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Abstract 
Background: High blood pressure in childhood and adolescence is a global public health problem and is often overlooked. It generally remains 

undiagnosed and untreated. The present study intended to find the association between blood pressure and body mass index among children aged 

11 to 15 years. Methods: A cross-sectional study was conducted among 953 school children aged 11 to 15 years. The study was conducted 

between January 2020 and July 2020 after obtaining clearance from an institutional ethics committee. Weight and height were measured by 

standard methods and BMI was calculated. Blood pressure was measured using mercury sphygmomanometer and more than 95 th centile for age, 

sex and height was considered to have hypertension. Results: In this study 953 school children were studied. Out of these 489 children were 

males and 464 were females. Children (25.7 %) were either overweight or obese. 197 (20.7 %) had an elevated blood pressure. The proportion of 

children with stage 1 and stage 2 hypertension was 6.1 % and 1.6 % respectively. 53.9 % of the overweight / obese children had more than 

normal blood pressure. There was a statistically significant relationship between blood pressure and BMI.  Conclusions: The present study 

indicates that BMI is an important factor affecting BP levels in children. Simple anthropometric assessment to determine BMI in schools would 

help in predicting the risk of developing hypertension. This will help in reducing the morbidity and mortality associated with hypertension in 

adults.  
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Introduction 

Cardiovascular diseases are the major causes of morbidity and 

mortality in adults. Systemic hypertension is an important risk factor 

for the development of cardiovascular diseases like coronary artery 

disease and stroke in adults. The prevalence of high blood pressure in 

children is found to be increasing in both developed and developing 

countries. This high blood pressure in children is often unrecognized 

and not managed appropriately. This increase in the prevalence of 

high blood pressure in children is attributed mainly to lifestyle 

changes like lack of physical activity, unhealthy dietary habits and an 

increase in body weight. High blood pressure in children may 

progress to adult hypertension and leads to hypertension-related organ 

damage in adults. Since detecting and controlling blood pressure and 

its determinants in childhood itself are important to prevent CVDs, we 

aim to study the association between blood pressure and body mass 

index. 

The prevalence of high blood pressure in school children seems to be 

increasing both in developed and developing countries[1]. Studies 

have shown that essential hypertension can start from childhood itself. 

The blood pressure pattern during the adolescent period shows a 

strong correlation to adult blood pressure[2,3]. Although the  

 

*Correspondence  

Dr. Shyna K P 

DCH, MD Paediatrics, Associate Professor, Department of 

Paediatrics, Kannur Medical College, Anjarakandy, Kannur, Kerala, 

India. 

E-mail: shynasarosh@gmail.com 

 

 

prevalence of  hypertension during childhood is lower than that is 

seen in adulthood this condition is not rare in children thus stressing 

the importance of evaluating for high blood pressure in children. The 

2017 AAP guideline recommends that the children 3 years older 

should have their BP measured during annual preventive visits[4]. 

The prevalence of hypertension among children reported by various 

studies range from 5.4 % to 19.4 %[5,6]. Factors known to affect 

blood pressure among children include age, sex, obesity, race, family 

history of hypertension, ethnicity and socioeconomic status. Studies 

have demonstrated a rise in mean systolic blood pressure as age 

increases in children. One study reported that children with a systolic 

blood pressure > 90th percentile tend to remain in the same percentile 

over time. The increase in BMI predisposes the adolescent individual 

to higher blood pressure and subsequently hypertension in 

adulthood[7]. In a study by Mane et al. they reported that the 

increasing BMI contributed to an increase in both SBP and DBP[8]. In 

another study by Shah et al. reported 8.94 % prevalence of obesity 

and 20.9 % prevalence of hypertension among adolescents of Surat 

city[9]. Since hypertension is one of the most important risk factors 

for CVDs, the detection of blood pressure in early childhood and 

appropriate prevention strategies during childhood helps in preventing 

future cardiovascular morbidity. 

The prevalence of high blood pressure is increasing in children and 

overweight/obesity is proposed as an important factor for developing 

childhood hypertension. Lifestyle diseases including cardiovascular 

diseases and childhood obesity are becoming a major concern in 

India, especially in Kerala. There are only a few studies from our 
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region in this regard mentioning the association between high blood 

pressure and BMI in school children. 

