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Abstract

Introduction and objectives The prevalence of overweight,
abdominal obesity and hypertension among children has
increased worldwide including Iran over several decades.
We carried out a study to provide current estimates of the
prevalence and trends of hypertension, overweight and
obesity along with the relationship between weight status
and hypertension in Iranian school-children.

Method This study was carried out among 1184 fifth-grade
students, whose ages ranged from 11 to 14 years. Body
weight, body mass index (BMI), height and waist cir-
cumference (WC), systolic (SBP) and diastolic blood
pressure (DBP) were measured.

Results 22.04 and 5.32 % of students were overweight and
obese, respectively. The prevalence of overweight and
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obesity was significantly higher among girls than boys (all
p = 0.02), whereas the prevalence of hypertension was
significantly higher in boys than girls (p = 0.001).
Although 27 % of boys and 24.32 % of girls had abdom-
inal obesity, no significant associations were reported
between abdominal obesity and sex (p = 0.12). The
prevalence of hypertension in children with normal weight,
overweight and obesity, was 3, 9.7 and 17.8 %, respec-
tively (p < 0.01). We have obtained that the mean values
of weight and WC were significantly higher in boys than
girls. Based on linear regression, every 1 cm increase in
abdominal circumference leads to an estimated DBP and
SBP increase of 0.173 and 0.164 mmHg, respectively
(p < 0.05).

Conclusions This study showed a high prevalence of
hypertension and obesity in a school-based population in
Tehran, Iran, in which the prevalence of hypertension was
significantly and positively correlated with weight and
WC.

Keywords Hypertension - Abdominal obesity - Children -
Iran

Introduction

Approximately 155 million children worldwide suffer from
overweight and obesity [1]. Indeed, non-communicable
diseases have increased early deaths in recent years [2].
According to a recent study carried out in Iran, in 1983,
5.5 % of young people aged under 18 years including
4.8 % of girls and 5.3 % of boys were obese [3].

Studies have also indicated that increased waist cir-
cumference (WC) [4] and body mass index (BMI) [5]
which are known as childhood obesity criteria, could raise
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the incidence of hypertension (HTN) in childhood or
adulthood.

Obesity is one of the five criteria used to define the
metabolic syndrome [6] which is a major factor in cardio-
vascular disease [7]. Metabolic syndrome definition in
children is similar to adults, provided that there should exist
three or more indicators of metabolic syndrome [7]; how-
ever, with respect to the diagnosis of metabolic syndrome,
recent studies revealed that it is necessary to consider other
related factors such as epicardial adipose tissue [8] along
with the common parameters including blood pressure >95
percentile (for age, sex and height), Triglycerides (TG)
>110 mg/dl, High-density Lipoprotein Cholesterol (HDL-
C) <40 mg/dl, Fasting Blood Sugar (FBS) >100 mg/dl and
WC >95 percentile (for age and sex) [9].

Several previous investigations revealed an alarming
increase in the global prevalence of HTN in obese children
[10, 11] which has turned to a challenge in public health in
both developed and developing countries. It has been
predicted that the worldwide number of adults with HTN
would reach 60 % in 2025 [12]. It has been reported that
fluctuations in blood pressure (BP) could lead to changes in
blood vessel constructions which raise the probability of
heart or brain attacks [13].

Therefore, in spite of increasing awareness of HTN and
its side-effects in children, there still is a large portion of
children with undiagnosed HTN; in fact, the age ranges of
individuals, height, obesity-related diagnosis and magni-
tude and frequency of abnormal BP readings can increase
the odds of diagnosis [14].

In a cross-sectional study by Mohkam et al. which was
performed in 2008 among school-aged children (aged
7-11 years) in Tehran, HTN was presented in 24.2 % of
children. They also revealed that sustained HTN was rising
in younger generation of school-aged children which might
be related to the epidemic of childhood obesity [15].

The purpose of this study is to determine the prevalence
of childhood obesity, abdominal obesity (high waist cir-
cumference) and elevated BP in a representative sample of
schoolchildren in Tehran, Iran in 2011-2012 and to eval-
uate the relationship between the estimated obesity and
HTN in this population.

Methods
Study design

We conducted a cross-sectional survey among 1184 fifth
grade students aged 11-14 years, including 625 girls and
559 boys, who were selected from 27 elementary schools in
Tehran, Iran, between October 2011 and January 2012;
these 27 schools were randomly selected from the five
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Educational zones of Tehran (North, South, East, West and
Center); in each zone, schools were categorized as a
cluster.

Moreover, students were selected by multistage cluster
sampling. In each selected school, a fifth grade class was
chosen randomly, using a uniform probability model.

