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SUMMARY

Objectives: Although the association between anthropometric parameters and blood pressure has been established for adults, the relationship
for children has not been thoroughly studied in Slovakia. Present study investigates the association between anthropometric parameters and
systolic and diastolic blood pressure in the group of randomly selected schoolchildren.

Methods: Examinations were conducted as a cross-sectional study with 760 schoolchildren from Eastern Slovakia, 381 boys and 379 girls. The
blood pressure evaluation included sphygmomanometer technique (seated, 3 times repeated) measurement of systolic and diastolic blood pres-
sure (SBP; DBP). Anthropometric measurements included: body weight, height, circumference of waist, hip and chest, BMI, WHR (waist-hip ratio),
fat skinfolds measurement, triceps skinfold, and derivation of body fat percentage. The parents’ questionnaires incorporated basic demographic
and socioeconomic characteristics of the family, reported BMI of father and mother, and child’s birth-weight and birth-length. Statistical analysis
included Student’s t-test gender differences in measured parameters, partial Pearson’s correlations and linear regression model of the impact of
body parameters Z-scores on SBP and DPB.

Results: Statistical analysis confirmed gender difference in basic anthropometric parameters. Pearson’s correlations revealed highly significant
relationship of anthropometric indices to SBP compared to DBP. Correlations of anthropometric parameters with SBP and DPB were more significant
for boys compared to girls. Linear regression analysis showed that the highest impact on SBP and DBP had Z-score of BMI, followed by weight
and height. Z-score of body weight has statistical impact on SBP and DBP in all group and group of boys (p < 0.001), lower significance was in
DBP of girls (p < 0.01). Similar results were obtained for Z-score of height and BMI for SBP and DBP in both total group and group of boys on level
p < 0.001. Z-score for BMI and height in DBP has lower statistical significance.

Conclusions: Linear regression model confirmed higher statistical relationship of SBP and DBP in the group of boys compared to the group of
girls. SBP correlations and linear regression model of anthropometric parameters revealed more significant outputs compared to DPB.

The results confirmed the fact that we have to consider anthropometric indices in paediatric blood pressure evaluation.
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INTRODUCTION obesity and other health determinants. Boys and girls develop
differently in a few ways, and researchers have always been
Understanding intercultural, regional, racial and gender dif- studying the external body parameters, obesity, genes, hormones,
ferences in blood pressure (BP) and anthropometric indices may  and biochemical parameters that might explain some of these dif-
help to determine the contributors of mortality from coronary ferences (2, 3). Individual child’s development may not fit neatly
artery diseases in different populations (1). Genetics, internal ~ within gender lines. Between the big growth stages of infancy and
and external factors play a substantial role in the development adolescence, boys and girls grow in height and weight at about
of children, including body growth parameters, hypertension, the same — slow, yet steady — rate.
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There are no significant differences between the sexes until
the age of elementary school — that’s when girls start to grow
taller and faster, although boys catch up and exceed them
within a few years. Growth parameters — body height, body
weight, various circumferences, growth indexes — are clinical,
research and public health tools in paediatrics to assess general
health, nutritional status, well-being, risk of some diseases,
hypertension (4, 5). The general ways in which boys and girls
differ as they grow up, can help parents to prepare for early
childhood and beyond (6-8).

In the case of cardiovascular disease, it takes many years to
develop significant arterial changes and following functional
impairment. Obesity is associated with poor cardiovascular
and metabolic parameters during childhood, including high
BP, abnormal lipid levels and insulin resistance. Hyperten-
sion is a global health determinant as well as an important
risk factor for cardiovascular diseases, stroke, renal diseases,
heart changes, and also for global mortality in adults (9—11).
Until recently, hypertension was only occasionally diagnosed
among children. Hypertension is currently also affecting pae-
diatric population and childhood hypertension has become an
important health issue due to its increasing prevalence also
among children’s population (11, 12).

