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Blood Pressure Percentiles for School Children

Okul Cagi1 Cocuklart icin Kan Basinci Persentilleri

Ismail Ozanli', Sebahat Tiilpar?, Yunus Yilmaz?, Fatih Yildiz*

ABSTRACT

Objective: The prevalence of hypertension in childhood
and adolescence is gradually increasing. We aimed to in-
vestigate the blood pressure (BP) values of children aged
7-18 years.

Methods: This study was conducted in a total of 3375
(1777 females, 1598 males) children from 27 schools.
Blood pressures of children were measured using sphyg-
momanometer appropriate to arm circumference.

Results: A positive relationship was found between sys-
tolic blood pressure (SBP) and diastolic blood pressure
(DBP) and the body weight, height, age and body mass
index (BMI) in male and female children. SBP was high-
er in males than females after the age of 13. DBP was
higher in males than the females after the age of 14. The
mean annual increase of SBP was 2.06 mmHg in males
and 1.54 mmHg in females. The mean annual increase
of DBP was 1.52 mmHg in males and 1.38 mmHg in fe-
males.

Conclusion: In this study, we identified the threshold val-
ues for blood pressure in children between the age of 7
and 18 years in Erzurum province. It is necessary to com-
bine and evaluate data obtained from various regions for
the identification of BP percentiles according to the age,
gender and height percentiles of Turkish children.
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INTRODUCTION

Hypertension (HT) is a significant public health
problem affecting 20% of adults. HT prevalence

OZET

Amag: Cocukluk caginda ve addlesan dénemde hiper-
tansiyon prevalansi gittikce artmaktadir. 7-18 yas arasi
¢ocuklarin kan basinci degerlerini incelemeyi amagladik.

Yontemler: Bu galismaya 27 okuldan toplam 3375 (1777
kiz, 1598 erkek) cocuk dahil edildi. Cocuklarin kan ba-
singlari kol gevresine uygun sfigmomanometre ile olgll-
da.

Bulgular: Erkek ve kiz ¢cocuklarinda sistolik ve diastolik
kan basinci ile viicut agirligi, boy, yas ve vicut kitle indek-
si arasinda pozitif bir iliski bulundu. Sistolik kan basinci,
13 yasindan sonra erkeklerde kizlardan daha yiiksekii.
Diastolik kan basinci 14 yasindan sonra erkeklerde kiz-
lardan daha yuksekti. Sistolik kan basincinda ortalama
yilhk artis erkeklerde 2.06 mmHg ve kizlarda 1.54 mmHg
idi. Diastolik kan basincinda ortalama yillik artis erkekler-
de 1.52 mmHg ve kizlarda 1.38 mmHg idi.

Sonug: Bu calismada, Erzurum sehrinde 7-18 yas ara-
sindaki ¢cocuklarda kan basinci i¢in esik degerleri belirle-
dik. Turk cocuklarinin yas, cinsiyet ve boy persentillerine
gore kan basinci persentillerini belirlemek igin farkli bol-
gelerden elde edilen verilerin degerlendiriimesi ve kombi-
ne edilmesi gereklidir.

Anahtar kelimeler: Kan basinci, persentil, cocuk

in childhood is 1-3% but gradually increasing. HT
can lead to many complications such as heart fail-
ure, retinopathy, coronary artery disease, kidney
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failure, stroke and peripheral artery disease [1].
Childhood BP values are an indicator of the values
in adulthood [2-4]. Early diagnosis and treatment of
HT is important for the prevention of the potential
complications [5,6]. A limit value for HT has been
identified in adults but there is no single threshold
for BP in children [5]. BP values of children have
been identified with Task Force reports published in
1977, 1987, 1996 and finally in 2004 [2,7-9]. These
values are known to change with age, gender and
body development and also differ depending on the
society and according to ethnical and environmental
factors. It is therefore important that all countries
identify their own blood pressure values in child-
hood [5,8,10-13]. BP was measured in 5599 chil-
dren and adolescents between the ages of 0 and 18
years and normal BP was determined for Turkish
children in a study conducted in our country be-
tween 1990 and 1995 [14]. There is a limited num-
ber of studies on this subject [14,15]. In our study,
we aimed to determine the blood pressure percentile
values in healthy children aged 7 to 18 years living
in Erzurum province, altitude of which is 1757 m.