Methods 

A cross-sectional study was conducted among apparently healthy 

school children from both sexes aged between 11 and 15 years for 6 

months from January 2020 to July 2020. Children having an acute 

illness at the time of examination and children with pre-existing 

cardiovascular or renal diseases were excluded from the study. The 

Institutional Ethical Committee clearance was obtained before 

conducting the study. The purpose of the study was clearly explained 

to the teachers and parents in the regional language and written 

informed consent was obtained before enrolling participants for the 

study. 

Data was collected in a pre-tested proforma meeting the objective of 

the study. The age of the school children was obtained from the 

school records and other particulars like sociodemographic details, 

food habits, physical activity, family history of hypertension and 

anthropometric measurements were entered in the proforma. 

Height was measured by making the child stand upright barefoot, on 

the ground with heels, buttocks and shoulder touching the wall and 

head in Frankfurt plane; and measured using a sliding stadiometer 

with an accuracy of 0.1mm. Weight was recorded using a 

standardized weighing machine with an accuracy of up to 0.1 kg. 

BMI was calculated using the formula - BMI = Weight in Kilograms / 

Height in m2 and expressed as Kg/m2. Based on body mass index, 

children were classified as follows: Obese (> 95 th percentile), 

Overweight (85 - 95th percentile) and Normal (85th percentile). 

Blood pressure was measured in children in the age group of 11-15 

years between 9 am and 12 pm in a sitting position after 10 minutes of 

rest. BP was measured after applying an appropriately sized cuff on 

the right arm encircling the 2/3rd circumference of the arm with a 

lower edge 2.5 cm above the cubital fossa, as per guidelines suggested 

by WHO. Systolic blood pressure was determined as the appearance 

of the 1st Korotkoff sound and diastolic blood pressure was taken at 

the point of muffling of heart sounds[10].Three measurements were 

taken at an interval of fifteen minutes each and the mean of these 

readings was taken as an average systolic and average diastolic blood 

pressure. 

Hypertension is defined as average systolic and /or diastolic blood 

pressure > 95th percentile for gender, age, and height on 3 occasions. 

Prehypertension or elevated BP is defined as 90 - 95th percentile and < 

90th percentile was considered normal blood pressure[11]. In those 

children whose sys tolic and diastolic blood pressures were found to 

be more than 95th percentile for age, sex and height, another set of 

blood pressure readings were taken at an interval of 2 weeks. 

Statistical Analysis 

Categorical and quantitative variables were expressed as frequency 

(percentage) and mean+/- SD respectively. Kruskal Wallis Test was 

used to compare level of among different BMI group. Chi-square test 

was used to find association between categorical variables. For all 

statistical interpretations, p<0.05 was considered the threshold for 

statistical significance. Statistical analysis was performed by using a 

statistical software package SPSS, version 20.0. 

Results 

A total of 953 children were studied. The maximum (42.91 %) 

number of children were 14 years old. 22.8 % were 13 years old and 

22 % were 15 years of age. 6.6 % were 12 years old and 5.6 % were 

11 years old. 51.3% were males and 48.7%were females. 37 % of the 

population belonged to the middle socioeconomic class. 29 % 

belonged to the low socioeconomic class and 7.5 % belonged to the 

high socioeconomic class. (Table 1)With regards to the presence of 

chronic illness in the family, hypertension (10.4 %) and diabetes 

mellitus (17.4 %) were the most common chronic illnesses present. 

13.8 % had both diabetes and hypertension in the family. 57.5 % of 

them did not have any history of illness in the family. 96.85 % of the 

families consumed a mixed diet and junk food less than 3 times a 

week (80.58 %). 53 % of them were engaged in physical activity for 

more than an hour per day.   

