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ABSTRACT

The present cross-sectional study assesses the prevalence of undernutrition among school-going
girls of central Indian town-Sagar of Madhya Pradesh. A total of 312 girls of age cohort of 5-18
years were included. Height-for-age, weight-for-age and body mass index for age were used to
evaluate their nutritional status and these were compared with the NCHS (2005) reference data.
There were wide variations in stunting, underweight and undernourished among the girls. In the
present investigation z- score and composite index of anthropometric failure were also computed. The
study reveals that highest mean BMI was found 19.2 Kgm-2 for girls of 17 year of age; whereas lowest
mean BMI was 13.7 K gm™ for girls of 5 year of age. Present studied girls have low mean body
weight, short stature and low mean BMI than the reference population (NCHS). It was found that
5.4% girls were stunted, 5.7% girls were underweight and 4.1% girls were undernourished. As per
composite index of anthropometric failure a total of 10.6% girls were undernourished. In the present
investigation, it was found that with improved standard of living, the prevalence of stunted girls had
decreased; whereas highest proportion of undernourished and underweight girls fall under medium
level of living standard. Education level of mother and father had positive impact on the nutritional
status of the girls. Dietary habit also found to have impact on the nutritional status of the respondents.
But, the impact of standard of living, parents education and dietary habits on the nutrition of the girls

were found statistically insignificant (p>0.90).
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INTRODUCTION

In country like India there is wide discrimination on the basis of caste and sex. There is
strong son preference. There is discrimination in nurturing and education of boys and girls.
The girl child is often not considered equal to boys. Since very beginning the discrimination
started. As they grow, extent of discrimination further widens. Female feticide and infanticide
was widely prevalent in different Indian societies, which has resulted in the declining
population of women folk around the globe (Gautam et al. 2015). Out of all these adversities,
Indian girls are excelling over boys especially in school education; but there is little
information about their growth and nutritional status (Thakur and Gautam 2014 and 2015).

Poverty is considered to be a major underlying cause of such widespread
undernutrition (Vella et al. 1992; Sachs and McArthur 2005; Ramachandran 2007). In India,
given its large population size and widespread poverty, a majority of individuals are
undernourished and underprivileged (Ramachandran 2007; Antony and Laxmaiah 2008).
Further this problem is more pronouncing in Central India (Adak et al. 2006, Gautam et al.
2006, Gautam 2008, Gautam and Thakur 2009). Gender inequality, casteism, socio-economic
differences, dietary habits and inadequate access to health facilities have further accelerated
the problem.

We (Thakur and Gautam 2014) have already mentioned that “a significant study
carried out in India by the Indian Council of Medical Research (1972) also pointed to the
various socio-economic factors that have important roles to play in the prevalence of
undernutrition among children. This was further corroborated in subsequent studies (Rajaram
et al. 2003; Rao et al. 2004; Som et al. 2006, 2007). A major issue that exists in India is
discrimination against the female child, and it has been observed that girls in India were more
affected by undernutrition than boys (Bose et al. 2007). Children are considered to be a very
susceptible group and a limited number of studies have been carried out among those in the
age group 5-18 years, especially in India. It has been opined that chronic undernutrition
during this period is linked with slower cognitive development and serious health
impairments in later life that subsequently reduce quality of life (Scrimshaw 1995). The
prevalence of undernutrition during childhood is considered to have highly detrimental
effects on health in those children who survive to adulthood (WHO, 1995). Therefore, studies
are needed to document the intensity of undernutrition among such vulnerable children from
the developing countries”.

Based on the above observation, the present study is an attempt to assess the
prevalence of undernutrition (height-for-age, weight-for-age and BMI-for-age) among the
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girls in the age group of 5-18 years. In this investigation, there is effort to assess nutritional
status of the girls by standardize indices like body mass index, height for age, weight for age,

Body mass index for age, z- score and composite index of anthropometric failure (CIAF).

SUBJECTS AND METHODS

The subjects for the present study were recruited from eight government schools of
Sagar Town of Madhya Pradesh State of Indian union. The subjects consist of 312 girls, aged
5-18 years of age. The subject were selected at random and due care was taken to include
only those subject who were physically and mentally normal and did not suffer from any
apparent illness, which may have affected their normal process of growth and development.
The anthropometric measurements were taken during the month of December 2013 to
February 2014.

