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Introduction

Aalok Ranjan Chaurasia

The present monograph includes eleven selected papers presented at the XVI
Bhopal Seminar 2017, an  institution established in the year 2000 as a platform to
promote research and discussions on contemporary issues in population and
development. The theme of the Bhopal Seminar 2018 was maternal and child mortality
in India. Forty research papers on different aspects of maternal and child mortality in
India were presented at the Bhopal Seminar 2018. Research papers included in the
present monograph were selected out of the papers presented at the Bhopal Seminar
2018 through a two-step selection process. At the first step of the selection process,
the chairperson of each technical session of the Bhopal Seminar 2018 selected two
papers out of the papers presented during the technical session. The research papers
so selected were subsequently peer-reviewed by independent reviewers and, on the
basis of the recommendation of the reviewer, research papers were finally selected for
inclusion in the monograph. The selected research papers have been revised on the
basis of the comments and suggestions of the reviewer.

Papers included in the present monograph cover different aspects of child
health and mortality in India. These include spatial, regional, gender and social class
variation in the risk of death during childhood at the district level; role of maternal
education in neonatal mortality; correlates of still births; trends and regional variations
in communicable and non-communicable diseases; inter-district variation in fertility;
analysis of son preference; fertility and nutritional status; and patterns of breast-
feeding. The monograph also includes a paper that describes a method of combing
multiple exposures or multiple outcomes with application to cancer patients.

The research papers included in the present monograph highlight different
dimensions of child health and mortality in India and in its constituent states,
particularly the inequality in child health and mortality that is so pervasive in the
country. They also emphasise the need of a focussed attention on the contemporary
issues related to child health and mortality so as to accelerate the decrease in child
mortality in the country.
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The first paper of the monograph analyses the regional, residence, gender and
social class inequality in Madhya Pradesh. The risk of death during childhood in
Madhya Pradesh has remained the highest in the country over the last 40 years.
However, very little is known about the prevailing inequalities in child mortality in the
state. This paper uses the data available through the 2011 population census to
estimate the risk of death during childhood in 12 mutually exclusive population groups
in each of the 50 districts of the state as they existed at the 2011 population census.
Using these estimates, the paper calculates child mortality inequality within each
district of the state. The analysis reveals that regional, residence, gender and social
class inequality in child mortality is quite pervasive in the state and reducing these
inequalities can go a long way in accelerating the reduction in child mortality in the
state. The paper calls for adopting a district-based approach of addressing child
mortality in view of the fact that not only the level of child mortality varies across the
districts of the state but also within-district residence, gender and social class
variations in the risk of death during childhood are different in different districts of the
state. The paper also emphasises the need of institutionalising a decentralised system
of estimating the risk of death during childhood as a pre-requisite for adopting a
decentralised, district-based approach of accelerating the reduction in child mortality
in the state.

The second paper of the monograph analyses the spatio-temporal distribution
of child mortality in Jharkhand, one of those states of India which came into existence
in 2000. This paper is also based on the estimates of the risk of death during the first
year of life; during first five years of life; during first 10 years of life; and during first
15 years of life that have been derived from the data on children ever born and
children surviving available through the 2011 population census using the indirect
techniques of demographic estimation. The analysis is the first comprehensive analysis
of child mortality differentials in Jharkhand. The analysis suggests that child mortality
differentials within Jharkhand are quite pervasive and addressing these differentials is
necessary to reducing the probability or the risk of death in children of the state. The
paper also suggests that the current, heavily centralised, top down planning and
programming approach for child survival activities in the state need to be replaced by
a decentralised area-based institutional set-up and regional planning so as to
effectively  address  the  local  context  of  child  mortality  by  providing  better
opportunities of participation of the people in child survival activities at the local level.
The paper argues that such a shift in the approach towards child survival requires
significant improvement in the administrative capacity and organisational efficiency
of the public health care delivery system along with the reduction in residence and
social class inequalities in the quality of life. There is a need of a long term vision,
strong political commitment and a long term child survival policy. The paper identifies
five districts of the state - Jamtara, Chatra, Garhwa, Khunti and Pakur - as the hot-spots
of child mortality in the state. An accelerated reduction in child mortality in these
districts must be the priority in any endeavour towards accelerating the reduction in
child mortality in the state. The analysis also reveals substantial within-district
inequality in child mortality which reflects both inequality in living standards and
disproportionate use of health care services such as immunisation against vaccine
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preventable diseases and use of oral dehydration salt to prevent deaths due to
dehydration during diarrhoea. The paper suggests that the reach of child survival
efforts is not the same in different population subgroups of the state.

The third paper of the monograph analyses the prevalence of still births in
India in the context of the fuel used for cooking on the basis of the nationally
representative sample of reproductive age women in India on the basis of the data
available through District Level Household Survey. The paper observes that the use of
firewood and kerosene for cooking contributes to increasing the probability of a still
births significantly as has been observed in many studies in the past. The paper
recommends that studies using robust study design and more direct methods should
be undertaken to understand the link between the level of exposure to smoke emitted
from using different cooking fuels and the prevalence of still births.

The fourth paper included in the monograph focuses on the trend and regional
variations in communicable and non-communicable diseases in India during the period
1996 through 2014. The paper is based on the data available through different rounds
of the national sample survey. The paper observes that the prevalence of both
communicable and non-communicable diseases varies from one region to another in
India and education was found to have significantly checked the increase in the
prevalence of communicable diseases. The paper also suggests that high prevalence
of diseases in certain states may be attributed to higher level of education. The paper
observes that non-communicable diseases are more prevalent among economically
better off people because of their lifestyle and because of their better awareness of
health issues. By contrast, communicable diseases are concentrated among the poor
which may be due to the fact that poverty creates conditions which favour
communicable diseases. The paper concludes that regions of the country having high
prevalence of communicable and non-communicable diseases has increased around
four times during the period under reference suggesting that the double burden of
communicable and non-communicable diseases in the country has become more
pronounced with time. An important limitation of the analysis presented in the paper
is that the number of diseases about which the information was collected was not the
same in different rounds of the national sample survey. As such, the comparison of the
prevalence of morbidity across different rounds of the survey may not be accurate.
Another limitation of the analysis is that the data available through the national sample
survey are the reported data which are often influenced by personal perceptions and
awareness about disease symptoms.

The next paper of the monograph analyses the timing, pace and determinants
of fertility in districts of empowered action group (EAG) states and Assam of the
country. The EAG states of India include Bihar, Chhattisgarh, Jharkhand, Madhya
Pradesh, Odisha, Rajasthan, Uttarakhand and Uttar Pradesh. The paper is based on the
data available through the Annual Health Survey 2012-13 which was conducted by the
Registrar General and Census Commissioner of India. The paper observes that there
exists vast inter- district and urban-rural gap in fertility in these states and there are
only a small number of districts in these states where the replacement fertility has
been achieved. The paper also concludes that education of women is the main
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determinant of the decline in the fertility. Another observation of the paper is that
with the increase in the use of contraceptive methods, the proportion of high parity
births has reduced substantially but the diversity in the proportion of high parity births
in the districts of these states remains quite substantial. The paper argues that a
universal population policy to hasten the pace of fertility transition in the districts of
the country may not be as efficient as a state specific policy which is directed towards
addressing the specific needs of the population of the state, specifically, inter-district
variations in the proportion of higher order births.

The next paper of the monograph analyses the role of maternal education in
neonatal mortality in the state of Assam. The analysis is based on the primary data that
have been collected for the purpose. The paper examines the pathways or the
intervening factors through which maternal education affects the neo-natal mortality
in the state.  The paper observes that health care related factors are the most
important pathways in linking maternal education to neonatal mortality. The paper
argues that efforts should be made to improve the availability and the quality of health
care facilities. The paper also recommends that both formal and informal education
of women should be given a priority attention in the development agenda of the state
so as to ensure an accelerated reduction in the risk of death during the neonatal
period.

The eighth paper of the monograph adopts a model-based approach to
understand the son preference that is so pervasive in India.  The preference for son has
implications for fertility as a strong preference for children of a particular sex can be
a constraint on fertility decline if couples who have achieved their desired family size
continue childbearing until they achieve the desired number of siblings of a particular
sex. The model has been developed under two assumptions: 1) probability of male
birth remains constant across the population of women and also across the successive
births for the same women; and 2) there is no sex selective stopping of childbearing.
The application of the model developed in the paper to the data from Punjab suggests
that   the preference for son is higher in low than in high parity women which means
that as parity, total number of children a woman has, increases the preference for a
male child decreases. The application of the model to the age specific data also
suggests that the son preference is stronger in younger women as compared to their
older counter part.

