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INTRODUCTION

“For the first time in human history, the number of  
overweight people rivals the number of  underweight 
people.…” as quoted by the World Watch Institute in 

2004.[1] Both problems have serious consequences when 
started in childhood as there is a long period of  exposure 
before they reach adulthood.

Childhood obesity is strongly associated with cardiovascular 
diseases, diabetes, orthopedic problems, mental disorders, 
non-alcoholic fatty liver disease and sleep-associated 
breathing disorders as they age.[2,3] Obese children often 
suffer from stigmatization[2] and it is found that 50-80% 
of  them will continue as obese adults.[4] Under-nutrition 
manifesting as stunting was found to increase the risk of  
morbidity, impair cognitive development and reduce work 
productivity in later life.[5] The consequences of  under 
nutrition are extended not only in later life, but also into 
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A B S T R A C T

Background: India currently is posed by the double threat of thinness and overweight/obesity among children. Different growth charts 
have taken different population and give different cut-off points to assess these conditions. Objective: The objective of this study is to 
assess the anthropometry of school children, 5-18 years of age and thereby estimate the prevalence of childhood thinness, overweight 
and obesity. To analyze how the study population compares with that of Agarwal’s growth chart. Materials and Methods: The 
anthropometric measurements of all the students who were studying from 1st to 12th standards were taken from 27 randomly selected 
Government and private schools. Prevalence of thinness, overweight and obesity were assessed using two standards – Indian standard 
given by Agarwal and International Standards given by International Obesity Task Force (IOTF). Results: The prevalence of thinness, 
overweight and obesity among 18,001 students enrolled as per Indian standard were 12.2%, 9.5% and 3% and as per International 
standard were 15.3%, 8.1% and 2.6% respectively. The mean and the 95th percentile values of body mass index for both boys and 
girls at all ages in this study are falling short of Agarwal’s and IOTF values. Using international cut-offs as well as Indian cut-offs given 
by Agarwal, underestimate the prevalence of obesity among boys and girls of all age groups. Conclusion: This study shows that 
under and over-nutrition among school children is in almost equal proportions. There is an underestimation of obesity among children 
whenever an Indian or an International growth chart is used. Thus, this study brings out the need for a really representative growth chart.
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future generations.[6] Thinness results in poor pregnancy 
outcomes, in particular low birth weight.[7] Both childhood 
obesity and thinness are linked to underachievement in 
school and lower self-esteem.[8,9]

India being a developing country, undergoing a rapid 
epidemiological and nutritional transition along with 
demographic transition, is posed by the double threat of  
under and over nutrition.[10] Cross-sectional studies performed 
in various parts of  India among school children report the 
prevalence of  overweight to range between 2.3% and 25.1% 
and that of  obesity to range from 0.3% to 11.3%.[11-26] The 
prevalence of  under-nutrition among school children vary 
from 17% to 65%.[6,13-16,27,28] Most studies performed among 
school children in India assess the prevalence of  overweight/
obesity in isolation.[13,18-26] Many studies restrict themselves to 
either one sex or a narrow age range.[12-14,16,18-26] Furthermore, 
these studies use different cut-off  points to assess the same. 
These cut-off  points are derived from studies done at different 
places, time points and including different study population.

Therefore, this study was undertaken to assess the 
anthropometry of  school children, both boys and girls from 
1st to 12th standards in the district of  Madurai in the state 
of  Tamil Nadu in order to get an overall picture of  their 
nutritional status. The prevalence of  childhood thinness, 
overweight and obesity were determined based on the 
growth chart compiled by Agarwal et al.[29,30] as recommended 
by the Indian Association of  Pediatrics (IAP)[31] as well as 
the international standard as proposed by the International 
Obesity Task Force (IOTF).[32,33] Since the growth chart 
proposed by Agarwal et al. is more than two decades 
old now, this study assesses how the current population 
compares with that of  Agarwal.