For the present investigation, data on Anthropometric measurement (height and
weight) were collected on each child following the standard procedure as described by
Gibson (1990). Portable digital weighing machine and anthropometer rod were used to
measure the girls. Body mass Index (BMI), Z-score and Composite index of anthropometric
failure (CIAF) were computed. The whole methodology is already described elsewhere
(Thakur and Gautam 2014 and 2015). Beside anthropometric data information on socio-
economic status, physical infrastructure, source of drinking water, type of cooking fuel,
family size, number of brother and sisters, sib- sib position, educational and occupational
profile of the parents of the sample were also collected using a semi-structured schedule.

The analysis was done using SPSS software. In the first step, the age wise mean of
body weight, height and BMI were analyzed followed by comparison with the international
reference data of NCHS (2005). In the second step, indices of height-for- age, weight-for-age
and weight for height were computed to find out the prevalence of three distinct biological
processes i.e. stunting, underweight and undernourished and correlate these with living
standard, parent’s education and dietary intake. And, finally the undernourished girls were
assessed by CIAF following (Sevedverg 2000, Nandy et al. 2005, Nandy et al. 2008, Thakur
and Gautam 2014 and 2015).

RESULTS

Age wise mean body weight, height and body mass index of present studied girls are
compared with NCHS (National center for Health Statistics 2005) data as shown in Table 1.
It is apparent that the present studied girls have low mean weight and height than the
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reference population (NCHS). During early childhood the difference is less but after 8 year of
age it starts increasing and the difference widens. Highest difference is during puberty (14
years of age) for body weight, height and body mass index. It was found that the differences
are significant at 1% level (p < 0.01).

Table 1. Age wise mean of body weight and Body Mass Index and height among school going girls of central
India and their comparison and difference with NCHS (2005) reference data.

Mean Body weight (kg) Mean Height (cm) Mean Body Mass Index

Present NCHS t-test PresentStudy NCHS t- Present Study NCHS  t-test
Study (2005) (2005)  test (2005)

Mean SD Mean SD Mean SD

153 15 206 8.1 1058 6.3 1124 42 137 11 16.1 6.4
176 25 224 6.7 1117 7.4 117.1 32 141 09 16.2 6.7
192 34 259 7.8 1173 6.7 1244 47 138 13 16.6 8.5
208 39 319 7.7 1204 6.9 130.9 6.5 142 15 18.3 7

226 31 354 116 1255 6 136.9 86 143 11 18.7 12

O 00 N O O1
Age (yr)
R 8 R 3| sample size

N
[ee]

10 21 25 3.8 40 9.2 130.7 6.4 143.3 77 146 11 19.3 11.2
11 23 286 6.1 479 103 1372 7.9 151.4 79 151 2 20.7 9.3
12 23 332 64 52 108 1424 7.2 156 83 163 26 21.2 7.4
13 22 358 65 577 115 1446 7.2 159.1 8.7 17 2.3 22.7 8.6
14 21 347 63 599 148 1451 6.4 161.8 111 164 2 22.9 114
15 20 41 6.2 611 9.2 1514 5.2 161.9 79 178 22 23.2 7.4
16 20 402 7.8 63 10.8 1486 5.6 161.9 98 182 33 24 6.7
17 25 453 6.6 617 9.2 1532 65 163.1 7 192 21 23.1 6.7
18 22 437 51 652 115 153 6.3 163.1 72 187 2 24.4 8.9

