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Derivation of Simplified Blood Pressure 
Percentile Chart for Children Aged 
1-13 Years in Southern India:  
A Cross-sectional Study

INTRODUCTION
Blood pressure is defined as the pressure exerted by blood along 
the lateral wall of vessels. Hypertension in children is defined as 
Systolic Blood Pressure (SBP) and/or Diastolic Blood Pressure (DBP) 
above the 95th percentile. BP between the 90th and 95th percentile 
is defined as “high normal” or “prehypertensive” [1-2]. Systemic 
arterial hypertension is an important cause of adverse cardiovascular 
events with high morbidity and mortality in adults. Studies suggest 
that hypertension in adults has its origin in childhood [3-4]. Indeed, 
blood pressure in childhood is the best predictor of hypertension in 
adults. Recently, its incidence has been increasing due to changes 
in lifestyle and increasing obesity rates in these age groups [5]. 
This fact necessitates the need to include blood pressure in regular 
paediatric healthcare set-up.

American Academy of Paediatrics (AAP) in its guideline suggests 
that, measuring BP annually in children and adolescents greater than 
three years of age. Also, paediatricians should make a diagnosis 
of hypertension if BP readings are greater than the 95th percentile 
on three different occasions [6]. But, there are practical problems 
in implementing the above recommendation in office practice. 
The traditional auscultatory method using a sphygmomanometer 
is cumbersome for a busy practitioner. Also, for interpretation of 
measured values, one has to refer to a complex normative blood 
pressure table which has different values for age, height and gender 
[7]. The oscillometric method of blood pressure measurement is 
promising as it is easy, reliable, accurate, and avoids observer bias. 
AAP also recommends the usage of validated oscillometric devices 
for screening BP in children. But if elevated, such BP measurements 
need to be confirmed by the auscultatory method also [6].

A number of studies on BP reference values in children using mercury 
sphygmomanometer have been done already [8-12], BP reference 
tables in normal children using the oscillometric method are limited 
[2,8,9]. Percentile distribution charts have already been developed 
for adults in various studies [9-10] but its use is limited in paediatric 
age group. The aim of the study was to derive similar simplified BP 
percentile tables and charts for children aged between 1-13 years 
living in a South Indian state using Oscillometric method.

MATERIALs AND METHODS
This cross-sectional study was conducted at SRM Medical College 
and Research Centre in Kattankalathur, Tamil Nadu, India. Duration 
of the study was six months from July to December 2021. Approval 
from the IRB of SRM Medical College and Research Centre, 
Kattankalathur (Approval number-2881/IEC/2021) was obtained 
before the start of the above-mentioned study.

Inclusion criteria: Healthy children were included in the study.

Exclusion criteria: Children with known medical co-morbidities 
like hypertension, renal failure, Diabetes mellitus, and respiratory 
diseases were excluded from the study.

Sample size calculation: Sample size was calculated using the 
formula from the World Health Organisation (WHO) step-wise 
approach to chronic disease surveillance (N=Z2×P [1-P]/e2), [13]

where N=sample size, Z=level of confidence, P=baseline level of the 
selected indicator, and e=margin of error [13].

P was estimated at 0.50 (recommended by the STEPS survey 
guidelines [13]. When the estimated baseline is unknown), Z=1.96 
(at 95% confidence interval), and e=0.05; thus, the estimated sample 
size was n=1.962×0.5 (1-0.5)/0.052=384. This basic sample size 
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ABSTRACT
Introduction: Systemic arterial hypertension is an important 
cause of adverse cardiovascular events with high morbidity 
and mortality in adults. Blood Pressure (BP) percentile chart 
from outside India varies significantly in comparison with 
Indian charts. Percentile distribution charts have already been 
developed for adults in various studies but its use is limited in 
paediatric age group.

Aim: To measure blood pressure values of children aged between 
1-13 years and derive percentile charts for each age group.

Materials and Methods: A cross-sectional study was conducted 
at SRM Medical College and Research Centre in Kattankalathur, 
Tamil Nadu, India. Duration of the study was six months from July 
to December 2021. After Registration of an Institutional Review 
Board (IRB) approval, 1230 children were recruited and BP was 

measured using oscillometric method. Blood pressure values 
were represented as mean with standard deviations. Univariate 
analyses between blood pressure, age, height, and weight were 
done with Pearson’s correlation method, and gender differences 
were tested with Student’s t-test. 