Presently, the hypertension among children has a prevalence
of 3-5% (13-15). Growing evidence about the presence of hy-
pertension among children indicates that higher blood pressure
in childhood could have unfavourable cardiovascular effects,
including organ damage as well as chronic kidney disease. Risk
for hypertension is mostly related with obesity in paediatric
population (15).

Diagnostic criteria for hypertension or elevated blood
pressure (BP) among schoolchildren might be often underdi-
agnosed (14). Diagnostic criteria for paediatric hypertension
are mostly categorised as an average systolic and/or diastolic
blood pressure that is > 95th percentile for gender, age, and
height on 3 or more separate occasions. The adult definition of
prehypertension is also used for adolescents, because the 90th
percentile for systolic blood pressure is > 120 mm Hg by age
of 12 years. Adolescents with blood pressure > 120/80 mm Hg
(but < 95th percentile) have prehypertension (16, 17). Diag-
nostic criteria in Germany and among members of European
society for hypertension are based on age, sex and body-height
principles (18). The clinical guidelines recommend that hyper-
tension or elevated blood pressure have to be confirmed with
repeated (at least 3 times) measurements of BP and repeated
measurements within short period of times (16, 19). Blood
pressure measurement could be taken during paediatric controls
or visits for children of 3 years and older (16).

Preventive, public health and clinical point of views
are dealing with the question if there is a need to promote
screening, monitoring and reporting paediatric hypertension.
However, several barriers exist against systematic screening
of hypertension in children (20). First obstacles could arise in
the identification of border levels for elevated blood pressure,
which will require treatment for children. The diagnosis of
elevated blood pressure in children is based on the distribu-
tion of blood pressure in the population and these distribu-
tions can differ between the countries. Therefore it has been
emphasized that precise diagnosis of hypertension requires

measurements of blood pressure at repeated clinical visits,
when screening issues are out of the scope. In low-resource
settings, including many developing countries, universal
screening of blood pressure in children would divert into
limited resources (20-22).

The second barrier in screening of BP is a fact that the ab-
solute risk of cardiovascular disease associated with a given
level of blood pressure during childhood is not known. Cardio-
vascular diseases are rarely diagnosed before the age of 40 or
50 years, so the absolute risk is low or unnoticeable during the
childhood period. Health benefit of lowering the blood pressure
in children would be low, indicating low cost-effectiveness
of treatment of elevated blood pressure or hypertension in
children. These facts are contrasting with the solid evidence
base for the adult population (20, 21, 23).

Third obstacle is little knowledge about the long-term ef-
ficacy and safety of the antihypertensive treatment starting
already in the childhood. The US Preventive Services Task
Force in 2013 (24) stated that “current evidence is insufficient
to assess the balance of benefits and harms of screening for
primary hypertension in asymptomatic children and adoles-
cents to prevent subsequent cardiovascular disease” (20, 21,
23-25). The preferences in BP screening should be provided
for children at high risk of hypertension. Treatment should be
preferred for children with secondary hypertension (22, 23, 25).

Standardised normative data on BP in children have long
been available both in the United States and Europe. Paediat-
ric BP standards and nomograms were developed by the Task
Force on BP Control in Children (26). The percentile curves
were first published in 1987 and described age-specific distri-
butions of systolic and diastolic BPs for the age range between
5 and 17 years, with corrections for height and weight (27).
Next report of the Task Force (28) was published in 1996 as
an Update of the 1987 Task Force report. This report brought
additional information, with regards to the diagnosis and treat-
ment of elevated blood pressure and hypertension in infants
and children. The fourth report added further information and
adapted the data to growth charts previously developed by the
Centres for Disease Control and Prevention in U.S.A. (16).
European Society of Cardiology added a new chapter dedi-
cated to hypertension in children, with an approach similar
to the American version (29). There is a need to use specific
national blood pressure standards (30, 31). National research
results in Italy with longitudinal design based as paediatric
blood pressure study confirmed that paediatric prehyperten-
sion and hypertension are equally prevalent among children
in Sardinia (32).