MATERIALS AND MATHODS

Madurai is one of  the 32 districts and the second largest 
municipal corporation in Tamil Nadu, that is located in 
southern part of  India with a population of  3,041,038 
(2011 census). About 60% of  the district is urbanized and 
the literacy rate is about 81.7%. There are totally 369 primary, 
secondary and higher secondary schools in Madurai city.[34] 
Out of  them, 50 schools, 25 government and 25 private were 
randomly selected, which included primary, middle, high 
schools and higher secondary schools. A request letter seeking 
permission for anthropometric assessment was sent to the 
school authorities. Out of  them, 10 government and 17 private 
schools agreed to participate. An appointment was fi xed with 
the school authorities. The anthropometric measurements of  
all the students who were studying from 1st to 12th standards 
present on that day were taken. Children with disabilities or 
history of  chronic illness were excluded from analysis.

Anthropometric measurements were taken by four 
study team members who were trained adequately. The 
students removed their shoes and any heavy items before 
measurement. Height and weight were measured using 
standardized stadiometer and weighing scale to the nearest 
0.5 cm and 0.1 kg respectively.

The calculation of  thinness, overweight and obesity were 
based on two standards. Indian standards used in this 
study was that given by Agarwal et al. which represents the 
measurements of  affl uent school children from 23 public 
schools of  different cities in India.[30,15] The International 
Standard was that of  the IOTF as described by Cole et al. 
which is based on pooled international data for body mass 
index (BMI) where the adult cut-off  points of  BMI was 
linked to BMI centiles for children and have provided 
age and sex specifi c cut-off  points for children aged 
2-18 years.[32,33]

Data entry and analysis of  the variables was performed 
using the Statistical Package for Social Sciences version 15 
software. Descriptive statistics of  mean, standard deviation 
and centiles were calculated for height, weight and BMI of  
students of  all ages and both sexes. Analysis for testing the 
difference between the boys and girls for the continuous 
variables (height, weight and BMI) was performed by 
independent sample t-test and for testing difference 
in proportion of  thinness, overweight and obesity by 
Chi-square test.

RESULTS

There were 19668 students aged 5-18 years in the 27 
schools. Of  them, 1667 students (8.5%) were absent on 
the day of  measurement. A total of  18,001 students aged 
5-18 years were enrolled. Boys constituted 55.1% of  them. 
Of  them, 9918 students (55.1%) were from government 
schools and the remaining 8083 (44.9%) were from private 
schools.

Table 1 shows the mean and standard deviation of  height, 
weight and BMI of  boys and girls in the current study. The 
height, weight and BMI followed a normal distribution in 
all the age groups except at 18 years where the sample size 
was very small (n = 87).

Boys become taller than girls from 14 years and girls 
become heavier than boys from 10 years; however, there 
is a crossing over (no difference) in weight at 15 years and 
from 16 years of  age, the boys become heavier. There is no 
difference in mean BMI between boys and girls until 9 years 
of  age and from 10 years onward, the mean BMI of  girls at 
each age is higher compared with that of  boys (P < 0.01).
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The prevalence of  thinness (12% vs. 12.4%), overweight 
(9.7% vs. 9.3%) and obesity (3.1% vs. 3%) among 
government and private school students were almost 
similar (P = 0.675).

The children were grouped into 4 age groups as 5-9, 10-12 
(early adolescence), 13-15 (mid adolescence) and 16-18 (late 
adolescence) for calculating the prevalence.[35]

Thinness is more prevalent among boys compared with 
girls in all the age groups. The International standard 
overestimates the prevalence of  thinness when compared 
to Indian standard among all ages and both sexes except 
among mid adolescent girls. As compared with boys, the 
proportion of  overweight and obesity among girls is lower 
in the younger age groups and higher in the older age 
groups. As per the international standard, the prevalence 
of  obesity and overweight are higher among girls compared 
to boys in all the age groups. Furthermore seen from the 
table is that the international standard underestimates 
the prevalence of  obesity among boys and girls of  all age 
groups as compared with Indian standard [Table 2].

When compared with that given by Agarwal et al., in this 
study, the mean height of  boys is lower from 15 years and 
that of  girls from 12 years of  age. In the study by Agarwal, 
there is difference in height between boys and girls until 
13 years of  age, which is not seen in this study. Even 
though, the trend in mean weight among boys and girls in 
the current study is exactly similar to that in Agarwal’s study, 
the mean weight of  boys and girls in this study are lower 
compared to Agarwal’s from 13 years of  age [Figure 1].

In this study, the BMI curve of  girls rises more steadily as 
compared with that of  boys. The mean BMI values of  boys 
and girls at all ages in this study is lesser than that given 
by Agarwal et al. though the difference is very minimal up 
to 12 years for boys and up to 9 years for girls. In spite of  
this difference, the trend was similar in both the studies 
[Figure 1].

