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NOTE FROM THE EDITOR

Dear Readers, 

We are happy to present the combined issue for the year 2019-2020. The Pandemic 
COVID 19 has impacted significantly on all aspects of putting together this journal, 
therefore delaying the publication of this special issue. Yet, it is a very important issue as 
it brings deeper understanding of nutrition in Indian Population. 

This special issue has been published in collaboration with International Institute for 
Population Sciences (‘IIPS’), and it provides very important facts which should help the 
policy and programmes address malnutrition and obesity. India is home to 46.6 million 
stunted children, a third of world’s total as per Global Nutrition Report 2018. The recent 
National Family Health Survey (‘NFHS’) findings released in December 2020 also show 
a significant rise in malnutrition as well as obesity. This is known to be the root causes 
of ill health among younger populations and the early onset of Non-Communicable 
Diseases, putting further burden on health system and individuals.  The economic and 
social development that we visualise for India cannot be attained unless the issue of 
malnutrition is addressed.

The first paper examines the effect of access to Water, Sanitation and Hygiene (WASH) 
and wealth on stunting among children. There is also a paper that explores the relation 
between height of individuals in different regions of India and their protein consumption. 
Another paper concerns itself with the important topic of nutrition in children in early 
years and its impact on their growth and functionality.

We hope that this volume number 64 helps you to understand the complexities of 
nutrition and helps in initiating further research, programme interventions and academic 
discussions on integrated strategies to address the problem.

We would also like to take this opportunity to announce that the Journal of Family 
welfare will now become an online publication from the year 2021. This is the last printed 
version of the journal and we wish to thank all our subscribers, and readers for steadfast 
support over the last 66 years and helping it grow. We are excited about this next stage 
where we will be able to reach a wider audience while being environmentally friendly. 
Kindly write to us on publication@fpaindia.org to get more details on subscription and/
or contribution of articles and research papers.

We also invite you to write to us, in case you would like to review some of our articles 
as peer reviewer. We look forward to hearing from you.

With gratitude and warm regards

Dr Kalpana Apte
Editor-in-Chief
The Journal of Family Welfare; and
Secretary General
Family Planning Association of India
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A LONGITUDINAL ASSESSMENT OF 
CORRELATES OF LINEAR GROWTH AND 
STUNTING STATUS IN MAHARASHTRA, 
INDIA

Sayeed UniSa1, Laxmikant dwivedi2, tejaL Lakhan3, 
wiLLiam joe4 , vaiShaLi ChaUraSia3, nandini roy5, and 
PrakaSh FULPagare6

AbstrAct
Undernutrition among under-five 

children continues to remain a major 
public health concern in India. It is 
manifested mainly in the form of low 
birth weight babies, stunting and wasting 
among children below five years of 
age. India accounts for almost one-
third of the worlds’ total burden of 
stunting. Childhood stunting is considered 
irreversible by age two, and it is mostly 
attributed to long-term consequences 
of insufficient nutrient intake by young 
mothers, infant’s poor diet, and inadequate 
sanitation and hygiene practices. This 
study is based on 886 children under the 

age of two in 2012 and followed after three 
years in 2015 from three sub-divisions of 
Maharashtra, namely Nasik, Aurangabad 
and Amravati (CNSM Wave 1 and CNSM 
Wave 2). The present paper examined 
the influence of changes in WASH and 
wealth quintile over the longitudinal 
period and use of ICDS services on the 
status of stunting using binary logistic 
regression and Multiple Classification 
Association (MCA). The results showed 
that the improved sanitation facility and 
consumption of supplementary food 
through ICDS and deworming medication 
were significantly associated with the 
decline of stunting among children. About 
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33% of children who did not receive 
supplementary food during the four years 
(second round of CNSM) suffered from 
growth faltering. Genetic factors, namely 
the mother’s height, play a significant 
role in the status of child stunting. This 
paper corroborates that by strengthening 
the efficacy of the ICDS, improving the 
quality and quantity of dietary intake 
among adolescent and pregnant/lactating 
mothers will go a long way in reducing 
stunting among children. Also, cultivating 
sanitation and safe hygiene practices along 
with the deworming programme, can 
reduce child morbidity, thereby assisting 
in combating stunting in three regions of 
Maharashtra.

Key Words

Stunting, linear growth, growth failure, 
growth recovery, persistent stunting, 
growth trajectories, ICDS, WASH

IntroductIon

Undernutrition among under-five 
children is a major public health concern 
in India. It is reflected by the fact that 
the prevalence of stunting, wasting and 
underweight among children in India is 
about 38%, 21% and 36% respectively.1 

India accounts for one-third of the total 
burden of stunting in the world.2 Stunting 
is defined as the percentage of children 
aged 0 to 59 months whose height for age 
is below minus two standard deviations.3 
Childhood stunting is an irreversible 
process by age two and is a result of 
long-term consequences of anaemia and 
poor maternal health conditions. The 
linear growth in children is considered 
to be the best indicator of a child’s well-
being.4 Millions of children who have 
failed to achieve their linear growth 
potential due to suboptimal health 
conditions and inadequate nutrition and 

care also suffer from severe irreversible 
physical and cognitive damage that 
accompanies stunted growth.4 Hence, 
linear growth failure is primarily confined 
to the intrauterine period and in the first 
few years of life. Inadequate diet and 
frequent infections among children cause 
growth retardation.5 Many studies have 
illustrated the correlates of stunting among 
children. Such as: small size at birth, and 
childhood stunting linked with women’s 
short adult stature, lean body mass, less 
schooling of mothers.5 Two growth periods 
significantly determine the adult height, 
first is growth occurring from conception 
to two years of age and the second, 
growth occurring during adolescence 
before the onset of puberty.6 Therefore, 
undernutrition among mothers has 
intergenerational consequences on children 
born to short-statured women as they 
tend to have a greater risk of dying than 
children of mothers with normal height.7 
Initiatives like ‘Scaling up Nutrition’, 
the ‘Zero Hunger Challenge’ and the 
‘Nutrition for Growth Summit’ have 
targeted stunting as a major public health 
challenge.4 World Health Assembly in 2012 
proposed stunting as a leading indicator 
for the post-2015 development agenda.8 
Consequently, POSHAN Abhiyaan *, 
an Indian flagship programme, started 
initially in 1976 has been revised to reduce 
stunting, under-nutrition and anaemia in 
children, adolescent girls, pregnant and 
lactating mothers. It has set a target of 
reducing stunting at 2% per annum to 
achieve a 25% decline in stunting by 2022. 
As per fourth round of National Family 
Health Survey (NFHS), 2015-16, stunting 
rates for infants less than six months was 
estimated to be around 20%, indicating 
that the process of growth faltering 
unfolds since the prenatal stage.1 However, 
stunting rates, after that, inflated sharply, 
reaching up to 46.9% in the 18–23 months 

* National Nutritional Mission renamed as POSHAN Abhiyan (circular: NNM/61/2018-CPMU 
Government of India, Ministry of Women and Child Development, May 25, 2018.)
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age range and subsequently declined 
gradually to 40% in the 48-59 months 
age range. This characteristic pattern of 
stunting in early childhood established 
the period from conception to the second 
birthday (the first 1,000 days) as the critical 
window period, during which failure 
to growth often leads to stunting.9 For 
achieving the stunting targets, it is critical 
to understand the dynamics of growth 
changes in children over time and examine 
the burden of stunting across populations.

Globally, few longitudinal studies 
have examined the prevalence and 
correlates of stunting, growth recovery, 
growth faltering and persistent stunting 
in children between 0-6 years of age. 
Nonetheless, evidence from longitudinal 
studies in Bangladesh has shown that 
the prevalence of stunting increased 
three-fold in the first two years of life. 
Empirical evidence further suggests 
that underweight mothers with height 
less than 145 cm, no education and 
belonging to poor households often 
have stunted children.10, 11 A longitudinal 
case-control study in Pakistan concluded 
that in the sixth month of age, stunting 
associated with prematurity and duration 
of breastfeeding. At the 12th month, the 
association of stunting was with maternal 
height, birth weight and stunting status 
of infants at the time of six months. 
By the 60th month of age, the previous 
stunting was the only factor identified to 
be associated with the current stunting 
status in the child, which implicitly 
suggested that mother’s short stature and 
the birth weight of child was the cause 
of stunting among children.12 Another 
study in Nepal found that the odds 
of stunting and underweight among 
children reduced as Socio-Economic 
status (SES) of the household improved 
rise of mother’s education from none 
to secondary or higher educational 
level.13 In India, Tandon in 1989 noted a 
significant decline in severe malnutrition 

among pre-school children from 19.1% 
to 8.4% between 1976 and 1985 in ICDS 
based population.14 Another study from 
Lucknow concluded that the Mean Weight 
of ICDS beneficiaries, in general, was 
more than that of those who were not 
covered by ICDS.15 While a study carried 
out in Nadia district of West Bengal, 
found the prevalence of stunting to 
be higher in ICDS-served areas than 
non-ICDS areas.16 Similarly, another 
study based on 1,286 pre-school children 
residing in urban, rural and slum areas 
showed that prevalence of protein-energy 
malnutrition (PEM) was significantly 
higher among children covered by ICDS 
(53.8%) than non-ICDS beneficiaries 
(46.9%) suggesting the ineffectiveness of 
the ICDS Programme.17 Growing evidence 
suggests the association of stunting with 
WASH (Water, Sanitation, and Hygiene) 
conditions, especially among children aged 
0–23 months.18-21 Multivariate analysis 
has illustrated that in comparison to 
open defecation, households with access 
to toilet facility have 16% lower odds 
of infants aged 0-23 months of being 
stunted, after adjusting for all potential 
confounders. On the contrary, improved 
drinking water source or piped water 
was not predictive of stunting.21 The 
prevalence of stunting among Integrated 
Tribal Development Agency (ITDA) areas 
of Maharashtra is as high as 61%, a state 
where tribal population is greater than 
50%.22 Therefore, the present study focuses 
on Maharashtra for the current study.

 The objective of this paper is to study 
the changes in prevalence of stunting, 
growth faltering and growth recovery 
in children over time by following up 
a cohort of children from the three 
sub-divisions of Maharashtra, namely 
Nasik, Aurangabad and Amravati. We 
have used the data from two rounds 
of Comprehensive Nutrition Survey 
in Maharashtra (CNSM) undertaken 
in 2012 and 2015. The paper has also 
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examined the correlates of changes in 
stunting over a period and assessed the 
contribution of India’s flagship Integrated 
Child Development Scheme (ICDS) 
programmatic interventions in the growth 
recovery or growth faltering.

Methodology

We have used data from two rounds 
of Comprehensive Nutrition Survey in 
Maharashtra (CNSM) to explore the 
longitudinal changes in the nutrition status 
of children from three administrative 
divisions in the state. International 
Institute for Population Sciences (IIPS), 
Mumbai, India carried the Wave-1 of 
CNSM with the joint initiative of the 
Government of Maharashtra and UNICEF. 
CNSM-1 collected a representative sample 
derived from the six administrative 
divisions: Amaravati,  Aurangabad, 
Konkan, Pune, Nagpur and Nashik 
consisting of 2,650 children living in 
2,630 households during February-April, 
2012.23 For the Second Wave of CNSM, 
886 children living in 844 households 
from Amravati, Aurangabad and Nasik 
divisions were followed up during April-
September 2015 with UNICEF funding 
and IIPS support. The CNSM-1 findings 
indicated that three divisions, namely: 
Amravati, Aurangabad and Nashik, 
needed more focus due to the high 
prevalence of malnourished children 
as compared to the Konkan, Pune and 
Nagpur divisions.23 Consequently, in 
the second round of CNSM, children 
from high prevalence divisions were 
followed-up (Figure 1). Figure 2 presents 
the number of households and children 
selected for the paper.

Outcome Variable
The key outcome variable in this study 

is stunting and changes in the pattern 
of stunting over three years. Children 
with height-for-age Z score below minus 
two standard deviations(-2SD) from the 

median of the reference population was 
considered short for their age or stunted.24 
We have classified the children into 
four categories based on their growth 
trajectories during the period from 2012 to 
2015, and they are:

Never Stunted: A child whose height 
for age Z score was above or equal to 
minus two standard deviations (-2 SD) in 
both the waves of CNSM.

Growth failure: A child whose height 
for age Z score was more than or equal to 
minus two standard deviations (-2 SD) in 
the first round but round 2, it was minus 
two standard deviations (-2 SD).

Growth Recovery: A child whose height 
for age was below minus two standard 
deviations (-2 SD) in the first round of 
CNSM but greater than or equal to minus 
two standard deviations (-2 SD) in the 
second round of CNSM.

Persistent stunting: A child whose 
height for age Z score was below minus 
two standard deviations (-2 SD) in both 
the waves of CNSM.

Independent variables
Four types of independent variables 

were used to identify the correlates of 
changes in the stunting pattern. The 
demographic variables considered were 
gender (male or female), age of the 
child (in the first round of CNSM the 
classification was<6 months, 6-11 months, 
12-17 months and >=17 months and in 
the second round the groups consisted of 
<42 months, 42-47 months, 48-53 months 
and >= 54 months); birth order (classified 
into 1st, 2nd – 3rd, 4th – 6th and 7th) and 
height of the mother (classified into <145 
cm and >=145 cm). The socio-economic 
variables considered were educational 
status of the mother (categorized into 
<6th standard, 6-10th standard, 11-15th 
standard and above 15th standard), Social 
group (classified into General, Scheduled 
caste, Scheduled tribe, Vimukta Jati, 
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Nomads and Other Background Caste), 
household wealth quintile* (categorized as 
Poorest, Poor, Middle, Rich and Richest). 
The environment and location variables 
considered were type of residence (Rural 
and Urban), Water facility (classified into two 
categories namely improved water facility 
which includes piped water into dwelling, 
piped water into plot/yard, public tap/stand 
pipe, tube well/bore well and protected 
dug well, and unimproved source which 
includes unprotected dug well, unprotected 
spring, cart with small tank, tanker trucks 
and others), toilet facilities (classified into 
improved source which includes flush toilet, 
flush to septic tank, flush/ pour flush to 
pit latrine, flush/pour flush to elsewhere 
and pit latrine with slab, and unimproved 
source which includes pit latrine without 
slab, dry toilet, hanging toilet, no facility and 
others). The programmatic variables include 

immunization status (partially immunized or 
fully immunized) and supplementary food 
received from ICDS (yes or no) and whether 
received deworming medication (yes or no)

stAtIstIcAl AnAlysIs

The data was analysed using STATA, 
version 10.0 software. The descriptive 
and bivariate analyses were done by 
calculating percentage points. The Chi-
Square test and Fishers Exact Test was 
used to examine the association between 
dependent and independent variables. The 
dependent variable was dichotomous and 
polytomous, so binary logistic regression 
and multinomial logistic regression were 
applied on the data set and subsequently 
converted the coefficients of multinomial 
logistic regression into adjusted percentages 
by using Multiple Classification Analysis 
(MCA) conversion model.

* The wealth quintiles were constructed using household assets. Each of the household assets 
were assigned a weight (factor score) generated through Principle Component Analysis 
(PCA). The resulting asset scores were standardized in relation to a normal distribution with 
the mean of zero and standard deviation of one

Source: Comprehensive Nutrition Survey in Maharashtra (CNSM) Report, 2012
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Prevalence of Stunting in maharashtraa
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results

Table 1 provides a summary of the 
sample children covered in CNSM Wave 1 
and Wave 2. The total sample of children 
covered in 1st Wave was 1154, and in 
2nd Wave, 886 children were followed 
up. Majority of children reside in rural 
areas and more than half (around 57%) 
of the children were boys. About 52% 
were second or third birth order child, 
while 41% were first order births. In 

Wave 1, about 8% and 56% mothers 
had completed primary education and 
secondary education respectively. In Wave 
2 about 16% mothers and 49% mothers 
had completed primary and secondary 
education respectively. In terms of wealth 
index, 10% children belonged to the richest 
quintile in Wave1, whereas it was 20% in 
Wave 2. A marginal improvement in the 
availability of drinking water in Wave 
2 compared to Wave 1, was noted. The 
scenario was quite different on availability 

FIgure 2
Flow of the survey
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of improved toilet facilities in both rounds. 
The background characteristics of the 
population covered were almost similar for 
both survey rounds.

The overall stunting prevalence was 
recorded as 28% (95% CI: 25.0-31.0) in 
Wave 1, which increased marginally 
to 31% (95% CI: 27.6-33.8). A gender-
wise comparison showed an increase 
in stunting among boys (25% in 2012 to 
a most 30%in 2015), compared to girls 
(30% in 2012 to 32% in 2015). In terms of 
administrative regions, the prevalence of 
stunting was higher in Amravati, where it 
increased from 25% (95% CI: 18.8-31.50) in 
the Wave 1 to almost 36% (95% CI: 28.9-
43.0) in Wave 2. While, in Nasik region, 
a marginal increase in the prevalence of 
stunting was noticed. There was a drop 
in stunting in Aurangabad region, where 
the prevalence of stunting fell from 26.5% 
(95% CI: 22.2-30.8) in 2012 to 25.3% (95% 
CI: 21.0-29.5) in 2015. There has been 
a marginal increase of stunting among 
children residing in rural areas, while in 
the urban area it has remained almost 
the same. However, manifold increase in 
the prevalence of stunting was observed 
in children belonging to Scheduled Tribe 
(ST) compared to other social groups. In 
2012, 33% (95% CI: 24.3-41.8) of children 
were stunted in Wave 1, which increased 
to 45.1% (95% CI: 35.8-54.4) in Wave 2. 
Amongst all the wealth quintile levels, the 
prevalence of stunting was considerably 
increased among children from poor 
households, i.e., from 27.4% (95% CI: 20.8-
34.1) in 2012 to 36.6% (95% CI: 29.4-43.8) 
in 2015. It was interesting to note that the 
prevalence of stunting has increased even 
among children from households with 
improved toilet facilities while the stunting 
prevalence remained same over the two 
waves of CNSM among households 
with unimproved sanitation facility. 
However, the prevalence of stunting 
dropped amongst recipients of deworming 
medication and among those who had 
not received deworming medication, the 

prevalence increased from 26.9% (95% 
CI: 23.7-30.1) in Wave 1 to 29.6% (95% CI: 
24.1-35.0) in Wave 2.

The results of binary logistic regression 
presented in Table 3 illustrate the 
contribution of independent variables 
on stunting in Wave 1 and Wave 2 of 
CNSM. In Wave 1, the age of the child, 
education status of the mother, height of 
the mother and the availability of toilet 
facilities were significantly associated with 
stunting. The child’s age was positively 
associated with the stunting (AOR: 1.13, 
99% CI: 1.10-1.16). A unit increase in the 
age of the child increased the risk of the 
child to be stunted by 1.13 times. The risk 
of stunting declined with an increase in 
mother’s education level (AOR: 0.93, 95% 
CI: 0.87-1.00). The likelihood of a child 
being stunted was 0.39 times lower for 
those whose mothers’ height was above 
145 cm compared to those whose mothers’ 
were short stature, i.e., less than 145 cm 
(AOR: 0.39, 99% CI: 0.22-0.70). The living 
condition of households showed that 
children from homes that had unimproved 
toilet facilities, were 2.1 times more likely 
to be stunted compared to children from 
improved toilet facility (AOR: 2.06, 99% 
CI: 1.20-3.52).

In Wave 2, the factors associated with 
stunting were the height of the mother, 
wealth quintile, social-groups and ICDS 
intervention. The children whose mother’s 
height was greater than 145 cm were 0.29 
times less likely to be stunted as compared 
to children whose mothers were less than 
145 cm in height (AOR: 0.29, 99% CI: 0.17-
0.51). The multivariate analysis showed 
that children from the scheduled tribe 
(ST) social group were 2.07 times more 
likely to be stunted as compared to other 
social groups (AOR: 2.07, 95% CI: 1.14 - 
3.74). The non-recipients of ICDS’s food 
supplementation were 1.59 times more 
likely to be stunted compared to recipients 
of ICDS programme (AOR: 1.59, 90% CI: 
0.95 – 2.67).
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Table 4 presents the confounder-
a d j u s t e d  e f f e c t  o f  b a c k g r o u n d 
characteristics on the changing status of 
stunting over a period. In general, we 
find clustering of children at two ends 
of a scale – never-stunted and persistent-
stunted, though the proportion was 
especially higher among persistent-stunted 
category. Further, growth faltering was 
relatively higher than growth recovery. 
Nevertheless, the longitudinal data 
enabled us to understand the association 
between independent variables on the 
status of stunting by controlling for other 
variables.

Assumptions are that adequate 
nutrition to pregnant/ lactation mother 
and their children during early childhood 
will reduce chances of stunting for the 
next generation. Table 4 showed that there 
were 43 % never-stunted children below 42 
months of age, however, with the increase 
in the age of the child, the proportion 
of never-stunted declined to 22% in 54 
months and above ages. The reverse was 
the case for persistent-stunting. Only 
15% of children suffered from persistent 
stunting in the age group of < 42 months, 
which increased subsequently to 55% in 
the age group for 54 months and above. 
A significant growth recovery was also 
noticed with an increase in age. There 
were 17 % of children in ages 54 months 
and above who had experienced growth 
recovery while it was only 5% in the ages’ 
42-47 months. The results certainly did 
not show any differential in the status 
of stunting by gender when adjusted for 
other confounding variables.

The education of mothers has a 
positive association with the growth 
and development of her offspring. 
It is assumed that educated mothers 
will be more watchful of their child’s 
growth and provide necessary care and 
supplement the diet. Significant growth 
recovery was observed in children whose 
mothers had studied beyond primary 

school (6-10th Standard) compared to 
those who had not completed primary 
school.

Short stature and poor maternal 
nutrition are associated with an increase 
in the inter-uterine growth retardation. 
However, presumptions are that proper 
nutrition and care during the infancy 
might reverse the situation. As expected, 
children of short stature mothers suffered 
largely from persistent stunting (63%) 
compared to mothers with height above 
145 cm (34%).  A significant growth 
failure, of about 20%, was noticed in 
children whose mothers’ height was 
above 145 cm. However, changes in the 
households’ economic situation did not 
display any deviation in the stunting 
status. Perhaps, three years’ time period 
may not necessarily be able to bring 
about a change in the feeding habits. 
Nonetheless, results show that changes 
in the living conditions, particularly in 
terms of accessibility to proper sanitation 
facilities, does have an impact on stunting 
status. Persistent stunting was higher in 
the households with unsafe toilet facility 
in Wave 2 than households with safe toilet 
facility in both the waves.

About 33% of the children who did not 
receive supplementary food in Wave 2 
experienced significant growth failure than 
those had received food supplementation 
in Wave 1 and 2. Likewise, those who had 
received deworming medication in the 
second wave experienced 6% of growth 
recovery and those who had received 
deworming medication in both the waves 
registered a growth recovery that was as 
high as 12%.

The paper illustrates that children 
living in rural areas had experienced a 
much higher growth failure (25%) than 
their counterparts (13%). Among the three 
regions, growth recovery was considerably 
higher in Aurangabad and Nasik region 
than Amravati.
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dIscussIon

The paper examined the prevalence 
of stunting and changes in the growth 
trajectories, to determine the magnitude 
of growth recovery and growth faltering 
among children. We followed the children 
below age of two years from Wave 1 
(2012) of the CNSM, to Wave 2 (2015) 
allowing us to examine changes in the 
growth trajectories in three administrative 
divisions of Maharashtra: Nashik, 
Aurangabad and Amravati. The results 
showed growth recovery with the age of 
the child. This suggests that nutrition and 
care of pregnant/ lactating mother and 
their infants from conception to first two 
years of life is a crucial window period for 
reducing chances of stunting in the next 
generation.4, 25

Studies have shown that socioeconomic 
factors such as poverty, water, sanitation, 
education and gender inequality along 
with environmental factors determine the 
nutritional status of an individual.26-31, 33 
We did not find any association between 
wealth quintile with the changing status 
of stunting among children. This may be 
explained by the relatively homogenous 
nature of the population on which we 
have the data. Studies also suggests that 
apart from poverty there are other factors 
such as availability of food in different 
agro-climatic regions which affect the 
nutritional status of an individual.29 From 
round 1, we have found food security level 
is different in different regions, and there 
is an association between stunting and 
food security status.32 However, there is no 
change in the food security level between 
two rounds. Hence, food security has not 
been considered as a variable for further 
analysis.

Improved accessibility to safe drinking 
water facility at home during Wave 2 
reduced the risk of growth faltering than 
those who had access to safe drinking 
water in both the two waves. Safe drinking 

water has the potential to reduce growth 
faltering among children in the household 
where access to safe drinking water 
improves from Wave 1 to Wave 2.

Women’s educational and her position 
in the household was a significant 
predictor of growth recovery as they 
are the primary caregivers. 34-35 Our 
study suggests that growth recovery was 
significantly higher among children whose 
mothers’ education was above middle and 
secondary school than those who below 
the middle school.

We found significant growth recovery 
among children who had received 
deworming medication in Wave 2 than 
their counterparts who either received 
medication during both the waves or did 
not receive medication during Wave 2. 
Primarily, children who suffered from 
ascariasis had a higher loss in faecal 
nitrogen, and deworming treatment 
improved nitrogen and fat absorption28,36-37

The mother’s height is the result of 
genetic and environmental factors, but 
studies have shown short stature, and 
poor maternal nutrition was associated 
with intrauterine growth retardation.5 

The mother’s height was significantly 
associated with changes in stunting, and 
this is consistent with earlier studies that 
indicate the intergenerational impact of 
maternal height on growth failure and 
stunting among children.7, 38-39 This was 
largely attributed to reduced protein 
turnover and energy levels, smaller uterine 
and ovary sizes, and limited room for 
foetal development.40-41 It is noteworthy 
that the never stunted children percentage 
is high as well as low for persistent 
stunting among the children of mothers 
whose height is above 145 cm. We suspect 
that where stunting is a common feature, 
mothers may not be able to notice growth 
retardation in their offspring. A lack of 
diversity of food items in meals and the 
lack of necessary micronutrients may 
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be the reason for persistent stunting or 
growth failure. Hence, we believe that 
infant and young child feeding practices at 
home, ICDS supplementation, deworming 
medication, personal hygiene and 
sanitation will ameliorate stunting among 
children. We do find the impact of the 
ICDS on the growth faltering as children 
who did not receive supplementary food 
were at a higher risk of experiencing 
growth faltering at Wave 2. The results 
are consistent with previous studies 
which also showed a severe drop in the 
prevalence of malnutrition and increase 
mean weight among the beneficiaries of 
the ICDS scheme.14, 15 Growth failure was 
more in rural areas, and growth recovery 
was higher in Aurangabad and Nashik 
region as compared to Amravati region.

conclusIon

We conclude that  policies  and 
programmes should ensure access to 
proper drinking water and sanitation 
facilities at the household and community 

level. It may also mitigate the regional 
variations in stunting. The strengthening 
of ICDS, deworming medication and 
provision of diversified food items in 
the meals for adolescents, pregnant 
and lactating mothers and children will 
preclude the intergenerational effects of 
undernutrition in current generations 
and promote linear growth in early 
childhood. Longitudinal studies allow 
us to study long term effects of nutrition 
supplementation on undernutrition, 
stunting and obesity. Furthermore, we 
propose longitudinal studies in the 
areas where undernutrition is a major 
problem to understand the long-term 
effects of social, economic, biological and 
environmental factors on malnutrition 
and changes in growth trajectories. 
Lastly, a synergy between the existing 
programmes, such as supplementary 
nutrition, immunization and diarrhoeal 
disease control, is essential for promoting 
child survival and reducing growth 
trajectories.

tAble 1
distribution of population according to background characteristics

Background
CnSm round 1 CnSm round2

numbers Percent numbers Percent
gender of the child
Male 652 56.5 491 56.63
Female 502 43.5 376 43.37
Birth Order of the Child
1 477 41.3 356 40.18
2-3 592 51.3 459 51.81
4-6 77 6.7 64 7.22
7 8 0.7 7 0.79
mother’s education
No education 160 13.86 100 12.79
Primary 91 7.89 124 15.86
Secondary 650 56.33 383 48.98
Higher 253 21.92 175 22.38
wealth quintile
Poorest 273 23.66 174 20.07
Poor 274 23.74 174 20.07
Second 296 25.65 173 19.95
Rich 201 17.42 172 19.84
Richest 110 9.53 174 20.07



Vol. 64, Special Issue 2019-20 11

Background
CnSm round 1 CnSm round2

numbers Percent numbers Percent
Caste
SC 179 15.51 117 14.16
ST 169 14.64 115 13.92
VJ 35 3.03 26 3.15
NT 157 13.6 123 14.89
OBC 264 22.88 187 22.64
Others 350 30.33 258 31.23
administrative regions
Amravati 290 25.13 191 22.03
Aurangabad 493 42.72 407 46.94
Nasik 371 32.15 269 31.03
Type of Locality
Rural 729 63.17 556 64.13
Urban 425 36.83 311 35.87
Source of drinking water
Safe 1,059 91.77 820 94.58
Unsafe 95 8.23 47 5.42
toilet facility
Improved 382 33.1 257 29.64
Unimproved 772 66.9 610 70.36
Total sample 1154 886

tAble 2
Prevalence of stunting according to background characteristics

Background Characteristics
Stunting 2012 Stunting 2015

Percent 95% Ci Percent 95% Ci
overall 27.99 [25.0 – 31.0] 30.73 [27.6 - 33.8]

age (months) (First round)     

<6 8.8 [4.8 - 12.8] 31.4 [24.9 – 38.0]

6-11 18.7 [13.5 - 23.9] 30.1 [23.9 – 36.3]

12-17 36.1 [29.7 - 42.6] 29.3 [23.2 – 35.4]

>=17 45.8 [39.2 - 52.3] 32.1 [25.9 – 38.3]

Birth order     

 1 26.1 [21.5 - 30.7] 30.6 [25.8 - 35.4]

2-3 29.6 [25.4 - 33.8] 30.1 [25.9 - 34.3]

4-6 23.4 [12.8 - 34.1] 27 [15.7 - 38.3]

7 57.1 [7.7 - 100] 57.1 [7.7 - 100]

gender     

Male 25 [26.2 – 34.4] 29.6 [27.4 – 35.8]

Female 30.29 [20.6 – 29.4] 31.6 [24.9 – 34.3]

mother’s education     

No education 27.3 [18.3 – 36.2] 40.8 [30.9 – 50.7]

Primary 27.9 [19.8 – 35.9] 31.7 [23.2 – 40.1]

Secondary 27.4 [22.9 – 31.9] 27.4 [22.9 – 31.9]

Higher 26.8 [20.0 – 33.6] 27 [20.1 – 33.8]
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Background Characteristics
Stunting 2012 Stunting 2015

Percent 95% Ci Percent 95% Ci

wealth quintile     

Poorest 36.7 [29.3 – 44.0] 39.5 [32.0 – 47.0]

Poor 27.4 [20.8 – 34.1] 36.6 [29.4 – 43.8]

Second 33.5 [26.2 – 40.8] 30.5 [23.4 – 37.6]

Rich 20.5 [14.3 – 26.7] 25.5 [18.7 – 32.2]

Richest 23 [16.5 – 29.5] 21.5 [15.1 – 27.8]

Social group     

SC 30.2 [21.7 – 38.7] 32.8 [24.1 – 41.4]

ST 33 [24.3 – 41.8] 45.1 [35.8 – 54.4]

VJ 34.6 [15.0 – 54.2] 30.8 [11.8 – 49.8]

NT 26.8 [18.9 – 34.8] 29.8 [21.5 – 38.0]

OBC 23.1 [17.0 - 29.2] 29.4 [22.7 – 36.0]

Others 28 [22.5 - 33.5] 24.3 [19.0 – 29.6]

administrative regions     

Amravati 25.1 [18.8 – 31.5] 35.9 [28.9 – 43.0]

Aurangabad 26.5 [22.2 – 30.8] 25.3 [21.0 – 29.5]

Nasik 32.2 [26.5 – 37.9] 35.6 [29.8 – 41.5]

type of Locality     

Rural 29.5 [25.7 – 33.3] 33 [29.1 – 37.0]

Urban 25.2 [20.2 – 30.1] 26.4 [21.4 – 31.5]

water Facility     

Improved 27.8 [24.6 – 30.9] 30.5 [27.3 - 33.7]

Unimproved 30.6 [19.7 – 41.5] 34 [20.0 – 48.1]

toilet Facility     

Improved 18.1 [13.5 – 22.8] 27.1 [22.3 – 32.0]

Unimproved 32.4 [28.6 – 36.2] 32.9 [28.8 – 37.0]

Supplementary food     

Received 27.9 [24.6 – 31.4] 31.6 [27.9 -35.2]

Not received 27.7 [20.6 – 34.7] 30.3 [22.9 – 37.5]

deworming medication     

Received 35 [26.3 – 43.8] 31.3 [27.5 – 35.1]

Not received 26.9 [23.7 – 30.1] 29.6 [24.1 – 35.0]

immunization     

Partial Immunization   30.28 [26.5 – 34.1]

Full Immunization   30.32 [25.2 – 35.5]



Vol. 64, Special Issue 2019-20 13

tAble 3
Binary logistic regression for effect of background characteristics on stunting in  

CnSm round 1 and CnSm round 2

CNSM round1 CNSM round2
or L.C.I U.C.I or L.C.I U.C.I

age of the child (months) 1.129*** 1.10 1.16 1.011 0.98 1.04
gender of the child
Female®
Male 1.338 0.93 1.93 1.187 0.83 1.70
Birth order
1®
2-3 0.992 0.68 1.45 0.806 0.56 1.16
4-6 0.577 0.19 1.74 0.420 0.13 1.33
7 3.928 0.51 30.32 1.152 0.17 8.00
Educational status of mother 0.931** 0.87 1.00 0.976 0.91 1.04
height of the mother (cm)
Less than 145®
Greater than or equal 145 0.393*** 0.22 0.70 0.295*** 0.17 0.51
wealth Quintile
Poorest®
Poor 0.647 0.36 1.17 1.114 0.64 1.93
Middle 1.028 0.56 1.88 1.247 0.71 2.19
Rich 0.582 0.30 1.12 1.023 0.55 1.91
Richest 1.319 0.62 2.81 0.471* 0.22 1.03
Social group
General®
SC 1.209 0.67 2.18 1.241 0.70 2.21
ST 1.026 0.54 1.97 2.068** 1.14 3.74
VJ 0.854 0.28 2.60 1.253 0.44 3.59
Nomads 0.878 0.49 1.57 0.987 0.56 1.72
OBC 0.763 0.47 1.25 1.191 0.73 1.93
Place of residence
Rural®
Urban 0.985 0.57 1.70 1.188 0.73 1.94
water facility
Improved®
Unimproved 0.799 0.41 1.56 1.075 0.47 2.45
toilet facility
Improved®
Unimproved 2.055*** 1.20 3.52 0.794 0.52 1.21
immunization
Partially immunized®
Fully immunized 0.835 0.54 1.28
Supplementary food 
received from iCdS
Yes®
No 1.114 0.67 1.85 1.593* 0.95 2.67
deworming medication
Yes®
No 0.970 0.59 1.61 1.020 0.69 1.51
Constant 0.475 0.09 2.42 4.004* 0.95 16.82

Number of 
observations

737 Number of 
observations

672

Adjusted R2 0.139 Adjusted R2 0.015

® Reference category
note: *** p<0.01, ** p<0.05, * p<0.1
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tAble 4

MCA table for effect of background characteristics on the changing status of stunting

Background Characteristics never 
Stunted

growth 
Failure

growth 
recovery

Persistent 
Stunting

age of the child (months) (Second round)
Less than 42® 42.83 40.82 1.81 14.55

42 - 47 months 39.37 24.63 5.28** 30.71**

48 – 53 months 26.88 11.69*** 10.53*** 50.90***

Greater than or equal to 54 months 21.68 6.57 16.92*** 54.83***

gender of the child
Female® 38.07 19.2 5.82 36.91

Male 34.01 20.64 7.53 37.82

Birth order of the Child
1st ® 33.83 22.91 5.83 37.43

2nd – 3rd 36.71 19.51 7.54 36.24

4th + 38.45 11.30* 6.17 44.08

educational status of mother
<6® 30.18 19.22 9.54 41.05

6-10th 40.1 18.71 6.55** 34.63

>10th 32.02 22.13 5.95 39.91

height of the mother (cm)
Less than 145® 14.44 18.98 3.62 62.97

Greater than or equal to 145 38.97 19.64*** 7.06 34.33***

Change in wealth Quintile
No change® 37.52 19.57 7.12 35.79

Improved 35.41 24.91 4.95 34.74

Deteriorate 31.63 16.03 8.05 44.28

Change in water Facility
Safe in both the rounds® 34.85 20.35 6.49 38.31

Unsafe in the 1st round but Safe in the 2nd round 46.82 9.96* 11.17 32.05

Safe/Unsafe in 1st round but Unsafe in 2nd round of 
CNSM

36.52 29.69 5.96 27.83

Change in toilet facility
Safe in both the rounds® 46.83 24.47 6.27 22.43

Unsafe in the 1st round but Safe in the 2nd round 32.74 19.23 5.03 43.01**

Safe/Unsafe in 1st round but Unsafe in 2nd round of 
CNSM

32.65 18.49 5.02 43.84***

immunization (Second round)
Partially immunized® 36.46 20.49 6.2 36.85

Fully immunized 34.59 19.11 7.79 38.52

Supplementary food received from iCdS
Received in both the rounds® 37.58 17.55 6.06 38.81

Not received in 1st round but received in 2nd round 35.83 17.42 7.4 39.34

Received/Not received food in the 1st round but did not 
receive in 2nd round of CNSM

29.18 32.56*** 7.99 30.27
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Background Characteristics never 
Stunted

growth 
Failure

growth 
recovery

Persistent 
Stunting

deworming
Received in both the rounds® 32.25 21.92 11.92 33.91

Not received in 1st round but received in 2nd round 35.42 19.59 5.64** 39.35

Received/Not received medication in the 1st round but 
did not receive in 2nd round of CNSM

37.18 20.08 7.79 34.94

region
Amravati® 34.94 18.9 2.81 43.36

Aurangabad 40.39 19 8.73** 31.88

Nashik 28.67 21.63 7.75*** 41.95

Social group
General® 38.95 18.46 6.19 36.41

SC/ST 32.55 21.71 7.31 38.43

Place of residence (First round)
Urban® 39.51 13.11 6.61 40.77

Rural 33.47 24.60*** 6.67 35.25

® Reference category
note: *** p<0.01, ** p<0.05, * p<0.1
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Exploring thE Variations in 
adult hEight of population by 
agro-ClimatiC ZonEs in india
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AbstrAct

Body height is a potential tool, that 
accurately reflects the average nutritional 
status of the citizens of a country, which 
indicates the interaction of genetic and 
environmental influences during the 
growth period. Various factors: poverty, 
food security, genes, climate change and 
temperature impact the food intake and 
human stature. This study pertains to the 
analysis of secondary data of National 
Family Health Survey (NFHS) (2015-16) 
which contains a district identifier. Based 
on the classification of Khanna (1989), we 
have divided the country into 15 agro-
climatic zones to study the variations in 
body height amongst Indians. India has 

three height patterns and the lowest height 
people live in the eastern part, followed by 
the central and southern part, and tallest 
persons are in the western Himalayan 
regions.

