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Blood pressure distribution among
healthy schoolchildren aged 6-13
years in Tehran
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ABSTRACT To obtain blood pressure distribution for Iranian children, we assessed 10 288 students
aged 6-13 years (4871 boys and 5417 girls) in Tehran. Mean systolic and diastolic blood pressure
showed incremental increases with age, weight and height in both sexes. Mean increases in systolic
blood pressure for boys and girls were 1.7 and 0.8 mmHg per year respectively and for diastolic blood
pressure were 0.7 and 0.9 mmHg respectively. According to Second Task Force (STF) criteria, 4.9%
of boys and 3.5% of girls had significant systolic hypertension and 10.1% of boys and 3.3% of girls had
significant diastolic hypertension. Mean systolic and diastolic blood pressures were higher than STF
reports, especially among boys.

Distribution de la pression artérielle chez des écoliers en bonne santé agés de 6 a 13 ans a
Téhéran

RESUME Afin d’obtenir la distribution de la pression artérielle pour les enfants iraniens, nous avons
évalué 10 288 éléves agés de 6 a 13 ans (4871 garcons et 5417 filles) a Téhéran. La pression arté-
rielle systolique et diastolique moyenne montrait une augmentation progressive avec I'age, le poids et
la taille chez les deux sexes. L'augmentation moyenne de la pression artérielle chez les gargons et les
filles était de 1,7 et 0,8 mmHg par an respectivement pour la pression systolique et de 0,7 et 0,9 mmHg
respectivement pour la pression diastolique. Selon les criteres du deuxieme Groupe de travail, 4,9 %
des garcons et 3,5 % des filles présentaient une hypertension systolique significative et 10,1 % des
garcons et 3,3 % des filles présentaient une hypertension diastolique significative. La pression arté-
rielle systolique et diastolique moyenne était supérieure aux valeurs indiquées par le deuxieme Groupe
de travail, notamment chez les garcons.

'Children’s Medical Centre Hospital, Tehran University of Medical Sciences, Tehran, Islamic Republic of Iran.
2Department of Nutrition Research, National Nutrition and Food Technology Research Institute, Shaheed
Beheshti University of Medical Sciences, Tehran, Islamic Republic of Iran (Correspondence to M. Abdollahi:
morabd @ yahoo.com).

Received: 20/01/03; accepted: 18/12/03

Yoro =0 Obdall i (oalh) Wl (Al dmall daloie (o ol 320 A all Al



Eastern Mediterranean Health Journal, Vol. 11, Nos 5/6, 2005 969

Introduction

Systemic hypertension occurs commonly
in adults and if untreated is a major risk
factor for myocardial infarction, stroke and
renal failure [ /]. Although the prevalence of
clinical hypertension is of far lesser magni-
tude in children than adults, there is ample
evidence to support the concept that the
roots of essential hypertension extend back
into childhood, and if hypertension exists,
it may track into adulthood [/—4]. Children
and young adolescents with blood pressure
greater than the 90th percentile for age are
3 times more likely to become adults with
hypertension than are children with blood
pressure at the 50th percentile [/].

Blood pressure measurement of children
is important. Hypertension in children is
mostly secondary and this may be due to
renal disease, coarctation of the aorta, en-
docrine disorders or medication. The under-
lying disease process should be controlled
in order to prevent and treat hypertension
[7]. To increase early detection of hyperten-
sion, accurate blood pressure measurements
should be a part of routine annual physical
examinations for all children and not just
isolated procedures [/].

Hypertension in children is diagnosed as
high blood pressure for age, sex and body
size [2]. Blood pressure increases gradu-
ally with age and varies with sex; therefore,
standard nomograms for each age—sex
group are necessary to interpret blood pres-
sure values [2]. Moreover, the distribution
of blood pressure levels varies in different
ethnic groups [5,6]. Using Second Task
Force recommended cut-off points, many
countries have established curves for diffe-
rent age—sex groups [2,7—12].

