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Abstract
Hypertension has been established as a common health condition in young people. Most studies have focused on the impact of body
mass index (BMI), but the relationships between body composition parameters and blood pressure in Palestinian children has not
previously been investigated. We aimed to analyze the prevalence of overweight/obesity and elevated blood pressure/hypertension
and investigate the associations among obesity-related parameters, including anthropometric and body composition markers and
blood pressure levels in a population of 971 Palestinian school children (50% girls; mean age 10.3 + 1.1 years). Anthropometric
measurements including height, waist circumference (WC), hip circumference (HC), waist-to-hip ratio (WHR), and waist to height
ratio (WHtR) were assessed. A body composition analyzer was used to measure body weight, fat mass, and fat-free mass. Blood
pressure including systolic (SBP), diastolic (DBP) and mean arterial pressure (MAP) were measured using a Dinamap vital signs
monitor. The prevalence of overweight/obesity was 25.3% in the girls and 23.1% in the boys. 26.3% of the children had elevated
systolic blood pressure, or systolic hypertension; whereas 23.4% had elevated diastolic blood pressure, or diastolic hypertension.
All obesity-related variables, with the exception of WHR and WHtR, showed statistical differences among the normotension,
elevated blood pressure and hypertension groups for systolic and diastolic blood pressure (p < 0.05). Children with elevated blood
pressure or hypertension had significantly higher weight, BMI, WC, HC, fat mass, and fat-free mass values compared to participants
with normotension, supporting the direct association between obesity and hypertension in this population. Weight-reduction
interventions are essential for reducing the prevalence of childhood hypertension in Palestinian children.
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Childhood obesity is considered to be a global public health

problem because it has reached epidemic levels in both devel-

oped and developing countries (World Health Organization,

2019). The alarming rate of childhood obesity has resulted in

an increase in the rates of obesity-related co-morbidities,

including hypertension, type 2 diabetes mellitus, and metabolic

syndrome, which are serious and potentially life-threatening

health conditions (Jiang et al., 2016; Pantalone et al., 2017).

Moreover, obesity in childhood tracks strongly into adulthood

because overweight children are more prone to becoming over-

weight adults (Biro & Wien, 2010). In fact, it has been esti-

mated that almost half of overweight adults were overweight as

children (Deshmukh-Taskar et al., 2006). The etiology of obe-

sity is multifactorial and the mechanisms underlying childhood

obesity have still not been fully elucidated. Nevertheless, it is

well established that obesity is the consequence of interactions

among a complex set of factors, including a positive energy

balance, physical inactivity, and a genetic predisposition for

weight gain (Hruby & Hu, 2015; Xu & Xue, 2016).

Body mass index (BMI) has been shown to provide a reason-

able estimate of adiposity in the healthy pediatric population

(Pietrobelli et al., 1998). The Centers for Disease Control and

Prevention (CDC) published BMI reference standards for chil-

dren (CDC, 2014). Thus, overweight is defined as a BMI

between the 85th and 95th percentiles for age and sex, and obe-

sity as a BMI at or greater than the 95th percentile for age and sex.
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However, BMI may slightly overestimate fatness in children

who are short or who have a relatively high muscle mass, and

may underestimate adiposity in children with reduced muscle

mass due to a sedentary lifestyle (Vanderwall et al., 2017).

The prevalence of obesity varies according to racial, ethnic,

and socioeconomic factors. In Palestine, according to the Min-

istry of Health (2018), chronic diseases such as hypertension,

type 2 diabetes mellitus, and metabolic syndrome associated

with increased obesity account for 50% of deaths. Al-Lahham

et al. (2019) reported that the prevalence of obesity among

Palestinian children increased from 3% to 6% over a 5-year

period, in comparison to the global rise from 1% to 7% over

41 years, suggesting that childhood obesity is a major public

health problem in this country.

Due to the global obesity epidemic, hypertension has now

been established as one of the most common health conditions

in youth (Flynn, 2013). Data from the National Health and

Nutrition Examination Survey (NHANES) revealed that 14%
of adolescents from 12 to 19 years of age were suffering prehy-

pertension or hypertension (The Fourth Report on the Diagnosis,

Evaluation, and Treatment of High Blood Pressure in Children

and Adolescents, 2004). Interestingly, Al-Agha & Mahjoub

(2018) showed that an elevated BMI is associated with increased

diastolic and systolic blood pressure among obese children and

adolescents in the western region of Saudi Arabia. Nevertheless,

the evidence available on the relationship between obesity and

hypertension in Palestinian children is limited. Most studies have

focused on the impact of BMI or anthropometric measurements

on blood pressure, but these studies provide no data on body

composition. Thus, the potential relationships among body com-

position parameters and blood pressure values in a specific

cohort of Palestinian children have not been analyzed previ-

ously. Measurements of body composition, including fat mass

and fat-free mass in addition to anthropometric markers, would

provide data to further the understanding of the potential asso-

ciations between obesity and hypertension in children.

