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ABSTRACT
In India, during the mid-nineties the Union Government had initiated the Mid-Day Meal schemes in schools to promote primary education
on one hand, and to reduce malnutrition on the
other. However, Tamil Nadu had launched this
program several decades before; during the
regime of Mr. Kumarasami Kamraj (1954-1963).
An empirical study was undertaken in the rural
areas of Tamil Nadu, in the south of India, to
understand the nutritional status of the children
between 11 and 18 years old. This group is vulnerable, as during this age, individuals undergo
physical and mental changes. We calculated the
Body Mass Index (BMI) of school children to
assess their nutritional status. A total of 806 school children took part in this study and the
majority of them were found to be underweight
in the study region. Irrespective of their age group and sex, as per the WHO’s international
standards, 83% of the students were underweight (BMI < 18.5). Only 16% of the students were
in the normal range (BMI 18.5 - 24.9), and of the
rest, 0.39% and 0.06% were in the BMI range of
25 - 29.9 (overweight) and 30 - 35.9 (obese), respectively. Based on available data, a regression
analysis was carried out. This regression model
showed that students’ age, sex and father’s
occupation significantly affects their BMI. Further analysis showed that BMI was independent
of the students’ blood group. It was concluded
that malnutrition among school children can be
eliminated by providing additional healthy foods
and by improving the Socio Economic Background (SEB) of the region.
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1. INTRODUCTION
Humans have been haunted by diseases from time
immemorial. The current trend of food consumption and
urbanization has led to many complications in diagnosing diseases. On one side, there are increased cases of
obesity and on the other, there is malnutrition (underweight). This paradox is very common in developing
countries and is found to increase proportionally with
time [1,2]. In India alone there are approximately 60
million children who are underweight [3], and the
prevalence is higher in rural areas compared to urban
areas [4]. The number of malnourished children in India
is among the highest in the world and is twice than that
of the sub-Saharan region [5]. The condition of being
underweight may have resulted from a) low dietary intake b) excessive work out c) chronic infections [6].
Even though many methods are available to study the
nutritional status of an individual, anthropometry is considered as a good tool, especially to study the malnutrition
of individuals [7,8]. Within anthropometry, some studies
suggest the skin fold measures or waist/hip/arm circumferences as an indicator of malnutrition, while others suggest using the Body Mass Index (BMI) [8,9]. For our
study we used BMI as a measure to study the malnourishment in children. We have four reasons for choosing
this method: 1) simple procedure 2) no technical complications 3) inexpensive 4) can be used to study large populations. In fact, many researchers favored the application
of BMI in the nutritional assessment of individuals
[10,11]. One can foresee the development of clinical
diseases with the help of BMI [12]. BMI has a direct
relationship with body fat [13] and some researchers
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advocate the use of BMI in determining the fatness in
children and adolescents [14]. Yet in spite of the many
advantages, controversies still exist regarding the authenticity of BMI.
For our study, we have chosen children of 11 - 18
years. During this age, individuals undergo changes both
physically and mentally. In India, this group constitutes
around 21.4% of the total population [15]. This age
group is the intermediate between childhood and adulthood. Assessing their nutritional level is of great importance, as it can reveal the past and future life styles [16].
According to the United Nations sub-committee (1998),
this age group is considered as an optimal period to
study the health and nutritional status of individuals [17].
Studies carried out by various workers revealed a high
prevalence of under-nutrition (BMI < 18.5) among adolescent girls [15,18,19]. Many researchers have strongly
recommended that being underweight should be consisered as a public health issue [20-25]. There is a linear
relationship between being underweight and low bone
mass [26]. Underweight individuals are prone to various
kinds of infections, since they have low immune power,
which may ultimately lead to death of the individual [27].
In 2000, representatives from the UNO member countries made a resolution to eliminate poverty [28], thereby
reducing the number of children with malnutrition
(wasting, stunting, and underweight) [29]. Evaluating
the nutritional status of individuals and as a whole

population is not only helpful to the workers of public
health, but also helps researchers from economic and
social sciences to analyze the economic standards of
those individuals [30]. In this endeavor, we have undertaken empirical research to evaluate the nutritional status
of children living in rural areas of Tamil Nadu.