Since there are only limited data avai-
lable for blood pressure distribution in the
Islamic Republic of Iran [/3], we deter-
mined the distribution of blood pressure

among schoolchildren aged 6-13 years in
Tehran.

Methods

We selected 10 288 students (4871 boys
and 5417 girls) by multistage cluster sam-
pling from 125 schools of all the 19 depart-
ments of education and training in Tehran
over 18 months during the 1998-1999 and
1999-2000 school years. A protocol was
established for the examination of the chil-
dren according to the Second Task Force
and World Health Organization guidelines
[2,3]. The Ethics Committee of the Uni-
versity of Tehran, the Medical Sciences
Research Deputy and the Health Office of
the Ministry of Education and Training ap-
proved the protocol of our study.

The protocol of our study was explained
to the interviewers who were either general
practitioners or medical students. In 3 ses-
sions of 2 hours each, one of the investiga-
tors (a paediatrician) trained the intervie-
wers so that they could take measure-
ments in the same way and under similar
circumstances. The inter-rater variation
was determined to be negligible at the
end of training. Four teams equipped with
the necessary measuring tools visited the
schools and a control set of equipment
was kept at the university. At about 10-day
intervals, measurements were taken with 2
sets, i.e. each team’s set and the set kept at
the university, to verify consistency. During
the study, differences between the readings
were very small and all manometers func-
tioned properly.

Measurements were taken in a quiet
room in each school. The aim of the study
and the procedure were described to the stu-
dents. Height was measured to the nearest
0.5 cm without shoes. Weight with minimal
clothing was recorded using a bath scale to
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the nearest 0.5 kg. A mercury sphygmo-
manometer (Riester, Germany) was used
to measure blood pressure on the student’s
right arm while seated. Two measurements
were taken at a 10-minute interval. Small,
medium and large children’s cuffs were
available to the teams to be used as appro-
priate for the length and circumference of
each arm. The systolic blood pressure was
recorded when the first Korotkoff (K) sound
was heard. Two diastolic blood pressure
readings were recorded on hearing K4 and
K5 sounds. Pulse rate per minute was re-
corded twice. The average of the 2 readings
was taken as blood pressure and pulse rate.

For children aged 6-9 years, significant
hypertension and severe hypertension were
defined as systolic blood pressure greater
than 122 mmHg and 130 mmHg and dia-
stolic blood pressure greater than 78 mmHg
and 86 mmHg respectively [2]. Significant
and severe hypertension in children aged
10-12 years was defined as systolic blood
pressure greater than 126 mmHg and 134
mmHg and diastolic blood pressure greater
than 82 mmHg and 90 mmHg respectively

[2].

For each child, the data were recorded
on a separate form and quality controlled
by the investigators. Epi-Info, version 6 and
SPSS, version 10 were used for data entry
and statistical analysis.

Results

Table 1 shows the distribution of the children
by age and sex. Figures 1 and 2 show that
there was an overall incremental increase
in diastolic and systolic blood pressure
with age, height and weight for both girls
and boys. However, among boys, the mean
systolic blood pressure dipped slightly at 8
years. Mean systolic blood pressure in girls
showed an increasing trend for all ages.
Diastolic blood pressure in boys increased
with age until 11 years when it dipped
slightly, then rose at 12 years and dipped
again at 13 years. Also among girls aged
12—13 years, mean diastolic blood pressure
was less than among those aged 10 years at
the 90th centile. The average increase in
systolic blood pressure levels per year was
1.7 mmHg and 0.8 mmHg in girls and boys

Table 1 Distribution of 10 288 students in Tehran by age and sex

Age Boys Girls Total

(years) No. % No. % No. %
6 457 9.4 350 6.5 807 7.8
7 727 14.9 717 13.2 1444 14.0
8 715 14.7 820 15.1 1535 14.9
9 774 15.9 868 16.0 1642 16.0
10 684 14.0 887 16.4 1571 15.3
11 649 13.3 817 15.1 1466 14.2
12 639 13.1 761 14.0 1400 13.6
13 226 4.6 197 3.6 423 41
Total 4871 100.0 5417 100.0 10288 100.0
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Figure 1 Systolic and diastolic percentiles of blood pressure in girls by age

respectively and for diastolic blood pressure
it was 0.7 mmHg and 0.9 mmHg for boys
and girls respectively.