Childhood obesity appears to detrimentally alter cardiovas-
cular structure and function prior to the adulthood. Childhood
obesity has also been associated with other near-term health
effects, such as increased risk of asthma, obstructive sleep
apnoea, orthopaedic difficulties, early maturation, polycystic
ovarian syndrome, and hepatic steatosis.

The aim of our present study was to perform gender com-
parison to assess the correlations of anthropometric factors,
obesity indices, body mass index (BMI), and body fat percent-
age, in order to identify the impact and significant relationship
on systolic (SBP) and diastolic (DBP) in a selected group of
schoolchildren in eastern Slovakia.
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MATERIALS AND METHODS

General Information about the Survey Sample

The research was conducted in a randomly selected samples
of school children in eastern Slovakia (cities and counties of:
TrebiSov, Michalovce, Kosice, Humenné, Vranov). Anthropomet-
ric data, skin folds measurement, blood pressure and questionnaire
data were collected in outpatient paediatric primary health care
during the preventive control of the child between 2014 and 2016.
The study data were processed only for children whose parents
signed informed written consent.

Characteristics of the Sample

Cross-sectional study included children aged 6.00 to
14.99 years. In the survey sample, 760 subjects were examined,
with an overall mean age of 10.56 years, of which 381 (50.1%)
were boys and 379 (49.9%) were girls. Chronological age of
the child was calculated from the date of birth and the date of
examination (7, 8, 33).

Anthropometric Data

Body weight measurement

Body weight was measured with the medical digital scale
KERN 9004 with an accuracy of = 0.05kg. Body weight was
measured in kilograms. Measurement was carried out when the
child had minimum items of clothing, without shoes or heavy
accessories such as coins, mobile phones, cases etc. The child
was weighed in a standing position.

Body height measurement

Body height was measured by the medical digital scale KERN
9004. Body height was measured in centimetres in a direct stand-
ing position.

Body mass index (BMI)

BMI is an anthropometric index to quantify an individual’s
obesity level. BMI is derived from a ratio equation of body weight
expressed in kilograms divided by the square of the body height
in meters (kg/m?).

Body fat percentage measurement

Body fat percentage was assessed by measuring selected skin
folds. Individual’s height and weight are not complex indicators
of an actual lean or fat mass in the human body. Thus, BMI of-
fers very little advantage over the existing presence of the fat
in the body. Skin fold measurements are used to estimate the
body fat. The examination was performed with the use of cal-
liper device HARPENDEN with calibration dowel — to measure
the thickness of substantial fat stores. The assumption was that
substantial fat should be proportional to overall body fat. Thus,
by measuring skinfolds on several body sites, the total body fat
mass may be calculated. For the measurements in our sample,
we used 4 body sites and their skinfolds measurements: scapula,
spina iliaca anterior superior, biceps muscle and triceps muscle.
There are, however, few limitations with the skinfold measure-
ment technique. The estimated results obtained from skinfolds
measurement vary widely from technician to technician. The
“art” of skin folds measurements requires the technician to
properly identify a site measurement and pinch the skin to gather

only the fat store and no other tissue. The error of the estimate
among the technicians has been reported to be + 8% (34). To
prevent this bias in our sample, the measurement was done only
by one skilled person who measured all skin folds, in order to
prevent individual measurement bias. The percentage of fat was
calculated from the sum of all four skinfolds and derived from
table by Parizkova (35). We also used triceps skinfold thickness
in our measurement and comparison.

Waist and Hip Circumferences, WHR (waist-hip ratio)

Waist and hip circumferences were obtained with the use
of flexible and inextensible tape measure, with a resolution of
0.1 cm, applied directly above the iliac crests. WHR (waist-hip
ratio) was calculated as proportion of waist/hip circumference.