2. METHODS AND MATERIALS
2.1. Study Area
The study was carried out in 6 different government
and government aided schools in Pernambut block of
Vellore district in Tamil Nadu, India. Figure 1 shows the
study location. The schools include; Government Adi
Dravidar Welfare higher secondary school- Pernambut
(A), Government Girls high school-Pernambut (B),
Hindu higher secondary school-Karambur (C), Government higher secondary school-Vadacheri (D), Government Adi Dravidar Welfare high school-T T Mottur (E)
and Government high school-Balur (F). The economic
status of the 6 different locations is given in Table 1. In
the past and present, the mortality rate has been used as a
health indicator by the public health workers [15]. Since
the Pernambut block has the highest mortality rate compared to other parts of Vellore district (including infant
deaths) [31], the study was carried out in this region.

Table 1. General information of the study area*.
Title

School A

School B

School C

School D

School E

School F

Name of the village/town

Pernambut

Pernambut

Karambur

Vadacheri

T T Mottur

Balur

Gudiyatham

Gudiyatham

Vaniyambadi

Vaniyambadi

Gudiyatham

Gudiyatham

Vellore

Vellore

Vellore

Vellore

Vellore

Vellore

Total population

6932

6932

1716

2333

4102

5235

Male population

3481

3481

870

1149

2077

2644

Female population

3451

3451

846

1184

2025

2591

Literacy rate

56.94

56.94

77.7

74.07

59.49

67.89

Sex ratio

991

991

972

1030

975

980

Farmers

57

57

120

91

230

272

Industrial workers

1466

1466

14

37

95

46

Other workers

703

703

118

290

318

765

Agricultural labourers

443

443

21

100

983

1104

1088.48

1088.48

207.07

292.89

762.68

706.31

56.34

56.34

175

194

621.70

78.92

Taluk
District

Village area (in hectares)
Total agricultural area (in hectares)
*

(Source: http://www.census2001.tn.nic.in and District census handbook 1991, Tamil Nadu, retrieved on 10thJuly 2010).
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(Indian and Tamil Nadu political map, Source: www.mapsofindia.com, Accessed on July, 2010; Vellore district map, Source: www.atsui6.dharkness.info, Accessed on October, 2010)

Figure 1. Location of the study area.

2.2. Study Subjects
Around 810 school students (both boys and girls)
from the above mentioned schools of the age group 11 18 years participated in the study. As the study was carried out as a part of the National Service Scheme (NSS)
program, permission was granted to us by the respective
headmasters of the schools. A team of 15 students under
one faculty head visited each of the six schools during
the first quarter of 2010.

2.3. Anthropometry and Data Analysis
As previously mentioned, BMI was calculated for all
the students who participated. Moreover, the WHO still
favours the use of BMI in assessing the nutritional status
of children. The following formula was used to calculate
BMI [32].
Copyright © 2011 SciRes.

BMI = (Weight in Kilogram)/(Height in metre)2
The unit for BMI is Kg/m2. Before measurements, we
visited each class and provided the students with information about BMI, good food habits and so on. Height
of the students was measured using a metal tape, which
was permanently fixed to a vertical wooden stand. The
students (without footwear) were asked to stand straight
against the tape and the height was noted to the nearest
1cm. The weight machine which is generally available in
the hospitals in India was used to measure the weight of
the children. The weight was measured to the nearest 0.5
Kg. During all these measurements, the students were
wearing their school uniform. The weight of the school
uniform did not interfere with the individual’s weight.
The BMI was calculated using a standard scientific calculator (Casio®, Japan). These data were initially noted
in a registry notebook. Each of the students was proOpenly accessible at http://www.scirp.org/journal/HEALTH/
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vided with a health card which contained; 1) the name of
the student, 2) age, 3) height in cm, 4) weight in Kg, 5)
student’s BMI, 6) BMI inference, 7) remarks, and 8)
school seal. In the remarks, based on student’s BMI,
health suggestions were written. Before distributing the
health card, general information regarding each student
was collected. The data were finally entered into Excel
2003 spreadsheets (Microsoft Corporation®, Windows)
for further analysis. For carrying out regression analysis
we used the software “EViews version 5.1” (© 2009
Quantitative Micro Software).

are overweight (BMI 23 - 27.4) and 0.34% of the students are obese (BMI 27.5 - 34.9). The underweight
percentage remains the same to the International standards, irrespective of the ages of the students.