In this context, the aim of this study was to analyze the pre-

valence of overweight/obesity and elevated blood pressure/

hypertension and investigate the potential associations among

obesity-relatedparameters includingweight,BMI,waist circum-

ference,hipcircumference(HP),waist-to-hipratio(WHR),waist

to height ratio (WHtR), fat mass and fat-free mass, and blood

pressure levels in a large population of Palestinian children.

Methods

Study Design and Participants

A cross-sectional study was conducted in a sample consisted of

Palestinian school children recruited from eight public education

centers inJenin,Hebron,NablusandTulkarem.Thesecitieswere

selected based on convenience and the public education centers

were selected randomly for inclusion. An informational meeting

was held, when parents and children were informed of the study

purpose and procedures. They received an informed consent

form, which included a detailed description of the study. At this

meeting, screening for inclusion criteria and informed consent

were completed. The inclusion criteria required the participants

to be healthy and to not suffer from any type of endocrine dys-

function (thyroid, adrenal, or pancreas), physical disorder, or

infectious process. All students who did not meet these criteria

were not candidates to participate in the study. At the end of the

informal meeting, a total of 971 children aged 9–12 years (486

males and 485 females) were authorized by their parents or legal

guardians to participate in this study. Ethical approval for this

study was granted by the Ethics and Research Committee of Arab

American University (Palestine). Permission has been obtained

from Ministry of Education in Palestine. It was performed

according to theInternationalCodeofMedicalEthicsestablished

by the World Medical Association and the Declaration of Hel-

sinki. Written informed consent was obtained for all participants.

After the informal meeting, another meeting was scheduled

to collect data with instructions. Measurements were taken in the

morning after a 12 hours fast with no consumption of food or

beverages, as well as a 24 hours abstention from exercise, under

resting conditions. Days before the measurements, children,

parents, or legal guardians were informed of these restrictions.

Before their body composition was measured, the children were

also asked about compliance with these conditions.

Anthropometric Measurements

The anthropometric measurements including height, WC, HC,

WHR, and WHtR were included. A Harpenden stadiometer

(Harpenden 602 VR, Holtain, Wales, UK®) was used for height

measurements. Each participant was asked to stand erect with

his/her back, buttocks, and heels in continuous contact with the

vertical height rod of the stadiometer and head oriented in the

Frankfurt plane. The horizontal head piece was then placed on

top of the participant’s head to measure his/her height. Height

was measured twice without shoes to the nearest 0.5 cm. Waist

circumference was measured twice with a Seca automatic roll-up

measuring metal tape (precision of 1 mm) using the horizontal

plane midway between the lowest rib and the upper border of the

iliac crest at the end of a normal inspiration/expiration. Hip

circumference was measured twice at the maximum extension

of the buttocks as viewed from the right side. The averages of the

two values for each measurement were used in the analysis. BMI

was calculated as body weight in kilograms divided by the square

height in meters, and overweight and obesity were defined by the

international standards of Cole et al. (2000), corresponded to

values higher than the 85th and 95th percentiles, respectively,

for BMI-forage and sex. The anthropometric measurements

recorded by a standard procedure ensuring inter observer relia-

bility and were measured by the same anthropometrist according

to the International Society for the Advancement of Kinanthro-

pometry (ISAK; Marfell-Jones et al., 2011).

Body Composition Measurements

A body composition analyzer (TANITA BC-418MA®) was used

tomeasure bodyweight (kg), fatmass (kg), and fat-free mass (kg)

to the nearest 0.1 kg. This was done twice when participants were
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dressed in light indoor clothing without shoes and the average

was used for analysis. The measurement room provides for pri-

vacy and was at a comfortable temperature for the participants.

Blood Pressure

Blood pressure including systolic (SBP), diastolic (DBP), mean

arterial pressure (MAP) were measured using a Dinamap vital

signs monitor (model BP 8800, Critikon, Inc., Tampa, FL.),

following the recommendations of the European Heart Society

(on the right arm in a semi-flexed position at heart level, with

participants in a supine position and after 10 min of rest).

