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Abstract

Background: The prevalence of hypertension and obesity is on the rise in children. Both hypertension and obesity are of the most
important factors in the development of cardiovascular diseases.
Objectives: Given the importance of hypertension and obesity in children, this study was conducted to determine the incidence of
hypertension and obesity in children and investigate the relationship between these two variables.
Methods: This cross-sectional study was conducted on 994 children over five years of age admitted to the Children’s Clinic of Amirk-
abir Hospital in Arak, Iran. Blood pressure was determined by observing the standard blood pressure measurements based on chil-
dren’s gender, age, and height. The BMI of children was determined based on available charts.
Results: Of the 994 children entering the study, 51.1% were male and 48.9% were female. The mean age was 7.49 ± 2.38 years. The
prevalence of obesity was 10.5% and the prevalence of hypertension was 7%. Based on BMI, the prevalence of hypertension was 19.2%
in obese children and 4.1% in normal-weight children (P < 0.001).
Conclusions: The condition of hypertension in children is significantly correlated with their obesity.
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1. Background

Hypertension (HTN) is becoming a common medical
problem in general and pediatric populations. Recent
studies showed that the prevalence of HTN is on the rise in
children (1, 2).

Some studies estimated that the prevalence of HTN is
2% - 5% in the pediatric population and it is a common
chronic disease in children. Hypertension in children may
be essential or secondary to another disease (such as renal
disease or endocrine disease). However, secondary hyper-
tension is more common in children (3, 4).

HTN is an important risk factor for the incidence
of cardiovascular disease as an important cause of mor-
bidity and mortality. Recent studies show that the in-
creased prevalence of hypertension in children is associ-
ated with increased cardiovascular risks among adoles-
cents and adults. Pediatric hypertension can cause pro-
gressive organ damage and severe complications includ-
ing heart, brain, kidney, and eye damage (5-7).

Nowadays, along with the increased cardiovascular
disease, overweight and obesity have become epidemic,

representing major public health problems worldwide (8,
9).

2. Objectives

Given the importance of hypertension and obesity in
children, we measured the incidence of hypertension and
obesity in children and studied the relationship between
these two variables.

3. Methods

This cross-sectional study was conducted on 994 chil-
dren at Amirkabir Hospital, Arak, Iran. The children were
enrolled in the study based on the inclusion and exclusion
criteria. The data on birth weight and the type of neona-
tal feeding were also recorded. Height, weight, and blood
pressure were measured for all children. Blood pressure
was measured based on standard methods using the Cit-
izen digital blood pressure monitor (REFCH-311B) (10). If
blood pressure was higher than normal, it was measured
again after 48 - 72 hours and then recorded. It should also
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be noted that children with hypertension were referred to
pediatric nephrologists.

Blood pressure of less than the 90th percentile based
on age, gender, and height was considered normal, be-
tween the 90th and 95th percentile indicated pre-HTN sta-
tus, between the 95th and 99th percentile showed HTN
grade I, and greater than the 99th percentile plus 5 mmHg
denoted HTN grade II (10).

The inclusion criteria included all children over five
years of age with no kidney problems and other chronic
illnesses. The exclusion criteria were patients who did not
cooperate in measuring blood pressure and children who
had secondary hypertension.

The study was approved by the Ethics Committee
of Arak University of Medical Sciences with ethics code
IR.ARAKMU.REC.1396.108. Written informed consent was
obtained from the parents of all children.

The data collected through checklists were analyzed by
SPSS version 22 software using descriptive statistics for ba-
sic information and the chi-square test for qualitative vari-
ables. The quantitative variables were analyzed using the
independent sample t-test, chi-square test, and Fisher ex-
act test. The values of P < 0.05 were considered significant.

4. Results

The overall mean age of the sample was 7.49 ± 2.38
years consisting of 51.1% boys and 48.9% girls. The details
are summarized in Table 1.