Results: Study group included 1,230 children with a mean (SD) 
age of 6.1 (3.4) years. Simplified percentile charts were created 
using age and gender. Height and weight was not used as it 
was seen to explain very little variability of BP. 95th percentile 
values suggested levels indicating hypertension to be 110/71.5, 
125/79, 131/83.5 at ages of 1,5 and 10 years, respectively for 
female while the same for male was 105/70, 124/79, 129/82.

Conclusion: Simplified reference tables and charts, and simple 
convenient thresholds may be useful for rapid screening of 
hypertension using oscillometric method.
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was adjusted for design effect, and the required sample size was, 
therefore, n=384×2×1.5=1153.

Study Procedure
After obtaining consent from parents, 1230 children between the 
age of 1-13 years who visit the tertiary care hospital, were recruited. 
BP was recorded by sphygmomanometer after 5 minutes of rest in 
Outpatient Department (OPD) using different cuff sizes depending 
upon the age of the child. Sizes varied from 4×8 cm for younger 
children to 9×18 cm for older children. Two readings were recorded 
and the average of the readings was tabulated in the case report 
form. The height of the child was calculated by a stadiometer. The 
child stood with bare foot on a flat floor against a wall parallel and 
with heels, buttocks, shoulders, and occiput touching the wall 
and the height was expressed in centimetres (cm). Weight was 
measured  using standard weighing scale and was expressed as 
kilograms (kg). The results were also compared with two other 
studies by Narang et al., [2] and Kaelber DC and Pickett F, [14]. 

Narang R et al., [2] found only small improvement in SBP and DBP 
variance after addition of height to gender and age in multivariate 
regression analysis. Also, there was a linear correlation between 
age and height for both boys and girls. Hence, like Narang R et 
al., [2] to simplify the tables, percentiles were prepared for age and 
gender only,  without incorporating height adjustment. Univariate 
and multivariate analysis showed little significant correlation between 
age and weight; hence weight was not incorporated [2].

STATISTICAL ANALYSIS
Univariate analyses between blood pressure and age, was performed 
with Pearson’s correlation method, and gender differences were 
tested with Student’s t-test. p-values less than 0.05 were regarded 
as significant. Age and gender-specific percentile curves for SBP and 
DBP were generated. 

RESULTS
The study group included 1,230 children with a mean (SD) age of 
6.1 (3.4) years. Total number of male was 632 while that of female 
was 598. Mean (SD) age for male was 5.8 (3.4) and the same for 
female was 6.3 (3.6). [Table/Fig-1,2] show the anthropometric 
and blood pressure parameters of children grouped by age and 
gender. Majority children (68 female and 88 male) belonged to 
4 years of age in both sexes. Corresponding mean blood pressure 
was 106.76/65.01 mmHg for female and 107.09/67.09 mmHg for 
male for this age group. 95th percentile values suggested the levels 
indicating hypertension to be 110/71.5, 125/79, 131/83.5 at ages 
of 1,5 and 10 years, respectively for female while the same for male 
was 105/70, 124/79, 129/82.

Age (years) N Weight (kg) Height (cm) SBP (mmHg) DBP (mmHg)

1 48 10.88 (2.11) 83.8 (8) 95.64 (8.02) 59.56 (6.73)

2 78 11.52 (2.41) 87.79 (6) 102 (10.43) 61.62 (8.29)

3 70 14.53 (2.24) 96.91 (5) 106.07 (11.18) 68.78 (10.46)

4 88 16.2 (3.24) 102.5 (6) 107.09 (9.84) 67.09 (6.20)

5 68 19.05 (4.26) 108 (11) 110.25 (12.07) 68.57 (9.03)

6 46 20.54 (3.12) 115.26 (5) 107.76 (10.43) 67.3 (6.82)

7 50 22.03 (4.99) 120.64 (7) 113.6 (12.76) 68.54 (8.70)

8 34 27.91 (7.59) 129.05 (7) 110.94 (8.48) 67.82 (5.55)

9 26 28.83 (8.06) 131.61 (6) 112.03 (11.90) 68.38 (6.65)

10 38 32.44 (7.98) 136.68 (7) 115.21 (8.30) 68 (7.88)

11 36 36.57 (6.81) 144.88 (6) 115.08 (9.45) 69.91 (7.92)

12 30 38.53 (10.31) 144.93 (7) 115.03 (6.82) 70.73 (4.85)