Inclusion criteria consisted of 10- to 14-year-old indi-
viduals who were studied in the selected areas and did not
have family history of obesity, hypertension, cardiovascu-
lar and kidney diseases, diabetes or having any infections
including dental infection. These individuals also did not
take any medications other than vitamin supplements.

The main purpose of the present study is to assess the
relationship between abdominal obesity and incorrect
nutrition pattern in children which leads to higher weight
gain; thus, we excluded the family history of obesity,
hypertension, diabetes, cardiovascular and kidney diseases
as confounding factors. 183 individuals were excluded
according to the family history of diseases.

Parents consented to involve their children in this
research. We explained all goals and procedures for par-
ents, step by step, in several meetings during the study.

Anthropometric measurements

Students were weighed without shoes and heavy clothing
using a digital scale (HBF-214-EBW Omron Co) with a
precision of 0.1 kg and their height was measured in a
standing position without shoes to the nearest 0.1 cm using
a portable stadiometer (Seca, model 207 Germany). WC
was measured over skin and at the level of the umbilicus
using an inelastic tape meter and without any clothing, and
was recorded to the nearest millimeter. Data were collected
and evaluated according to the available and well-defined
standardized curves of age and sex of Iranian children [16].
WC was used as a measure of abdominal obesity. Thus,
according to the International Obesity Task Force (IOTF)
cut-off points [17], WC over the 95th percentile was con-
sidered as abdominal obesity.

Measurement of blood pressure

Blood pressure was recorded in the sitting position after a
10-min rest, for two times using a digital sphygmo-
manometer (model 1002/presameter, riester Germany) with
the precision of 0.1 mmHg that was performed by trained
nutritionists; the average of the two readings was reported.
High BP or HTN was defined if either SBP DBP was at or
above 95 % for gender, age and height of the children [18];
moreover, pre-hypertension defined as SBP or DBP at or
above the 90th percentile and below the 95th percentile.
Children with both hypertension and pre-hypertension were
considered in our analysis.
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The 90th percentiles of SBP/DBP for the four age
groups of 11- to 14-year-old boys with a height percentile
of 90 were considered as followed, respectively: 120/78,
123/78, 125/79, 128/79 mmHg; while the same percentiles
for 11- to 14-year-old girls were considered as 119/77,
121/78, 123/79, 125/80 mmHg, respectively.

The 95th percentiles of SBP/DBP for four age groups of
11- to 14-year-old boys with a height percentile of 95 were
considered as followed, respectively: 125/82, 127/83,
130/83, 132/84 mmHg; while the same percentile for 11- to
14-year-old girls were considered as 124/81, 126/82,
128/83, 129/84 mmHg, respectively.

Statistical analysis

SPSS 17 statistical software (SPSS Inc., Chicago Illinois,
USA) was used for all statistical analysis. Quantitative and
categorical data were presented as mean + standard devi-
ation (SD) and relative frequency, respectively. Normality
of quantitative variables was determined by Kolmogorov—
Smirnov test, Chi-square test and independent ¢ test were
used for comparing proportions and means, respectively.
Multiple linear regression analysis was used for prediction
of relationship between outcome variable (SBP or DBP)
from predictor variables (weight and WC). Data were
adjusted for sex and age for assessing the effects of weight
and WC on SBP and DBP. A 0.05 or lower p value is
considered to be statistically significant.

Ethical approval

The protocol was approved by the Ethical Committee of
Iran University of Medical Sciences, No. 90032714124.
All procedures performed in studies involving human
participants were in accordance with the ethical standards
of the institutional research committee and with 1964
Helsiki deceleration and its later amendments or compa-
rable ethical standards.

Results

Results indicated that 5.32 % of the children were obese
and 22.04 % of them were overweight according to the
BMI cut-offs. Moreover, 26.48 % of boys and 24.32 % of
girls suffer from abdominal obesity. Mean values of
anthropometric measurements, SBP, and DBP measure-
ments are presented in Table 1 based on their gender. The
mean values of all variables, except for SBP and WC, were
higher in girls than boys, though statistical significance was
seen only in weight measurements (p = 0.004). According
to Table 1 the mean values of SBP and WC were signifi-
cantly higher in boys compared to girls.

Moreover, the prevalence of abdominal obesity was
higher among boys comparing girls.

According to of Fig. 1, part A, overweight and obesity
were significantly more prevalent in female children
(p = 0.02); it is of note that, independent 7 test was used
for the comparison of the mean weight between the two
genders, Fig. 1, part B also indicated that although the
prevalence of abdominal obesity was higher among boys
comparing girls, the relationship between abdominal obe-
sity and gender did not reach any significant results
(»p = 0.12). Moreover, Fig. 1, part C show that high BP
was significantly more prevalent in boys than girls. (15.20
vs 12.77 %) (p = 0.01).