Frequencies of significant and of severe
hypertension were calculated according to
Second Task Force report criteria (Tables
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Figure 2 Systolic and diastolic percentiles of blood pressure in boys by age

2 and 3) [2]. In our study, 4.9% of boys
and 3.5% of girls had significant systolic
hypertension; 10.1% of boys and 3.3% of
girls had significant diastolic hypertension
respectively. Severe systolic hypertension
was found in 2.0% and 0.9% of boys and
girls respectively and severe diastolic hy-

pertension in 2.3% and 0.5% of boys and
girls respectively.

The correlation coefficients for systolic
and diastolic blood pressure with weight,
height, age and pulse rate were calculated
for each sex individually (Table 4). A sig-
nificant correlation was found between
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Table 2 Frequency of significant and severe hypertension in girls

Age Number Significant hypertension Severe hypertension
(years) Systolic Diastolic Systolic Diastolic
No. % No. % No. % No. %
6 350 16 4.6 13 3.7 2 0.6 4 1.1
7 717 24 3.3 33 4.6 8 1.1 8 1.1
8 820 27 3.3 36 4.4 7 0.9 3 0.4
9 868 35 4.0 44 5.1 7 0.8 6 0.7
10 887 29 3.3 20 23 10 1.1 3 0.3
11 817 39 4.8 19 23 8 1.0 1 0.1
12 761 16 2.1 11 1.4 8 1.1 1 0.1
13 197 1 0.5 1 0.5 1 0.5 0 0.0
Total 5417 187 35 177 3.3 51 0.9 26 0.5

Table 3 Frequency of significant and severe hypertension in boys

Age Number

Significant hypertension

Severe hypertension

(years) Systolic Diastolic Systolic Diastolic
No. % No. % No. % No. %

6 457 31 6.8 29 6.3 5 1.1 6 1.3
7 727 36 5.0 70 9.6 13 1.8 18 2.5
8 715 29 41 78 10.9 8 1.1 17 2.4
9 774 57 7.4 106 13.7 24 3.1 37 4.8
10 684 24 3.5 74 10.8 17 2.5 18 2.6
11 649 25 3.9 53 8.2 10 1.5 8 1.2
12 639 32 5.0 74 11.6 18 2.8 6 0.9
13 226 3 1.3 6 2.7 2 0.9 3 1.3
Total 4871 237 4.9 490 10.1 97 2.0 113 2.3

Table 4 Correlation coefficients between developmental variables and blood pressure in boys

and girls
Variable Boys Girls

Weight Height Age Pulse Weight Height Age Pulse
Systolic BP 0.23 0.14 0.07 0.39 0.33 0.26 0.11
Diastolic BP (K4) 0.19 0.17 -0.12 0.27 0.21 0.15 0.08
Diastolic BP (K5) 0.20 0.18 -0.16 0.26 0.21 0.15 -0.01

BP = blood pressure.
Weight, height, age and pulse rate all were significantly correlated with both systolic and diastolic blood pressure

for both sexes (P < 0.05).
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Table 5 Mean pulse rates of boys and girls

Age (years) Mean pulse rate (beats/min)

Boys Girls
6 99.97 95.18
7 99.03 92.99
8 97.01 93.04
9 94.69 91.66
10 93.40 91.18
11 90.49 89.91
12 88.97 88.67
13 88.22 88.48
Total 94.38 91.40

systolic and diastolic blood pressure and all
these factors for both sexes.

Table 5 shows that the mean pulse rate of
girls and boys in each age group decreased
gradually with age.