The 95th percentile values of  BMI in the present study were 
lower than that of  Agarwal’s and international cut-off  at 
all ages and both sexes except at 5 years for boys and at 
17 years for both sexes. The values are comparable with 

Table 1: Mean (SD) values of height, weight, and BMI of study population (n=18,001)
Age 
(years)

n Height (cm) mean (SD) Weight (kg) mean (SD) BMI (kg/m2) mean (SD)

Boys Girls Boys Girls Boys Girls Boys Girls

5 453 372 105.8 (6.1) 105.2 (6.1) 16.3 (3.9) 15.9 (2.8) 14.4 (1.7) 14.3 (1.7)

6 610 478 111.7 (6.5) 111.1 (6.9) 17.9 (3.5) 17.7 (3.8) 14.3 (1.7) 14.2 (2.1)

7 622 515 117.4 (6.1) 117.0 (6.2) 20.4 (4.2) 20.2 (4.0) 14.7 (2.1) 14.7 (2.1)

8 531 413 123.2 (6.5) 122.4 (6.7) 23.0 (5.0) 22.9 (5.1) 15.1 (2.3) 15.2 (2.4)

9 523 428 129.2 (6.9) 128.6 (7.1) 25.8 (5.7) 26.2 (6.0) 15.4 (2.4) 15.7 (2.5)

10 656 575 132.9 (6.8) 132.6 (7.5) 27.5 (5.8) 28.4 (6.7)* 15.5 (2.4) 16.1 (2.8)*

11 836 680 137.5 (7.7) 137.8 (8.3) 31.4 (7.9) 32.3 (8.1)§ 16.4 (3.1) 16.9 (3.2)*

12 885 693 142.9 (8.2) 143.1 (8.3) 34.6 (8.9) 36.2 (8.7)* 16.8 (3.1) 17.5 (3.3)*

13 1195 1123 148.7 (9.0) 148.2 (7.6) 37.2 (9.0) 39.8 (8.8)* 16.7 (2.9) 18.1 (3.4)*

14 1371 963 154.5 (9.6) 152.2 (7.0)* 41.(9.8) 42.9 (8.9)* 17.1 (3.0) 18.5 (3.5)*

15 1016 947 159.5 (9.0) 153.5 (6.3)* 45.7 (10.7) 45.3 (9.3) 17.8 (3.2) 19.2 (3.6)*

16 774 708 164.9 (8.3) 154.2 (6.5)* 50.9 (10.8) 47.2 (9.5)* 18.7 (3.4) 19.8 (3.7)*

17 380 167 166.6 (7.7) 153.8 (6.3)* 54.0 (12.7) 47.9 (9.3)* 19.4 (4.0) 20.2 (3.5)§

18 59 28 165.3 (7.1) 152.4 (5.9)* 54.3 (9.6) 49.8 (10.2)§ 19.8 (3.3) 21.4 (4.5)

Independent sample t test was applied to test difference in means between boys and girls, (*P<0.01, §P<0.05). SD: Standard deviation, BMI: Body mass index

Table 2: Prevalence of thinness, overweight and obesity as per Indian and international standards
Age 
group

Sex N Prevalence of thinness (%) Prevalence of overweight (%) Prevalence of obesity (%)

Indian standard# IOTF standard¥ Indian standard# IOTF standard¥ Indian standard# IOTF standard¥

5-9 M 2739 12.1 17.3 10.9 4.5 4.6 2.3

F 2206 9.2* 17.4 12.6 7.2* 2.7* 2.4

10-12 M 2377 9.4 13.3 10.9 8.4 3.7 1.9

F 1948 8 10.0* 8.1* 10.6* 2.5* 2.1

13-15 M 3582 15.9* 18.8 8.5 6.0 1.7 0.9

F 3033 13.3 12.3* 7.7 8.9* 2.3 1.7*

16-18 M 1213 16.3 17.7 7.5 8.1 4 2.0

F 903 11.6* 14.6 9.9 9.6 5 2.7

Total M 9911 13.4 17.0 9.6 7.3 3.2 1.7

Total F 8090 10.7* 13.4* 9.4 9.0* 2.7 2.1*

Total 18,001 12.2 15.3 9.5 8.1 3 2.6

Chi-square test to test the difference in proportion between boys and girls;*P<0.01. Thinness: #<5th percentile value, ¥BMI analogue for age and sex<BMI value of 17 in 