Parents’ Questionnaires

The anthropometric examination was completed with a ques-
tionnaire addressed to parents or caregivers. The questionnaire
included information on socio-economic characteristics of the
families: parents’ education, income per capita, the completeness
of the family. From anamnestic records, the data about breastfeed-
ing, birth order, births weight and length, and the incidence of
chronic diseases in the family were evaluated. The questionnaire
also contained basic data on reported body height and weight of
the mother and father.

Blood Pressure and Measurement

Blood pressure was measured by using a mercury sphygmo-
manometer connected with children’s cuff. The measurement
was carried out at least after 30 minutes of physical activity,
in a sitting position. The systolic and diastolic blood pressure
values were calculated as an arithmetic mean from 3 consecu-
tive measurements in intervals of 5—10 minutes. Hypertension
in children is defined as the average SBP and/or diastolic BP
(DBP) that is > 95th percentile for gender, age, and height on 3
or more occasions. Prehypertension in children is defined as
average SBP or DBP levels that are > 90th percentile but < 95th
percentile (16).

Statistical Analysis

For analysis of sociodemographic factors, we used simple table
frequencies. Calculation of statistical intersexual difference was
performed with Student’s t-test for arithmetic means differences.
To determine the prediction of the anthropometry parameters in-
fluencing SBP and DBP, we used the Pearson’s partial correlation
test with adjustment for gender and age of the child (in the case of
total group — adjusted for age and gender; in the case of selected
group of boys or girls — adjusted for age). For the evaluation of
direct effect of body parameters (weight, height, BMI), Z-scores
have been used to identify standardised impact of anthropometric
parameters on SBP and DBP. Z-scores were derived from Slovak
national anthropometric survey in 2001 (36). Z-scores of body
parameters (body height, body weight and BMI) were included
in linear regression model. Statistical analysis was performed in
the IBM-SPSS version 19.

In our research study, we applied principles of the Helsinki
declaration in medical research involving human subjects ca-
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pable of giving informed consent. Parent or caregiver of each
potential subject was adequately informed of the aims, methods,
sources of funding, any possible conflicts of interest, institu-
tional affiliations of the researcher, the anticipated benefits and
potential risks of the study and the discomfort it may entail.
The parents of participated children have been informed on the
right to refuse to participate in the study or to withdraw con-
sent to participate at any time without reprisal. After ensuring
that the subjects of our study have understood the information,
the physician or researcher asked for a freely-given written
informed consent.

RESULTS

Age categorisation table (Table 1) confirmed an equal amount
of boys as well as girls in one age group. In each age group from
6.00—13.99 years — 45 boys and 45 girls were randomly selected
and examined. In the age group from 14.00-14.99, we exam-
ined 21 boys and 19 girls. Sample of schoolchildren consisted
completely from 381 boys and 379 girls, the entire group had
760 participants.

The most common parental education level was secondary —
71.9% of fathers and the same amount of mothers have graduated
from secondary schools (Table 2). Demographic characteristics
of the sample confirmed very high unemployment rate among
mothers (28.3%) and also in the group of fathers (23.9%). Despite
of the declining national unemployment rate, data from our study
are showing a necessity to monitor rural areas of eastern Slovakia,

previously clearly well-known somatic intersexual difference
in waist-hip ratio (WHR) — which was higher among boys
(p <0.001). Girls had significantly higher fat percentage, triceps
skinfold (mm) and hip circumference (p < 0.001). Boys showed
statistically significantly higher chest circumference (p<0.001),
waist circumference (p < 0.001), significantly higher birth weight
(p <0.001) and birth length (p < 0.001).

Pearson’s correlation coefficients for SBP and DBP adjusted
for age and gender in the total group showed statistical signifi-
cance (p < 0.001) for body weight, height, BMI, hip, waist and
chest circumference (Table 4). Lower statistical correlation was
confirmed for triceps skinfold (SBP p < 0.01; DBP p < 0.05).
BMI of mother (p < 0.01) and BMI of father (p < 0.05) had
statistical correlation in total group only on SBP, but no impact
on DBP.