The ninth paper of the monograph describes a method of combining multiple
outcomes with multiple exposures and applies the method to examine the relationship
between consumption of tobacco and incidence of cancer in Karnataka, India. The
method outlined in the paper provides better insights and hence more reliable
empirical evidence to facilitate policy and planning for reducing or eliminating the
effect of stochastic exposure factor on the outcomes of interest. Application of the
method to the data from Karnataka suggests that the estimated number of lung cancer
cases in Karnataka is expected to increase in the up to the year 2025 but the number
of lung cancer cases attributed to tobacco use, either smoking or non-smoking use, 
is the most likely to decrease in the state in the years to come which has implications
for policy and planning.
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The last but one paper of the monograph analyses the organisational
effectiveness of child immunisation services delivery system in Madhya Pradesh in the
context of universal child immunisation. It is well known that child immunisation is
one of the key interventions to prevent child deaths due to vaccine preventable
diseases. The analysis, based on the data available through the latest National Family
Health Survey 2015-16 suggests that the organisational effectiveness of the child
immunisation services delivery system is very poor in the state and the observed poor
organisational effectiveness appears to be a major factor behind the poor performance
of child immunisation services in the state. According to the National Family Health
Survey 2015-16, only about 54 per cent of the children aged 12-23 months in the state
are fully immunised which means that the state has to go a long way to achieve the
cherished goal of universal child immunisation. The paper observes that a major
challenge to improve the performance of child immunisation services in the state is to
improve the capacity efficiency of the child immunisation services delivery system,
although the needs effectiveness of the child immunisation services delivery system
is still less than one. There is substantial variation in orgnanisational effectiveness of
the child immunisation services delivery system across the districts of the state which
may be due to both factors endogenous and factors exogenous to the child
immunisation services delivery system. The paper also observes that nearly all child
immunisation services in the state are delivered through the public sector only. The
involvement of the private sector in the delivery of the child immunisation services is
at best minimal.

The last paper of the monograph analyses breast-feeding practices, patterns
and the factors responsible for the prevailing breast-feeding practices in Madhya
Pradesh. The analysis is based on a primary survey carried out in selected districts of
the state. The paper observes that less than 40 per cent of women in Madhya Pradesh
initiate breast-feeding to her youngest child within one hour of the birth of the child
whereas less than 60 per cent of the mothers reported that they exclusively breast-fed
the child for at least six months after the birth. The paper also observed that the
educational status of the mother plays an important role in deciding the patterns and
practices of breast-feeding. The prevalence of breast-feeding has been found to be
comparatively low in women who had at least up to high school level education. An
important observation of the paper is that people’s representatives, especially,
representatives of the Panchayat Raj institutions play virtually no role in addressing
breast feeding and child nutrition related issues at the local level.

Child well-being including child health and mortality remains a major
development challenge in India in view of the fact that child mortality levels in the
country are amongst the highest in the world according to the estimates prepared by
the United Nations Inter-agency Group on Child Mortality Estimation. The far from
satisfactory progress of the country in terms of child health and mortality may be
judged by the fact that India has not been able to achieve the Millennium Development
Goal 4 of reducing child mortality by two third from the level that prevailed in 1990.
Moreover, the current trend in child mortality indicates that there is little likelihood
that the country will be able to achieve the goals set in the National Health Policy 2017
in terms of reduction in the under-five mortality rate and the neonatal mortality rate.
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Similarly, the country will have to make additional efforts to achieve the targets set
under the 2030 agenda for sustainable development adopted by the United Nations
and its member countries including India. The present monograph highlights some of
the pertinent issues and concerns that the country is facing in the above context.
Appropriate policy and programme level response is required not only at the national
level but also right up to the local level - the interface with the people - to effectively
address the challenge of child health and mortality in India.
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Inequalities in Child Mortality in Madhya Pradesh

Aalok Ranjan Chaurasia

Introduction

Child mortality continues to be a major development challenge in Madhya
Pradesh. Although, the available evidence indicates that child mortality is decreasing
in the state since the last 40 years, yet the risk of death during childhood in Madhya
Pradesh remains the highest amongst the major states of the country according to the
sample registration system (Government of India, 2015). These estimates also suggest
that the decrease in child mortality in the state has not been fast enough to achieve
the Millennium Development Goal 4 - reducing the under-five mortality rate by two-
third by 2015 from the level that prevailed in 1990 (Chaurasia, 2017). There is also
little possibility that, with the current pace of the decrease,  Madhya Pradesh will be
able to achieve the goals set in the National Health Policy 2017 (Government of India,
2017) and the targets set under the 2030 Sustainable Development Agenda of the
United Nations (United Nations, 2015). If the available evidence is any indication, then
it is obvious that Madhya Pradesh has fallen short of expectations as far as securing the
life of the children of the state is concerned. 

Very little is currently known about residence, social and gender inequalities
in child mortality and how these inequalities vary across the constituent districts of the
state. Estimates of child mortality prepared on the basis of the data available through
1981, 1991 and 2001 population censuses indicate that within state inequalities in
child mortality have been quite pervasive in the state (Government of India, 1988,
1997, 2008). However, estimates of child mortality have not been prepared on the

7
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basis of the data available through the 2011 population census. It can, however, be
argued that a reduction in inter-district inequalities in child mortality can go a long
way in hastening the pace of reduction in child mortality in the state. It can also be
argued that reducing residence, social class and gender inequalities in child mortality
in the constituent districts of the state can contribute substantially towards reducing
the inter-district inequality in child mortality. However, the current understanding
about inequalities in child mortality in Madhya Pradesh is at best very limited
(Chaurasia, 2011).

This paper has two objectives. The first objective of the paper is to estimate
child mortality in 12 mutually exclusive population sub-groups for each district of the
state as they existed at the time of 2001 and 2011 population census. We have
estimated the probability of death during the first year of life and during the first five
years of life for 45 districts as they existed at the 2001 population census and for 50
districts as they existed at the 2011 population census. In each district, child mortality
has been estimated separately for 12 mutually exclusive population sub-groups to
highlight within-district inequality in child mortality.

The second objective of the paper is to use estimates of child mortality so
obtained to analyse the inequality in child mortality in the state by constructing
appropriate measures of inequality in child mortality and the change in this inequality
over time. We also decompose the child mortality inequality in the state into within-
district and between districts components using the sub-group decomposition
technique. The analysis reflects the effectiveness and efficiency of child survival efforts
in the state, especially in terms of reducing inequalities in the survival chances of the
children of the state.

Measuring Inequality in Child Mortality

The main challenge towards analysing regional, residence, social class and
gender inequalities in child mortality in the state is to estimate child mortality for
mutually exclusive population sub-groups within the state which then constitute the
basis for measuring and analysing child mortality inequality. We use two, most
commonly used indicators of child mortality - infant mortality rate (IMR) and under-five
mortality rate (U5MR) for the purpose, although there are other indicators of child
mortality such as neonatal mortality rate and mortality rate in the age group 1-4 years.
Estimates of IMR and U5MR for India and states are available through the sample
registration system (Government of India, 2015) and the National Family Health Survey
(International Institute for Population Sciences and IFC, 2017). However, neither the
sample registration system nor the National Family Health Survey provides estimates
of IMR and U5MR for the districts of the state and for different mutually exclusive
population sub-groups within the district.

We have estimated IMR and U5MR for different population sub-groups in each
district of the state on the basis of the data on children ever born and children
surviving available through 2001 and 2011 population census using the indirect
method of child mortality estimation (Moultrie, 2013; United Nations, 1983). Data on
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children ever born and children surviving are available by the current age of women
for each of its constituent district by residence, social class and gender from 2001 and
2011 population census so that the population of the state or the district can be
divided into the following 12 mutually exclusive population sub-groups:

1. Rural Scheduled Castes female
2. Rural Scheduled Castes male 
3. Rural Scheduled Tribes female
4. Rural Scheduled Tribes male
5. Rural Other Castes female
6. Rural Other Castes male 
7. Urban Scheduled Castes female
8. Urban Scheduled Castes male 
9. Urban Scheduled Tribes female
10. Urban Scheduled Tribes male
11. Urban Other Castes female
12. Urban Other Castes male 

The availability of the data related to children ever born and children surviving
for the 12 mutually exclusive population sub-groups in each district from the 2011
population census suggests that child mortality can be estimated for 540 mutually
exclusive population sub-groups (45x12) as they existed at the 2001 and for 600
mutually exclusive population sub-groups (50x12) as they existed at the 2011
population census. For each mutually exclusive population sub-group, two indicators
of child mortality - infant mortality rate (IMR) and under-five mortality rate (U5MR) -
have been calculated for 2001 and 2011 respectively. Variation in the two indicators
across 540 sub-groups in 2001 and 600 mutually sub-groups in 2011 constituted the
basis for measuring and analysing inequalities in child mortality in the state.