All t-value are significant at 1% level (p < 0.01)
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Figure 1. Height for age Z-score among school going girls of 5-18 year of age
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Figure 1 reveals the distribution of girls according to Z-score for Height for age, Weight for age and
BMI for age. It was found that 5.4% girls were stunted, 5.7% girls were underweight and 4.1%
girls were found undernourished they are below — 2 SD, whereas 24% girls fall under -1 SD
and approximately 70% girls were found normal in their growth for height. Similarly, 23.1%
girls fall under -1 SD and approximately 70% girls were found normal in their growth for
weight. Further, 23.4% girls are -1 SD and 71.5 % girls have normal nutritional status.
Composite Index of Anthropometric Failure (CIAF): Table 2 represents Subgroups of
anthropometric failure. 89.4% girls in ‘group A’ (no failure). Group B constitute underweight
only, is 1.6% girls. Group C constitute underweight and stunting, it is 2.6% girls. Group D
constitute underweight, stunting and undernourished is 0.3% girls, Group E constitute
underweight and undernourished is 1.9% girls, Group F constitute stunting and
undernourished is 0.3% girls, Group G constitute only stunting is highest 2.9% girls, Group H
only undernourished is 2.2% girls, and total CIAF is 10.6% girls.

Table 2 Subgroups of anthropometric failure among school going girls aged 5-18 years.

Group Name Description N %
A No failure 279 894
B Underweight only 5 1.6
C Underweight and stunting 8 2.6
D Underweight, stunting, and Undernourished 1 0.3
E Under weight and undernourished 6 1.9
F Stunting and undernourished 1 0.3
G Stunting only 9 2.9
H Undernourished only 7 2.2
CIAF 33 10.6
Stunting, underweight and undernourished girls by SLI
9 94.4
100 - i
80 -
60 -
X
40
20 -+
O A
Stunted Undernourished Under Weight
Standard of Living Index
M Poor & Medium  HERich
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Figure 2 Relation between SLI and Nutritional status of school going girls of Sagar (MP)

Impact of parants education

Mother Father Mother Father Mother Father

Stunted Under Weight Undernourished

B <Primary M Middle & high = >Higher Sec. School

Figure 3 Impact of parent’s education in the level of Nutrition of school going girls of Sagar
(MP)

90
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Stunted Under Weight Undernourished
B Occasionally ® No

Figure 4 Consumption of meat /fish /chicken and Nutritional status of school going girls of
Sagar (MP)
Standard of living index and nutritional status: Figure 2 shows the relationship between
standard of living and level of nutritional status among girls. It was found that girls belonging
to rich families were proportionately less undernourished than girls of medium and poor
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families. It means standard of living have positive impact on nutritional status of the children,
but, statistically, the difference is insignificant which points in the opposite direction that the
standard of living doesn't influence the nutritional status of children under study (x*=0.065;
df=2; p>0.98).

Parents’ education vs nutritional status: In the present study, it was found that education
of fathers and mothers have no impact on nutritional status of girls. It is evident from Figure
3 that 58.8% stunted, 44.4% underweight and 61.6% undernourished girls were from poorly
educated or illiterate mothers. As education level increased percentage of undernourished
girls have decreased (x°=1.38; df=4; p>0.90). Similarly trend can be seen for fathers’
education too. Further, to understand the impact of education on the level of nutrition chi-
square test was performed which was found insignificant (y°=0.48; df=4; p>0.98).

Dietary Habit vs Nutritional status: In the present study it was found that the girls who eat
non-veg (meat/ fish/chicken) their nutritional status is better than those who do not eat it
(x°=0.18; df=2; p>0.95). Further elucidations can we seen through Figure 4.

Discussion

The assessment of undernutrition in the present study was based on indices of height-for-age
(stunting), weight-for-age (underweight) and body mass index for age (undernourished). The
indices of height-for-age and weight-for-age reflect chronic and acute undernutrition,
respectively. The weight-for-age index is used to observe underweight and it is composite
measure documenting both chronic and acute undernutrition (Mishra et al. 1999). In the
present study, the interpretation of three indexes was done in context of international
reference population to determine the prevalence of undernutrition, as recommended by the
World health Organization (Dibley et al. 1987). The justification for use of a reference
population is the empirical finding that well- nourished children in all communities follow
very similar growth patterns (Habicht et al. 1974). Hence the reference values from the

National Centre of Health Statistics (NCHS 2005) were used in the present investigation.

To determine the nutritional status of children, the WHO has recommended the use of
z-score indicators (Waterlow et al. 1977; Dibley et al. 1987). The severity of undernutrition is
assessed by utilizing the Z score. The girls with Z-score -2 were classified as suffering from
stunting, underweight and undernourished. It is already discussed elsewhere (Thakur and
Gautam 2014), that “the girls suffering from stunting may be underweight and/or wasted.