We have found a negative association 
between percentage poor and the mean 
height of adult men and women. Within 
regions also there exist significant 
differences between the poor and rich. In 
terms of protein consumption, all those 
who consume quality proteins are taller 
than those who consume only one form 
of protein. The results show that even 
after controlling for economic status and 
protein consumption, the difference in 
mean height of men is 4 cm and women 
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is 3 cm between the regions. From this, 
we can conclude that the characteristics of 
agro-climate regions and people living in 
that region by different racial background 
cannot be ignored in the explanation 
of variation in height in the Indian 
population.

Key Words: Adult height, Agro-climatic 
zones, race, ethnicity, poverty, protein 
intake

IntroductIon

The historical literature on stature 
suggests that variation in stature 
represents an evolutionary adaptation to 
climatic conditions.1 Variation in body 
height in most cases give the expression 
of an evolved reaction norm reflecting 
a life-history trade-off between growth, 
maintenance and reproduction.2 The 
height of an individual reflects the 
interaction of genetic and environmental 
influences during the period of growth. 
There are significant differences in 
anthropometric profile among populations 
inhabiting in different geographical 
zones as well as among those with 
different ethnic backgrounds. It indicates 
that the effects of both these factors on 
anthropometric variation are important.3 The 
height of an individual reflects the interaction 
of genetic and environmental influences 
during the period of growth.4, 5 Guha (1935) 
mentioned in his work on racial affinities 
of the people of India, the differences in 
physical characteristics of races and their 
location in India.6 Indians are from diverse 
races and different climatic zones and are 
expected to have differences in body height.

Studies have also showed that 
environmental factors regulate growth 
in body size and the rate of biological 
maturation.7,8 The study from Sub-
Saharan Africa concluded that climate 
fundamentally influences food intake 
and exposure to diseases and catch-up 
growth at puberty.9 On the other hand, 

genetic determinants of body shape and 
proportion are more resistant to the 
environment, and the body proportions 
characteristic of ethnic groups seem to 
maintain themselves across a range of 
environmental conditions.10 There is an 
interplay between various genetic, socio-
economic, and environmental factors 
that should be taken into consideration 
while making inferences on human height 
rather than concluding that the mother’s 
height is the sole factor that influences 
the adult height.11 A review of studies 
from developing countries has reported 
that growth differences between groups 
reflect environmental factors during 
childhood and genetic factors play a 
role during the adolescent years.10 Adult 
size results from a blend of hereditary 
and environmental factors, though 
environmental determinants predominate. 
According to Eveleth and Tanner (1976), 
“two genotypes that produce the same 
adult height under optimal environmental 
conditions may produce different heights 
under circumstances of privation.”12 
Moreover,  inhabitants of  any less 
developed country who reflect most 
closely its indigenous gene pool experience 
the poorest environments.10 In the case of 
association between climate and stature, a 
modest relationship was found between 
temperature and sitting height and it 
was attributed to the development that 
underscore nutritional and temperature 
stresses in shaping human variations in 
body size.13 Despite different claims of a 
relationship between environment and 
stature, a recent study from Nepal shows 
the evidence of variations in the height of 
children by agro-climatic regions.14

Researchers on nutrition in developing 
countries have focussed attention on 
the lack of resources in a region, while 
climatic and racial analyses are sporadic 
on nutrition issues. There are different 
agro-climatic regions in a vast country 
like India and the climatic conditions 
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in each region impacts food production 
levels. Hence, the food habits of the 
population vary accordingly. Many studies 
have concentrated on the explanation of 
state level differences in the stunting of 
children. Moreover, there is less work 
on the adult height variations in regions 
of India. A lack of research on adult 
height by regions may be due to the 
scarcity of anthropometric data in the 
past. Nonetheless, there are studies with 
few cases on the adult height by region.3 
Furthermore, state-level studies of adult 
height are also limited. 15

Not only is the level of food production 
different in various regions in India, 
but it also has a relationship with the 
development and level of poverty in 
the area.16 Poverty is associated with 
inadequate diet and limited resources 
which paves the way for various 
infections and ultimately leading to 
an individual’s poor nutritional status, 
resulting in short stature.15 Also, people 
with low socioeconomic status have higher 
propensity to purchase a lower variety 
of fruits and vegetables.17 Moreover, 
under-nutrition can be both a cause and 
a consequence of poverty.18, 19 Hence, it 
is vital to examine the cause of under-
nutrition. One of the essential nutrients 
that determine the final growth of 
an individual is protein.20, 21 Studies 
have shown the association between 
consumption of different types of protein 
(dairy, animal and vegetable) and their 
combination with height.22, 23 On the 
other hand, there are studies which 
argue that differences in an individual’s 
nutritional status is mainly due to genetic 
factors.24 Furthermore, several studies 
have examined the association between 
food security and nutritional level of 
children.25-29

Understanding and quantifying the 
association between agro-climatic regions, 
food production, adult height is vital in a 
vast country with so much diversity, like 

India. Moreover, for targeting intervention 
and valuable guidance for improvement 
of nutrition, causal mechanism response 
according to agroclimatic conditions will 
be useful.14, 30, 31 Therefore, there is a need 
to examine the variations of adult height 
of persons living in different agro-climatic 
zones. It helps us to understand the level 
of poverty, food intake and racial factors 
in the difference in the height of the Indian 
population. This study deals with the 
examination of variations in adult height 
in India according to agro-climatic regions, 
taking into consideration the level of 
poverty and protein intake of individuals 
using a nationally representative sample 
of NFHS-4.

Methodology

This study pertains to the analysis of 
secondary data of National Family Health 
Survey (NFHS) (2015-16). The International 
Institute for Population Sciences (IIPS) 
was designated as the nodal agency for 
this project by the Ministry of Health and 
Family Welfare (MOHFW), Government 
of India, New Delhi. NFHS-4 provides 
information at district level on the height 
and weight of adult men and women.

In order to find the association 
between food availability (cereals) and the 
nutritional status of the population, the 
country is divided into 15 agro-climatic 
zones using the classification adopted by 
Khanna (1989).32 The classification of zones 
by Khanna (1989) is similar to Chatterjee 
(1973) classification.33 Until NFHS-3 it was 
not possible to generate the data properly 
according to agro-climatic regions of India 
in the absence of district level codes. NFHS-
4, data is available at the district level, and 
identification of agro-climatic according to 
the classification of Khanna (1989), regions 
is possible from this data set.

According to Khanna (1989) the 
Western Himalayan Region (WHR) 
comprises the districts of Himachal 
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Pradesh, Jammu and Kashmir and 
Uttaranchal. The Eastern Himalayan 
Region (EHR) includes the districts of 
Arunachal Pradesh, Assam, Manipur, 
Meghalaya, Mizoram, Nagaland, Sikkim, 
Tripura and West Bengal’s hilly region. 
The Lower Gangetic Plain Region (LGPR) 
covers the entire state of West Bengal, 
except for four districts: Darjeeling, Cooch 
Behar, Jalpaiguri and Purulia out of its 
18 districts. The Middle Gangetic Plain 
Region (MGPR) consists of the districts 
of Bihar and Eastern Uttar Pradesh. The 
MGPR consist of six sub-Agro Climatic 
Zones, three falling in Bihar and three in 
Uttar Pradesh. The Upper Gangetic Plains 
region (UGPR) includes the districts of 
Western and Central Uttar Pradesh which 
is among the larger and very thickly 
populated agro-climatic zones. The Trans-
Gangetic Plains region (TGPR) consists 
of the districts of Chandigarh, Delhi, 
Haryana, Punjab and only one district of 
Rajasthan i.e. Ganganagar District. In the 
Eastern Plateau and Hills region (EPHR) 
the districts of Chhattisgarh, Jharkhand, 
Madhya Pradesh, Maharashtra, Orissa 
and West Bengal are included. And this 
is the largest agro-climatic zone covering 
about 400 thousand square kilometres of 
geographical area. The Central Plateau and 
Hills region (CPHR) includes the districts 
of Madhya Pradesh, Rajasthan and Uttar 
Pradesh and is centrally located. The 
Western Plateau and Hills region (WPHR) 
encompasses the districts of Madhya 
Pradesh and Maharashtra. This zone 
comprises a major part of Maharashtra, 
parts of Madhya Pradesh and one district 
from Rajasthan. The Southern Plateau and 
Hills region (SPHR) covers the districts 
of Andhra Pradesh, Karnataka and Tamil 
Nadu. The East Coast Plains and Hills 
region (ECPHR) comprises the districts 
of Tamil Nadu, Andhra Pradesh, Orissa 
and Pondicherry. The Western Plains and 
Ghats region (WPGR) includes the districts 
of Goa, Karnataka, Kerala, Maharashtra 
and Tamil Nadu. This zone is famous 

for plantation crops and spices. The 
Gujarat Plains and Hills region (GPHR) 
encompasses the districts of Gujarat, 
Dadra and Nagar Haveli, Daman and 
Diu. This zone covers the entire state 
of Gujarat. This zone can further be 
divided into South, Middle, North and 
Saurashtra-Kutch regions. The Western 
Dry region (WDR) comprises the districts 
of Rajasthan. The last zone is the Island 
Region (IR) which includes the districts of 
Union Territory of Andaman and Nicobar 
Islands and Lakshadweep Islands.

Taking  in to  cons iderat ion  the 
significance of different types of proteins, 
we have divided protein consumption into 
three parts. First is a dairy protein which 
included the consumption of milk or 
curd, second is a vegetable protein which 
consisted of pulses consumption and third 
is an animal protein which included the 
consumption of egg, fish, chicken or meat. 
Percentage of households falling in the low 
and lowest quintiles level is categorized 
as poor.

stAtIstIcAl AnAlysIs

In this study, we have calculated mean 
height and standard deviation of it for 
men and women separately for each zone 
as well as at district level considering unit-
level data. To understand the differences 
in the group mean height by categories, 
done the test of significance for each 
pair. The level of confidence and alpha 
values are prefixed with 95% and 0.05, 
respectively.

Linear regression carried out separately 
for women and men to study the 
association of agro-climatic regions and 
adult height of the population. For the 
analysis, we have used district as a unit 
rather than unit-level data of women and 
men. When both the absolute and relative 
information size is large, aggregate data 
analysis results will most likely be reliable. 
The individual-level analysis is only useful 
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if individual characteristics play a role in 
the explanation.

results

Variations in adult height by age groups
In order to understand the differences 

in adult stature of men and women within 
a diverse country like India, we selected 
agro-climatic regions. This helped us to 
examine body heights with a diversity of 
the agriculture production, food habits of 
the people living in these regions.30 Also, 
the groups selected have similar climatic 
conditions, occupation and other lifestyle 
habits.

We selected two consecutive age groups 
for men and women (age group 20-29 and 
30-39 for women and age group 25-34 
and 35-49 for men) to examine temporal 
changes in height. These age groups 
were selected, considering the differences 
in the physical maturity of women and 
men. There are significant differences 
in the height of the men and women 
across different agro-climatic zones in the 
selected age groups. The mean height for 
women is as low as 150 cm to as high as 
156 cm between the regions. Similarly, 
the mean height for men is as low as 161 
cm to as high as 167 cm. The difference 
between men and women in height is 
more than 10 cm in all the regions. On 
average, the height ratio of male-to-
female is 1.07, and it is similar to global 
standards.34 According to Bogin, 1999, 
Eveleth and Tanner 1976, women both 
start and stop their growth spurt at an 
earlier age, and it results in the differential 
growth pattern with men.12, 35

The Western Dry region (WDR) 
comprising the districts of Rajasthan 
performed well in terms of the mean 
height of women. The Trans-Gangetic 
Plains region (TGPR) consisting the 
districts of Chandigarh, Delhi, Haryana, 
Punjab and only one district of Rajasthan 
has tall men. All the people living in this 
region belong to a similar race.6 During 

the British period, people living in these 
regions were considered a martial race 
because of their stature.36

The lowest mean height of women is 
observed in the MGPR region, followed 
by the EHR region of India. While for 
men, the lowest mean height is observed 
in the region of EHR. According to Guha 
(1935), people living in the region of EHR 
belong to Mongoloid race. In the MGPR 
region, the population mostly belongs to 
the Mediterranean race.6

On average women in the age group, 
20-29 are taller than the women in the 
age group 30-39 in most of the agro-
climatic zones. In the case of male too, 
the same scenario is found for the age 
group 25-34 in comparison to age group 
35-44. Furthermore, significant differences 
for females are found in twelve zones 
and for males in eight out of 15 zones 
of India. Similar results are found in the 
state level analysis from NFHS-3 data.15 
For further analysis, we considered only 
the 20-29 age group of women and for 
males 25-34. Looking at Figure 1 and 
2, we can conclude that India has three 
height patterns. The lowest height people 
are living in the eastern part, followed by 
the central and southern part, and tallest 
persons are in the western Himalayan 
regions. International comparison of the 
mean adult height of Indian population 
considering the entire population may give 
misleading interpretations.

Variations in adult height by level of 
poverty in the region

Socio-economic factors such as poverty 
determines the nutritional status of an 
individual; hence it is vital to know the 
economic status of the population in 
the zone. Region-wise analysis of socio-
economic status will help us to understand 
the determinants of height in the region. 
Table 2 illustrates the distribution of poor 
and rich among various agro-climatic 
zones of India. The lowest percentage 
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of the poor population is found in the 
TGPR region, followed by WPGR and 
IR. Whereas the highest per cent of poor 
population are found in MGPR region 
followed by EPHR region. The level of 
poverty between different agro-climatic 
zones ranges from as low as 7% to as 
high as 72% suggesting the vast economic 
disparity between India’s agro-climatic 
zones.

An attempt is made to study the 
association between poverty level of 
agro-climatic region and mean height of 
adults. Figure 3 presents the association 
between the percentage of the poor and 
adult mean height of males in 25-34 
and females in 20-29 age groups. This 
figure depicts the negative association of 
stature with poverty. The regions with 
a high percentage of poor have short 
stature persons. A similar pattern is 
found in Unisa and Barkotoky (2017).37 
In Figure 4, a district wise analysis of 
percentage poor and mean height of men 
25-34, and women 20-29 was carried out 
to see the relationship. The resulting 
analysis indicated the negative relationship 
between poverty and mean height of males 
and females. However, there are few 
exceptions in the district level analysis as 
well as agro-climatic zones (WDR zone) 
where the association is not visible. Hence, 
we can conclude that poverty, is not the 
sole factor that impacts the nutritional 
status and adult height of an individual.

Variations in adult height within region 
by economic status

Huss-Ashmore and Johnston, 1985, 
concluded in their study that the 
difference within the region between low 
and high socioeconomic status is more 
than between the regions.10 In this study, 
too, we found a difference in the mean 
height of adults belonging to rich and 
poor wealth quintile in the region (Table 
3). Differences in mean height by economic 
status in each region for women and men 

are significant (Except in the case of males 
in the IR region). However, the magnitude 
of difference between these categories 
is not large except for a few exceptions. 
Hence, we can conclude that within a 
region, it’s the economic status that plays 
a role in the variation of the height of the 
population.

Variations in adult height within region 
by consumption of proteins

Studies in the developing world have 
reported, the prevalence of mild to 
moderate protein-energy malnutrition 
(PEM).38 Animal sources provide all 
essential amino acids, whereas vegetable 
sources generally lack one or more of 
the essential amino acids.39 Hence, it is 
crucial to examine the consumption of 
proteins by the Indian population. The 
protein consumption data is of the current 
situation of the adults. We have assumed 
that they might have taken the same type 
of food during the time of growth. One 
recent study found that food habits do not 
change at different stages of the life for 
women.40

Considering the quality of protein 
and considering the food consumption 
data of NFHS-4, consumption of protein 
has been divided into three categories 
that are a dairy protein, animal protein 
and vegetable protein. Table 4 provides 
information on men and women daily 
consuming at least two types of protein 
in each agro-climatic zone. In most of 
the population, the consumption of 
cereal and pulses is daily. However, if 
the consumption is more than two types, 
then means people may be consuming 
good quality protein from dairy or 
animal sources. It’s seen that the largest 
proportion of men and women daily 
consuming at least two types of protein 
reside in the SPHR region of India, 
i.e. 45.1% and 46.1%, respectively. 
Furthermore, the men and women residing 
in the EPHR region consume less amount 
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of protein which stands second in terms of 
poverty with 65.1%.

Table 4 presents the mean height 
of women and men by their protein 
consumption status. The first column 
in this table constitutes of women and 
men who consume at least two types of 
proteins. The difference in the mean height 
of women by protein consumption status 
ranges from as low as 0.19 cm to as high 
as 1.31 cm in the regions. Adults who 
consume a higher number of protein have 
a higher height in comparison to those 
who consume less number of proteins. 
In the case of women, differences in 
height are significant in all regions except 
IR, whereas in the case of men, it is not 
significant for WHR, SPHR, WPGR, GPHR 
and IR regions. From this analysis, we 
conclude that protein plays a vital role 
in achieving the maximum height of the 
population.

Multivariate analysis of adult height
Ta b l e  5  a n d  6  p r e s e n t  l i n e a r 

regression analyses result of the height 
of women and men. In these analyses, 
we have considered district as a unit 
of analysis within each agro-climatic 
region. Hence, independent variables are 
agro-climatic regions, level of poverty 
and consumption of at least two types 
of proteins. The goodness of fit for 
regression models are found satisfactory 
with R Square and adjusted R Square 
is close and explained considerable 
variation in height by the independent 
variables (Women – R square 0.685; Men 
–R Square 0.469 ). The differences are 
significant in the height of women and 
men after controlling for the poverty 
and consumption of proteins.  The 
difference of mean height between the 
Western Himalayan region and Eastern 
Himalayan is around 2.4 cm for women 
and 3.7 cm for men.

dIscussIon

Anthropometric measurements such as 
height and weight have historically been 
regarded as a marker of health. It has 
long been a focus of research in a range of 
social science disciplines. Studies suggest 
that adult height is a useful marker of 
variation in cumulative net nutrition, 
biological deprivation, and standard of 
living between and within populations in 
developed countries.11 It was challenging to 
study the broad pattern of height variation 
in India due to the absence in past of 
standard anthropometric measurement 
from a large representative sample of the 
Indian population. In this study, adult 
height variations in India is studied by 
agro-climatic zones using a nationally 
representative sample of NFHS-4. It was 
possible because NFHS-4 provided data 
at the district level for the first time, and it 
is feasible to classify the zones according 
to the classification given by Khanna 
(1989). The authors in the earlier study 
tried to examine the mean height of adults 
in various agro-climatic using previous 
rounds of NFHS; however, zones were not 
properly defined due to data limitation.37

It is interesting to find that the adult 
height of the population is increasing at 
1% points for men and women between 
two consecutive age groups of ten years. 
The growth in height shows the temporal 
improve height at a slow pace. The 
variation in height between the geographic 
regions are visible from the bivariate 
analysis and maps. An Indian map 
indicating heights for men and women 
gives a very distinct classification of the 
country’s population by regions. The 
lowest height persons are found mostly in 
Eastern Himalayan Region (EHR), Eastern 
Plateau and Hill Region (EPHR), Middle 
Gangetic Plain Region (MGPR) followed 
by the Lower and Upper Gangetic Plain 
Regions (LGPR and UGPR). Central and 
southern regions of India (CPHR and 
SPHR) have a little higher height than 
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the eastern and Gangetic regions. The 
tallest persons are found in the Western 
Himalayan Region (WHR) and Trans-
Gangetic Regions (TGPR), Western Dry 
Region (WDR). However, in case of the 
mean height of women from GPHR, they 
are similar to the Western Plateau and Hill 
Region (WPHR).

Most studies from developing countries 
attribute the difference in height by 
geographic regions to low resources and 
economic conditions of the population 
in the region.41 The level of poverty is 
lowest in the TGPR region with 7.1% 
and highest in the MGPR region (72%) 
followed by EPHR (65% and EHR (59%) 
regions. EPHR and EHR regions consist 
of tribal population, and the area is 
mainly dominated by hills and suffers 
from lack of power supply, transport and 
communication resulting in industrial 
backwardness and thus impacting the 
zone’s social and economic status.42 

The MGPR region which consisted of 
the districts of Bihar and Eastern Uttar 
Pradesh has a high level of poverty.42,43 
There is a big difference in the level of 
poverty, but the difference in height is 
only 4 cm between MGPR and TGPR. 
On the other hand, the WDR area where 
the level of poverty is moderate but the 
height of the population is similar to the 
TGPR region for both men and women. 
The question then arises, can we attribute 
this difference only to the economic 
status of the population or are there other 
important factors that have been ignored 
in ascribing differences to the poverty 
stricken population.

Within region differences in height 
may be attributed to unequal income 
distribution.10,44 The difference in the mean 
height of men belonging to the rich and 
poor household is lowest in the region 
of WPGR. The lowest difference within 
WPGR region can be attributed to the 
development that took place in this region 
as compared to other regions in terms 

of basic amenities, education, transport, 
roads, communication, etc. 45 Being a high 
rainfall zone, agriculture can be taken up 
the entire year and also it is the primary 
producer of many export-oriented foods 
products.45

Studies have attributed the variation 
in height to food production and 
consumption of protein in each region44, 
46-48 It may be noted that the type of 
food consumption in Indian states is 
significantly different and it is visible 
from the different studies.49,50 In this 
study consumption of at least two types 
of protein is considered as it represents 
the quality and variety of proteins . Once 
enough food has been produced in the 
region, people then can move on to the 
nutritional quality of food. This notion is 
supported by our finding, which shows 
that SPHR region, which witnessed 
increasing agricultural production and 
income of the people increased the 
demand for processed and high-quality 
foods.45 Thus, the largest proportion of 
men (aged 25-34 years) and women (aged 
20-29 years) in this region consumed at 
least two types of proteins daily. The 
study also tries to understand the impact 
of protein consumption on the mean 
height of the adults. It can be seen that 
lowest difference in mean height of the 
men and women has been observed in 
the WHR region between those who 
consume at least two types of proteins 
daily and among those who do not 
consume at least two types of proteins 
daily. The use of new technology for the 
development of production is widespread 
in WHR.46 Although the differences in 
height by consumption of proteins types 
is significant, the magnitude is minimal. 
The consumption of rice is dominated in 
the Eastern and Southern part of India, 
whereas in WHR, TGPR and WDR wheat 
is the predominant cereal.50,51 In Central, 
UGPR, and MGPR regions, a mixed type 
of cereals, i.e. rice and roti, are consumed. 
All those who consume, rice and legumes 
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without animal proteins have lower 
nutrient density, and that can negatively 
influence the height.23

From the multivariate analysis carried 
out separately for men and women, it is 
very evident that after controlling for the 
poverty and protein consumption, agro-
climatic regions have higher beta values 
and R square is also sufficiently large. The 
differences between Western Himalayan 
Region and Eastern Himalayan Region 
for men is 3.7 cm, and for women, it is 2.4 
cm. Figure 5 and Table 7 present the races 
and location of the Indian population.6, 53-55 
There is a very significant association of 
agro-climatic regions with the height of 
population, and each agro-climatic region 
dominates different races. Hence, based on 
our regression analysis, we conclude that 
in the explanation of stature of population, 
race, and the region cannot be ignored 
by saying that intermixing of races have 
taken place historically in India.3,10 We 
found very distinct differences between 
the Mongoloid, Proto-Australoid and 
Indo-Aryan races. People who are from the 

Mediterranean and Dravidian races, their 
height is between Mongoloid and Indo-
Aryan races. All the people are growing, 
but growth is unequal. 56

conclusIon

This study revealed that heredity and 
climatic conditions play a significant 
role in the variation of the height of 
population in India. Further analysis 
of race wise differences by considering 
other parameters of anthropometric 
data and climatic condition by seasons 
in each geographic region will help us 
to understand the nutrition status of the 
population. We also examined the only 
association of overall protein intake on the 
adult height. Thus, scrutiny of different 
types of proteins, consumption of cereals 
and its impact on human stature are 
therefore desirable in future. Policymakers 
should take into consideration the 
paramountcy of agro-climatic zones and 
economic status while making strategies 
to tackle the problem of malnourishment 
in a country like India.

tAble 1
Mean height of adults according to Agro-climatic regions and age groups, 2015 – 2016

Women Men
Agro 

climatic 
zones

20-29 30-39
t-statistic

25-34 35-44
t-statisticMean SD Mean SD Mean SD Mean SD

WHR 154.47 6.21 154.24 6.28 4.01* 166.56 7.19 166.29 6.63 3.83*
EHR 150.89 5.9 151.14 6.09 -6.61* 161.82 6.64 162.08 6.01 0.64
LGPR 151.30 5.68 151.14 5.51 2.02* 163.28 6.09 162.27 6.78 1.16
MGPR 150.18 6.37 150.15 6.42 0.60 162.49 6.71 162.05 6.97 2.21*
UGPR 151.25 5.93 150.89 5.97 6.55* 163.97 6.92 163.19 6.54 4.09*
TGPR 154.46 5.9 154.61 5.98 -4.03* 166.95 6.38 166.43 6.44 1.46
EPHR 150.76 5.59 150.68 5.56 -1.15 161.86 6.65 161.59 6.4 2.02*
CPHR 152.94 5.84 152.74 5.74 2.27* 164.84 7.21 164.43 6.87 2.34*
WPHR 152.71 6.17 152.41 6.2 6.38* 164.64 8.17 163.46 6.98 3.94*
SPHR 152.71 6.1 152.36 6.18 2.57* 164.04 7.55 163.35 7.04 1.87
ECPHR 152.44 5.93 152.15 5.86 2.65* 164.37 7.29 163.48 6.89 2.15*
WPGR 153.62 6.59 153.68 6.34 1.94* 164.76 8.03 164.72 6.93 1.66
GPHR 153.18 6.02 152.69 6.24 2.89* 165.16 7.36 164.19 6.9 2.25*
WDR 155.58 5.69 155.71 5.49 -1.20 166.92 6.84 166.1 6.49 1.57
IR 152.99 5.95 153.61 6.54 -2.06* 163.59 6.73 163.68 7.85 0.13

*P-value significant at 95% CI
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FIgure 1
Mean height of men 25-34 years by agro-climatic regions
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FIgure 2
 Mean height of women 20-29 years by agro-climatic region 
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tAble 2
Percentage Poor and Rich and sample size according to Agro Climatic regions, 2015-2016

Agro climatic zones

Household Wealth Index (%) Sample size

Poor (first 
and second 
quintiles)

Middle (third 
quintile)

Rich (fourth 
and fifth 
quintiles)

Women
20-29 years

Men 25-34 
years

WHR 21.4 24.1 54.5 17140 2762

EHR 58.6 20.9 20.4 32031 3783

LGPR 49.8 20.3 29.9 4585 540

MGPR 71.5 14.0 14.6 24937 2317

UGPR 49.3 16.5 34.3 21683 2407

TGPR 7.1 15.4 77.6 17376 2300

EPHR 65.1 14.4 20.5 28615 3315

CPHR 52.3 17.1 30.6 23353 2854

WPHR 33.9 22.0 44.1 14874 1979

SPHR 24.5 27.3 48.1 14934 2104

ECPHR 28.0 26.1 46.0 8482 1030

WPGR 9.2 17.7 73.2 6226 1097

GPHR 25.2 20.2 54.5 7982 1788

WDR 36.7 23.0 40.4 4447 476

IR 14.0 20.1 66.0 1164 168

Total 227829 28920

FIgure 3
Mean height of adults by poverty and Agro- climatic zones, 2015 - 2016
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FIgure 4
Mean height of adults by percentage poor in the Districts of India, 2015 - 2016

tAble 3
Mean height of women aged 20 – 29, and men aged 25 - 34 years according to wealth index and  

Agro-climatic regions, 2015 – 2016

Agro climatic zones
Mean height of 

women t-statistic
Mean height of men 

t-statistic
Poor Rich Poor rich

WHR 153.60 154.93 -9.93* 165.09 167.40 -6.62*

EHR 150.09 152.72 -32.10* 160.72 163.92 -11.14*

LGPR 150.58 152.63 -10.21* 161.83 165.47 -4.81*

MGPR 149.42 151.95 -25.36* 161.43 164.63 -9.06*

UGPR 150.04 152.39 -26.12* 162.46 165.42 -9.42*

TGPR 153.18 154.77 -9.44* 165.29 167.00 -3.73*

EPHR 150.07 152.37 -28.32* 160.87 163.94 -12.67*

CPHR 151.96 153.96 -22.70* 163.36 166.28 -9.54*

WPHR 151.79 153.33 -15.69* 162.99 165.60 -10.09*

SPHR 151.37 153.49 -16.45* 161.20 165.61 -9.98*

ECPHR 150.87 153.31 -16.37* 163.08 165.68 -3.76*

WPGR 150.51 154.32 -12.88* 163.88 164.63 -3.76*

GPHR 151.64 154.04 -14.96* 162.40 166.70 -8.84*

WDR 154.72 156.22 -7.64* 165.75 167.48 -2.70*

IR 151.46 153.55 -2.99* 160.97 165.14 -1.72

*P-value significant at 95% CI
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tAble 4
Consumption of at least two types of proteins daily and mean height by the consumption of protein of 

women aged 20 – 29 and men aged 25 - 34 years according to Agro-climatic regions, 2015 - 2016

Agro 
climatic 
zones

Percentage 
women 

consuming 
at least 

two types 
of protein 

daily

Mean height of women aged 
20-29 years Percentage 

men 
consuming 

at least 
two types 
of protein 

daily

Mean height of men aged 
25-34 years

Women 
consuming 
less than 
two types 
of protein 

daily

Women 
consuming 

at least 
two type 
of protein 

daily

t-statistic

Men 
consuming 
less than 
two types 
of protein 

daily

Men 
consuming 

at least 
two type 
of protein 

daily

t-statistic

WHR 31.7 154.34 154.53 -2.78* 37.8 166.44 166.8 -0.36
EHR 24.0 150.67 151.54 -7.13* 22.1 161.5 162.99 -2.58*
LGPR 29.2 150.97 151.87 -4.26* 25.3 162.73 164.74 -3.58*
MGPR 32.2 149.78 150.89 -13.42* 32.9 162.09 163.5 -5.39*
UGPR 15.5 151.10 152.16 -8.93* 16.2 163.66 165.26 -3.81*
TGPR 27.6 154.26 155.07 -6.05* 33.4 166.56 167.35 -3.27*
EPHR 13.3 150.57 151.82 -13.24* 12.0 161.70 163.34 -5.43*
CPHR 16.2 152.81 153.35 -6.08* 20.8 164.51 166.24 -5.1*
WPHR 30.8 152.29 153.42 -8.12* 23.5 164.08 166.43 -3.25*
SPHR 46.1 152.45 152.96 -4.51* 45.1 163.86 164.51 -0.45
ECPHR 26.3 152.11 152.93 -6.33* 36.6 164.06 165.28 -3.14*
WPGR 41.7 153.40 153.91 -3.38* 40.9 164.53 164.92 -0.73
GPHR 31.7 152.88 153.81 -6.35* 27.6 165.12 165.55 -0.49
WDR 15.0 155.39 156.69 -5.4* 11.4 166.66 168.73 -2.1*
IR 26.1 152.77 153.56 -0.24 24.3 163.47 164.28 -0.06
*P-value significant at 95% CI

tAble 5
Linear regression analysis of mean height of women aged 20-29 years (District as unit of analysis)

Unstandardized 
Coefficients Std. 

Error

Standardized 
Coefficients Sig.

95.0% Confidence 
Interval for B

B Beta Lower 
Bound

Upper 
Bound

(Constant) 155.247 0.204 0 154.847 155.648

Women consuming at least 
2 proteins

-0.009 0.004 -0.078 0.014 -0.016 -0.002

Agro-climatic regions*
Percentage Poor -0.028 0.003 -0.379 <0.001 -0.033 -0.022

EHR -2.388 0.19 -0.437 <0.001 -2.761 -2.016
LGPR -2.312 0.32 -0.183 <0.001 -2.941 -1.682
MGPR -2.925 0.223 -0.460 <0.001 -3.364 -2.487
UGPR -2.397 0.228 -0.317 <0.001 -2.845 -1.949
TGPR -0.122 0.207 -0.018 0.555 -0.528 0.284
EPHR -2.625 0.219 -0.439 <0.001 -3.056 -2.194
CPHR -0.886 0.213 -0.136 <0.001 -1.304 -0.468
WPHR -1.27 0.213 -0.172 <0.001 -1.69 -0.851
SPHR -1.337 0.208 -0.197 <0.001 -1.746 -0.929
ECPHR -2.021 0.244 -0.223 <0.001 -2.5 -1.542
WPGR -0.315 0.252 -0.034 0.212 -0.809 0.18
GPHR -1.218 0.239 -0.137 <0.001 -1.686 -0.749
WDR 1.449 0.384 0.092 <0.001 0.694 2.204
IR -1.186 0.548 -0.051 0.031 -2.263 -0.11

*WHR – Reference category; R Square and Adjusted R Square: 0.685, 0.676
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tAble 6
Linear regression analysis of mean height of men aged 25-34 years (district as unit of analysis)

Unstandardized 
Coefficients Std. 

Error

Standardized 
Coefficients Sig.

95.0% Confidence 
Interval for B

B Beta Lower 
Bound

Upper 
Bound

(Constant) 167.194 0.363 <0.001 166.48 167.908
Men consuming at least 2 
proteins

-0.035 0.005 -0.345 <0.001 -0.045 -0.026

Percentage Poor -0.009 0.005 -0.063 0.104 -0.019 0.002
Agro-climatic regions*
EHR -3.711 0.351 -0.480 <0.001 -4.4 -3.021
LGPR -2.019 0.589 -0.113 0.001 -3.176 -0.861
MGPR -1.793 0.409 -0.199 <0.001 -2.595 -0.991
UGPR -1.238 0.42 -0.116 0.003 -2.062 -0.413
TGPR 0.283 0.378 0.030 0.454 -0.459 1.025
EPHR -3.018 0.405 -0.357 <0.001 -3.813 -2.223
CPHR -0.484 0.389 -0.053 0.213 -1.248 0.279
WPHR -0.997 0.396 -0.095 0.012 -1.774 -0.22
SPHR -1.779 0.371 -0.185 <0.001 -2.509 -1.05
ECPHR -1.595 0.446 -0.125 <0.001 -2.472 -0.719
WPGR -0.824 0.46 -0.063 0.074 -1.727 0.08
GPHR -1.454 0.441 -0.115 0.001 -2.32 -0.587
WDR 1.318 0.709 0.059 0.063 -0.074 2.71
IR -2.983 1.008 -0.09 0.003 -4.962 -1.004

*WHR –Reference Category; R Square and Adjusted R Square: 0.469, 0.455

FIgure 5
Climatic regions by racial groups (Adopted from climatic regions given by Chatterjee (1975) and presented 

in Majumder et al (1990) and racial classification from Guha (1935), Ali(2019))

Climatic regions by racial groups (Adopted from climatic regions given by Chatterjee (1975) and  presented 
in Majumder et al (1990) and racial classification from Guha (1935), Ali(2019))
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tAble 7
Race and their sub-categories by location in India

Race Sub –category/Tribe Region/State
Negrito Jarwawas, Onges, Sentinelese, Great 

Andemanese, Jaroya, Kadar
Andaman and Nicobar,

Pullayans Palni hills, Kerala and Tamil Nadu

Kadors Cochin, Kerala

Badgis Rajmahal hills, Jharkhand

Angami Nagas North East
Proto-Australoid The Bhils, Kols, Badagas, Korwas, 

Kharwars, Mundas, Bhumjis and 
Malpaharis

Chottanagpur region, Central India

Chenchus, the Kurumbas, the Yeruvas 
and the Badagas 

Southern India

Mongoloid Palaeo-Mongoloid Fringes of Himalayas in Assam and 
Myanmar border

Tibeto- Mongoloid Sikkim, north-western Himalayas and 
Trans Himalayan regions, Ladhak

Dravidian Gondis Madhya  P radesh ,  Maharash t ra , 
Chattisgarh, Uttar Pradesh, Telangan, 
Andhra Pradesh, Bihar, Odisha

Chencu Andhra Pradesh, Telangana, Odisha

Kurukh Chhattisgarh, Jharkhand and Odisha

Badagas, Irula Tamil Nadu

Kannadigas, Kodavas Mainly in Karnataka 

Malayalis Kerala, Lakshadweep
Mediterranean Palaeo-Mediterranean North India, Tamil and Telugu Brahmins

Mediterranean Lower caste of north India

Oriental-Mediterranean Rajasthan and Western Uttar Pradesh
Brachycephals Alpinoids, Dinaric, Armenoids Bonias of Gujarat,

Kayastha caste of Bengal
Khatiawar – Gujarat,
Coorgis and Parsis -, Karnataka, 
Maharashtra and Tamil Nadu

Nordic or Indo-Aryan Punjab, Rajasthan and Jammu

Source: Adopted from Guha(1935), Ali (2019),
https://www.yourarticlelibrary.com/population/population-of-major-racial-groups-in-india/19834; https://www.
jagranjosh.com/general-knowledge/racial-groups-of-india-1448688039-1
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SPATIAL ANALYSIS OF 
MULTIDIMENSIONAL DEPRIVATION 
AND STUNTING AMONG INDIAN 
CHILDREN

Tejal lakhan1, anisha Das2, shivani GharGe1, neeThu naik1, 
nanDini roy3 anD sayeeD unisa4

AbstrAct

Out of the total 150.8 million stunted 
children in the world, India is home to 
31% of them, says the Global Nutrition 
Report 2018. As per the National Family 
Health Survey (NFHS) 2015-2016, stunting 
varied greatly from district to district 
(12.4% to 65.1%). Dealing with social 
exclusion is a key paradigm in government 
policy, and the current approach is to 
channel resources into smaller segments 
among deprived populations. This study 
intends to determine the hotspots of 
stunting and deprivation in India. The 
proposed paper is based on the data 
extracted from the fourth round of the 
NFHS-4 data set (2015-16). Moreover, this 
study employs the Multiple Deprivation 
Composite (MDC) index to achieve results. 