There are a number of measures that can be used to analyse inequality. The
first and the most basic is the differential or the ratio of the highest to the lowest child
mortality. Differential is easy to calculate and straightforward to interpret but has
many limitations, the most important of which is that it depends upon only the
maximum and the minimum values in the data set. Other inequality measures that are
commonly used are the entropy class measures popularised by Theil (1967, 1972) and
explored in more detail by Bourguignon (1979), Shorrocks (1980, 1984, 1988), Cowell
and Jenkins (1995) and Foster and Shneyerov (2000). These include coefficient of
variation (CV) and mean logarithmic deviation (MLD). The coefficient of variation (CV)
is defined as (Firebough, 1999)

(1)

where i indexes the k population sub-groups and ri is the ratio of child mortality in
population sub-group i to the child mortality in the population of all sub-groups
combined. On the other hand, the mean logarithmic deviation (MLD) is defined as
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 (2)

where : is the child mortality for all population sub-groups combined and yi is the
child mortality in population sub-group i.

Both CV and MLD have the important property that they are additively
decomposable. In the present context, this means that the inequality in child mortality
measured in terms of CV or in terms of MLD in the state can be decomposed into two
additive components. One component reflects the inter-district inequality or disparity
in child mortality and is commonly known as between-districts component while the
second component reflects the within-district inequality or disparity in child mortality.
The second component is measured in terms of variation in child mortality across
different population sub-groups within the same district. This decomposition is
important from the policy and programme perspective as factors that are responsible
for between-districts variation in inequality in child mortality are essentially different
from factors that are responsible for within-district, population sub-group, inequality
in child mortality. Moreover, the change in the between-districts inequality in child
mortality over time may be different from the change in the within-district inequality
in child mortality which also has policy and programme implications.

In the present paper, we use all the three measures of inequality - differential
(D), coefficient of variation (CV) and mean logarithmic deviation (MLD) to analyse the
inequality in child mortality in the state. The change in D, CV and MLD over time
indicates whether inequality in child mortality in the state has increased or decreased.
On the other hand, decomposition of MLD into between-districts and within-district
components reflects the relative importance of the two components.

Child Mortality in Madhya Pradesh

Estimates of IMR and U5MR for 540 mutually exclusive population sub-groups
in 2001 and 600 mutually exclusive population sub-groups in 2011 are presented in 
appendix tables 1 and 2 respectively. These tables reveal that child mortality varies
widely across the mutually exclusive population sub-groups reflecting the persistence
of substantial inequalities in child mortality in the state. In 2001, both IMR and U5MR
were the highest in male Scheduled Tribes children in rural areas of district Datia
(0.162 and 0.270) but the lowest in female Scheduled Tribes children in urban areas
of district Morena (0.032 and 0.040) across the 540 mutually exclusive population sub-
groups. In 2011, on the other hand, both IMR and U5MR were the highest in female
Scheduled Tribes children in rural areas of district Shivpuri (0.136 and 0.201
respectively) but the lowest in male other castes children living in urban areas of
district Alirajpur (0.023 and 0.034) across the 600 mutually exclusive population sub-
groups. The weighted average of the child mortality in the mutually exclusive
population sub-groups suggests that IMR and U5MR in Madhya Pradesh was
respectively 0.094 and 0.141 in 2001 which decreased to 0.067 and 0.101 respectively
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in 2011 (Table 1). An idea about the residence, social class and gender inequality in
child mortality in the state can be made from the fact that both IMR and U5MR in 2001
in the state were the highest in female Scheduled Tribes children in the rural areas
(0.116 and 0.181) but the lowest in male other castes children in the urban areas
(0.067 and 0.095). On the other hand IMR and U5MR in 2011 in the state were the
highest in male Scheduled Tribes children in the rural areas (0.091 and 0.133) but was
the lowest in female other castes children in the urban areas (0.045 and 0.070).

Child mortality also varies widely across the districts of the state as may be
seen from table 2. In 2001, child mortality is estimated to be the highest in district
Katni with an IMR of 0.123 and an U5MR of 0.194 but the lowest in district Indore with
an IMR of 0.056 and an U5MR of 0.076. In 2011, on the other hand, child mortality
estimated to be the highest in district Singrauli with an IMR of 0.097 and an U5MR of
0.144 but the lowest in district Indore with an IMR of 0.044 and an U5MR of 0.067.

The decrease in child mortality between 2001 and 2011 has been different in
different mutually exclusive population sub-groups at the state level as well as at the
district level. For the purpose of comparison, we have calculated IMR and U5MR for
those 45 districts which existed at the time of 2001 population census. Interestingly,
both IMR and U5MR did not decrease in all the 540 mutually exclusive population sub-
groups. There are at least 34 population sub-groups where the IMR increased instead
decreased during the period 2001-2011. Similarly, there are at least 53 population sub-
groups where the U5MR increased instead decreased between 2001 and 2011. The
increase in both IMR and CMR has been found to be the highest in male Scheduled
Castes children living in the urban areas of district Dindori. However, both IMR and
U5MR decreased during 2001-2011 in all the 45 districts of the state as they existed
at the time of the 2001 population census. Similarly, at the state level, both IMR and
U5MR decreased in all the 12 mutually exclusive population sub-groups during 2001-
2011 according to the data available through 2001 and 2011 population censuses.

Child Mortality Inequality in Madhya Pradesh

Table 3 presents estimates of three inequality measures - differential (D),
coefficient of variation (CV) and mean logarithmic deviation (MLD) - for IMR and U5MR
in Madhya Pradesh in 2001 and in 2011. In 2001, the highest IMR and U5MR across the
540 mutually exclusive population sub-groups in the state was more than 5 times the
lowest IMR and U5MR. In 2011, on the other hand, the highest IMR across the 600
mutually exclusive population sub-groups was also almost 5 times the lowest IMR
whereas the highest U5MR was around 4.8 times the lowest U5MR in the state (Table
4). The coefficient of variation (CV) in IMR, however, increased from 0.263 in 2001 to
0.319 in 2011 indicating that the inequality in IMR across the 540 mutually exclusive
population sub-groups of the state has increased over time. Similarly, the mean
logarithmic deviation (MLD) in IMR also increased from 0.036 in 2001 to 0.051 in 2011
which again confirms the inequality in IMR within the state has increased over time,
even though, IMR has decreased in the state and in all the constituent districts of the
state.
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The inequality in U5MR within the state, however, appears to have decreased
between 2001 and 2011. The coefficient of variation (CV) decreased marginally from
0.313 in 2001 to 0.306 in 2011 where as the mean logarithmic deviation (MLD)
decreased from 0.051 in 2011 to 0.467 in 2011. Since U5MR is determined by the
mortality in the first year of life and the mortality during 1-4 years of life, an increase
in inequality in IMR and a decrease in U5MR indicates that the within state inequality
in mortality in children aged 1-4 years appears to have decreased in the state between
2001 and 2011.

The observed inequality in child mortality as measured by IMR and U5MR
within the state is the result of the within-district inequality in child mortality across
the 12 mutually exclusive population sub-groups and the inequality in child mortality
across the districts of the state. In 2001, inter-district inequality in both IMR and U5MR
was the highest in urban male Scheduled Tribes children but in 2011, this  inequality
was the highest in urban female Scheduled Tribes children. By contrast, the inter-
district inequality in both IMR and U5MR was the lowest in the Other Castes female
children living in the urban areas in both 2001 and in 2011. On the other hand, the
inter-district inequality in IMR increased in all the 12 mutually exclusive population
sub-groups whereas the inter-district inequality in U5MR decreased in 5 of the 12
mutually exclusive population sub-groups but increased in the remaining population
sub-groups.

 The within-district inequality in both IMR and U5MR across the 12 mutually
exclusive population sub-groups, on the other hand, has been estimated to be the
highest in district Datia but the lowest in district Dewas in the year 2001. In the year
2011, however, this inequality has been estimated to be the highest in district
Alirajpur but the lowest in district Indore. Moreover, among the 45 districts that
existed at the time of the 2001 population census, the inequality in IMR across the 12
mutually exclusive population sub-groups appears to have increased in 29 districts but
decreased in 16 districts whereas the inequality in U5MR across the 12 mutually
exclusive population sub-groups appears to have increased in 13 districts but
decreased in 32 districts of the state. 

Decomposition of the Variation in Child Inequality

The application of the technique of sub-group decomposition permits
decomposing the observed inequality in child mortality in the state into two
components - the within-district component and the between-districts component. The
between-district component captures the inequality due to variation in the average
values of child mortality across the districts while the within-district component
captures the variation in child mortality across different population sub-groups within
the same district. This decomposition can be done in two ways. One is the old age
techniques of the analysis of variance. The other is to use MLD which has the property
that the overall  child mortality can be decomposed into within-group and between-
group components. It can be shown that the MLD of child mortality in the state can be
decomposed as (Shorrocks and Wan, 2005)
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where wk denotes the proportion of live births in district k, MLDk, denotes the mean
logarithmic deviation in district k, c denotes the child mortality in the state and ck

denotes the child mortality in district k measured in terms of either IMR or U5MR.
Here W is the weighted average of MLD across the 12 mutually exclusive population
sub-groups in each district and is referred to as the within-district component of
inequality. On the other hand B is the between-districts component.

