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Objective. Children morbidity and mortality is highly associated with their anthropometric measures.
Hence, the objective of this paper was to compare anthropometric measures of under-five children in
the slum and non-slum areas five major cities of India.

Method. This study based on secondary data analysis and data was obtained fromMeasuredhs USA,
which was used for National Family Health Survey — III (NFHS-IIT).Data for five major metropolitan
cities namely, Delhi, Mumbai, Kolkata, Chennai and Hyderabad were used for the analysis. Slum and
non-slum households data as classified by both Census of India and NFHS-III were considered for
analysis. Variables which were more relevant as the indicator for the growth and development of
children such asage, height, weight, hemoglobin, etc., considered for this study.

Results. Mean values of height, weight, hemoglobin, age and birth order were compared between
slum and non-slum categories. Significant difference was observed on hemoglobin and birth order
between slum and non-slum categories for both genders. Step-wise multiple regression analysis
resulted that all the independent variables were significantly contributed for determining slum
children weight. On the other hand, SLI and birth order did not contribute for determining weight of
the non-slum children. Explained variation in weight was 72% and 74% for slum and non-slum
respectively in the regression models.

Conclusion. Height and weight is not making significant difference by Standard of Living Index
among girl children, but it is significant for boys. Standard of Living Index and birth order were not
significant variables for determining weight in non-slum children.

Copyright © 2016 Marimuthu P., Manoj Kumar Sharma and Viswanatha et al. This is an open access article distributed under the Creative Commons Attribution

License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

Growth and development of children takes place at first few
years of life and young children require good food for meeting
appropriate growth. The UNICEF report on progress for
children had shown that Low weight or wasting is strongly
associated not only for retarded growth and development but
for many morbidity conditions [1]. Early onset of stunting is
generally irreversible. Stunting could cause delayed motor
development, impaired cognitive function and poor school
performance. Children faced malnutrition during the age of
rapid development which could have long-lasting impacts on
health. Undernourished children were having more chance to
infection. Once malnutrition is treated, adequate growth could
be an indication of health and recovery. Even after recovered
from severe malnutrition, children often remained stunted for
the rest of their lives. Malnutrition double the risk of mortality
for respiratory, diarrheal disease and malaria and this risk had

greatly increased in more severe cases of malnutrition [2].
Bhutta et. al found a strong association between under-
nutrition and child mortality. Prenatal malnutrition and
inhibited growth would change the metabolism process and
physiological functions hadlong time effects on the risk of
cardiovascular disease [3].

Victora et. al had shown that wasting and stunting due
tounder-nutrition in children caused direct structural damage to
the brain and impairs infant motor development and
exploratory behavior [4]. Children who were undernourished
more likely to be short in adulthood and had lower educational
achievement. Stunted among children had more chances of
poorer cognitive and educational performances [5]. With
efforts of international organisations UNICEF and WHO,
reduction in the proportions of malnutrition is achieved in the
past 30 years. But 27% of children under the age of five in
developing countries are still malnourished [6].In developing
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countries, annual mortality due to malnutrition among under
five children had gone up to 10 million and this alone account
for 16 % of total DALY [7].

HUNGaMA report revealed that significantly higher
proportions of malnourished children were in the low-income
families and this difference existed in different social-classes
too [8]. A study from Delhi slums had shown that among
those who reported illness, more than half (56.1 %) of them
chose for open defecation [9].The first Millennium
Development Goal is Child Underweight and fourth goal is
Child Health, both these goals can be achieved by
understanding how the anthropometric measures differ among
children by various social classes, especially in developing
nations [10].It is well known that sanitary conditions of slums
are very poor and it is demonstrated that stunting is associated
with poor sanitary condition of place of residence. It
emphasized that reduction in the proportions of open
defecation is one of the important ways to improve the sanitary
condition of the place of residence [11]. It is clear evidence
that socio-economic status is one of primary factors associated
with nutritional status and the anthropometric measures are the
indicators for assessing the children nutritional grades. People
dwelling in slums of the cities are termed as urban poor and
highest proportion of them belong to Lower socio-economic
status. Hence the objective of this paper is to understand the
difference on some of the anthropometric measurements and
hemoglobin values of children dwelling in the slum and non-
slum areas of five metropolitan cities of India.

MATERIALS AND METHODS

This study is based on secondary data from the National
Family Health Survey — III. Data for five major metropolitan
cities namely, Delhi, Mumbai, Kolkata, Chennai and
Hyderabad were used for the analysis. These data were
obtained from Measuresdhs USA [12]. Slum and non-slum
household data as classified by both Census of India and
NFHS-III were considered for analysis. Variables which are
more relevant as the indicator for the growth and development
of children namely, age (in months), height, weight,
hemoglobin, Standard of Living Index (SLI), place of
residence, birth orderand gender were considered for this
study. Standard of Living Index [13] is a proxy measure for
determining the socio-economic condition of households.