adults. Overweight: #85th percentile but<95th percentile value, ¥BMI analogue for age and sexBMI value of 25 kg/m2 but<30 kg/m2 in adults. Obesity: #95th percentile 

value, ¥BMI analogue for age and sexBMI value 30 kg/m2 in adults. IOTF: International obesity task force, BMI: Body mass index
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Agarwal’s cut-off  until 11 years for boys and 9 years for 
girls after which the difference increases [Table 3].

DISCUSSION

This study gives the height, weight and BMI values of  
18,001 children (both boys and girls) of  age 5-18 years 
in the South Indian city of  Madurai. The prevalence of  
underweight (12.2%) was nearly equal to the prevalence 
of  overweight and obesity (12.5%) in the study population.

The prevalence of  thinness found in this study is much lower 
than that found by the National Nutritional Monitoring 
Bureau (NNMB) survey performed in 2004-06 in rural 
areas across nine states (57% in 10-13 years and 30% in 
14-17 years).[28] Furthermore, it is lower than that found by 
studies in various parts of  India such as Mysore, Vadodara, 
Coimbatore, Jaipur and Wardha.[6,11,13-16] This might be 
because of  the inclusion of  children from both rural and 
urban areas studying in government and private schools in 
contrast to other studies where they have included only rural 

areas or government schools. However, the prevalence of  
underweight being much higher in boys compared to girls at 
all age groups is just similar to that found by NNMB survey.[28]

The prevalence of  overweight/obesity in the current 
study is lesser than that found by studies done in 
New Delhi, Ahmedabad, matriculation and corporation 
schools in Coimbatore and Pune and comparable to 
that found in Mangalore, Mysore, Panchayat schools in 
Coimbatore.[12,14-16,20,22,26] The prevalence of  overweight/
obesity found in this study is higher than that found in 
Hyderabad, Wardha and Jaipur.[13,18,25] Thus, the district 
of  Madurai stands in between the metropolitan cities and 
other towns/cities in India in terms of  BMI.

In both developed and developing countries, there are 
proportionately more obese girls than boys.[36] This 
study follows the same pattern as per IOTF standard. 
Furthermore, the mean BMI of  girls were signifi cantly 
higher than that of  boys since 10 years of  age. This fi nding 
is opposed to that found in New Delhi or Ahmedabad.[12,26]

Figure 1: Comparison of mean height, weight, and body mass index of boys and girls at different ages between present study and Agarwal’s study. 
(For this comparison the cut-offs at mid-year values from the tables were used)
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In contrast to the fi ndings from the studies performed in 
Delhi, Coimbatore or Udupi district of  Karnataka, wherein 
there was a signifi cant difference in the prevalence of  
thinness, overweight, and obesity among government and 
private school children, there is no such difference in this 
study.[14,24,26] In Madurai, the private schools do not equate 
to the affl uent urban public schools included in the other 
studies. They cater to similar population as that of  the 
Government schools.

When the trend in 95th percentile of  BMI is compared 
between the three studies, [Table 3] girls have a higher 
cut-off  compared to boys from 5-14 years of  age in the 
study by Agarwal et al. where as in the other 2 studies, the 
centiles of  boys and girls are comparable until 12 years of  
age after which girls overtake boys. This will have an impact 
in the assessment of  prevalence of  obesity, such that in 
the younger age groups, there will be an underestimation 
of  obesity among girls compared to boys when assessed 
by Indian Standard as depicted in Table 2.

Although, there are more recently published growth charts 
in India by Khadilkar et al. and Marwaha et al., the height, 
weight and BMI cut-offs are much higher for both boys 
and girls at all age groups compared to that given by 
Agarwal.[29,37,38] The authors have themselves suggested 
changing the defi nition of  overweight to the 75th centile 
from the traditionally used 85th centile while using their 
cut-offs. This might lead to confusion in defi nitions.[39] 
Therefore in this study we took the Indian standard as 
Agarwal’s as recommended by IAP.[31] But to our surprise 
found that even after 2 decades have elapsed, the mean 
and the 95th percentile values of  BMI for both boys and 
girls at all ages in this study are falling short of  Agarwal’s. 