The MDC index is computed, taking 
into account five domains, including 
living environment, household wealth, 
financial resources, mother’s education 
and mother’s nutritional status. Also, 
data was statistically analysed using 
SPSS software Version 20, ARC GIS and 
GeoDa software was used to portray the 
prevalence of stunting through mapping 
technique. Results indicate around 39% 
of under-five children are stunted in 
India. The prevalence of stunting is 
very high in central and eastern India. 
It can be observed that around 71% of 
the districts in eastern India experience 
very high deprivation due to low basic 
facilities followed by central India. High 
geospatial clustering was observed for 
multiple deprivations with Moran-I value 
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of 0.738 followed by geospatial clustering 
of stunting with Moran’s I value of 0.631. 
We discovered that the deprivation 
score is primarily based on income, 
health and education domains rather 
than the living and environment and 
material domains. There was a statistically 
significant association between multiple 
deprivation and stunting among children. 
This paper is prominently grounded on 
the distribution of scores which depends 
on how the indices are constructed and do 
not necessarily identify determined targets. 
Scrutiny at the local level and validation of 
the measures is, therefore, preferable.

Keywords

Stunting, malnutrition, multiple 
deprivation, spatial clustering, hotspots.

IntroductIon

Concerned about stunting, the World 
Health Assembly has set a goal to bring 
down the prevalence of stunting to 
40% by 2025.1 The recent large-scale 
National Family Health Survey (NFHS 
4) give the prevalence rates of stunting, 
wasting and underweight as 38%, 21% 
and 36% respectively.2 About one-third 
of the total stunted children of the world 
reside in India.3 Stunting is defined as 
the percentage of children aged 0 to 59 
months (below 5 years) whose height 
for age is below minus two standard 
deviations.4 According to NFHS 4, 20% 
of infants less than six months suffered 
from stunting indicating the initiation of 
growth failure since the prenatal stage. 
However, the prevalence of stunting was 
46.9% in the 18–23 months age range 
and subsequently declined gradually 
to 40% in the 48-59 months age range. 
This characteristic demonstrates the best 
window period for the intervention that 
can revitalize linear growth which begins 

from the pre-conception period to the first 
two years of life.5, 6 A target has been set 
by the India flagship programme known 
as POSHAN Abhiyaan*, to reduce stunting 
at 2% per annum to achieve a 25% decline 
in stunting by 2022. It was started initially 
in 1976. Stunting is a cause of concern as 
it is associated with diminished mental 
learning ability, poor school performance, 
increased risk in nutrition-related chronic 
diseases, such as diabetes, hypertension, 
and obesity at later ages.

 If the stunting targets have to be 
achieved, it is critical to understand the 
pathways of different factors affecting 
stunting. Existing literature show that 
social inequalities affect linear growth 
among children. It may be noted that 
linear growth is one of the best indicators 
for measuring children’s well-being.7 
Other studies consider stunting to be 
the result of the inter-generational flow 
of under-nutrition from mother to child. 
The mother’s height is associated with 
childhood stunting.8-11 However, others 
opined that only 10% of the variation 
in adult height could be explained by 
the inheritability of genes.12 Diverse 
factors like poverty, water, sanitation, 
education and gender inequality affect an 
individual’s nutrition status.13-15 Studies 
also imply that apart from poverty there 
are different factors such as availability of 
food in different food availability zones 
which also influence an individual’s 
nutritional status.16

Along with assessing the impact of 
various factors individually on stunting, 
it is of utmost importance to see the 
combined effect of various factors, to get 
a complete picture of how deprivation 
of different factors is associated with 
undernutrition among children. The 
economic status and mother’s health are 
considered to be the two most crucial 

*  National Nutritional Mission renamed as POSHAN Abhiyan (circular : NNM/61/2018-
CPMU Government of India, Ministry of Women and Child Development, May 25, 2018.)
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domains of deprivations that affect 
nutrition among children. Likewise, a 
majority of stunting cases are found in 
a region primarily on account of these 
two domains. Nonetheless, the deprived 
population faces challenges with regards 
to multiple morbidities involving a higher 
prevalence of depression, mortality and 
higher costs.17 A community-based index 
of multiple deprivations has inferred 
that higher regional deprivation is 
associated with higher mortality.18 The 
geographical disparity in life expectancy 
can be elucidated by deprivation wherein 
life expectancy at birth is elevated in 
most affluent groups.19 The multiple 
deprivation index has emerged as a global 
phenomenon in the present time, and it is 
also evident from the literature that most 
deprived are at a higher risk of dying. 
Dealing with social exclusion is a key 
paradigm in government policy, and the 
current approach is to channel resources 
into smaller segments with deprived 
populations.20 The extent to which a child 
is at risk of getting stunted depends on 
the economic status of the family, food 
security, maternal nutrition, education of 
mother and his/her physical environment 
such as the source of drinking water 
facilities, sanitation facilities adopted in the 
household, which often becomes difficult 
to control. Often it is seen that the rural 
and the urban areas do not suffer from 
deprivation to the same extent. It’s often 
argued that the difficulty lies in detecting 
the relation between multiple deprivations 
and health in rural regions.21, 22 Yet, such 
a measurement of deprivation index has 
never been taken up earlier in the country 
like India.

We propose to develop a composite 
deprivation index and measure the extent 
of its influence on the stunting of the 
children using the NFHS-4 data set. 
The paper’s objective is to examine 
the prevalence of stunting and spatial 
clustering of stunting. Secondly, we 

examined the association between the 
level of deprivation and the prevalence of 
stunting among children to provide policy 
and programmatic level directions.

Methodology

The paper is based on data extracted 
from the fourth round of the NFHS-4 
dataset (2015-16) that has a nationally 
representative sample of  2,65,653 
children below five years from 6, 01,509 
households.

(a) Independent variable :  Mult iple 
Deprivation Composite (MDC) index: 
We have computed MDC index by 
taking into account five domains, i.e. 
living environment, household wealth, 
financial resources, mother’s education 
and nutritional status all of which are 
described below.

 Living environment Deprivation: 
i n c l u d e s  i n d i c a t o r s  r e l a t e d 
to adequate shelter, water and 
sanitation facilities.

 Material Deprivation: includes 
indicators related to material 
possession.

 Income Deprivation: includes 
indicator related to financial 
resources.

 Mothers education Deprivation: 
includes indicator related to the 
mother’s highest educational status.

 Mothers health Deprivation: includes 
indicator related to the mother’s 
nutritional status

The domains are combined according 
to their respective weights. The index has 
been constructed keeping in mind that 
each stage fulfils the definition of indices, 
data processing, producing a desired index 
and summary measures. The schematic 
diagram provides multiple deprivation 
pathways that affect stunting.
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(b) Dependent variable: The key outcome 
variable was stunting and we have 
classified the children into two 
categories based on their height for age 
Z scores:

 Never Stunted: Children whose height 
for age Z score was more than or equal 
to minus two standard deviations (-2 
SD) and

 Stunted: A child whose height for age 
Z score was below minus two standard 
deviations (-2 SD).

For the paper, we have considered 

five domains of deprivation, defined by 
the chosen parameters and indicators 
specific to each district, but the validity of 
the measures beyond these five domains 
depends on the individual features 
considered within districts.23 The paper 
does not attempt to reproduce distinct 
socio-economic domains through factor 
analysis but rather seeks to create a 
composite index that would determine an 
empirical relation to summarizing multiple 
deprivations and stunting. Fig 1 illustrates 
the theoretical framework of multiple 
deprivation domains.
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shrInKAge technIque

Once the key domains and indicators 
were identified and segregated, we 
moved on to the shrinkage technique to 
achieve the desired index*. The idea of 
shrinkage estimation or empirical Bayesian 
estimation was used to borrow strength 
from larger areas, to avoid creating 
unreliable small area data. In the absence 
of shrinkage, some smaller areas have 
scores which do not reliably describe the 
deprivation in the area due to chance 
fluctuations from region to region or year 
to year.24

The actual mechanism of the shrinkage 
procedure is to estimate deprivation in a 
small area using a weighted combination 
of district data and data from another 
more robust score. The weight attempts to 
increase the efficiency of the estimation, 
keeping in mind that the bias does not 
increase. The shrunk estimate of a smaller 
area (district) level proportion (or ratio) 
is a weighted average of the two raw 
proportions for the small area and the 
corresponding district. The weights used 
are determined by the relative magnitudes 
of the within-district area and between-
district area variability. The shrinkage 
procedure is given in the appendix below.

The final step is to back-transform 
the shrunk-logit  using the anti-logit 
to obtain the shrunk district-area level 
proportion for each small area as

The scores  have been divided 
among all districts – 0 if the district is 
non-deprived of a particular indicator 
and the respective score if the district 
is deprived of that particular indicator. 

When the scores have been assigned, we 
determine the mean deprivation score for 
each district.

stAtIstIcAl AnAlysIs

The data was analysed using SPSS 
software Version 20. The district-wise 
prevalence of stunting was estimated 
using frequencies and percentages. 
Bivariate analysis was performed using 
the chi-square test. Then the prevalence 
of stunting was mapped using Arc GIS 
software to graphically analyse the 
clusters of stunted children in India. 
District wise stunting prevalence was 
categorised into four categories based 
on WHO cut-off values for public health 
significance.25 Those are low prevalence 
(<20%), moderate prevalence (20–29.9%), 
high prevalence (30-39.9%), and very 
high prevalence (≥40%).25 The mean 
deprivation scores have been represented 
through a map to view the degree of 
deprivation in each of the districts across 
the country. The shapefile from ArcGIS 
was exported to GeoDa for advanced 
geospatial analyses. Spatial weights were 
generated using GeoDa. Contiguity based 
spatial weights were used to understand 
the spatial interdependence between 
the outcome variable and the exposure 
variable in the neighbouring regions. 
Queen’s weight was utilised for estimating 
all the geospatial statistics and geo-spatial 
regressions. Moran-I statistics, Univariate 
LISA, Bivariate LISA and Geospatial 
regression were used to address the 
research questions.

We associated the mean deprivation 
scores obtained with the prevalence of 
stunting to find out the extent to which 
each of the deprived indicators is affecting 
the occurrence of the disease.

* The shrinkage technique is designed to tackle problems associated with small values in a 
smaller area. In some areas, particularly where the exposed population at risk is small, the 
data may turn out to be unreliable, as a result of which sampling and other sources of error 
may creep in.
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Moran’s I is given by

where  is the standardized variable 
of interest, wij is the standardized weight 
matrix with zeroes on the diagonal and C 
is the multiplier equivalent to   N being 
the number of spatial units indexed by i 
and j;so being the sum of all  .

results

Table  1  shows the  prevalence 
of stunting according to selected 
soc ioeconomic  and demographic 
characteristics. Overall 39% of under-five 
children are stunted in India. Prevalence 
of stunting was highest among children 
with higher birth order i.e. 4+ as compared 
to those with lower birth order. Also, 
the prevalence of stunting was higher 
among children whose mother was thin 
i.e. 47% as compared to normal and 
overweight/obese mothers i.e. 37% and 
27% respectively. In rural areas, stunting 
is more pre-dominant (41% ) compared 
to the urban areas (32%). Share of stunted 
children was significantly more among 
households with poor wealth index (48%) 
compared to households with middle 
(36%) and rich wealth index (27%).

Figure 2 displays the district-wise 
prevalence map of stunting for children 
below five years of age showing the 
hotspot region. It’s observed that the 
prevalence of stunting is very high in 
central India. About 104 districts out of 
139 districts in central India have stunting 
prevalence of more than or equal to 40% 
followed by eastern India and western 
India (Table 2). Very few districts in south 
India i.e. 12 districts out of 107 districts 
have a very high prevalence of stunting. 
Thirty-six out of 86 districts in northeast 
India had a high prevalence of stunting 
i.e. between 30% to less than 40% followed 
by north India. Approximately 50% of the 
districts in southern India have a moderate 
level of stunting i.e. between 20% to less 

than 30%. Also, 10% of the districts in 
south India are having a low prevalence of 
stunting which is less than 20%.

Next, we plotted the district-wise mean 
deprivation map which highlighted the 
extent of impoverishment or deprivation 
that a district suffers. The map (Figure 3) 
makes it clear that mean deprivation exists 
in and around eastern and central India. 
It can be observed that around 71% of the 
districts in eastern India experience very 
high deprivation due to low basic facilities 
followed by central India (Table 3). On the 
contrary, lesser deprivation is experienced 
in the North (59%) followed by Western 
and Southern India.

Figure 4 and 5 represents the region-
wise univariate LISA results for stunting 
among children aged less than five years 
and the mean deprivation. The LISA 
map represents high-high geographical 
clustering of stunted children in and 
around central and eastern parts of 
India along with few selected districts of 
west and south. High-high means that 
regions with high stunting rates also 
share boundaries with neighbouring 
regions that have high stunting rates 
referred to as hot spots areas of stunting. 
High-low means that regions with high 
stunting rates are surrounded by regions 
with a low prevalence rate of stunting. 
It’s seen that districts in southern and 
northern India along with few districts 
of northeast and west have low-low 
geographical clustering, indicating that 
regions with a low prevalence of stunting 
also share boundaries with neighbouring 
regions with low stunting prevalence rate. 
Likewise, similar results are obtained for 
mean deprivation. The high prevalence 
of mean deprivation was observed in 
eastern India and low-low clustering was 
observed in northern, western, southern 
India and few districts of the northeast. 
Moran-I statistics explain the magnitude of 
geospatial clustering among the dependent 
and independent variable. High geospatial 
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clustering was observed for multiple 
deprivations with Moran-I value of 0.738 
followed by geospatial clustering of 
stunting with Moran-I value of 0.631.

To examine the spatial relationship 
between the exposure and the outcome 
variable bivariate LISA was used for 
regions in India. It was used to understand 
whether the regions which experienced 
high multiple deprivations were also 
having a high prevalence of stunting. 
Figure 6 shows that the regions which 
have a high multiple deprivations had 
a higher prevalence of stunting among 
the children below five years of age with 
a Moran-I value of 0.458. We found the 
hotspots as well as the cold spots for the 
geographical region.

Since considerable geospatial clustering 
was observed in the dependent variable 
i.e. stunting and the independent variable 
i.e. the multiple deprivations, we included 
the results of Spatial Error models to 
account for the geospatial clustering in 
the exposure and the outcome variables. 
We find that multiple deprivations were 
significantly associated with the stunting 
rates in India (Table 4). The advantage of 
the Spatial Error models over OLS models 
can be represented in Figure 7 and 8. 
The Moran-I value decline from -0.021 to 
-0.028.

dIscussIon

The paper examined the geographical 
clustering of the prevalence of stunting 
among children below five years of 
age and multiple deprivations in India 
using geospatial tools. We explored 
the association between the prevalence 
of stunting and multiple deprivations 
experienced by a region.

The empirical evidence illustrates 
that setting up of a deprivation index is 
a necessary pre-requisite to assess the 
shortcomings in the distribution of public 
health facilities in India. In the absence 

of direct measurement, it is necessary 
to judge the extent of deprivation at 
the household level. Therefore we 
recommend a straightforward approach 
of adjusting deprivation scores and 
comparing the deprivation score with the 
prevalence of stunting among children 
as an alternative method to plan the 
distribution of the public health delivery 
system. This is because we found that the 
Multiple Deprivation Index scores had a 
statistically significant association with 
the prevalence of stunting among children. 
The prevalence of stunting is high in 
deprived areas, particularly in eastern and 
central India,.

We considered the validity of adjusting 
indices of multiple deprivations by initially 
measuring the individual districts’ scores 
based on selections of domains and 
indicators. Further, the weighting of these 
domains varies between the districts. This 
multi-dimensional aspect has led to the 
underpinning of the concept of multiple 
deprivations. We discovered that the 
deprivation score is primarily based on 
income, health and education domains 
rather than the living and environment 
and material domains. The majority of 
the Indians cannot afford the basic needs 
required for daily living and often do 
not consider stunting as a manifestation 
of chronic malnutrition and leave it 
untreated.

The variation in deprivation scores 
within districts is relatively small. In 
particular, the change in the score of 
the most deprived quintile is minimal. 
However, this may be partly attributed 
to the greater spread of high deprivation 
scores compared to the more clustered 
nature of less deprived scores. This feature 
gives us the confidence to use scores not 
only within the districts but also within 
India. The paper demonstrates the critical 
role played by income and education 
domains in determining multiple 
deprivations in the country.
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Nonetheless, the method has certain 
limitations. Primarily, the data source is 
only cross-sectional, and so we are unable 
to find out the causation of stunting 
owing to the multiple deprivation factors; 
what we can find out at the most is the 
association between different factors.

conclusIon

Subnational studies have revealed a 
decreasing trend in the prevalence of 
stunting but, the rates are still high which 
is a major public health concern. Thus, 

the planners of any future nationwide 
prevalence survey should tackle the 
problem of undernutrition. Several other 
countries are now in the process of 
creating indices of multiple deprivations. 
These have today become one of the key 
tools to help the allocation of resources to 
the areas of utmost need.26, 27 Our paper 
is largely based on the distribution of 
scores which depends on how the indices 
are constructed and do not necessarily 
identify specific targets. Scrutiny at the 
local level and validation of the measures 
is, therefore, desirable.

tAble 1
Prevalence of stunting among children according to socio-demographic characteristics.

Background characteristics stunting (%) P-value number

Child Characteristics

age in months

< 6 months 20.6%

0.000

18923

6-11 months 24.0% 22966

12-23 months 42.8% 45289

24-35 months 42.8% 45096

36-47 months 44.4% 47410

48-59 months 40.6% 45318

sex of the child

Male 39.7%
0.000

116360

Female 38.0% 108642

size of the child at birth

Large 35.3%

0.000

38071

Average 38.3% 155838

Small 46.3% 26224

Birth order

1 34.3%

0.000

83046

2 37.4% 69784

3 42.5% 36228

4+ 49.0% 35944
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Background characteristics stunting (%) P-value number

Mothers Characteristics

Mothers educational status

No education 50.1%

0.000

68978

Primary 43.8% 32835

Secondary 33.4% 102191

Higher 21.5% 20998

nutritional status

Thin 46.6%

0.000

50500

Normal 37.4% 125727

Overweight/Obese 26.7% 28715

socio-demographic Characteristics

Place of residence

Urban 32.1%
0.000

53483

Rural 41.1% 171519

religion

Hindu 39.6%

0.000

163089

Muslim 40.2% 35241

Others 33.0% 26537

Caste

SC 43.8%

0.000

42540

ST 40.2% 44440

OBC 40.0% 88803

Others 31.1% 39399

Wealth index

Poor 47.5%

0.000

111492

Middle 36.4% 45136

Rich 26.6% 68374

Water facility

Unimproved source 36.9%
0.000

38017

Improved source 39.3% 186985

Toilet facility

Unimproved source 45.4%
0.000

117797

Improved source 31.8% 107205

Mass media exposure

No or less than one week 48.3%
0.000

82910

At least once a week 34.9% 122064

Total 38.9% 225002
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tAble 2
Number of districts characterized by the proportion of stunted children (aged less than five years)  

in india, 2015/16.

Number of districts characterized by the proportion of stunted children (aged less than five years) in 
selected states of india, 2015/16.

sTaTes
stunted children (%)

low 
(< 20%)

Medium 
(20% - 30%)

high 
(30% - 40%)

very high 
(≥ 40%) Total Districts

norTh 4 51 54 22 131
Chandigarh 0 0 1 0 1
Haryana 0 7 9 5 21
Himachal Pradesh 2 7 3 0 12
Jammu & Kashmir 1 13 6 2 22
Delhi 0 5 4 0 9
Punjab 1 15 4 0 20
Rajasthan 0 1 18 14 33
Uttarakhaand 0 3 9 1 13
CenTral 0 1 34 104 139
Chattisgarh 0 1 9 8 18
Madhya Pradesh 0 0 17 33 50
Uttar Pradesh 0 0 8 63 71
easT 3 10 28 70 111
Bihar 0 0 3 35 38
Jharkhand 0 0 3 21 24
Odisha 3 4 13 10 30
West Bengal 0 6 9 4 19
norTheasT 4 32 36 14 86
Arunachal Pradesh 2 8 4 2 16
Assam 0 6 15 6 27
Manipur 0 4 5 0 9
Meghalaya 1 0 2 4 7
Mizoram 0 4 4 0 8
Nagaland 0 7 3 1 11
Sikkim 0 1 2 1 4
Tripura 1 2 1 0 4
WesT 2 14 23 27 66
Dadra & Nagar 
Haveli

0 0 0 1 1

Daman & Diu 1 0 1 0 2
Goa 1 1 0 0 2
Gujarat 0 5 7 14 26
Maharashtra 0 8 15 12 35
souTh 11 53 31 12 107
Andaman & Nicobar 
Islands

0 3 0 0 3

Andhra Pradesh 0 12 9 2 23
Karnataka 0 10 10 10 30
Kerala 8 6 0 0 14
Lakshadweep 0 1 0 0 1
Puducherry 1 1 2 0 4
Tamil Nadu 2 20 10 0 32
Total 24 161 206 249 640
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tAble 3
number of districts characterized by the proportion of deprivation experienced in india, 2015/16.

number of districts characterized by the proportion of deprivation experienced in selected states of 
india, 2015/16.

sTaTes
Mean Deprivation (%)

low Medium high very high
Total Districts

(≤ 0.17) (0.17 – 0.23) (0.23 – 0.27) (> 0.27)
norTh 77 25 23 6 131
Chandigarh 1 0 0 0 1
Haryana 19 0 2 0 21
Himachal Pradesh 11 0 1 0 12
Jammu & Kashmir 5 10 6 1 22
Delhi 9 0 0 0 9
Punjab 20 0 0 0 20
Rajasthan 8 6 14 5 33
Uttarakhaand 4 9 0 0 13
CenTral 8 24 32 75 139
Chattisgarh 0 3 6 9 18
Madhya Pradesh 2 7 14 27 50
Uttar Pradesh 6 14 12 39 71
easT 1 12 19 79 111
Bihar 0 2 1 35 38
Jharkhand 0 2 4 18 24
Odisha 0 2 9 19 30
West Bengal 1 6 5 7 19
norTheasT 12 14 31 29 86
Arunachal Pradesh 1 4 8 3 16
Assam 1 1 10 15 27
Manipur 0 1 4 4 9
Meghalaya 0 2 3 2 7
Mizoram 6 1 1 0 8
Nagaland 2 2 3 4 11
Sikkim 2 2 0 0 4
Tripura 0 1 2 1 4
WesT 25 22 13 6 66
Dadra & Nagar 
Haveli

0 1 0 0 1

Daman & Diu 2 0 0 0 2
Goa 2 0 0 0 2
Gujarat 15 6 3 2 26
Maharashtra 6 15 10 4 35
souTh 33 37 29 8 107
Andaman & Nicobar 
Islands

3 0 0 0 3

Andhra Pradesh 1 9 12 1 23
Karnataka 3 9 11 7 30
Kerala 14 0 0 0 14
Lakshadweep 1 0 0 0 1
Puducherry 4 0 0 0 4
Tamil Nadu 7 19 6 0 32
Total 156 134 147 203 640
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tAble 4
ols and spatial error model to assess the association between stunting and multiple deprivation, 

india, 2015/16

variable
lM spatial error stunting aspatial ols for stunting

Coefficient Probability Coefficient Probability
CONSTANT 0.190 0.000 0.068 0.000

Mean Deprivation Score 0.787 0.000 0.441 0.000

LAMBDA 0.741 0.000

Number of observations 643.000 643.000

Log-likelihood 887.908 827.874

AIC -1771.820 -1649.750

R-square 0.691 0.600

FIgure 2
Prevalence of stunting among children (aged below 5 years), 2015-16
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FIgure 3
Mean Deprivation in india, 2015-2016

 

Th
e 

ex
te

rn
al

 b
ou

nd
ar

ie
s 

of
 In

di
a 

ha
ve

 n
ot

 b
ee

n 
au

th
en

tic
at

ed
 a

nd
 m

ay
 n

ot
 b

e 
co

rr
ec

t.
Th

is
 m

ap
 is

 fo
r 

re
pr

es
en

ta
tio

na
l p

ur
po

se
 o

nl
y.



Vol. 64, Special Issue 2019-20 51

FIgure 4
univariate lisa Map for the prevalence of stunting
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FIgure 5
univariate lisa Map for Mean Deprivation
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FIgure 6
Bivariate lisa Map for the association between stunting and Multiple Deprivation
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FIgure 7
residual maps of spatial error Models for stunting, india
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FIgure 8
residual maps of ols Models for stunting, india
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AppendIx

Shrinkage procedure
If the rate for a particular indicator in 

district j is ri events out of a population nj, 
of , the empirical logit for each district area 
may be given by

Whose estimated standard error is the 
square root of

The corresponding counts r out of for 
the district in which the area j lies, gives 
the district-level logit

The shrunk district area level logit is 
then the weighted average

Where wj is the weight given to the raw 
district area j data and (1-wj) is the weight 
given to the overall rate for the respective 
district. wj Can be determined using

Here t2 is the inter-district variance for 
the k areas in the district, calculated as

Thus it stands out that large district 
areas where precision  is relatively large, 
have weight wjclose to 1 and so shrinkage 
has little effect. The shrinkage effect is 
greatest for small district areas in relatively 
homogeneous districts.
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AbstrAct:
Underweight is a persistent worldwide 

public health concern, especially in 
South-East Asia and Sub-Saharan Africa. 
Factors affecting undernutrition are many. 
However, feeding with appropriate, 
adequate and safe complementary foods 
from the age of six months onwards leads 
to better health and growth outcomes 
in children. In this paper, we have 
examined the level of underweight in 
Gujarat and explored the impact of 
child feeding practices after adjusting 
socio-economic variables among children 
under five years of age. The paper is 
based on the Comprehensive Nutrition 
Survey (CNS) undertaken in Gujarat 

in the year 2014. As per the survey, the 
prevalence of underweight is 10.6% 
among children below five years of age. 
The multivariate analysis attributed the 
mother’s BMI status to be significantly 
related to undernutrition among children. 
The prevalence of undernutrition was 
higher amongst children who do not 
consume a combination of cereals, pulses, 
milk and vegetables. The results indicate 
that the prevalence of undernutrition in 
Gujarat can be addressed by increasing 
the frequency, quantity and quality of 
complementary foods served through the 
ICDS programme.

Keywords:  Timing,  f requency, 
combination, nutrients, pulses, underweight
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IntroductIon

Globally, the number of children dying 
before reaching five years age has dropped 
from 12.6 million in 1990 to 5.6 million 
in 20161. However, disparities in child 
mortality exist among the countries and 
in the regions2-4. In developing countries, 
most deaths are due to preventable causes 
and treatable diseases5. Malnutrition 
remains one of the vital underlying causes 
of child mortality, especially in developing 
countries5, 6. India contributes around 
18% of the global under-five mortality 
rate, and about half of these were due to 
malnutrition5, 7. Malnutrition is defined as 
deficiencies, excesses or imbalances in a 
person’s intake of energy and/or nutrients. 
The term malnutrition categorized as 
undernutrition, which includes stunting 
(low height for age), wasting (low weight 
for height), underweight (low weight for 
age) and micronutrient deficiencies or 
insufficiencies (a lack of vital vitamins and 
minerals) and overnutrition or obesity, 
indicated by Body Mass Index (BMI) 
>25. Worldwide, 165 million children 
below five years of age are affected with 
undernutrition8, 9.

Underweight is a persisting worldwide 
public health concern, especially in South-
East Asia and Sub-Saharan Africa. The 
prevalence is 33% per cent in South 
Asia, followed by 21% in Sub-Saharan 
Africa10, 11. Underweight is defined as the 
percentage of children aged 0 to 59 months 
whose weight for age is below minus two 
standard deviations (moderate and severe 
underweight) and minus three standard 
deviations (severe underweight) from 
the median of the WHO child growth 
standards.

In India, according to National Family 
Health Survey (NFHS)-4 (2015-16) more 
than one-third of the total children below 
five years of age were underweight12. 
Studies have shown that malnutrition at 
a younger age is associated with child 
mortality and morbidity. Malnutrition/

undernutrition has a debilitating effect 
on child growth as often leads to poor 
cognition skills and lower physical and 
mental growth among children13, 14. 
Moreover, undernutrition at a younger 
age has an impact on acquiring chronic 
diseases in the future15. 

Although the factors  af fect ing 
undernutrition are many, the appropriate 
feeding practice and food security remain 
to be the prime reason for decline in 
underweight among children. Feeding 
with appropriate, adequate and safe 
complementary foods from the age of six 
months onwards leads to better health and 
growth outcomes in children. Globally, 
only 60% of children aged six to eight 
months receive solid, semi-solid or soft 
foods highlighting deficiencies in the 
timely introduction of complementary 
foods16-20. Dietary pattern, dietary intake 
and dietary quality distinguish the burden 
of malnutrition and disease burden among 
the various groups and regions21-24. A short 
duration of breastfeeding and mothers’ 
utilization of bottle and hand for the 
feeding of additional foods were strong 
predictors of chronic undernutrition in 
children 25. Pre-lacteal feeding was also 
one of the risk factors for undernutrition 
of children. Furthermore, the age of 
initiation of complementary feed is 
also significantly associated with being 
undernourished. Besides, socio-economic 
demographic factors such as mother’s 
literacy, education, nutrition status and 
household wealth group are significantly 
associated with the undernutrition26-28

A study from Nepal indicates that poor 
socio-economic status were the risk factors 
for both stunting and being underweight 28. 
Similar research from Ethiopia indicates 
that the problem of underweight Ethiopian 
children was rooted in socio-economic 
factors. The percentage of underweight 
amongst rural children was almost double 
to that of urban children29, 30 reported that 
education played an important role as 
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educated mothers were more autonomous 
to make decisions on resource allocation to 
nourish their children. Male children were 
more underweight than female children. 
Clinical and public health studies showed 
that exclusive breastfeeding up to six 
months is associated with better health 
outcomes31. The benefits of exclusive 
breastfeeding include prevention of 
disease and infection during childhood, 
and it also improved the cognitive and 
motor skills among children32, 33. In a 
study from Ethiopia the main predictors 
of nutritional status of children were 
maternal education, mother’s occupation, 
age of mothers, preceding birth interval, 
age of the child, sex of the child, source 
of drinking water and place of residence34.

concern of the PAPer

Although undernutrition continues 
to be high in India, there are inter-state 
and intra-state variations. It is a paradox 
that Gujarat, one of the economically 
developed states of India, has a higher 
prevalence of undernutrition compared to 
national estimate as well as compared to 
many other high focused Indian states12. 
In this paper, we have examined the 
status of underweight children below 
five years of age in Gujarat. The paper 
explored whether feeding practices and 
socio-economic situation of households 
were correlated to the prevalence of 
underweight in Gujarat.

dAtA And Methods

The present paper is based on data 
collected by the Comprehensive Nutrition 
Survey in Gujarat (CNSG) during 2014. 
The survey was implemented by the 
International Institute for Population 
Sciences, Mumbai. The survey collected 
data on maternal and child health 
util ization, feeding practice,  food 
insecurity and nutritional status of mother 
and children from the six administrative 
regions in Gujarat. The survey used the 

two-stage probability sampling method 
to sample 4,828 children below five years 
from 3,788 households.35

For this paper, the children whose 
weight-for-age was less than -2 Standard 
Deviation was defined as underweight. 
The data on the dietary pattern was 
collected on 24-hour recall period (the 
different time of the day), i.e. food intake 
of the children a day prior to the survey. 
All possible times of food intake were 
collected such as early breakfast, breakfast, 
late breakfast, lunch, evening snacks, 
dinner, late night dinner and others. For 
this paper, we have grouped the meals 
into three major categories - breakfast, 
lunch, and dinner. Hence, early breakfast 
and breakfast was grouped as breakfast, 
while late breakfast and lunch were 
combined as lunch and dinner include 
the evening snacks, dinner and late-night 
dinner. For each type of food, we have 
grouped the frequency of intake of cereals, 
milk, pulses, fruits and vegetables into 
three categories - - none, once and more 
than once.

The socio-economic and demographic 
predictors taken into consideration for 
the paper were childhood characteristics 
such as sex of the child (male and female) 
and status of birth (single and multiple); 
characteristics of mother - educational 
level (no education, primary, secondary 
and the higher), work status (working 
and not working), Body Mass Index (<18.5, 
18.5-25 and 25+). While, the household 
predictors include caste (scheduled caste, 
scheduled tribe, other backward class 
and others), religion (Hindu, Muslim and 
others), wealth index (poor, middle and 
rich), place of residence (urban and rural) 
and administrative division (Ahmedabad, 
Bhavnagar, Gandhinagar, Rajkot, Surat, 
Vadodara).

The paper  used bivar iate  and 
multivariate analysis to illustrate the 
relationship between a set of predictor 
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variables on underweight, which is 
dichotomous (underweight - yes or no). 
The predictor variables may be either 
categorical or in ratio scale.

fIndIngs:
Prevalence of underweight among 
children in Gujarat

Table 1  provides  the level  of 
underweight among children in three 
broad age groups, < 6 months, 6-23 months 
and 24-59 months by selected socio-
economic and demographic characteristics. 
The data indicates the proportion of 
underweight children declines with 
the age of the child. The proportion of 
underweight among children in the 0-6 

month age group was higher (40 percent) 
compared to rest of the two age groups (13 
percent and 6 percent in 6-23 month and 
24-59 month old children respectively).

There were around 11% underweight 
children in Gujarat, and the percentage 
varied by socio-demographic characteristics. 
Regardless of the age of the child, the 
proportion of underweight children 
was least among mothers with higher 
BMI. There was a marginal difference in 
underweight among children with respect 
to residence, mothers’ education and 
wealth status. Interestingly, Ahmadabad 
and Vadodara regions of Gujarat showed 
a higher prevalence of underweight than 
other regions of the State (Map 1).

MAP 1: Percentage of children (6-59months) underweight by Administrative Division, Gujarat
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Feeding practices of children: Timing, 
frequency and combinations

Table 2 presents the consumption of 
meals at different times in a day. Among 
children aged 6-23 months, almost all 
were given early breakfast and breakfast. 
The percentage of children who had late 
breakfast and lunch was 91.2%. However, 
only 40% of children were given evening 
snacks, dinner and late dinner. Same was 
the trend in case of children aged 24-59 
months and 6-59 months.

Table 3 presents the top five food items 
consumed by children aged 6-59 months 
at a different time of the day. The data 
showed that children aged 6-23 months 
during early breakfast were largely given 
milk (49.4%), tea (48%) and at times given 
biscuit (35%) and Roti* (15%). However, 
during breakfast, the food items consumed 
by children was roti (28%), khichdi** (21%), 
and rice (21%) along with green vegetables 
(26%). In the late breakfast, roti (29%) was 
the most common item consumed along 
with a green vegetable and pulses. About 
one-fifth of children were given roti (26%) 
and khichdi (23%) with a green vegetable 
(23%). Milk was largely consumed during 
dinner (50%) and late dinner (81%).

For children aged 24-59 months, early 
breakfast consisted of tea (72 %), biscuit 
(36%) and milk (35%) and roti (19%). 
During late breakfast (43.9%), lunch (31%), 
evening snacks (44.8%) and dinner (41%) 
the most common food item consumed 
with roti or rice was green vegetable curry. 
A sizeable proportion of children were 
given milk at dinner (37%) and late dinner 
(88 %). When we pooled the consumption 
data for children aged 0-59 months, tea 
emerged to be the most common food 
item consumed by children during early 
morning breakfast (64.2%), followed 
by milk and biscuits (35%). Whereas, 
green vegetables and roti or rice were 

the most common food items consumed 
during breakfast, lunch, evening snacks 
and dinner for the majority of children. 
Nevertheless, among those who had taken 
late dinner, 86% of children consumed 
milk.

Consumption of food items such as 
pulses, cereals, milk and milk products, 
vegetable and non-vegetable during 
different meal period is presented in  
Table 4. For the children aged 6-23 
months, cereals consumption was highest 
during all meals, such as breakfast (89.6%), 
lunch (94.5%) and dinner (93.7%). Milk 
and milk products were consumed 
anytime by 93% of the children. However, 
it was largely consumed during the 
breakfast (91%) than during lunch (46%) 
or dinner (45%). Vegetables were largely 
consumed during lunch (42%) and 
dinner (43%) than in breakfast (24%). 
Consumption of fruit and non-vegetarian 
products such as poultry and meat was 
considerably low. Among children aged 
24-59 months, the most common food 
item consumed during was cereals and 
milk and milk products. Nonetheless, milk 
and milk product were largely consumed 
during breakfast (96%) than in lunch 
(38%) or dinner (37%). Almost 90% of 
children consumed vegetables, and it was 
largely consumed during lunch or dinner 
(64%) rather than in breakfast (40%). 
Only 12% of children reported having 
consumed fruits at any time of the day. In 
contrast, intake of poultry and meat was 
considerably low (1%). When we pooled 
the consumption data for all children 
aged 6-59 months, the most frequent item 
consumed during breakfast was milk 
and milk product (95.3%) of children 
in breakfast, and only 3.5% of children 
consume fruits in breakfast. In lunch, 
most commonly food item consumed 
was cereals (97.8%), followed by green 
vegetables (57.6%), pulses (33%) and fruits 

*	 Roti	means	flat	and	rounded	bread	made	of	wheat	flour
** Khichdi, is a dish from the Indian subcontinent, made from rice and lentils.
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(7.2%). However, 40.5% children consume 
milk and milk product during lunchtime. 
Dinner mostly consisted of Cereals (94.8%) 
followed by vegetables (57.7%), milk and 
milk product (39.9%).

The frequency of nutrient intake in 
a day is presented in Table 5. Most of 
the children consume cereals thrice in 
a day across the age groups, and only 
3% children aged 6-59 months had not 
consumed cereals in a day. In all the 
age cohorts, consumption of pulses was 
non-existent in the majority of children 
(52% and 44% among children aged 6-23 
months and 24-59 months respectively). 
Very few children aged 6-23 months and 
24-59 months consumed pulses twice 
or more than two in a day. Around 4% 
of children aged 6-59 months did not 
consume milk and milk products in a 
day. Among children aged 6-23, 38.2% 
consumed milk and related products 
only once in a day. While it was higher 
among children aged 24-59 months 
(46.1%). Consumption of milk and milk 
products thrice in a day was relatively 
higher among children aged 6-23 months 
(25%) than children 24-59 months (18%). 
Vegetables were not consumed by almost 
40% and 12% of children in the ages 6-23 
months and 24-59 months respectively. 
Nonetheless, green vegetables were 
consumed more than once by the older 
cohort of 24-59 months (45%) than the 
younger ones, aged 6-23 months (23%). 
Few children consumed fruits (11-12%) 
and fewer (1%) had poultry or meat 
products on the previous day.

We looked at the combination of food 
items consumed by the children by age as 
it provided an insight into the staple diet, 
which, to a large extent is a combination of 
household economic and cultural practices. 
Table 6 illustrates the diversity of diet; 
however, a pattern did emerge from 
the data. A little more than one-third of 
children in the age group 6-59 months had 
meals that were a combination of cereals, 

pulses, milk and vegetables and this was 
more pronounced among older than 
younger children (27 % younger cohort; 
41% older cohort). There was another 
group of children (31%), whose diet was 
devoid of pulses and consisted of cereals, 
vegetables, milk and milk products, which 
was more common among 24-59 months 
(34%) than 6-23 months. About 7% of 6-59 
months children’s diet was a combination 
of milk and cereals, which was common 
among younger cohorts (14%) than the 
older cohorts (4%). Likewise, around 8% 
of the meals consisted of a combination 
of cereals, pulses and milk, which was 
common in younger (12%) than the 
older cohort (5%). Only 6% of the meals 
comprised of fruits in addition to cereals, 
pulses, milk/milk products, and this was 
slightly higher among older (7%) than the 
younger cohorts (4%). As evident from 
the previous tables, the consumption of 
pulses was limited, and is attributed to the 
purchasing power of the households.