Results of the decomposition exercise are presented in table 5. In 2001,around
28 per cent of the inequality in IMR in the state is accounted by between-districts
inequality in IMR whereas within-district inequality accounted for more than 72 per
cent of the inequality in IMR in the state. When the number of districts are kept the
same as in 2001, the between-districts inequality accounted for more than 37 per cent
of the inequality in IMR in the state whereas the within-district inequality accounted
for around 63 per cent of the inequality in IMR.  It is also apparent from the table that
the increase in inequality in IMR between 2001 and 2011 has been the result of the
increase in both the between-districts and the within-district components of
inequality, although the increase in the between-districts component has been faster.
On the other hand, the between-districts component accounted for almost 28 per cent
of the inequality in U5MR in 2001 but almost 38 per cent in 2011. Moreover, although
the inequality in U5MR decreased in the state between 2001 and 2011, yet the
between-districts component of inequality in U5MR increased whereas the within-
district component decreased. Table 5 suggests that the  inequality in IMR appears to
have increased in the state between 2001 and 2011 because of the increase in both
between-districts and within-district components where as the decrease in the
inequality in U5MR has primarily been due to the decrease in the within-district
component of the inequality in U5MR as the between-districts component of the
inequality in U5MR has increased in the state between 2001 and 2011. In other words,
the inter-district variation or inter-district inequality in child mortality appears to have
become increasingly prominent in deciding the level of child inequality in the state
whereas the importance of the within-district inequality in U5MR appears to have
decreased over time.

Discussions and Conclusions

In this paper, estimates of IMR and U5MR have been presented for 540
mutually exclusive population sub-groups on the basis of the data available through
the 2001 population census and 600 mutually exclusive population sub-groups on the
basis of the 2011 population census. Estimates of IMR and U5MR so obtained have
been  used to analyse inter-district, regional, social class and gender inequality in child
mortality. The analysis suggests that inter-district, residence, social class and gender
inequalities in child mortality in the state remain quite pervasive and the inequality in
IMR appears to have increased over time but the inequality in U5MR has decreased.
Moreover, there has been an increase in both between districts and within-district
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inequality in IMR whereas between-districts inequality increased in U5MR but within-
district inequality in U5MR has decreased. The analysis also reveals that there are a
number of mutually exclusive population sub-groups in the state where child mortality
has increased instead decreased over time despite all efforts to secure the life of
children, especially, of infants. Obviously, reducing the inequalities in child mortality
may go a long way in hastening the pace of reduction in both IMR and U5MR in the
state. The paper also indicates that state experience in reducing regional, residence,
social class and gender inequalities in child mortality has not been as expected. There
is a need of reinvigorating child survival efforts following a decentralised district-based
approach of preventing deaths of infants and young children.

Reasons for the persistence of regional, residence, social class and gender
inequalities in child mortality in the state are not known at present. This is an area of
further research, especially in the context of 2030 Sustainable Development Agenda
of the United Nations (United Nations Sustainable Development Solutions Network,
2015) and the National Health Policy 2017 which aims at reducing the U5MR to 0.023
by the year 2025 and the IMR to 0.028 by the year 2019 (Government of India, 2017).
Reduction in regional, residence, social class and gender inequalities in child mortality
are essential to achieve these targets and goals. It appears that the state requires a
child survival policy of its own. Such a policy is currently missing.

 The observed inequalities in child mortality in the state also reflect the
variation in the administrative capacity and organisational efficiency of child survival
efforts across districts. Very little is however known at present about the efficiency and
effectiveness of child survival interventions and programmes directed towards
preventing pre-mature child deaths. If the present analysis is any evidence then it
obvious that there is substantial scope of improving the administrative capacity and
organisational efficiency of child survival efforts in the state. A beginning to this
direction can be made by formulating and adopting a child survival policy specific to
the state.
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Table 1
Estimates of IMR and U5MR in Madhya Pradesh and in 12 mutually exclusive
population sub-groups, 2001 and 2011

Population sub-group IMR U5MR Decrease in

2001 2011 2001 2011 IMR U5MR

Madhya Pradesh 0.094 0.068 0.141 0.101 0.026 0.040

Rural SC Female 0.112 0.074 0.175 0.113 0.038 0.062

Male 0.106 0.075 0.162 0.110 0.031 0.052

ST Female 0.116 0.087 0.181 0.132 0.029 0.049

Male 0.115 0.091 0.180 0.133 0.024 0.047

OC Female 0.093 0.059 0.139 0.092 0.034 0.047

Male 0.087 0.062 0.129 0.092 0.025 0.037

Urban SC Female 0.079 0.057 0.115 0.088 0.022 0.027

Male 0.079 0.062 0.115 0.092 0.017 0.023

ST Female 0.091 0.067 0.136 0.102 0.024 0.034

Male 0.090 0.069 0.136 0.101 0.021 0.035

OC Female 0.069 0.045 0.098 0.070 0.024 0.028

Male 0.067 0.050 0.095 0.074 0.017 0.021
Source: Author’s calculations based on 2001 and 2011 population census data.
Remarks: SC Scheduled Castes

ST Scheduled Tribes
OC Other Castes (Not SC/ST)
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Table 2
IMR and U5MR in districts of Madhya Pradesh, 2001 and 2011
District IMR U5MR Decrease in 

2001 2011 2001 2011 IMR U5MR
Balaghat 0.092 0.067 0.138 0.101 0.026 0.039
Barwani 0.099 0.069 0.150 0.104 0.032 0.048
Betul 0.091 0.077 0.137 0.115 0.015 0.022
Bhind 0.075 0.052 0.108 0.080 0.024 0.030
Bhopal 0.071 0.049 0.101 0.074 0.023 0.027
Chhatarpur 0.100 0.076 0.153 0.114 0.025 0.039
Chhindwara 0.088 0.067 0.131 0.101 0.023 0.031
Damoh 0.105 0.071 0.162 0.107 0.035 0.055
Datia 0.102 0.073 0.156 0.110 0.029 0.046
Dewas 0.096 0.051 0.145 0.078 0.045 0.067
Dhar 0.082 0.050 0.120 0.075 0.032 0.043
Dindori 0.104 0.077 0.159 0.116 0.027 0.043
East Nimar 0.094 0.090 0.141 0.134 0.004 0.007
Guna 0.110 0.069 0.170 0.104 0.042 0.068
Gwalior 0.071 0.061 0.101 0.093 0.010 0.009
Harda 0.107 0.076 0.166 0.113 0.034 0.055
Hoshangabad 0.107 0.064 0.165 0.097 0.044 0.070
Indore 0.056 0.044 0.076 0.067 0.012 0.009
Jabalpur 0.085 0.069 0.126 0.103 0.018 0.024
Jhabua 0.101 0.099 0.154 0.147 0.018 0.028
Katni 0.123 0.092 0.194 0.137 0.033 0.061
Mandla 0.107 0.068 0.165 0.102 0.040 0.063
Mandsaur 0.083 0.054 0.121 0.082 0.030 0.040
Morena 0.092 0.057 0.138 0.086 0.037 0.052
Narsimhapur 0.086 0.067 0.128 0.101 0.019 0.026
Neemuch 0.080 0.056 0.116 0.085 0.024 0.032
Panna 0.118 0.091 0.186 0.135 0.029 0.052
Raisen 0.087 0.066 0.130 0.100 0.021 0.029
Rajgarh 0.095 0.065 0.144 0.098 0.032 0.046
Ratlam 0.101 0.062 0.153 0.094 0.040 0.060
Rewa 0.097 0.066 0.146 0.100 0.033 0.049
Sagar 0.098 0.071 0.149 0.107 0.028 0.042
Satna 0.111 0.083 0.173 0.124 0.030 0.050
Sehore 0.092 0.067 0.139 0.101 0.026 0.037
Seoni 0.083 0.058 0.122 0.088 0.026 0.034
Shahdol 0.101 0.088 0.154 0.130 0.021 0.033
Shajapur 0.082 0.056 0.119 0.084 0.026 0.034
Sheopur 0.101 0.089 0.153 0.133 0.014 0.025
Shivpuri 0.105 0.081 0.163 0.121 0.027 0.043
Sidhi 0.109 0.086 0.169 0.129 0.024 0.041
Tikamgarh 0.099 0.069 0.149 0.104 0.030 0.045
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District IMR U5MR Decrease in 
2001 2011 2001 2011 IMR U5MR