According to Fig. 2, there was a positive association
between the prevalence of hypertension and weight gain.
Particularly, the prevalence of high BP in normal weight,
overweight and obese children, were 3, 9.7 and 17.8 %,
respectively (p = 0.02).

Table 2 presents the coefficients of the predictor vari-
ables (weight and WC). Linear regression analysis showed
that every 1 kg increase in body weight leads to an esti-
mated SBP and DBP increase of 0.618 and 0.364 mmHg,
respectively. Similarly, every 1 cm increase in waist cir-
cumference leads to an estimated DBP and SBP increase of
0.173 and 0.164 mmHg, respectively. So, results showed
that SBP and DBP had significant positive associations
with weight gain, concluding that as weight increases; SBP
and DBP increase, as well.

Discussion

This study was done to estimate the prevalence of child-
hood obesity, abdominal obesity, WC and HTN and eval-
uate the relationship between obesity and HTN among
school children in Tehran, Iran, between 2011 and 2012.

In our study, the prevalence of overweight and obesity
were estimated to be 22.04 and 5.32 %, respectively, which
were higher in girls than boys among 1184 students.

In line with these findings Ahranjani et al. reported
higher prevalence of overweight among female students in
Tehran [19]. Similar to our results, in a Turkish study, the
prevalence of overweight and obesity were reported to be
8.3 and 18 %, respectively, which were higher in girls than
boys [20]; similarly, Al-Sendi et al. conducted a research
on 506 Bahrainian students aged 12—17 years, and found
that the prevalence of obesity was higher in girls (35 %)
than boys (21 %) [21]. In fact, 3 different standards
[NHANES 1 reference data for BMI for age(Must et al.,
1991), the age- and sex-specific BMI cut-off points
reported by Cole et al. (2000), and WHO criteria of BMI-
for-age and skin fold-for-age (WHO, 1995)] were used for
assessing overweight and obesity which might be the cause

@ Springer



690

Eat Weight Disord (2016) 21:687-693

Table 1 Anthropometric

indicat d me tolic and Girls Boys Total p value*
ol blaa g moan sy e (n = 625) (n = 559) (n = 1184)
148fO1IC HI00C pressure o Mean + SD Mean + SD Mean + SD

students based on gender
Age (year) 11.52 £ (.51) 11.56 + (.54) 11.54 + (.52)
BMI (kg/m?) 19.71 £ (4.01) 19.08 £ (3.82) 19.41 + (3.93) 0.161
Weight (kg) 43.39 £ (11.06) 40.10 £ (10.02) 41.84 £ (10.71) 0.004
Height (cm) 147.72 £+ (7.34) 144.40 £ (6.39) 146.15 £ (7.10) 0.021
WC (cm) 70.40 £ (10.93) 71.76 £ (10.23) 71.12 £ (10.59) 0.050
SBP (mmHg) 100.75 £ (13.57) 102.40 + (13.85) 101.63 £ (13.74) 0.422
DBP (mm hg) 68.08 £ (10.73) 67.72 £ (11.62) 67.91 £ (11.15) 0.828

BMI body mass index, WC waist circumference, SBP systolic blood pressure, DBP diastolic blood pressure

* Independent ¢ test

Fig. 1 Prevalence of obesity B o A .
(a), abdominal obesity (b) and b ! 80 - : ’

. 80 — = Normal
HTN in students based on sex. = Normal )
HTN hypertension, *p < 0.05, 60 mm Abdominal Obesity 60 - — gzzzi:e'ght
**p > 0.05 S = - y

2 a0 8 40 4
[ S
2 g
0 : : . ﬂ -
Girls Boys 0 T T
Sex Girls Sex Boys
C F * i
1007 3 Normal
80 B HTN
3 60
2
8 40
20
0 - B
Girls Boys
Sex
150 ¢ * i Table 2 Regression coefficients between weight and waist circum-
ference with systolic and diastolic blood pressure
[ Normal Blood Pressure
- 1004 El HTN Independent variable Dependent variable p value
=
8 SBP DBP
[
& 50 .
Weight (kg) 618 364 0.01
WC (cm) 173 .164 0.03
0- . . . . .
Normal Overweight Obese WC waist circumference, SBP systolic blood pressure, DBP diastolic
Weight situation blood pressure

Fig. 2 Prevalence of hypertension in all participates based on weight,
*p < 0.05

of higher prevalence of overweight and obesity in their
investigation than ours, since it has been reported that the
estimation of overweight and obesity’s prevalence in the
study by Cole et al. is higher than the other standards [22].
Though Iran and Bahrain, might have some gene
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similarities, it can be concluded that women are more
vulnerable to be overweight and obese.