Association of feeding practices with 
underweight children

We have tr ied to examine the 
association between feeding practices 
and underweight. Table 7 provides the 
percentage of children underweight by 
the feeding practices. For understanding 
the nutritive value of food item on 
underweight, we have classified the 
frequency at these items were individually 
consumed and in combination. The results 
showed that the children who had taken 
cereals, pulses, vegetables, milk/milk 
products more frequently were found 
to be less underweight than those who 
took once or did not take at all. This 
pattern was the same for each age cohort. 
Similarly, we found that children who 
consumed non-vegetarian food or fruits 
were less underweight compared to their 
counterparts.

It is evident from Table 8  that 
underweight in 6-23 months children were 
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least among those who had a combination 
of cereals, vegetables, pulses and milk/ 
milk products as their diet than with the 
different type of food combination. On the 
contrary, in 24-59 months, underweight 
was least among those who had a mix 
of cereals, pulses, milk, vegetable and 
fruits in a day (4.9%) than those who 
had just cereals and milk (11%) or other 
combinations. We may conclude that meals 
comprising of milk, pulses and vegetables 
do contribute to reducing underweight 
among children.

Table 9 shows the contextual correlates 
of underweight among children in Gujarat. 
We have taken into consideration the 
socio-economic variables, timing and 
adequacy of food pattern and contents 
of food to understand the correlates of 
underweight among children below 
five years of age. The two models have 
been used to understand the specific 
role of different variables that affect the 
underweight status. Model 1 shows the 
role of timing of feeding on underweight 
after adjusting for socio-economic factors. 
Model 2 illustrates the role of combination 
of food intake in a day on underweight 
after adjusting socio-economic factors. 
The result showed that mother’s BMI 
status, sex of the child and administrative 
region in which the household resided 
significantly determined the underweight 
status of the children in all the models in 
6-59 age groups. The results indicate that 
a higher frequency of consuming vegetable 
reduces the risk of underweight among 
6-59 months old (Model 1) At the same 
time, a combination of cereals, pulses, 
vegetables and milk/milk products reduces 
the risk of underweight status in children 
(Model 2).

dIscussIon And conclusIon:
The uniqueness of the present study is 

that it has examined timing, frequency, 
type of food and nutrients consumed by 
children in Gujarat. Food consumption 

by children is very skewed. Around one-
fourth children do not having lunch and 
more than 50% dinner. This is a huge gap 
in meals, and hampers the growth of the 
children. As it is expected, all children 
are fed breakfast. However, the type of 
items for early breakfast, namely tea, 
biscuits, and roti are not very nutritious. 
All other meals consist of roti, shaak, rice, 
dal, khichdi and milk. We did not find 
much diversity in the food item given to 
children.

Data revealed that the consumption of 
milk was highest, followed by cereals and 
pulses. This may be attributed to the fact 
that under Gujarat’s Doodh Sanjeevani 
Yojana, ICDS provides milk to children. 
The main cereal was roti, which happens 
to be the staple cereal of Gujarat and it is 
made from whole-wheat flour, jowar, bajra 
or maize depending upon the geographical 
location. The consumption of green 
vegetables and fruits was considerably 
low. This is in line with the data available 
from RSOC, which also indicates less 
intake of fruits and vegetables among 
children

The multivariate analysis does not 
illustrate any significant difference in the 
prevalence of undernutrition by social 
class and religious groups. These results 
are in line with studies carried out in 
Ethiopia and Zambia36, 37. Studies have 
confirmed that maternal nutritional status 
during pregnancy have a long term effect 
on its offspring. The results showed that 
the prevalence of undernutrition was 
higher amongst children whose mothers 
were short stature, having a BMI of less 
than 18.5 kg/m2 than those with higher 
BMI levels. Non-availability of adequate 
food in the household may have prevented 
mothers to feed their children. The other 
reason could be an intergenerational 
flow of mothers’ health on her offspring. 
The multivariate analysis showed that 
after controlling for all other variables, 
vegetable consumption is reducing the 
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underweight among children. Moreover, 
undernutrition was least among children 
consuming cereals, pulses, milk and 
vegetables than other combinations. 
Similar results were reported in other 
global studies37, 38.

In the CNSG survey, the prevalence of 
underweight among children below five 
years of age was 11% and highest in the 
age group of 0-6 months (39.2%) which 
declined with increase in the age of the 
child. CNSG showed a lower prevalence 
of underweight (11 %) when compared 
to RSOC and NFHS 4 data (38.5%). The 
decline of prevalence can be attributed to 
newer initiatives started by the Gujarat 
government, such as Mothers Absolute 
Affection (MAA) program, which was 
meant to promote Infant and Young Child 
Feeding (IYCF) practices. In Gujarat, 
ICDS provides meals three times a day 
to the children. Revising the duration 
of Integrated Management of Neonatal 
and Childhood Illness (IMNCI) training 
from seven to nine days may have 

had a bearing on IYCF practices in the 
community. The training of Accredited 
Social Health Activists (ASHAs), health 
and ICDS functionary and celebration of 
Village Health Nutrition Day (VHND), 
may have also contributed in reducing 
underweight status in the state.

The findings of this study are highly 
relevant for a communication strategy for 
improving the nutrition of children by 
emphasizing the timing and frequency 
of meals of children with a better 
combination of nutrients. This strategy 
will help to achieve the desired results in 
the POSHAN Abhiyan.

Nonetheless, there is a need to reduce 
the regional imbalances in undernutrition. 
We suggest that strengthening of ongoing 
ICDS programme should be geared 
towards increasing frequency, quantity 
and quality of complementary feeding 
and thereby lead to a further reduction in 
undernutrition in Gujarat.

tAble 1
Percentage of children (6-59months) underweight by background characteristics, Gujarat

Background Characteristics
6-23 24-59 6-59

Percent N Percent N Percent N
Caste
SC 13.1 314 6.2 603 8.5 917

ST 13.7 270 7.2 523 9.4 793

OBC 14.1 676 5.9 1201 8.9 1877

Others 11.0 282 3.9 479 6.4 761
Religion
Hindu 13.4 1391 6.0 2516 8.7 3907

Muslim 10.4 137 4.7 274 6.6 411

Others 17.6 14 0.0 16 8.6 30
Mother’s education
No education 13.1 426 7.8 940 9.4 1366

Primary 14.4 199 4.6 401 7.8 600

Secondary 13.3 745 4.9 1256 8.0 2001

Higher 11.9 172 5.7 209 8.4 381
Mother’s work status
Not working 13.8 1382 5.4 2478 8.4 3860

Working 7.3 160 9.0 328 8.7 488
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Background Characteristics
6-23 24-59 6-59

Percent N Percent N Percent N
Wealth Index

Poor 11.8 648 6.2 1212 8.1 1860

Middle 14.8 322 5.2 578 8.7 900

Rich 13.8 572 5.7 1011 8.7 1583

Mother’s BMI#

<18.5 18.0 415 8.3 703 11.8 1118

18.5-24.9 12.0 930 5.0 1717 7.5 2647

>=25.0 8.4 176 4.1 336 5.6 512

Sex of the child

Male 19.0 844 6.3 1457 10.9 2301

Female 6.4 698 5.3 1349 5.7 2047

Status of Birth

Single 13.0 1525 5.7 2743 8.3 4268

Multiple 29.4 17 9.7 63 13.9 80

Place of Residence

Urban 13.6 956 6.9 1818 9.2 2774

Rural 12.7 586 4.5 988 7.5 1574

Total 13.1 1542 5.9 2806 8.4 4348

Note: # Excludes mothers who were pregnant at the time of survey

tAble 2
Percentage of children aged 6-59 months have consumed food in different time of the day

Time 6-23 24-59 6-59

Taken Food 88.5 97.9 94.6

Early breakfast 95.9 99.6 98.4

Breakfast 92.9 97.6 96.0

Late breakfast 88.9 96.8 94.1

Lunch 68.7 76.8 74.1

Evening snacks 39.6 44.9 43.1

Dinner 11.8 14.8 13.8

Late Dinner 2.7 4.1 3.6

Early Breakfast and Breakfast 99.7 100 99.9

Late breakfast and Lunch 91.2 96.9 95.0

Evening Snacks, Dinner and late dinner 40.1 45.1 43.4

N 1393 2797 4190
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tAble 3
Top five food items among children aged 6-59 months who have taken food in different time of the day

Time Top 1 Top 2 Top 3 Top 4 Top 5
Item Percent Item Percent Item Percent Item Percent Item Percent

 Children aged 6-23 months

Early breakfast Milk 49.4 Tea 48.1 Biscuit 34.9 Roti 15.2 Khichdi 2.2

Breakfast Roti 28.3 Shaak* 24.5 Khichdi 20.5 Rice 20.5 Biscuit 11.6

Late breakfast Roti 29.4 Shaak 28.8 Dal 22.0 Batata/
potato

21.4 Khichdi 19.3

Lunch Milk 27.1 Roti 25.8 Khichdi 23.3 Shaak 22.8 Rice 12.1

Evening snacks Shaak 34.9 Roti 32.4 Khichdi 30.4 Milk 24.6 Rice 17.7

Dinner Milk 50.3 Roti 30.3 Shaak 27.9 Khichdi 10.3 Rice 9.7

Late dinner Milk 81.1 Shaak 10.8 Fruit 8.1 Roti 5.4 Khichdi 2.7
 Children aged 24-59 months

Early breakfast Tea 71.9 Biscuit 36.0 Milk 28.6 Roti 21.2 Shaak 2.3

Breakfast Roti 40.0 Shaak 37.9 Dal 21.8 Rice 21.5 Khichdi 12.7

Late breakfast Shaak 43.9 Roti 40.2 Rice 24.8 Dal 24.4 Khichdi 15.3

Lunch Shaak 34.7 Roti 30.7 Khichdi 22.4 Tea 17.0 Milk 13.5

Evening snacks Shaak 49.2 Roti 41.8 Khichdi 27.0 Rice 15.1 Dal 14.9

Dinner Shaak 46.3 Roti 44.1 Milk 32.0 Khichdi 11.1 Fruit 6.7

Late dinner Milk 87.8 Fruit 5.2 Shaak 2.6 Dal 1.7 Chips/
wafer

1.7

 Children aged 6-59 months
Early breakfast Tea 64.2 Biscuit 35.7 Milk 35.3 Roti 19.3 Shaak 2.0

Breakfast Roti 36.2 Shaak 33.6 Dal 21.3 Rice 21.1 Khichdi 15.2

Late breakfast Shaak 39.2 Roti 36.8 Rice 24.0 Dal 23.6 Khichdi 16.5

Lunch Shaak 31.1 Roti 29.2 Khichdi 22.8 Milk 17.6 Tea 15.2

Evening snacks Shaak 44.8 Roti 39.0 Khichdi 28.0 Milk 17.6 Rice 15.9

Dinner Shaak 40.9 Roti 40.0 Milk 37.2 Khichdi 10.9 Rice 6.9

Late dinner Milk 86.2 Fruit 5.3 Shaak 4.6 Roti 2.0 Rice 2.0

* Gujarati dish prepared from potato as base and spices. Some time it is also mixed with other vegetables. 
People also name it as vegetable curry.

tAble 4
Percentage of children aged 6-59 months who have consumed nutrients in different time of the day

Nutrients
6-23 24-59 6-59

Breakfast Lunch Dinner Anytime Breakfast Lunch Dinner Anytime Breakfast Lunch Dinner Anytime
Cereals 89.6 94.5 93.7 94.2 95.4 99.3 95.3 98.7 93.5 97.8 94.8 97.2

Pulses 21.6 29.6 18.5 48.0 24.9 34.6 17.8 55.8 23.8 33.0 18.0 53.2

Milk and
Milk 
products

91.0 46.3 44.9 92.9 95.9 37.7 36.9 97.0 95.3 40.5 39.3 95.7

Vegetables 24.7 42.4 43.2 59.7 40.0 64.7 63.8 88.3 34.9 57.6 57.7 78.8

Fruits 4.0 7.6 2.9 10.9 3.2 7.0 5.5 11.6 3.5 7.2 4.7 11.4

Non-Veg 0.4 0.7 0.2 1.1 0.6 0.5 0.9 1.1 0.5 0.5 0.7 1.1

N 1389 1267 554 1393 2797 2706 1255 2797 4186 3973 1809 4190
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tAble 5
Percentage distribution of children aged 6-59 months by the frequency of nutrients intake in a day

Food consumption 6-23 24-59 6-59
Cereals
No 5.8 1.3 2.8
Once in a day 4.9 1.7 2.8
Twice in a day 15.8 10.1 12.0
Thrice and more 73.6 86.9 82.4
Pulses    
No 52.0 44.2 46.8
Once in a day 39.1 43.1 41.7
Twice or more 9.0 12.7 11.4
Milk and Milk products    
No 7.1 3.0 4.3
Once in a day 38.2 46.1 43.4
Twice in a day 30.2 32.5 31.7
3+ 24.6 18.4 20.5
Vegetables    
No 40.3 11.7 21.2
Once in a day 37.3 42.8 40.9
Twice or more 22.5 45.5 37.8
Fruits    
No 89.1 88.4 88.6
Once and more 10.9 11.6 11.4
Non-Veg    
No 98.9 98.9 98.9
Yes 1.1 1.1 1.1
N 1393 2797 4190

tAble 6
Percentage distribution of children aged 6-59 months by the consumption of combination of nutrients in a day

Food consumption 6-23 24-59 6-59
Cereals Only 3.4 0.1 1.2
Milk and Milk products Only 5.5 1.2 2.7
Cereals and Pulses 0.7 0.3 0.4
Cereals, Milk and Milk products 13.7 3.5 6.9
Cereals and Vegetables 1.5 1.3 1.4
Cereals and Fruits 0.2 0.0 0.1
Cereals, Pulses, and Milk 12.2 5.1 7.5
Cereals, Pulses, and Vegetables 1.1 1.1 1.1
Cereals, Pulses, and Fruits 0.1 0.0 0.0
Cereals, Pulses, Milk, and Vegetables 27.3 40.9 36.4
Cereals, Pulses, Milk and Fruits 2.3 0.8 1.3
Cereals, Pulses, Milk and Non-veg 0.0 0.1 0.1
Pulses and Milk 0.2 0.0 0.1
Cereals, Milk and Milk products, Vegetables 22.8 34.3 30.5
Cereals , Milk and Milk products, Fruits 1.8 0.3 0.8
Cereals, Pulses, Milk and Milk products, Vegetables, Fruits 4.0 7.4 6.2
Cereals, Milk and Milk products, Vegetables, Non-veg 0.5 0.4 0.5
Cereals, Pulses, Milk and Milk products, Vegetables, Non-veg 0.2 0.1 0.1
Cereals, Milk and Milk products, Vegetables, Fruits 2.3 2.8 2.6
Cereals, Milk and Milk products, Vegetables, Fruits, Non-veg 0.0 0.1 0.1
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tAble 7
Percentage of children (aged 6-59 months) underweight by the frequency of nutrients intake in a day

Frequency of Food consumption 6-23 24-59 6-59

Cereals  

No 20.3 8.8 16.1

Once in a day 16.7 4.2 11.4

Twice in a day 11.1 5.8 8.1

Thrice and more 10.9 6.0 7.4

Pulses    

No 12.8 5.4 8.1

Once in a day 10.4 5.5 7.1

Twice or more 10.1 9.2 9.4

Milk and Milk products    

No 14.1 5.3 10.3

Once in a day 12.8 6.5 8.3

Twice in a day 9.2 6.1 7.1

3+ 12.2 4.5 7.5

Vegetables    

No 14.1 8.1 11.9

Once in a day 11.1 5.5 7.2

Twice or more 8.4 5.8 6.3

Fruits    

No 11.5 6.0 7.9

Once and more 12.2 5.3 7.5

Non-Veg    

No 11.7 6.0 7.9

Yes 7.1 3.1 6.4

Total 11.6 5.9 7.8

tAble 8
Percentage of children (aged 6-59 months) underweight by the consumption of combination of nutrients in 

a day

Combination of Food consumption 6-23 24-59 6-59

Cereals, Pulses, Milk, Vegetables 8.1 6.1 6.6

Cereals, Milk and Milk products, Vegetable 9.8 5.2 6.3

Cereals, Pulses, Milk 12.0 11.4 11.8

Cereals, Milk and Milk products 15.8 7.2 12.8

Cereals, Pulses, Milk and Milk products, Vegetables, Fruits 13.0 4.9 6.6

All other combinations 15.1 5.7 10.7

Total 11.6 5.9 7.8
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tAble 9
Odds ratio showing the effect of feeding practices on the underweight among children aged 6-59 months, Gujarat

Feeding Practices 6-23 24-59 6-59
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

Mother’s BMI#
<18.5® 

18.5-24.9 0.666** 0.650** 0.631** 0.623*** 0.627*** 0.626***
>=25.0 0.585 0.565* 0.603 0.595* 0.563** 0.551***
Sex of the child
Male® 
Female 0.220*** 0.217 0.813 0.818 0.459*** 0.458***
Administrative Division
Ahmadabad® 
Bhavnagar 0.688 0.628 0.306*** 0.311*** 0.549*** 0.516***
Gandhinagar 0.620 0.573* 0.396*** 0.405*** 0.525*** 0.501***
Rajkot 0.725 0.686 0.331*** 0.337*** 0.529*** 0.504***
Surat 0.613 0.567* 0.649 0.695 0.654* 0.639**
Vadodara 1.267 1.217 1.399 1.375 1.299 1.284
Food consumption
Cereals
No® 
Once in a day 1.029 0.653 0.888
Twice in a day 0.751 1.198 0.795
Thrice and more 0.900 1.231 0.869
Pulses
No® 
Once in a day 0.844 1.085 0.898
Twice or more 0.839 1.505 1.051
Milk and Milk products
No® 
Once in a day 1.235 1.051 0.977
Twice in a day 0.895 0.936 0.787
3+ 0.975 0.876 0.834
Vegetables
No® 
Once in a day 0.754 0.645 0.577***
Twice or more 0.535** 0.913 0.544***
Fruits 
No® 
Once and more 1.350 1.179 1.239
Non-Veg
No® 
Yes 0.712 0.664 0.624
Combination of Food
Consumption
Cereals, Pulses, Milk, Veg® 
Cereals, Milk and Milk
Products, Veg

1.136 0.966 1.013

Cereals, Pulses, Milk 1.638 1.691* 1.849***
Cereals, Milk and Milk 
products

2.094** 1.147 2.183***

Cereals, Pulses, Milk and
Milk products, Veg, Fruits

2.248* 1.088 1.285

All other combinations 1.812** 1.120 1.774***
Constant 0.400 0.213*** 0.177** 0.178*** 0.447* 0.187***

Note: ®: Reference group; ***, **, *: <1%, 5% and 10% level of significance respectively. Model 1 shows odd 
of food frequency after adjusting for maternal education, work status, wealth quintile, social group, religion, 
and place of residence. Model 2 shows combination of items after adjusting for maternal education, work 
status, wealth quintile, social group, religion, and place of residence.
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AbstrAct

A child’s health status in the early 
days of life impacts growth and other 
functioning. Physical, as well as cognitive 
growth, is hampered by childhood 
undernutr i t ion.  Even af ter  many 
interventions, childhood undernutrition 
remains a challenge for many low-income 
countries, particularly in Asia and sub-
African countries. Intensified nutrition 
action can help countries in achieving 
the target of zero-hunger, i.e., SDG 2. 
Stunting, wasting, and underweight reflect 
poor nutrition, which in children leads to 
retarded growth. According to the latest 
round of National Family Health Survey 
(NFHS 4), 36% of Indian children were 
underweight. After six months, when 
breast milk is no longer sufficient to meet 
the a child’s nutritional requirements, 
especially for energy and micronutrients, 

the complementary feeding process is 
expected to begin. In most countries, 
malnutrition rises sharply during the 
period from 6 to 23 months of age, and 
the deficits acquired at this age are 
difficult to compensate for later. Despite 
the numerous benefits of appropriate 
complementary feeding practices during 
early childhood, it has been previously 
shown that timely complementary feeding 
rates in South Asian countries were grossly 
inadequate. An updated Infant and Young 
Child Feeding (IYCF) indicator (2008) 
contains eight core and seven optional 
indicators for assessing the infant and 
child feeding practices. Strategies to 
improve IYCF are a vital component of the 
child survival and development programs 
of many nations, supported by UNICEF 
and WHO. During the past decade, there 
has been considerable improvement in 
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breastfeeding practices in many countries; 
however, similar progress has not been 
made in the area of complementary 
feeding. This paper’s objective is to assess 
the association between feeding indicators 
like minimum dietary diversity, minimum 
meal frequency, minimum acceptable diet, 
and underweight among children in the 
age group six to 23 months using NFHS 4 
data. The results show that underweight 
decreases with improvement in feeding 
practices. It suggests that knowledge of 
improved IYCF practices would improve 
the nutritional status of children aged 
six-23 months. This study indicates 
that poverty plays an essential role in 
determining feeding practices, which is 
supported by the results in this study. It 
was observed that children who were able 
to get the minimum acceptable diet had 
a 22% lower risk of being underweight. 
Findings from this study also suggest that 
improvement in the quality, as well as the 
frequency of the diet, will help reduce 
the soaring underweight levels among 
children. Results from this study focus on 
the appropriate and timely introduction 
of complementary feeding and dietary 
diversity in determining the nutritional 
status of children among the age group 
six-23 months.

Keywords: IYCF, underweight, diet 
diversity, acceptable diet, meal frequency

IntroductIon

After the Second World War, there was 
a tremendous decline in mortality rates 
worldwide. However, high morbidity due 
to illness is still a major concern. Even 
after so many interventions, childhood 
undernutrition is yet a challenge for many 
low-income countries, particularly in Asia 
and Sub-African countries.1 Children can 
reach their growth potential if they are 
nurtured in healthy environments, and 
their caregivers follow recommended 
health, nutrition, and care practices. 
A child’s health status in the early 

days of life has impact on growth and 
other functioning. Physical, as well 
as cognitive growth, is hampered by 
childhood undernutrition.2,3 In addition 
to its direct relation to the second 
goal of the Sustainable Development 
Goal (SDG 2), namely, zero hunger, 
reducing undernutrition is also a key 
factor underpinning several other SDGs.4 
Intensified nutrition action can help 
countries in achieving this target.

Globally, child undernutrition is the 
underlying cause of 3.5 million deaths, 
35% of the disease burden in children 
under five years of age, and 11% of total 
global disability adjusted life years.5 
Undernutrition puts children at higher 
risk of dying from common infections, 
increases the frequency and severity of 
such infections, and delays recovery. 
Stunting, wasting, and underweight 
reflect poor nutrition, in children leads 
to retarded growth.6 The magnitude of 
underweight is highest in South Asia, as 
compared to any other region.7 According 
to the latest round of National Family 
Health Survey (NFHS 4), 36% of Indian 
children are underweight.8

The span between pregnancy and a 
child’s first two years of life is considered 
to be “a critical window of opportunity,” 
for preventing growth faltering.9 After six 
months, when breast milk is no longer 
sufficient to meet a child’s nutritional 
requirements, a complementary feeding 
process begins especially for energy 
and micronutrients. Malnutrition rises 
sharply during the period from six to 
23 months of age in most countries, 
and the deficits acquired at this age 
are difficult to compensate for later 
on. Despite the numerous benefits of 
appropriate complementary feeding 
practices during early childhood, it 
has been previously shown that timely 
complementary feeding rates in South 
Asian countries are grossly inadequate.10 
In introducing complementary foods, 
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feeding behaviour of mothers change; 
and mothers and caregivers adopt 
various feeding practices that may not 
comply with standards for optimal infant 
feeding.11 Simple, valid, and reliable 
indicators are crucial to track progress 
and guide investment to improve nutrition 
and health during the first two years of 
life. Since the 1990s, various indicators for 
assessing breastfeeding were developed by 
WHO. An updated IYCF indicator (2008) 
contains eight core and seven optional 
indicators for assessing the infant and 
child feeding practices. Core indicators 
contain early initiation of breastfeeding, 
exclusive breastfeeding for six months, 
continued breastfeeding for one year, 
the introduction of solid, semi-solid or 
soft food, minimum dietary diversity, 
minimum meal frequency, minimum 
acceptable diet, and consumption of 
iron-rich or iron-fortified foods. Seven 
optional indicators include children ever 
breast-fed, continued breastfeeding at 
two years, age appropriate breastfeeding, 
predominant breastfeeding under six 
months, duration of breastfeeding, bottle 
feeding, and milk feeding frequency for 
non breastfed children.9 Strategies to 
improve IYCF are a vital component of 
child survival and development programs 
of many nations, supported by UNICEF 
and WHO. The scientific rationale for this 
decision is clear, with steadily growing 
evidence underscoring the essential role of 
breastfeeding and complementary feeding 
as significant factors in child survival, 
growth, and development.9,12,13 After 
decades of research and validation, these 
indicators were developed after assessing 
the nutrition of children.14

There is a considerable improvement 
in on the socio-economic front in 
recent years. Yet, an improvement in 
the nutritional status of females and 
children lags behind. Infant and young 
child feeding practices directly affect 
the nutritional status of children under 

two years of age and, ultimately, impact 
child survival. Improving infant and 
young child feeding practices in children 
0–23 months of age is therefore critical 
to improved nutrition, health, and 
development of children. During the 
past decade, there has been considerable 
improvement in breastfeeding practices 
in many countries. However, similar 
progress has not been made in the area 
of complementary feeding.5 Among 
the complementary feeding indicators, 
diet diversity emerges as particularly 
important.15 Until now, indicators used 
in population-based surveys to measure 
IYCF practices have focused mostly 
on breastfeeding. The lack of evidence 
and consensus on simple indicators of 
appropriate feeding practices in children 
six–23 months of age has hampered 
progress in measuring and improving 
feeding.

It is only recently that analysis 
examining associations between the 
gamut of the WHO recommended IYCF 
indicators and child anthropometry16 has 
emerged. These indicators are increasingly 
used in programmatic and research 
settings to inform assessment, targeting, 
and monitoring and evaluation efforts, 
analysis of the associations between these 
indicators and child anthropometric 
outcomes are needed to develop an 
understanding of the strengths and 
potential limitations of the indicators 
when used for different purposes. This 
understanding may lead to a more 
informed process for selecting indicators 
and metrics of child diets and feeding 
practices in different contexts. It is possible 
to construct these indicators from the 
data of Demographic and Health Surveys 
(DHS).17

The objective of this paper was to 
find the prevalence of underweight 
among children in the age group six to 
23 months using national representative 
DHS data. Also, to assess the association 
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between feeding indicators like minimum 
dietary diversity,  minimum meal 
frequency, minimum acceptable diet, and 
underweight among the children among 
the age group six to 23 months.

Methodology

NFHS 4 data has been used in this 
study, for analyzing the prevalence of 
underweight among the children in the 
age group six to 23 months as well as 
to find the association between various 
factors. For estimating underweight 
amongst children, individuals whose 
weight-for-height Z-score is less than two 
standard deviations below the median of 
the reference population were considered 
to be underweight.

An updated IYCF indicator contains 
eight core and seven optional indicators 
for assessing the infant and child feeding 
practices. For this current study, we have 
considered three of the feeding core 
indicators, namely minimum dietary 
diversity, minimum meal frequency, 
minimum acceptable diet. These three 
indicators are restricted to the age group 
6 to 23 months.

For calculating minimum dietary 
diversity:
A minimum dietary diversity of four out 
of seven food groups fed during the day 
or night preceding the survey:

a) Grains, roots, and tubers

b) Legumes and nuts

c) Dairy products (milk, yogurt, cheese)

d) Flesh foods (meat, fish, poultry and 
liver/organ meats)

e) Eggs

f) Vitamin A-rich fruits and vegetables

g) Other fruits and vegetables

For calculating minimum meal frequency:
A minimum meal frequency of:

a) Two or more solid or semi-solid feeds 
for breastfeeding children age six-eight 
months, or 3 or more solid or semi-solid 
feeds for breastfeeding children age 
nine-23 months, or

b) Four or more solid or semi-solid or milk 
feeds for non-breastfeeding children age 
six-23 months.

For calculating the minimum acceptable 
diet:

A minimum acceptable diet based on 
minimum dietary diversity and minimum 
meal frequency they are fed during the 
day or night preceding the survey:

a) Breastfed children – minimum dietary 
diversity and minimum meal frequency 
as above.

b) Non-breastfed children – minimum 
dietary diversity but excluding the 
dairy products category (four out of six 
groups) and minimum meal frequency 
and two or more milk feeds.

stAtIstIcAl AnAlysIs

Descriptive statistics and bivariate 
analysis are used to estimate the 
proportion of underweight. Bivariate 
analysis is also used for understanding 
the socio-economic as well as demographic 
differentials in the prevalence. Multivariate 
analysis is also used for checking the 
association of selected socio-economic 
and demographic factors with the 
prevalence of underweight. Binary logistic 
regression is used in terms of multivariate 
analysis because of the nature of the 
outcome variable. The outcome variable 
is divided into two categories, namely 
not overweight or obese and obese (coded 
as 0 and 1, respectively). IYCF practiced 
amongst children and its association with 
the nutritional status of the children was 
analyzed using a binary logistic model. 
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The results are presented in the form of 
an Odds Ratio (OR) with a confidence 
interval of 95%. It explains the probability 
that a child of an exposed group will be 
overweight or obese to the probability 
that a child of an unexposed group will 
develop the same. The calculations were 
adjusted by using appropriate weighs 
wherever required.

Propensity score matching (PSM) is 
an innovative statistical method that is 
useful in evaluating the treatment effects 
when randomized clinical trials are not 
available. The paper’s main aim was to 
make a comparison among those children 
who consumed the required food and 
those who did not. Propensity score 
matching helps by allowing matching to 
be based on a score function of observable 
characteristics.

Matching Variables: Many variables 
have a significant impact on overweight 
or obesity among children. Matching 
based on a large number of variables 
ensures a better chance that propensity 
score matching assumptions hold. Socio-
economic and demographic variables like 
sex of the child, place of residence, and 
wealth quintile of the household were 
matched for both treatments as well as a 
control group.

results

Proportion of children who are 
underweight

table 1 provides the proportion of 
children among the age group 6 to 23 
months who are underweight. Kids 
belonging to rural areas had a higher 
proportion of being underweight (36%) 
compared to the ones belonging to 
urban areas (27%). Gender differentials 
in the proportion of underweight can 
also be seen. Male child (35%) had a 
higher proportion of being underweight 
compared to a female child (31%). Kids 
belonging to other religions (27%) had a 

lower proportion of being underweight 
compared to kids belonging from Hindu 
(34%) or Muslim religion (33%). Children 
belonging to Scheduled Caste (37%) 
and Scheduled Tribe (44%) had a very 
high proportion of being underweight 
compared to kids belonging to Other 
Backward Class (33%) and Others (25%). 
A significant difference can be seen among 
the proportion based on the wealth index. 
Almost half the children belonging to 
the poorest were underweight while 
it was even less than 20% for children 
belonging to the richest wealth quintile. 
The education of the mother also had an 
association with the proportion of children 
being underweight. As the education level 
of the mother raised, the proportion of 
children being underweight drastically 
reduced. Slight variation can also be 
seen region-wise as the proportion of 
underweight was highest in Eastern (38%) 
and Central India (40%), whereas lowest in 
Southern (26%) and North-Eastern states 
(24%).

Association of underweight with other 
socio-economic covariates

table 2 shows the association of 
underweight among children in the age 
group six to 23 months with other socio-
economic and demographic covariates. 
Children belonging to rural areas had 
lower odds of being underweight (OR: 
0.89) compared to urban areas. The female 
child was less likely to be underweight to 
the male child. Other religions had lower 
odds (OR: 0.77) of being underweight 
compared to Hindus. The odds ratio was 
higher for Scheduled Caste (OR:1.34), 
Scheduled Trible (OR: 1.33) and Other 
Backward Class (OR: 1.24) compared to 
Other Castes, it was around 34% more for 
schedule caste, 33% more for scheduled 
tribe and 24% more for other backward 
caste children as compared to children 
from other castes. Odds ratio confirmed 
that with an increase in wealth index and 
education level of the mother, there was a 
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decline in the risk of being underweight 
among the children. As compared to 
children from the poorest wealth quintile, 
children from the richest wealth quintile 
were 68% less likely to be underweight, 
and children from the middle wealth 
quintile were 63% less likely to be 
underweight. As compared to no educated 
mothers, primary educated mothers 
were 11% less likely to be underweight. 
The highest educated women’s children 
were 4% less likely to have underweight 
children as compared to non-educated 
women’s children. Southern and North-
Eastern regions had lower odds compared 
to the Northern region, while Western and 
Central region’s children had higher odds 
of being underweight.

Minimum dietary diversity and 
underweight

table 3 shows the association of 
minimum dietary diversity (IYCF indicator 
5) and underweight among children 
in the age group six to 23 months. 
Other associated socio-economic and 
demographic covariates were controlled. 
Children who had minimum dietary 
diversity, i.e., who were consuming food 
from at least four groups out of seven, 
had lower odds (OR: 0.91) of being 
underweight compared to those who 
do not. Rural children with minimum 
dietary diversity were 11% less likely 
to be underweight as compared to 
urban children. Female children having 
minimum dietary diversity were 20% less 
likely to be underweight as compared to 
male children.

In comparison to Hindu children, 
children from other relisgions were 33% 
less likely to be underweight. The odds of 
underweight children having minimum 
dietary diversity were more for scheduled 
caste, scheduled tribe and other backward 
castes in comparison to children of other 
religions. Southern religion children 
having minimum dietary diversity were 

8% less likely to be underweight as 
compared to northern region children.

table 4 illustrates matching estimates. 
Propensity score matching eliminates 
most of the bias attributable to matching 
covariates. The difference in mean 
outcome in the matched samples can be 
used to obtain an estimate of the average 
treatment effect of treated children. The 
unmatched sample estimate shows that 
children who had minimum dietary 
diversity were 7% less likely to be 
underweight compared to children who 
did not. The average treatment effect on 
the treated (ATT), average treatment effect 
on the untreated (ATU), and average 
treatment effect (ATE) show the estimates 
after matching. ATE shows that, on 
average, there is an 18% less probability 
of being underweight for children having 
minimum dietary diversity.

Minimum meal frequency and 
underweight

table 5 shows the association of 
minimum meal frequency (IYCF indicator 
6) and underweight among children in the 
age group six to 23 months. Children who 
consumed the minimum number of meals 
had lower odds of being underweight 
compared to the ones who did not (OR: 
0.94).

Rural children who consumed the 
minimum number of meals were 11% less 
likely to be underweight as compared 
to urban children. Female children who 
consumed the minimum number of 
meals had lower odds (OR: 0.79) of 
being underweight as compared to male 
children. On comparing a Hindu child 
from who consumed the minimum 
number of meals, children from other 
relisions were 33% less likely to be 
underweight. The children who consumed 
the minimum number of meals, the odds 
of them being underweight was higher 
for scheduled caste, scheduled tribe and 
other backward caste children, (OR: 1.33), 
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(OR: 1.33) and (OR:1.24) respectively. 
The poorest children who consumed the 
minimum number of meals, in comparison 
to them, the odds of wealthiest children 
being underweight was lower.

table 6 illustrates matching estimates 
for children having minimum meal 
frequency. Calculated ATT values in the 
treated group and control group were 0.28 
and 0.12, respectively, which means that 
underweight decreased by 16% because 
of having minimum meal frequency. 
Similarly, ATU clearly shows that amongst 
the children who did consume minimum 
meal frequency, the chance of becoming 
underweight would have decreased from 
31% to 1.5%. Here, ATE shows that, on 
average, there is 11% less probability of 
being underweight for children having 
minimum meal frequency.

Minimum acceptable diet and 
underweight

table 7 shows the association of 
minimum acceptable diet (IYCF indicator 
7) and underweight among children 
in the age group six to 23 months. 
Other socio-economic and demographic 
covariates were adjusted. Children who 
had a minimum acceptable diet had lower 
odds of being underweight (OR: 0.92) 
compared to others who did not. Rural 
children who had a minimum acceptable 
diet had lower odds of being underweight 
as compared to urban children. Female 
children who had a minimum acceptable 
diet had lower odds of being underweight 
(OR: 80) as compared to male children. As 
compared to Hindu children who had a 
minimum acceptable diet, children from 
other religions were 33% less likely to 
be underweight. Richest wealth quintile 
children who had a minimum acceptable 
diet had lower odds of being underweight 
as compared to poorest wealth quintile 
children. Children who had a minimum 
acceptable diet and were having higher 
educated mothers, the odds of them being 

underweight were lower (OR: 0.52) as 
compared to non-educated mothers. The 
odds of underweight children for primary 
and secondary educated mothers for the 
same were (0.89) and (0.52), respectively.

table 8 illustrates matching estimates 
for a minimum acceptable diet. The 
average treatment effect (ATE) is -0.22. 
That means children having a minimum 
acceptable diet will have a 22% lower 
chance of being underweight compared 
to children who do not have. That means 
children who had a proper combination 
of diverse food with a minimum number 
of meals had a lower risk of being 
underweight.

dIscussIon

The paper examined the prevalence 
of underweight and its association with 
feeding practices. Three core indicators 
- Minimum Dietary Diversity, Minimum 
Meal Frequency, and Minimum Acceptable 
Diet - of Infant and Young Children 
Feeding practices have been taken to 
establish the relationships between feeding 
practices and underweight. It is important 
to note that there is an 18% less probability 
of being underweight for children having 
minimum dietary diversity in comparison 
to those who do not have minimum 
dietary diversity.

The results show that the underweight 
a m o n g  c h i l d r e n  d e c r e a s e s  w i t h 
improvement in feeding practices. It 
suggests that knowledge of improved 
IYCF practices would improve the 
nutritional status of children aged six-23 
months.

Poverty is  associated with the 
nutritional status of children, which 
is related to poor diets and feeding 
practices. Household food insecurity is 
one of the by-products of poverty. It has 
been seen that high food insecurity is 
accompanied by high stunting, wasting 
and underweight.18 Apart from the role 
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of poverty in household food insecurity 
there are other factors like agricultural 
patterns and climatic conditions which 
impact the availability of food and affect 
the nutritional status of individuals.19 This 
study has demonstrated a negative and 
statistically significant association between 
wealth and underweight.