Ujjain 0.086 0.050 0.126 0.077 0.035 0.049
Umaria 0.109 0.091 0.168 0.135 0.019 0.034
Vidisha 0.112 0.072 0.174 0.108 0.041 0.067
West Nimar 0.082 0.053 0.121 0.081 0.030 0.040
Alirajpur na 0.082 na 0.122 na na
Anuppur na 0.082 na 0.122 na na
Ashoknagar na 0.075 na 0.113 na na
Burhanpur na 0.049 na 0.074 na na
Guna na 0.064 na 0.097 na na
Jhabua na 0.076 na 0.113 na na
Khandwa na 0.062 na 0.094 na na
Shahdol na 0.090 na 0.133 na na
Sidhi na 0.086 na 0.129 na na
Singrauli na 0.097 na 0.144 na na
Source: Author’s calculations.
Remarks: East Nimar includes district Khandwa and district Burhanpur of the 2011

population census.
Guna (old) includes district Guna and district Ashoknagar of the 2011
population census.
Jhabua (old) includes district Jhabua and district Alirajpur of the 2011
population census.
Shahdol (old) includes district Shahdol and district Anuppur of the 2011
population census.
Sidhi (old) includes district Sidhi and district Singrauli of the 2011 population
census.
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Table 3
Inter-district inequality (CV) in child mortality in Madhya Pradesh and in 12 mutually
exclusive population sub-groups, 2001 and 2011
Population sub-group IMR U5MR

2001 2011 2001 2011
All 0.182 0.190 0.219 0.182
Rural SC Male 0.145 0.201 0.174 0.193

Female 0.151 0.202 0.179 0.194
ST Male 0.180 0.216 0.213 0.206

Female 0.170 0.245 0.203 0.232
OC Male 0.145 0.194 0.172 0.188

Female 0.148 0.176 0.176 0.170
Urban SC Male 0.190 0.258 0.226 0.248

Female 0.219 0.281 0.257 0.272
ST Male 0.290 0.298 0.350 0.287

Female 0.268 0.382 0.317 0.367
OC Male 0.163 0.186 0.192 0.181

Female 0.161 0.172 0.190 0.167
N 45 50 45 50
Source: Author’s calculations.
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Table 4
Child mortality inequality (CV) across 12 mutually exclusive population sub-groups in
districts of Madhya Pradesh
District IMR U5MR

2001 2011 2001 2011
Balaghat 0.285 0.227 0.337 0.211
Barwani 0.231 0.225 0.272 0.214
Betul 0.179 0.210 0.217 0.197
Bhind 0.278 0.265 0.326 0.265
Bhopal 0.210 0.266 0.251 0.257
Chhatarpur 0.240 0.218 0.286 0.211
Chhindwara 0.216 0.245 0.254 0.231
Damoh 0.203 0.200 0.244 0.197
Datia 0.321 0.192 0.386 0.183
Dewas 0.135 0.210 0.163 0.206
Dhar 0.190 0.154 0.226 0.149
Dindori 0.227 0.312 0.266 0.291
East Nimar 0.199 0.214 0.235 0.202
Guna 0.184 0.238 0.221 0.232
Gwalior 0.249 0.271 0.300 0.261
Harda 0.271 0.289 0.326 0.277
Hoshangabad 0.175 0.270 0.211 0.260
Indore 0.148 0.110 0.175 0.099
Jabalpur 0.210 0.187 0.249 0.174
Jhabua 0.261 0.198 0.309 0.186
Katni 0.235 0.228 0.278 0.212
Mandla 0.229 0.278 0.267 0.263
Mandsaur 0.216 0.281 0.260 0.269
Morena 0.293 0.293 0.339 0.291
Narsimhapur 0.191 0.213 0.230 0.199
Neemuch 0.242 0.284 0.284 0.270
Panna 0.247 0.272 0.294 0.264
Raisen 0.166 0.202 0.200 0.193
Rajgarh 0.217 0.167 0.257 0.158
Ratlam 0.153 0.223 0.182 0.217
Rewa 0.256 0.260 0.305 0.251
Sagar 0.221 0.239 0.263 0.231
Satna 0.177 0.278 0.212 0.264
Sehore 0.234 0.206 0.274 0.195
Seoni 0.257 0.183 0.302 0.167
Shahdol 0.227 0.248 0.268 0.236
Shajapur 0.179 0.202 0.214 0.196
Sheopur 0.216 0.285 0.256 0.274
Shivpuri 0.249 0.335 0.298 0.322
Sidhi 0.142 0.215 0.168 0.202
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District IMR U5MR
2001 2011 2001 2011

Tikamgarh 0.219 0.258 0.265 0.251
Ujjain 0.152 0.210 0.181 0.200
Umaria 0.220 0.202 0.262 0.193
Vidisha 0.202 0.296 0.241 0.285
West Nimar 0.252 0.200 0.298 0.190
Alirajpur na 0.404 na 0.390
Anuppur na 0.163 na 0.148
Ashoknagar na 0.273 na 0.261
Burhanpur na 0.236 na 0.226
Guna na 0.234 na 0.230
Jhabua na 0.285 na 0.270
Khandwa na 0.240 na 0.232
Shahdol na 0.275 na 0.262
Sidhi na 0.247 na 0.236
Singrauli na 0.200 na 0.188
Source: Author’s calculations.
Remarks: East Nimar includes district Khandwa and district Burhanpur of the 2011

population census.
Guna (old) includes district Guna and district Ashoknagar of the 2011
population census.
Jhabua (old) includes district Jhabua and district Alirajpur of the 2011
population census.
Shahdol (old) includes district Shahdol and district Anuppur of the 2011
population census.
Sidhi (old) includes district Sidhi and district Singrauli of the 2011 population

census.



22 INDIA 2018: CHILD HEALTH AND MORTALITY

Table 5
Inequality in child mortality in Madhya Pradesh

Inequality measure IMR U5MR

2001 2011 2001 2011

Differential (D) 5.06 4.95 6.75 4.84

Coefficient of variation (CV) 0.263 0.308 0.315 0.295

Mean logarithmic deviation (MLD) 0.036 0.047 0.051 0.043

Between district component of MLD 0.010 0.018 0.014 0.016

Within-district component of MLD 0.026 0.030 0.037 0.027

Number of districts 540 540 540 540

Differential (D) 0.319 0.306

Coefficient of variation (CV) 4.95 4.84

Mean logarithmic deviation (MLD) 0.051 0.467

Between district component of MLD 0.020 0.018

Within-district component of MLD 0.031 0.028

Number of districts 600 600

Source: Author’s calculations.
Remarks: Estimates of inequalities indexes for 2011 have been prepared in two ways.

In the first case, total number of districts have been kept the same as they
existed in 2001 whereas in the second case, the number of districts are as
they existed in 2011.



Appendix Table 1
Estimates of IMR and U5MR for 540 mutually exclusive population sub-groups in Madhya Pradesh as they existed in 2001
District Population sub-group

Rural Urban
Scheduled Castes Scheduled Tribes Other Castes Scheduled Castes Scheduled Tribes Other Castes
Male Female Male Female Male Female Male Female Male Female Male Female

IMR
Balaghat 0.108 0.091 0.111 0.110 0.093 0.091 0.062 0.049 0.067 0.063 0.056 0.052
Barwani 0.093 0.097 0.107 0.105 0.088 0.094 0.064 0.049 0.056 0.080 0.064 0.072
Betul 0.090 0.093 0.110 0.110 0.072 0.075 0.097 0.095 0.124 0.097 0.069 0.074
Bhind 0.080 0.104 0.046 0.099 0.065 0.086 0.075 0.087 0.043 0.109 0.051 0.071
Bhopal 0.105 0.115 0.094 0.094 0.082 0.088 0.071 0.067 0.064 0.066 0.066 0.063
Chhatarpur 0.118 0.128 0.124 0.128 0.099 0.104 0.076 0.092 0.070 0.102 0.062 0.066
Chhindwara 0.085 0.097 0.107 0.105 0.083 0.088 0.068 0.057 0.086 0.065 0.057 0.061
Damoh 0.128 0.129 0.129 0.123 0.097 0.103 0.097 0.093 0.071 0.102 0.075 0.075
Datia 0.116 0.131 0.162 0.155 0.093 0.110 0.068 0.090 0.067 0.080 0.074 0.067
Dewas 0.101 0.114 0.118 0.115 0.088 0.092 0.078 0.106 0.091 0.104 0.082 0.084
Dhar 0.092 0.095 0.090 0.092 0.071 0.069 0.055 0.065 0.063 0.068 0.064 0.058
Dindori 0.111 0.113 0.110 0.104 0.099 0.095 0.052 0.057 0.093 0.131 0.089 0.087
East Nimar 0.099 0.103 0.114 0.113 0.086 0.089 0.083 0.055 0.090 0.080 0.066 0.070
Guna 0.123 0.135 0.132 0.137 0.102 0.111 0.099 0.100 0.082 0.118 0.077 0.086
Gwalior 0.083 0.103 0.123 0.120 0.066 0.085 0.067 0.077 0.075 0.086 0.055 0.063
Harda 0.099 0.124 0.143 0.129 0.094 0.107 0.063 0.070 0.082 0.085 0.067 0.069
Hoshangabad 0.124 0.138 0.124 0.119 0.099 0.111 0.094 0.097 0.134 0.076 0.088 0.092
Indore 0.068 0.064 0.078 0.072 0.053 0.056 0.056 0.055 0.073 0.071 0.052 0.051
Jabalpur 0.113 0.115 0.115 0.118 0.096 0.095 0.077 0.080 0.094 0.091 0.059 0.062
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District Population sub-group
Rural Urban