3.2. Students’ Body Mass Index in Relation
with Age, Sex and Father’s Occupation
Several studies have shown that BMI is dependent on
many factors (age, education of the parents, occupation
of the father, socio economic status, food habits and so
on) [34-37]. In our study we concentrated on age, sex
and father’s occupation as main factors. We classified
the students based on their father’s occupation. Figure 3
categorizes the students based on their fathers’ occupation. We found that a majority of the students in the 6
different schools of the study region come from a low

3. RESULTS
3.1. Students’ Body Mass Index Irrespective
of Age, Sex and Father’s Occupation
The participation percentage of the students was
around 99% (806 out of 810). Irrespective of the age
groups, father’s occupation and sex, as per WHO’s international standards, out of the 806 students, 83% of the
students were underweight (BMI < 18.5). Only 16% of
the students were in the normal range (BMI 18.5 - 24.9),
the remaining 0.39% and 0.06% were in the BMI range
of 25 - 29.9 (overweight) and 30 - 35.9 (obese) respectively. The overweight and obese population was not that
significant when compared with the underweight population. As mentioned earlier, in rural India, there are
more students who are underweight than belonging to
the other BMI categories. For further analysis, we have
classified the students based on their ages for example,
11 - 13, 14 - 16, and 17 - 18 years. Figure 2 shows the
classification of students based on their ages. A recent
study in this direction also showed that BMI varies with
ethnicity [33]. Tables 2 and 3 classify the students based
on international and Asian standards, respectively. According to the Asian standards, 15% of the students lie in
the normal range (BMI 18.5 - 22.9), 1% of the students

Figure 2. Age group distribution of students. The students from
six different schools were classified based on their ages. The
majority of the students were between 14 - 16 years. A = Government Adi Dravidar Welfare higher secondary school-Pernambut; B = Government Girls high school-Pernambut; C =
Hindu higher secondary school-Karambur; D = Government
higher secondary school-Vadacheri; E = Government Adi Dravidar Welfare high school-T T Mottur; and F = Government
high school-Balur.

Table 2. Classification of students based on their BMI (International standards).
Age Group

Range

School A (%)

School B (%)

School C (%)

School D (%)

School E (%)

School F (%)

11 - 13

<18.5
18.5 - 24.9
25 - 29.9
30 - 35.9
< 18.5
18.5 - 24.9
25 - 29.9
30 - 35.9
< 18.5
18.5 - 24.9
25 - 29.9

DNA
DNA
DNA
DNA
89.05
10.22
0.73
0
80.77
19.23
0

91.18
5.88
2.94
0
73.04
26.09
0
0.87
DNA
DNA
DNA

83.33
16.67
0
0
80.70
17.54
1.75
0
72.22
27.78
0

DNA
DNA
DNA
DNA
73.85
26.15
0
0
80.95
19.05
0

87.5
12.5
0
0
88.31
11.69
0
0
100
0
0

80
20
0
0
86.11
13.89
0
0
DNA
DNA
DNA

30 - 35.9

0

DNA

0

0

0

DNA

14 - 16

17 - 18

DNA = Data Not Available.

Copyright © 2011 SciRes.
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Table 3. Classification of students based on their BMI (Asian standards).
Age Group

Range

School A (%)

School B (%)

School C (%)

School D (%)

School E (%)

School F (%)

11 - 13

< 18.5
18.5 - 22.9
23 - 27.4
27.5 - 34.9
< 18.5
18.5 - 22.9
23 - 27.4
27.5 - 34.9
< 18.5
18.5 - 22.9
23 - 27.4
27.5 - 34.9

DNA
DNA
DNA
DNA
89.05
8.03*
2.92*
0
80.77
19.23
0
0

91.18
5.88
0
2.94*
73.04
24.35*
1.74*
0.87
DNA
DNA
DNA
DNA

83.33
16.67
0
0
80.70
17.54
0.88*
0.88*
72.22
27.78
0
0

DNA
DNA
DNA
DNA
73.85
23.08*
3.08*
0
80.95
14.29*
4.76*
0

87.5
12.5
0
0
88.31
11.04*
0.65*
0
100
0
0
0

80
20
0
0
86.11
12.5*
1.39*
0
DNA
DNA
DNA
DNA

14 - 16

17 - 18

DNA = Data Not Available; * = Values that differ from International standards.