Veugelers et al. who conducted a study on 4298 students
in Nova Scotia, Canada, showed that overweight and
obesity was more prevalent among the fifth grade male
students compared to the female students. Indeed, the
prevalence of overweight was reported to be 32.9 % in
girls and 33.0 % in boys, whereas the prevalence of obesity
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was 9.0 and 10.9 % among girls and boys, respectively
[23]. Although, the age ranges of students as well as the
classification of overweight and obesity in the mentioned
study were similar to ours, these different outcomes might
be due to their large sample size or their different geo-
graphical conditions.

Regarding the prevalence of abdominal obesity in the
present study, which was estimated to be 51.32 % among
all of the students, boys were more obese compared to the
girls (27 vs 24.32 %, respectively), though this difference
was not significant. Some studies reached similar results in
prevalence of abdominal obesity among pupils where boys
had higher percentage than girls [24, 25]. But some other
investigations reported the opposite outcomes [26, 27].
Differences in the prevalence of obesity among both gen-
ders might have been related to geopolitical and cultural
conditions of evaluated countries [28]. It seems that dif-
ferences in socio-economic levels, lifestyles and health
status, and different classifications of obesity in different
studies might be the causes of these discrepancies.

In our study the total prevalence of HTN was 13.91 %
which was higher in male students (15.20 %) than females
(12.77 %). Contrary to our findings, a Turkish study
reported a higher total prevalence of HTN among 6- to
15-year-old students (15.1 %) and it was more prevalent
among girls than boys [14]. On the other hand, lower
prevalence of HTN was reported in the north of India
among 11- to 17-year-old students (5.9 %), which was
higher in girls than boys [29].

The main reason for observing low BP in this study is
that in the initial evaluation the percentage of prevalence
reported was 31 % while later on after some remeasure-
ments this percentage decreased to 5.9 %.

A more precise clinical estimate would include BP
measurements on >3 separate occasions. However, multi-
ple readings of BP in the same day are considered to be
appropriate for epidemiological studies [30].

A Swedish study also revealed a low prevalence of HTN
among 12-year-old children, which was estimated to be
2.2 % [27]. Several reasons might cause these variations,
including different methods for estimating the BP, differ-
ences in population, age groups and the prevalence of
overweight and obesity.

The present study showed that the prevalence of HTN
increased with weight gain in both sexes. The prevalence
of HTN in children with normal weight, overweight and
obesity, was 3, 9.7 and 17.8 %, respectively, indicating that
the relationship between HTN and weight gain was quite
significant (p = 0.02). These results are in consistent with
several studies such as LU et al. who reported that over-
weight and obesity greatly intensified the risk of HTN in
Chinese children and adolescents [32]. Consistently,
Mohan et al. [33] indicated that mean BMI of hypertensive

students in both rural and urban areas of India was sig-
nificantly higher than normotensive students.

We have obtained that every 1 cm increase in waist
circumference leads to an elevated DBP and SBP; in line
with our results, Hureta el al revealed that the prevalence of
high BP was higher in overweight and obese children and
adolescents among both genders. They also showed that the
prevalence of high BP was significantly higher in indi-
viduals with increased WC (p < 0.05) [34]. According to a
cross-sectional study conducted among 3678 eighth grade
school children in 2010, it was shown that the risk of
elevated SBP and DPB was greater in overweight children
with high WC compared to those with normal WC [35];
indeed, more than 50 % of overweight and almost 90 % of
obese children had abdominal obesity.

In another study, Rerksuppaphol et al. showed that the
prevalence of HTN in overweight and obese groups was
49.5 and 26.5 %, respectively, which was more than chil-
dren with normal weight (16.2 %) [36]; this study indicated
that a simultaneous assessment of BMI and abdominal
obesity could raise the incidence of high BP in children
more than the assessment of BMI alone.

Several anthropometric indicators such as BMI and WC
have been used to evaluate the association between obesity
and HTN. While BMI has been used to recognize general
obesity, WC is used as a surrogate for central obesity. In
fact, compared with general obesity, central obesity
appears to be more strongly associated with HTN and
chronic disease risk factors.

Obese patients especially with signs of abdominal obe-
sity have imbalances in the expression of adipokines and
increased levels of pro-inflammatory adipokines, but
decreased anti-inflammatory adipokines. This can result in
the development of chronic, low-grade inflammatory state,
which can lead to metabolic dysfunction and cardiovas-
cular diseases [36].

Thus, the measurement of WC along with BMI in our
study could help for better identification of HTN; this
statement was also agreed in a recent study by Zhang et al.
[37].