Scheduled Castes Scheduled Tribes Other Castes Scheduled Castes Scheduled Tribes Other Castes
Male Female Male Female Male Female Male Female Male Female Male Female

Jhabua 0.102 0.094 0.107 0.105 0.065 0.065 0.060 0.068 0.075 0.079 0.044 0.056
Katni 0.138 0.136 0.147 0.136 0.121 0.128 0.079 0.080 0.108 0.110 0.075 0.076
Mandla 0.092 0.108 0.115 0.115 0.100 0.100 0.064 0.044 0.111 0.098 0.081 0.075
Mandsaur 0.099 0.095 0.095 0.101 0.081 0.081 0.082 0.070 0.120 0.134 0.067 0.069
Morena 0.091 0.125 0.121 0.133 0.080 0.105 0.083 0.097 0.069 0.032 0.076 0.081
Narsimhapur 0.098 0.100 0.102 0.109 0.081 0.084 0.066 0.072 0.075 0.059 0.070 0.069
Neemuch 0.092 0.102 0.111 0.105 0.081 0.083 0.072 0.053 0.100 0.077 0.054 0.054
Panna 0.131 0.139 0.151 0.148 0.109 0.113 0.098 0.097 0.081 0.102 0.069 0.072
Raisen 0.107 0.115 0.108 0.100 0.081 0.080 0.085 0.098 0.095 0.084 0.068 0.066
Rajgarh 0.114 0.124 0.113 0.107 0.094 0.097 0.087 0.097 0.073 0.067 0.068 0.061
Ratlam 0.122 0.113 0.111 0.113 0.100 0.099 0.085 0.084 0.078 0.105 0.081 0.079
Rewa 0.106 0.121 0.133 0.138 0.085 0.090 0.084 0.093 0.136 0.146 0.066 0.069
Sagar 0.124 0.131 0.123 0.127 0.092 0.096 0.106 0.087 0.114 0.077 0.064 0.070
Satna 0.125 0.136 0.146 0.145 0.099 0.105 0.101 0.102 0.111 0.116 0.083 0.089
Sehore 0.112 0.117 0.111 0.112 0.085 0.093 0.077 0.087 0.068 0.112 0.058 0.057
Seoni 0.083 0.074 0.092 0.090 0.084 0.083 0.046 0.055 0.068 0.046 0.052 0.046
Shahdol 0.100 0.118 0.117 0.114 0.101 0.104 0.072 0.065 0.077 0.089 0.064 0.063
Shajapur 0.101 0.108 0.093 0.083 0.077 0.080 0.076 0.081 0.066 0.072 0.059 0.062
Sheopur 0.100 0.120 0.130 0.132 0.087 0.096 0.098 0.085 0.120 0.104 0.058 0.073
Shivpuri 0.110 0.126 0.148 0.153 0.090 0.105 0.088 0.078 0.146 0.121 0.075 0.080
Sidhi 0.121 0.114 0.130 0.130 0.098 0.101 0.094 0.100 0.116 0.112 0.086 0.083
Tikamgarh 0.103 0.117 0.125 0.145 0.091 0.105 0.074 0.088 0.128 0.126 0.075 0.076
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District Population sub-group
Rural Urban

Scheduled Castes Scheduled Tribes Other Castes Scheduled Castes Scheduled Tribes Other Castes
Male Female Male Female Male Female Male Female Male Female Male Female

Ujjain 0.105 0.105 0.101 0.082 0.086 0.085 0.082 0.083 0.064 0.074 0.073 0.071
Umaria 0.106 0.116 0.125 0.123 0.103 0.104 0.073 0.076 0.085 0.090 0.067 0.063
Vidisha 0.138 0.143 0.139 0.147 0.103 0.112 0.110 0.096 0.161 0.131 0.087 0.084
West Nimar 0.111 0.092 0.091 0.089 0.080 0.076 0.067 0.054 0.076 0.063 0.050 0.045

U5MR
Balaghat 0.167 0.136 0.171 0.170 0.139 0.136 0.085 0.065 0.094 0.087 0.076 0.070
Barwani 0.139 0.146 0.164 0.160 0.130 0.143 0.089 0.065 0.076 0.116 0.089 0.102
Betul 0.134 0.138 0.171 0.171 0.103 0.107 0.147 0.142 0.197 0.146 0.097 0.105
Bhind 0.116 0.159 0.060 0.150 0.090 0.126 0.107 0.129 0.056 0.168 0.068 0.101
Bhopal 0.160 0.179 0.140 0.141 0.120 0.130 0.101 0.094 0.089 0.092 0.092 0.087
Chhatarpur 0.185 0.204 0.197 0.205 0.149 0.159 0.109 0.137 0.099 0.155 0.085 0.092
Chhindwara 0.124 0.146 0.164 0.160 0.121 0.130 0.095 0.078 0.126 0.091 0.078 0.084
Damoh 0.205 0.207 0.207 0.195 0.146 0.157 0.147 0.139 0.101 0.155 0.107 0.107
Datia 0.181 0.210 0.270 0.257 0.139 0.171 0.095 0.134 0.094 0.116 0.105 0.094
Dewas 0.154 0.178 0.185 0.180 0.130 0.137 0.113 0.163 0.136 0.159 0.120 0.122
Dhar 0.136 0.143 0.134 0.137 0.101 0.097 0.075 0.090 0.087 0.096 0.089 0.079
Dindori 0.171 0.175 0.170 0.159 0.149 0.142 0.070 0.076 0.139 0.210 0.132 0.128
East Nimar 0.149 0.157 0.177 0.175 0.126 0.132 0.121 0.075 0.134 0.116 0.092 0.099
Guna 0.195 0.217 0.212 0.222 0.156 0.172 0.149 0.152 0.120 0.185 0.110 0.126
Gwalior 0.122 0.157 0.194 0.189 0.092 0.125 0.094 0.110 0.107 0.126 0.075 0.087
Harda 0.149 0.197 0.233 0.206 0.141 0.164 0.087 0.099 0.120 0.125 0.094 0.097
Hoshangabad 0.197 0.223 0.197 0.187 0.149 0.171 0.141 0.146 0.216 0.109 0.130 0.137
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District Population sub-group
Rural Urban

Scheduled Castes Scheduled Tribes Other Castes Scheduled Castes Scheduled Tribes Other Castes
Male Female Male Female Male Female Male Female Male Female Male Female

Indore 0.095 0.089 0.112 0.103 0.071 0.076 0.076 0.075 0.105 0.101 0.070 0.068
Jabalpur 0.176 0.180 0.180 0.185 0.144 0.142 0.110 0.116 0.141 0.136 0.081 0.085
Jhabua 0.155 0.141 0.164 0.161 0.090 0.091 0.083 0.096 0.107 0.114 0.057 0.076
Katni 0.223 0.220 0.241 0.219 0.190 0.205 0.115 0.116 0.167 0.170 0.107 0.109
Mandla 0.136 0.167 0.179 0.180 0.151 0.151 0.088 0.057 0.172 0.148 0.118 0.107
Mandsaur 0.149 0.143 0.143 0.153 0.118 0.118 0.120 0.099 0.189 0.215 0.094 0.097
Morena 0.135 0.198 0.190 0.214 0.116 0.160 0.122 0.146 0.097 0.040 0.109 0.118
Narsimhapur 0.148 0.152 0.155 0.169 0.118 0.123 0.092 0.102 0.107 0.081 0.099 0.097
Neemuch 0.137 0.155 0.172 0.161 0.118 0.122 0.103 0.071 0.152 0.111 0.073 0.073
Panna 0.209 0.226 0.249 0.243 0.169 0.175 0.149 0.147 0.118 0.155 0.097 0.103
Raisen 0.164 0.180 0.167 0.151 0.118 0.116 0.124 0.148 0.142 0.122 0.095 0.092
Rajgarh 0.178 0.196 0.175 0.164 0.141 0.146 0.128 0.146 0.104 0.094 0.096 0.084
Ratlam 0.192 0.176 0.172 0.175 0.152 0.149 0.125 0.122 0.112 0.160 0.118 0.115
Rewa 0.163 0.190 0.214 0.223 0.124 0.134 0.123 0.139 0.220 0.238 0.092 0.097
Sagar 0.197 0.209 0.195 0.202 0.137 0.144 0.162 0.128 0.178 0.111 0.088 0.099
Satna 0.199 0.220 0.239 0.237 0.150 0.161 0.153 0.155 0.172 0.181 0.122 0.132
Sehore 0.173 0.183 0.172 0.173 0.125 0.139 0.111 0.128 0.096 0.173 0.079 0.078
Seoni 0.121 0.106 0.137 0.134 0.122 0.122 0.060 0.074 0.095 0.060 0.070 0.060
Shahdol 0.152 0.185 0.183 0.177 0.154 0.159 0.103 0.091 0.111 0.132 0.089 0.087
Shajapur 0.154 0.166 0.138 0.122 0.110 0.116 0.109 0.118 0.092 0.103 0.082 0.085
Sheopur 0.151 0.189 0.208 0.212 0.128 0.144 0.148 0.124 0.189 0.159 0.080 0.104
Shivpuri 0.171 0.200 0.243 0.252 0.134 0.161 0.130 0.112 0.238 0.190 0.107 0.116
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District Population sub-group
Rural Urban

