Impact of body mass index on high blood pressure among
obese children in the western region of Saudi Arabia
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Objectives: To evaluate the impact of body mass index
(BMI) on high blood pressure among obese children
and adolescents in western region, Saudi Arabia.

Methods: Cross-sectional data were obtained from
306 (female: 140, male: 166) child, between August
2016 and March 2017. A questioner was filled by
health professionals at ambulatory pediatric clinic
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followed by waist-hip circumference, height, weight,
and blood pressure measurement. Diastolic blood
pressure (DBP) and systolic blood pressure (SBP)
were adjusted to gender, height, and age. World
Health Organization growth standards were used to
calculate BMI z-scores.

Results: The mean age of subjects was 10.1 years.
Body mass index increased SBP by 1.722 mmHg
(p=0.001), and DBP by 0.901 mmHg (»=0.006) in
boys, and 0.969 mmHg (p=0.036), and DBP by 0.704
mmHg (p=0.045) in girls. Waist hip ratio showed
significant difference p=0.041, (p=0.0001) between
male and female. Of the baseline characteristics, age
>11 years showed significant difference. Symptomatic
manifestation of high blood pressure, family history
of hypertension, level of activity, income level and
post-secondary education in parents, did not show
any significant results.

Conclusion: Elevated BMI is associated with
significantly increased diastolic and systolic blood
pressure in obese children, especially in children older
than 11 years.
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hildhood obesity is among the serious challenges

being faced in the 21st century. World Health
Organization (WHO) stated that overweight and
obesity in children and adolescents are in the list of
major health issues that are gradually affecting many
low and middle-income countries, particularly in urban
settings.! The prevalence of overweight and obesity in
children and adolescents has been remarkably increasing
since 1980s until now and estimated to be increased
by nearly 50%. The current data shows that 10% of
children are either obese or overweight worldwide.?
In Saudi Arabia, among children aged 5-18 years, the
prevalence of overweight is 23.1%, obesity is 9.3%,
and severe obesity is 2%.° Overweight and obesity,
as well as their related complications, are essentially
preventable; therefore, require constant awareness. The
current accepted standards for measurement of obesity
in children of 2 years of age and older is the calculation
of body mass index (BMI), which is calculated using
the height and weight. Waist-to-hip ratio is also an
important clinical measurement of fat distribution.*
It is estimated that the children who are obese or
overweight will remain in their adulthood and more
likely to develop chronic diseases such as hypertension,
diabetes, arthritis, sleep apnea, cardiovascular diseases,
cancer and stroke, at a younger age.”® Hypertension is
a well-established complication, and a great risk factor
for many diseases. The relation between obesity and
hypertension is somehow complicated. It incorporates
activation of the sympathetic nervous system and
the Renin Angiotensin Aldosterone System (RAAS),
leading to dilatation of the vessels with net increased
in renal blood flow and renal sodium retention.” This
leads to a rise in the blood pressure. In this study, we
hypothesize that high BMI and waist-hip ratio are
associated with increased blood pressure measurements
in obese children.

Methods. Cross-sectional data was collected
between August 2016 and March 2017 using a
questionnaire designed to collect information on self-
reported and direct measures of health and wellness.

Disclosure. Authors have no conflict of interests, and the
work was not supported or funded by any pharmaceutical

company.
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The study population was composed of random females
and males between the ages of 4 and 13 years. The
sample size for this study was 306 children (female:
140, male: 166). Following appropriate consent, an
interview was conducted with children in the presence
of their parents, followed by weight, height, hip
circumference, waist circumference, and blood pressure
measurements at an ambulatory pediatric clinic. Blood
pressure measurements were repeated twice at the same
ambulatory clinic.

Parents answered questions for participants aged 4
to 10 years. Participants aged 11 to 13 years answered
of all the questions directly by themselves. Inclusion
criteria included any child with clinical assessment of
primary overweight or obesity. Exclusion criteria were
dietary or medical intervention, hormonal treatment
exposure, endocrinopathies induced secondary obesity;
serious intercurrent illness, and insufficiency of data.

Ethical approval was obtained from the Research
Ethics Committee at King Abdulaziz University
Hospital (KAUH) and was declared appropriate for this
study.