Body fat distribution has shown to be associated with
the development of HTN [38]. Also sodium retention leads
to the obesity-related HTN. In fact, insulin resistance that
often observed to be accompanied by obesity, can results in
sodium retention directly by affecting on renal tubules and
indirectly by stimulating the sympathetic nervous system
and these creation of aldosterone [39—41]. Insulin resis-
tance could decrease the levels of nitrite which an impor-
tant source of the nitric oxide production; therefore, the
reduced nitric oxide bioavailability can effect on the
pathogenesis of obesity and HTN [42]. HTN is not only
affected by common risk factors including genetics, obe-
sity, diet pattern and lifestyle, but also by many new
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indicators like air pollution; accordingly, Dong et al.
recently evaluated the interactions between air pollution
and obesity on BP and hypertension in Chinese children.
They found that, HTN was more in overweight and obese
children who were exposed to the air pollution for a long
time than children with normal weight [43]. Hence, as there
is very high air pollution in Tehran city, it could be an
important determinant factor for high prevalence of HTN
in the present study. Absence of mental health is another
factor which could effect on HTN, including stress, anxiety
and depression [44].

One advantage of our study is that the BP of students
was measured with an automatic method similar to what
Brazil et al. had done in their study; consequently, com-
pared with auscultatory method, there was no need to use
any stethoscopes for several times to measure the BP at
different times [3]; moreover, the large sample size in the
present study can be considered as another advantage,
which was taken from different geographical zones in the
capital city in Iran.

Lack of measuring the levels of body fat percent, insu-
lin, adipokine hormones as well as the inflammatory factors
for better outcomes were the limitations of this research.

In conclusion, our study showed that there is a positive
relation between the prevalence of HTN and weight gain in
childhood. The prevalence of HTN was significantly higher
in the boys compared to the girls and the prevalence of
overweight and obesity was significantly higher in girls
than boys. We also found that SBP and DBP increase with
weight gain.

There is a need to focus more on the globally recognized
problem of childhood obesity and its side-effects such as
HTN in early ages Thus, early diagnosis of obesity can
prevent some side effects. So suitable policies such as
timely screening, proper diagnosis and appropriate man-
agement of obesity and high BP in children should be
considered.

Acknowledgments The authors would like to express their gratitude
to The Research Center of Virology and Dr. Keyvan for their financial
support of this research and Iran National Science Foundation too.

Compliance with ethical standards
Conflict of interest No conflict of interest.

Ethical approval The protocol was approved by the Ethical Com-
mittee of Iran University of Medical Sciences, No. 90032714124. All
procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional research
committee and with 1964 Helsiki deceleration and its later amend-
ments or comparable ethical standards.

Informed consent Informed consent was obtained from all individ-
ual participants included in the study.

@ Springer

References

1. Hossain P, Kawar B, El Nahas M (2007) Obesity and diabetes in
the developing world—a growing challenge. New Engl J] Med
356(3):213-215. doi:10.1056/NEJMp068177

2. James PT (2004) Obesity: the worldwide epidemic. Clin Der-
matol 22(4):276-280. doi:10.1016/j.clindermatol.2004.01.010

3. Pereira JA, Rond6 PHC, Lemos JO, Pacheco de Souza JM, Dias
RSC (2010) The influence of birthweight on arterial blood pres-
sure of children. Clin Nutr 29(3):337-340. doi:10.1016/j.cInu.
2010.01.005

4. Kovacs VA, Gabor A, Fajcsak Z, Martos E (2010) Role of waist
circumference in predicting the risk of high blood pressure in
children. Int J Pediatr Obes 5(2):143-150. doi:10.3109/
17477160903111771

5. Zhang YX, Wang SR (2011) The relationship of body mass index
distribution torelatively high blood pressure among children and
adolescents in Shandong, China. Ann Hum Biol 38(5):630-634.
doi:10.3109/03014460.2011.594453

6. Co J, Jeffrey J, Emmett M, Modak A, Sondike SB (2015) Obe-
sity, hypertension and metabolic syndrome in children in West
Virginia. W Va Med J 111(4):20-24

7. Hirschler V, Bugna J, Roque M, Gilligan T, Gonzalez C (2008)
Does low birth weight predict obesity/overweight and metabolic
syndrome in elementary school children? Arch Med Res
39(8):796-802. doi:10.1016/j.arcmed.2008.08.003

8. Barbaro G, Piedimonte A, Podagrosi M, Mercurio R, Mosca A,
D’Avanzo M, Vania A (2015) Epicardial adipose tissue and signs
of metabolic syndrome in children. Eat Weight Disord. doi:10.
1007/s40519-015-0221-0