Standard of Living Index is classified as 0-14 Low, 15-24
Medium and 25+ as High categories.

NFHS-3 included 16 mega and medium cities of India for
collecting slum and non-slum data. About 1000 samples
households were the target from each city and the detailed
sampling plan is available in NFHS-3 slum report [14].
During the NFHS-3 survey, HemoCue system (Hb 201+) was
used for Anaemia testing and detailed method is explained in
Field testing manual for NFHS-3 [15]. Mean values of height,
weight, hemoglobin, age (in months), and birth order by place
of residence and by SLI were compared usingtwo way
ANOVA. Independent t-test was used for comparing the
regression coefficients. Finally multiple regression analysis for
weight as dependent variable was performed separately for
slum and non-slum. Data were analysed using SPSS 11.0
Statistical package.

RESULT

A total of 3431 children data are available and selected for
analysis from five cities (slum 1710 and non-slum 1421).

Table -1 is presented for summary information on age, weight,
height hemoglobin and birth order by SLI by place of
residence by sex and the inference is drawn based on two-way
ANOVA, that is for place of residence (slum and Non-slum)
and SLI categories. It is evident from Table-1, when SLI
changes form one level to another level the mean values of
weight, height, hemoglobin and birth order also increases in
boys category and it is observed that mean values of all the
variable are significantly differ with SLI except for age. The
situation is different for girls data where we have not found
monotonic increase with elevating levels of SLI on age, weight
and height, but the mean values of hemoglobin and birth order
is statistically significant. There is no significant difference
between slum and non-slum mean values of age, height and
weight, but the significant difference is observed on
hemoglobin and birth order for both gender categories.

Table 1 Summary statistics for Age, Weight, Height, Hemoglobin and Birth order by SLI by Place of Residence by Gender.

Boys
Standard of Slum Non-Slum
Living Index Mean SD N  Mean SD

Age Low 30.05 1820 73 28.63 16.80
(in months) Medium 3096 17.00 382 2948 16.40
High 29.70 1636 411 29.67 17.21
Weight Low 10.00 330 51 10.70 1.60
inKgs. Medium 10.80 3.00 260 11.00 3.10
High 11.50  5.00 290 11.6 3.50
Height Low 80.90 1490 51 80.20 16.80
inCms. Medium 8440 1440 260 84.50 13.60
High 84.80 13.40 289 86.2 14.50
*Hemoglobin Low 10.00  1.60 44 10.10 1.60
level (g/dl) Medium 10.40 1.70 216 10.50 1.60
High 1050 1.50 249 10.9 15.25
. Low 2.63 1.42 68 2.13 1.08
*Birthorder  \yodium 246 164 327 216 114
High 2.12 127 348 1.88 1.15

* Significant between slum & Non-slum P< 0.007 on Hemoglobinand P<

0.0010n Birth order.

Girls
p p
(for SLI) Slum Non-Slum (for SLI)
N Mean SD N Mean SD N
32 3247 1699 55 2868 18.15 25
143 NS 3191 17.14 329 3077 17.65 133 NS
714 2912 1740 405 29.07 17.01 641
19 1070 360 36 980 330 14
107 0002 1040 3.10 224 1040 290 99 NS
449 1060 320 286 1120 3.50 418
19 8420 13.0 36 80.00 14.00 14
107 0029 8350 1400 223 8270 1270 99 NS
447 83.90 1490 280 84.50 1440 418
16 990 120 30 960 200 14
91 0010 1030 1.60 190 1030 150 81  0.000
370 1060 150 233 1090 140 335
24 281 222 48 283 172 18
125 0000 263 172 285 224 141 117  0.000
569 207 132 316 170 095 519

* Significant between slum & Non-slum P< 0.042 on
Hemoglobinand P< 0.001 on Birth order.
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The figure below is presented to explain the Pearson’s
correlation coefficient of age, height, hemoglobin and birth
order; with weight. It is observed that height is highly
positively correlated followed by age and hemoglbin with
weight this trend is same for both slum and non-slum ares.
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Figure Significantly corrrelated variables with Weight of the children.

Birth order is meagerly negatively correlated with weight in
non-slum area and we have not find the significant correlation
of weight and birth order in the slum area.

Height, age, are the two anthropometric measures and
followed by hemoglobin values significantly contributed in
determining children weight for both slum and non-slum areas.
SLI is meaningfully appeared only for slum regression model,
because majority of the slum dwellers are belong to Low SLI
category. Mean birth order 2.31 and 1.12 for slum and non-
slum respectively, as the variation in birth order is more in
slum this variable is also significantly contributed in slum
regression model. ANOVA for both slum and non-slum is
significant, indicating that linearity assumption is valid.
Adjusted R? is a modified of R? that adjusts for the number of
explanatory terms in a model. The adjusted R? is presented for
both regression models, which increases only if the new
independent variable included improves the model more than
expected by chance.

