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Correlation between blood pressure and body mass index in 5–12-year-old
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ABSTRACT
Background: Childhood hypertension is an increasing problem all over the world; especially, in developing countries, as it has now
been shown to be a precursor of adult hypertension. Objective: The objective of this study was to screen the patients presenting in
the outpatient department (OPD) with minor illness for the presence of hypertension and its correlation with body mass index (BMI).
Materials and Methods: This was a cross-sectional, observational study in which 105 children between 5 and 12 years of age,
who presented in pediatrics OPD of a tertiary care hospital, were screened for blood pressure (BP), height, weight, and BMI. A pro
forma was designed to include parental BP, diet details, physical activity, and average daily screen time. Their demographic details
including BP of parents were recorded in OPD, and lifestyle of the child reflecting on screen time, physical activity, and food habits
were recorded in pro forma. The children were later categorized according to their BMI and BP centiles. Results: BP >90th centile
was found in 8 (7.6%) of the screened children and BP >90th centile was present in 5.55% of girls and 8.6% of the boys. 27 (25.7%)
children had BMI >85th centile; 5 (4.7%) children had both BMI >85th centile and BP >90th centile; of them, three were boys and
two were girls. Conclusion: This study highlights the importance of routine measurements of the BP in all children presenting in
OPD to screen them for hypertension.
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S

ystemic hypertension, originally thought to be disease
of adults, is being increasingly recognized in pediatric
population. It is an established predictor of adult
hypertension and end-organ damage. An increasing number of
children, adolescents, and young adults are being diagnosed with
hypertension on routine screening and the number in developing
countries is growing fast [1]. Childhood hypertension is being
diagnosed in increasing number of children and adolescents
across the world. The recent data on the US children about the
prevalence of childhood hypertension show that the prevalence
of prehypertension was estimated to be 14% and 6% in boys
and girls, respectively, and the prevalence of hypertension was
estimated to be 3–4% in many studies [2-4].
Among the several probable causes of the increase in the
prevalence of blood pressure (BP), important ones include
obesity, decreased physical activity, consumption of high-calorie
diet, and caffeinated drinks along with mental stress and sleep
deprivation. The presence of renovascular and renal parenchymal
disease in children is another important factor responsible for
hypertension.
Control of hypertension includes both pharmacological
measures such as angiotensin-converting enzymes inhibitors,
angiotensin II receptor blockers, and non-pharmacological
measures such as change in lifestyle to include an increase in
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physical activity and decrease in consumption of high calorie,
carbonated drinks, high sodium, and packaged foods. Despite
a growing burden of obesity and hypertension in developing
countries, there is limited information on the contribution of
body mass index (BMI) to BP among the pediatric populations.
Obesity-related hypertension requires studies specific for the
local population as these vary according to ethnicity, lifestyles,
and dietary habits which differ among areas in India.
In this context, the study of association between BMI and BP
among children in the age group of 5–12 years attending outpatient
facility of a tertiary care center was undertaken to identify at-risk
population. Since this hospital caters to insured population under
ESI Scheme and no study could be found in this group of patients;
hence, this study was conducted.
MATERIALS AND METHODS
This cross-sectional observational study was conducted the
pediatric outpatient department (OPD) of a tertiary care ESI
hospital in New Delhi. All the children presenting in pediatric OPD
with minor illnesses such as cold, mild cough, or for vaccination
and follow-ups were screened with BP measurements. Children
suffering from chronic kidney disease, chronic heart disease, and
rheumatic disease or on any antihypertensive, diuretic, and steroid
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therapy were excluded from the study. As it was an occurrence
and not a prevalence study, a sample of convenience was taken.
After taking a written informed consent and ethical committee
approval, patient’s details including BP were recorded on a pro
forma which contained their demographic details, anthropometry,
BMI (calculated), BP of parents, consumption of processed
food, screen time, and details of outdoor activity. A repeat BP
measurement was taken after half an hour and the average of
three BP readings was taken as the reference. Age was ascertained
using the Aadhar card as the reference. BMI was calculated as
weight (kg)/height (m)2 and BMI centile was calculated using
standard IAP charts. Overweight and obesity were based on BMI
centiles of 85–95 and >95, respectively.
BP was measured using standardized sphygmomanometer
with appropriate size cuff covering 2/3 of the arm. BP was
measured with the child sitting in upright position and arm at
the level of the heart. If systolic BP (SBP) or diastolic BP (DBP)
was >90th centile, then repeat BP was taken after 1–3 weeks on two
separate occasions. The lowest of these readings was recorded.
Those diagnosed with hypertension were further investigated for
the cause and managed as per standard treatment guidelines. The
height centile was then used as a reference to calculate the BP
centile.
Then, according to the BP centile, it was classified into
four categories; <50th centile, 50–90th centile, 90–95th centile,
and >95th centile. SBP or DBP ≥95th centile for age, sex, and
height on three or more occasions was defined as hypertension.
Prehypertension was categorized as BP between 90th and
95th centile [4]. Children diagnosed with hypertension were then
evaluated in detail to find the cause of hypertension and treated
accordingly. The percentages of hypertension were compared in
those with BMI in the obese and overweight and normal range.
RESULTS
In this study, a total of 105 children were screened among whom,
69 (65.72%) were boys and 36 (34.28%) were girls. Overall in
the study population, 25.7% (27/105) children were found to be
either overweight or obese. Further, in the screened population,
18.09% (19/105) were overweight and 7.61% (8/105) were
obese. In the study population, 16.66% and 5.55% of girls were
overweight and obese, respectively, while 18.86% and 8.6% of
boys were overweight and obese, respectively. Overall, 62.5%
(5/8) of children with BP >90th centile had BMI >85th centile
(Table 1).
Table 1: Gender‑wise distribution of BMI centiles
BMI centile
<50
50th–85th
85th–95th (overweight)
>95th (obese)
Total (105)
th

