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PHYSICAL GROWTH, BODY MASS INDEX 
AND AGE INDEPENDENT ANTHROPOMETRIC INDEX 

OF INDIAN CHILDREN
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Abstract: Patterns o f growth in height, weight, upper arm girth and body surface area o f3286 boys and 3368 
girls aged 9 -17 years studying in public schools, central schools and government schools in Delhi are presented. 
In all the age groups, boys as well as girls o f  public schools showed larger mean values o f height, weight, upper 
arm girth and body surface area than those o f their coevals o f  central schools and government schools. Data on 
age at appearance ofpuberty signs o f boys and girls are also reported. Mean age at menarche o f girls o f  public 
schools, central schools and government schools was 12.68 SD 1.02; 13.28 SD 1.04; and 13.40 SD 1.21 years 
respectively. Mean values and SD o f body mass index a n d i\fveight/height index o f boys and girls are also report
ed. Body mass index increased with increase in age in both sexes ’̂ /weight,/height index did not increase or 
decrease with age. ’\/weight/height is, age independent anthropometric index and its significance and practical 
importance in nutrition studies is discussed.
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Introduction

The object of the present paper is: 1) to report patterns of growth in height, weight, 
upper arm girth and body surface area of children of 3 different socio-economic groups; 2) 
to present the data on age at appearance of puberty signs of boys and girls of different 
socio-economic groups and , 3) to present data on body mass index and \J  weight/height 
index of children of different age groups of different socio-economic groups.

Material and Methods

3286 boys and 3368 girls from various public schools, central schools and government 
schools located in different part of Delhi and New Delhi formed the subjects of the present 
study. Their ages ranged from 9 to 17 years. Children of elite of the society belonging to 
high socio-economic group attend the public schools. They have good diet and nutrition 
and enjoy optimum living conditions. Children of government servants / officers including 
children of army personnel who have transferable jobs get admission in the central schools, 
whereas children of general cross section of the population attend the government schools. 
The economic status of the parents of the children of central schools was lower than those 
of their coevals of public schools. Their economic status was more or less similar to those 
of their coevals of government schools, but the level of education of the parents of children 
of central schools was better than those of their coevals of government schools. From every 
school selected for the present study, a sample of children was examined and the method 
followed for sampling was that of ICMR (1972).
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Body measurements. Standardised measurements of height, weight and upper arm girth 
were obtained for each subject using standard methods. Body weight was obtained with 
'Prince' lever actuated balance and due reduction was made for clothing.

Surface area of the body was calculated for each subject using the following formulae : 
Surface area (m)2 for men (vide Banerjee and Sen 1955) =

Weight(kg)'"'25 x Height(cm)0725 x 74.66
10,000

Surface area (m)2 for women (vide Banerjee et al. 1958) =

Weight(kg)0 425 x Height(cm)0725 x 78.28
10,000

Puberty signs. For each boy, the presence or absence of pigmented hair in the axilla and 
pigmented hair on the upper lip, chin and cheek were recorded. For girls, the presence or 
absence of axillary hair was noted. Information on whether each girl had experienced 
menarche or not was also recorded. Probit analysis was done for calculating the mean age 
at appearance of puberty signs. Statistical analysis of the data was done at Delhi University 
Computer Centre using SAS package.

Results

In all the age groups boys and girls of public schools showed greater mean values of 
height, weight, arm girth and body surface area than those of their coevals of central 
schools and government schools. Children of government schools showed the lowest mean 
values of these measurements. Measurements of children of central schools were in 
between those of their coevals of public schools and government schools but were closer to 
the measurement of the children of government schools. [Due to limitation of space, mean 
and SD of body surface area only are presented here (Table 1).]

Sex difference in body measurements was also observed. Girls were taller than boys dur
ing 10 -12 years of age. Body weight was greater in girls from 10 -13 years while arm girth 
was greater in girls during 10 -14 years. Body surface area was greater in girls than those of 
boys during 10-13 years (Table 1). In all other age groups, boys showed greater mean val
ues of body measurements.