The reasons might be the inclusion of  school children 
irrespective of  whether they are from urban or rural 
background or their economic status. Furthermore the 
age at sexual maturity might have been later than that of  
Agarwal’s owing to the above reasons, which will refl ect 
on the anthropometric parameters.

From Table 3, we can infer that, there might be an 
underestimation of  obesity when we use Agarwal’s or IOTF 
standards for the current population. The Indian Council of  
Medical Research (ICMR) growth chart devised in 1956-65 
was based largely on children from lower socio-economic 
status and so its use was dismissed as it was thought to 
underestimate the prevalence of  underweight.[40] The 
growth charts devised by Agarwal, Kadilkar or Marwaha 
are based on the height and weight parameters from school 
children who are from urban and affl uent background. 
The rational for such a selection was that in a developing 
country such as India, children belonging to affl uent 
families in urban areas have fewer constraints on growth 
than other children. Another rationale was that affl uent 
children of  our country approach the western children 
in growth.[29,36,37] This rationale has been proven right 
when in the studies by Kadilkar or Marwaha, the 85th and 
95th centiles of  BMI of  Indian urban affl uent children were 
found to be comparable or higher than the IOTF cut- offs 
at corresponding ages.

Any prescription of  standard should be correlated with 
future health outcomes. Usage of  growth charts based 
only on urban affl uent school children may underestimate 
the prevalence of  overweight and obesity, labeling such 
children as having “normal BMI.” In this scenario, when 
the prevalence of  non-communicable diseases is rising, 
India becoming the diabetic capital of  the world, childhood 
obesity is increasing; doubt arises on the appropriateness 
of  usage of  parameters based only on urban and affl uent 
school children for prescribing growth standards. The 
time tested practice of  taking +2 standard deviation 
from the mean taken from a representative sample would 
itself  tell about the status of  overweight/obesity in the 
population. Given these, it is suggested that Indian growth 
chart must be devised from a representative sample of  
all currently healthy children, both urban and rural and 
also across all socio-economic groups. For estimating the 
prevalence of  short stature/thinness, we may continue to 
utilize the chart given by Agarwal et al. as it is proven not 
to overestimate them.[40] Utilizing IOTF chart tends to 
overestimate thinness and underestimate obesity for most 
ages in both sexes.

The major strength of  this study is the huge sample size 
covering a wide range of  age group of  5-18 years among 

Table 3: Comparison of 95th percentile of BMI among 
boys and girls in the present study with those of Indian 
standard given by Agarwal et al. and the IOTF standard
Age Present

study
Indian 

Standard
IOTF

standard

Boys Girls Boys Girls Boys Girls

5 17.30 17.44 17.0 18.3 19.30 19.17

6 17.35 17.71 17.8 18.8 19.78 19.65

7 18.60 18.60 18.8 19.7 20.63 20.51

8 19.50 19.60 19.7 21.4 21.6 21.57

9 20.36 20.26 21.0 21.7 22.77 22.81

10 20.32 21.84 22.1 23.2 24 24.11

11 22.70 22.60 23.4 24.5 25.1 25.42

12 23.11 24.00 23.8 25.7 26.02 26.67

13 22.62 24.18 25.3 27.1 26.84 27.76

14 22.64 25.20 25.3 27.4 27.63 28.57

15 23.52 26.20 27.3 27.7 28.3 29.11

16 25.65 27.21 27.6 27.4 28.88 29.43

17 27.69 26.82 26.8 25.9 29.41 29.69

18 28.0 - 30 30

BMI: Body mass index, IOTF: International obesity task force
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both sexes, such that the height, weight and BMI followed 
a normal distribution curve at all ages except at 18 years 
where the sample size was small. The limitation of  this 
study is that it does not take into account the sexual 
maturity among adolescents.

CONCLUSION

From this large study on anthropometry of  school going 
children from the south Indian city of  Madurai, we conclude 
that we are facing a twin problem of  both under (12.2%) 
and overnutrition (12.5%), in almost equal proportions in 
the current economic scenario. There is an underestimation 
of  obesity among children whenever an Indian or an 
International growth chart is used. Thus, this study brings 
out the need for a really representative growth chart.
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