Boys, n (%)

Girls, n (%)

36 (52.17)
14 (20.28)
13 (18.84)
6 (8.6)
69 (65.72)

21 (58.33)
7 (19.49)
6 (16.66)
2 (5.55)
36 (34.28)

BMI: Body mass index
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Majority of the girls, 28/36 (77.77%) had BMI <50th centile and
BP <90th centile. Eight girls had BMI >85th centile, of which only
two had BP >90th centile, 1 (50%) was overweight and 1 (50%)
was obese (Table 2), i.e., 2/36 (5.55%) had both BP >90th centile
and BMI >85th centile and one girl had BP >95th centile. Majority
of the boys, 43/69 (62.31%) had BMI <85th centile and BP
<90th centile; six boys were found to have BP >90th centile and
of them, only three had BMI >85th centile. 19 boys had BMI
>85th centile, of which only three had BP > 90th centile, two were
overweight and one was obese (Table 3), i.e., 3/69 (4.64%) had
both BP >90th centile and BMI >85th centile. Only one boy had BP
>95th centile.
Among them, only one child had isolated high SBP and seven
children had both high SBP and high DBP while none of them had
isolated high DBP. Of the eight children who were found to have
hypertension, parental hypertension was found in three cases. Two
children were diagnosed with a history of recurrent urinary tract
infections, one had inflammatory granuloma, one was asthmatic,
and another had pulmonary tuberculosis. Three children had viral
infection and no definite cause of hypertension could be evaluated.
Two children who had hypertension, i.e., BP >95th centile, were
both obese.
DISCUSSION
Obesity is increasing in epidemic proportions all over the world
with rapid increase in developing countries due to easy and
lucrative access to processed and high-calorie food. This has led
to an increase in metabolic syndromes including dyslipidemia,
diabetes, and hypertension. Obesity can be measured in routine
clinical practice using BMI calculation and plotting it on standard
reference charts. Although the prevalence of hypertension is
far less in children than in adults, there is enough evidence to
suggest that the roots of essential hypertension extend into
childhood [5-8]. The occurrence of BP >90th centile in our study
group of 5–12 years was 7.61% (8/105); 5.55% (2/36) for girls
and 8.6% (8/69) for boys.
Of 105 children, 27 (25.71%) had a BMI >85th centile which
indicates that one-fourth of the screened population had BMI
higher than normal reflecting on the significant burden on pediatric
population. Of these 27, 18.5% of children with BMI >85th centile
for age had BP >90th centile. This was comparable with similar
studies done in the past where it was shown that variation in BP
had a direct correlation with age, height, and BMI. Sandvik et al.,
Paffenbarger et al., and Soudarssanane et al. found similar results
[9-11]. Andriska et al. found in their study that 41% of hypertensive
children were obese [12]. Similar study was done by Sharma et al.
noted that rates of elevated BP (prehypertension and hypertension)
were significantly higher in children with high BMI. Friedemann
et al. reviewed literature and reported a significant effect of BMI
on hypertension [13]. Furthermore, studies have shown impact of
weight reduction [14] and diet control [15] on hypertension.
Limitation of the study was the sample size which was small
and correlation with other factors influencing BP including lipid

Indian J Child Health

111

Mishra et al.

Correlation between BP and BMI in children

Table 2: BMI centiles with respect to BP centiles in girls
BMI centiles
<50th
50th–85th
85th–95th (overweight)
>95th (obese)
Total

BP <50th centile, n (%)

BP 50th–90th centile, n (%)

BP >90th centile, n (%)

15 (65.21)
4 (17.39)
3 (13.04)
1 (4.35)
23

6 (54.54)
3 (27.27)
2 (18.18)
0 (0)
11

0
0
1 (50)
1 (50)
2

BP <50th centile, n (%)

BP 50th–90th centile, n (%)

BP >90th centile, n (%)

26 (60.46)
8 (18.6)
7 (16.27)
2 (4.6)
43

9 (45)
4 (20)
4 (20)
3 (15)
20

1 (16.66)
2 (33.33)
2 (33.33)
1 (16.66)
6

BMI: Body mass index

Table 3: BMI centiles with respect to BP centiles in boys
BMI centile
<50
50th–85th
85th–95th (overweight)
>95th (obese)
Total
th

BMI: Body mass index

profile was not ascertained. We, therefore, recommend a larger
sample size of children with higher BMI to be evaluated in detail
including all relevant biochemical investigations.
CONCLUSION
Although the number is small, the study highlights the importance
of measuring BP in all children attending OPD of a tertiary care
hospital. This will help us in picking up asymptomatic children
with hypertension at an early stage which will enable the clinician
to investigate and manage these cases appropriately since it may
have long-term consequences.
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