METHODS

This study was conducted in a total of 3887 students
from 27 schools randomly selected from Erzurum
province center and districts. The exclusion criteria
were as follows: (a) over the age of 18; and (b) with
a disorder such as obesity and weakness. Obesity
and weakness were determined according to the cut
offs of Cole et al. [16,17]. A total of 3375 (1777
females, 1598 males) children were included in the
study. The BP of each included child was measured
twice following a 5-minute rest period from the
right arm with a 30-second interval and the mean
value was calculated. A blood pressure cuff appro-
priate for the child’s age was used. The study was
completed between October 2012 and December
2012. Permission was granted by the Erzurum Re-
gion Training and Research Hospital Ethics Com-
mittee and informed consent was obtained from
the families. The sample was selected by using the
simple and cluster sampling method. Blood pres-
sure measurements were performed with an aneroid
sphygmomanometer after five minutes of resting by
healthcare practitioners (physicians and nurses). The
measurements were taken at the heart level from the

right arm while sitting. A properly sized cuff [with
the width of the cuff bladder (inflating part) 40% of
the mid arm circumference and the length minimum
80% of the arm] was used for correct measurement.
The cuff bladder was inflated up to approximately
20-30 mmHg over the point where the pulse dis-
appeared. Deflation was performed at a rate of 2-3
mmHg per second. The measurements were taken
from the right arm twice with a minimum interval
of 30 seconds and the average of two measurements
was calculated. Korotkoff phase 1 was recorded as
SBP and Korotkoff phase 5 as DBP during the mea-
surements. Re-measurement was performed in cas-
es where the fifth Korotkoff sound could be heard
down to 0 mmHg and was recorded as Korotkoff
phase 4 DBP. The height and body weight of the
children were measured and recorded in addition to
blood pressures.

The SPSS 20.0 statistical software program
was used for the analysis of the data obtained. Per-
centile values of SBP and DBP were calculated over
the average of two measurements. The LMS (Least
Median Squares) method was used in the analysis of
blood pressure percentile according to the age and
gender. Student’s t test was used for the compari-
son of the data of both genders. Pearson correlation
analysis was used to investigate the relationship of
SBP and DBP with the other variables. Single-way
variance analysis (ANOVA) was used to determine
whether a difference was present for BP accord-
ing to age. The comparison of the groups whose
ANOVA result was different was performed with
the “Tukey test. A P value < 0.05 was accepted as
statistically significant in all analyses.”

RESULTS

The 50%, 90" and 95™ percentile values were obta-
ined for SBP and DBP according to age for female
and male children (Table-1, Table-2). The children
were compared in terms of height, body weight,
BMI, SBP and DBP according to age group (Tab-
le-3). When female and male children were com-
pared in terms of SBP, no statistical difference was
found inthe 7, 9, 10, 11, 12 and 13 years age groups.
SBP values in males were statistically significantly
higher than females in the group over the age of 14
(Table-3). SBP showed an increase with age in male
and female children. The mean annual increase was
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2.06 mmHg in males and 1.54 mmHg in females. Table 2. Diastolic blood pressure percentile values ac-
When the values of males and females were com-  cording to age in girls and boys (mmHg)

pared in terms of DBP, no statistically significant Age Girls Boys
difference was found in the 7 to 14 year age groups.  (year) 500 90p 95p 50p 90p  95p
DBP in males was statistically significantly higher
than the females in the group aged 15 years and
above (Table-3). DBP in male and female child-
ren showed an increase with age. The mean annual
increase was 1.52 mmHg in males and 1.38 mmHg

7 513 606 63.1 515 619 649
8 536 628 654 540 642 671
9 56.1 653 679 56.2 663 69.2
10 585 679 70.6 58.1 680 70.9

in females. When female and male children were 11 608 705 734 597 695 724
compared according to the age groups in terms of 12 624 724 755 611 705 739
height, body weight, and BMI values, no signifi- 13 63.0 733 765 622 720 751
cant difference was found in the 7, 9, 10, 11 and 12 14 63.0 734 768 633 732 763
years of age groups. The height and body weights 15 63.1 736 771 645 743 774
of males were found to be statistically significantly 16 634 741 77.8 655 753 78.4
higher than the females in the age group of 8 years. 17 639 748 785 663 759 790

While the heights of the males in the 13 and 14 ye-
ars age groups were statistically significantly higher
than the females, their BMIs were lower. Both the 140,0
heights and body weights of the males in the 15- 1200 %
17 years age groups were found to be higher than -

the females (Table-3). The 90™ percentile SBP and

DBP values in our study were compared with the re-
sults of the Second Task Force study and the Ankara
study conducted by Tiimer et al (Figure 1-4). The
SBP and DBP values in all age groups in both the
females and males in our study were lower than the

Second Task Force and Ankara study results. VT aa b T A i A

Years
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Table 1. Systolic blood pressure percentile values ac-

cording to age in girls and boys (mmHg) Figure 1. Comparison of United States, Ankara, Korea,

and Lebanon studies versus present study in terms of
the 90t percentile for SBP for boys

