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IntroductIon

obesity and hypertension are two most important 
risk factors for cardiovascular diseases (1, 2). 

obesity is one of the most common health problems 
of the developed countries. the prevalence is increasing 
among adults and children alike. In Hungary, the preva-
lence in children is 9-10%. In 1998, WHo (World Health 
organization) classified obesity as a disease. obesity, 
and other metabolic, endocrine and musculoskeletal 
diseases that are caused by obesity are seen as one 
of the biggest public health-related problem nowadays. 
obesity increases the morbidity and mortality in all the 
populations.

AIm

the aim of this screening was to investigate the fre-
quency of obesity and its association with hypertension 
in a sample of children and adolescents in Budapest. 
the results of the study will help to design programmes 
for the prevention and controll of the disease in child-

hood, which could decrease the potential of chronic dis-
ease in adulthood.

mAterIAl And metHods

A screening program was conducted between April 
2010 and may 2011 in Budapest. the screening pro-
gram was conducted by the city council and with medi-
cal supervision of the professionals from the “Heim Pál” 
children Hospital in Budapest.

the screening program was financed by the city 
council of Budapest. the screening consisted of mea-
suring blood pressure, heart rate, cholesterol, blood 
glucose, weight, height, calculating BmI, and determi-
nation of body composition.

A sample of 2467 healthy children and adoles-
cents (958 boys and 1509 girls) from the selected schools 
participated in the study. there were no special inclusion 
criteria. the participation in the screening program was 
voluntary and informed consent from the parents, as well 
as from the adolescents, was obtained in all cases. the 
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weight, height, BmI, and blood pressure, mean and 
range were calculated. categorical variables were sum-
marized by count and percentage. the data was ana-
lysed using the sPss statistica 20.0 software. level of 
statistical significance alpha was defined as p < 0.05.

results

the distribution of BmI, age and gender of the study 
participants is shown in table 1. mean age was 15 year (sd 
= 1.18). 13% of children were overweight and 4% were 
obese. detailed characteristics of the population by BmI 
are shown in table 2. the mean body fat percentage (BF) 
was pathologicaly high in 12.98% of all girls and 5.9% of 
all boys, and in the groups with elevated BmI the frequen-
cy of high BF was 66% in girls and 81% in boys. the mean 
cholesterol was significantly higher in the overweight and 
obese groups (tab. 3). the mean systolic and diastolic 
blood pressure was significantly different (p < 0.05) be-
tween BmI groups and between sexes. High blood pres-
sure was most frequently found in the group of overweight 
boys and girls (tab. 4). After comparing BmI between chil-
dren from urban and rural stations, no statistically signifi-
cant difference was found. caries was found to be signifi-
cantly more common in obese children. 

In our study, 20% of children had an initially elevated 
BP at the first measurement. 

dIscussIon

obesity of children and adolescents has become 
a global health problem (1, 2). In our study, 13% of the 
participants were overweight and 4% of them were obese. 

study was approved by the Institutional research ethical 
committee of Heim Pál children Hospital, Budapest.

our screening program was a local program conduct-
ed in Budapest, in which we examined different areas: 
full orthopedic screening, eyesight screening, hearing 
screening, dentistry screening, internal medicine screen-
ing, celiac screening, cardiovascular screening and men-
tal hygiene test as described previously in ”new medi-
cine” in 2014 (3). the included students took part in all 
types of examinations, but in this study, we only analyze 
the results of the cardiovascular program. obesity was 
defined as having BmI value greater than 95th percentile 
for participant’s age and sex, and overweight was defined 
as having BmI value between the 85 and 95th percentile. 
the body composition was measured through multi-
frequency bioelectric impedance analysis (Inbody 3.0 
Biospace device). We considered the body fat (BF) to be 
abnormally high when it was greater than 25% for boys 
and 30% for girls (4). the serum cholesterol level greater 
than 5.0 mmol/l and fasting blood glucose greater than 
5.5 mmol/l was considered abnormal.

