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Abstract

Objective: Recent studies have reported an increasing prevalence of childhood
hypertension. Obesity is probably the most important risk factor. The relationship
between hypertension and BMI in children has not been studied in Ankara, which
is the second largest city in Turkey.

Design: Cross-sectional study analysing direct data on height, weight and blood
pressure of students.

Setting: Population-based study in Ankara, the capital city of Turkey.

Subjects: In three schools, 2826 students aged 7-12 years.

Results: The overall prevalence of hypertension was 7-9%. Among the 222
hypertensive children, 124 (56 %) were boys and ninety-eight (44 %) were girls
(P=0-40). In the whole group, 3-6 % had only systolic hypertension, 0-7 % had only
diastolic hypertension and 3-5% had both systolic and diastolic hypertension. The
prevalences of overweight and obesity were both 13-9%. BMI was significantly
correlated with blood pressure (P<0-001). Overweight and obesity were more Children
common in boys (£<0-001). Blood pressure
Conclusions: Hypertension was more common than has been reported in other BMI
studies. Blood pressure measurement should be routine and frequent in children, Hypertension
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especially obese children.

Hypertension (HT) is the worldwide number-one risk factor
for preventable death. In Turkey the overall prevalence of
HT is 31-8 %, and only 40-7 % of those with HT are aware
that they have it'""”. HT is believed to result from obesity,
which is exacerbated by a high-energy, high-fat and high-
salt diet, inadequate exercise and stress>™". Childhood HT
risk factors increase the risk of HT in adulthood®®. Systolic
blood pressure (SBP) elevation in childhood predicts
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arterial stiffness in young adults
intima-medial thickness predicts cardiovascular events
Diastolic blood pressure (DBP) is particularly important in
monitoring blood pressure (BP) in younger individuals""®.
The prevalence of obesity has increased rapidly in all
age groups™". From 1980 to 2005, in the USA the prevalence
of obesity has increased by 40 % in children and adoles-
cents'*?. Overweight predisposes children to the health
problems of obesity in adulthood, including HT, dyslipi-
daemia, impaired glucose metabolism, hyperinsulinaemia,
obstructive sleep apnoea, and orthopaedic and psychosocial
problems"®. High childhood BP predicts CVD in adulthood,
and HT plus high BMI predicts even worse CVD in adult-
hood"™. The risk of obesity is related to factors in the
antenatal environment, the early postnatal years, the
adiposity rebound (at 5-6 years of age) and puberty'®.
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Obesity

The relationship between HT and BMI in children has not
been studied in Ankara, which is the second largest and the
capital city in Turkey. We measured height, weight and BP
in 2826 students, aged 7-12 years, in Ankara, Turkey.

Method

The study was approved by the Provincial Health Directo-
rate of Ankara and the Ethics and Research Committee of
Diskapi Yildirim Beyazit Training and Research Hospital,
Ankara, Turkey.

We collected the data between March and June of 2012.
We expected a frequency of HT of 10 % in 7-12-year-old
children, so to achieve a=0-01 we calculated that we
would need 2396 subjects. The Provincial Health Direc-
torate of Ankara selected, with a simple random-sampling
method, three primary schools, in three different socio-
economic regions of Ankara. There were a total of 3165
students in the three schools. Our data-collection days
were predetermined and the data collectors were trained
medical staff. We aimed to collect data from all 3165
students, but some students declined to participate and
some were absent on our data-collection days. Response
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rate was 89-3 % and data on height, weight, SBP and DBP
of 2826 children were recorded.

With a device that combined a weight scale and a sta-
diometer (DR-MOD-85 scale) we measured height to the
nearest centimetre, weight to the nearest 0-5 kg, and SBP
and DBP to the nearest mmHg. The weight scale/stadio-
meter was recalibrated before every data-collection day.
The children were measured while wearing their under-
garments. BP above the 95th percentile was deemed HT,
according to the 2004 scheme of the High Blood Pressure
Working Group™”. Overweight and obesity were defined
according to the year 2000 Centers for Disease Control and
Prevention growth charts*®. The 85th BMI percentile was
considered overweight and the 95th BMI percentile was

considered obese™?2?.

Statistical analysis

The data were analysed with the statistical software
package PASW Statistics 18 and are presented as mean
and standard deviation, range and frequency values. The
2~ test was used for categorical variables and Student’s ¢
test was used for normally distributed data with equal
variances. The effect of BMI on SBP and DBP of children
was investigated with ANOVA. The Kruskal-Wallis test
was used if the variables did not have a normal distribu-
tion. Statistical significance was set at < 0-05.

Results

We collected data from 2826 children (89-3 % of the 3165
total students in the three schools; Table 1). Of these, 1496
(52-9 %) were male and 1330 (47-1 %) were female. All the
children were between 7 and 12 years old. The mean BMI,
SBP and DBP all increased with age in both sexes
(P<0-001) and all were higher in boys than in girls.

HT was present in 222 children (7-9%): 124 boys
(559%) and ninety-eight girls (44-1%; P=0-40). In the
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whole cohort, 101 (3:6 %) had only systolic HT, twenty-
one (0-7 %) had only diastolic HT and 100 (3-5 %) had both
systolic and diastolic HT.