Similarly, the girls suffering from wasting may be stunted and/or underweight. Further, a girl
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can be stunted, underweight as well as underweight. In such a condition, there are chances of
under reporting. None of three indices is able to provide a comprehensive estimate of the
number of undernourished children in a population. To solve this problem Svedberg (2000)
have suggested a new index known as composite index of anthropometric failure (CIAF) in
which children with wasting, stunting or who are underweight are all considered
undernourished, or to be in a state of “anthropometric failure”. This index incorporates all
undernourished children, be they wasted and/or stunted and/or underweight. For present
investigation, CIAF is computed. It was found more appropriate alongwith height-for-age
(stunting), weight-for- age (underweight) and body mass index for age (undernourished).
Hence, in the present study compound techniques of assessment of undernutrition were used
to find out the prevalence of undernutrition among central Indian girls and the technique was

found useful.”

Several studies have been done in different parts of India on health and nutritional
status among tribal children and adolescents (Rao et al. 2005, 2006). A study from West
Bengal among Lodha children found the prevalence of underweight, stunting and wasting to
be 50.0%, 38.0% and 24.0 %, respectively by Bisai et al 2008. A study from Madhya Pradesh
has also documented similar high prevalence among Gond pre- school children by Rao et al
(2006). An earlier study among Kodaku tribal pre-school children of Central India also found
high prevalence of undernutrition by Dolla et al. (2005). Chowdhury et al. (2008) were
reported that the incidences of stunting and underweight among Santhal children of Purulia
district of West Bengal were 17.62% and 33.70% respectively. Similarly, Joseph et al. (2002)
have reported 9.40% stunting and 31.20% underweight among children of Karnataka. Further
the prevalence of stunting was reported 50% among the Kamar tribe of Chhattisgarh (Mitra et
al. 2007), 54% among Oraon of North Bengal and tribal children of Bihar (Mittal and
Srivastava 2006, Rao and Vijay 2006) and 45.80% among the children of West Bengal (Som
et al. 2006).

The incidences of undernutrition obtained in the present study were found to be
distinctly lower than those among tribal children of Madhya Pradesh (51.60% stunting,
61.60% underweight and 32.90% wasted) as documented by Rao et al. (2005) and among
children of Rajasthan (53.00% stunting, 60.00% underweight and 28.00% wasted) as reported
by Singh et al. (2006). Similarly, the incidences of wasting in present studied girls were
found to be lower than the values reported from West Bengal (13.94%) and Assam (14.42%)
by Som et al. (2006). In this way, the incidences of stunting, underweight and
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undernourished among the girls of central India were found (5.4%, 5.7% 4.1%) distinctly
lower than all previous studies among the Indian children of different ethnic origin, socio-

economic and geo-climatic conditions.
Conclusion

The study reveals that the present studied girls have low mean body weight and they are short
in stature than the reference population (NCHS). During early childhood the difference is less
but after 8 year of age, it starts increasing and the difference is widened. Similarly Body mass
index of the present studied girls indicate low mean BMI than the reference population.
During early childhood the difference is less but after 8 year of age it starts increasing and the

difference is widen.

As per height for age (Z-Score) 5.4% girls were stunted, As per weight for age (Z-Score)
5.7% girls were underweight and As per body mass index for age (Z-Score) 4.1% girls are
undernourished those are below — 2 SD. As per composite index of anthropometric failure a

total of 10.6% girls were undernourished (Figure 5).