Blood pressure was measured using a standardized 
automatic blood pressure meter. to diagnose hyper-
tension in pediatric population, systolic and/or diastolic 
pressure value greater than 95th percentile for age, sex 
and height is required (5). If a student had mean blood 
pressure greater than the 95th percentile for age and 
height, their blood pressure was remeasured at Heim 
Pál children Hospital due to safety considerations.

microsoft office excel was used to process the col-
lected data. For continuous variables, including age, 

tab. 1. number (percentile) of screened population by BmI, age and gender

Age (years) Gender

Body Mass Index Percentile
All

N (%)< 85 pc. normal weight
N (%)

85-95 pc. overweight
N (%)

> 95 pc. obese
N (%)

14
Girls 65 (80%) 13 (16%) 3 (4%) 81 (100%)

Boys 70 (85%) 7 (9%) 5 (6%) 82 (100%)

15
Girls 337 (86%) 42 (11%) 12 (3%) 391 (100%)

Boys 271 (82%) 44 (13%) 14 (5%) 329 (100%)

16
Girls 424 (81%) 79 (15%) 22 (4%) 525 (100%)

Boys 296 (84%) 45 (13%) 13 (3%) 354 (100%)

17
Girls 217 (81%) 36 (13%) 16 (6%) 269 (100%)

Boys 89 (88%) 10 (10%) 2 (2%) 101 (100%)

18
Girls 57 (78%) 11 (15%) 5 (7%) 73 (100%)

Boys 16 (76%) 3 (14%) 2 (10%) 21 (100%)

total
Girls 1100 (82%) 181 (14%) 58 (4%) 1339 (100%)

Boys 742 (84%) 109 (12%) 36 (4%) 887 (100%)

All 1842 (83%) 290 (13%) 94 (4%) 2226



139New Medicine 
4/2016

Cardiovascular screening program in children in Budapest
ta

b.
 2

. d
et

ai
le

d 
ch

ar
ac

te
ris

tic
s 

of
 th

e 
po

pu
la

tio
n 

by
 B

m
I

B
M

I g
ir

ls
B

M
I b

o
ys

B
M

I a
ll

<
 8

5 
p

c.
no

rm
al

 w
ei

g
h

t
85

-9
5 

p
c.

o
ve

rw
ei

g
h

t
>

 9
5 

p
c.

o
b

es
e

<
 8

5 
p

c.
no

rm
al

 w
ei

g
h

t
85

-9
5 

p
c.

o
ve

rw
ei

g
h

t
>

 9
5 

p
c.

o
b

es
e

<
 8

5 
p

c.
no

rm
al

 w
ei

g
h

t
85

-9
5 

p
c.

o
ve

rw
ei

g
h

t

A
ge

 [
ye

ar
s]

 
15

.8
9*

,  +

(s
d

 =
 1

.0
2)

15
.9

9 
(s

d
 =

 1
.3

3)
16

.2
6+

+
 

(s
d

 =
 1

.3
4)

16
.7

7 
(s

d
 =

 0
.9

4)
16

.0
5 

(s
d

 =
 0

.9
6)

16
.1

5 
(s

d
 =

 0
.9

9)
15

.7
7+

+
+
 

(s
d

 =
 1

.0
5)

15
.8

5 
(s

d
 =

 1
.1

8)

B
m

I, 
[k

g/
m

2 ]
p 

<
 0

.0
00

 
20

.4
3 

(s
d

 =
 2

.3
7)

27
.1

4 
(s

d
 =

 1
.3

7)
34

.9
3 

(s
d

 =
 5

.1
2)

20
.3

4 
(s

d
 =

 2
.2

1)
27

.2
3 

(s
d

 =
 1

.4
4)

33
.0

8 
(s

d
 =

 3
.1

4)
20

.3
9 

(s
d

 =
 2

.3
0)

27
.1

7 
(s

d
 =

 1
.4

0)

B
F 

p 
<

 0
.0

00
 

18
.7

5 
(s

d
 =

 6
.8

2)
27

.4
5

(s
d

 =
 6

.1
6)

35
.7

7 
(s

d
 =

 8
.0

7)
9.

30
 

(s
d

 =
 5

.5
3)

18
.1

3 
(s

d
 =

 6
.6

1)
28

.6
7 

(s
d

 =
 5

.7
4)

14
.9

5 
(s

d
 =

 7
.8

5)
23

.9
2 

(s
d

 =
 7

.7
8)

c
ho

le
st

er
ol

 
[m

m
ol

/l
]

4.
05

**
,  *

**
(s

d
 =

 1
.7

3)
4.

09
 

(s
d

 =
 0

.7
9)

4.
29

**
**

(s
d

 =
 0

.9
6)

3.
67

**
(s

d
 =

 0
.6

4)
3.