Pearson’s partial correlations adjusted for age in the group
of boys confirmed highest statistical significance (p < 0.001)
between SBP and DBP in the following parameters: body weight,
BMI body height, hip, waist and hip circumferences (Table 4).
Triceps skinfold did correlate (p < 0.01) for both SBP and DBP.
Lower statistical significance among boys with SBP (p < 0.05)
was confirmed with parameter WHR, but WHR did not show
statistical significance with DBP. Statistical analysis established
parameters which did not have any statistical significance in the

Table 2. Demographic and socio-economic characters of the
sample (N = 760)

. . i . . Parameter n %
which currently have persisting unsolved difficulties with unem-
ployment. Single-parent families, where the child is growing up Gender Boys 381 501
in a family of one parent (mostly mother), occurred in 38.9% Girls 379 49.9
of cases. Low income per capita was confirmed in 36.1% of the Basic (elementary) 99 13.0
families. Socio-economic analysis of the sample also confirmed Mother’s education Secondary 547 719
high smoking rate — 27.0% of mothers and 38.9% of fathers -

. . University 114 15.1
confirmed smoking more than 5 cigarettes per day (Table 2). -

Intersexual gender differences in body weight, height, BMI, Basic (elementary) 76 100
SBP and DBP did not show statistical gender differences (Ta- | Father's education Secondary S47T | 79
ble 3). Both the SBP and DBP were higher among boys, but not University 137 18.1
statistically significant. Anthropometric comparison confirmed Employed 545 717

Mother’s employment
Unemployed 215 28.3
. L . Employed 578 76.1
Table 1. Basic gender and age categorisation of schoolchildren | Father's employment
group (N = 760) Unemployed 182 23.9
A Boys Girls Completeness of the Complete 464 | 61.1
ge (years) (n) (n) family Incomplete 296 | 389
6.00-6.99 45 45 ) Low (< 150 €) 274 36.1
Income per capita -
7.00-7.99 45 45 High 486 | 639
8.00-8.99 45 45 , ) Yes 91 12.0
History of hypertension
9.00-9.99 45 45 No 669 | 88.0
10.00-10.99 45 45 ) First-born 502 66.1
Birth order
11.00-11.99 45 45 Second + next born 258 33.9
12.00-12.99 45 45 ) Yes (> 5 cig./day) 205 | 27.0
Smoking mothers
13.00-13.99 45 45 Not 555 | 73.0
14.00-14.99 21 19 ) Yes (> 5 cig./day) 296 389
Smoking fathers
Total 381 379 Not 464 61.1

n — number of subjects

n — number of subjects




Table 3. Independent t-test of intersexual differences in anthropometric parameters in schoolchildren (N = 760)

Parameter n X SD 95% CI t-value p-value
) Boys 381 107.38 10.67 106.30-108.45 0.301
Systolic BP - 1.03
Girls 379 106.60 10.13 105.57-107.62 n.s.
Boys 381 68.40 8.13 67.58-69.22
Diastolic BP y 1.31 0.193
Girls 379 67.65 7.66 66.88-68.43 n.s.
Boys 381 36.94 1212 35.72-38.16
Weight ek 0.40 0925
Girls 379 36.86 1.1 35.74-37.98 n.s.
Boys 381 145.14 15.23 143.6-146.7
Height - y 0.25 0803
Girls 379 145.41 14.63 143.9-146.9 n.s.
Boys 381 17.05 2.62 16.79-17.32
Body mass index - y 0.16 0.873
Girls 379 17.02 253 16.76-17.27 n.s.
Boys 381 0.82 0.046 0.82-0.83
Waist-hip ratio 2k 799 <0001
Girls 379 0.79 0.057 0.77-0.78
Boys 380 14.88 4.84 14.38-15.36
Fat percentage .y 16.88 < (1;901
Girls 373 20.64 4.56 20.17-21.10
Boys 381 65.8 8.07 64.99-66.61
Chest circumference .y 8.41 < (1;901
Girls 379 61.6 543 61.11-62.21
Boys 381 59.08 744 58.33-59.83
Waist circumference .y 453 < (1;901
Girls 379 56.84 6.12 56.22-57.46
o Boys 381 72.04 9.38 71.10-72.99 0.060
Hip circumference - 1.89
Girls 379 73.34 9.54 72.37-74.30 n.s.
Boys 381 3468.4 522.5 3,415.8-3,520.9
Birth weight o) 4.08 <0001
Girls 379 3308.3 559.8 3,251.7-3,364.8
Boys 381 50.95 2.55 50.61-51.19
Birth length ) 402 <0001
Girls 379 50.21 2.53 49.91-50.42
Boys 381 11,57 7.44 4.22-18.55
Triceps skinfold i 892 <0.001
Girls 379 16.24 6.99 5.37-24.31