9. Atabek ME, Selver Eklioglu B, Akyurek N (2014) Which
metabolic syndrome criteria best predict non-alcoholic fatty liver
disease in children? Eat Weight Disord 19(4):495-501. doi:10.
1007/s40519-014-0129-0

10. Andersen LF, Lillegaard ITL, @verby N, Lytle L, Klepp K-I,
Johansson L (2005) Overweight and obesity among Norwegian
schoolchildren: changes from 1993 to 2000. Scand J Public
Health 33(9):398. doi:10.1080/140349404100410019172

11. Mazicioglu MM, Yalcin BM, Ozturk A, Ustunbas HB, Kurtoglu
S (2010) Anthropometric risk factors for elevated blood pressure
in adolescents in Turkey aged 11-17. Pediatr Nephrol (Berlin,
Germany) 25(11):2327-2334. doi:10.1007/s00467-010-1623-x

12. Kearney PM, Whelton M, Reynolds K, Muntner P, Whelton PK,
He J (2005) Global burden of hypertension: analysis of world-
wide data. Lancet 365(9455):217-223. doi:10.1016/S0140-
6736(05)17741-1

13. Empar L, Eva C, Isabel T, Francisco A, Julio A, Josep R (2009)
Influence of concurrent obesity and low birth weight on blood
pressure phenotype in youth. Hypertension 53:912-917. doi:10.
1161/HYPERTENSIONAHA.109.129155

14. Hansen ML, Gunn PW, Kaelber DC (2007) Underdiagnosis of
hypertension in children and adolescents. JAMA 298(8):874-879.
doi:10.1001/jama.298.8.874

15. Mohkam M, Karimi A, Eslami N, Khatami A, Fallah F, Maham
S, Jadali F, Abdollah Gorji F (2011) Blood pressure screening in
school-aged children in Tehran. Iran J Kidney Dis 5(4):229-233.
http://www.ncbi.nlm.nih.gov/pubmed/21725178

16. Ahmad Esmaillzadeh PM (2006) Prevalence of the hyper-
triglyceridemic waist phenotype in Iranian adolescents. Am J
Prev Med 30(1):52-58. doi:10.1016/j.amepre.2005.08.041

17. Mirmohammadi S, Hafezi R, Mehrparvar A, Rezaeian B, Akbari
H (2011) Prevalence of overweight and obesity among Iranian
school children in different ethnicities. Iran J Pediatr
21(4):514-520. http://www.ncbi.nlm.nih.gov/pubmed/23056841


http://dx.doi.org/10.1056/NEJMp068177
http://dx.doi.org/10.1016/j.clindermatol.2004.01.010
http://dx.doi.org/10.1016/j.clnu.2010.01.005
http://dx.doi.org/10.1016/j.clnu.2010.01.005
http://dx.doi.org/10.3109/17477160903111771
http://dx.doi.org/10.3109/17477160903111771
http://dx.doi.org/10.3109/03014460.2011.594453
http://dx.doi.org/10.1016/j.arcmed.2008.08.003
http://dx.doi.org/10.1007/s40519-015-0221-0
http://dx.doi.org/10.1007/s40519-015-0221-0
http://dx.doi.org/10.1007/s40519-014-0129-0
http://dx.doi.org/10.1007/s40519-014-0129-0
http://dx.doi.org/10.1080/140349404100410019172
http://dx.doi.org/10.1007/s00467-010-1623-x
http://dx.doi.org/10.1016/S0140-6736(05)17741-1
http://dx.doi.org/10.1016/S0140-6736(05)17741-1
http://dx.doi.org/10.1161/HYPERTENSIONAHA.109.129155
http://dx.doi.org/10.1161/HYPERTENSIONAHA.109.129155
http://dx.doi.org/10.1001/jama.298.8.874
http://dx.doi.org/10.1016/j.amepre.2005.08.041

Eat Weight Disord (2016) 21:687-693

693

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Adolescents. NHBPEPWGoHBPiCa (2004) The fourth report on
the diagnosis, evaluation, and treatment of high blood pressure in
children and adolescents. Pediatrics 114:555-576. http://www.
ncbi.nlm.nih.gov/pubmed/15286277

Mohammadpour-Ahranjani B, Rashidi A, Karandish M, Eshra-
ghian MR, Kalantari N (2004) Prevalence of overweight and
obesity in adolescent Tehrani students, 2000-2001: an epidemic
health problem. Public Health Nutr 7(05):645-648. doi:10.1079/
PHN2003593

Onsuz FM, Demir F (2015) Prevalence of hypertension and its
association with obesity among school children aged 615 living
in Sakarya Province in Turkey. Turk J Med Sci 45(4):907-912.
doi:10.3906/sag-1407-120