Improved feeding practices are key 
to improvement in child nutrition, and 
especially in the reduction of diseases 
where underweight is linked as an 
underlying cause.20 The analysis indicate 
that children who were able to meet the 
three core indicators had a lower chance 
of being underweight. This finding is 
consistent with the evidence that dietary 
diversity and adequacy of diets during 
the six months to 23 months are vital for 
the growth of the children. The minimum 
meal frequency indicator, which requires 
meeting complementary feeding guidance 
of solid, semi-solid, and soft food, has 
been highly associated with underweight.18 
This study also identifies the association 
of underweight with minimum meal 
frequency. The number of underweight 
children in India indicates the inadequate 
provision of solids, semi-solids, and soft 
food amongst children aged six-23 months. 
The increased levels of underweight point 
towards persistent dietary inadequacy. 
The minimum acceptable diet indicator 
reflects the integrated importance of 
dietary diversity as well as the frequency 
of complementary feeding. The findings 
from this study suggest that improvement 
in the quality, as well as the frequency 
of the diet, will help reduce the soaring 
underweight levels among children.

However, the problem of childhood 
undernutrition is multi-faceted, especially 
in developing countries. Improving 
poverty, food security, and diets, in turn, 

is necessary but might not be sufficient for 
the improvement in nutritional statuses of 
the children. The analysis also shows an 
association between a mother’s education 
underweight. In a similar context, 
urbanization also has a role to play in the 
nutritional status of the children.

Results from this study focus on the 
appropriate and timely introduction of 
complementary feeding, dietary diversity, 
as well as other important socio-economic 
factors along with maternal education. 
As per this study, the factors mentioned 
above are considered to be the most 
assuring ones in improving the nutritional 
status of children.

conclusIon

The results from this study widely 
highlight the importance of IYCF practices 
as an indicator of nutritional status among 
children aged six-23 months. The results 
indicate two crucial points in context to 
the nutritional status of infants and young 
children in India: (i) dietary diversity 
and adequacy of meals. To reduce the 
risk of underweight, it is vital to have the 
quality of diet and minimum frequency 
of complementary feeding during six-23 
months. Along with improvements in 
diet, concurrent development in maternal 
education and other socio-economic 
indicators is required to target the 
increasing levels of underweight children.

This study significantly implies that 
poor faulty complementary feeding 
practices are associated with poor 
nutritional outcomes. In India, IYCF 
practices have been inappropriate and 
identified many times previously as a vital 
intervention to improve the nutritional 
status of children.21 However, it should be 
duly noted that increasing the mother’s 
knowledge of IYCF practices cannot be 
neglected.
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tAble 1
The proportion of underweight among children in 

the age group 6 to 23 months

Characteristics Proportion N

Type of place of 
residence

Urban 26.73 17,922

Rural 35.73 47,601

Sex of the child

Male 35.31 34,207

Female 31.04 31,316

Religion

Hindu 33.72 51,735

Muslim 33.02 10,689

Others 26.59 3,099

Caste

SC 37.01 14,236

ST 43.89 6,808

OBC 33 29,709

Others 24.95 12,489

Wealth Index

Poorest 48.11 16,058

Poorer 37.46 14,310

Middle 30.55 13,467

Richer 24.44 12,141

Richest 17.08 6,547

Highest Education Level 
of Mother

No education 45.87 17,811

Primary 37.75 8,919

Secondary 28.82 31,183

Higher 16.77 7,610

Region-wise distribution

Northern 33.41 16,396

Southern 26 11,677

Western 31.87 11,880

Eastern 37.92 17,388

North-eastern 24.11 2,272

Central 39.88 5,910

Total 33.27 65,523

tAble 2
Adjusted effect of socio-economic and 

demographic covariates on underweight

Characteristics OR  
(95 percent C.I.)

Place of Residence

Urban®

Rural 0.89 *** (0.85, 0.94)

Sex of the child

Male®

Female 0.80 *** (0.77, 0.82)

Religion

Hindu®

Muslim 0.99 (0.94,1.05)

Others 0.77 *** (0.71, 0.83)

Caste

Others®

SC 1.34 *** (1.26,1.42)

ST 1.33 ***(1.24,1.42)

OBC 1.24 *** (1.18,1.31)

Wealth Index

Poorest®

Poorer 0.73 *** (0.69,0.76)

Middle 0.57 *** (0.54,0.60)

Richer 0.43 *** (0.40,0.46)

Richest 0.32 *** (0.30,0.35)

Highest level of 
education

No education®

Primary 0.89 *** (0.84,0.94)

Secondary 0.73 *** (0.70,0.76)

Higher 0.52 *** (0.48,0.56)

Region-wise distribution

Northern®

Southern 0.90 *** (0.84,0.97)

Western 1.11 *** (1.05,1.17)

Eastern 1.07 *** (1.02,1.12)

North-eastern 0.46 *** (0.42,0.50)

Central 1.18 *** (1.12,1.26)

Note: * P<0.10; ** P<0.05 & *** P<0.01 level of 
significance
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tAble 3
Adjusted effect of minimum dietary diversity on 

underweight

Characteristics OR (95 percent C.I.)
Minimum Dietary 
Diversity

No®

Yes 0.91 *** (0.87,0.95)

Place of Residence

Urban®

Rural 0.89 *** (0.85,0.94)

Sex of the child

Male®

Female 0.80 *** (0.77,0.82)

Religion

Hindu®

Muslim 1 (0.94,1.05)

Others 0.77 *** (0.71,0.83)

Caste

Others®

SC 1.34 *** (1.26,1.42)

ST 1.33 *** (1.24,1.42)

OBC 1.24 *** (1.18,1.31)

Wealth Index

Poorest®

Poorer 0.73 *** (0.69,0.76)

Middle 0.57 *** (0.54,0.60)

Richer 0.43 *** (0.41,0.46)

Richest 0.32 *** (0.30,0.35)

Highest level of 
education

No education®

Primary 0.89 *** (0.84,0.94)

Secondary 0.73 *** (0.70,0.77)

Higher 0.52 *** (0.48,0.57)

Region-wise distribution

Northern®

Southern 0.92 ** (0.86,0.99)

Western 1.10 *** (1.04,1.17)

Eastern 1.07 *** (1.02,1.13)

North-eastern 0.46 *** (0.43,0.50)

Central 1.19 *** (1.12,1.26)

Note: * P<0.10; ** P<0.05 & *** P<0.01 level of 
significance

tAble 4
Matching estimates show an impact assessment 

of Minimum Dietary Diversity on underweight in 
children

Minimum 
Dietary 

Diversity
Treated Controls Differ-

ence S.E. T-stat

Un-
matched

0.250600343 0.315927799 -0.07 0.00 -13.00

ATT 0.250600343 0.124614065 0.13 0.21 0.00

ATU 0.315927799 0.053877814 -0.26

ATE -0.18

Notes: Here treated group 1= having minimum 
dietary diversity and 0 = not having minimum 
acceptable diet; outcome variable 1 = underweight; 
0 = non underweight.

tAble 5
Adjusted effect of minimum meal frequency on 

underweight

Characteristics OR (95 percent C.I.)
Minimum Meal 
Frequency

No®

Yes 0.94 *** (0.91,0.98)
Place of Residence
Urban®

Rural 0.89 *** (0.85,0.94)
Sex of the child
Male®

Female 0.79 *** (0.77,0.82)
Religion
Hindu®

Muslim 0.99 (0.94,1.05)

Others 0.77 *** (0.71,0.83)
Caste
Others®

SC 1.33 *** (1.26,1.42)

ST 1.33*** (1.24,1.42)

OBC 1.24 *** (1.18,1.31)
Wealth Index
Poorest®

Poorer 0.73 *** (0.69,0.76)

Middle 0.57 *** (0.54,0.60)

Richer 0.43 *** (0.40,0.46)

Richest 0.32 *** (0.30,0.35)
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Highest level of 
education
No education®

Primary 0.89 *** (0.84,0.94)

Secondary 0.73 *** (0.70,0.77)

Higher 0.52 *** (0.48,0.56)
Region-wise distribution
Northern®

Southern 0.9 *** (0.84,0.97)

Western 1.10 *** (1.04,1.17)

Eastern 1.07 ** (1.01,1.12)

North-eastern 0.46 *** (0.42,0.49)

Central 1.18 *** (1.12,1.26)

Note: * P<0.10; ** P<0.05 & *** P<0.01 level of 
significance

tAble 6
Matching estimates show an impact assessment 
of Minimum Meal Frequency on underweight in 

children

Minimum 
Meal 

Frequency
Treated Controls Differ-

ence S.E. T-stat

Un-
matched

0.280861981 0.313519168 -0.03 0.00 -7.80

ATT 0.280861981 0.082298615 0.20 0.19 1.00

ATU 0.313519168 0.015968248 -0.30

ATE -0.11

Notes: Here treated group 1= having minimum meal 
frequency and 0 = not having minimum acceptable 
diet; outcome variable 1 = underweight; 0 = non 
underweight.

tAble 7
Adjusted effect of minimum acceptable diet on 

underweight

Characteristics OR (95 percent C.I.)

Minimum Acceptable 
Diet

No®

Yes 0.92 ** (0.87,0.99)

Place of Residence

Urban®

Rural 0.89 *** (0.85,0.94)

Characteristics OR (95 percent C.I.)

Sex of the child

Male®

Female 0.80 *** (0.77,0.82)

Religion

Hindu®

Muslim 0.99 (0.94,1.05)

Others 0.77 *** (0.71,0.83)

Caste

Others®

SC 1.34 *** (1.26,1.42)

ST 1.33 *** (1.14,1.42)

OBC 1.24 *** (1.18,1.31)

Wealth Index

Poorest®

Poorer 0.73 *** (0.69,0.76)

Middle 0.57 *** (0.54,0.60)

Richer 0.43 *** (0.40,0.46)

Richest 0.32 *** (0.30,0.35)

Highest level of 
education

No education®

Primary 0.89 *** (0.84,0.94)

Secondary 0.73 *** (0.70,0.77)

Higher 0.52 *** (0.48,0.56)

Region-wise distribution

Northern®

Southern 0.91 ** (0.84,0.98)

Western 1.10 *** (1.04,1.17)

Eastern 1.07 ** (1.02,1.13)

North-eastern 0.46 *** (0.42,0.50)

Central 1.18 *** (1.12,1.26)

Note: * P<0.10; ** P<0.05 & *** P<0.01 level of 
significance
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tAble 8
Matching estimates show impact assessment of 
Minimum Acceptable Diet on underweight in 

children

Minimum 
Acceptable 

Diet
Treated Controls Differ-

ence S.E. T-stat

Un-
matched

0.249705305 0.31 -0.06 0.01 -8.40

ATT 0.249705305 0.04 0.20 0.18 1.10

ATU 0.306873907 0.040382073 -0.26

ATE -0.22

Notes: Here treated group 1= having minimum 
acceptable diet and 0 = not having minimum 
acceptable diet; outcome variable 1 = underweight; 
0 = non underweight.
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AbstrAct

Household food insecurity often 
leads to nutritional deprivation and 
deteriorates the nutritional outcomes 
of family members. This paper aims to 
understand the level of food insecurity, 
its correlates and association with the 
nutritional status of households in Gujarat 
and Maharashtra. The paper utilizes 
data from the state-specific nutrition 
survey entitled, “Comprehensive Nutrition 
Survey in Maharashtra (CNSM), 2012 
and Comprehensive Nutrition Survey in 
Gujarat (CNSG), 2014”. The International 
Institute for Population Sciences (IIPS), 

Mumbai conducted these surveys with 
funding from UNICEF and the Gujarat 
government for Maharashtra and Gujarat 
respectively. 

Maharashtra had higher food insecurity 
(26.3%) than Gujarat (13.3%). The 
percentage of women and children with 
malnourished status was considerably 
high among households with moderate 
and severe food insecurity in both 
states. We found that the nutrition status 
(stunting, underweight among children 
and mothers) was significantly associated 
with household food insecurity in 
Maharashtra. In Gujarat, the association 
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of food insecurity was significant only 
with the mother’s nutrition status. Severe 
food insecurity increased the chance of 
a household having both underweight 
child and mother in one household. 
Attaining food security, therefore should 
be extremely important for India where 
more than a third of its population is 
estimated to be poor, and more than 
one-third of its children have suffered 
from malnutrition over the last three 
decades. Region-specific estimations and 
planning are required to understand 
the area-specific contextual correlates of 
food insecurity and its association with 
undernutrition.

K e y w o r d s :  F o o d  I n s e c u r i t y , 
Undernutrition, Gujarat, Maharashtra

IntroductIon

The Food and Agriculture Organisation 
(FAO) defines food insecurity as, “all 
people at all times, do not have physical 
and economic access to the sufficient, safe 
and nutritious food to meet their dietary 
needs and food preferences for an active 
and healthy life”.1 It is estimated that, 
26.4% of the global population accounting 
to about two billion people suffer from 
moderate or severe food insecurity2 with 
marked disparity among countries, regions 
and socio-economic groups. Therefore, 
addressing food insecurity among the poor 
and disadvantaged population is one of 
the national priorities in many low and 
middle economic countries.3 The extent of 
food insecurity is high in Africa and Asia 
and low in Europe and America.2, 4

Food insecurity is perceived to be 
the part of the vicious circle of poverty, 
which has an impact on malnutrition, 
interrelated physical, mental and cognitive 
health.5 Studies from various settings 
suggest that women and children living 
in food deficit/insecure households are 
often afflicted with malnourishment6–8 and 
exposed to various morbidities.9, 10 For 
example, children from these households 

suffer from anaemia, malnutrition, low 
cognitive ability, poor school performance 
and psychosocial stress11–13 exposure to 
domestic violence while women tend to 
suffer from being underweight, obesity 
and anaemia.14–16 weight for height z-score 
(WHZ Food insecurity also increases 
the prevalence of infectious and chronic 
diseases and results in disability.17, 18 
Hence, the experience of food shortage 
among adults indirectly tends to diminish 
work performance and leads to a 
substantial loss of productivity. 

Research shows that an array of factors 
contributes to food insecurity. Apart 
from the socio-economic factors, effect of 
climate change on food productivity19 and 
government policies (food distribution 
system) also influence the level of food 
insecurity in any country. Food insecurity 
has three essential and closely related 
components, i.e. availability, accessibility 
and absorption of food. In rural areas, access 
to food is determined by an individual’s 
purchasing power, which in turn is affected 
by access to livelihood, caste and gender 
discrimination.20 A shrinking agrarian sector 
due to less profit, production loss, natural 
calamities and lower value of support price 
are also a leading cause of food insecurity 
in rural areas.20 The fluctuating low level of 
daily wages among the poor is an additional 
factor for food insecurity in urban areas.20, 21 

An immense challenge for India 4 will 
be meeting goal two of the Sustainable 
Development Goal (SDG) that is, ending 
hunger and all forms of malnutrition by 
2030. India is a country where attaining 
food security is also a matter of prime 
importance as more than one-third of 
its population is estimated to live in 
poverty,22 and two-thirds of its children 
have suffered from malnourishment since 
last three decades.22, 23 Despite achieving 
excess in food production, economic 
development, better health care system 
and decline in the poverty levels, around 
190 million people in India still remain 
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food insecure; constituting about 23% 
of the total hunger afflicted population 
globally.24 India ranked 102 (out of 118 
countries) on the Global Hunger Index and 
lagged behind the countries with similar 
economic characteristics.25 Along with 
the issue of poverty and food insecurity, 
the concern is also associated with the 
accompanied high level of undernutrition 
among children and women. As per the 
recent estimates, the level of underweight 
and stunting among under five children 
was 36% and 38% respectively.22 Though 
these levels weakened over the past 
decade (2006-2016),22 the decline, however, 
becomes unimpressive because of vast 
socio-economic inequalities. 

In recent years, the Indian government 
has proposed and implemented several 
strategies to reduce poverty and food 
insecurity. The government passed the 
National Food Security Bill in 2013, 
which has the provision of providing 
subsidized food grains to poor and 
disadvantaged people.26 The Act legally 
entitles up to 75% of the rural population 
and 50% of the urban population to 
receive subsidized food grains under 
the Targeted Public Distribution System. 
Besides, the government implemented 
numerous schemes for all households 
to address the issues of poverty and 
nutrition. These schemes are Antyodaya 
Anna Yojana, MGNERGA (Mahatma 
Gandhi National Rural Employment 
Guarantee Act, that provides guaranteed 
hundred days’ employment) and Public 
Distribution System (PDS) (supplies 
subsidised food grains). Moreover, the 
Integrated Child Development Service 
(ICDS) scheme that provides the mid-
day meal to pre-schoolers27 may be 
considered another specific strategy to 
address malnutrition in India. Apart 
from the central government, many state 
governments have also implemented their 
own schemes to provide food to its people. 

With this background, this paper 

aims to understand the pattern of food 
insecurity and its correlates in western 
India with a particular focus on two 
economically developed states i.e. Gujarat 
and Maharashtra. It also attempts to 
assess the burden of malnutrition among 
food insecure/deficit households in these 
states. The paper was conceptualised 
under the following premises: first, India 
is a country with higher poverty levels; 
therefore, it is essential to understand the 
pattern and correlates of food insecurity. 
Secondly, we wanted to know whether 
the two economically developed states 
of India, i.e. Maharashtra and Gujarat, 
situated on the western coast of India 
with unique geographical diversity, do 
exhibit differentials across its regions 
in terms of undernutrition and food 
insecurity or not. 

The states of Gujarat and Maharashtra 
have evolved from the Bombay presidency 
in 1960, and are located on the western 
coast of India. Maharashtra is one of the 
wealthiest states of the country according 
to major economic parameters such as 
industrialization. It is in ninth position 
in human development index while 
Gujarat is among the top five economic 
developed states (ranked 5th) and ranks 
15th on the human development index.28 
Both states possess low levels of infant 
mortality, maternal mortality and total 
fertility rate.22 But, they are lacking in 
terms of malnutrition status of mother and 
children. As per the recently published 
National Family Health Survey (round 
four), 34% children in Maharashtra are 
stunted, 36% are underweight and 25% 
women suffered from undernourishment. 
Similarly, in Gujarat, 39% children are 
stunted and underweight while 27% 
women suffered from undernourishment 
with regional and socio-economic 
variation.22 

Methodology

The paper uses the unit-level data 
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from the first-ever state-specific nutrition 
survey entitled Comprehensive Nutrition 
Survey in Maharashtra (CNSM) conducted 
in 2012 and Comprehensive Nutrition 
Survey in Gujarat (CNSG) conducted in 
2014. Both surveys were carried out by 
the International Institute for Population 
Sciences (IIPS). UNICEF funded CNSM; 
and Department of Women and Child 
Development, Government of Gujarat, 
funded CNSG. In Maharashtra, the survey 
was carried out in 2,630 households 
covering 2,694 mothers and 2,809 
children below two years from all six 
administrative divisions. In Gujarat, 
information was collected from 3,788 
households, 3,806 mothers and 4,828 
children of below five years spread 
across six administrative regions. The 
two-stage probability sampling method 
was used to select the households, and 
post-survey sampling weights provided 
regional and state-level estimates. More 
details about the household characteristics, 
sampling methods and sampling weight 
are available in the survey reports of 
CNSM and CNSG .29, 30 

The survey collected information on 
household size, type of house, drinking 
water, and toilet facility, use of phones 
/ mobiles, possession of land, access 
to public distribution system (PDS), 
food security and related information 
at household level. Individual level 
i n f o r m a t i o n  i n c l u d e s  e d u c a t i o n , 
income generation activity, access to 
media, decision making about child 
and household activities, birth history, 
utilization of antenatal and postnatal 
care, anthropometric measurements, food 
diversity, diseases and immunization.

outcoMe VArIAbles

Food insecurity and nutrition status 
of women and children are two outcome 
variables in the paper. Measuring food 
insecurity has remained a challenge 
for researchers which is a complex 

multidimensional concept.31 Both CNSM 
and CNSG surveys collected information 
on household food insecurity apart from 
covering various aspects of health and 
dietary behaviour of mother and children. 
A set of nine questions were asked 
on food insecurity to each household. 
These questions fall under three sections: 
1) anxiety and uncertainty about the 
household food supply (one question); 
2) insufficient quality (includes variety 
and preferences of the type of food) 
(three questions) and; 3) insufficient food 
intake and its physical consequences (five 
questions). Answers to these questions 
were on the three-point scale, i.e. rarely, 
sometimes and often. Sets of different 
answers have been added to develop 
Household Food Insecurity Access Scale 
(HFIAS). Methodology for calculating the 
index has been adapted from HFIAS for 
Measurement of Food Access: Indicator 
Guide by USAID, 2007.32

Food insecurity status is categorised 
into four groups - food secure households, 
mi ld  food  insecure  households , 
moderately food insecure households, 
and severely food insecure households. 
Further for regression analysis, it is 
categorised as a dichotomous variable 
“0-food secure household” and “1-food 
insecure household”. The food insecure 
households included households with 
severe and moderate food insecurity while 
food secure households included the food 
secure and mild food insecure households. 

The nutrition status of the children and 
mother are other outcome variable and 
calculated from available anthropometric 
measurements of the mother and children. 
The anthropometric measurements, i.e. 
height (centimetre) and weight (kilogram) 
of children were converted to z score 
using WHO’s Anthro software. Children 
with z-score less than -2SD for height 
for age were classified as stunted and 
rest were grouped as non-stunted. 
Similarly, children with less than -2SD 
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for the weight for age z-score were 
categorised as underweight. The mothers’ 
undernourishment is based on body mass 
index (BMI). Women with below 18.5 BMI 
were categorised as undernourished.

Independent VArIAbles

To understand the predictors of 
household food insecurity, a set of socio-
economic and demographic indicators 
were examined. These include caste of 
the household (scheduled caste - SC, 
scheduled tribe - ST, other backward class 
- OBC and others), wealth index (poorest, 
poor, middle, rich and richest), place of 
residence (urban and rural), sex of the 
head of the household (male, female), 
highest education of any household 
member, family type (nuclear, joint), 
ownership of ration card, live stocks (cow) 
and land, administrative divisions. Apart 
from these we also consider two additional 
variables to examine their linkages with 
the food insecurity, i.e. utilization of ICDS 
services and migration of any member 
from household in last five years. The data 
on migration is available only for Gujarat. 
These two variables will give insights into 
the status of the household living in severe 
poverty situation. In case of nutritional 
status as an independent variable, food 
insecurity is one of the independent 
variables, apart from the above mentioned 
socio-economic characteristics.

stAtIstIcAl AnAlysIs

Both bivariate and multivariate 
analyses have been used to understand the 
objectives. The bivariate analysis highlights 
the pattern of food insecurity and the risk 
of malnutrition among the children and 
mother across various socio-economic 
characteristics. The logistic regression is 
used to explore the relationship between a 
set of predictor/ independent variables and 
food insecurity status at household level. 
Logistic regression technique has been 
employed to examine the net influence of 

food insecurity on the nutritional status 
of mothers and children after controlling 
other relevant predictor variables. The 
analysis was carried out in STATA 14.0 
and maps were generated in ARC-GIS 
10.3. 

results

Extent of food insecurity in Maharashtra 
and Gujarat

Table 1 presents the socio-economic 
profile of the sampled households in 
Gujarat and Maharashtra. Around 
37.3% households in Gujarat were from 
urban areas, and this proportion was 
50.1% in Maharashtra. In total, 40.1 % of 
households in Gujarat belonged to SC/ST 
and a similar portion to other backward 
class. On the other hand, the proportion 
of SC/ST households in Maharashtra was 
28.1 %, while the percentage of households 
belonging to OBC was 26.4%. Males 
headed majority of the households, and 
more than three-fourths of the households 
possessed ration card in both the states. 
Twenty-eight percent of households in 
Gujarat and 23.4 % in Maharashtra owned 
irrigated land, while 8.2% of households 
in Gujarat and 18.6% in Maharashtra 
possessed non-irrigated land. Around 
one-third of households in Gujarat and 
28.8% in Maharashtra owned cow as 
livestock. In both states, around one-
third of households were the recipients 
of supplementary nutrition from the 
Integrated Child Development Scheme 
(ICDS). In Gujarat, 2.5% of households 
had a member who migrated out in the 
last five years. 

In Gujarat, 13.3 % households faced 
either severe (7.5%) or moderate (5.8%) 
food insecurity at the time of the survey. 
Food insecurity in Maharashtra was higher 
than Gujarat; in total 26.3% households 
had severe (13.6%) and moderate (12.7%) 
food insecure. The food insecurity varied 
by place of residence. Around 6.5 % of 
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households in urban areas of Gujarat 
were food insecure compared to 19.3% in 
rural regions. The level of food insecurity 
in urban and rural Maharashtra was 
16.8% and 33.9% respectively. In rural 
Maharashtra, the level of food insecurity 
was around 2.5 times higher than rural 
Gujarat, while this was 1.5 times in urban 
areas of the states (Figure 1). Figure 2 
depicts food insecurity across the six 
administrative regions of Maharashtra 
and Gujarat (also see Annex 1). Nashik 
and Aurangabad divisions of Maharashtra 
were severely affected by the food 
insecurity, as more than one-third of the 
households suffered from food insecurity. 
Less than 20% of the households in 
Nagpur  and Konkan reg ions  o f 
Maharashtra faced food insecurity. In 
Gujarat, nearly 15% households from 
Gandhinagar and Ahmadabad regions 
were reported to face food insecurity while 
the other four regions had less than 15% of 
the households with insufficient food for 
consumption. 

Table 2 presents the level of food 
i n s e c u r i t y  b y  t h e  b a c k g r o u n d 
characteristics in Maharashtra and Gujarat. 
In both states, food insecurity was the 
highest among households from Scheduled 
tribes; 21.9% in Gujarat and 37.2% in 
Maharashtra. Similarly, a large proportion 
of households from the poorest (30.5% 
in Gujarat and 41.1% in Maharashtra) 
and poor (19.6% in Gujarat and 33% in 
Maharashtra) wealth quintile suffered 
from food insecurity compared to the 
households from richest wealth quintile 
(1.2% in Gujarat and 4.1% in Maharashtra). 
Less proportion of female-headed 
households in both states faced food 
insecurity as compared to male-headed 
households. In Gujarat, 13.9% of male-
headed households faced food insecurity 
compared to 11.3% female-headed.

On the other hand, 26.1% male-headed 
households faced food insecurity in the 
state of Maharashtra compared to 19.9% 

female-headed households. Households 
with non-irrigated land or no land were 
more food insecure than those had 
irrigated land. Households with ration 
cards were more food insecure than 
without a ration card in Gujarat while this 
is opposite in case of Maharashtra. The 
large proportion of households, which 
were the beneficiaries of ICDS were food 
insecure than their counterparts in both 
states. In Gujarat, the higher percentage 
of households from where any member 
migrated in the last five years were 
food insecure than households with 
no migration (38.7% households with 
migrants and 13.1% households with no 
migrants).

Correlates of the food insecurity 
Results of the binary logistic regression 

for both states are presented in Table 
3. Households from urban areas in 
Gujarat [OR: 0.66, CI: 0.49-0.89] had 
44% fewer chances of being in food 
insecurity as compared to households 
from rural areas. The odds ratio in case 
of Maharashtra was 0.75 [CI: 0.67-0.86]. 
Scheduled tribe households had higher 
odds for being in food insecurity [Gujarat 
- OR: 1.59, CI: 1.05-1.32 and Maharashtra 
- OR: 1.39, CI: 1.01-1.92] as compared to 
other caste category. The economic and 
educational gradients of the household 
in food insecurity are evident from the 
results. With the increase in the wealth 
quintile, the probability of facing food 
insecurity reduced. The households from 
the richest wealth quintile in Gujarat 
[OR: 0.06, CI: 0.03-0.12)] and Maharashtra 
[OR 0.04; CI: 0.02-0.07] were nearly 94 
to 96% less likely to suffer from food 
insecurity than the poorest wealth quintile. 
Additionally, an increase in education, 
reduced the chances of households to be 
food insecure by 3-15% in both states. 
Land owning households, both irrigated 
(OR: 0.49, CI: 0.34, 0.70) and non-irrigated 
[OR: 0.65, CI: 0.48, 0.88] in Maharashtra 
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had approximately 35-50% less chances 
to be in food insecurity compared to 
those who did not own land. Whereas, 
in Gujarat ownership of irrigated land 
[OR: 0.55, CI: 0.42, 0.72] reduced the 
probability of facing food insecurity by 
45%. Interestingly, ownership of cows also 
reduced the chances of food insecurity 
significantly in Gujarat [OR: 0.72, CI: 
0.56, 0.92] and Maharashtra [OR: 0.33, CI: 
0.22, 0.48]. There were also some state-
specific determinants. In Gujarat, the 
ICDS recipient households [OR: 2.07, CI: 
1.60, 2.69] were two times more likely to 
face food insecurity than non-recipients. 
Similarly, in Maharashtra, households 
with ration cards [OR: 0.69, CI: 0.54, 
0.89] had 45% higher chances of living in 
food-insecure status. Ahmedabad region 
had higher odds of being food insecure 
than the rest of the regions in the state of 
Gujarat while in Maharashtra it was for 
Aurangabad region.

Undernutrition and Food Insecurity
Overa l l ,  41 .3% o f  households 

in Gujarat and 25.3% in Maharashtra 
had stunted children aged below five 
and two years respectively (Table 4). 
Bhavnagar (56.9%) and Gandhinagar 
(47.5%) regions in Gujarat had highest 
proportion of households with stunted 
children (Figure 3, Annex 1). Except 
for Pune region (19.3%), the other five 
regions of Maharashtra had more than 
20% households with underweight 
children. In contrast, in all six regions 
in Gujarat the proportion of households 
with underweight children varied between 
10-20% (Figure 4, Annex 1). Nearly one-
fourth of the households in Gujarat had 
undernourished mothers (Figure 5). This 
percentage was somewhat higher in 
Maharashtra (30.6%). Amravati region 
(36.9%) in Maharashtra had more than 
35% households with undernourished 
mothers (the highest in all regions of both 
states) and Rajkot (16.67%) in Gujarat had 
the lowest proportion of such households 

(below 20%). We also calculated the 
presence of both stunted/underweight 
children and undernourished mother in a 
house. Nearly 12.2% households in Gujarat 
and 8.8% in Maharashtra had both stunted 
children and undernourished mother. 
Additionally, there were 4.5% households 
in Gujarat and 10.3% in Maharashtra 
had both underweight children and 
undernourished mother.

Table 4 further presents the percentage 
of households with level of nutrition by 
food insecurity. A higher proportion of 
food insecure households had children 
with poor nutrition than households 
with mild or no food insecurity in both 
states. In Gujarat, more than 40% of 
the households with moderate (46.7%) 
and severe (44.4%) food insecurity had 
children with stunted growth, while in 
Maharashtra, the level of stunting was 
31.4% and 32% respectively. In Gujarat, the 
prevalence of underweight children did 
not vary much from food secure (13.2%) to 
insecure (14.9%) households. On the other 
hand, this prevalence ranged from 20.1% 
among food secure households to 33.5% 
among severely food insure households 
in Maharashtra. In both states, more than 
30% of households with moderate and 
severe food insecurity had undernourished 
mothers. In Gujarat, the presence of both 
stunted children and undernourished 
mothers, in food insecure (moderate – 
20.1% and severe – 14.8%) households, was 
more compared to households with mild 
or no food insecure households (11.1% 
and 14% respectively). On the other hand, 
Maharashtra showed an almost similar 
pattern in case of the presence of both 
underweight children and undernourished 
mother in a household. 

T h e  m a l n u t r i t i o n  s t a t u s  o f  a 
household was regressed against the 
food insecurity status after controlling 
selected socio-economic indicators (Table 
5). In Maharashtra, with the change in 
household food security status from 
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secure to insecure, the probability of 
having stunted, and underweight children 
increased. The severe food insecure 
households [OR: 1.66, CI: 1.28, 2.15] had 
66% higher chances to have stunted 
children as compared to the food secured 
households, while in case of underweight 
children, the odds ratio for severely 
insecure households was 1.98 [CI: 1.52, 
2.65]. Similarly, the probability of a mother 
being undernourished was 26% and 49% 
higher in Maharashtra [OR: 1.26, CI: 0.98, 
1.62] and Gujarat [OR: 1.49, CI: 1.14, 1.93] 
respectively than food secured households. 
The co-existence of underweight mothers 
and stunted children was significantly 
associated with household food insecurity 
in Gujarat, where the odds ratio in 
moderately food insecure households was 
1.88 [CI: 1.32, 2.67] and 1.39 [CI: 0.99, 1.96] 
in severely food insecure households. 
Apart from that, food insecure households 
of Maharashtra had high probability 
to have both underweight mother and 
children.

dIscussIon

Food insecurity has an undesirable 
effect on food consumption because 
of insufficient access to food supply. 
The households’ food insecurity often 
leads to nutritional deprivation and 
deteriorates the nutritional outcomes 
of family members. Hence, this paper 
aimed to understand the level of food 
insecurity, its correlates and association 
with the nutritional status of households 
in Gujarat and Maharashtra. Our analysis 
indicates that a significant proportion of 
households in Gujarat and Maharashtra 
faced food insecurity. Maharashtra state 
had higher food insecurity (26.3%) than 
Gujarat state (13.3%). A report on the 
food insecurity in urban India indicated 
that these states have the history of being 
among the top food insecure states in 
the country.33 In 2004-05, the prevalence 
of calorie deprivation was the highest in 
Maharashtra (24.4%) and Gujarat was 

categorised under moderate deprivation 
(15.7%).33 However, the level of food 
insecurity in these two states seemed 
to be much lower than food insecurity 
reported in other studies in India.34 This 
variation in the results may be due to the 
methodological differences. 

There is a significant variation in the 
food insecurity across the regions of 
Maharashtra and Gujarat. Food insecurity 
was high in Nashik and Aurangabad 
regions of Maharashtra and Gandhinagar 
and Ahmedabad regions of Gujarat. 
Many areas of Maharashtra and Gujarat 
face drought year by year, which often 
induces debt and poverty.35 In 2016, the 
Government of Maharashtra declared 
29,000 villages to be drought-prone that 
are reeling under drought-like situation 
for the second straight year. About 12,021 
farmers committed suicide in Maharashtra 
between 2015 and 2018, 2,761 alone in 
2018.36 During the same year, drought 
also hit Gujarat, and nearly 300 cases of 
suicide were registered in 2015 and a total 
of 2,500 cases registered between 2014 
and 2018.37 Further, reduced employment 
opportuni t ies ,  poor  wages ,  poor 
accessibility to the items of daily need 
due to high prices of the commodities and 
non-availability of nutritious food entail 
higher food insecurity in the regions of 
Maharashtra and Gujarat.20

Food insecurity status in both states 
was governed by place of residence, 
economic status of household, availability 
of land and livestock, and education. 
Households from rural areas had higher 
food insecurity as compared to urban 
areas in both states. The food insecurity 
in these households may be attributed 
to lesser farming productivity as well 
as lower return from the market.38, 39 

Moreover, household’s economic status 
indicates that with the increase in wealth 
index value, the food insecurity reduced. 
This findings in line with the study 
conducted in Canada where households 
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with lower income adequacy had higher 
food insecurity than others.40 Researchers 
argue that being poor is always a 
constraint in accessing food resources 
and a majority of these households are 
engaged as agricultural labourers.35 

Ownership of land especially irrigated, 
and ownership of livestock i.e. cow 
were two significant factors. Presence 
of any of these reduced the probability 
of a household being in the food-
insecure status. Ownership of cows 
ensures that a household can grow 
cereals, vegetables and use milk to either 
sell or use for household consumption. 
Trading of agriculture goods and dairy 
products provides purchasing power to 
households, consequently improving the 
health outcomes. Available literature also 
shows that ownership of livestock and 
agricultural land leads to a high rate of 
return41 for farmers and affects their health, 
social and economic well-being. 

It is interesting to note that female-
headed households had less food 
insecurity than male-headed households. 
Possibly women are more prudent 
in spending household resources on 
food items compared to male-headed 
households. Nonetheless, our results 
are similar to a study conducted in 
Kenya where household food insecurity 
was  h igher  among male -headed 
households42, while another find that 
female headed households were more 
vulnerable.43 Analysis also revealed that 
the beneficiaries of ICDS and PDS services 
were more likely to be suffering from 
food insecurity. It is thus implying 
that the majority of the ICDS and PDS 
beneficiaries were poor therefore, received 
supplementary nutrition. Rahman using 
the difference in difference techniques over 
two cross-sectional household surveys 
found that increasing the access to PDS 
to every household in KBK (Kalahandi 
Balangir Koraput) region of Odisha 
leads to significant improvement in 

the household nutritional intake and 
dietary quality.44 Additionally, in Gujarat, 
food insecurity was higher among the 
households having one family member 
migrated in last five years. While exploring 
the data further, we find that these 
households primarily had lower economic 
status. Therefore, a member might have 
migrated for better economic opportunities 
as a result of lack of employment 
opportunity or low wages and as it is a 
recent move, the family may take time to 
overcome poverty. Migration seemed to 
be an indirect strategy by households to 
cope with income uncertainties and food 
insecurity.45 

The prevalence of undernourishment 
among children and women is high 
across regions of Maharashtra and 
Gujarat. For instance, in Gujarat, the 
prevalence of stunting is as high as 41.3% 
whereas it is 25.3% in Maharashtra, 
while higher proportion of children and 
mothers in Gujarat were underweight 
than Maharashtra. The pattern is in line 
of the other survey conducted in these 
two states.22 Gandhinagar and Amravati 
emerged as the poor performing regions 
on nutrition parameters. Specifically, 
Bhavnagar and Gandhinagar of Gujarat 
and Nashik region of Maharashtra had 
the highest share of stunted children, 
w h i l e  N a s i k  a n d  A m a r a va t i  i n 
Maharashtra had the highest proportion of 
underweight children. On the other hand, 
undernourishment among women was 
more in Amaravati region of Maharashtra 
and Gandhinagar and Vadodara regions 
of Gujarat. 