Puberty signs. Mean values and SD of age at appearance of puberty signs of boys and 
girls and age at menarche of girls are presented in Table 2. Pigmented hair in the axilla and 
pigmented hair on the upper lip, chin and cheeks appeared earlier in boys of public schools 
than those of central schools and government schools. Pigmented axillary hair in girls also 
appeared earlier in case of girls of public schools than in those of their coevals of central 
schools or government schools (Table 2).
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Table 1: Mean and SD of body surface area (m)! of boys and girls of different schools

S ex  and P u b lic  sch oo ls C entral sch o o ls G overnm ent sc h o o ls

age group

(years) N  M e a n  S D N  M ea n  S D N  M ea n  S D

Boys
9 87 1.07 0.10 108 1.03 0.08 118 1.02 0 .12

10 144 1.16 0.14 101 1.07 0.09 124 1.06 0 .1 0

11 121 1.25 0.14 101 1.13 0 .1 0 164 1.14 0.13
12 178 1.33 0.16 100 1.27 0.16 175 1.19 0.11

13 155 1.46 0.16 112 1.37 0.14 186 1.33 0.17
14 155 1.57 0.18 103 1.48 0.17 159 1.43 0.17
15 120 1.67 0.16 101 1.60 0.13 150 1.54 0.15
16 84 1.72 0.13 98 1.64 0.15 165 1.64 0.13
17 54 1.78 0.17 31 1.69 0.14 90 1.62 0.11

Girls

9 108 1.12 0.13 98 1.07 0 .1 2 118 0.99 0 .12

10 121 1.24 0.14 100 1.14 0 .1 2 174 1.13 0 .1 2

11 131 1.32 0.15 99 1.25 0.15 166 1.23 0.14
12 142 1.45 0.16 100 1.33 0.14 189 1.31 0.15
13 117 1.52 0.13 101 1.43 0.13 199 1.40 0.15
14 134 1.57 0.14 100 1.50 0 .12 213 1.45 0 .12

15 117 1.59 0.13 97 1.53 0.11 213 1.50 0.11

16 109 1.61 0 .10 93 1.55 0.11 170 1.51 0.11

17 53 1.59 0 .10 22 1.53 0 .1 0 84 1.52 0 .12

Table 2: Mean and SD of age (years) at appearance of puberty signs in boys and girls of different schools

S ex  and Puberty  

S ign

P u b lic  schools  

M ea n  S D
C entral sch o o ls  

M ean  S D
G overnm ent sc h o o ls  

M ean  S D

Boys
Axillary hair 11.49 1.36 12.70 0.84 12.82 1.25
Upper lip hair 11.59 1.51 13.02 0.82 13.17 1.44
Chin hair 14.40 0.91 14.66 0.94 15.22 1.24
Cheek hair 14.76 1.00 15.29 0 .8 6 15.68 1.53

Girls
Axillary hair 10. 79 1. 05 11.22 1.10 11.61 1 .20
Menarche 1 2 .6 8 1.02 13.28 1.04 13.40 1.21
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Body Mass Index (BMI). Weight (kg)/Height (m2). Body mass index increased with age 
in both sexes. It was interesting to note that girls showed greater values of mean as well as 
centiles of BMI than those of the boys of the same age groups. (Table-3). [Due to limita
tion of sapce, the mean values and centiles of BMI of children of public schools only are 
given here (Table 3)]

Sex and age Centiles
group (years) Mean SD 5th 10th 25th 50th 75th 90th 95th

Boys
9 15.7 2.2 13.3 13.5 14.3 15.1 16.5 18.3 20.8
10 16.4 2.6 13.2 13.7 14.5 16.0 17.5 20.6 22.7
11 16.9 2.7 14.1 14.4 15.0 16.1 18.1 20.8 22.8
12 17.5 2.8 13.8 14.4 15.5 16.8 19.2 21.4 22.8
13 17.7 2.8 14.0 14.6 15.8 17.2 19.3 21.1 23.5
14 18.3 2.8 14.6 14.9 16.0 17.8 19.5 22.4 23.9
15 19.1 3.1 15.3 15.7 16.9 18.5 20.9 23.5 25.3
16 19.7 2.9 15.3 16.2 17.6 19.4 21.0 24.4 26.0
17 20.6 3.4 15.9 16.7 18.0 19.9 23.2 25.8 27.2