(a)

(b)

(c)
Figure 3. Classification of students based on age, school and father’s occupation. (a) Age group 11 - 13 years; (b) Age group 14 - 16 years
and (c) Age group 17 - 18 years. In all these cases, it was found that the majority of the students come from low SEB and their fathers’ were
daily wagers. A = Government Adi Dravidar Welfare higher secondary school-Pernambut; B = Government Girls high school-Pernambut;
C = Hindu higher secondary school-Karambur; D = Government higher secondary school-Vadacheri; E = Government Adi Dravidar
Welfare high school-T T Mottur; and F = Government high school-Balur; L = Farmer; S = Shopkeeper; Q = Daily wagers; G = Government employees; P = Business (includes making and selling of Beedi) and M = Miscellaneous.

Socio Economic Background (SEB) and their fathers’
were daily wagers. We predicted that this may have affected their BMI and may have also attributed to a higher
number of infant deaths in the region.

3.3. Regression Analysis and Model
Equation
To confirm the relationship of students’ BMI with their
Copyright © 2011 SciRes.

age, sex and father’s occupation we carried out a regression analysis to develop a model. Father’s occupation
was divided into 3 levels of income; Low, Medium and
High. Based on this, a regression analysis was carried
out. Low income = Daily wagers; Medium income =
Farmers, Shopkeepers, Beedi makers; High income =
Government employees, Business (excludes making and
selling of Beedi) and Miscellaneous. For this analysis,
Openly accessible at http://www.scirp.org/journal/HEALTH/
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we had data for around 799 students. Initially, we compared BMI with age and BMI with father’s occupation
of the students separately. Figure 4 shows the comparison of BMI with age and BMI with father’s occupation
of the students separately. These comparisons yielded a
relationship. With this as base, we then developed a regression model. Figure 5 shows the output of regression
analysis. The equation is given below,
BMI = T1* AGE + T2 * JOB –T3 * SEX + C (1)
Where, T1 = 0.3130117077; T2 = 0.3691940514; T3 =
1.153516538; C = 11.88263747.

We have assigned “0” for female students and “1” for
male students in our analysis for the variable “SEX”.
BMI of students was significantly correlated with their
age, sex and father’s occupation (unadjusted R2 =
0.071663; adjusted R2 = 0.068160). From the regression
analysis output we also found that the residual was random. So this implied that the model had a good statistical basis. Figure 6 shows the residual analysis.

3.4. Students’ Body Mass Index
Independent of Their Blood Group
We also checked whether the blood group of the students really affected their BMI. This idea came from a
study, which showed that the diet of an individual can be
designed based upon their blood group (The blood group
diet spotlight by Juliette Kellow) [38]. The regression
analysis was carried out as mentioned previously with
the inclusion of one more variable: Blood Group. The
output of the analysis showed that BMI was independent
of blood grouped students. Figure 7 shows the output of
regression analysis with inclusion of the variable Blood
Group. The probability of the t-statistic for Blood Group
was 0.7913, which made us infer the independency of
BMI with respect to blood group of students.

3.5. Mean Body Mass Index
(a)

We have also analyzed the mean BMI of students on
the basis of age group, as well as on the basis of the
schools. Figure 8 represents the mean BMI based on the
student’s age group. The mean BMI did not touch the
minimum value of the normal BMI range (i.e. BMI 18.5)
in any of the schools. Among these, the highest mean

(b)
Figure 4. Relationship of BMI with age (a)
and with father’s occupation (b). Father’s occupation was divided into 3 levels of income;
Low, Medium and High. Based on this, a regression analysis was carried out. Low income
= Daily wagers; Medium income = Farmers,
Shopkeepers, Beedi makers; High income =
Government employees, Business (excludes
making and selling of Beedi) and Miscellaneous.
Copyright © 2011 SciRes.

Figure 5. Output of regression analysis using EViews version
5.1. The output also yielded the following equation: BMI =
0.3130117077 * AGE + 0.3691940514 * JOB – 1.153516538 *
SEX + 11.88263747. R2 = 0.071663. The probability of the
t-statistic was within normal range for all the variables and the
Durbin-Watson stat 2.104001 < 2.6.
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Figure 6. Residual analysis of the regression model using
EViews version 5.1. The residual is random, indicating that the
model had a good statistical basis.

Figure 7. Output of regression analysis including the variable
“BLOOD GROUP” using EViews version 5.1. R2 = 0.071745.
The probability of the t-statistic was above normal range for the
variable “BLOOD GROUP” and within normal range for rest of
the variables and the Durbin-Watson stat 2.103831 < 2.6.