Age Girls Boys

(vear) , 500 90p 95p n 50p 90p  95p

7 229 90.0 102.2 105.6 169 90.1 101.5 104.9

8 179 92.6 104.5 107.8 151 93.6 105.1 108.4 1:22 :
9 139 953 107.1 110.3 108 963 107.8 111.0 5 0 ;/g
10 144 97.9 109.8 113.0 127 98.1 1095 112.7 E ZZZ P il o DilteslStes
11 178 100.1 112.1 115.4 151 99.5 111.0 114.1 % 50,0 :::kar,am
12 159 101.6 113.9 117.3 159 101.3 113.0 116.1 § Zzz ——Korea
13 120 102.5 115.0 118.4 130 103.5 1153 1185 B o S
14 128 102.8 115.4 118.9 122 105.6 117.5 120.7 122 e
15 193 103.3 116.0 119.5 159 107.5 119.1 122.4 Fie A 20 11( 22 CRTEERIS AR T

ears

16 149 104.3 117.0 120.6 172 108.9 120.3 123.6
Figure 2. Comparison of United States, Ankara, Korea,

and Lebanon studies versus present study in terms of
the 90t percentile for DBP for boys

17 159 105.5 118.3 121.8 150 110.1 121.4 124.6
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Table 3. Height, body weight, body mass index (BMI) , systolic blood pressure (SBP), diastolic blood pressure (DBP)

values according to age in girls and boys

Boys Girls
Age
A A A R
7 121.8+4.9 23.7+3.8 15.9+1.7 889+8.3 50.6%7.6 121.3+4.6 23.4+3.3 15.9+1.6 89+9.1 49.9+47.3
8 127.6+5.1°  26.5%3.9° 16.2+1.6 93.5+7.8® 53.5+8.4 126.1+5.0 25.7+4.0 16.1+#1.9 90.6+8.9 52.5%7.0
9 130.5+5.9 28.3+3.9 16.6+1.6  95.448.9 54.8+7.6 130.6+5.8  28.1¥4.4  16.4%¥19 95.1%7.5 55.5%5.9
10 138.7+4.9 33.615.6 17.4+2.1 97.4+84 57.8+59 137.845.7 32.5%5.5 17.1+2.2 96.0+9.8 57.516.7
11 142.3+6.0 36.946.3 18.2#2.5 96.6+8.7 58.316.2 142.9+6.1 36.846.5 17.9+2.3 98.349.8 59.6+6.1
12 148.2+6.2 40.6+7.3 18.4£2.5 99.7+9.6 61.316.2 148.7+5.7 40.9+7.4 18.4+2.6 99.1+8.9 62.6%7.0
13 155.8+6.4° 45.8+7.8 18.8+2.4° 100.6 £10.5 61.4+7.5 154.3%4.5 47.2+6.9 19.8+2.3 102.8+8.9 63.0+7.3
14 163.0+6.4¢ 52.848.2 19.8+2.3° 105.0+8.6¢ 63.116.6 157.245.1 50.9+6.6 20.6+2.4 100.8+10.2 63.0+7.1
15  168.3%5.9¢ 58.1#8.1¢  20.5+2.3 106.7+8.8° 64.4+6.7° 158.3+5.1  52.7+7.3  21.0£2.6 102.0+10.0 62.3 +7.0
16 171.2+#5.0¢ 62.7+8.8¢ 21.3+2.6 107.8%7.7¢ 65.9+7.0° 158.6%5.0 54.9t7.4 21.8+2.7 103.0+9.6 63.6+7.0
17  172.9+5.4¢  65.1+8.7¢ 21.8+2.5 109.5+8.5¢ 65.8+6.2° 158.945.1 54.7+7.6 21.6%2.6 104.3+9.8 63.7+7.3

2 p < 0.05 versus girls; ® p < 0.01 versus girls; ¢ p < 0.001 versus girls; ¢ p < 0.0001 versus girls;

Data were expressed as mean + Standard Deviation
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Figure 3. Comparison of United States, Ankara, Korea,
and Lebanon studies versus present study in terms of
the 90™ percentile for SBP for girls
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Figure 4. Comparison of United States, Ankara, Korea,
and Lebanon studies versus present study in terms of
the 90t percentile for DBP for girls

DISCUSSION

Children with more body weight and/or height have
higher blood pressure than short and thin ones of
the same age [18-20]. BP in those living in high al-
titudes is also lower than those living at sea level
[21]. The decrease in blood pressure at high altitude
is thought to be due to reasons such as relaxation
of vascular smooth muscle, increase in collateral
circulation, increase in vascularization, increase
in red blood cell count and hemoglobin level, and
hypocaloric stress [22-24]. We found the SBP and
DBP values of females and males in our study to
be lower than in the study of Tiimer et al. [14]. Our
50" percentile height and body weight values were
higher than Timer et al. [14] values except body
weight for age of 7 years in male children and body
weight for the age of 16 and 17 years in females.
Therefore, the lower SBP and DBP values than the
study conducted by Tiimer et al. [14] might not be
due to the height and body weight difference, but to
the altitude of our region.