Al-Sendi AM, Shetty P, Musaiger AO (2003) Prevalence of
overweight and obesity among Bahraini adolescents: a compar-
ison between three different sets of criteria. Eur J Clin Nutr
57(3):471-474. doi:10.1038/sj.ejcn. 1601560

Flegal KM, Ogden CL, Wei R, Kuczmarski RL, Johnson CL
(2001) Prevalence of overweight in US children: comparison of
US growth charts from the Centers for Disease Control and
Prevention with other reference values for body mass index. AmJ
Clin  Nutr 73(6):1086-1093.  http://www.ncbi.nlm.nih.gov/
pubmed/11382664

Veugelers PJ, Fitzgerald AL (2005) Prevalence of andrisk factors
for childhood overweight and obesity. Can Med Assoc J
173(6):607-613. doi:10.1503/cmaj.050445

Fernandes RA, Rosa CS, Buonani C, Oliveira AR, Freitas IF Jr
(2007) The use of bioelectrical impedance to detect excess vis-
ceral and subcutaneous fat. J Pediatr 83(6):529-534. doi:10.2223/
JPED.1722

Ryu SY, Kweon SS, Park HC, Shin JH, Rhee JA (2007) Obesity
and the metabolic syndrome in Korean adolescents. J Korean
Med Sci 22(3):513-517. doi:10.3346/jkms.2007.22.3.513
Goodman E, Daniels SR, Morrison JA, Huang B, Dolan LM
(2004) Contrasting prevalence of and demographic disparities in
the World Health Organization and National Cholesterol Edu-
cation Program Adult Treatment Panel III definitions of meta-
bolic syndrome among adolescents. J Pediatr 145(4):445-451.
doi:10.1016/j.jpeds.2004.04.059

Tzotzas T, Kapantais E, Tziomalos K, loannidis I, Mortoglou A,
Bakatselos S, Kaklamanou M, Lanaras L, Kaklamanos I (2008)
Epidemiological survey for the prevalence of overweight and
abdominal  obesity in  Greek  adolescents.  Obesity
16(16):1718-1722. doi:10.1038/0by.2008.247

Lobstein T, Baur L, Uauy R (2004) Obesity in children and young
people: a crisis in public health. Obes Rev 5:4-85. doi:10.1111/;j.
1467-789X.2004.00133.x

Sharma A, Grover N, Kaushik S, Bhardwaj R, Sankhyan N
(2010) Prevalence of hypertension among schoolchildren in
Shimla. Indian Pediatr 47(10):873-876. doi:10.1007/s13312-010-
0148-5

Muntner P, He J, Cutler JA, Wildman RP, Whelton PK (2004)
TRends in blood pressure among children and adolescents.
JAMA 291(17):2107-2113. doi:10.1001/jama.291.17.2107
Chiolero A, Cachat F, Burnier M, Paccaud F, Bovet P (2007)
Prevalence of hypertension in schoolchildren based on repeated
measurements and association with overweight. J Hypertens.
doi:10.1097/HJH.0b013e3282ef48b2

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Lu X, Shi P, Luo C-Y, Zhou Y-F, Yu H-T, Guo C-Y, Wu F
(2013) Prevalence of hypertension in overweight and obese
children from a large school-based population in Shanghai,
China. BMC Public Health. doi:10.1186/1471-2458-13-24
Mohan B, Kumar N, Aslam N, Rangbulla A, Kumbkarni S, Sood
N, Wander GS (2004) Prevalence of sustained hypertension and
obesity in urban and rural school going children in Ludhiana.
Indian Heart J 56(4):310-314. http://www.ncbi.nlm.nih.gov/
pubmed/15586739

Flores-Huerta S, Kliinder-Kliinder M, Reyes de la Cruz L, Santos
JI (2009) Increase in body mass index and waist circumference is
associated with high blood pressure in children and adolescents in
Mexico City. Arch Med Res 40(3):208-215. doi:10.1016/j.
arcmed.2009.02.009

Kovacs VA, Gabor A, Fajcsak Z, Martos E (2010) Role of waist
circumference in predicting the risk of high blood pressure in
children. Int J Pediatr Obes 5(2):143-150. doi:10.3109/
17477160903111771

Rerksuppaphol S, Rerksuppaphol L (2015) Association of obesity
with the prevalence of hypertension in school children from
central Thailand. J Res Health Sci 15(1):17-21. http://
www.ncbi.nlm.nih.gov/pubmed/25821020

Zhang YX, Wang SR (2014) Comparison of blood pressure levels
among children and adolescents with different body mass index and
waist circumference: study in a large sample in Shandong, China.
Eur J Nutr 53(2):627-634. doi:10.1007/s00394-013-0571-1