13 20 37.18 (6.39) 147.55 (11) 115.11 (10.34) 73.22 (5.79)

Total 632 - - - -

[Table/Fig-1]:	 Anthropometric and haemodynamic parameters-male.
Values in mean (standard deviation), N- Total number; 
SBP: Systolic blood pressure; DBP: Diastolic blood pressure

Age (years) N Weight (kg) Height (cm) SBP (mmHg) DBP (mmHg)

1 60 9.24 (2.78) 79.8 (7) 94.9 (7.49) 61 (6.27)

2 38 11.37 (1.71) 84.57 (5) 98.78 (8.29) 62.28 (5.95)

3 66 13.63 (2.36) 94.36 (4) 99.89 (7.54) 62.75 (7.06)

4 68 16.32 (2.02) 101.79 (6) 106.76 (12.35) 65.01 (8.29

5 56 18.48 (3.64) 108.78 (6) 106.89 (10.47) 67.21 (8.53)

6 48 19.19 (4.51) 115.25 (7) 107.35 (11.63) 66.31 (9.13)

7 26 21.17 (4.28) 120.3 (8) 108.73 (7.06) 65.8 (6.83)

8 44 26.54 (6.21) 126.09 (8) 115.2 (7.87) 71.75 (8.11

9 48 30.02 (6.22) 132.75 (7) 115.91 (8.45) 69.54 (7.03)

10 50 33.71 (7.47) 137.68 (5) 116.7 (9.93) 70.36 (6.68)

11 36 33.48 (6.36) 137.55 (6) 114.91 (10.07) 71 (6.13)

12 24 38.07 (8.69) 144 (6) 117.77 (9.91) 71.77 (8.18)

13 34 37.39 (6.65) 149.66 (8) 117 (10.26) 70.63 (7.61)

Total 598 - - - -

[Table/Fig-2]:	 Anthropometric and haemodynamic parameters-female.
Values in mean (standard deviation), n-total number
SBP: Systolic blood pressure; DBP: Diastolic blood pressure

Age (years)

SBP (mmHg)

P1 P5 P10 P25 P50 P75 P90 P95 P99

1 83.5 84 86.95 88 93.5 100 104.3 110 111

2 84 89.85 90.35 93.25 98 101 109 111.25 120.5

3 85.5 92 92 95.5 99.5 102.5 109.85 117.25 121.5

4 86.5 93.175 94 98 102.5 113.5 119 120.125 126

5 89 96.75 95.5 100.875 105 113.5 119.5 125 130

6 92 98.375 97 98.875 102.25 115 125 126.5 130

7 94.5 98.5 99.5 101 109 120 125 128 131

8 95 99.5 103 109.5 114.5 122 125.6 129 133

9 96 100 103 111 116 122.5 128 130.25 133

10 98 100.875 103.25 110 117.5 123 129 131.325 134

11 98 102 107.5 106 113.5 123 129 131.5 134

12 100 103.8 108 116.25 120.5 124 129.5 132.5 135

13 100.5 105 109.5 111 119 123.375 130.2 133.65 139.5

[Table/Fig-3]:	 Percentile value of SBP with age-female.
P1 to p99 indicates 1st to 99th percentile; SBP: Systolic blood pressure

[Table/Fig-1,2] shows the anthropometric and haemodynamic 
parameters of both male and female recorded from the patients. 
[Table/Fig-3,4] represents the percentile values of systolic and 
diastolic blood pressure of female while [Table/Fig-5,6] is a graphical 
presentation of the percentile chart of systolic blood pressure 
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Age (years)

DBP (mmHg)

P1 P5 P10 P25 P50 P75 P90 P95 P99

1 40.5 51.5 52.45 57 60.5 65 69 71.5 77

2 49.5 52.25 56 57.5 60 65 70 73.45 76

3 50.5 53.05 56.5 58.5 62 66.25 72.3 79 77.5

4 51 56 58 61 63 69 74.5 79.6 79

5 54 55 57.05 60.75 65.5 69.625 74 79 81

6 55 54.5 56.5 59 65.25 72 78.5 80 83

7 56 55.25 57.5 60 65 74.5 78.75 80 84.5

8 56 59 61 64.5 69.5 75 79 80.75 85

9 57 57.5 62.5 63.75 66.25 76.375 79 82 86.5

10 58.5 61.875 63 66.5 70 77 81 83.5 89

11 60 61.75 63 66 69 78 82 85 89

12 61 62 64.65 69.375 72.25 78.625 83 87.35 90

13 61 62 66 69 71 78 84.55 88.8 91

[Table/Fig-4]:	 Percentile value of DBP with age-female.
P1 to p99 indicates 1st to 99th percentile; DBP: Diastolic blood pressure

[Table/Fig-5]:	 Percentile chart of systolic blood pressure and age-female. [Table/Fig-6]:	 Percentile chart of diastolic blood pressure and age-female.