The children and adolescents living at high al-
titudes were found to have lower SBP and DBP val-
ues compared to those living at low altitudes again
in a similar study conducted in Tibet [22]. The dif-
ference in the description of DBP also contributes
to the difference between the study conducted by
Tilimer et al. [14] and our study. Timer et al. [14]
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identified DBP according to Korotkoff 4 in children
younger than age of 12 years and according to Ko-
rotkoff 5 in adolescents older than 12 years while
we used the Korotkoff 5 sound in the determination
of DBP for all ages in our study. When we compared
our data with the study where Bal et al. [15] inves-
tigated BP percentiles in the 11-17 years age group
in Kayseri, we found SBP and DBP values in our
study to be lower in both genders and we thought
that these values may have been affected by the
altitude difference [the altitude of Kayseri is 1071
m, the altitude of Erzurum is 1757 m). Comparison
of our SBP and DBP values with the data from the
2nd Task Force report revealed that the BP values
of both female and male children were lower in our
study. We then compared our data with data from
Iran [25], Lebanon [26] and Korea [27]. Our 50th,
90" and 95" percentile SBP and DBP values were
lower than the values of both female and male Irani-
an and Korean children [25,27]. Although our mean
(50™) and 90™ percentile DBP values were usually
lower than the Lebanese children, the 50" and 90"
percentile DBP of our female children aged 12 years
and the 90" percentile of our female children aged
7-10 years were higher than that of Lebanese female
children [26]. Besides, the 90™ percentile results of
our male children aged 7, 8 and 12 years were high-
er than that of Lebanese male children [26].

Blood pressure is reported to be higher in males
than females, especially after the age of 12-14 years
and in adults. Although the mechanism of this
gender difference in BP is not completely known,
it could be due to the interaction between the sex
hormones and the kidney [28]. We found SBP in
males to be higher than the females in the group
aged 14 years and above in our study. Besides, DBP
in males was found higher than the females in the
group aged 15 years and above. The mean SBP in
males was found higher than the females after the
age of 13 years in a study conducted in Korean chil-
dren, similar to our study [27]. No statistical differ-
ence was found between males and females in terms
of BP in the studies conducted in Ankara [14] and
Kayseri [15] but SBP tended to be higher in males
than females at the age of 14 years and above in
the study conducted in Kayseri, similar to our study.
An increase was found in BP values with increas-
ing age in our study, consistent with the literature

[9,25,26]. We found a mean annual SBP increase
of 2.06 mmHg in males and 1.54 mmHg in females
and a mean annual DBP increase of 1.52 mmHg in
males and 1.38 mmHg in females. This rate of in-
crease slowed down in the adolescent period. SBP
was similar in females at the age of 13 years and
above and in males at the age of 15 years and above;
DBP was similar in females at the age of 12 years
and above and in males at the age of 15 years and
above. Tiimer et al. [14] reported the annual SBP
increase as 2.35 mmHg in males and 2.42 mmHg in
females and the annual DBP increase as 1.74 mmHg
in males and 1.73 mmHg in females. The mean an-
nual increase of BP in the study of Tiimer et al [14]
being higher than in our study can be explained by
their study being conducted in the 0-18 age group as
the BP increase is higher in the first two years [28].

We found a statistically significant positive re-
lationship between BP and height, body weight and
BMI in our study. Body weight is a strong determi-
nant of BP and could be more important than height
[28]. The correlation of body weight and DBP was
stronger than that with SBP in females and the cor-
relation of body weight with SBP was stronger than
that with DBP in males in our study. The relation-
ship of body weight with SBP was found to be
stronger than with DBP in both males and females
in the study of Tiimer et al. [14] and in studies con-
ducted with Lebanese and Korean children [26,27].
Although there are small differences between these
three studies and our study, our results were consis-
tent with the other studies.

We determined BP percentiles of children aged
7-18 years in Erzurum province in our study. The
relationship between BP and gender, age, body
weight, height and BMI was evaluated. BP in the
adolescent period was seen to be higher in males
than females and a positive relationship was found
between BP and age, body weight, height and BMI.
When we compared our results with studies con-
ducted in other countries, we found similarities as
well as differences. There were even differences be-
tween our study and the two studies conducted in
our country as regards determining BP percentiles.

In conclusion, our study is a pioneer study in
our region. We determined the threshold values
for blood pressure in children aged 7-18 years in
Erzurum province in our study. It is necessary to
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combine the data that will be obtained from various
regions to determine and evaluate the BP percen-
tiles of Turkish children according to age, gender
and height.
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