Prevalence of under nutrition

12.0
10.6
10.0 -~

8.0 -

6.0 - 5.4

%

4.0 -

0.0 -

Stunted Under Weight Undernourished CIAF

Figure 5 Nutritional status among school going girls aged 5-18 years
In the present investigation it was found that with improved standard of living the
proportion of stunted girls had decreased. Parental education was found effective in the

improvement of level of nutrition of the children. Lastly, the level of nutrition is also found to
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be determined by the dietary habit as the non-veg eater have found proportionately better

nutritional level.
Acknowledgement

The Authors are grateful to all the children participated in the study and their parents for
cooperation during data collection. They expressed their deep gratitude to the district
authorities and Principle, Head Masters/Mistress and teachers of schools who have given
their consent and provided basic facility during data collection, without their permission it
was not possible at all. Authors are also thankful to the Head, Department of Anthropology,
Dr. H.S. Gour University, Sagar, MP, India for facilitating through laboratories and

equipments; and the faculty members for their help and cooperation during the study.
Contribution of Authors:

The idea and vision behind the theme of paper was given by RKG, who has pivotal role in
analysis and presentation of data. He trained RT for field work and data collection. He
thoroughly edited and revised the paper before and after review. RT has executed the task;
she obtained consent and collected data. She did analysis in the supervision of RKG. She
prepared first draft of the paper and assisted RKG in revision of the manuscript. In this way,
both authors were involved in data collection, analysis and drafting the manuscript and

approved the final manuscript.
Conflict of Interest: The Author declares that there is no conflict of interest

References

Adak DK, Gautam RK, Bharati S, Gharami A, Pal M & Bharati P. 2006. Body mass index
and chronic energy deficiency of adult males of central Indian populations. Human
biology, 78(2): 161-178.Antwi S, 2008. Malnutrition: Missed opportunities for
diagnosis. Ghana Med J 42:101-104.

Antony GM, & Laxmaiah A. 2008.Human development, poverty, health and nutrition
situation in India. Indian J Med Res 128:198-205.

Bisai S, Bose K, Ghosh A. 2008. Nutritional status of Lodha children in a village of Paschim
Medinipur district, West Bengal. Indian J Public Health 52:203-6.

Bose K, Biswas S, Bisai S, Ganguli S, Khatun A, Mukhopadhyay A & Bhadra M. 2007.
Stunting, underweight and wasting among Integrated Child Development Services
(ICDS) scheme children aged 3-5 years of Chapra, Nadia District, West Bengal,
India. Matern Child Nutr 3:216-221.

Chowdhury SD, Chakraborty T & Ghosh T. 2008.Prevalence of undernutrition in Santal
children of Puruliya district, West Bengal. Indian Pediatr 45:43-46.

334



Nutritional status among girls of 5-18 years: Thakur and Gautam (2015) pp. 325-336

Dibley MJ, Staehling N, Nieburg P & Trowbridge FL. 1987. Interpretation of Z-score
anthropometric indicators derived from the international growth reference. Am J Clin
Nutr 46:749-762.

Dolla CK, Meshram P, Karforma C, Das and Uike M. Nutritional Status of Kodaku Pre-
School Children in Central India. J. Hum. Ecol. 2005; 17 (3): 229-231.

Gautam RK, Thakur R. 2009. Biosocial correlates of Nutrition and chronic energy deficiency
among adult females of two ecological zones in Madhya Pradesh and Uttrakhand,
India. Mal. J. Nutr 15(2): 137-153.

Gautam RK, Adak DK, Gharami AK & Dutta T. 2006. Body Mass Index in Central India:
Inter District Variation. Anthrop. Anz, 64 (4), 1-15Gautam RK. 2007b. Biosocial
covariates of Adult male Body Mass Index in central India, J. Biosoc. Sci. doi, 10.

Gautam RK, Jhariya J and Kumar P. 2015. Globally Declining Population of Women Folk
Causing Sex Imbalance Is a Serious Concern: An Analysis of Sex Ratio around the
Globe Journal of Anthropology Vol. 2015, Article ID 431458,
http://dx.doi.org/10.1155/2015/431458

Gautam RK. 2008. Traditional occupations and nutritionals adaptation among central Indian
population. J Biosoc Sci 40(5):697— 723.

Gibson RS. 1990. Principle of Nutritional Assessment, Oxford University Press, ISBN
0195058380, 9780195058383.

Habicht JP, Martorell PR, Yarbrought C, Malina RM & Klein RE. 1974. Height and weight
standard for preschool children: How relevant are ethnic differences in growth
potential? Lancet 1:611-614.

Indian Council of Medical Research. 1972. Growth and physical development of Indian
infants and children. Technical Report No. 18. New Delhi: ICMR.