We find that the nutrition status 
(stunting, underweight among children 
and mothers) was significantly associated 
with household food insecurity in 
Maharashtra. While, in Gujarat, only 
mother’s poor nutrition was associated 
with food insecurity. Severe food 
insecurity increased the chance of a 
household having both underweight 
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child and mother in one household. A 
study conducted in Maharashtra with 
CNSM data set established a similar 
relationship, however, this relationship 
diluted after including children’s 
diet diversity component.46 A report 
published in Economic and Political 
Weekly concluded that Maharashtra 
lags in the nutritional level despite 
several interventions, which neglect both 
the urban and equity dimensions in 
incidences of hunger and malnutrition 
pointing out the food insecurity.28 A multi-
country study also found the association 
between food insecurity and stunting 
and underweight but not wasting.47 Other 
studies too indicate a causal relationship 
of food insecurity with the nutritional 
state of children and mother, which may 
be because of poor access to food grain, 
insufficient food consumption and higher 
physical work.5, 15 Additionally, there 
has been consistent decline in the food 
grain production in many states of India 
including these two.33

Some regions with greater food 
insecurity had higher proportion of 
underweight children and mother, for 
example Nashik, Amaravati, Aurangabad 
in Maharashtra and Gandhinagar in 
Gujarat. Contrastingly, the stunting was 
higher in the regions with moderately 
food insecurity compare to other 
regions. Studies from different countries 
established the relationship between 
mild or moderate food insecurity and 
stunting among children and overweight 
among mothers.47, 48 Researchers argue 
that the choice of food and its quality may 
compromise the diet while promoting poor 
intake of growth endorsing and nutrient 

dense food, and this may lead to stunting 
and obesity.48 

conclusIon

The paper  makes an indel ible 
observation about the causal relationship 
between the household food insecurity 
and nutritional status of mother and 
child within a household. Food insecurity 
is a concern in households with poor 
socio-economic conditions such as 
rural residence, not possessing land or 
irrigated land or livestock (cow) and poor 
education. Availability of ration card, 
recipient of ICDS services and migration 
is associated with the food insecurity. 
The food insecurity status has negatively 
affected the nutrition status of vulnerable 
family members. Both food insecurity at 
household level and nutrition therefore 
impact the child’s overall physical, mental 
and psychological growth, which debar 
them from being the productive human 
resource in future. 

Region-specific estimations and 
planning are required to understand 
the area-specific contextual correlates of 
food insecurity and its association with 
undernutrition. Moreover, community 
mobilisation, providing employment, 
access to food and commitment of 
government both at state and national 
level  is  required to ensure food 
availability, accessibility and affordability. 
Governments also need to strengthen 
the PDS and ICDS services to overcome 
food deficit and make food secure India, 
especially in the rural areas. Further 
studies need to be carried out in India to 
understand the extent of food insecurity to 
tackle the root cause of malnourishment.
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FIgure 1
Percentage of food insecure households by type of residence in Gujarat and

Maharashtra, CNSG, 2014 & CNSM, 2012

FIgure 2
Percentage of food insecure households in administrative regions of Gujarat and Maharashtra, CNSG, 

2014 & CNSM, 2012

The external boundaries of India have not been authenticated and may not be correct.
This map is for representational purpose only.
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FIgure 3
Percentage of households with stunted children in administrative regions of Gujarat and Maharashtra, 

CNSG, 2014 & CNSM, 2012

FIgure 4
Percentage of households with underweight children in administrative regions of Gujarat and Maharashtra, 

CNSG, 2014 & CNSM, 2012
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FIgure 5
Percentage of households with underweight mother in administrative regions of Gujarat and 

Maharashtra, CNSG, 2014 & CNSM, 2012

tAble 1
Socio-economic characteristics of sample households in Gujarat and Maharashtra, CNSG, 

2014 & CNSM, 2012

Background Characteristics Categories Gujarat Maharashtra
Place of residence Urban 37.3 50.1

Rural 62.7 49.9
Social groups Scheduled Caste 21.9 15.4

Scheduled Tribe 18.2 12.7
Other Backward Caste 42.2 26.4
VJ/NT* NA 10.4
Other 17.7 35.1

Sex of the head of the household Male 92.4 94.6
Female 7.6 5.4

Family type Nuclear 40.3 28.9
Joint 59.7 71.1

Ration card Yes 81.6 74.71
No 18.4 25.3

Ownership of land No land 63.7 58.0
Non-irrigated land 8.2 18.6
Irrigated land 28.1 23.4

Households having cows Yes 33.9 28.8
No 66.1 71.2

ICDS beneficiary Yes 38.1 39.1
No 61.9 60.2

Households having any member migrated in 
last five year

Yes 2.5 NA
No 97.5 NA

*VJ-Vimukta Jati/NT-Nomadic Tribes
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tAble 2
Percentage of food insecure (moderate and severe) households in Gujarat and Maharashtra by socio-

economic characteristics, CNSG, 2014 & CNSM, 2012

Background Characteristics Gujarat Maharashtra

Place of residence

Rural 19.3 33.9

Urban 6.5 16.8

Social groups

Scheduled Caste 12.9 33.3

Scheduled Tribe 21.9 37.2

Other Backward Caste 13.1 17.8

VJ/NT* NA 35.7

Other 8.7 21.6

Wealth quintile

Poorest 30.5 41.1

Poor 19.6 33.0

Middle 12.1 32.1

Rich 6.8 20.6

Richest 1.2 4.1

Sex of the head of the household

Male 13.9 26.1

Female 11.3 19.9

Family type

Nuclear 14.3 29.8

Joint 13.4 24.8

Ration card

Yes 14.4 23.1

No 11.2 35.5

Ownership of land

No land 13.2 27.1

Non-irrigated land 25.5 28.3

Irrigated land 11.6 22.7

HHs having cows

Yes 16.5 26.2

No 12.5 26.2

ICDS beneficiary 

Yes 18.8 30.2

No 6.2 19.3

Households having any member migrated in last five year

Yes 38.7 NA

No 13.1 NA

*VJ-Vimukta Jati/NT-Nomadic Tribes
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tAble 3
Correlates of food insecurity (Secure=0, Insecure=1) in Gujarat and Maharashtra

Background Characteristics Reference Category Gujarat Maharashtra
Place of residence
Urban Rural® 0.66***(0.49,0.89) 0.75***(0.67,0.86)
Social groups
Scheduled Caste Other#® 1.11 (0.77,1.62) 1.39** (1.01,1.92)

Scheduled Tribe 1.56** (1.06,2.28) 0.80 (0.56,1.16)

Other Backward Caste 1.10 (0.77,1.31) 0.95 (0.83,1.07)
Wealth quintile
Poor Poorest® 0.59***(0.46,0.76) 0.44*** (0.31,0.62)

Middle 0.32***(0.24,0.44) 0.24*** (0.16,0.37)

Rich 0.21***(0.14,0.31) 0.16*** (0.1,0.26)

Richest 0.06***(0.03,0.12) 0.04*** (0.02,0.07)

Sex of the head of the 
household
Female Male® 0.90 (0.60,1.30) 0.86 (0.53,1.38)
Family type
Joint Nuclear® 1.15 (0.90,1.47) 1.14 (0.87,1.48)
Ration card
Yes No® 0.91 (0.69, 1.22) 0.69*** (0.54,0.89)
Land status
Non-irrigated land No land® 1.16 (0.83,1.61) 0.65*** (0.48,0.88)

Irrigated land 0.55***(0.42,0.72) 0.49*** (0.34,0.70)
Households having cows
Yes No® 0.72***(0.56,0.92) 0.33*** (0.22,0.48)
ICDS beneficiary
Yes No® 2.08***(1.60,2.69) 0.87 (0.68,1.15)
Households having any member 
migrated in last five year
Yes No® 1.97***(1.23,3.17) NA
Highest education in the 
household 0.97** (0.94,1.00) 0.85*** (0.82,0.88)

Regions of Gujarat
Bhavnagar Ahmadabad® 0.64** (0.45,0.92)

Gandhinagar 0.64***(0.47,0.87)

Rajkot 0.96 (0.68,1.36)

Surat 0.62** (0.42,0.90)

Vadodara 0.62***(0.44,0.87)
Regions of Maharashtra
Amravati Pune® 0.66** (0.44,0.97)

Aurangabad 1.53** (1.10,2.13)

Konkan 0.40** (0.28,0.56)

Nagpur 0.37*** (0.23,0.62)

Nashik 1.29 (0.91,1.85)

Significance: *p<0.05; **p<0.01; ***p<0.001; #VJ/NT social group has been merged with other social groups; 
( ): Confidence Interval



100 The Journal of Family Welfare

tAble 4
Percentage of households by food security and nutrition status of mother and children, Gujarat and 

Maharashtra, CNSG, 2014 & CNSM, 2012

Food 
insecurity/ 
Nutritional 

characteristics

Stunted 
children

Underweight 
children

Undernourished 
mothers (BMI 

<18.5)

Both stunted 
child and 

undernourished 
mothers

Both 
underweight 
children and 

undernourished 
mothers

Gujarat
Secure 41.0 13.2 23.2 11.1 4.4
Mild 37.6 12.5 26.7 14.0 3.6
Moderate 46.7 13.1 32.5 20.1 6.1
Severe 44.4 14.9 31.2 14.8 5.5
Total 41.3 13.3 24.7 12.2 4.5

Maharashtra
Secure 21.6 20.1 28.1 7.9 8.0
Mild 27.7 27.1 32.7 9.8 13.0
Moderate 31.4 31.7 35.6 9.5 12.3
Severe 32.0 33.5 33.8 10.8 14.8
Total 25.3 24.5 30.6 8.8 10.3

tAble 5
Odds for household food insecurity against households with stunted and underweight children and 

undernourished mothers, Gujarat and Maharashtra

Nutritional 
Characteristics

Households 
with 

stunted 
children

Households 
with 

underweight 
children

Households 
with 

undernourished 
mothers (BMI 

<18.5)

Households with 
both stunted 
children and 

undernourished 
mothers 

Households 
with both 

underweight 
children and 

undernourished 
mothers

Gujarat
Household Food Security 
Secure®
Mild 0.86

(0.69, 
1.07)

0.90
(0.65, 1.25)

1.20
(0.94, 1.53)

1.33
(0.98, 1.81)

0.78
(0.45, 1.37)

Moderate 1.23
(0.94, 
1.62)

0.99
(0.66, 1.48)

1.47**
(1.09, 1.97)

1.88**
(1.32, 2.67)

1.25
(0.70, 2.26)

Severe 1.11
(0.87, 
1.62)

1.19
(0.85, 1.67)

1.49**
(1.14, 1.93)

1.39*
(0.99, 1.96)

1.25
(0.75, 2.12)

Maharashtra
Household Food Security 
Secure®
Mild 1.23*

(0.96, 
1.57)

1.32*
(1.03, 1.70)

1.24*
(0.98, 1.56)

1.09
(0.74, 1.59)

1.53
(1.08, 2.16)

Moderate 1.44*
(1.09, 
1.87)

1.64**
(1.25, 2.15)

1.51**
(1.17, 1.94)

1.33
(0.89, 1.99)

1.80*
(1.25, 2.61)

Severe 1.66** 
(1.28, 
2.15)

1.98**
(1.52, 2.65)

1.26*
(0.98, 1.62)

1.31
(0.88, 1.94)

1.89**
(1.32, 2.71)

Note: The estimates are adjusted for type of locality, caste, wealth quintile, household having ration card, 
cow, receiving ICDS service, land ownership and family type
Significance: *p<0.05; **p<0.01; ***p<0.001; ( ): Confidence Interval
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Annex 1
Percentage of households by food security and nutrition status of mother and children in administrative 

regions of Gujarat and Maharashtra, CNSG, 2014 & CNSM, 2012

States/ 
Administrative 

Regions

Food Insecurity % of households with

Secure Mild Moderate Severe Stunted 
children

Underweight 
children

Undernourished 
mothers (BMI 

<18.5)

Gujarat 76.8 9.9 5.8 7.5 41.3 13.3 24.7

Ahmedabad 78.2 6.2 6.7 8.9 41.3 15.2 23.2

Bhavnagar 79.2 9.6 6.0 5.3 57.0 13.2 23.1

Gandhinagar 73.0 11.5 6.8 8.7 47.5 12.0 30.4

Rajkot 83.4 3.1 4.0 9.4 43.2 12.4 16.7

Surat 68.1 20.4 5.5 6.1 27.7 11.8 23.6

Vadodara 77.1 9.1 6.1 7.8 44.1 17.4 33.0

Maharashtra 57.5 16.7 12.6 13.6 25.3 24.5 30.6

Amravati 45.5 23.4 13.6 17.6 24.9 31.3 36.9

Aurangabad 40.3 14.4 18.1 27.2 29.6 23.1 31.3

Konkan 73.0 16.0 6.3 4.6 26.1 21.8 28.2

Nagpur 62.6 23.5 7.9 6.1 17.4 27.4 30.6

Nashik 47.3 12.7 17.7 22.3 34.6 32.0 30.2

Pune 58.6 16.2 15.2 10.1 19.0 19.3 34.6
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AbstrAct

Food consumption data in terms of 
dietary diversity is a vital source for 
examining the nutrition status of mothers. 
Diversity in diet is a reliable proxy 
indicator for quality and quantity of diet 
in different geographic settings. This study 
attempts to assess, the regional pattern 
of dietary diversity among mothers, 
its determinants and link with their 
nutritional status in the states of Gujarat 
and Maharashtra. It uses the CNSM and 
CNSG data, collected from 2,809 mothers 
of under two years and 4,828 mothers of 

under-five children in the year 2012 and 
2014 respectively.

The regional level socio-economic 
and cultural diversity reflects on diet 
diversities. Gujarat is predominantly a 
vegetarian state where milk and fruits 
are consumed universally across all the 
regions. While in Maharashtra, more than 
two-third consume non-vegetarian food. 
The consumption of milk and fruits differ 
across the regions and classes. The dietary 
score indicates that 37% of women from 
Gujarat consume more diversified food 
compared to 23% from Maharashtra.
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IntroductIon

Dietary diversity is a qualitative 
measure of food consumption. It refers 
to the number of food groups consumed 
over a given reference period.1 It reflects 
household access to a variety of foods 
and is considered as a proxy for nutrient 
adequacy of the diet of the individuals.2 It 
is associated with household or individual 
food availability and intake of nutrients 
from different food groups and is an 
important component of the nutritional 
outcome.3 Many studies link dietary 
diversity to outcome variables including 
birth weight, child anthropometric status, 
haemoglobin concentration, hypertension, 
cardiovascular diseases and obesity.4 A 
study by Tripathi & Srivastava (2011) 
points out that nutrition education and a 
diet pattern is helpful in improving the 
dietary intake, lifestyles and nutritional 
status of the population.5

Nutritional status is an indication of 
the overall wellbeing of a population in 
general and women in particular. The 
nutritional needs and status of mothers 
is very crucial as their health will have an 
impact on future generations.3 Adequate 
nutritional status is vital for the good 
health of women themselves as well as 
their offspring.6 Poor nutrition is indicative 
of a higher health risk to both mother 
and children.1 Poor nutritional condition 
can begin before birth, and continue till 
adolescence and adult life. The nutritional 
outcome is also closely associated with the 
dietary diversity pattern. Body mass index 
(BMI), an indicator of nutritional outcome 
is closely related to an individual’s 
food consumption pattern.7 According 
to WHO and other studies, increased 
dietary diversity at the household level 
is one of the main strategies to address 
nutritional deficiencies in developing 

countries.8,9 A study conducted on women 
of reproductive age and their children 
(2-5 years) in rural Kenya, concludes 
that dietary diversity score could be an 
indicator of nutritional status for both 
mothers and children.10 Also, a study 
on dietary diversity and its association 
with anaemia among pregnant women 
attending public health facilities in South 
Ethiopia concludes that pregnant women 
who consumed low dietary diversity were 
more likely to be anaemic as compared to 
women who have high dietary diversity 
score showing that diversity in food intake 
may have impact on anaemia levels of 
women in reproductive age.11

The dietary diversity of women can 
be measured to obtain information 
on diet quality and nutritional status. 
Minimum Dietary Diversity for Women of 
Reproductive Age (MDD-W) is currently 
considered one of the key nutrition-
sensitive indicators recommended by Food 
and Agriculture Organization (FAO).12 
According to its framework developed 
by Food and Nutrit ion Technical 
Assistance (FANTA), women during 
their reproductive years require more 
nutrients and a nutrient-rich diet than 
the adult male. “Women of reproductive 
age (WRA)” are nutritionally vulnerable 
owing to the physiological demands 
of pregnancy as well as lactation13 as 
insufficient nutrient intakes before and 
during pregnancy and lactation can affect 
both women and their infants. In many 
poor environments, diet quality for WRA 
is very poor, and there are gaps between 
intakes and requirements for a range of 
micronutrients.2 Hence, there is a need 
to study the food consumption and diet 
pattern of women of reproductive age 
group and its linkage to nutritional status.

Most studies measure diet diversity 
in terms of expenditure made on food 
items or the major food groups.14 Some of 
the studies have also used NSSO data for 
household food consumption.5 According 
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to FANTA and FAO, the ten food groups 
which are important constituent of quality 
diet are grains, pulses, nuts and seeds, 
dairy, meat, poultry and fish, eggs, 
dark leafy vegetables, vitamin A rich 
vegetables and fruits, other vegetables and 
other fruits.2 It is apparent that women 
who meet the standard requirement of 
consuming at least five out of ten defined 
food groups the previous day or night 
are considered as having good nutritional 
status and quality diet.2

India has a diverse physical, climatic 
and socio-cultural environment, which 
has a wide implication on crop diversity 
and varied food eating pattern across the 
states.15,10 Different regions of India have 
different variety of cereals and pulses 
combinations along with cooking oils and 
fat.13 For example, rice is more consumed 
in the South and East India, while wheat 
bread (chapati) is a staple food for western 
and northern India. In addition, the type 
of diet intake is also determined by local 
agricultural practices, availability of food, 
purchasing power, religion, gender and 
other cultural factors.16 The study states, 
Gujarat and Maharashtra situated in the 
western part of India, have a long coast 
line ensuring a huge variety of seafood 
availability. The interior part of the both 
states has hot and dry climate hence have 
a different cropping pattern. The diverse 
geographic and economic condition is 
reflected differently on dietary intake 
of the people in both states. As dietary 
diversity is also a reliable proxy indicator 
of quality and quantity of diet in different 
geographic settings,4 examining regional 
diversity in these two states will be of 
great significance. Though India has a 
diverse dietary pattern, the prevalence of 
anaemia among women of reproductive 
age has risen incrementally from 30.3% 
in 2012 to 32.8% in 2016 with no region 
showing any decline.17

Thus, there is a need to study the food 
consumption pattern and dietary diversity 

of mothers to understand their association 
with nutritional status. This study may 
be helpful in understanding the dietary 
pattern across the regions of the two 
states and help in making strategies for 
improving the nutritional status of the 
women.

Methodology

The present study is based on 
information collected from mothers (2,809 
in Maharashtra and 4,828 in Gujarat) 
by Comprehensive Nutrition Survey 
Maharashtra (CNSM) and Comprehensive 
Nutrition Survey Gujarat (CNSG), in the 
years 2012 and 2014 respectively. The 
data is collected from six administrative 
regions/divisions namely Amravati, 
Aurangabad, Nagpur, Nashik, Pune, 
and Konkan in Maharashtra and 
Vadodara, Surat, Ahmadabad, Bhavnagar, 
Gandhinagar and Rajkot in Gujarat, which 
facilitates to study spatial variation in food 
consumption pattern at division/region 
level in both states. The CNSM and CNSG 
surveys used the list-based approach 
to collect data on food consumption 
(Question No.: ANC-15 (for food items), 
ANC-16 (for staple food) from CNSM 
and Question No.: FI-15 (for food items), 
FS-1 (for staple food) from CNSG). The 
information was collected about the 
frequency of 21 food items consumed by 
the respondent women in last one month 
is used for the study (listed in Table 1). 
The question was asked as “How often 
do you consume the listed food items last 
month”. The responses were recorded in 
terms of frequency, i.e., daily, alternate 
days, weekly, occasionally and never.

coMputAtIon of dIetAry dIversIty 
And bMI

The paper adopts a food group 
diversity approach developed by FANTA 
to capture the diversity of food intake 
among women of reproductive age 
because of its simplistic computation and 
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its suitability for large-scale survey data. 
Following the framework of FANTA, 
all food items and beverages were 
categorized into 10 groups and the details 
of food items in each category is given 
in Appendix below. The dietary score 
of nine groups except Vitamin A rich 
vegetables and fruits (group 8), as the 
data for this group is not available for 
Maharashtra, is calculated to get an in-
depth understanding of the quality and 
quantity of food consumed. To compute 
the dietary diversity score, daily and 
alternate day consumption of food items is 
clubbed together as a proxy for food items 
consumed in the last 24 hours.

According to WHO, Body Mass Index 
(BMI) is defined as a person’s weight in 
kilograms divided by the square of his 
height in meters (kg/m2). BMI is widely 
used as a risk factor for the prevalence 
of several health issues and also used in 
developing public health policies across 
the globe. BMI is classified into three 
categories according to WHO standard: 
Underweight = Less than 18.5; Normal 
weight = 18.5–24.9 and Overweight = 25 
and above. Hence, BMI was computed 
to measure both thinness and obesity 
among women. Further, it was cross 
classified with MDD score (more than 
and less than five food groups) to 
understand the relationship between 
the two.

Logistic regression is carried out to 
understand the determinants of dietary 
diversity MDD (more than 5 as 1, 
otherwise 0) as dependent variable. The 
independent variables include religion, 
caste categories, wealth index, place of 
residence, availing PDS, toilet facilities, 
type of house at household level and 
variables as women’s age and education 
level, working status, pregnancy status, 
child survival at individual level. Regions 
of each state were taken as community 
variable.

results

Food Consumption Pattern (ever 
consumed)

First, to understand the general 
consumption pattern, the food groups 
are clubbed into two categories as ever 
consumed and never consumed during 
one month prior to the survey.

Table 1 presents food consumed by 
mothers during one month preceding the 
survey in Gujarat and Maharashtra by 
selected socio-economic characteristics 
of women. Grains (group-1), pulses 
(group-2), dark green leafy vegetables 
(group-7), other vegetable (group-9) are 
consumed universally by more than 90% 
of the women. The difference observed 
in terms of consumption of dairy, nuts, 
eggs and non-veg items. Dairy, nuts and 
fruits are also consumed by more than 
90% of the women in Gujarat while in 
Maharashtra, only 3/4th of the women 
consumed fruits and half of the women 
consumed milk/dairy products in one 
month preceding the survey. In the case 
of consumption of poultry and meat, 60% 
of women in Maharashtra consumed it 
compared to 30% of women in Gujarat.

Region-wise variation shows that there 
is wider variation in consumption of the 
most of the food groups across the regions 
of Maharashtra than in Gujarat. Relatively 
a higher proportion of women from 
Pune consume food from all the groups 
while the share is low for the women 
from Nagpur in Maharashtra. Within 
Gujarat, a region wise variation has been 
observed only in terms of consumption 
of eggs and meat, which was lowest in 
Bhavnagar (18%) and highest in Surat 
(40%). Otherwise the food consumption 
pattern is more or less homogenous in 
both the states.

Also, around 69% of women are non-
vegetarian in Maharashtra compared to 
32% women in Gujarat. Maharashtra’s 
Konkan region has the highest non-
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vegetarians (84%), and Aurangabad (55%) 
has the highest vegetarian women. In 
the state of Gujarat, 44% of women in 
Surat followed by Vadodara (38%) and 
Ahmedabad (34%) are non-vegetarians. 
Gandhinagar in Gujarat has the lowest 
share of  women consuming non-
vegetarian food.

Consumption of specific food items:
Diets rich in fruits and vegetables 

are associated with positive health 
outcomes because they are the source of 
micronutrients and bioactive compounds 
as well as fibre. All medium-to-dark 
green leafy vegetables are vitamin A-rich. 
While milk and milk products and 
animal sources are important sources 
of high-quality protein, potassium and 
calcium, as well as vitamin B12 and other 
micronutrients.

Table 2 presents daily or alternate 
day consumption, of leafy vegetables 
and fruits, milk and dairy products 
and weekly consumption of specific 
food received from animal resources in 
the both states. Overall, Gujarat stands 
better than the state of Maharashtra in 
consumption of vegetables, fruits and 
milk and milk products. Specifically 
observed, a majority of women consume 
the dark leafy vegetable in Maharashtra 
and Gujarat, (73% and 83% respectively). 
While compared to approximately half 
of the women in Gujarat, only one-fourth 
of women in Maharashtra consume fruits 
daily or alternate days.

In Gujarat, daily or alternate day fruits 
and vegetables consumption is overall 
better in all the regions than the regions of 
Maharashtra. At the regional level, there is 
a substantial differential in consumption 
of vegetables and fruits across the regions. 
Maharashtra’s Pune and Konkan regions 
and Gujarat’s Surat and Rajkot are 
best in consumption of Fruits. In Pune 
and Konkan fruits are consumed by 
approximately one-third of women. In 

contrast, it is consumed by only one-tenth 
of the women in Nagpur and Amravati in 
Maharashtra. However, Bhavnagar and 
Gandhinagar have the lowest share of 
women consuming fruits and vegetable 
daily/alternate days respectively.

Similarly, it is found that the overall 
consumption of milk is more in Gujarat 
(88%) compared to Maharashtra (39%). At 
the regional level, in Bhavnagar, Vadodara 
and Rajkot of Gujarat, more than 80% of 
women consume milk daily. Whereas in 
Maharashtra, approximately two-third of 
women in Pune and only 16% in Nagpur 
and Amravati consume milk or dairy 
products every day or alternate day.

In the consumption of animal sources, 
it can be seen that less than 10% women 
in Gujarat consume egg, fish and meat 
once in a week, which goes to 35% of 
women in Maharashtra. At the regional 
level, in Maharashtra, eggs, meat and 
fish are consumed by more than two-fifth 
of women in the Konkan region. While 
consumption of all type of animal source 
food is lowest in Aurangabad region. In 
Gujarat, meat (12%) is consumed by higher 
proportion of women than any other 
animal sources food. Consumption of all 
types of animal source food is highest 
in Surat (10%), while in Gandhinagar, 
consumption of eggs (4%), meat (7%) and 
fish (3%) is the lowest.

Minimum Dietary Diversity (MDD)
Consumption of wide variety of food 

is necessary for women’s health. To assess 
the dietary diversity in the two states, a 
diet score was computed and categorized 
into two categories; a) consumption of less 
than five food groups and b) consumption 
of five and more food groups (minimum 
dietary diversity). In the region where the 
majority of women consumed five and 
more than five food groups, is considered 
to have higher diversity and vice versa. It 
is assumed that higher is the prevalence 
of MDD score (five and more) better is the 
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micro-nutrient adequacy among women in 
the reproductive age population.

Figure 1 shows that, at state level, more 
than 56% of women in Maharashtra and 
69% of women in Gujarat. have achieved 
MDD. The other way around indicates, 
44% of women in Maharashtra and 31% 
of women in Gujarat lack MDD. Women 
in all the regions of Gujarat have better 
nutritional diversity than Maharashtra. 
In Gujarat, intra-state diversity in MDD 
varies from 84% in Surat to 62% in 
Bhavnagar. While in Maharashtra, MDD 
ranges from 72% in Pune to 47% in 
Nashik.

Figures 2a and 2b show the distribution 
of women by a dietary score across 
regions of Maharashtra and Gujarat. 
At the regional level, Nashik, Konkan, 
Aurangabad, Nagpur have a critical 
condition where more than 45% lack a 
minimum diet. In Nashik and Konkan, 
25 to 30% consumes four food groups in 
a day, while in Aurangabad and Nagpur 
majority consume three to four food 
groups in a day. In Gujarat, though a 
majority achieve MDD, but 20-30% women 
in most of the regions consume four food 
groups in a day like Maharashtra. Women 
in Surat have better diversity, but in 
Bhavnagar and Gandhinagar, it is skewed 
leftward.

Determinants of dietary diversity
Figure 3a and 3b present the significant 

odds of determinants of dietary diversity 
in Maharashtra and Gujarat, respectively. 
In Maharashtra, controlling the effect 
of other predictors, women belonging 
to STs, OBCs and others caste category; 
from second and middle wealth quintile 
groups, having passed 10th and above 
grades, used non-solid cooking fuel and 
who reside in Pune division are more 
likely to achieve MDD in comparison 
to their reference categories. Religion, 
place of residence, benefitted from public 
distribution system (PDS), age, and 

pregnancy status don’t play any significant 
role in diet diversity in the state.

In Gujarat, women belonging to the 
OBCs and others caste category and who 
reside in Surat are more likely to achieve 
MDD. Alike Maharashtra, here also 
religion, place of residence, women’s age, 
pregnancy status, number of surviving 
children, type of house, toilet facilities 
don’t show any impact on consumption 
of diversified food. In contrast, women 
who are working and availing facilities 
from PDS are less likely to consume a 
diversified diet.

At the regional level, women of Pune in 
Maharashtra and Surat in Gujarat are more 
likely to consume diversified food while 
women residing in Nagpur, Nashik and 
Konkan in Maharashtra and Bhavnagar 
in Gujarat, are less likely to consume a 
diversified diet.

Nutritional status of women in Maharashtra 
& Gujarat

Figure 4 shows the nutritional status 
of women in the study states. Overall, 
in Maharashtra, one third of the women 
(32%) compared to one-fourth of the 
women in Gujarat are underweight. While 
the share of overweight women in both 
states are same at 13%. The proportion of 
underweight women varies from 26% to 
35% in Maharashtra and from 18% to 33% 
in Gujarat. The coastal region, Konkan in 
Maharashtra and Rajkot in Gujarat have 
highest percentage of overweight women 
(18% each) while regions like Amravati 
(35%), Konkan (34%), Vadodara (33%), 
Gandhinagar & Aurangabad (32%) have 
high percentage of underweight women. 
At the regional level, Konkan, Pune and 
Vadodara have the double burden on 
nutrition where share of both underweight 
and overweight is higher.

Nutritional status and dietary diversity:
Further, women are cross classified 

by their nutritional status and dietary 
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diversity (Table 3). The prevalence of 
underweight remains higher among 
women who consume less diversified 
food in all regions, excluding Rajkot. In 
the case of Maharashtra, the prevalence of 
underweight is around 10% points more 
among women who were eating less than 
five food groups. Whereas in Gujarat, the 
difference of underweight among those 
who are taking less than five groups and 
five or more groups women is around 
5%. On the other hand, differences in 
overweight prevalence by food diversity 
are not significant (expect in Nagpur and 
Pune in Maharashtra and Vadodara in 
Gujarat).

Limitations of the study:
The limitation of the study is that it 

tries to understand the diet diversity of the 
women on the basis of the frequency of 
consumption of food and not on the basis 
of quantity of diet consumed.

dIscussIon And conclusIon

Food consumption and dietary habits 
among mothers in these two states show 
some distinct pattern which is primarily 
governed by cultural and geographical 
factors. Prima-facie, the majority of the 
women in both states have reported 
consuming a combination of cereals, 
pulses and vegetables (dal-bhaat/roti-
bhaji combination) as daily intake in one 
month preceding the survey. A study 
conducted in Nepal also reveals that the 
majority depend upon cereals and pulses 
for their energy needs. 18 Women of both 
states extensively consume nuts and seeds. 
This is because groundnut and coconut are 
the commonly used ingredients in their 
food preparation. 

Another finding of the study is that, 
by and large, women of Gujarat are 
vegetarian (66%) with a predominance in 
consumption of fruits, vegetables, pulses, 
and dairy products in their diet. It might 
be due to the effect of Vaishnava tradition 

(followers of Lord Krishna) which has 
been further reinforced by Jainism and 
Gandhian philosophy. In contrast, the 
majority of women in Maharashtra (69%) 
consume non-vegetarian food. At the 
regional level, the highest number of 
women from Konkan in Maharashtra 
and Surat in Gujarat consume food from 
animal sources. This might be due to 
coastal location, high level of urbanization 
and resultant cosmopolitan culture in 
Konkan and Surat regions (79% urban), 
more women from these regions consume 
non-vegetarian items. These regions also 
have around 11% Muslim population, 
however, religion does not show a close 
association with non-veg consumption in 
the study area.

Another contrasting feature was in 
terms of consumption of fruits, milk and 
dairy products. Daily consumption of 
fruits in Maharashtra (1/4th) is meagre in 
comparison to Gujarat (1/2nd). In all the 
regions of Gujarat, except Vadodara and 
Bhavnagar, more than half of the women 
consumed fruits daily/alternate days. In 
Maharashtra, although the women of 
Konkan and Pune consume fruits daily/
alternate day, it is still lower than all 
regions of Gujarat (except Bhavnagar). 
Maharashtra also lagged in daily/alternate 
day milk and dairy product consumption. 
Approximately 40% of women in 
Maharashtra, compared to 88% of women 
in Gujarat consume milk daily or on an 
alternate day. However, in Amravati and 
Nagpur, only 16% of women consume 
milk daily, which is the lowest in all 12 
regions. Thus, variation in consumption 
of nuts/seeds, fruits, meat/poultry and 
milk is remarkable across the regions of 
Maharashtra.

Though the majority of women of 
Gujarat are vegetarian, they consume 
more diversified food than the women 
of Maharashtra. At the regional level, 
women from Pune in Maharashtra and 
Surat and Rajkot in Gujarat consume 



Vol. 64, Special Issue 2019-20 111

more diversified food. In contrast, in 
other regions, 35% to 45% women lack 
dietary diversity which may have a 
serious implication on their health. 
In Maharashtra’s Konkan region, it is 
observed that there is a double burden of 
malnutrition.

Multivariate analysis found that after 
controlling the effect of other variables, 
women from SC, poorest quintile, working 
for a wage in both states and less educated 
women in Maharashtra, benefitted by 
PDS (in Gujarat) are less likely to achieve 
MDD. Merely shifting from poorest to a 
poor quintile group increases the food 
diversity in Maharashtra. Thus, the women 
who are economically and socially poor, 
and participate in the labour force are 
more likely to have less diversified food, 
and hence lack micronutrients and a 
balanced food plan. The PDS system may 
help women in surviving or meeting two 
meals a day, but it does not help them to 
consume a balanced food.

Also, when the nutritional status of 
women is examined, underweight is 
more in Vadodara and Amravati regions 
in the two states. Moreover, in context of 
nutritional status and diversified food, it 
was observed that at the regional level, 
among women who have more diversified 
food the prevalence of underweight is 
less as compared to women who have 
less diversified food in both the states. 
The finding is in a similar line with the 
findings of the study in five countries of 
Africa and Asia. There is an increase in 
the risk of nutritional deficiencies in case 

of low dietary diversity.19

To conclude, all regions of Gujarat 
have better diet diversity than all the 
regions of Maharashtra (except Pune). 
However, approximately 45% of women in 
Maharashtra and 31% of women in Gujarat 
do not meet minimum diet diversity and 
lack micronutrients in their food.

It is observed that those women who 
avail PDS, are working and are poor are 
less likely to consume diversified food. 
Hence, it is recommended that for the 
improvement of the diet of mothers, the 
government should take measures to 
diversify the basket of food items provided 
in the PDS. This will have a positive 
impact on diet diversity and indirectly 
affect the nutritional status of these 
women. Niti Ayog also advocates that 
diversification of our food basket to reduce 
malnutrition and increasing diversity.20 To 
improve and enhance the consumption 
of adequate micronutrient diets there is a 
need for formulating policies to develop 
programs and interventions.21 A balanced 
diversified diet, including enough fruits 
and vegetables is essential for women to 
help reduce malnutrition or else it will be 
more likely that they suffer from different 
micronutrients deficiencies.22 Hence, 
some measures are required by the state 
governments to ensure dietary diversity 
which will help improve the nutritional 
status of the women in reproductive 
age, through various programs defining 
recommendations of a “balanced diet” at 
this vulnerable life stage.
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tAble 1
Food consumption pattern of women by regions during one month preceding the survey in Maharashtra 

(2012) and Gujarat (2014)

Socio-economic 
Characteristics

Group
-1

Group
-2

Group
-7

Group
-9

Group
-3

Group
-10

Group
-6

Group-5 Group 
-4

Group 
-8

Sample
Grains Pulses

Dark 
leafy 

vegetable

Other 
Vegetable

Nuts & 
seeds  Fruits Eggs

Meat / 
poultry/ 

Fish
Dairy

Other 
vitamin 
A rich 
fruits 

Maharashtra 99.89 96.95 97.88 90.56 76.27 71.96 63.73 62.66 48.98 NA 2809

Amravati 99.3 98.3 98.6 86.6 87.2 65.5 53.8 47.2 36.6 NA 290

Aurangabad 98.8 91.1 98.0 88.0 75.7 68.2 39.8 39.2 58.4 NA 493

Konkan 98.9 97.1 94.8 94.6 63.4 72.1 78.3 78.2 45.5 NA 885

Nagpur 99.6 95.8 98.3 64.7 78.6 84.5 57.1 49.2 24.8 NA 238

Nashik 99.2 96.5 97.0 91.9 73.1 59.6 54.7 64.4 37.7 NA 371

Pune 99.1 97.9 98.5 94.9 90.0 78.6 73.5 69.0 69.2 NA 532

Gujarat 99.8 99.4 99.1 86.0 93.3 96.7 29.3 30.8 96.8 90.4 4828

Ahmadabad 100.0 98.9 98.6 85.1 88.7 96.5 32.0 33.3 95.9 89.9 977

Bhavnagar 100.0 99.9 99.9 92.3 97.1 98.3 21.3 26.1 98.8 94.0 652

Gandhinagar 100.0 99.9 99.4 78.5 92.4 97.3 16.2 18.0 98.8 86.0 885

Rajkot 99.3 100.0 99.9 85.0 97.3 96.9 25.3 25.7 97.5 95.5 673

Surat 99.7 99.1 99.0 96.5 97.6 98.2 42.8 44.0 99.0 93.7 778

Vadodara 99.5 99.1 98.3 81.5 89.7 93.5 36.5 37.0 91.9 86.0 863

*Note: 1. Food items grouped according to FANTA classification 2. Group 8 is not available in Maharashtra.
Source: Tabulated by Authors

tAble 2
Food consumption of women in Maharashtra (2012) and Gujarat (2014)

State/Regions Eggs Meat Fish
Milk and 

Milk 
products

Dark 
leafy 

vegetable

Other 
vegetable Fruits

Maharashtra 38.87 38.46 36.82 38.9 73.0 43.0 24.0
Amravati 16.32 34.38 26.48 16.3 75.3 29.2 10.6
Aurangabad 49.49 26.54 23.35 49.5 73.6 42.2 22.0
Konkan 38.79 42.38 44.51 38.8 68.6 43.4 32.8
Nagpur 15.61 41.35 27.97 15.6 69.6 27.9 10.6
Nashik 27.45 33.33 43.56 27.5 80.0 54.4 15.1
Pune 59.96 47.44 41.37 60.0 75.9 50.0 32.4
Gujarat 9.71 11.6 8.06 88.4 83.0 38.0 45.0
Ahmadabad 11.77 12.49 11.46 92 85.5 31.5 51.2
Bhavnagar 6.29 9.82 4.29 84 79.9 35.7 29.1
Gandhinagar 4.29 6.78 3.05 95 87.2 29.7 46.0
Rajkot 8.32 11.29 6.09 80 80.1 37.4 51.3
Surat 15.04 14.91 11.7 95 83.0 53.9 50.8
Vadodara 11.82 14.14 10.43 81 78.2 40.6 38.8

*Note: Egg, meat and Fish consumption is weekly. Source: Tabulated by Authors
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fIgure 1
Percent achieving MDD for Women of Reproductive Age (≥5 food groups consumed daily/alternative days) 

in Maharashtra and Gujarat

fIgure 2A
Diet score by Regions in Maharashtra

fIgure 2b
Diet score by Regions in Gujarat
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fIgure  3A
Significant odds ratio for determining factors achieving MDD among women in Maharashtra

fIgure  3b
Significant odds ratio for determining factors achieving MDD among women in Gujarat

fIgure 4
Nutritional status of women in Maharashtra and Gujarat
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tAble 3
Nutritional status of women and diet diversity in the states of Maharashtra and Gujarat

Maharashtra Gujarat
Regions <5 >=5 Total Regions <5 >=5 Total

Pune Ahmedabad

Underweight 42.0 25.4 30.0 Underweight 29.4 20.9 23.5

Normal 50.7 58.4 56.3 Normal 57.8 66.3 63.7

Overweight 7.3 16.2 13.7 Overweight 12.8 12.8 12.8

Total 138 358 496 Total 306 671 977
Nashik Bhavnagar

Underweight 35.2 22.4 29.3 Underweight 24.4 19.9 21.6

Normal 56.0 68.0 61.5 Normal 64.0 67.7 66.6

Overweight 8.8 9.6 9.2 Overweight 11.6 12.4 12.1

Total 182 156 338 Total 250 402 652
Amravati Gandhinagar

Underweight 43.9 29.3 35.1 Underweight 35.6 30.5 32.2

Normal 49.5 63.4 57.9 Normal 56.2 61.5 59.6

Overweight 6.5 7.3 7.0 Overweight 8.3 8.1 8.1

Total 107 164 271 Total 301 584 885
Aurangabad Rajkot

Underweight 37.6 26.7 31.9 Underweight 17.7 17.7 17.7

Normal 58.2 63.6 61.0 Normal 65.1 63.8 64.2

Overweight 4.2 9.8 7.1 Overweight 17.2 18.5 18.1

Total 213 236 449 Total 192 481 673
Konkan Surat

Underweight 32.0 21.7 26.5 Underweight 38.7 30.5 33.5

Normal 64.1 63.3 63.7 Normal 48.6 52.0 50.8

Overweight 3.9 15.0 9.9 Overweight 12.7 17.5 15.8
Total 103 120 223 Total 315 548 863
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AppendIx

The 10 food groups according to FANTA (Food and Nutrition Technical Assistance)

FANTA Group Food 
Groups CNSM CNSG

Food Items Food Items

Group -1: Grains, white roots and 
tubers, and plantains

Rice, Wheat, Jowar, Bajara, 
Ragi, Wari, Warai

Rice, Wheat, Jowar, Bajara, 
Ragi, Corn

Group -2: Pulses (beans, peas and 
lentils)

Pulses or Beans Pulses or Beans, Sprouts

Group -3 : Nuts and seeds Dry fruits and Nuts, Oil seeds

Ghee/Butter, Oil Seeds (Ground 
nut, Soya-bean, Mustard, 

Til), Dry Fruits and Nuts like 
Almonds, Dates (Khajoor)

Group -4: Dairy Milk and Milk product Milk and Milk product

Group -5: Meat, poultry and fish
Fish and Sea Food, Chicken and 

Meat
Chicken, Meat, Fish and Sea 

Food

Group -6: Eggs Eggs Eggs

Group -7: Dark green leafy 
vegetables

Dark Green leafy Vegetables Green Vegetables

Group -8: Other vitamin A-rich 
fruits and vegetables

Not Available Citrus/ lemon (ex - lemon, 
Orange)

Group -9: Other vegetables Seasonal Vegetables Salad

Group -10: Other fruits Seasonal Fruits Seasonal Fruits
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AbstrAct:
Obesity is a common issue across the 

globe, and recent studies have highlighted 
that deaths due to obesity have also 
increased rapidly. Obesity and the 
accompanying deficiency of iron nutrients 
in the diet has also become a nutritional 
disorder worldwide. This cross-sectional 
study was conducted district-wise across 
India in 2015-16, and in this paper, we 
aim to determine the clusters of obese 
and anaemic women in India. Our study 
finds that southern India and some parts 
of northern India are the major hotspots 
of the dual burden of malnutrition in 
India. We find that women in the age 
group 40-49 years are the ones who are 
most prone to being malnourished due 
to obesity and anaemia. Further, we find 

that women who are rich and have gained 
higher education and not having a healthy 
lifestyle are the ones who have developed 
obesity and still are anaemic. Findings 
from this study are indicative of the fact 
that a large population in the country 
believes that being obese is a sign of being 
healthy. It is evident from women who 
are obese but still anaemic that they are 
consuming food in adequate quantities, 
but are sacrificing the quality of the food 
items. There is a need to investigate 
further how the information available can 
be used to boost appropriate measures for 
bringing down the rates of both obesity 
and anaemia.