The prevalence rates of systolic HTN and diastolic HTN
(including HTN grade I and II) were 3% and 5.8% in the

Table 1. General Characteristics of Children

Parameter No. (%) or Mean ± SD

Gender

Male 508 (51.1)

Female 486 (48.9)

Gestational age

Pre-term 34 (3.4)

Term 958 (96.4)

Post-term 2 (0.2)

Birth weight, kg 3.275 ± 0.507

Feeding

Breast milk 923 (92.9)

Formula milk 71 (7.1)

Age, y 7.49 ± 2.38

Weight, kg 26.05 ± 11.14

Height, cm 122.26 ± 16.19

general pediatric population, respectively. Moreover, the
prevalence of overweight and obesity in the children was
13.2% and 10.5%, respectively (Table 2).

Table 2. Blood Pressure (BP) and BMI Status in Children

Parameter No. (%)

SBP

Normal 936 (94.2)

Pre-HTN 28 (2.8)

HTN grade I 22 (2.2)

HTN grade II 8 (0.8)

DBP

Normal 895 (90)

Pre-HTN 41 (4.1)

HTN grade I 38 (3.8)

HTN grade II 20 (2)

BP

Normal 879 (88.4)

Pre-HTN 45 (4.5)

HTN 70 (7)

BMI

Underweight 122 (12.3)

Normal 637 (64.1)

Overweight 131 (13.2)

Obese 104 (10.5)

Furthermore, the study showed that the prevalence of
HTN had a correlation with birth weight. The prevalence of
HTN was higher in children fed with formula milk than in
children fed with breast milk. The prevalence of hyperten-
sion was 19.2% in obese children and 4.1% in normal-weight
children (P < 0.001) (Table 3).

5. Discussion

Both HTN and obesity in childhood have relationships
with HTN and obesity in adulthood. Furthermore, some
studies have shown that HTN and obesity in childhood
have a relationship with cardiovascular disease in adult-
hood. Therefore, understanding the relationship between
blood pressure status and BMI status is very important to
reduce the risk factors of cardiovascular disease (11, 12).

The recent study aimed to investigate the association
between blood pressure and BMI among children over 5
years of age. The results of this study showed that blood
pressure had a significant correlation with BMI.
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Table 3. Blood Pressure Correlation with Feeding, Birth Weight, and BMI

Parameter
BP Status

P Value
Normal Pre-HTN HTN

Feeding, No. (%) < 0.001

Breast milk 841 (91.1) 28 (3) 54 (5.9)

Formula milk 38 (53.5) 17 (23.9) 16 (22.5)

Birth weight, mean ± SD 3241 ± 484 3514 ± 679 3555 ± 537 < 0.001

BMI, No. (%) < 0.001

Underweight 114 (93.4) 0 (0) 8 (6.6)

Normal 591 (92.8) 20 (3.1) 26 (4.1)

Overweight 102 (77.9) 13 (9.9) 16 (12.2)

Obese 72 (69.2) 12 (11.5) 20 (19.2)

Similar to our study, Basiratnia et al. reported that
there was a significant relationship between BMI and hy-
pertension in children and that both SBP and DBP signifi-
cantly increased with obesity (13). He et al. found that the
prevalence of HTN was 19.4% in obese children and 7% in
non-obese children (14). Similar to our results, Falkner et
al. found that SBP and DBP increased in children with in-
creasing BMI (15).

Another study conducted by Madruga et al. showed
a direct relationship between the waist-to-height ratio
and the incidence of hypertension in adolescents (8).
Kuwabara et al. in a five-year cohort study reported that
obesity increased the risk of HTN (16).

This study had some limitations. Some of the parents
did not cooperate in the study and did not return for blood
pressure measurement of their children. Therefore, these
children were excluded from the study.

5.1. Conclusions

According to the results of the current study, it seems
that the prevalence of hypertension was higher in the
obese population than in the normal-weight population of
children over five years of age. Therefore, overweight and
obese children should be more closely monitored for their
blood pressure and should begin weight loss treatment as
soon as possible. Furthermore, this study showed that the
prevalence of HTN was more in children fed with formula
milk than in children fed with breast milk.

However, these findings require more evidence from
further investigations. Similar studies at different centers
are proposed to help these patients. Moreover, similar
studies are needed to investigate the effect of formula milk
on blood pressure.
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