Hypertension in children was defined as a systolic or diastolic

blood pressure (BP) value � 95th percentile. Blood pressure

between the 90th and 95th percentile in childhood was desig-

nated “elevated blood pressure” (Flynn et al., 2017).

Statistical Analysis

We described numerical variables using + standard deviation,

while qualitative or nominal variables were described using fre-

quencies and percentages. The Kolmogorov–Smirnov test was

used to evaluate whether the distribution of continuous variables

was normal, showing that all the examined variables were nor-

mally distributed. The independent two-sample t-test was used

to compare the variables between girls and boys. Linear regres-

sion analysis were conducted to determine the associations

among blood pressure measurements and anthropometric and

body composition variables. In the overall population, regres-

sion analyses were adjusted by age and gender and in the strati-

fied analysis by sex, linear regressions were adjusted by age.

Comparisons of body composition variables across categories

of blood pressure (normotension, elevated blood pressure and

hypertension) were based on a one-way ANOVA after adjusted

by age and sex in the overall population and adjusted only by age

in the stratified analysis. SPSS Statistics version 21.0 (SPSS.

Chicago, IL, USA) was used for all the analyses and p values

< 0.05 were considered to be statistically significant.

Results

The clinical characteristics of the sample are presented in

Table 1. The mean age of the study population was 10.2 +
1.1 years. The prevalence of overweight/obesity was 25.3% in

girls and 23.1% in boys, and 63.9% of the participants were of

normal weight. Note that 26.3% of children had elevated systolic

blood pressure or systolic hypertension (10.5% had elevated

systolic blood pressure and 15.8% had systolic hypertension),

whereas 23.4% had elevated diastolic blood pressure or diastolic

hypertension (10.6% had elevated diastolic blood pressure and

12.8% had diastolic hypertension). Significant differences were

observed between boys and girls with respect to height, BMI,

WC, WHR, fat mass, fat-free mass, SBP, DBP, and MBP (p <

0.05). The boys presented significantly higher values of height,

WC, WHR, fat-free mass, SBP, DBP, and MBP than the girls (p

< 0.05). In contrast, the girls had significantly higher BMI and

fat mass values (p < 0.05).

Theassociationanalysesbetweenthebloodpressuremeasure-

ments and obesity-related parameters in the overall population

and by sex are shown in Table 2. In the whole population, MBP

and SBP were significantly associated with all anthropometric

and body composition variables (p < 0.05). Note that all obesity-

related markers were associated with DBP except WHR, and

WHtR. In girls, the tendency is similar, MBP, SBP, and DBP

were significantly related to all anthropometric and body compo-

sition variables, except for WHR, which was not related to MBP

and DBP. In boys, however, weight, BMI, WC, fat mass, and free

mass were significantly associated with blood pressure levels.

Table 3 shows the anthropometric and body composition mea-

surements for the SBP classification groups (normotension, ele-

vated blood pressure and hypertension), for the total sample and

stratified by sex. In the total sample, all obesity-related variables,

with the exception of WHR and WHtR, showed statistically sig-

nificant differences between the three groups (p < 0.05). Children

with hypertension had significantly higher weight, BMI, WC,

HC, fat mass and fat-free mass values compared to participants

with normotension (p < 0.05). In girls, the values of weight, WC,

HC, WHtR, and fat free mass were significantly higher in the

hypertension group compared to the normotension group. In boys,

fat mass values were significantly higher in participants with

systolic hypertension compared to participants with normoten-

sion (6.6 + 5.3 versus 7.2 + 7.5; p ¼ 0.012). Note that boys

with normal SBP values presented significantly higher weight (p

¼ 0.012), HC (p ¼ 0.046), and fat free mass (p¼ 0.006) values.

Obesity-related measurements for the DBP classification

groups (normotension, elevated blood pressure and hyperten-

sion), for the total sample and stratified by sex are presented

in Table 4. In the total sample, participants with diastolic

Table 1. Descriptive Characteristics of Study Participants by Gender.