The questionnaire comprised of general demographic
information, anthropometric measurements, and
questions regarding physical activity, diet, social
factors, family history, and presence of illnesses or
any acute or chronic complication. Level of activity
was related to number of hours consumed in playing
and participating in sport or school activities. Family
history of hypertension (FHH) was determined if any
immediate family member under age of 60 have had
high blood pressure. Income level was categorized into
low, middle, or high. It was carried out on the basis
of total income of the family from all sources and the
number of people living in the house. A numerical value
was not deemed to be necessitated. Parental education
was also determined if one parent had completed
post-secondary education. Participants with diagnosed
hypertension were asked specifically about high blood
pressure symptoms (headache, blurred vision, and
bleeding, namely, epistaxis or other type of bleeding).
Weight was
measured using medical weight scales with the subjects
in light clothing. Height was measured in centimeters,
using a medical height scale. Body mass index was
defined as weight in kilograms divided by height in
squared meters.® It was calculated by means of an online
pediatric BMI calculator, which additionally provided

Body mass index measurements.
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percentile values. BMI percentiles were determined
for each subject according to the Centers for Disease
Control and Prevention (CDC) growth charts.’

Normal BMI values lie between 5th to 85th
percentiles. For overweight, BMI lies between 85th to
95th percentiles. For obesity, the limit is BMI >95th
percentile and for severe obesity, it corresponded to
a BMI >99th percentile. For simplicity in presenting
statistical analysis results, BMI percentiles were
converted to Z-scores, namely, standard deviation above
the mean, using US reference data. Z-score values of
<1.6 for overweight, 1.6 to 2.3 for obesity, and >2.33
for severe obesity were used.'®!" The BMI percentiles
and respective Z-scores are presented in Table 1.

Waist hip ratio (WHR) is the calculation of the ratio
of the circumference of the waist to that of the hips to
determine the fat distribution. It is calculated by dividing
measurement of the waist by measurement of the hip
(W/H). According to WHO, waist circumference can
be measured just above the uppermost lateral border of
the right ileum. It is done using a stretch-resistant tape.
The circumference of the hip is measured around the
widest portion of the buttocks, keeping the tape parallel
to the floor."* Women with a WHR of 0.85 or more and
men with a WHR of 0.95 or more are at an increased
risk of developing cardiovascular diseases. There are
no specific definitions or estimations for children, but
they are at an increased risk of cardiovascular diseases
if they have abdominal adiposity.'”® Data analyzed from

Table 2 - Baseline characteristics of study population.

the third National Health and Nutrition Examination
Survey (NHANES III) revealed that the waist-to-hip
ratio may indicator in association with total cholesterol,
fasting triglycerides, and low-density lipoprotein
cholesterol comparative to BMI in children aged 4 to
17 years."

Blood  pressure measurements. Blood pressure
was measured in a sitting position, using a mercury
sphygmomanometer. A cuff of appropriate size was
applied around the non-dominant arm and values of
systolic and diastolic measurements were identified from
the onset of the first and fifth phases of Korotkoff phases.
The 2004 National High Blood Pressure Education
Program Working Group guidelines were used for the
classification of blood pressure measurements in the

Table 1 - List of percentiles and Z-score conversion values.

Body mass index percentiles Z-score
0.2% -3
2.3% -2
5th -1.64
16th -1

50th (median) 0
85th +1.04
95th +1.64
97.5th +1.96
97.7th +2
99.8th +3

Mean and proportion (%) were estimated using bootstrap
method; confidence interval was not calculated for percentages.

Conversion values

Boys (n=166)

Girls (n=140)

n Mean or % 95% confidence n Mean or % 95% confidence
interval interval

Mean SBP (mm Hg) 166 120.59 117.22, 123.96 140 116.26 113.08, 119.45
Mean DBP (mm Hg) 166 75.05 72.46, 77.64 140 73.34 70.81, 75.87
BMI (Kg/m?) 186 27.0 26.3, 27.6 166 26.7 26.1,27.3
BMI in SDS 186 2.7 2.5,2.6 166 2.6 2.5,2.8
Overweight 20 1.3 1.2,1.4 16 1.3 1.2,1.4
Obesity 78 2.2 2.1,2.3 76 2.2 2.1,2.3
Severe Obesity 88 3.7 3.5,3.8 74 3.4 3.3,3.5
Waist Hip Ratio 155 0.89 0.88, 0.90 130 0.85 0.83, 0.86
Family history of hypertension (%) 153 66.5% 131 35.1%
Physically active 124 53.0% 100 48.8%
Low income level 48 19.1% 41 19.1%
Post-Secondary Education 118 44.0 % 96 42.7%

BMI - body mass index, SDS - Standard Deviation Score
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Table 3 - Association of SBP and DBP with relevant variables according to gender.