DISCUSSION

The National Family Health Survey report reveals that (NFHS-
3, 2005-06), 20 % under-five children were wasted (acutely
malnourished) and 48 % were stunted
(chronicallymalnourished). Moreover, 43 % of children were
underweight (weight for age). The malnutrition is a very
serious concern among children and it sill-effect is high
magnitude; malnutrition among children contributes to equal
proportion of child morality.

Table-2 Regression model for children weight by place of Residence

Slum Non-Slum
B S.E of B B t P B S.E of B B t P
(Constant) -21.767 5.38 - -4.0 0.000 -39.340 6.28 - -6.3 0.000
Height in Cms. 0.111 0.01 0.497 16.9 0.000 0.134 0.01 0.560 17.0 0.000
. Age 0.670 0.05 0.369 12.5 0.000 0.585 0.07 0.300 9.0 0.000
in months
Hemoglobin level (g/dl) 0.118 0.03 0.067 3.6 0.000 0.183 0.04 0.091 4.7 0.000
SLI 2.247 0.78 0.052 2.9 0.004
Birth order -0.735 0.31 -0.042 2.3 0.022
ANOVA ANOVA
R? AdjustedR* F P R? Adjusted R F P
0.717 0.716 457.6 0.000 0.844 0.712 693.1 0.000

B - Unstandardisedregression coefficients.p - Standardisedregression coefficients.

Pearson’s correlation coefficient may not be suitable when we
deal with more than two variables, regression analysis will be
useful for assessing the relationship among the variables and
valid for prediction. Step-wise Multiple regression analysis is
used by considering weight as dependent variable, age, height,
hemoglobin, birth order and Standard of living Index (dummy
variable) as independent variables. Regression analysis was
performed for slum and non-slum separately and the results are
presented in Table-2.

All the independent variables significantly contributed for
determining slum children weight. Regression coefficient
(B)of SLI is having highest value indicating that if SLI
category changes from Low to Medium 22.5 grams of weight
is expected to increase when all the other independent
variables are held constant. From the Standardised Regression
coefficient (B), we can understand that anthropometric
measures are at top followed by SLI for determining children
weight. The variation in slum children weight is explained 72
% by five independent variables. Regression model for non-
slum excluded two independent variables, that is SLI and
hemoglobin and all other variables are included in the model.
The variation in non-slum children weight is explained 74 %
by three independent variables.

children but retard cognitive development that last for lifetime;
and the economic loss associated with this cognitive loss per
year is accounted for 3 % of India’s GDP (13).One of the
targets under United Nation’s Millennium Development Goals
4 (Target number 5) is reduction of Infant mortality rates by
two-third. It is mentioned that, all indicators should be
disaggregated by sex and urban/rural as far as possible, and it
should be noted that urban population includes slum
population as well, which is the major contributing factor of
IMR in urban areas [10].

Domestic crowding is associated with lower socio-economic
status and it has inverse effect with physical, psychological
and health status of children [16].Alder and Ostrove have
shown low socio-economic class is often stated highly
associated with children well-being, and behaviors [17].
Parents of lower social classes use more tobacco and alcohol
and tend to eat less food. The behavioral differences are
determining the attitudes that differentiate higher and lower
social classes. These factors are related with lesser physical
and mental health [18] among children. There are some
indications for the association between open defecation and ill-
health of the poor. The first reason is diarrhea among children
from digesting feces and another is exposure of fecal for long
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time. This causes is known as chronic environmental
enteropathy which prevents absorption of nutrients[19], [20].

As per HUNGaMA [8] report, ‘Special efforts would be vital
for the most vulnerable children: the youngest (from
conception to age two years), the poorest (children of families
in the lowest wealth quintiles) and the excluded (those at the
risk of exclusion on the basis of gender or social identity)’.
As reported by Jalanand Ravallion, without piped water supply
children are vulnerable for diarrhea and that have impact the
general health condition of the children [21].Mother education
has important role on children nutrition and their health
conditions, a study conducted in Indonesia revealed that more
risk of anemia for children whose mothers are illiterates [22].

CONCLUSION

Height and weight is not making significant by Standard of
Living Index among girl children, but it makes significant
among boys. Anthropometric measures among children are
depending on nutritional status of the children and it is linked
to parents’ income/socio-economic status. Hence Standard of
Living Index has not figured in non-slum regression model,
birth order is significantly low in the non-slum areas andit is
also not significantly contributed in the non-slum regression
model. The order of importance for determining weight among
under-five children is height followed by age and hemoglobin.
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