Age (years)

SBP (mmHg)

P1 P5 P10 P25 P50 P75 P90 P95 P99

1 78.5 83 88 90.625 93.25 98.5 105 105 118

2 80 84.2 89.4 97 100 107.875 116.5 120.3 125

3 84 88.5 92.5 98 104 112.75 120.55 123 126

4 85 90.725 96 100 104.5 113.125 120.55 123 129

5 88 91.35 96 100.5 109 114.625 122 124.15 129

6 89.5 94 97 101.75 113 116 123 125.825 129

7 90.5 96.625 97 101 113 118.75 124 126.1 130

8 96.5 99 99.7 102.5 112 119 125 129 130

9 96.5 99 101 104.5 114 120.75 125.5 129.225 130.5

10 97 99.425 101.3 106 114.75 122 128.65 129 131.5

11 99 101.25 104.25 108 115 123 129 130.975 132

12 99.5 102.425 106 109.25 115.5 124 129.5 131 132

13 102 103.125 106.2 111 117.5 127 133 133 135

[Table/Fig-7]:	 Percentile value of SBP with age-male.
P1 to p99 indicates 1st to 99th percentile; SBP: Systolic blood pressure

and age-female [Table/Fig-7,8]. [Table/Fig-9,10] is a graphical 
presentation of the percentile chart of systolic blood pressure and 
age-male.

DISCUSSION
The study findings showed that blood pressure steadily increases 
with age in both males and females reaching adult levels by 13 years. 

On comparing the values between girls and boys, girls tend to have 
higher blood pressure than boys. Raj M et al., in their study from 
Kochi also had similar findings and attributed the difference to be 
due to the early onset of sexual maturation in girls [15]. Narang R 
et al., [2] is the only study in India to publish simplified oscillometric 
reference tables based on North Indian children. In their study, they 
found that the contribution of height to blood pressure is small. 
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Age 
(years)

DBP (mmHg)

P1 P5 P10 P25 P50 P75 P90 P95 P99

1 40 46.25 47.5 55.875 58.25 63.875 69 70 72.5

2 47 47 51 57.5 62.5 68 70.9 73.725 76

3 47.5 52.5 58 61 65.5 69 75 77 79

4 50 57.5 58 61.625 65.5 70.125 75 78.5 80

5 52.5 57.5 59 62 66 71.75 76 79.025 80

6 53 57.875 59 62.25 66.5 72 77 79.125 82

7 54 58.5 59 62.5 67 73 77.75 80.75 82.5

8 55 59 60 62.875 67.25 73.125 78.5 81.125 82.5

9 57 59 60.5 63 67.5 74.375 79 82 83

10 59 59.25 60.7 65 69 75 79.3 82.25 87

11 60 60 60.6 65 69 75 80 83 87.5

12 61 62.35 64 66.125 71.67 76.75 81 88.25 90.5

13 65 65 66.4 68 72 77.5 82.5 89.55 95

[Table/Fig-8]:	 Percentile value of DBP with age-male.
P1 to p99 indicates 1st to 99th percentile; DBP: Diastolic blood pressure

[Table/Fig-10]:	 Percentile chart of diastolic blood pressure and age- male.

[Table/Fig-9]:	 Percentile chart of systolic blood pressure and age-male.

Hence, they presented simple blood pressure tables based on age 
and gender only.