Variables SBP DBP
B P-value B P-value
Boys (n=166)
BMI (Kg/M2) 1.72 0.001 901 0.006
Waist hip ratio 44.898 0.176 8.386 0.687
Age >11 0.301 0.001 0.93 0.233
Heart Rate
Family history of hypertension - yes 1.138 0.845 2.798 0.446
No
Physically active - yes 3.957 0.392 -2.642 0.365
No
Low income level - yes -1.313 0.862 0.717 0.881
No
Post secondary Education - yes -.244 0.960 3.772 0.223
No
Girls (n=140)
BMI (Kg/m?) 969 0.036 0.704 0.045
Waist hip ratio 44.003 0.162 20.844 0.384
Age> 11 .287 0.001 0.232 0.006
Family history of hypertension - yes 1.567 0.741 -0.212 0.953
No
Physically active - yes -1.542 0.737 -0.148 0.966
No
Low income level - yes -2.519 0.655 3.824 0.376
No
Post secondary Education - yes 0.065 0.989 -2.879 0.422
No

All variables in the table were independent variables, and their associations with SBP or DBP were
simultancously adjusted using multivariate linear regression models. £ - coefficient of regression
parameters; p<0.05.

children. For both systolic and diastolic, normal blood
pressure is BP <90th percentile. Three main stages of
hypertension were defined; pre-hypertension, stage 1,
and stage 2. Pre-hypertension is systolic and/or diastolic
BP >90th percentile, but <95th percentile. Stage 1 is
systolic and/or diastolic BP between the 95th percentile
and 5 mmHg >99th percentile. Stage 2 is systolic and/
or diastolic BP >99th percentile plus 5 mm Hg.
Statistical analysis. After collecting the data, SPSS
Statistics version 16.0 software (IBM Corp., Armonk,
NY, USA) was used for data analysis. Standard
descriptive statistics were presented as percentages or
mean = SD. For analysis and testing of the normal
distribution of variables in the groups, Levine test for
equality of variances was utilized. Analysis of Variance
was used to analyze the differences among several group
means and their associated procedures. The considerable
statistically significant value of p<0.05 was taken.

Results. Table 2 illustrates the main characteristics
of study population. The mean systolic blood pressure
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(SBP) and diastolic blood pressure (DBP) were higher
in males; 120 mm Hg, 75 mm Hg, than females 116
mm Hg, 73 mm Hg respectively. Body mass index was
slightly higher in boys (27 kg/m?*) compared to girls
(26.7 kg/m?). Waist hip ratio was also slightly higher in
males than females. For physical activity measurements,
boys were slightly more active than girls. Most subjects
reported having a good income level; however 19%
had low-income level. Nearly half of the subjects had
parents (either mother or father) with post-secondary
education.

Overall, BMI showed significant relation with SBP
and DBP as illustrated by Table 3. Age above 11 was
the only parameter with significant results; the older the
child, the higher chance of having high blood pressure.

Figure 1 illustrates the presence of high blood pressure
symptoms among the study population. Only 20% of
the subjects with stage 1 or stage 2 hypertension had
symptoms of headache. It was not significant (p=0.118)
and can be related to other factors such as: stress, illness,
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or inappropriate perception of symptom. Headache was
found in 1.8% of the subjects with pre-hypertension.
For blurred vision, 15% of the subjects with stage 1/
stage 2, and 5% of pre-hypertensive subjects had the
symptoms. This was not significant (p=0.456). For
bleeding, approximately 12% of the subjects had stage
1/stage 2, and only 5% with pre-hypertension had the
symptom. This was also not significant with a p-value
of 0.888.