Based on the BMI measured, 658 (69 %) children were of the normal 

weight category. 11(1.2 %) children were of severe underweight 

category and 39 (4.1 %) children were underweight whereas 164 

children (17.2 %) were overweight, and 81 (8.5 %) children were 

obese. Thus, there were a total of 50 children (5.2 %) who belonged 

to the underweight category and 245 children (25.7 %) were either 

overweight or obese. (Table 2) 

683 (71.7 %) children had normal blood pressure. 197 (20.7 %) had 

elevated blood pressure or prehypertension. The proportion of 

children with stage 1 and stage 2 hypertension was 6.1 % and 1.6 % 

respectively. (Table 2) 

92 % of the underweight children had normal blood pressure and 8 % 

of them had more than normal blood pressure. 46.1 % of the 

overweight / obese children had normal blood pressure whereas 53.9 

% of children had more than normal blood pressure. There was a 

statistically significant relationship between blood pressure and BMI. 

(Table 2) 

Children were stratified based on age, BMI and blood pressure. In all 

ages between 11 and 15 years, there was a statistically significant 

relationship between blood pressure and BMI. (Table 3) 

Children were classified based on their blood pressure and BMI, 

stratified based on gender. There was a statistically significant 

relationship between BMI and blood pressure in both genders. (Table 

4) 

 

Table 1: Background Characteristics of Children 

 Sl. No. Baseline Characteristics No. of Children No. (%) 

Age Distribution 

1 11 Years 54 (5.66%) 

2 12 Years 63 (6.61%) 

3 13 Years 217 (22.77%) 

4 14 Years 409 (42.91%) 

5 15 Years 210 (22.03%) 

Gender Distribution 
1 Male 489 (51.31%) 

2 Female 464 (48.68%) 

Socio Economic Status 

1 Low 277 (29.06%) 

2 Middle 604 (63.37%) 

3 High 72 (7.55%) 

Family History Of Chronic Illness 

1 No illness 548 (57.50%) 

2 Diabetes Mellitus (DM) 166 (17.41%) 

3 Hypertension (HTN) 100 (10.49%) 

4 Chronic Kidney Disease 1 (0.10%) 

5 DM + HTN 132 (13.85%) 

6 Thyroid Disorders 2 (0.20%) 

7 Bronchial Asthma 3 (0.31%) 

8 Psoriasis 1 (0.10%) 
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Diet 
1 Vegetarian 30 (3.14%) 

2 Mixed 923 (96.85%) 

Intake of Junk Foods 
1 <3 times/week 768 (80.58%) 

2 >3 times/week 185 (19.41%) 

Physical Activity 
1 <1 hour 445 (46.69%) 

2 >1 hour 508 (53.30%) 

 

Table 2: Association between Blood Pressure and BMI 

BP 
Under Weight Normal Overweight/ Obese 

2 Value P-Value 
No. (%) No. (%) No. (%) 

Normal 46 (92%) 524 (79.6%) 113 (46.1%) 

113.86 P < 0.01 
Elevated BP 3 (6%) 105 (16%) 89 (36.3%) 

Stage 1 Hypertension 1 (2%) 23 (3.5%) 34 (13.9%) 

Stage 2 Hypertension 0 (0%) 6 (0.9%) 9 (3.7%) 

 

Table 3: Association between Blood Pressure and BMI Stratified Based on the Age 

Age (Years) BP Under weight Normal Overweight/ Obese 2 Value P Value 

11 - 12 

Normal 4 (100) 79 (90.8) 14 (53.8) 

19.51 P < 0.01 Elevated BP 0 (0) 6 (6.9) 10 (38.5) 

Stage 1 Hypertension 0 (0) 2 (2.3) 2 (7.7) 

13 

Normal 2 (100) 127 (81.4) 33 (55.9) 

15.63 P < 0.01 Elevated BP 0 (0) 27 (17.3) 23 (39) 

Stage 1 Hypertension 0 (0) 2 (1.3) 3 (5.1) 

14 

Normal 27 (90) 208 (76.2) 48 (45.3) 

43.54 P < 0.01 
Elevated BP 3 (10) 57 (20.9) 44 (41.5) 

Stage 1 Hypertension 0 (0) 6 (2.2) 11 (10.4) 

Stage 2 Hypertension 0 (0) 2 (0.7) 3 (2.8) 

15 

Normal 13 (92.9) 110 (77.5) 18 (33.3) 