Shear CL, Freedman DS, BurkeGL Harsha DW, Berenson GS
(1987) Body fat patterning and blood pressure in children and
young adults. The Bogalusa heart study. Hypertension
9(3):236-244. doi:10.1161/01.HYP.9.3.236

Rocchini AP, Katch V, Kveselis D, Moorehead C, Martin M,
Lampman R, Gregory M (1989) Insulin and renal sodium
retention in obese adolescents. Hypertension 14(4):367-374.
doi:10.1161/01.HYP.14.4.367

Rocchini AP, Key J, Bondie D, Chico R, Moorehead C, Katch V,
Martin M (1989) The effect of weight loss on the sensitivity of
blood pressure to sodium in obese adolescents. N Engl J Med
321(9):580-585. doi:10.1056/NEJM198908313210905

Rocchini AP, Moorehead C, DeRemer S, Goodfriend TL, Ball
DL (1990) Hyperinsulinemia and the aldosterone and pressor
responses to angiotensin II. Hypertension 15(6.2):861-866.
doi:10.1161/01.HYP.15.6.861

de Miranda JA, Lacchini R, Belo VA, Lanna CM, Sertorio JT,
Luizon MR, Tanus-Santos JE (2015) The effects of endothelial
nitric oxide synthase tagSNPs on nitrite levels and risk of
hypertension and obesity in children and adolescents. J Hum
Hypertens 29(2):109-114. doi:10.1038/jhh.2014.48 (Epub 2014
Jun 19)

Zeng XW, Chen L, Qin XD, Zhou Y, Li M, Yang M, Zhao Y,
Ren WH, Hu QS (2015) Interactions between air pollution and
obesity on blood pressure and hypertension in Chinese children.
Epidemiology 26(5):740-747. doi:10.1097/EDE.000000000000
0336

Tevie J, Shaya FT (2015) Association between mental health and
comorbid obesity and hypertension among children and adoles-
cents in the US. Eur Child Adolesc Psychiatry 24(5):497-502.
doi:10.1007/s00787-014-0598-8

@ Springer


http://www.ncbi.nlm.nih.gov/pubmed/15286277
http://www.ncbi.nlm.nih.gov/pubmed/15286277
http://dx.doi.org/10.1079/PHN2003593
http://dx.doi.org/10.1079/PHN2003593
http://dx.doi.org/10.3906/sag-1407-120
http://dx.doi.org/10.1038/sj.ejcn.1601560
http://www.ncbi.nlm.nih.gov/pubmed/11382664
http://www.ncbi.nlm.nih.gov/pubmed/11382664
http://dx.doi.org/10.1503/cmaj.050445
http://dx.doi.org/10.2223/JPED.1722
http://dx.doi.org/10.2223/JPED.1722
http://dx.doi.org/10.3346/jkms.2007.22.3.513
http://dx.doi.org/10.1016/j.jpeds.2004.04.059
http://dx.doi.org/10.1038/oby.2008.247
http://dx.doi.org/10.1111/j.1467-789X.2004.00133.x
http://dx.doi.org/10.1111/j.1467-789X.2004.00133.x
http://dx.doi.org/10.1007/s13312-010-0148-5
http://dx.doi.org/10.1007/s13312-010-0148-5
http://dx.doi.org/10.1001/jama.291.17.2107
http://dx.doi.org/10.1097/HJH.0b013e3282ef48b2
http://dx.doi.org/10.1186/1471-2458-13-24
http://www.ncbi.nlm.nih.gov/pubmed/15586739
http://www.ncbi.nlm.nih.gov/pubmed/15586739
http://dx.doi.org/10.1016/j.arcmed.2009.02.009
http://dx.doi.org/10.1016/j.arcmed.2009.02.009
http://dx.doi.org/10.3109/17477160903111771
http://dx.doi.org/10.3109/17477160903111771
http://dx.doi.org/10.1007/s00394-013-0571-1
http://dx.doi.org/10.1161/01.HYP.9.3.236
http://dx.doi.org/10.1161/01.HYP.14.4.367
http://dx.doi.org/10.1056/NEJM198908313210905
http://dx.doi.org/10.1161/01.HYP.15.6.861
http://dx.doi.org/10.1038/jhh.2014.48
http://dx.doi.org/10.1097/EDE.0000000000000336
http://dx.doi.org/10.1097/EDE.0000000000000336
http://dx.doi.org/10.1007/s00787-014-0598-8

	Is high waist circumference and body weight associated with high blood pressure in Iranian primary school children?
	Abstract
	Introduction and objectives
	Method
	Results
	Conclusions

	Introduction
	Methods
	Study design
	Anthropometric measurements
	Measurement of blood pressure
	Statistical analysis
	Ethical approval

	Results
	Discussion
	Acknowledgments
	References