Scheduled Castes Scheduled Tribes Other Castes Scheduled Castes Scheduled Tribes Other Castes
Male Female Male Female Male Female Male Female Male Female Male Female

Sidhi 0.190 0.178 0.208 0.207 0.148 0.154 0.141 0.152 0.181 0.173 0.126 0.122
Tikamgarh 0.157 0.183 0.199 0.237 0.132 0.160 0.105 0.130 0.204 0.200 0.107 0.109
Ujjain 0.160 0.160 0.153 0.120 0.126 0.124 0.120 0.121 0.089 0.105 0.104 0.101
Umaria 0.162 0.181 0.198 0.195 0.157 0.159 0.104 0.109 0.124 0.134 0.094 0.087
Vidisha 0.223 0.233 0.225 0.242 0.157 0.174 0.170 0.145 0.269 0.210 0.128 0.123
West Nimar 0.172 0.137 0.136 0.132 0.116 0.109 0.094 0.073 0.109 0.087 0.067 0.059
Source: Author’s calculations.
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Appendix Table 2
Estimates of IMR and U5MR for 600 mutually exclusive population sub-groups in Madhya Pradesh as they existed in 2011
District Population sub-group

Rural Urban
Scheduled Castes Scheduled Tribes Other Castes Scheduled Castes Scheduled Tribes Other Castes
Male Female Male Female Male Female Male Female Male Female Male Female

IMR
Alirajpur 0.077 0.070 0.092 0.080 0.054 0.056 0.031 0.034 0.050 0.037 0.023 0.035
Anuppur 0.093 0.088 0.095 0.082 0.087 0.069 0.079 0.072 0.090 0.068 0.063 0.053
Ashoknagar 0.090 0.088 0.117 0.122 0.064 0.067 0.074 0.063 0.070 0.087 0.053 0.054
Balaghat 0.081 0.066 0.087 0.073 0.072 0.058 0.058 0.050 0.058 0.039 0.058 0.042
Barwani 0.067 0.065 0.081 0.068 0.062 0.053 0.047 0.049 0.056 0.046 0.043 0.033
Betul 0.079 0.068 0.099 0.088 0.069 0.057 0.061 0.050 0.074 0.075 0.058 0.048
Bhind 0.053 0.064 0.078 0.092 0.045 0.056 0.053 0.066 0.029 0.059 0.046 0.056
Bhopal 0.074 0.083 0.081 0.076 0.062 0.055 0.050 0.042 0.044 0.045 0.044 0.043
Burhanpur 0.043 0.035 0.067 0.062 0.040 0.048 0.041 0.035 0.053 0.035 0.036 0.038
Chhatarpur 0.090 0.092 0.109 0.120 0.070 0.074 0.072 0.071 0.082 0.088 0.060 0.058
Chhindwara 0.069 0.063 0.091 0.078 0.065 0.055 0.054 0.042 0.057 0.054 0.043 0.040
Damoh 0.082 0.088 0.089 0.084 0.065 0.070 0.060 0.063 0.062 0.086 0.052 0.046
Datia 0.083 0.084 0.099 0.115 0.069 0.068 0.083 0.085 0.090 0.057 0.073 0.063
Dewas 0.062 0.062 0.067 0.072 0.045 0.045 0.045 0.046 0.051 0.052 0.039 0.036
Dhar 0.052 0.047 0.057 0.055 0.040 0.039 0.043 0.038 0.041 0.043 0.037 0.038
Dindori 0.108 0.095 0.084 0.073 0.074 0.069 0.119 0.031 0.104 0.067 0.062 0.049
Guna 0.066 0.077 0.088 0.092 0.057 0.061 0.048 0.061 0.075 0.086 0.049 0.045
Gwalior 0.069 0.073 0.109 0.112 0.052 0.063 0.067 0.058 0.073 0.097 0.062 0.052
Harda 0.071 0.080 0.097 0.103 0.065 0.064 0.046 0.045 0.083 0.055 0.053 0.042
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District Population sub-group
Rural Urban

Scheduled Castes Scheduled Tribes Other Castes Scheduled Castes Scheduled Tribes Other Castes
Male Female Male Female Male Female Male Female Male Female Male Female

Hoshangabad 0.081 0.084 0.098 0.082 0.058 0.056 0.060 0.074 0.050 0.046 0.050 0.040
Indore 0.049 0.043 0.054 0.050 0.040 0.037 0.049 0.042 0.052 0.047 0.048 0.040
Jabalpur 0.089 0.078 0.101 0.088 0.072 0.060 0.075 0.064 0.088 0.086 0.064 0.050
Jhabua 0.043 0.046 0.083 0.076 0.053 0.049 0.063 0.032 0.048 0.041 0.051 0.035
Katni 0.096 0.088 0.124 0.114 0.089 0.079 0.079 0.079 0.114 0.085 0.068 0.049
Khandwa 0.059 0.062 0.079 0.079 0.054 0.053 0.048 0.044 0.056 0.044 0.042 0.034
Mandla 0.064 0.058 0.077 0.065 0.078 0.062 0.053 0.029 0.068 0.035 0.047 0.036
Mandsaur 0.072 0.066 0.080 0.066 0.057 0.049 0.046 0.048 0.052 0.029 0.037 0.035
Morena 0.055 0.078 0.090 0.094 0.048 0.063 0.056 0.066 0.027 0.065 0.044 0.052
Narsimhapur 0.077 0.071 0.091 0.081 0.071 0.059 0.060 0.055 0.075 0.048 0.050 0.044
Neemuch 0.071 0.061 0.101 0.084 0.055 0.051 0.054 0.045 0.068 0.073 0.046 0.036
Panna 0.101 0.108 0.123 0.116 0.081 0.077 0.080 0.087 0.085 0.113 0.051 0.041
Raisen 0.082 0.078 0.093 0.086 0.060 0.059 0.067 0.061 0.069 0.076 0.052 0.045
Rajgarh 0.078 0.079 0.081 0.067 0.064 0.063 0.061 0.058 0.057 0.050 0.053 0.050
Ratlam 0.077 0.071 0.080 0.077 0.060 0.052 0.047 0.053 0.057 0.067 0.045 0.037
Rewa 0.076 0.081 0.099 0.100 0.056 0.053 0.074 0.066 0.095 0.100 0.048 0.050
Sagar 0.089 0.091 0.102 0.092 0.064 0.062 0.071 0.070 0.093 0.123 0.061 0.057
Satna 0.093 0.094 0.124 0.121 0.074 0.075 0.085 0.069 0.116 0.099 0.050 0.049
Sehore 0.086 0.079 0.089 0.085 0.062 0.055 0.075 0.066 0.063 0.048 0.054 0.052
Seoni 0.064 0.060 0.065 0.057 0.061 0.054 0.062 0.038 0.066 0.040 0.051 0.038
Shahdol 0.094 0.089 0.113 0.096 0.088 0.080 0.066 0.049 0.074 0.076 0.046 0.043
Shajapur 0.067 0.071 0.063 0.064 0.055 0.052 0.063 0.055 0.043 0.036 0.041 0.042
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District Population sub-group
Rural Urban

Scheduled Castes Scheduled Tribes Other Castes Scheduled Castes Scheduled Tribes Other Castes
Male Female Male Female Male Female Male Female Male Female Male Female