Girls
9 15.9 2.2 12.6 13.4 14.4 15.5 17.4 18.6 20.0
10 16.6 2.7 13.1 13.6 14.8 16.3 17.9 20.0 22.2
11 17.3 2.7 13.4 14.1 15.4 16.8 18.7 21.1 22.6
12 18.4 2.8 14.4 14.9 16.0 18.0 20.1 22.6 24.1
13 19.0 3.1 14.8 15.5 17.0 18.6 20.6 22.3 25.4
14 19.4 3.1 15.8 16.3 17.1 18.9 21.1 23.7 25.5
15 19.8 3.1 15.6 16.3 18.0 19.4 21.4 24.4 25.2
16 19.7 2.1 16.4 17.0 18.1 19.7 21.4 22.4 23.4
17 19.6 2.2 16.6 17.1 18.0 19.1 21.0 22.3 23.9

Mean values and centiles of BMI of boys as well as girls of public schools were greater 
than those of their coevals of central schools and government schools.

yweight/Height (m) Index. It was interesting to note that the mean values of ^/weight/ 
height index were identical (2.2) in all the 9 age groups of boys as well as girls of central 
schools. Boys and girls of public schools and government schools also showed almost iden
tical values in different age groups. The \J weight/height, could therefore be considered as 
age independent anthropometric index.

It was interesting to note that the mean values of this age independent anthropometric 
index tended to be somewhat greater in children of public schools than those of their 
coevals of central schools and government schools.

Values of SD of IJ weight/height were identical (0.1) in all the 9 age groups of boys as 
well as girls of public schools, central schools and government schools.
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Mean value, SD and selected centiles of \J weight/height of boys and girls of public 
schools are presented in Table 4. Value of 5th centile of this index was identical (2.1) in all 
the age groups of boys and girls. Similarly the values of other centiles were also identical in 
all the age groups. (Table 4).

Sex and age Centiles
group (years) Mean SD 5th 10th 25th 50th 75th 90th 95th

Boys
9 2.3 0.1 2.1 2.2 2.2 2.3 2.3 2.4 2.5
10 2.3 0.1 2.1 2.2 2.2 2.3 2.3 2.4 2.5
11 2.3 0.1 2.1 2.1 2.2 2.2 2.3 2.4 2. 5
12 2.3 0.1 2.1 2.1 2.2 2.3 2.3 2.4 2.5
13 2.2 0.1 2.1 2.1 2.2 2.2 2.3 2.4 2.5
14 2.2 0.1 2.1 2.1 2.2 2.2 2.3 2.4 2.5
15 2.2 0.1 2.1 2.1 2.2 2.2 2.3 2.4 2.5
16 2.3 0.1 2.1 2.1 2.2 2.3 2.3 2. 5 2.5
17 2.3 0.1 2.1 2.1 2.2 2.3 2.4 2.5 2.5

Girls
9 2.3 0.1 2.1 2.2 2.2 2.3 2.4 2.4 2.4
10 2.3 0.1 2.1 2.2 2.2 2.3 2.3 2.4 2.5
11 2.3 0.1 2.1 2.1 2.2 2.3 2.3 2.4 2.5
12 2.3 0.1 2.1 2.2 2.2 2.3 2.4 2.4 2.5
13 2.3 0.1 2.1 2.2 2.2 2.3 2.4 2.4 2.6
14 2.3 0.1 2.2 2.2 2.2 2.3 2.4 2.5 2.5
15 2.3 0.1 2.2 2.2 2.3 2.3 2.4 2.5 2.6
16 2.3 0.1 2.2 2.2 2.3 2.3 2.4 2.4 2.5
17 2.3 0.1 2.2 2.2 2.3 2.3 2.4 2.4 2.5

Discussion

Children of public schools, showed greater mean values of height, weight, arm girth and 
body surface area as compared to the corresponding measurements of boys and girls of cen
tral schools and government schools. These observations are as expected because children 
of public schools come from elite families and belong to high socio-economic group who 
get better diet and nutrition and enjoy optimum living conditions and thus show better 
height, weight, arm girth and hence body surface area measurements.