39.97 P < 0.01 
Elevated BP 0 (0) 15 (10.6) 12 (22.2) 

Stage 1 Hypertension 1 (7.1) 13 (9.2) 18 (33.3) 

Stage 2 Hypertension 0 (0) 4 (2.8) 6 (11.1) 

 

Table 4: Association between Blood Pressure and BMI Stratified Based on the Gender 

Age BP Under weight Normal Overweight/ Obese 2# p 

Male 

Normal 23 (88.5) 264 (76.7) 54 (45.4) 

49.18 P < 0.01 
Elevated BP 2 (7.7) 60 (17.4) 39 (32.8) 

Stage 1 Hypertension 1 (3.8) 15 (4.4) 20 (16.8) 

Stage 2 Hypertension 0 (0) 5 (1.5) 6 (5) 

Female 

Normal 23 (95.8) 260 (82.8) 59 (46.8) 

68.06 P < 0.01 
Elevated BP 1 (4.2) 45 (14.3) 50 (39.7) 

Stage 1 Hypertension 0 (0) 8 (2.5) 14 (11.1) 

Stage 2 Hypertension 0 (0) 1 (0.3) 3 (2.4) 

 

Discussion 

Hypertension is a major risk factor for cerebrovascular and 

cardiovascular disease[12-14]. Studies have shown that as age 

advances, the blood pressure in the study population also 

increases[15]. An insidious and steady increase in blood pressure seen 

in adults indicate that it may have its roots in early childhood and 

adolescence which may have gone undetected[16]. Studies have also 

shown that there is a relationship between blood pressure and body 

mass index in children and adolescents[17]. 

The present study showed that the prevalence of prehypertension was 

20.67 % and hypertension by 7.7 %.  Various studies have quoted the 

prevalence of hypertension in children ranging from 1.0 to 16.2 %[18-

20].Hypertension in children in the present study was defined as 

blood pressure above the 95th percentile recorded on three different 

occasions. In this study the proportion of children with hypertension 

was much lesser when compared to studies conducted by Sukhmani 

Kaur et al[21] in Rajasthan, Thangjam et al[22] in Manipur, Devi H S 

et al[23] in Imphal (Manipur) where the prevalence was found to be 

16.2 %, 15.3 % and 15.7 % respectively. The prevalence of 

hypertension ranged from 3 to 10 % in school children as seen in 

some studies from different regions of India[24-29]. A study 

conducted by Tazeen H Jafar et al[30] showed that the prevalence of 

hypertension among South Asian children was substantially greater 

than 5 % predicted prevalence of high BP in children in the United 

States based on the same criteria despite their low BMI values. 

Authors of studies agree to the fact that serial measurement of blood 

pressure is necessary to document persistent elevations[31,32]. 

Sustained severe hypertension can almost always be related to a 

definite cause, however, population-based epidemiological studies 

show that primary hypertension is predominant among apparently 

healthy children[10]. In order to study the variations in blood pressure 

over different ages it is necessary to study the normal range of blood 

pressure among children[10]. Researches have been conducted in 

various parts of India to establish the variations in normal blood 

pressure for different age groups. However, very few studies are 

available with reference to blood pressure among children in the 

present study area. 

The present study showed that children who are overweight / obese 

were more likely to have hypertension when compared to children 

who are normal or underweight. These findings are consistent with 

the results of studies done in India and other countries[19,28-

30,30,33-34]. Charan et al[25] in his study found that there was a 

significant increase in blood pressure among obese children of both 
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genders, thus concluding that BMI had a role to play in the 

development of hypertension in childhood.  

Conclusions 

The prevalence of prehypertension and hypertension was 20.67 % and 

7.66 % respectively. High blood pressure was found to be strongly 

associated with BMI. Simple anthropometric assessment to determine 

BMI in schools would help in predicting the risk of developing 

hypertension. Hence it is recommended that blood pressure should be 

screened regularly in all children and adolescents. Early identification 

of children with prehypertension and hypertension will help to initiate 

early interventions, and thus reduce the possibility of future morbidity 

and mortality associated with hypertension. 
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