n — number of subjects; X — arithmetic mean; SD — standard deviation; Cl — confidence interval; p-values — *** < 0.001; n.s. — not significant

group of boys on SBP and DBP — specifically, birthweight, birth
length, BMI of mother and father (reported). For age-adjusted
Pearson’s correlation coefficients for SBP and DBP (Table 4),
the group of girls manifested similar results to boys, but with
lower significance. WHR did not significantly correlate with
SBP and DBP. Birthweight, birth length and the BMI of both
parents were not significant factors neither for SBP nor for
DBP. Statistical significances with body parameters were more
expressed in the group of boys compared to girls (Table 4) — for
example, body weight of boys has correlation coefficient with
SBP 0.363 (p <0.001) compared to impact of girls’ body weight
on SBP with 0.202 (p < 0.001). When comparing differences in
correlation coefficients between systolic and diastolic pressures,
higher correlations between systolic pressure and anthropometric
values can be observed.

Linear regression analysis for SBP (Table 5) showed signifi-
cant associations (p <0.001) between Z-scores of weight, height
and BMI. The highest impact on SBP had BMI, followed by
body weight and finally body height. Linear regression model
confirmed higher statistical relationship of SBP in the group of
boys compared to the group of girls.

Linear regression analysis for DBP (Table 6) confirmed lower
significant associations between Z-scores of weight, height and
BMI in the group of girls. Z-score of body weight has statistical
impact on DBP in total group and group of boys (p < 0.001),
lower significance was in the group of girls (p < 0.01). Z-score
manifested similar results for height and BMI — for total group and
boys, relationship was calculated on level p <0.001; for group of
girls, regression model confirmed lower significance for height
(p <0.05) and BMI was lower as well (p < 0.05).

DISCUSSION

Hypertension and increased levels of BP in adults are one of
the major risk factors for all groups of cardiovascular diseases
including acute coronary syndrome (37). In determining the
blood pressure value, it is necessary to take into account the
body indices, gender, body height, weight, BMI index, ethnic-
ity, socio-demographic characteristics of the environment,
genetic and other factors. One of the basic factors that modify
the blood pressure in the child population is age (5, 38). Large
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Table 4. Pearson's correlation coefficients of anthropometric factors of children and parents with systolic and diastolic blood
pressure (partial zero order correlations) (N = 760)