99
 

(s
d

 =
 0

.7
1)

3.
97

 
(s

d
 =

 0
.8

1)
3,

70
3.

78
 

(s
d

 =
 1

.2
6)

s
B

P
 p

 <
 0

.0
00

 
11

8.
47

(s
d

 =
 1

0.
93

)
12

4.
76

(s
d

 =
 1

0.
97

)
12

7.
45

(s
d

 =
 1

3.
14

)
13

0.
64

(s
d

 =
 1

3.
07

)
13

7.
28

(s
d

 =
 1

3.
24

)
14

0.
00

 
(s

d
 =

 1
4.

14
)

12
3.

35
 

(s
d

 =
 1

3.
21

)
12

9.
49

 
(s

d
 =

 1
3.

29
)

d
B

P
 p

 <
 0

.0
00

 
70

.6
2 

(s
d

 =
 7

.7
9)

72
.3

8 
(s

d
 =

 8
.2

6)
78

.2
6 

(s
d

 =
 1

1.
97

)
71

.8
5

(s
d

 =
 8

.7
2)

75
.8

9
(s

d
 =

 9
.4

4)
78

.5
3

(s
d

 =
 1

2.
29

)
71

.1
2 

(s
d

 =
 8

.1
9)

73
.6

7
(s

d
 =

 8
.8

8)

H
ei

gh
t [

cm
]

16
5.

53
 

(s
d

 =
 6

.4
5)

16
5.

38
(s

d
 =

 6
.4

7)
16

5.
06

 
(s

d
 =

 7
.5

0)
17

7.
56

 
(s

d
 =

 6
.9

6)
17

8.
03

(s
d

 =
 6

.9
6)

17
7.

64
 

(s
d

 =
 6

.0
7)

17
0.

37
 

(s
d

 =
 8

.8
9)

17
0.

16
 

(s
d

 =
 9

.0
6)

W
ei

gh
t [

kg
] 

 
p 

<
 0

.0
00

 
56

.0
6 

(s
d

 =
 7

.3
8)

71
.7

5
(s

d
 =

 9
.3

6)
90

.9
7

(s
d

 =
 1

9.
15

)
64

.6
7 

(s
d

 =
 9

.6
9)

86
.1

5
(s

d
 =

 8
.1

3)
10

3.
48

 
(s

d
 =

 1
5.

58
)

59
.5

1 
(s

d
 =

 9
.3

8)
77

.1
7 

(s
d

 =
 1

1.
29

)

u
rb

an
20

.4
1 

(s
d

 =
 2

.3
9)

27
.2

5
(s

d
 =

 1
.3

8)
34

.7
3 

(s
d

 =
 4

.9
4)

20
.4

0
27

.3
3 

(s
d

 =
 1

.4
4)

32
.6

9 
(s

d
 =

 2
.8

1)
20

.3
6 

(s
d

 =
 2

.3
1)

27
.2

9 
(s

d
 =

 1
.3

9)

r
ur

al
20

.4
6 

(s
d

 =
 2

.3
5)

26
.9

8
(s

d
 =

 1
.3

7)
35

.1
5 

(s
d

 =
 5

.3
8)

20
.4

1 
(s

d
 =

 2
.2

2)
27

.0
1 

(s
d

 =
 1

.4
4)

33
.6

7 
(s

d
 =

 3
.6

5)
20

.4
3 

(s
d

 =
 2

.2
9)

26
.9

7
(s

d
 =

 1
.3

9)

d
en

ta
l s

ta
tu

s 
– 

ca
rie

s
20

.6
1 

(s
d

 =
 2

.4
2)

26
.9

4
(s

d
 =

 1
.3

4)
36

.5
5 

(s
d

 =
 5

.9
5)

20
.2

9 
(s

d
 =

 2
.2

4)
27

.0
4

(s
d

 =
 1

.1
1)

36
.2

3 
(s

d
 =

 4
.0

7)
20

.4
9 

(s
d

 =
 2

.3
2)

26
.9

7
(s

d
 =

 1
.2

8)

d
en

ta
l s

ta
tu

s 
– 

no
 c

ar
ie

s
20

.3
7 

(s
d

 =
 2

.3
3)

27
.2

7
(s

d
 =

 1
.3

8)
32

.5
7 

(s
d

 =
 2

.3
6)

20
.3

7 
(s

d
 =

 2
.1

9)
27

.2
9

(s
d

 =
 1

.5
5)