Key words:  Obesity,  anaemia, 
malnutrition, coexistence, spatial clustering, 
hot spots.



Vol. 64, Special Issue 2019-20 119

IntroductIon

In developing country like India, the 
“nutrition and epidemiolocal transition” 
has coupled the unresolved problem of 
micronutrient deficiency like anaemia with 
the global epidemic of obesity, creating 
the double burden of malnutrition. This is 
reflected by the fact that 53 % of women 
aged 15-49 years in India are anaemic 
and almost half of this percentage are 
overweight or obese, i.e. 21%.1 The co-
occurrence of obesity and anaemia in 
India creates complex sequelae as a result 
of their interaction constituting a synergy 
of epidemics. Until recent times obesity 
had always been a socio-economic load 
in the developed countries. However, 
in recent times, it is also expanding in 
developing countries such as Mexico, 
China, Thailand and India. It is mainly on 
account of energy-dense food compounds 
and a poor-level lifestyle.2-6 The primary 
concern about obesity is that it is risk 
factors for three of the four leading causes 
of non communicable diseases (NCDs) 
worldwide, including cardiovascular 
diseases, type 2 diabetes, and certain 
cancers.7 Also, the increase in body 
weight and rising body mass index (BMI 
is a well-known measure for measuring 
obesity) was associated with a low level 
of serum iron in the body.8 Even though 
with such threatening consequences 
of obesity, it is today’s most neglected 
public health problems.9 The double 
burden of anaemia and obesity is seen 
most among childbearing women. Thus, 
the relationship between obesity and 
iron deficiency is a crucial area that has 
been investigated from time to time. 
A fall in the iron reserves can have a 
significant effect on the body in terms 
of cognitive failure, energy dropdown, 
weak immune status, to mention a few.10 
Further, there might be a possibility 
that anaemia drives out the energy in a 
woman causing a further decline in her 
physical activity, thus welcoming gain 
in weight.11 It stands out in this decade 

that anaemia and obesity are not just two 
diseases that occur together coincidentally. 
Moreover, the two are molecularly linked 
with each other, thus affecting each other  
mutually.12, 13 Anaemia alone is estimated to 
contribute to more than 1,15,000 maternal 
deaths globally per year.14 The massive 
economic burden exerted by anaemia 
and comorbidities associated with  
anaemia,15 be attributed to a loss of 
productivity from impaired work capacity, 
cognitive impairment, and increased 
susceptibility to infection.16 

Obesity in adults is measured in terms 
of a person’s BMI, derived using both 
weight and height. The general cut-off 
points used are BMI < 18.5, BMI 18.5-24.9, 
BMI 25-29.9 and BMI 30, signifying 
underweight, desirable or healthy range, 
overweight and obese, respectively; the 
range may vary with age and sex. The 
results of the first epidemiological studies 
about the association between obesity and 
iron metabolism were brought out as early 
as in the 1960s, where it was discovered 
that the concentration of iron serum was 
lower in obese individuals as compared to 
those who weighted within the desirable 
range. 17, 18 One of the studies carried out 
in 2004 demonstrated that overweight 
children and women were twice as 
likely to be deficient in iron nutrients 
as compared to the normal group. 19 
Hormones play a critical role in controlling 
energy metabolism and releasing fat. One 
such hormone is hepcidin, which regulates 
ferrous metabolism during inflammation 
anaemia. Different clinical studies suggest 
that there exists a direct correlation 
between hepcidin gene expression and 
some cytokines such as IL-6 and C-reactive 
proteins in obesity. Leptin is an adipokine 
that maintains the level of hepatic hepcidin 
gene expression. Thus, scientists infer that 
higher leptin levels in obese women can 
also contribute to iron deficiency. 20, 21 

Limited studies have been conducted 
on the association between obesity and 
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anaemia among women in India. A 
range of studies on diseases arising 
due to malnutrition in the Indian 
subcontinent indicates that a major section 
of the population is still ignorant about 
the necessities of a balanced diet and 
maintaining a healthy body structure. 
This happens either because people 
believe that consuming a higher quantity 
of food can make them healthy, but the 
result, is that they land up taking in too 
much of junk food that gets accumulated 
as fat oils in their body. They are more 
prone to suffer from anaemia as well as 
obesity. In this paper, we have shown 
the district-wise prevalence of anaemia 
in India and to what extent it is related to 
obesity. The analysis of this paper is from 
National Family Health Survey (NFHS) 
data (2015-16). An attempt has also been 
made to identify socio-economic and 
household factors that contribute obesity 
and anaemia in the country. We have also 
done a multivariate analysis to study the 
dual burden of malnutrition due to the 
background characteristics of women. 

Methodology

Data Source
Since we have looked into the data 

that has been collected across all the 
640 districts in India, it is clear that the 
smallest possible unit of the level has 
been chosen for our study. The data 
used for the study is based on the fourth 
round of the NFHS (NFHS) conducted 
in 2015-16 which has collected data for 
the first time at the district level. The 
NFHS is a large-scale, multi-round survey 
in collaboration with the International 
Institute for Population Sciences (IIPS), 
Mumbai, India; ORC Macro, Calverton, 
Maryland, USA and the East-West Center, 
Honolulu, Hawaii, USA, conducted in a 
representative sample of households across 
the country. The sampling design used for 
NFHS-4 is a weighted stratified two-stage 
sample selected based on the probability 

proportional to size. The villages and the 
census enumeration blocks (CEBs) were 
used as primary sample units (PSUs) in 
rural areas and urban areas respectively. 
Only the women’s records file of NFHS-4 
has been used for our analysis. 

Variables Used
The set of independent variables and 

dependent variables for our study is as 
follows. 

(a) Dependent variable: The primary 
variable of our interest is “Whether a 
woman is overweight/obese or not” 
and “Whether a woman is anaemic 
or not”. BMI has been calculated 
to determine whether the women 
are overweight/obese or not and 
Hemoglobin level has been used to 
determine anaemic women. We have 
extracted the common population 
out of them who were “Overweight/
Obese as well as anaemic” and named 
our ultimate dependent variable as 
“Overweight/Obese and Anaemic”. 

(b) Independent variable: Here the 
variables have been classif ied 
separately as 

- Individual characteristics: Age, 
Marital status

- Socio-economic characteristics: 
Place of residence, education, 
religion, caste, wealth index, mass 
media exposure

- Demographic characteristics: Type 
of toilet facility, type of drinking 
water facility, type of dietary 
diversity

- Lifestyle characteristics: Whether 
uses tobacco or not, whether 
drink alcohol or not

Data Analysis
Data has been primarily analyzed using 

the Statistical Package for Social Sciences 
(SPSS). District wise overweight/obese and 
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anaemic cases have been estimated using 
frequencies and percentages and the Arc 
GIS software has been incorporated to 
create the spatial maps. A useful tool for 
getting a picture of how the prevalence of 
malnourishment differs district-wise across 
the country is to use a spatial map and 
show the variation of clusters by making 
use of different coloured symbology’s. We 
have done this separately, as well as in 
combination to highlight the prevalence 
of obesity and anaemia along with its 
co-occurrence. The sample covers all 
the regions of India, north, central, east, 
northeast, west and south. Moran’s I have 
been calculated to predict how good the 
clustering is. Multivariate analysis has 
also been carried out wherein the adjusted 
odds ratio has been used along with their 
95% confidence intervals. To consider the 
factor as significant, a p-value <0.05 was 
chosen. 

results

table 1 shows the major characteristics 
including individual characteristics, socio-
economic, demographic and lifestyle 
characteristics that have a significant 
contribution in causing the co-occurrence 
of obesity and anaemia for different age 
groups. Women in the age group 40-49 
years and those who are widowed are the 
ones to suffer most from the dual burden. 
When we look at socio-economic features, 
it is seen that urban women, highly 
educated women, women other than the 
religions Hindu, Muslim or Christian, 
women other than the socially backward 
classes, the richer women, and those 
women who are exposed to mass media 
are the ones who are overweight/obese as 
well as anaemic. In case of demographic 
or household features, those women 
who are getting the benefits of improved 
sources are found to be more affected. 
This feature is slightly different from what 
is expected, as the women who are not 
deprived of basic needs are found to suffer 
more. This happens probably because 

these women believe that consuming 
more food can help them to stay healthy. 
But in the process, they are concentrating 
on non-nutritious food items which 
eventually increases their weight but 
makes them weak as they are deprived of 
essential nutrients like iron salts. However, 
using tobacco or drinking alcohol does 
not have a significant contribution in 
making a woman undernourished or over-
nourished. Our findings are confirmed by 
the small p-values (= 0.000) in all cases. 

Next, we determined the prevalence of 
obesity and anaemia at the district level 
and presented it in the form of a map 
(Figure 1 and Figure 2), it is clear that the 
distribution of overweight/obese women 
and anaemic women are exactly not the 
same. Obesity has attacked mostly the 
women of south India, and some women 
near Gujarat, Punjab, Himachal Pradesh 
and northeast India (Figure 1). Contrary 
to this, the prevalence of anaemia turns 
out to be a maximum in and around 
central and east India and near Jammu 
and Kashmir (Figure 2). Central India 
is a region devoid of proper medical 
treatments or people who earn a good 
source of living. Hence, women in this 
region are unable to afford the necessary 
food items that they should have to lead 
a healthy lifestyle, which results in the 
increase of the rate of anaemic women. 

Then we have combined the two 
diseases obesity and anaemia and tried 
to look at that section of the population 
where women are malnourished on 
account of both. We illustrate our findings 
through a prevalence map to indicate 
the hotspot region (Figure 3). Once we 
amalgamate the two illnesses together, 
we arrive at a thought-provoking result. It 
turns out that the prevalence of anaemia 
that we have observed in regions around 
central and east India might have started 
due to non-consumption of adequate 
food. But obesity in southern India seems 
to have a close connection with anaemia. 
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The section of women in south India who 
are suffering from obesity is also attacked 
with anaemia. This is indicative of the 
fact that women here believe that if they 
consume too much food, they can lead a 
healthy lifestyle; but as a result, they are 
consuming junk food that has a deficiency 
in iron nutrients leading to anaemia. The 
situation is the same for the north Indian 
regions and south Gujarat.

We have also confirmed our findings 
through the use of other spatial tools such 
as cluster maps and Moran’s I. These are 
as shown below. From the cluster maps 
as shown in Figure 4, we rediscover 
our findings. There is high clustering of 
overweight/obese women in south India 
and in some regions in northern India 
and western India with Moran’s I value of 
0.664. Whereas high clustering of anaemic 
women occurs in and around eastern 
India (Figure 5) with Moran’s I value of 
0.514. These confirm our findings in the 
prevalence maps. 

Next, we have shown a similar cluster 
map and Moran’s I distribution to bring 
out the overall picture of overweight/obese 
and anaemic women in the country aged 
15-49 years. This is a confirmation tool 
for the prevalence map shown in Figure 
3. From Figure 6, we find an occurrence 
of high clusters in the north and south 
India, and the degree of clustering is as 
high as 0.640. The cluster map points out 
another notable aspect that overweight/
obese women are anaemic in some cases, 
but anaemic women are not overweight/
obese. In other words, overweight/obesity 
can be a major cause of the occurrence 
of anaemia, but anaemia does not cause 
obesity in most of the cases. The inference 
can be drawn from Figure 4, Figure 5 and 
Figure 6, which point out the high cluster 
regions.

The multivariate analyses of the 
determinants of the dual burden of 
malnutrition have been performed using 
binary logistic regression and tabulated 

as shown in Table 2. After adjustment 
for interactions among the explanatory 
variables, women in the age group 30-39 
years (OR: 0.734, 95% CI: 0.718, 0.751), 
20-29 years (OR: 0.374, 95%: 0.364, 0.384) 
and 15-19 years (OR: 0.178, 95% CI: 0.167, 
0.188) were less likely to be overweight/
obese and anaemic as compared to women 
in the age group 40-49 years. Also being 
currently married (OR: 1.136, 95% CI: 
1.042, 1.238) and residing in urban areas 
(OR: 1.268, 95% CI: 1.241, 1.295) were 
more likely to be overweight/obese and 
anaemic as compared to women who were 
divorced or separated or deserted and 
living in rural areas. Women belonging 
to Other Backward Classes (OR: 0.964, 
95% CI: 0.942, 0.986), belonging to middle 
class families (OR: 0.678, 95% CI: 0.661, 
0.697) or poor class families (OR: 0.412, 
95% CI: 0.398,0.426) and having no mass 
media exposure (OR: 0.760, 95% CI: 0.738, 
0.783) were less likely to be associated 
with the dual burden of malnutrition 
attack. Women having non-improved toilet 
facilities (OR: 0.887, 95% CI: 0.863, 0.911) 
and not having diversity in their diet (OR: 
0.893, 95% CI: 0.876, 0.910) were less likely 
to be overweight/obese and anaemic. On 
the contrary, women having non-improved 
sources of drinking water (OR: 1.029, 
95% CIs 1.000, 1.058), not using tobacco 
(OR: 1.367, 95% CI: 1.319, 1.417) and not 
drinking alcohol (OR: 1.178, 95% CI: 1.094, 
1.268) were more likely to be associated 
with sufferance from the dual burden of 
malnutrition. 

dIscussIon And conclusIon

This study attempts to explore the dual 
burden of malnutrition in India using the 
NFHS-4 (2015-16). This paper also tries to 
examine the clusters of obese and anaemic 
women in India using geo-spatial tools. 
Our study gives empirical evidence of the 
women characteristics that remarkably 
affect obesity and anaemia. The degree 
of association between micronutrients 
like iron and the severity of obesity at the 
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population level has been elucidated.

Our study showed that a significant 
part of southern India is one the hotspots 
of obesity in India. This can be attributed 
to the good economic status of people in 
these regions. Also, consumption of refined 
rice formed the major contributor of total 
calories in these regions. 22 Several studies 
have shown that consumption of refined 
grains is associated with higher visceral 
fat leading to increased risk of weight gain 
and obesity. 23, 24 Earlier being obese was 
considered to be a sign of being healthy, 
but people were ignorant of the fact that 
taking in too much food at a time can 
damage their metabolism. Contrary to this, 
our study found that areas in and around 
eastern India are the major hot spots of 
anaemia in India. According to WHO one 
of the reasons for clustering of anaemia 
is the availability and adequacy of the 
iron-rich food in these regions. 25 One of 
the studies from east India indicated that 
women with the heavy burden of work 
who were not able to take rest were more 
prone to be anaemic. 26. Also, the intake 
of nutritious food was quite low in this 
region. 26 

Further, it is very well demonstrated 
that overweight/obese women are mostly 
prone to anaemia and not vice-versa. It 
is evident from the clusters of obese and 
anaemic women in India. Even people who 
are quite well-off are seen to consume too 
much food at incorrect intervals of time or 
eat packaged and pre-processed food items. 
While this will satisfy their appetite, it 
leads to weight gain without adding in any 
beneficial nutrients in their body, ultimately 
leading to iron deficiency. Thus, women 
who are overweight are equally likely to 
suffer from anaemia. In regions where 
the quality of diet is more or less good 
enough, the higher energy intakes among 
obese women might convey enough iron 
supplements to lower the risk of anaemia, 
but the prevalence of anaemia remains 
high.27, 28 The overlap of anaemia and 

obesity among the reproductive women 
found in India is a clear suggestion of the 
fact that overweight individuals are equally 
suffering from micronutrient deficiencies.

Additionally, we found that the higher 
odds of being obese as well as anaemic 
among aged 40-49 years, currently 
married, urban residents, with a higher 
level of education, who belong to the 
general caste and belong to rich-class 
families in terms of wealth quintile. This 
can be attributed to the decreased physical 
activity and the oversupply of inexpensive 
food calories. Surprisingly, those who did 
not have mass media exposure, could not 
get improved sources of toilet facilities 
at their homes and those who did not 
take diverse food items were seen to be 
associated less likely with the underlying 
condition. This result might be due to the 
contra nature of the morbidities under the 
study.

Due to the cross-sectional nature of 
data, we were not able to measure the 
casualty between factors and morbidity. 
Owing to data limitation, we were not 
able to explore various factors that lead 
to haemoglobin deficiency. However, low 
levels of haemoglobin and anaemia can 
also result from factors other than iron-
deficient diets. Malaria, chronic parasite 
infection, smoking habits, and parity are 
some circumstances that might affect 
the level of haemoglobin.29 However, we 
have not considered these exceptions. 
The risk of malaria is quite high in India, 
and the other influences also cannot 
be neglected. Further, it is quite likely 
that iron is not the only micronutrient 
that is not being consumed in ample 
amounts among individuals with high-
energy intakes. Thus, obesity might 
also result from a deficiency in some 
other micronutrient compounds. But in 
this study, haemoglobin was the only 
indicator measured among overweight/
obese women. 
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Policies should be targeted towards 
food fortification and creating awareness 
regarding the risk of anaemia among 
o v e r w e i g h t  a n d  o b e s e  w o m e n . 
Additionally,  emphasis should be 
made on making available, affordable 
nutritious food to the population. Given 
the importance of intergenerational 
transmission, educating the population on 
the importance of quality of food rather 
than the quantity of food is necessary. 
The findings of this study highlight the 
interconnection between obesity and 
anaemia emphasizing the need to screen 
overweight and obese women for any 
micronutrient deficiency. Efforts should 
be directed towards creating awareness 
about modifiable risk factors associated 
with obesity and anaemia. 

Results of the study should be 
interpreted with caution due to the 
paradoxical nature of the two morbidities 
under consideration. Given the alarming 
rates of obesity and overweight related 
chronic disorders especially in developing 
countries and the potential for overlap 
between iron deficiencies and obesity 
along with the interdependence between 
these conditions, several areas for further 
research can be proposed. Also, similar 
analyses can be dealt with to study the 
interconnection between obesity and 
other micronutrient deficiencies such as 
zinc and folate. Further data on a diet can 
be accounted to arrive at the differences 
in both energy and iron intakes among 
different BMI groups for further research.29 

tAble 1
Determinants of Malnutrition among Indian women in the Reproductive Age Group

Women's Characteristics Classification Percentage N P value

Age

15-19 2.0 2107

0.000
20-29 6.6 13109

30-39 13.0 20425

40-49 16.2 20452

Marital Status

Never Married 2.9 4337

0.000
Currently married 11.5 48931

Widowed 13.2 2174

Divorced/Separated/Deserted 10.3 651

Socio-Economic and  
Demographic Characteristics

Place of Residence
Urban 14.7 25112

0.000
Rural 7.0 30981

Education

No education 8.0 13563

0.000
Primary 10.2 7260

Secondary 9.9 27236

Higher 11.7 8034

Religion

Hindu 9.3 40504

0.000
Muslim 10.5 9177

Christian 11.4 2840

Others 12.4 3572

Caste

SC 8.5 9027

0.000
ST 4.7 5723

OBC 9.7 22817

Others 12.2 15099
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Women's Characteristics Classification Percentage N P value

Wealth Index
Poor 4.2 10163

0.000Middle 8.8 10977

Rich 15.0 34953

Mass Media Exposure
No 4.8 8491

0.000
Yes 11.3 47602

Toilet Facility
Not Improved 5.5 14630

0.000
Improved 12.9 41463

Water Facility
Not Improved 9.5 6725

0.000
Improved 9.7 49368

Dietary Diversity
No 7.9 23887

0.000
Yes 11.1 32206

Lifestyle Habits

Use Tobacco
No 9.8 51827

0.000
Yes 6.8 4266

Drinks Alcohol
No 9.7 55233

0.000
Yes 6.2 860
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FIgure 2
District-wise Prevalence of Anaemia in India among Reproductive women

DDistrict-wisee Prevalence
FIG

e of Anaemi
GURE 2 
ia in India a

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

among Reprroductive wwomen 

 Th
e 

ex
te

rn
al

 b
ou

nd
ar

ie
s 

of
 In

di
a 

ha
ve

 n
ot

 b
ee

n 
au

th
en

tic
at

ed
 

an
d 

m
ay

 n
ot

 b
e 

co
rre

ct
.

Th
is 

m
ap

 is
 fo

r r
ep

re
se

nt
at

io
na

l p
ur

po
se

 o
nl

y.



Vol. 64, Special Issue 2019-20 127

FIgure 3
District-wise Prevalence of Dual Burden of Malnourishment in India among Reproductive womenDiistrict-wise PPrevalence 
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FIgure 4
Cluster maps showing the Prevalence of Overweight/Obesity in India among Reproductive WomenCluster maps showing th
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FIgure 5
Cluster maps showing the Prevalence of Anaemia in India among Reproductive Women
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FIgure 6
Cluster map showing the clustering of Dual Burden of Malnutrition in India among Reproductive Women
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tAble 2
Binary Logistic Regression Results for effect of Background characteristics on Dual Burden of Malnutrition

Overweight/Obese and Anemic

Odds Ratio
95% C.I. for EXP(B)
Lower Upper

Women's Characteristics
Age
15-19 0.178* 0.167 0.188

20-29 0.374* 0.364 0.384

30-39 0.734* 0.718 0.751

40-49®
Marital Status
Never Married 0.543* 0.494 0.597

Currently married 1.136* 1.042 1.238

Widowed 1.079 0.978 1.189

Divorced/Separated/Deserted®
Place of Residence
Urban 1.268* 1.241 1.295

Rural®
Education
No education 0.834* 0.804 0.865

Primary 0.957* 0.921 0.994

Secondary 1.021 0.991 1.051

Higher®
Religion
Hindu 0.818* 0.787 0.851

Muslim 1.015 0.969 1.064

Christian 0.676* 0.638 0.716

Others®
Caste
SC 0.974 0.946 1.003

ST 0.730* 0.703 0.759

OBC 0.964* 0.942 0.986

Others®
Wealth Index
Poor 0.412* 0.398 0.426

Middle 0.678* 0.661 0.697

Rich®
Mass Media Exposure
No 0.760* 0.738 0.783

Yes®
Toilet Facility
Not Improved 0.887* 0.863 0.911

Improved®
Water Facility
Not Improved 1.029* 1.000 1.058

Improved®
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Overweight/Obese and Anemic

Odds Ratio
95% C.I. for EXP(B)
Lower Upper

Dietary Diversity
No 0.893* 0.876 0.910

Yes®
Lifestyle Habits
Use Tobacco
No 1.367* 1.319 1.417

Yes®
Drinks Alcohol
No 1.178* 1.094 1.268

Yes®
Constant .197*

® Reference category
*p value significant at 95% confidence interval
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ASSESSMENT OF NUTRITIONAL 
STATUS OF PREGNANT WOMEN BASED 
ON MID-UPPER ARM CIRCUMFERENCE 
(MUAC) AND ASSOCIATED FACTORS IN 
POVERTY POCKETS OF EASTERN INDIA

Abhishek sArAswAt1, sAyeed UnisA2 r.s. reshMi3, LAxMi kAnt 
diwivdi4, sArAng PAdgoAnker5, vAni sethi6

AbstrAct

Mid-upper  a rm c i r cumference 
(MUAC) is an appropriate measure 
for screening undernutrition during 
pregnancy. This study examines the 
nutritional status of pregnant women 
in India using MUAC and assesses 
nutrition-specific and nutrition-sensitive 
predictors of low MUAC (<23 cm), using 
baseline data of a prospective cross-
sectional study conducted in rural areas 
of Chhattisgarh and Odisha, India. Data 
was collected from 1,637 pregnant women 

(ages15-49 years). Detailed background 
characteristics, diets, food security, heights 
and MUAC, and utilization of support 
services were collected. Undernutrition in 
pregnancy expressed as the proportion of 
pregnant women having low MUAC was 
high in the study area. The prevalence of 
low (<23 cm) and severely low MUAC 
(<21 cm) was 38% and 7%, respectively. 
Low MUAC was more prevalent in 
Chhattisgarh (39%) than Odisha (36%). 
The prevalence of low and severely low 
MUAC was higher among adolescents 
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and socioeconomically underprivileged 
respondents. Working status (OR 1.30, CI 
1.03-1.64, p<0.05), food insecurity (OR 1.23, 
CI 0.99-1.44, p<0.05) and not consuming 
IFA (OR 1.42, CI 1.08-1.87, p<0.001) 
increased the risk of low MUAC. High diet 
diversity (OR 0.76, CI 0.62-0.94, p<0.001) 
and attending village health sanitation 
and nutrition day (VHSND) meeting (OR 
0.81, CI 0.65-1.01, p<0.10) were associated 
with reduced likelihood of low MUAC. 
The findings justify the importance of a 
multi-sectoral and integrated approach, 
including nutrition-specific and nutrition-
sensitive interventions and services in 
improving nutrition of pregnant women 
and pregnancy outcomes.

Keywords :  Nutr i t iona l  s ta tus , 
malnutrition, MUAC, nutrition-specific, 
nutrition-sensitive, pregnant women

IntroductIon

Malnutrition is a persistent and 
significant public health issue among 
women in developing countries. Studies 
consider pregnant women as the most 
exposed population to malnutrition due 
to their higher nutritional needs.1 Poor 
nutrition has adverse pregnancy outcomes 
for both mothers and babies2 leading 
to obstetric complications, morbidities 
and even mortality3,  micronutrient 
d e f i c i e n c i e s 4,  a n d  f e e d i n g  t h e 
intergenerational cycle of malnutrition.5

Usually, body mass index (BMI) is 
used for screening the nutritional status of 
adults, women except for pregnant women; 
studies have documented that MUAC 
corresponds to BMI and can be an efficient 
tool for assessment of undernutrition in 
resource-poor settings6, 7. In pregnant 
women, MUAC is used as a surrogate 
to screen nutritional status due to its 
ability to reveal changes muscle mass and 
subcutaneous fat.8, 9

Maternal malnutrition is complex and 
related to a multitude of factors, including 

socio-economic status, diet, food security, 
micronutrient supplementation, and water 
sanitation and hygiene (WASH) practices. 
11, 13, 12 Nutrition-specific interventions 
alone are not enough, and they need 
to be coupled with nutrition-sensitive 
interventions to enhance the effectiveness 
of ongoing programmes leading to 
improved maternal nutrition. 14, 15, 10

MUAC has been previously studied 
in association with pregnancy outcomes. 
However, there is a paucity of literature 
that documents the association of MUAC 
during pregnancy with nutrition and 
other related social and economic support 
services in rural Indian settings as most 
of the available research addresses the 
scenario in sub-Saharan Africa.

MAterIAls And Methods

Data and study design
This study is based on a cross-sectional 

baseline survey conducted in districts of 
Chhattisgarh (Bastar district) and Odisha 
(Angul and Koraput districts) between 
July and December 2016. The region is 
predominantly rural, tribal, and poverty-
stricken. Swabhimaan (meaning ‘self-pride’ 
or ‘self-respect’) is an integrated multi-
sectoral women’s nutrition demonstration 
and intervention program to improve 
the nutrition of girls and women. The 
progamme Swabhimaan, is a collaboration 
between UNICEF and the State Rural 
Livelihood Missions in (SRLM) in Odisha 
and Chhattisgarh. The programme defines 
pregnant women as “all pregnant women 
of age 15–49 years, whether they were an 
adolescent or adult”.16 All the participants 
were pregnant at the time of the survey.

Sample size
In the Swabhimaan baseline survey, a 

total of 1,637 households were sampled to 
provide reliable estimates of key indicators 
at the district and block-level. The study 
was carried out in rural settings. The 



136 The Journal of Family Welfare

two-stage sampling design was devised 
to select the sample. In the first stage, 
villages were selected, which served 
as the primary sampling units (PSUs). 
In the second stage, a mapping and 
listing operation was executed to list the 
households in the chosen PSUs. Then the 
households were selected using random 
sampling. One pregnant woman from 
each household was selected randomly. 
In the Bastar district of Chhattisgarh, 
40 villages from the Bastar block and 
40 villages from Bakawand block were 
selected to serve as the intervention and 
control areas, respectively. In Odisha, six 
village panchayats each were selected 
from Pallahara and Koraput districts, 
to act as control and intervention 
areas, respectively. Therefore, based 
on outcome indicators and the change 
envisioned a representative sample of 823 
(Chhattisgarh) and 814 (Odisha) pregnant 
women were selected, thus attaining a 
total sample of 1,637 pregnant women.

Study procedures
A bilingual pretested questionnaire 

was used to gather information on socio-
demographic characteristics, food security, 
diet diversity, WASH practices, and 
MUAC of study participants. Additionally, 
information on the utilization of social 
and economic support services was also 
collected. Investigators were trained for a 
week on data collection skills. Supervisors 
oversaw the work of data collection 
teams. Investigators administered the 
questionnaires through the face-to-face 
computer-assisted personal interviews 
(CAPI). Control checks on 10% of the 
sampled women ensured data quality. 
MUAC measurements were taken using 
standard techniques. The height of the 
participants was recorded barefoot to the 
nearest 0·1 cm using a stadiometer. Weekly 
calibration of all stadiometers was done 
before data collection with a meter rod 
(100 cm). A non-stretchable measuring 
tape procured from the UNICEF supply 

department was used to measure the 
MUAC of pregnant women to the nearest 
0·1 cm. The tape was placed gently but 
firmly on the arm to dodge compression 
of soft tissue.7

Ethical approval
Ethical approval for baseline was 

procured from the Institutional Ethics 
Committee of All India Institute of Medical 
Sciences (AIIMS) of Chhattisgarh, and 
Odisha. The impact evaluation was 
registered with the National Clinical Trials 
Registry of India (CTRI/2016/11/007482) 
and the Registry for International 
Development Impact Evaluations (RIDIE-
STUDYID-58261b2f46876). 17 Verbal 
consent was taken from interviewed 
pregnant women. In the case of adolescent 
respondents, verbal consent was obtained 
from the respondents and their parents/
guardians. AIIMS acted as a regional 
agency in data collection and compilation 
and hiring and training of the field 
investigators, with technical support of 
the International Institute for Population 
Sciences and UNICEF in the respective 
states.

Statistical analysis
The Swabhimaan baseline survey data 

collected from currently pregnant women 
were used for statistical analyses using 
STATA 14.0. The dependent variable was 
the low MUAC of pregnant women. The 
mean standard error of measurements 
for height and MUAC across all the data 
collection teams were insignificant and 
ranged between 0·004 and 0·037 (95 % CI 
−0·077-0·053; P<0·10). The non-response 
rate was negligible in both the states 
(0·3-0·4 %). Studies have documented 
that MUAC cut-off points for nutritional 
risk range from 21 cm to 23 cm and may 
differ by country; in Asian context, a 
conventional MUAC cut-off of <23 cm 
is advised to incorporate most pregnant 
women at risk.18, 19 In India, MUAC cut-off 
of <23 cm and <21 cm was regarded as 
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appropriate to screen acute and severe acute 
malnutrition, respectively.20’ 21, 6 Therefore, we 
considered MUAC of <23 cm and <21 cm as 
low and severely low, respectively.

The independent variables in the 
study were food and WASH-related 
indicators like household food security 
(secure/insecure), diet diversity score 
(less than five/5 or above), consumption 
of IFA tablets, source of drinking water 
(improved/unimproved), and practicing 
open defecation (no/yes). Additionally, use 
of nutrition-sensitive social and economic 
support services like SHG membership, 
attending village health sanitation and 
nutrition day (VHSND), receiving ration 
from the public distribution system (PDS), 
and receiving the double amount of food 
from the integrated child development 
services (ICDS), were also used as the 
dichotomous (no/yes) independent 
variables. Other covariates include age, 
education, work status, religion, caste, 
household wealth quintile, pregnancy 
trimester and parity of the respondents.

Descriptive statistics were used to 
study the background profile of the 
sample and their utilization of social and 
economic support intervention services. 
The logistic regression was used to assess 
the association of access to and use of 
intervention services with low MUAC in 
pregnant women. Results of the regression 
analyses are exhibited in the form of odds 
ratios (OR), with 95% confidence intervals 
(CI) and p-values.

results

Characteristics of pregnant women
The characteristics of the participants 

are described in Table 1. The mean age 
of pregnant women was 24.5 years. 
Respondents were mostly in the 20-29 
years age group (74.5%). Collectively, 42% 
of pregnant women were illiterate, and 
56% were non-working. Overall, nearly 
22% of pregnant women were in the first 

trimester of pregnancy, 45% in the second 
trimester, and 33% in the third trimester 
of pregnancy. About 32% women were 
uniparous and 30% were biparous. Nearly, 
64% of pregnant women consumed IFA 
tablets, In both states, over 95% of the 
pregnant women practiced the Hindu 
religion. Sixty-one percent of the sample 
belonged to scheduled tribes, and another 
23% belonged to other backward classes. 
Based on wealth, most pregnant women 
belonged to the poor and poorest wealth 
quintile (44%).

About 45% of pregnant women were 
living in food-insecure households, and 
nearly 48% of women had a dietary 
diversity score below five (Table 1). In 
terms of WASH, most respondents used 
unimproved sources of drinking water 
(77%) and practiced open defecation (86%). 
In the context of social and economic 
support services, only one-fourth of 
participants were members of SHG, and 
55% of pregnant women attended the 
VHSND meeting. Nearly 72% of the 
sample received ration from PDS (Odisha 
58% and Chhattisgarh 86%), and about 
47% of participants received double ration 
from ICDS (Odisha 39% and Chhattisgarh 
56%). The state-wise and pooled mean 
height of the participants was 151 cm, 
and mean MUAC was 24 cm. Overall, 
186 pregnant women (Odisha 107 and 
Chhattisgarh 79) had short stature (height< 
145 cm).

Prevalence of low and severely low 
MUAC in pregnant women

Table 2 presents the prevalence of low 
and severely low MUAC among pregnant 
women. The overall prevalence of low 
MUAC (<23 cm) was 37.5%, and severely 
low MUAC (<21 cm) was 6.8%. it was 
seen that the prevalence of low MUAC in 
Chhattisgarh was 39%, which was higher 
than Odisha (36%), however, severely low 
MUAC was more prevalence in Odisha 
(7%) and Chhattisgarh (6.5%) are similar. 
The prevalence of low and severely low 
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MUAC was highest in pregnant women 
who were 15-19 years (45%) and 30-49 
years old (8%), respectively, who were 
illiterate (39% and 8%) and working (41% 
and 8%). Women in the first and second 
trimester of pregnancy had the highest 
prevalence of low and severely low MUAC 
(38% and 8%), respectively. Women 
with parity 4 or above had the highest 
prevalence of low (40%) and severely low 
(10%) MUAC. Similarly, the prevalence of 
low and severely low MUAC was highest 
among pregnant women who were Hindu 
(38% and 7%), tribal (41% and 7%), poorest 
(44% and 9%), who lived in food-insecure 
households (39% and 7%), had dietary 
diversity below five (42% and 9%), and 
practiced open defecation (38% and 7%). 
Based on support services, pregnant 
women who were SHG members (39% and 
9%), who got ration from PDS (39% and 
8%), who did not attend VHSND (40% and 
7%) and did not receive double amount 
food from ICDS (39% and 8%) displayed 
a higher prevalence of low and severely 
MUAC.