BMI was shown by school B (Age group 14 - 16). It
was followed by school A (Age group 17 - 18). These
age groups have no access to the Mid-Day Meals in
schools. This showed us that Mid-Day Meals have no
impact on the health of students and led us to believe
that the food provided was not healthy, or parents were
illiterate about healthier life styles.

4. DISCUSSION
This study will help public health planners to assess
the health condition of rural children living in Tamil
Copyright © 2011 SciRes.
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Figure 8. Mean BMI based on the student’s age group. The
mean BMI did not touch the minimum value of the normal BMI
range (i.e. BMI 18.5; represented by a black line) in any of the
schools. The highest mean BMI was shown by the school B
(Age group 14 - 16 years). A = Government Adi Dravidar
Welfare higher secondary school-Pernambut; B = Government
Girls high school-Pernambut; C = Hindu higher secondary
school-Karambur; D = Government higher secondary schoolVadacheri; E = Government Adi Dravidar Welfare high schoolT T Mottur; and F = Government high school-Balur.

Nadu. Nearly 80% of the school children were underweight. The underweight children are highly prone to
various kinds of infections, as they have low immune
power. This may be one of the factors that attributed to
the high mortality rate in the region.
The Equation (1) that we derived on regression analysis showed that for a particular age, the BMI of female
students was greater than that of male students. The
same was proved by Sproston et al. [39]. The model also
showed that there are other factors that affect the health
of children. However, much further study needs to be
carried out on the role of parents’ education on children’s
health. This is an important variable that has a significant effect on the BMI of students.
The Government of Tamil Nadu started the Mid-Day
Meals Program (MDMP) during the period of Mr. Kumarasami Kamaraj, who was the Chief Minister of Tamil
Nadu from 1954-63. Apart from this, he has introduced
free school uniforms to weed out caste, creed and class
distinctions among young minds. The agenda of this
program was essentially to increase the literacy rate in
the state. Initially, many people criticized this program,
but later the program gained momentum as it increased
the attendance of children in government schools. From
the 15th August, 1995, the union government of India
started financing the Cooked Mid-Day Meal Program
(CMDM). At present, Mid-Day Meals are given to
school children up to the age of 14 years (till 8th standard). Our study has shown that, children eating
Mid-Day Meals do not have normal BMI values (both
for Asian and international standards). Their BMI is less
with respect to those standards, as with the other age
Openly accessible at http://www.scirp.org/journal/HEALTH/
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groups (14 - 16, 17 - 18). In India, even after introducing
the Mid-Day Meals scheme more than a decade ago, and
in the state of Tamil Nadu, a few decades ago, the number of school children who are underweight is still on the
rise. Thus, the food given for Mid-Day Meals needs to
be checked thoroughly to maintain its nutritional quality.
Moreover, Mid-Day Meals alone cannot improve the
health of students. The parents have to be taught about
healthier life styles. There are many parameters that are
interrelated.
Several countries have formulated better policies;
thereby, they have shown improvement in reducing the
number of underweight children. Bhutan, a neighboring
country of India, has halved the number of underweight
children within a span of 10 years [40]. Even though the
Mid-Day Meal Program covered improving the nutritional status of students in its agenda, the same was not
seen in practice. For every health program, there should
be high political commitment in order to make the program a grand success [41]. Moreover, the program
should be evenly coordinated in all the villages.
Apart from regular meals, the students should also be
provided seasonal fruits on particular days in a week,
which are available at cheaper prices during that particular season [42]. A study has shown that women’s
education can improve the nutritional status of children
[43]. Until now, Mid-Day Meals are given to children
only till the age of 14 years. This program should be
extended until the age of 19 years. The age group of 10 19 years is a crucial period in one’s life. The education
during this period decides the fate of an individual in
India. Our study clearly shows that the children above 14
years are still malnourished in the rural areas. So in
order to improve the children’s education and health, this
program should further include children until 19 years of
age. Children’s health and education will certainly improve the social and economic environment in the region.
Any innovations, and in this case, Mid-Day Meals, will
benefit the children only if it is exploited to the fullest
extent. Moreover, the food being provided during
Mid-Day Meals should be hygienic [42]. Quality assessment procedures should also be implemented in the
Mid-Day Meals Program. The total calories required per
student should be revised periodically and should be
region-specific.
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