On comparing the height and weight measurements of boys and girls of public schools 
of present study with those of NCHS standards (vide Hamill et al. 1979) of US boys and 
girls, the boys as well as girls of even public schools of present study showed lower values 
of height as well as weight at all ages from 9 -17 years than their US coevals. Children of 
public schools of present study belong to well off families who get good diet and nutrition
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and enjoy optimum living conditions. Despite all these favourable circumstances they have 
lower values of height as well as weight than those of their US coevals. It is evident from 
these findings that ethnic / racial / genetic factors are also important and thus there is 
always a necessity of having local / regional standards of height and weight measurements.

Puberty signs. Puberty signs appeared earlier in boys as well as girls of public schools 
than in their coevals of central schools or government schools (Table 2). These results sub
stantiate the observations of Indian Council of Medical Research (1972) that boys as well 
as girls of high socio-economic status show the puberty signs earlier and mature earlier than 
their less privileged coevals of lower socio-economic status.

Body Mass Index (BMI). Mean values of BMI in all the age groups of boys as well as girls 
of public schools were greater than those of their coevals of central schools and govern
ment schools and this could be due to better diet and better socio-economic status of boys 
and girls of public schools than those of their coevals of central schools and government 
schools.

Sex difference was also observed in this index. Almost in all the age groups girls tend to 
have greater mean values of BMI than those of the boys of the corresponding age groups. 
This observation on sex difference in BMI supports the earlier observations of Singh 
(1992) on adults wherin the values reported of BMI of Delhi women were greater than 
those of Delhi men.

Nutrition Foundation of India (1989) reported mean values and SD of BMI of 9 -18 
years old affluent girls of Delhi. On comparison, it was interesting to note that in a 11 the 
age groups the mean values of BMI of girls of public schools of present study were similar 
to those of the affluent girls of Delhi reported by the Nutrition Foundation of India ( 1989).

Hammer et al (1991) reported the centiles of BMI of US boys and girls of 1 to 19 years. 
In that study boys showed greater values of BMI than those of girls of the corresponding 
age groups. But in the present study, the 50th centile values of BMI of girls were greater 
than those of the boys of the corresponding age groups.

50th centile values of BMI of boys as well as girls of public schools of present study were 
lower than those of their US coevals of the corresponding age groups reported by Hammer 
et al (1991). These observations indicate the necessity of constructing local / regional stan
dards of anthropometric measurements and indices.

y  weight/Height Index. It was interesting to note that the mean values of this index were 
identical in all the 9 age groups from 9 -17 years. Singh (1991) reported that mean values 
of this index of college girls were also identical in all the 4 age groups from 17 - 20 years. 
Hence \J  weight/ height could be considered as age independent anthropometric index, 
(at least during the age of 9 - 20 years).

It was interesting to note that the mean values of age independent anthropometric index 
tended to be somewhat greater in children of public schools than in their coevals of central 
schools or government schools. This finding is important and this could make this index as 
an age independent nutrition index. This index, therefore, could be of great significance and 
practical importance in nutrition studies in under developed or developing countries where 
knowledge of the correct age of children is usually a great problem and where height and 
weight of particular children cannot be compared with established standards of these mea
surements of children of partienlar age groups.
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The values of a particular centile of ^/weight/ height of children of different age groups 
were identical (Table 4). Therefore, boys and girls having the value of this index below the 
5th centile (2.1) could be considered under weight and those having the value more than 
95th centile (2.5) could be considered over weight or obese. Further work on this index 
could be interesting
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