Discussion. In this study, we examined the effect
of BMI, waist-to-hip ratio, on SBP and DBP values
among obese children.

Significant correlation was found between elevated
BMI and both elevated systolic and diastolic blood
pressure. Waist hip ratio did not show any significant
results. Increase in body fat and consequently BMI is
highly related to age, and therefore, it can be a weaker
predictor for measurement in children.? Yet, the risk
for cardiovascular diseases is higher in the children who
have abdominal adiposity. On the other hand, it is also
indicated that in children aged 4 to 17 years, the waist-
to-hip ratio may be a better predictor than BMI.

Another significant result was the effect of age on
blood pressure. As it was found that ‘subjects with
age above 11”7 was the only parameter with significant
results. This can be attributed to hormonal influence
as children approach puberty.'>'® In boys, age increased
SBP by 0.301 and DBP by 0.93, and in girls, age
increased SBP by 0.287 and DBP by 0.232. Family
history of hypertension, level of activity, income level,
and post-secondary education in parents did not show
any significant results. Heart rate measurements was
not added in this study due to insufficient data.

In review of the literature, many studies assert
a correlation between obesity and elevated blood
pressure. One study by Flynn et al revealed that there
is approximately 3-fold increased risk in obese children
for developing hypertension rather than non-obese
children, in which isolated systolic hypertension is the
characteristic fact in most of the children.'” Another
study conducted by Aguilar et al'® demonstrated that
severe obesity with BMI Standard Deviation Score
(SDS) >2.5 had significant impact on the higher SBP
and significantly higher mean, compared to mild and
moderate obesity (BMI SDS 2.5)."8

A study conducted by Friedemannet et al" revealed
a significant increase in blood pressure by 4.54 mm Hg

High BP

M stage 1 or stage 2
W prehypertensive

1204

Count

A Headache
Error bars: 95% Cl

120 High BP

W stage 1 or stage 2
W prehypertensive

Count

B Bleeding
Error bars: 96% Cl

High BP

M stage 1 or stage 2
Eprehypertensive

120

Count

C Blurred vision
Error bars: 95% Cl

Figure 1 - Symptoms of high blood pressure among study population.
Values in bar charts were calculated per percentage. 95% CI,
confidence interval for standard error is calculated for all bars.
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and 7.49 mm Hg in obese children. Another study was
conducted to evaluate the gender differences among a
population and it was revealed that only obese adolescent
boys had higher diastolic blood pressure.”” However,
the effect of obesity on blood pressure appeared in the
young girls earlier compared to boys. Moreover, this
study also evaluated the family history of hypertension
and physical activity. The adolescent boys who were less
active had SBP which was higher by 3.9 mm Hg and
DBP by 4.9 mm Hg than the boys who were physically
active.

The studies conducted to determine the metabolic
status of children and adolescence showed significant
correlation between waist circumference, BMI, and
elevated blood pressure (p<0.001).2*! It was compared
with individuals, who were metabolically healthy and
normal-weight, metabolically unhealthy normal-weight
(MUNW), and the metabolically healthy obese (MHO)
individuals had higher waist circumference and BMI.

Furthermore, in our study, a unique trial was tested
to evaluate the presence of symptoms when randomly
screening the population for hypertension. The number
of subjects reporting symptoms was low, and thus,
results were not significant. This was predictable as
symptomatic subjects will more likely seek medical
attention to evaluate underlying etiology of their
symptoms. This explains the reason why measuring
blood pressure to screen for hypertension is not a
standardized medical practice today.

Study limitation. We must point to a limitation
in our study as we completed only 2 measurements of
blood pressure. The gold standard approach is 3 separate
measurements to qualify the diagnosis of hypertension.
Yet, here we aimed to report changes in systolic/diastolic
blood pressure measurements rather than diagnosing
children with hypertension.

In conclusion, obesity is an important predictor
of many diseases affecting the human body. High
BMI significantly correlates with increased SBP
and DBP in obese children. Waist hip ratio, family
history of hypertension, level of physical activity,
parental education, and income level did not show
significant correlation. We recommend healthy diet
and regular physical activity to prevent obesity and its
harmful comorbidies. Further studies evaluating the
effect of obesity in a larger scale, with preventive and
management approaches would be highly valuable.
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