Girls
(n ¼ 486)

Boys
(n ¼ 485)

Overall
(n ¼ 971)

Mean (SD) Mean (SD) Mean (SD) p value*

Age 10.1 (1.1) 10.4 (1.0) 10.2 (1.1) <0.001
Height 138.3 (9.1) 140.8 (10.7) 139.5 (10.0) <0.001
Weight 35.6 (9.4) 36.1 (11.2) 35.9 (10.3) 0.414
BMI 18.5 (3.7) 18.0 (3.9) 18.2 (3.8) 0.047
WC 63.4 (8.2) 64.9 (9.8) 64.2 (9.0) 0.009
HC 75.1 (8.9) 73.9 (10.8) 74.5 (9.9) 0.071
WHR 0.8 (0.0) 0.8 (0.0) 0.8 (0.0) <0.001
WHtR 0.4 (0.0) 0.4 (0.0) 0.4 (0.0) 0.424
Fat mass 8.5 (5.1) 6.8 (6.0) 7.6 (5.6) <0.001
Fat free mass 27.1 (5.1) 29.3 (6.5) 28.2 (5.9) <0.001
SBP 111.7 (11.6) 113.6 (9.5) 112.7 (10.6) 0.005
DBP 68.3 (9.9) 70.2 (8.7) 69.3 (9.4) 0.002
MBP 82.8 (9.6) 84.7 (8.0) 83.7 (8.9) 0.001

Note. SD ¼ standard deviation; BMI ¼ body mass index; WC ¼ waist circum-
ference; HC ¼ hip circumference; WHR ¼ waist-to-hip ratio; WHtR ¼ waist
to height ratio; SBP¼ systolic blood pressure; DBP¼ diastolic blood pressure;
MAP¼mean arterial pressure. *p values are based on the comparison between
boys and girls.
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hypertension had significantly higher values for obesity-related

parameters, with the exception of WHR and WHtR, compared to

the normotension group (p < 0.05). This tendency was similar in

girls, and there were also significant differences in all anthro-

pometric outcomes, with the exception of WHR and WHtR,

between the groups (p < 0.05). For boys, the weight, BMI, and

fat free mass values were significantly higher in participants

with diastolic hypertension compared to normotension partici-

pants (p < 0.05).

Discussion

Based on a large sample of 971 Palestinian children, we found

that all obesity-related parameters, with the exception of WHR

and WHtR, presented statistical differences between the normo-

tension, elevated blood pressure, and hypertension groups for

systolic and diastolic blood pressure. Thus, children with ele-

vated blood pressure or hypertension have significantly higher

weight, BMI, WC, HC, fat mass, and fat-free mass values com-

pared to participants with normotension, supporting the direct

association between high values for obesity related-parameters

and high blood pressure values in children from Palestine. These

findings are clinically relevant since obesity and hypertension

are both linked to a high risk of cardiovascular disease, increas-

ing related morbidity and mortality in adulthood (Brady et al.,

2016; Morrison et al., 2007).

Hypertension is a growing health issue in children, mainly

due to its association with obesity (Orlando et al., 2018). Similar

to our findings, previous studies have also evidenced an associ-

ation between anthropometric parameters and blood pressure

values in childhood (Brady, 2017). A retrospective study con-

ducted on subjects from 3 to 17 years of age in the United States

also reported a statistically significant association between

increased BMI percentile and increased blood pressure percen-

tile, with the risk of incident hypertension associated primarily

with obesity (Parker et al., 2016). Likewise, a study on a cohort

of Portuguese children reported that WC is itself a risk factor

predictor for hypertension in children and adolescents (Burgos

et al., 2013), and other research from China also showed that a

child’s BMI, WC, and WHtR were positively associated with

their SBP and DBP, showing that obese children were 3 to 6

times more likely to suffer hypertension (Zhao et al., 2017).

Additionally, an elevated BMI was associated with increased

diastolic and systolic blood pressure in 300 obese children in the

western region of Saudi Arabia (Al-Agha & Mahjoub, 2018).

However, this is the first study to evaluate the link between body

composition parameters and blood pressure in a cohort of Pales-

tinian children. The positive relationship between obesity-

related markers, including fat mass and blood pressure levels

in this cohort, evidences the need to develop effective strategies

to prevent overweight and obesity in this population.

Hypertension in children will easily become hypertension in

adults, and this is an important cardiovascular risk factor which

increases the risk of cardiovascular disease (Urbina et al., 2019).

Interestingly, a recent study found that obesity-related hyperten-

sion in children was related to increased cardiovascular

morbidity and mortality (Wühl, 2019). Thus, interventions

aimed at weight reduction that include lifestyle modification

with a multidisciplinary approach are essential for reducing

childhood hypertension. With regard to the potential mechan-

isms underlying the link between obesity and elevated blood

pressure, it has been proposed that the sympathetic nervous

system, the renin–angiotensin–aldosterone system, the amount

of intra-abdominal and intra-vascular fat, and sodium retention

leading to increased renal reabsorption, might all play an impor-

tant role in the pathogenesis of obesity-related hypertension

(Brady, 2017).