Discussion

The prevention of high blood pressure
may be viewed as part of the prevention of
coronary artery disease and stroke. Blood
pressure measurements should be included
in physical examinations as part of continu-
ing care for children, and not just as isolated
procedures [/]. The goal in caring for chil-
dren is surveillance, possible prevention
and identification of fixed hypertension
requiring treatment when such cases cannot
be prevented [2].

In our study, blood pressure, weight,
height and pulse rate of children aged
6—13 years were measured according to
Second Task Force recommended cut-offs
to establish normal blood pressure curves
for Iranian children [2].

Blood pressure increased gradually with
age for both boys and girls in our study.

This was consistent with a study in Qazvin, a
city near Tehran [/3]. This also agreed with
the Second Task Force report that blood
pressure increases with age during the
pre-adult years in all study populations [2].
Others have also reported that blood pres-
sure increased with age [/4—17]; however,
some Japanese studies have only found cor-
relations between diastolic blood pressure
and age [10,18].

Systolic blood pressure in our study
was higher among boys of all ages than
girls (chi-squared test, P < 0.01). The mean
systolic blood pressure differences between
boys and girls in the youngest and oldest
age groups were about 5.5 mmHg and
1 mmHg respectively. In a study of children
aged 816 years, mean blood pressure was
higher among girls [/6]. In contrast, Hansen
et al. reported no significant difference in
mean blood pressure between the sexes
for children aged 8-10 years [17]. Others
have reported no significant difference in
blood pressure between boys and girls from
1 day to 6 years of age or among preschool
children [10,14].

Blood pressure was positively corre-
lated with weight and height in our study.
According to the Second Task Force report
in different study populations, larger chil-
dren, i.e. heavier and/or taller children, had
higher blood pressure than smaller children
of the same age [2]. One study of children
aged 8-16 years showed a positive correla-
tion between blood pressure, body weight,
height and an index of obesity [/6]. Hansen
et al. found that weight was an important
determinant of blood pressure in Danish
children aged 8-10 years [/7]. In a 1992
study among children aged 9-11 years,
those with high blood pressure, i.e. higher
than or equal to the 95th percentile, were
heavier and more obese than the normal
group [/9].
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In our study, pulse rate decreased gradu-
ally with age. This was consistent with both
the findings of a study of school children in
Qazvin and a study of preschool children in
Japan [10,13].

In our study, significant systolic hy-
pertension was prevalent in 4.9% of boys
and 3.5% of girls. In the Qazvin study, the
prevalence of high blood pressure among
children aged 7-12 years was 6.9% using
Second Task Force recommended cut-offs
[2,3]. In a study in Papua New Guinea,
5.1% of children aged 8-10 years had
high blood pressure [/6]. Furthermore,
overall prevalence of hypertension has been
reported at 2.93% among Indian children
aged 5-14 years [9].

In our study, mean systolic and diastolic
blood pressures of the sample were higher
than reported by the Second Task Force,
especially among boys. This agreed with
reports of higher blood pressure among
children of this age in the western part of
our country and in Turkey compared with
values reported by the Second Task Force
[13,15]. Those 2 reports also indicated
higher blood pressures and prevalence of
hypertension among boys than among
girls. It may be that the higher blood pres-
sure of adult males compared with adult
females originates from this age and may
be attributed to different psycho-hormonal
structures in males and females. Both the
systolic and the diastolic blood pressures
of Spanish children aged 2—14 years were
lower than means reported by the Second
Task Force [12]. However, in a study of

first-grade schoolchildren in Germany, the
data fit very well with Second Task Force
recommended cut-offs [8].

Conclusion

We measured blood pressure, height and
weight of schoolchildren aged 6—13 years
in Tehran. Blood pressure was highly as-
sociated with age, height and weight. Our
findings can help establish normal blood
pressure curves to be used in paediatric
clinics, because almost 20% of the Iranian
population lives in Tehran and the sample
of our study may be highly representative
of Iranian children. Normal blood pressure
values in our study are higher than reported
by the Second Task Force, but this diffe-
rence agrees with the STF recommendation
regarding the importance of determining
normal blood pressure in each country.
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