Overall, 2040 (72:2%) of the children had normal
weight, 393 (13-9 %) were overweight and 393 (13-9 %)
were obese. Obesity was significantly more common in
boys (16-2%) than in girls (11-3%, P<0-001 via y* test;
Table 2).

Among the children with normal BP, 264 (10-1 %) were
obese. Among the children with HT, 129 (58:1 %) were obese
(Table 3). There was HT in fifty (2-5 %) of the normal-weight
children, forty-three (10-9 %) of the overweight children and
129 (32-8 %) of the obese children. HT was significantly more
common in the obese children (P< 0-001). As BMI increased,
SBP and DBP also increased: P<0-001 for the relationship
between BMI and SBP, and P<0-001 for the relationship
between BMI and DBP.

Mean SBP and DBP of the boys were significantly higher
than those of the girls (all P<0-001; Table 4), and mean
SBP and DBP increased with age (< 0-001; Table 5).

Discussion

The overall prevalence of HT in our cohort was 7-9 %.
Previous studies in Turkey reported prevalence between
3-9% and 17-8 %, but those studies had smaller sample
sizes®'™*. The range of reported overall prevalence of
HT among children in the USA is 2.7 % to 16-9 %*>. Two
studies in Japan found HT prevalences of 11-0% and
7-2%, and HT was more common in boys?**”.

In our cohort the HT was predominantly systolic. Systolic
HT in children is associated with more than fourfold
increased risk of coronary artery disease®” and childhood
systolic and diastolic HT predict CVD in adult life”'?, so
our findings are important and concerning.

According to our study, the mean BP increased with
age, but increasing age did not correlate with an increase
in the number of hypertensive children. Other studies in

Table 1 Mean BMI, systolic blood pressure (SBP) and diastolic blood pressure (DBP) by sex and age in 2826 children aged 7-12 years,

Ankara, Turkey, March—June 2012

BMI (kg/m2) SBP (mmHg) DBP (mmHg)

Sex Age (years) n Mean SD Mean SD Mean SD
Male 7 320 16-9 23 103-2 119 61-1 12.7
8 269 177 30 105-6 13-4 62.7 13-3

9 305 18-4 30 106-1 14.3 62-0 15.5

10 319 18-9 33 105-8 110 61-9 13-1
11 243 19-6 35 111.3 14.7 65-8 14.6

12 40 19-9 34 1093 12.7 634 16-5
Female 7 242 16-7 22 100-5 119 59.7 124
8 231 17-4 2.8 1021 133 57-6 137

9 268 17-9 31 1051 145 60-9 141
10 312 184 31 104-2 111 60-4 13-8
11 256 19-1 35 1089 14.7 64-3 15-4
12 21 19.2 29 1091 114 63-1 137
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Table 2 BMI category by sex and age in 2826 children aged 7—12 years, Ankara, Turkey, March—June 2012
Normal Overweight Obese
(BMI < 85th percentile) (BMI=85th to 94th percentile) (BMI > 95th percentile) Total

Sex Age (years) n % n % n % n %

Male 7 234 731 40 12:5 46 144 320 100

8 176 65-4 32 119 61 227 269 100

9 198 64-9 44 144 63 207 305 100

10 221 69-3 49 154 49 154 319 100

11 184 757 35 14.4 24 99 243 100

12 29 725 11 275 0 0-0 40 100

Total male 1042 69-7 211 141 243 16- 1496 100

Female 7 187 772 27 11.2 28 11-6 242 100

8 172 745 26 112 33 143 231 100

9 198 739 36 13-4 34 12.7 268 100

10 232 74-4 47 151 33 105 312 100

11 192 75-0 42 164 22 8-6 256 100

12 18 857 3 143 0 0-0 21 100

Total female 999 75-1 181 13-6 150 113 1330 100

Total 2041 722 392 13 393 13-9 2826 100

Table 3 Relationship between blood pressure (BP) category and BMI category in 2826 children aged 7-12 years, Ankara, Turkey,

March—June 2012

Normal
(BMI < 85th percentile)

Overweight
(BMI =85th to 94th percentile)

Obese
(BMI > 95th percentile)

BP category n % n % n % P
Normal 1991 76-5 349 13-4 264 10-1 <0-001
Hypertensive 50 225 43 194 129 58-1

Table 4 Mean systolic blood pressure (SBP) by sex, age and BMI category in 2826 children aged 7—12 years, Ankara, Turkey,

March—June 2012

Normal (BMI < 85th percentile)

Overweight (BMI =85th to 94th percentile)

Obese (BMI >95th percentile)

SBP (mmHg) SBP (mmHg) SBP (mmHg)

Sex Age (years) Mean SD Mean SD Mean SD
Male 7 100-8 10-3 105-6 10-6 1134 14.6
8 101.2 115 108-8 108 116-7 129
9 101.0 109 107-8 11.3 1209 15.2
10 102-3 86 109-5 9-6 118-0 12:2

11 107-0 11.2 119.0 128 132.9 181

12 106-4 129 116-8 84 - -
Female 7 986 112 103-9 12.7 109-6 10-5
8 99.0 102 102-9 12.3 117-6 17.2