Systolic BP Diastolic BP
Variable Allr Boys® Girls® Allr Boys® Girls®
n=760 n=2381 n=379 n=760 n=381 n=379
. 0.291 0.363 0.202 0.208 0.261 0.145
Welght *kk *kk *kk *kk *kk *%
Hei 0.214 0.260 0.163 0.154 0.203 0.100
elght *kk *kk *% *kk *kk *
. 0.241 0.310 0.160 0.174 0.226 0.113
Body mass index w .
0.184 0.247 0.111 0.117 0.162 0.063
Fat percentage . wx o ns
o 0.048 0.116 -0.05 0.021 0.026 0.022
Waist-hip ratio ns N ns ns ns ns
L 0.241 0.319 0.142 0.167 0.211 0.119
Waist circumference ok - * e ik *
o 0.243 0.302 0.182 0.161 0.229 0.085
Hip circumference ok o * wkk Kok ns
. 0.279 0.339 0.208 0.188 0.245 0.134
Chest circumference - . ok ik ok %
Birth weight 0.033 0.041 0.024 0.044 0.068 0.018
9 n.s. n.s. n.s. n.s. n.s. n.s.
Birth lenath 0.065 0.071 0.056 0.065 0.064 0.067
9 n.s. n.s. n.s. n.s. n.s. n.s.
Triceps skinfold 0. 1 *86 0.3*51 0.1 16 0.1*49 0.3*03 0.1*02
BMI mother (reported) 0.2 *17 060386 0.1* 54 0{.10;38 060820 0.1*24
BMI father (reported) 0.(174 060557 06036 060338 Or.IOSZO 060558
Birth order 0.055 0.038 0.056 0.022 0.031 0.014
n.s. n.s. n.s. n.s. n.s. n.s.

n — number of subjects; A — gender and age adjusted; B — age adjusted; p-values — *** < 0.001, ** < 0.01, * < 0.05; n.s. — not significant

Table 5. Linear regression of impact of Z-scores on systolic blood pressure in the group of schoolchildren (N = 760)

Z-score Group n B 95% Cl R? p-value
Alr 760 0.427 0.332-0.522 0.381 <0.001**
Z-score weight Boys® 381 0.501 0.371-0.630 0.435 <0.001**
Girls® 379 0.340 0.200-0.480 0.317 <0.001**
Alr 760 0.328 0.223-0.432 0.319 <0.001**
Z-score height Boys® 381 0.403 0.253-0.553 0.360 <0.001**
Girls® 379 0.250 0.104-0.397 0.271 <0.01*
Alr 760 1.116 0.821-1.412 0.347 <0.001**
Z-score BMI Boys® 381 1.351 0.932-1.769 0.394 <0.001**
Girls® 379 0.871 0.451-1.290 0.293 <0.001**

n — number of subjects; A — gender and age adjusted; B — age adjusted; CI — confidence interval; R? — coefficient of determination; p-values — ** < 0.01, *** < 0.001;
Z-score — calculated from Sevcikova et al. (36)

Swedish cohort study confirmed association of cigarette smok- The definition of hypertension in the paediatric population
ing during pregnancy with many developmental complications, is based on the normative distribution of blood pressure in a set
as well as with an increased offspring blood pressure in late  of healthy individuals with regards to gender, age, body growth
adolescents (39). and ethnicity of the respective population. There is no suitable
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Table 6. Linear regression of impact of Z-scores on diastolic blood pressure in the group of schoolchildren (N = 760)

Z-score Group n 95% ClI R? p-value
AlIA 760 0.230 0.271-0.390 0.251 <0.001**
Z-score weight Boys® 381 0.282 0.175-0.385 0.282 <0.001**
Girls® 379 0.174 0.065-0.283 0.216 0.002*
AlIA 760 0.187 0.105-0.269 0.210 <0.001**
Z-score height Boys? 381 0.249 0.130-0.369 0.235 <0.001**
Girls® 379 0.127 0.014-0.240 0.184 0.028*
AlIA 760 0.583 0.349-0.817 0.221 <0.001**
Z-score BMI Boys® 381 0.756 0.419-1.092 0.247 <0.001**
Girls® 379 0.408 0.083-0.734 0.192 0.014*

n — number of subjects; A — gender and age adjusted; B — age adjusted; Cl — confidence interval; R? — coefficient of determination; p-values — *** < 0.001, ** < 0.01, * < 0.05;