Joseph B, Rebello A, Kullu P & Raj VD. 2002. Prevalence of malnutrition in rural Karnataka,
South India: A comparison of anthropometric indicators. J Health Popul Nutr 20:239—
244,

Mishra VK, Lahari S & Luther NY. 1999. Child nutrition in India. National family health
survey report, No 14. Mumbai: International Institutes of Population Science.

Mitra M, Kumar PV, Chakrabartti S & Bharati P. 2007. Nutritional status of Kamar tribal
children in Chhattisgarh. Indian J Pediatr 74:381-384.

Mittal PC & Srivastava S. 2006. Diet, nutritional status and food related traditions of Oraon
tribes of New Mal (WestBengal), India. Rural Remote Health 6(1):385 Epub 10 April
2006.

Nandy S, Irving M & Gordon D, Subramanian SV, Smith GD. 2005. Poverty, child
undernutrition and morbidity: New evidence from India. Bull World Health Organ
83:210-216.

Nandy S, Miranda JJ. 2008 Overlooking undernutrition? Using a composite index of
anthropometric failure to assess how underweight misses and misleads the assessment
of undernutrition in young children Soc Sci Med. May; 66(9): 1963-1966.
doi:10.1016/j.socscimed.2008.01.021

NCHS 2005. Anthropometric Reference Data for Children and Adults: U.S. Population,
1999-2002.

Rajaram S, Sunil TS & Zottarelli LK. 2003. An analysis of childhood malnutrition in Kerala
and Goa. J Biosoc Sci 35:335-351.

Ramachandran P. 2007. Poverty nutrition linkages. Indian J Med Res 126:249-261.

Rao GR, Lanusingh L & Pritamjit R. 2004. Nutritional status of children in Northeast India.
Asia Pacific Popul J19:39-56.

Rao KM, Laxmaiah A, Venkaiah K & Brahmam GN. 2006. Diet and nutritional status of
adolescent tribal population in nine states of India. Asia Pac J Clin Nutr 15:64-71.

335


http://dx.doi.org/10.1155/2015/431458

Human Biology Review (ISSN 2277 4424) 4(4) Thakur and Gautam (2015) pp 325-336

Rao TVRK, Vijay T. 2006. Malnutrition and anemia in tribal pediatric population of Purnia
district (Bihar). Indian Peditr 43:181-182

Rao VG, Yadav R, Dolla CK, Kumar S, Bhondeley MK & Ukey M. 2005. Undernutrition
and childhood morbidities among tribal preschool children. Indian J Med Res 122:43—

47,
Scrimshaw NS. 1995. The new paradigm of public health nutrition. Am J Public Health
85:622-624.

Singh MB, Fotedar R, Lakshminarayana J & Anand PK. 2006. Studies on the nutritional
status of children aged0-5 years in a drought-affected desert area of western
Rajasthan, India. Public Health Nutr 9:961-967.

Som S, Pal M & Bharati P. 2007. Role of individual and household level factors on stunting:
A comparative study in three Indian states. Ann Hum Biol 34:632-646.

Som S, Pal M, Bhattacharya B, Bharati S & Bharati P. 2006. Socioeconomic differentials in
nutritional status of children in the states of West Bengal and Assam, India. J
BiosocSci 38:625-642.

Svedberg P. 2000. Poverty and undernutrition: theory, measurement and policy. New Delhi:
Oxford India Paperbacks.

Thakur R & Gautam RK. 2014. Prevalence of undernutrition among School going boys (5-18
years) of a Central Indian city (Sagar). Human Biology Review, 3 (4), 364-383.
Thakur R & Gautam RK. 2015. Nutritional status among boys and girls of a central Indian

Town (Sagar). Anthropological Review * Vol. 78 (2), 197-212 (2015).

Waterlow JC, Buzina R, Keller W, Lane JM, Nichaman MZ & Tanner JM. 1977. The
presentation and use of height and weight data for comparing the nutritional status of
groups of children under the age of 10 years. Bull World Health Organ 55:489-498.

WHO. 1995. Physical status: The use and in- terpretation of anthropometry. Technical Report
Series 854. Geneva: World Health Organization.

336