On the other hand, in our study, 26.3% of children had ele-

vated systolic blood pressure or systolic hypertension, whereas

23.4% had elevated diastolic blood pressure or diastolic hyper-

tension. In a cross-sectional study conducted on a large popula-

tion of young people 6 to 17 years of age from Southern

California, the prevalence of elevated blood pressure and hyper-

tension were 31.4% and 2.1%, respectively (Koebnick et al.,

2013). Moreover, children 3 to 17 years of age from Nigeria,

the prevalence of hypertension and elevated blood pressure was

found to be 3.5% and 2.5%, respectively (Okpokowuruk et al.,

2017). Interestingly, data obtained from a prospective national

survey in China showed that the overall prevalence of elevated

blood pressure and hypertension were 6.0% and 10.6%, respec-

tively (Fan et al., 2019). The differences in ethnicity and age

range between the various studies may account for the disparity

in the reported prevalence. For this reason, further studies on

children from Palestine are required in order to verify and com-

pare our results.

The prevalence of overweight/ obesity in our study was

25.3% in girls and 23.1% in boys. A previous cross-sectional

study conducted among school-age Palestinian children

reported that the prevalence of overweight and obesity was

approximately 14.5% and 15.7%, respectively, which supports

an accelerated increase in the prevalence of overweight/obesity

(Al-Lahham et al., 2019). Similarly, findings from marginalized

Palestinian schools in the West Bank showed that the 34% of

adolescents were overweight or obese (85th percentile or over;

Amer et al., 2019) and a systematic review of childhood obesity

in the Middle East and North Africa (MENA) region concluded

that the obesity rate in children and adolescents is rising rapidly

(Farrag et al., 2017). Thus, the countries in the MENA region

should endorse strategies and programs to prevent and manage

this problem in an effective way. Family-based lifestyle

changes, including decreasing total caloric intake, increasing

physical activity and decreasing sedentary time, have been pro-

posed as the cornerstone of weight management in children

(Kumar & Kelly, 2017), and should be implemented in Palesti-

nian children. Interestingly, a recent study on Palestinian chil-

dren found that living in the city, maternal and paternal BMI,

WC, modes of transport, and chocolate and sweet intake, were

significantly associated with the BMI of children (Al-Lahham

et al., 2019). Those authors concluded that the increased preva-

lence of childhood obesity might be due to the rapid urbanization

and transition from conventional to western lifestyles. Further-

more, the fluctuations and instability of Palestinian societal and
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political life could affect the nutrition status of children, since

access to health services is complicated and people are exposed

to food insecurity in some regions of Palestine (Mataria et al.,

2009; Qlalweh et al., 2012).

One limitation of this study is its cross-sectional design,

which cannot infer causality. In addition, since our study pop-

ulation comprised a well-characterized cohort of Palestinian

children, this may limit the generalizability of the results to

other populations. Its strengths are that, to the best of our

knowledge, this is the first study to examine the relationship

between obesity-related parameters, including body composi-

tion parameters and blood pressure levels, in a cohort of

Palestinian children. Additionally, body composition mea-

surements were performed using a body composition analyzer

(TANITA BC-418MA). Bioelectrical impedance analysis

(BIA) has been postulated as a valuable tool for measuring

body composition, and is a significantly more cost-effective

method than dual-energy X-ray absorptiometry (DXA;

Beeson et al., 2010).

Conclusion

The prevalence of overweight/obesity was 25.3% in girls and

23.1% in boys, and 26.3% of Palestinian children have elevated

systolic blood pressure/hypertension whereas 23.4% have ele-

vated diastolic blood pressure/hypertension. Palestinian chil-

dren with elevated blood pressure or hypertension have

significantly higher weight, BMI, WC, HC, fat mass, and fat-

free mass values than the participants with normotension, sup-

porting a direct association between high values of obesity

related-parameters and high blood pressure values. Our results

therefore highlight the need for a serious focus on obesity in

Palestinian children and reveal the need for community-based

programs to manage this health problem. Weight reduction

interventions are essential to reduce the prevalence of related

disorders, such as childhood hypertension, and, for this reason,

the prevention of childhood obesity should be a national public

health priority in Palestine.
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