Kaelber DC and Pickett F, created a similar simplified tool to screen 
for children with hypertension. They simplified the existing tables 
in the Fourth report on high blood pressure in children from 476 
values to 64 values based on gender and age only. They concluded 
that such simplified tables can easily identify children with abnormal 
blood pressure [14]. [Table/Fig-11] [2,14] shows the comparison of 
present study BP values with the two similar studies by Narang R 
et al., and Kaelber DC and Pickett F. On comparing 90th percentile 
values of this study with those of Narang R et al., [2] and Kaelber 
DC and Pickett F, [14] using t-test, the p-values were less than 0.05. 
Kaelber DC and Pickett F, values were comparatively on the lower 
side than both the Indian studies [14]. These variations in values 
suggest that foreign BP percentile charts cannot be followed as 
reference. Also multicentric studies representing different parts 
of the country are needed as significant variations in BP exist 
between  north Indian and south Indian children. Jackson LV et 
al., [16] used the oscillometric method to measure BP in British 
children. They also found only 0.03 SD variation in both systolic and 
diastolic blood pressure with 1 SD variation in height. Hence, they 
have presented simplified charts based on age and gender only. 
Present study revealed the data similar to above studies excluding 
height. These tables will be easy to use and can be used routinely 
in office practice.

Zuijdwijk C et al., [17] compared such a simple blood pressure 
table against a standard blood pressure table. They found 100% 
of sensitivities and specificities of 61.1% and 81.3% in identifying 
hypertension and abnormal blood pressure values, respectively. 
These percentile charts are simple to interpret as it is not necessary 
to measure height percentile. They enable us to easily visualise 
the BP percentile of the child. Like growth charts, simplified BP 
charts can be easily printed and longitudinal tracking of BP can be 
done. The above studies suggest that, simple BP tables like the 
ones that has been designed in the current study can be valuable 
screening tools for identifying prehypertension, stage 1 and stage 
2 hypertension based on Fourth report [6] among children in office 
practice settings. Although blood pressure must be recorded in 

Place and year  
of study

Years (Girls)

Present study (SBP) 
Kattankalathur, TN 

2021

Narang R et al., [2] 
(SBP) Ballabhgarh, 

Haryana 2015

Kaelber DC and Pickett 
F, [14] (SBP) Elk Grove 

Village 2009

Present Study (DBP) 
Kattankalathur, TN 

2021

Narang R et al., [2] 
(DBP) Ballabhgarh, 

Haryana 2015

Kaelber DC and 
Pickett F, [14] (DBP) 

ElkGrove Village 2009

5 119.5 114 103 74 79 66

6 125 116 104 78.5 80 68

7 125 117 106 78.75 80 69

8 125.6 119 108 79 81 71
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children as a vital sign, it is seldom practiced clinically [12]. In one 
review, statistics of measuring blood pressure in paediatric children 
presenting in emergency department showed that only 5.3% of 
children had their blood pressure measured in United States, while 
the same in United Kingdom and Australia was about 9% and 
66% respectively [18-21]. For adults presenting in the emergency 
department, it is very basic to measure blood pressure but the same 
is not true for children. The reason for this is multifold.

Measuring the blood pressure in children is more difficult than adults 
because of crying toddlers that is likely to show false measurement, 
appropriate cuff sizes are not readily available in the triage room 
and no clear definition exists as to what is hypertension in children 
and lastly, clear guidance for taking blood pressure in children does 
not exist [22].

This study tries to address these difficulties in measuring and 
interpreting blood pressure in children. The Oscillometric method 
has been utilised using two cuff sizes for measuring blood pressure 
in children. This study has more practical value as it has captured 
feasible data rather than ideal data. In adults, the Joint National 
Committee has given simple cut-off values as 120/80, 140/90, and 
160/100 as thresholds for prehypertension, hypertension, and stage 
2 hypertension, respectively [23]. As reported, these are simple 
round values and hence, easy to apply in screening and treating 
hypertension. Similar simple convenient values need to be developed 
for children and make the screening process easier and practical.

Limitation(s)
In growth charts construction, serial recordings of blood pressure 
over a period of time in a cohort of children would have been ideal. 
But, such a design will need more time and resources. Many cuff 
sizes based on task force recommendations would have been more 
appropriate. For practicality purposes, only two cuff sizes were used 
as they were readily available in the market.

CONCLUSION(S)
In the present study, percentile chart for blood pressure among 
paediatric population in a hospital setting was derived. Simplified 
percentile charts were developed using age and gender only. 
These methods are easier to apply than standard tables in hospital 
setting and thus, can be used to identify hypertension along with 
clinical judgment. Also, this study showed that with age, blood 
pressure increases, though the rise varied at different ages, especially 
with onset of adolescence. Percentile charts prepared through 
larger sample size multicentric studies with children representing 
from different states can be more reliably extrapolated to the 

general population and should be the way forward in conducting 
future research.
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