermarkets, while families in the
countryside prefer food directly from the farmers. Also,
these differences may result from different lifestyle as
city children have availability for more leisure activities,
including various sports activities and especially in the
girls group, city girls are known to look more “trendy”.
However, these speculations should be confirmed by
expanding our study cohort and by expanding the
spectrum of questionnaires focusing on the socioeconomic status.

Conclusions
Obesity/overweight and malnutrition are both
common phenomena in the children population. Practical
outcome of this study is a good correlation between selfreported BMI (calculated from the children referred data)
and the BMI obtained by objective measurements by
trained professional. This fact may play an important role
in screening and prevention of nutritional disorders in
children suggesting the important role of family-schoolphysician cooperation. We can also recommend the
bioimpedance method measurement of % of body fat as
a refining parameter for assessing the nutritional status of
school children.
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The state of the cardiovascular system and its
regulation corresponds to the physiological range for the
corresponding age groups. It may be interesting to
measure all these parameters in the future to identify
when the hormonal differences will start taking place.
The prevalence of inactivity due to seating in
digital media as well as the percentage of overweight or
obesity and malnutrition in the populations of school
children have become a challenge for the future to
improve these problems by using prevention programs.
In general, our study shall be further expanded to
strengthen the statistical power of our results.
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