32
.0

8 
(s

d
 =

 2
.1

3)
20

.3
7 

(s
d

 =
 2

.2
7)

27
.2

3
(s

d
 =

 1
.4

3)

* 
p 

<
 0

.0
5 

no
rm

al
 w

ei
gh

t g
irl

s/
ob

es
e 

gi
rls

+
 p

 <
 0

.0
5 

no
rm

al
 w

ei
gh

t g
irl

s/
no

rm
al

 w
ei

gh
t b

oy
s

+
+
 p

 <
 0

.0
5 

ob
es

e 
gi

rls
/o

be
se

 b
oy

s
+

+
+
 p

 <
 0

.0
5 

bo
ys

 a
nd

 g
irl

s 
no

rm
al

 w
ei

gh
t/b

oy
s 

an
d 

gi
rls

 o
be

se
**

 p
 <

 0
.0

5 
no

rm
al

 w
ei

gh
t/o

ve
r 

w
ei

gh
t; 

no
rm

al
 w

ei
gh

t/o
be

se
 g

irl
s 

an
d 

bo
y 

no
rm

al
 w

ei
gh

t/o
ve

r 
w

ei
gh

t; 
an

d 
no

rm
al

 w
ei

gh
t/o

be
se

 g
irl

s;
 a

nd
 n

or
m

al
 w

ei
gh

t/o
be

se
 b

oy
s

**
* 

p 
<

 0
.0

5 
no

rm
al

 w
ei

gh
t g

irl
s/

no
rm

al
 w

ei
gh

t b
oy

s
**

**
 p

 <
 0

.0
5 

ob
es

e 
gi

rl/
ob

es
e 

bo
ys

th
er

e 
w

as
 n

o 
st

at
is

tic
al

ly
 s

ig
ni

fic
an

t d
iff

er
en

ce
 b

et
w

ee
n 

th
e 

ch
ild

re
n 

w
ho

 li
ve

d 
in

 r
ur

al
 a

nd
 u

rb
an

 a
re

a.



140 New Medicine 
4/2016

Judit Kormos-Tasi et al.

measurement only, 68% of boys and 43% of girls de-
veloped prehypertension or hypertension within the 
next two years (5). Hypertension is reported to be more 
prevalent in urban regions than in rural areas (15). In our 
study, we did not observe such a relationship. 

conclusIons

there was a significant increase in both systolic 
and diastolic blood pressure with an increase in BmI. 
the high prevalence of hypertension in overweight and 
obese children implies that there is need for more ef-
ficient prevention in health basic service. 
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there was no significant difference in the prevalence of 
obesity between boys and girls. Basiratnia et al. received 
similar results, but some other researchers found the per-
centage of obese children to be even higher (6-8). 

In our study, we diagnosed obesity in children by 
calculating their BmI and measuring their body fat per-
centage (BF). High BF of obese subjects can contribute 
to the pathogenesis of their hypertension (9). the pri-
mary hypertension in our subjects was rare, and was 
frequently secondary to kidney disease, but epidemio-
logical studies showed an increase in the prevalence of 
primary hypertension in children and adolescents (10). 
We used Hungarian guide for diagnosing hypertension 
in children that was published in 2010 (11). In our study, 
there was a significant increase in both systolic and dia-
stolic blood pressure with an increase in BmI. the preva-
lence of systolic hypertension was 64.5% in obese boys 
and 11.8% in obese girls, and 58.6% in overweight boys 
and 18.6% in overweight girls. Basiratnia et al. (6) re-
ported lower prevalence of hypertension in children with 
high BmI, which complies with the results of muntner 
et al. (12). In our study, 20% of children had an initially 
elevated BP at the first measurement, proving the impor-
tance of repeated measurements in diagnosing hyper-
tension. other studies reported similar results (13, 14). 
results of these studies have limited value, as they are 
based on a single BP measurement. However, among 
adolescents who had elevated blood pressure in single 

tab. 4. Percent of pathological high blood pressure, by BmI 
and gender

Gender
Body Mass Index %

85-95% overweight > 95% obese

Girls 16.6% 11.8%

Boys 58.6% 64.5%

tab. 3. Percentage of children with cholesterol level above 
5.15 umol/l, by BmI and gender 

Gender

Body Mass Index %

< 85% normal 
weight

85-95% 
overweight

> 95% 
obese

Girls 6.7% 24.3% 29.1%

Boys 2.3% 32.9% 38.2%
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