Predictors of low MUAC among pregnant 
women

Table 3 focuses on the association 
of various personal and household 
characteristics, WASH and support 
services with low MUAC (<23 cm) 
in pregnant women. As compared to 
pregnant in age group 15-19 years, 
odds of low MUAC diminished among 
older women (OR 0.59-0.65, CI 0.39-0.90, 
p<0.001). Pregnant women who were 
literate were less likely to have low 
MUAC than illiterate women (OR 0.82, 
CI 0.66-1.19, p<0.10). Pregnant women 
who were working were more likely 
to have low MUAC than non-working 
women (OR 1.30, CI 1.03-1.64, p<0.05). 
Pregnant women who did not consume 
IFA were more likely to have low MUAC 
as compared to women who did (OR 1.42, 
CI 1.08-1.87, p<0.001). As compared to 
pregnant women belonging to scheduled 

castes and poorest wealth quintile, odds of 
low MUAC were reduced among women 
from others caste (OR 0.55, CI 0.30-1.01, 
p<0.10) and poor wealth quintile (OR 
0.76, CI 0.55-1.03, p<0.10), respectively. 
Pregnant women living in food-insecure 
households were more likely to have low 
MUAC than participants living in food-
secure households (OR 1.23, CI 0.99-1.44, 
p<0. 05). As compared to respondents 
with low dietary diversity (<5), pregnant 
women with dietary diversity of five or 
above have decreased odds of low MUAC 
(OR 0.76, CI 0.62-0.94, p<0.001). The odds 
of low MUAC were lower among pregnant 
women who attended VHSND meetings 
than those who did not (OR 0.81, CI 0.65-
1.01, p<0.10).

dIscussIon

India has implemented globally 
r e c o m m e n d e d  p r o g r a m m e s  a n d 
interventions to combat malnutrition. 
The latest National Nutrition Mission 
or Poshan Abhiyaan (2018-2022) aims to 
decline anemia among adolescents and 
pregnant women and diminish low birth 
weight and stunting among children 
under age of five years. The target is 
to be fulfilled through collaboration 
of different ministries and integrating 
essential nutrition services with ongoing 
schemes and programmes.22 This study 
was aimed to assess the nutritional status 
of pregnant women in Chhattisgarh 
and Odisha, India, using MUAC as 
a screening tool. Additionally, socio-
economic, nutrition, and related support 
services correlated with low MUAC in 
pregnant women was also determined. 
Studies recognized that it is crucial to 
integrate nutrition-specific and nutrition-
sensitive interventions to alleviate the 
global burden of malnutrition.23, 24’ 10

The prevalence of low MUAC was 
high in both the states, with 38% of the 
pregnant women categorised as having 
a low MUAC (<23 cm). Majority of the 
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sample belonged to socio-economically 
underprivileged section. Other studies, 
in India and abroad, reported low 
maternal MUAC ranging between 13% 
to 47%.25,1,26. We determined that the 
prevalence of low and severely low MUAC 
was higher among socio-economically 
disadvantaged pregnant women. Studies 
have documented that socio-economic 
disadvantage does not necessarily affect 
the nutritional status of women. However, 
it does expose women to undernutrition 
due to unmet nutrition and health-
related necessities28,27, particularly during 
pregnancy.

Low MUAC was significantly associated 
with work status, wealth quintile, low 
diet diversity, household food insecurity, 
and not attending VHSND. Thus, in the 
present study, different nutrition-specific 
and nutrition-sensitive factors collectively 
arbitrate the nutritional status of pregnant 
women. The study found that working 
women were at an increased risk of having 
low MUAC. It has been documented that 
tribal women generally work as daily wage 
workers and continue working throughout 
the pregnancy due to poverty and food 
insecurity.29 Unlike earlier studies 30, 1, this 
study did not establish any significant 
relation of MUAC by the trimester of 
pregnancy and parity. It is believed that 
iron deficiency during pregnancy is the 
principal cause of anaemia among pregnant 
women in India.31 Intake of micronutrient 
supplements, particularly iron and folate 
during pregnancy improve maternal 
nutrition status and birth outcomes.32 We 
also documented that the consumption 
of IFA reduced the risk of low MUAC 
among pregnant women in the study area. 
Similar to other studies33, 34, 35, we noted 
that household food security and high 
diet diversity significantly associated with 
diminished odds of low MUAC among 
pregnant women. In India, the VHSND is 
a platform to provide essential healthcare 
services and identify malnourished women 

and children.36 A significant association 
was recorded between participation in 
VHSND and reduced odds of low MUAC 
among pregnant women.

Our findings are relevant considering 
maternal undernutrition continues to be a 
subject of global concern and is linked to 
growth, morbidity, and mortality among 
women as well as children. Usually, in 
large-scale surveys like the National 
Family Health Survey (NFHS) and District 
Level Household and Facility Survey 
(DLHS), the information about maternal 
health and nutrition indicators is collected 
retrospectively based on recall of events 
from the last pregnancy. However, in the 
Swabhimaan programme, the detailed 
information on all the indicators was asked 
to the women pregnant at the time of the 
baseline survey. Pregnant women were 
one of the groups of the study population 
of the survey. Therefore, this study is 
unique and minimizes the chances of 
misreporting due to recall bias.

We conclude that a high proportion 
of the sample size had low MUAC, 
indicating poor nutritional status of 
pregnant women in Chhattisgarh and 
Odisha. From a programmatic aspect, 
our findings highlight that it is essential 
to synergize the nutrition-specific and 
nutrition-sensitive interventions to 
enhance the nutritional status of pregnant 
women. Education, poverty alleviation 
and livelihood support programmes hold 
the potential to improve undernutrition. 
Social drives against early marriage and 
pregnancy must be fortified. Pregnant 
women must be encouraged to have 
diverse diets and should be educated 
about the same. Mobilising women to 
participate in the VHSND is crucial so 
that they do not miss essential health 
and related information and services. The 
present study established that different 
nutrition-specific and nutrition-sensitive 
factors collectively arbitrate the nutritional 
status of pregnant women, thus justifying 
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the need for multisectoral approach 
to combat undernutrition in pregnant 
women.
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tAble 1
Profile of pregnant women (15-49 years), Swabhimaan, Baseline Survey.

Characteristics Odisha (n=814) Chhattisgarh 
(n=823) Pooled (N=1637)

Demographic characteristics
Mean age (years) 24.1 24.9 24.5
Age group (years)
15-19 15.4 (125) 9.1 (75) 12.2 (200)

20-29 72.2 (588) 76.7 (631) 74.5 (1219)

30-49 12.4 (101) 14.2 (117) 13.3 (218)
Education
Non-literate 47.3 (385) 37.1 (305) 42.2 (690)

Literate 52.7 (429) 62.9 (518) 57.8 (947)
Working
No 77.6 (631) 35.4 (291) 56.4 (922)

Yes 22.4 (182) 64.6 (532) 43.6 (714)
Pregnancy trimester 
First 18.9 (154) 25.2 (207) 22.1 (361)

Second 46.9 (382) 43.1 (355) 45.0 (737)

Third 34.2 (278) 31.7 (261) 32.9 (539)
Parity
1 37.0 (301) 26.0 (214) 31.5 (515)

2 30.2 (246) 29.8 (245) 30.0 (491)

3 18.3 (149) 22.7 (187) 20.5 (336)

≥4 14.5 (118) 21.5 (177) 18.0 (295)
Consumed IFA tablets 
Yes 68.4 (557) 58.6 (482) 63.5 (1039)

No 31.6 (257) 41.4 (341) 36.5(598)
Household characteristics
Religion

Hindu 95.0 (773) 98.7 (812) 96.8 (1585)

Others 5.0 (41) 1.34 (11) 3.2 (52)
Caste
Scheduled Caste 18.3 (149) 2.3 (19) 10.3 (168)

Scheduled Tribe 53.6 (436) 68.4 (563) 61.0 (999)

Other Backward Classes 18.2 (148) 28.0 (230) 23.1 (378)

Others 10.0 (81) 1.3 (11) 5.6 (92)
Wealth status
Poorest 27.4 (223) 16.4 (135) 21.9 (358)

Poor 17.3 (141) 26.6 (219) 22.0 (360)

Middle 15.4 (125) 18.6 (153) 17.0 (278)

Rich 16.1 (131) 16.3 (134) 16.2 (265)

Richest 23.8 (194) 22.1 (182) 23.0 (376)
Food security status
Food secure household 38.3 (312) 72.3 (595) 55.4 (907)

Food insecure household 61.7 (502) 27.7 (228) 44.6 (730)



Vol. 64, Special Issue 2019-20 143

Characteristics Odisha (n=814) Chhattisgarh 
(n=823) Pooled (N=1637)

Dietary diversity scores
Less than five 49.9 (406) 46.5 (383) 48.2 (789)

Five or above 50.1 (408) 53.5 (440) 51.8 (848)
Main source of drinking water
Improved 17.6 (145) 27.6 (224) 22.6 (369)

Unimproved 82.4 (678) 72.4 (588) 77.4 (1266)
Practice open defecation
No 17.9 (146) 11.1 (91) 14.5 (237)

Yes 82.1 (668) 88.9 (732) 85.5 (1400)
Social and economic support
SHG membership

No 74.4 (612) 73.8 (599) 74.1 (1211)

Yes 25.6 (211) 26.2 (213) 25.9 (424)
Attended VHSND meeting
No 42.6 (347) 46.5 (383) 44.6 (730)

Yes 57.4 (467) 53.5 (440) 55.4 (907)
Get ration from PDS
No 42.1 (343) 14.2 (117) 28.1 (460)

Yes 57.9 (471) 85.8 (706) 71.9 (1177)
Received double amount of ICDS food
No 61.0 (502) 44.3 (360) 52.7 (862)

Yes 321 (39.0) 55.7 (452) 47.3 (773)
Anthropometric measurement 
Mean height 150.8 151.5 151.1

Height <145 13.3 (107) 9.8 (79) 11.5 (186)

Mean MUAC 23.8 23.5 23.6

MUAC<23 35.8 (288) 39.1 (317) 37.5 (605)

tAble 2
Prevalence of low (<23 cm) and severely low (<21 cm) MUAC among pregnant women by background 

characteristics.

Characteristics MUAC<23 MUAC<21 Total 
States

Odisha 35.8 7.1 814

Chhattisgarh 39.1 6.5 823

Demographic characteristics

Age group (years)

15-19 45.2 6.2 200

20-29 36.7 6.7 1219

30-49 34.9 8.4 218

Education

Non-literate 39.3 7.7 690

Literate 36.2 6.3 947
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Characteristics MUAC<23 MUAC<21 Total 
Working
No 34.4 5.7 922
Yes 41.4 8.3 714
Pregnancy trimester 
First 37.7 7.3 361
Second 37.5 7.6 737
Third 37.3 5.5 539
Parity
1 38.9 5.1 511
2 36.7 5.8 483
3 34.4 7.9 329
≥4 39.9 10.3 291
Consumed IFA tablets 
Yes 37.7 6.8 1029
No 37.1 7.9 585
Household characteristics
Religion
Hindu 37.7 7.0 1585
Others 29.4 2.0 52
Caste
Scheduled Caste 33.3 6.1 168
Scheduled Tribe 41.1 7.4 999
Other Backward Classes 33.5 6.5 378
Others 21.7 3.3 92
Wealth status
Poorest 43.6 9.1 358
Poor 36.9 7.8 360
Middle 36.0 4.8 278
Rich 35.0 5.0 265
Richest 35.0 6.5 376
Food security status
Food secure household 36.3 6.9 907
Food insecure household 39.0 6.7 730
Dietary diversity scores
Less than five 41.5 8.8 789
Five or above 33.7 5.0 848
Main source of drinking water
Improved 37.4 6.8 369
Unimproved 37.8 6.9 1266
Practice open defecation
No 34.6 5.6 237
Yes 38.0 7.0 1400
Social and economic support
SHG membership
No 37.1 6.0 1211
Yes 38.7 9.1 424
Attended VHSND meeting
No 40.3 6.8 730
Yes 35.3 6.9 907
Get ration from PDS
No 33.9 5.1 460
Yes 38.9 7.5 1177
Received double amount of ICDS food
No 39.0 7.8 862
Yes 35.8 5.8 773
Total 37.5 6.8 1637



Vol. 64, Special Issue 2019-20 145

tAble 3
Odds ratio from logistic regression assessing predictors of low MUAC (< 23 cm) among pregnant women (15-49 years).

Characteristics Odds ratio Lower CI Upper CI
States
Odisha ®
Chhattisgarh 1.06 0.82 1.38
Demographic characteristics
Age group (years)
15-19 ®
20-29 0.65*** 0.48 0.89
30-49 0.59*** 0.39 0.90
Education
Non-literate ®
Literate 0.82* 0.66 1.19
Working
No ®
Yes 1.30** 1.03 1.64
Pregnancy trimester 
First ®
Second 1.06 0.80 1.40
Third 1.11 0.82 1.49
Parity
1®
2 0.95 0.72 1.25
3 0.85 0.62 1.17
≥4 1.02 0.73 1.45
Consumed IFA tablets 
Yes ®
No 1.42*** 1.08 1.87
Household characteristics
Caste
Scheduled Caste ®
Scheduled Tribe 1.24 0.85 1.80
Other Backward Classes 0.92 0.61 1.38
Others 0.55* 0.30 1.01
Wealth status
Poorest ®
Poor 0.76* 0.55 1.03
Middle 0.76 0.54 1.07
Rich 0.78 0.55 1.11
Richest 0.87 0.63 1.21
Food security status
Food secure household ®
Food insecure household 1.23** 0.99 1.44
Dietary diversity scores
Less than five ®
Five or above 0.76*** 0.62 0.94
Attended VHSND meeting
No ®
Yes 0.81* 0.65 1.01
Received double amount of ICDS food
No ®
Yes 0.93 0.76 1.15
Constant 0.88 0.49 1.57

® Reference category; CI Confidence interval; Level of significance * p<0.10, ** p<0.05, *** p<0.001
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HOME DELIVERIES AND RISK OF 
MORBIDITY AMONG CHILDREN 
DURING NEONATAL PERIOD IN 
GUJARAT

PraliP Kumar Narzary1, DiliP Kumar2, arviND JaDhav3, 
Kumar Parimal ShreStha3, CP PraKaSam4, SaraNg 
PraDiPKumar PeDgaoNKar5, aND SayeeD uNiSa6

AbstrAct:
Care practices for newborn babies like 

clean cord care, thermal care and initiating 
breastfeeding within the first hour of the 
birth are very crucial for the survival of 
the neonate. Safe delivery practices are 
often lacking for home deliveries, and 
this places the neonates at a higher risk 
than those born in hospitals or deliveries 
conducted by the trained health care 
personnel. Hence, to understand morbidity 
among neonates, an examination of 
traditional practices associated with 
the home delivery and newborn care is 
required.

The data for the present study is culled 
out from the Comprehensive Nutrition 
Survey in Gujarat (CNSG) 2014. The 
survey covered 4,828 children aged 0-59 
months from 3,788 households. We have 
used descriptive statistics to examine 
the association of place of delivery with 
selected independent variables. 

About 11%of the women had delivered 
at home. The age of the women (Chi 
square =9.90, p<.05), religion of the head of 
the household (Chi square =3.95, p=0.05), 
caste (Chi square =70.20, p<.001), place of 
residence (Chi square =102.25, p<0.001) 
and birth order ( Chi square =43.60, 
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p<.001) were significantly associated 
with the place of delivery. The main 
reason for opting for home delivery was 
‘no time to go’. Almost three-fourths 
of the home deliveries were conducted 
by the traditional birth attendant (Dai). 
Further, about one-fourth of them used 
an improper instrument to cut the 
umbilical cord. The paper expounds 
that the neonates born at home are more 
likely to experience morbidity than their 
counterparts who are born at hospitals 
or under the care of trained health care 
personnel.

We may conclude that the birth order, 
place of residence, antenatal care and 
cultural practice plays a significant role 
in influencing the place of delivery. The 
caveat is that the ongoing maternal and 
newborn care programs need to have 
in-built mechanisms to ensure that the 
expectant mothers receive appropriate 
newborn and delivery care practices at 
home. 

Keywords: Home delivery, traditional 
practice, child morbidity, neonatal care, 
newborn care

IntroductIon

The WHO has issued a series of 
recommendations to improve the quality 
of antenatal care to reduce the risk of 
stillbirths and pregnancy complications 
and give women a positive pregnancy 
experience.1 The guidelines are for 
ensuring not only a healthy pregnancy, but 
also for an effective transition to positive 
labour and childbirth, and ultimately 
to a positive experience of motherhood. 
However, in many places, the maternal 
and neonatal morbidity and mortality 
remain high due to improper home 
delivery which is based on traditional 
delivery practices. Infant Mortality Rate 
(IMR) has continued to decline over the 
last two decades. However, the proportion 
of neonatal deaths (infant under one 
month old) is, in fact, declining at a slower 

pace. Unless safe delivery and newborn 
care are given the due focus for preventing 
infant deaths, the declining trend of IMR 
may not continue. The highest risk of 
death is on the first day of life2 andthe first 
few hours of life is all the more crucial. 
The study suggests that more than 80% of 
newborn deaths around the globe could 
have been prevented with basic solutions.3

A set of practices that reduce neonatal 
morbidity and mortality have been 
outlined as essential newborn care 
practices.4 These practices include clean 
cord care (cutting the umbilical cord with 
a sterilized instrument and tying it with 
a sterilized thread); thermal care (drying 
and wrapping the newborn immediately 
after delivery and delaying the newborn’s 
first bath for at least six hours or several 
days to reduce hypothermia risk); and 
initiating breastfeeding within the first 
hour after birth.5 In order to reduce 
maternal and neonatal morbidity, where 
home delivery is inevitable, families 
should be encouraged to engage in 
skilled birth attendant.6 However, access 
to safe delivery and child care, in terms 
of availability of skilled attendance, is 
lowest for those who need the most.7 

In India, it is estimated that almost 6.40 
lakh newborns died in 2016, and among 
them, one-fourth were neonatal deaths.3,2 

Nonetheless, care practices followed 
immediately after the delivery to a large 
extent, determine the risk of morbidity 
and mortality among newborn.4,5 Further, 
an understanding of the traditional 
practices associated with pregnancy and 
delivery are essential for policymakers and 
programme implementers to reduce the 
chances of morbidity among neonates that 
are mostly a result of infection, anaemia, 
hypothermia, and hypoglycaemia.8

Clinically acceptable maternal and 
newborn care practices for delivery 
are uncommon in the home delivery. 
The acceptable delivery care practices 
include cord-cutting and care, bathing of 
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mother and newborn, and skin massage. 
Moreover, unless these practices are 
followed, newborns remain at high 
risk of hypothermia, sepsis and other 
infections.9,10 Pre-lacteals, supplementary 
feeding practices, delay in breastfeeding 
and discarding of  colostrum are 
customary cultural practices. Thus, safe 
home-based newborn care requires 
creating community awareness and 
cultivating community mobilization.11 

However, studies do illustrate that even 
in the presence of a professionally-
qualified birth attendant at time of 
delivery, women and newborns are 
subjected to a range of ‘unskilled’ 
practices at both homes and health 
facilitiesthat impede neonatal health 
and well being .10 In the slums of Dhaka, 
Bangladesh, a positive association was 
noticed between delivery-location, 
training of birth attendants and early 
postpartum morbidity.12 The study 
shows that dais with more years of 
experience tend to use potentiallyharmful 
birthing practices. Furthermore, this in 
turn, increases the risk of postpartum 
morbidity among both, the mother 
and her infants. However, the study 
did not illustrate that postpartum 
morbidity differed by the place of birth 
delivery-location. Thus, it is essential to 
develop effective strategies to discourage 
potentially harmful home-based delivery 
practices even in countries like India, in 
order to reduce maternal and neonatal 
mortality.

Thispaper attempts to understand 
the traditional delivery practices and its 
effect on the newborn’s health in the state 
of Gujarat, India by asking a research 
question “are children born at home 
prone to health problems?” This question 
is invariably based on thepremise that 
households that adopt traditional home 
delivery practices may have a debilitating 
effect on the child’s health compared to 
their counterparts delivered at health 
facilities.

Methodology:
The paper is based on the data collected 

under the Comprehensive Nutrition 
Survey in Gujarat (CNSG), 2014.13 It 
is a cross-sectional survey conducted 
during July–September 2014 and covered 
4,828 children aged 0-59 months from 
3,788 households spread across the six 
administrative divisions of Gujarat. 
We have used descriptive statistics to 
explore the assocation of place of delivery 
(home/institutional) with background 
characteristics, traditional birth care 
practices for home delivery viz., umbilical 
cord cutting, and bathing given after the 
birth of baby, breast-feeding practices, 
and incidence of health problem within 
four weeks following the delivery. Further, 
the paper assessed the differences in 
morbidity among the neonates by the 
place of delivery and delivery practices. 
For this, all the deliveries have been 
grouped into two categories: ‘home 
delivery’ and ‘institutional delivery’. The 
data is analysed in SPSS 25 version.

Defining Dependent Variables
The information on child morbidity 

was summed up from four situations 
encountered during the four weeks after 
the birth of last child- a) fever/cold/cough, 
b) breathing problem, c) blood in stool, d) 
other. For the present paper, if a neonate 
has any one of the above-mentioned health 
ailments, we have considered the neonate 
to have health problem or morbidity.

Independent variables
Characteristics of the mothers, included 

in the analyses are age and education. 
The household characteristics included 
in the analysis are caste, religion, place 
of residence and wealth index, which is 
proxy to the household’s economic status. 
The antenatal characteristics examined are 
whether women have been registered for 
the pregnancy, and recipients of antenatal 
care services.To understand the traditional 
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delivery practices at home, the variables 
examined are who conducted the delivery 
and the instrument used for cutting the 
umbilical cord. The variables on traditional 
newborn care practices included after 
the birth when was first bath given, 
whether the first milk was given, and the 
commencement of breast-feeding. The 
characteristics of the infant included are 
birth order, sex, and the size of the baby 
at the time of birth.

results:

Place of Delivery
O u t  o f  4 , 8 2 8  w o m e n ,  a l m o s t 

11%delivered at home/non-institutional 
place, while rest (89.4%) delivered at 
an institution. Among the selected 
background characteristics, age of the 
women (χ2=9.8982, p<.05), religion of the 
head of the household (χ2 =3.950, p=0.05), 
caste (χ2 =70.2011, p<.001), and place of 
residence (χ2 =102.247; p<0.001) showed 
a significant association with place of 
delivery (Table 1). Home delivery among 
younger women, aged less than 25 years, 
is marginally higher (12.7%) than women 
above 25 years of age. Home delivery is 
fairly common among the Hindus and 
residents of rural Gujarat than their non-
Hindu and urban counterparts. Note that 
the home delivery among the scheduled 
tribe women is exceptionally higher 
than that of any other social groups. The 
mother’s literacy and the wealth quintiles 
do not show any significant association 
with the place of delivery. However, home 
delivery is slightly more common among 
non-literate mothers (12%) than their 
literate counterparts (10 %). A U-shape 
pattern is observed between wealth 
quintile and home delivery. As expected, 
with the increase in the birth order, the 
percentage of women opting for home 
delivery also increased (χ2 =35.97, p<.000). 
For the first order birth, the percentage of 
home delivery is only 8.5%, but for birth 
order “three and above” it is as high as 

16%. There is a significant association 
between pregnancy registration and 
institutional delivery. The women who 
had registered their pregnancy seemed 
to deliver at the health facility than those 
whose pregnancy was not registered.

Reasons for Home Delivery and delivery 
attendant

The reasons for home delivery was 
probed for the last surviving child (index 
child) as it is expected that the self-
reported responses will tend to be more 
accurate for the recent delivery than for 
the previous deliveries. There are 437 
women whose last surviving child was 
delivered at home, and reasons for opting 
for home delivery are “time constraint”, 
“cost too much”, and “do not feel it was 
necessary”. The other reasons given 
are “too far/no transport”, “better care 
at home”, “lack of knowledge”, “not 
customary”, and “family did not allow” 
(Figure 1).

About three-fourths of home deliveries 
are conducted by adai (Table 2). Whereas 
rest of the deliveries are performed by the 
relatives or friends (12.1%), other health 
personnel (7.3), ANM/Nurse/LHV (3.2), 
and less than 1%took place without any 
assistance.

Neonatal care practice in home delivery
At the time of delivery, the person 

who conducted the delivery and the 
instrument used for cuttingthe umbilical 
cord was examined to know the traditional 
practice followed in home delivery.The 
cleanliness and hygiene practices were 
essential pre-requisites to ensure that the 
newborn does not suffer from morbid 
conditions immediately after the delivery. 
To prevent infection to mother and 
neonate during delivery, a special safe 
delivery kit (Mamata kit) was provided to 
dai and ANM/Nurse/LHV, which contains 
a clean razor blade, soap to wash hands 
and a plastic sheet. The clean razor blade 
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is used for cutting umbilical cord and soap 
for washing hands after delivery. Figure 
2 shows the instrument used to cut the 
umbilical cord. The results shows that in 
more than half of the home deliveries (56 
%) a new blade was used for cutting the 
umbilical cord and 17%used the blade 
given in the Mamata kit. While for 14%of 
the deliveries the traditional instruments 
(scissor 8% and knife 6%) are used to cut 
the umbilical cord. Further, for another 
13%of deliveries ‘other’ instruments are 
used, which might also be traditional 
instruments. Unless these instruments are 
sterilized, they may lead to infection and 
cause risk to the life of the neonate.

One of the encouraging delivery care 
practices in Gujarat is that about three-
fourths of both the trained and untrained 
birth attendant used a proper instrument 
(blade in Mamata kit/new blade), while 
one-fourth used an improper instrument 
(scissor/knife/others) to cut the umbilical 
cord (Table 3).

The delivery care depends on the 
background characterist ics  of  the 
expectant mother, including household 
infrastructure and social class/status. 
Table 4 shows the instrument used 
to cut the umbilical cord according to 
background characteristics of the mother. 
As expected, the use of a new blade to 
cut the umbilical cord for home deliveries 
is highest among young mothers (<25 
years), while lowest among the older 
women (30+ years). One-fifth of mothers 
aged (20-29 years) reported that blade 
available in the Mamta kit was used to 
cut the umbilical cord. The birth order 
(χ2 =26.96; p<.01), caste (χ2 =24.18; p<.01) 
and place of residence of the mother 
(χ2 =13.11; p<.05) showed a significant 
association with the type of instrument 
used to cut the umbilical cord. The use of 
the improper instrument is slightly higher 
for the higher birth orders, scheduled 
tribe women, and urban women.

Newborn care and morbidity
The newborn care practices following 

delivery play a significant role in the 
wellbeing of the baby. This is because 
neonates are susceptible to infections 
and unless proper care is taken they 
may face early neonatal mortality (death 
within 28 days of birth). To reduce early 
neonatal morbidity, a set of practices are 
essential for newborn care viz., clean cord 
care (cutting the umbilical cord with a 
sterilized instrument and tying it with a 
sterilized thread), thermal care (drying and 
wrapping the newborn immediately after 
delivery, and delaying the newborn’s first 
bath for at least six hours or several days 
to reduce hypothermia risk) and initiating 
breastfeeding within the first hour after 
birth7. Hence, we have analysed morbidity 
of children by place of birth and newborn 
care practices viz., first bath, first milk 
given, initiation of breast feeding, size of 
neonate at birth, and sex, and presented 
in Table 5.

It is interesting to note that neonates 
born at home and given bath immediately 
after birth are more likely to have 
morbidity than those who are born at the 
institution and given bath immediately 
after delivery. Irrespective of the place of 
delivery, the neonates who are deprived 
of ‘first breast milk’ are more likely 
to suffer from morbidity. Among the 
home delivery, compared to malesfemale 
neonate face more health problems. In case 
of both home and institutional delivery, 
the neonates whose mother had registered 
the pregnancy and received ANC are 
more likely to report neonatal morbidity. 
Nonetheless, we may summarize that the 
neonates born at home are more likely 
to face morbidity than those born in the 
institutions.

dIscussIons:
The paper shows that around 11% of 

women in Gujarat have delivered at home, 
which is considerably low compared to 
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studies conducted in Rajasthan10, rural 
Uttar Pradesh14, India6 and Nepal15where 
more than 70% of the deliveries are home 
deliveries unless there is “preparedness” 
to deliver at institutions. Research studies 
have shown6,10,12,14,16,17, that traditional 
delivery practices are customary for home 
deliveries. Further, home deliveries are 
more often observed among lower social 
strata of the society, especially among 
the non-literate population.10,12,14,18 Results 
show that the age of the mother, birth 
order, caste, and place of residence are 
associated with the place of delivery. 
Further,women whose pregnancies are 
registered at the health facility are more 
likely to deliver at an institution.Cultural 
mores/practice continues to play a decisive 
role in determining the place of delivery. 
We believe that there is an ample scope 
to strengthen the ongoing program like 
national health mission to improve ANC 
even for those households that opt for 
home delivery by creating awareness 
about safe delivery practices. We envisage 
that in due course of time,the dedicated 
grass root level activists like ASHA can 
motivate and bring women from the low 
socio-cultural and economic ladder under 
the ambit of safe delivery practices.

The results show that the most 
commonly cited reasons for home 
delivery are ‘no time to go’ and ‘cost 
too much’. The home deliveries are 
attended by dai (74%) or relatives/
friend (12.1%). Only about 5%of home 
deliveries are attended by a skilled 
attendant, which is considerably lower 
than that in rural Bangalore, where 
31%of home deliveries are conducted by 
a skilled birth attendant.16 Likewise in 
Rajasthan, the modern care providers are 
specifically invited by families to attend 
home deliveries.10 Nonetheless, the paper 
shows that in three-fourths of the home 
deliveries either “new blade” or “blade 
provided in Mamata Kit” was used to cut 
the umbilical cord. The evidence suggests 

that promotion of sterilized blade supplied 
through “Mamata kit” for safe delivery 
and orienting untrained dai on safe 
delivery practices may further improve 
the quality of home deliveries. It will 
reduce the use of improper instruments 
for cutting the umbilical cord as the 
paper shows that in about 27%of home 
deliveries, an improper instrument (scissor 
or knife) is used by the dai during 
delivery. By drawing the attention of 
both, the expectant parent and dai on the 
benefits of the sterilized instrument for 
cutting the umbilical cord will eventually 
reduce the use of unsterilized instruments 
among the higher birth order births and 
scheduled tribe women.

For home deliveries, children who are 
given bath immediately or within a few 
hours, larger than average size, and female 
neonates are more prone to morbidity 
in comparison to children born in the 
hospital. An earlier study conducted in 
Gujarat17 also revealed that “skin-to-skin 
care” was not practised in a majority of 
cases irrespective of place of delivery and 
bathing of the newborn was delayed by 
seven days”. Further, those who delivered 
using the non-sterilized instrument need 
to take precautions and protect children 
from infections that may cause fever and 
lead to neonatal mortality. Therefore, safe 
delivery practices coupled with the timing 
of the first bath toneonates, infant feeding 
practices will eventually reduce child 
morbidity and mortality. ANM/ASHA 
must visit households where woman has 
recently delivered irrespective of the place 
of delivery. We expect that the existing 
gender-based awareness programmes will 
improve the status of girl child, thereby 
changing the beliefs system and health-
seeking behaviour during pregnancy, 
and this may increase the child survival. 
Family counselling and following up 
mother and her neonate post-delivery 
will reduce morbidity among neonate and 
improve their wellbeing.
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FIgure 1
Distribution of women by reasons for opting for home delivery (in number, n=437)

FIgure 2
instrument used to cut the umbilical cord at home delivery (n = 437)
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tAble 1
Percentage distribution of women according to background characteristics and place of delivery

Characteristics
 Place of Delivery

totalinstitutional 
delivery home delivery

mother’s age
<25
25-29
30 & above

87.3
90.3
90.3

12.7
9.7
9.7

1376
2057
1376

χ2 =9.47, p<0.05

mother’s literacy
Illiterate
Literacy

88.5
89.8

11.5
10.2

1476
3351

χ2 =1.89, NS

religion of head of household
Hindu
Others

89.1
91.9

10.9
8.1

4275
553

χ2 =3.95, p<0.05

Caste (Social group)
SC
ST
OBC
Others

90.8
82.0
89.9
93.8

9.2
18.0
10.1

6.2

1008
857

2060
903

χ2 =70.20, p<.001

Place of residence
Rural
Urban

85.3
94.3

14.7
5.7

2630
2198

χ2 =102.25; p<0.001

Wealth quintile
 Poor
 Middle
 Rich

88.9
91.8
88.8

11.1
8.2

11.2

2028
996

1800

χ2 =7.27, NS

Birth order
1
2
3 & above

91.5
89.1
84.1

8.5
10.9
15.9

2425
1566

836

χ2 =35.97, p<.000

Pregnancy registered
Yes
No

90.1
81.8

9.9
18.2

4456
372

χ2 =23.48; p<.001

total 4317(89.4) 511 (10.6) 4828
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tAble 2
Number & percent of women whose last delivery was conducted by health care providers and other

Delivery conducted by Number Percent
ANM/Nurse/LHV 15 3.4

Doctor 8 1.8

Other health personnel 32 7.3

Dai 341 73.5

Relatives/Friends 53 12.1

Others 11 2.5

No One 4 0.8
total sample 464 100.0

tAble 3
Number and percentage of home deliveries conducted by the personal and the instrument used to cut 

umbilical cord

Who conducted the 
delivery

instruments used to cut the umbilical cord 

Blade 
(mamata)

New 
Blade Scissor Knife others total

Dai 52 (15.2) 211 (61.9) 21 (6.2) 21 (6.2) 36 (10.6) 341

Relative/Friends 6 (11.5) 39 (75.0) 3 (5.8) 2 (3.8) 3 (3.8) 53

ANM/Nurse/LHV 1 (6.7) 9 (60.0) 3 (20.0) 0 (0) 2 (13.3) 15

Doctor 1 (12.5) 4 (50.0) 2 (25.0) 0 (0) 1 (12.5) 8

total 60 263 29 23 42 417

tAble 4
Number and percentage of home deliveries by instrument used to cut umbilical cord according to 

background characteristics of mother

Background 
characteristics 

instrument used to cut umbilical cord
Blade 

(mamata) New Blade Scissor Knife others Chi-square

mother’s age

<25 35 (19.9) 105 (59.7) 17 (9.7) 5 (2.8) 14 (8.0)

##25-29 33 (16.4) 111 (55.2) 16 (8.0) 13 (6.5) 28 (13.9)

30+ 19 (14.3) 72 (54.1) 7 (5.3) 11 (8.3) 24 (18.)

mothers education

NSIlliterate 31 (18.2) 95 (55.9) 15 (8.8) 10 (5.9) 19 (11.2)

Literate 56 (16.5) 191 (56.2) 26 (7.8) 20 (5.9) 47 (13.8)

Birth order x2 =26.96; 
p<.01

1 40 (19.3) 113 (54.6) 19 (9.2) 12 (5.8) 23 (11.1)

2 35 (20.6) 94 (55.3) 16 (9.4) 6 (3.5) 19 (11.2)

3+ 11 (8.3) 81 (60.9) 6 (4.5) 11 (8.3) 24 (18.0)

religion

##Hindu 78 (16.7) 266 (57.1) 35 (7.6) 30 (6.4) 57 (12.2)

Others 9 (19.6) 22 (47.8) 6 (13.0) 0 (0.0) 9 (19.6)
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Background 
characteristics 

instrument used to cut umbilical cord
Blade 

(mamata) New Blade Scissor Knife others Chi-square

Caste (Social group)

x2 =24.18; 
p<.01

SC 23 (25.0) 49 (53.3) 6 (6.5) 3 (3.3) 11 (12.0)

ST 20 (13.0) 97 (63.0) 12 (7.8) 15 (9.7) 10 (6.5)

OBC 32 (15.4) 112 (53.8) 17 (8.2) 8 (3.8) 39 (18.8)

Others 10 (19.6) 30 (54.5) 5 (9.1) 4(5.5) 7 (10.9)

Wealth quintile

NS
Poor 38 (16.8) 129 (57.1) 20 (8.8) 12 (5.3) 16 (13.9)

Middle 12 (14.8) 47 (58.0) 4 (4.9) 4 (4.9) 14 (17.3)

Rich 20 (21.5) 111 (55.0) 17 (8.4) 13 (6.4) 25 (12.4)

Place of residence
x2 =13.11; 

p<.05Rural 61 (15.8) 229 (59.3) 23 (6.0) 25 (6.5) 48 (12.4)

Urban 25 (20.0) 59 (47.2) 18 (14.4) 5 (4.0) 18 (14.4)

total 86 (16.8) 288 (56.4) 41 (8.0) 30 (5.9) 66 (12.9) 511

NS= Not significant, ## chi-square test not done for small sample.

tAble 5
Number and percentage of neonates who had morbidity during first four weeks of birth by place of 

delivery and characteristics

Characteristics
Neonates who had morbidity*

test of 
significance 

(proportions)
institutional 

delivery home delivery z and P value

After the birth when was given first bath
Immediately 164 (8.3) 38 (14.5) -3.2931, p<0.001
After hours 128 (10.6) 20 (13.0) -3.0138, p<0.01
After days 207 (18.4) 15 (15.8) 0.6333, NS
When breast feeding started
Immediately 288 (11.0) 40 (12.2) -0.6483, NS
Within hours 165 (12.5) 22 (16.2) -1.2020, NS
Within days 31 (10.8) 6 (21.4) -1.6671, p<0.1
Never 15 (15.6) 5 (25.0) -1.009, NS
Background characteristics
Size of the baby at birth
Larger than average 16 (12.3) 6 (29.4) Small sample
Average 420 (11.4) 56 (13.9) -1.4825, NS
Smaller than average 63 (16.3) 12 (16.7) -0.0817, NS
Sex of the baby
Male 285 (12.4) 34 (13.3) -0.4036, NS
Female 215 (10.6) 39 (15.2) -2.1975, p<0.05
Whether pregnancy was registered?
Yes 477 (11.9) 65 (14.6) -1.6561, p<0.1
No 18 (6.2) 8 (12.5) Small sample
received aNC Yes 468 (11.8) 66 (15.7) -2.3326, p<0.05
No 26 (7.7) 7 (8.0) -0.0820, NS
total 500 (11.6) 73 (14.3) -1.7900, p<0.1

*Fever/Cold/Cough, or Breathing problem, or Blood in stool, or Other problems during first four weeks of birth
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