9 1011 11-0 110-3 135 122.9 181

10 1017 9.7 106-9 9-4 118-0 111
11 105-1 124 1177 141 125-5 16.0

12 108-3 110 113-3 15-3 - -

Turkey agree with these findings*****”_ In contrast, our
findings regarding the relationship of sex and HT do
not agree with previous studies. Cetinkaya found that
9-4% of boys and 5-6% of girls in Ankara had HT“?.
In the Van region of Turkey, Arslan found an equal
prevalence of HT in boys and girls (9-4% v. 87 %)
Contrary to our findings, two other studies in Turkey
found a higher prevalence of HT in girls than boys
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(20% v. 15%; 21% v. 15%)*"*. In our study HT was
non-significantly more common in the boys.

In our children the prevalence of overweight and obesity
were both 13-9 %, and more boys than girls were obese. A
study of 15-18-year-olds in Turkey found that 3% were
overweight and 11 % were at risk for being overweight*”.
Another study, which included 1899 Turkish children

aged 0-14 years, found that a higher percentage of boys
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Table 5 Mean diastolic blood pressure (DBP) by sex, age and BMI category in 2826 children aged 7-12 years, Ankara, Turkey,
March—June 2012

Normal (BMI < 85th percentile)  Overweight (BMI=85th to 94th percentile) = Obese (BMI > 95th percentile)

DBP (mmHg) DBP (mmHg) DBP (mmHg)
Sex Age (years) Mean SD Mean SD Mean SD
Male 7 589 11-5 62-1 124 717 136
8 60-1 12-4 63-4 13-3 69-7 136
9 56-9 13-0 65-5 13-9 757 14.8
10 58-3 116 67-4 10-6 72-8 138
11 62.2 12.7 736 112 82.7 164
12 59.7 17-4 73-2 8.7 - -
Female 7 58-5 121 61-3 11-6 66-6 129
8 55.4 123 59.2 152 677 151
9 57-8 119 65-4 151 74-3 163
10 576 128 645 128 738 12.7
11 60-3 13-6 74-6 13-4 78-9 161
12 63-6 14-4 60-0 10-0 - -
than girls were at or above the 85th percentile of BMI®Y. Limitations

The 2007-2008 National Health and Nutrition Examination
Survey (NHANES) in the USA found that 16-9 % of 2-19-
year-olds were obese®?. We also found a high incidence
of obesity.

Our results showed a statistically significant relationship
between obesity and HT. There was HT in 2-4 % of the
normal-weight children and 32-8 % of the obese children.
As BMI increased, SBP and DBP also increased. A study
in Istanbul, Turkey found that obese children had higher
SBP and DBP®?, and several studies in other countries
had findings similar to ours®*>%. In Italy, Di Bonito
et al. found HT in 17-7 % of obese children and 1-5% of
normal-weight children aged 6-16 years™”. In the USA, a
prospective study that included 22 071 individuals found a
positive relationship between BMI and BP®?,

The impact of sex on the relationship between BMI and
BP is controversial. A study of 7-18-year-olds in Iran found a
stronger association between BMI and BP in boys than in
girls®”. Two studies in Turkey found results similar to our
study: BMI was higher in boys and there was a positive
relationship between BMI and HT®"Y, Overweight was a
critical determinant of BP in both girls and boys***®. On the
other hand, Gundogdu found that sex had no effect on the
relationship between BMI and BP®V. The possible reasons
for sex differences are not clear. The reported higher pre-
valence of HT in young and middle-aged men (than in
women) and the higher prevalence of HT in older women
(than in men) suggest that sex hormones may affect BP“?.
SNP of oestrogen receptor genes was reported to be
important in the development of HT. Men inheriting the ‘a’
allele of the oestrogen receptor o had significantly higher BP
than did men with other genotypes™®, but there was no
significant association between oestrogen receptor genes
and BP in women. This suggests that sex differences affect
BP via sex steroids“”. The effects of sex hormones in
sodium excretion and renal haemodynamic response may
explain the hormonal control of BP®>.
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Our study included only three schools. We tried to prevent
selection bias with the Provincial Health Directorate
of Ankara’s randomized selection of schools from three
different socio-economic levels. Since our study was not
designed to determine the reasons for obesity, we do not
think our results were importantly affected.

We did not collect data from 339 students (11 %) who
declined or were absent during the data-collection days.
Refusal to participate may have been related to obesity,
body image or self-esteem. However, we did reach our
calculated necessary sample size, so we believe our results
are valuable.

Future studies

We plan on multi-centre studies of BP and BMI in other
cities in Turkey, which will provide percentile curves and
important additional data on the relationship between BP,
weight, age and sex.

Conclusions

Our study is the first study to be representative of Ankara
with the highest number of sampling. In children aged
7-12 years in Ankara, Turkey, HT was more prevalent in
the overweight and obese children and more prevalent
in boys than in girls. As age, weight, height and BMI
increased, the mean SBP and DBP increased. BP mea-
surement should be routine and frequent in children,
especially overweight children.
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