Z-score — calculated from Sevcikova et al. (36)

database of normative blood pressure values for children and
adolescents in Slovakia (40). In practice, tables and charts of US
norms from 2004 — NHBPEP (16) can be used. However, these
standards are often rejected by the professional public because
they contain a database of children of different ethnicities and
different anthropometric characteristics from the United States of
America. Children’s population in Slovakia has a totally different
ethnic and socio-demographic structure, it has different genetic
backgrounds, other nutritional habits, and other body character-
istics as children from the American continent. Research results
by Regecova et al. (40) were compared to the US National Blood
Pressure Education Program Working Group on High Blood
Pressure in Children and Adolescents and the authors pointed to
the fact that Slovak children’s blood pressure is moving in the
upper frontier zones of the American population and are higher
than those reported in NHBPEP (2004). This confirms the need
to create a database of blood pressure levels from a population
of Slovak children (40).

Systematic review and meta-analysis of data from 25 stud-
ies involving 54,196 individuals found a pooled prevalence of
elevated blood pressure of 5.5% and a pooled prevalence of
slightly elevated blood pressure of 12.7% in children and ado-
lescents in Africa. Increased BMI was largely associated with
the prevalence of elevated blood pressure, with prevalence six
times higher in obese children and adolescents than in those of
normal weight (22). Our data also confirmed importance of body
parameters for blood pressure evaluation. Outputs of our cross-
sectional study confirmed the fact that systolic blood pressure has
higher statistical significance with body parameters than diastolic.

Our research results were confirmed with other literature
resources (32-34) — explicitly, significant associations of blood
pressure levels to body weight, body mass index, waist circumfer-
ence, body fat percentage. The impact of maternal and paternal
BMI on systolic and diastolic blood pressure was also confirmed
in our study. The close relationship between the BMI and the blood
pressure values was shown in most of the literature resources
(4, 12, 13, 37). In our survey Pearson’s R values were adjusted
for age and gender and analysed for complete sample, boys or
girls. Results demonstrated higher relationship of systolic blood
pressure to anthropometric parameters compared to diastolic
pressure and a closer correlation of anthropometric values in the

boys group compared to girls. Using the Pearson correlation, the
results of our study confirmed both BMI and height as blood
pressure determinants, but the highest relationship with systolic
and diastolic pressure has proven to be the weight parameters of
the child, both in the group of girls and boys. Both groups — boys
and girls —and both pressures (systolic and diastolic) showed the
highest R coefficient for the Z-score of body weight parameter
(R =0.317-0.435, p < 0.001). The second most important cor-
relation parameter for blood pressure was the children’s Z-score
BMI, followed by the child’s height. However, the aim of our
work was not to compare the blood pressure of our children with
the databases, but to identify the factors that influence the most
blood pressure within the investigated sample.

Limitations of the study should be noted. Our sample and
design of the study is cross-sectional and includes only children
form eastern Slovakia, where we confirmed inferior results of SES
status (employment of parents, income per capita). Therefore, the
results cannot be generalised for the whole Slovak population.

CONCLUSION

Body size parameters and anthropometric evaluation are
simple and low-cost effective measurements which can con-
tribute to hypertension evaluation in the paediatric population.
Anthropometric indexes and fat percentage indicate overweight
or obesity and could be connected with elevated levels of SBP and
DBP. Anthropometric indices in our study correlated with blood
pressure in examined schoolchildren population. The study also
reports important association of Z-scores of weight, height and
BMI in prediction of blood pressure. Outputs confirmed higher
statistical relationship between anthropometric parameters and
systolic BP compared to diastolic BP, and also the group of boys
showed stronger statistical importance of anthropometric param-
eters and blood pressure (SBP and DBP) compared to girls. Our
study provides good evidence that anthropometric indices and
Z-scores in schoolchildren population could be used as a predic-
tor of high blood pressure in this population group. The outputs
also have beneficial effects on other cardiovascular diseases con-
nected with elevated blood pressure or hypertension e.g. diabetes,
dyslipidaemias, metabolic syndrome, atherosclerosis.
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