Sheopur 0.075 0.096 0.134 0.131 0.071 0.070 0.079 0.077 0.089 0.110 0.052 0.063
Shivpuri 0.082 0.086 0.132 0.136 0.069 0.073 0.060 0.073 0.093 0.110 0.045 0.050
Sidhi 0.093 0.089 0.116 0.114 0.071 0.071 0.086 0.091 0.096 0.072 0.050 0.049
Singrauli 0.107 0.093 0.118 0.112 0.089 0.085 0.097 0.086 0.111 0.093 0.067 0.051
Tikamgarh 0.069 0.080 0.095 0.107 0.066 0.070 0.048 0.067 0.070 0.042 0.058 0.052
Ujjain 0.064 0.066 0.061 0.056 0.052 0.049 0.049 0.043 0.063 0.032 0.039 0.039
Umaria 0.087 0.085 0.113 0.102 0.078 0.075 0.083 0.066 0.083 0.094 0.054 0.057
Vidisha 0.090 0.091 0.127 0.118 0.066 0.068 0.067 0.070 0.081 0.107 0.051 0.047
West Nimar 0.059 0.055 0.063 0.057 0.050 0.046 0.051 0.031 0.051 0.045 0.038 0.033

U5MR
Alirajpur 0.114 0.108 0.135 0.122 0.081 0.086 0.046 0.053 0.075 0.058 0.034 0.055
Anuppur 0.136 0.133 0.139 0.125 0.128 0.107 0.116 0.110 0.132 0.104 0.093 0.082
Ashoknagar 0.131 0.133 0.168 0.182 0.095 0.104 0.109 0.097 0.103 0.132 0.079 0.083
Balaghat 0.119 0.101 0.127 0.112 0.107 0.089 0.086 0.078 0.086 0.061 0.086 0.066
Barwani 0.099 0.099 0.118 0.105 0.092 0.083 0.070 0.076 0.083 0.072 0.064 0.053
Betul 0.117 0.105 0.144 0.133 0.101 0.088 0.091 0.077 0.109 0.114 0.087 0.075
Bhind 0.080 0.098 0.115 0.139 0.068 0.087 0.079 0.101 0.043 0.092 0.069 0.086
Bhopal 0.109 0.126 0.119 0.117 0.092 0.085 0.075 0.066 0.066 0.070 0.066 0.067
Burhanpur 0.065 0.054 0.099 0.096 0.059 0.074 0.062 0.055 0.079 0.055 0.054 0.059
Chhatarpur 0.132 0.140 0.158 0.179 0.104 0.113 0.107 0.108 0.120 0.134 0.089 0.090
Chhindwara 0.103 0.097 0.133 0.119 0.097 0.085 0.080 0.065 0.085 0.083 0.065 0.062
Damoh 0.120 0.134 0.130 0.128 0.096 0.108 0.090 0.097 0.092 0.131 0.077 0.072
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District Population sub-group
Rural Urban

Scheduled Castes Scheduled Tribes Other Castes Scheduled Castes Scheduled Tribes Other Castes
Male Female Male Female Male Female Male Female Male Female Male Female

Datia 0.121 0.128 0.145 0.172 0.101 0.105 0.122 0.129 0.131 0.088 0.108 0.097
Dewas 0.091 0.096 0.099 0.110 0.067 0.070 0.067 0.071 0.077 0.080 0.059 0.056
Dhar 0.078 0.073 0.085 0.086 0.060 0.061 0.064 0.059 0.062 0.066 0.055 0.059
Dindori 0.157 0.144 0.123 0.112 0.109 0.106 0.171 0.049 0.151 0.103 0.092 0.077
Guna 0.098 0.118 0.129 0.140 0.084 0.095 0.071 0.094 0.110 0.131 0.074 0.070
Gwalior 0.102 0.112 0.158 0.168 0.077 0.097 0.099 0.090 0.108 0.146 0.091 0.080
Harda 0.104 0.122 0.142 0.155 0.096 0.099 0.069 0.071 0.122 0.086 0.079 0.065
Hoshangabad 0.119 0.128 0.143 0.126 0.086 0.086 0.090 0.114 0.075 0.072 0.074 0.063
Indore 0.073 0.067 0.080 0.078 0.060 0.058 0.073 0.066 0.078 0.073 0.072 0.063
Jabalpur 0.130 0.120 0.147 0.133 0.107 0.093 0.110 0.099 0.129 0.131 0.094 0.077
Jhabua 0.064 0.072 0.121 0.117 0.079 0.076 0.094 0.050 0.071 0.065 0.077 0.055
Katni 0.141 0.133 0.178 0.170 0.130 0.120 0.116 0.120 0.165 0.129 0.100 0.077
Khandwa 0.088 0.096 0.116 0.120 0.081 0.082 0.072 0.069 0.083 0.069 0.063 0.054
Mandla 0.094 0.090 0.114 0.100 0.114 0.096 0.079 0.046 0.101 0.055 0.071 0.056
Mandsaur 0.106 0.102 0.118 0.102 0.084 0.077 0.068 0.075 0.078 0.046 0.056 0.055
Morena 0.082 0.119 0.131 0.142 0.072 0.097 0.084 0.101 0.042 0.099 0.067 0.081
Narsimhapur 0.113 0.110 0.133 0.123 0.105 0.091 0.089 0.085 0.110 0.075 0.075 0.069
Neemuch 0.105 0.094 0.148 0.128 0.082 0.079 0.080 0.071 0.100 0.111 0.068 0.057
Panna 0.147 0.162 0.178 0.174 0.120 0.118 0.118 0.132 0.125 0.169 0.077 0.064
Raisen 0.121 0.119 0.136 0.132 0.090 0.091 0.100 0.093 0.102 0.116 0.077 0.070
Rajgarh 0.115 0.121 0.119 0.103 0.095 0.097 0.090 0.090 0.084 0.077 0.079 0.077
Ratlam 0.114 0.109 0.117 0.117 0.088 0.080 0.071 0.083 0.085 0.103 0.068 0.057
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District Population sub-group
Rural Urban

Scheduled Castes Scheduled Tribes Other Castes Scheduled Castes Scheduled Tribes Other Castes
Male Female Male Female Male Female Male Female Male Female Male Female

Rewa 0.112 0.124 0.144 0.150 0.084 0.082 0.110 0.101 0.139 0.151 0.072 0.078
Sagar 0.130 0.137 0.149 0.140 0.095 0.096 0.105 0.107 0.136 0.184 0.091 0.088
Satna 0.135 0.142 0.178 0.180 0.109 0.115 0.125 0.106 0.168 0.150 0.074 0.076
Sehore 0.127 0.121 0.131 0.129 0.092 0.086 0.111 0.101 0.093 0.075 0.081 0.080
Seoni 0.095 0.093 0.096 0.088 0.090 0.084 0.092 0.060 0.097 0.063 0.076 0.060
Shahdol 0.137 0.135 0.163 0.146 0.129 0.122 0.097 0.076 0.109 0.116 0.069 0.067
Shajapur 0.099 0.108 0.093 0.098 0.081 0.081 0.093 0.086 0.065 0.056 0.062 0.066
Sheopur 0.111 0.145 0.192 0.194 0.104 0.107 0.117 0.118 0.131 0.165 0.077 0.096
Shivpuri 0.120 0.131 0.189 0.201 0.101 0.111 0.089 0.113 0.136 0.165 0.067 0.078
Sidhi 0.136 0.136 0.168 0.171 0.105 0.109 0.125 0.138 0.139 0.111 0.075 0.076
Singrauli 0.155 0.142 0.170 0.168 0.130 0.130 0.141 0.131 0.161 0.141 0.099 0.080
Tikamgarh 0.102 0.122 0.138 0.160 0.098 0.107 0.072 0.103 0.104 0.065 0.087 0.081
Ujjain 0.095 0.102 0.091 0.087 0.077 0.076 0.073 0.067 0.093 0.050 0.058 0.062
Umaria 0.128 0.130 0.163 0.154 0.115 0.116 0.122 0.101 0.122 0.142 0.081 0.088
Vidisha 0.131 0.138 0.183 0.176 0.098 0.104 0.099 0.108 0.119 0.161 0.076 0.074

West Nimar 0.088 0.085 0.094 0.088 0.075 0.072 0.076 0.049 0.076 0.071 0.057 0.052
Source: Author’s calculations.
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Introduction 
The aim of this paper is to analyse spatio-temporal variations in the risk of

death in children in Jharkhand based on the data available through the 2011
population census. The 2011 population census covered 24 districts of Jharkhand, the
corresponding number of districts at the 2001 population census were 18. At the 2011
population census, the population of the state was 3,29,88,134 which means that
between 2001 and 2011, 60,42,305 persons were added to the population of the state,
out of which 68 per cent were added to the rural population whereas 32 per cent to
the urban population. At the 2011 population census, the rural population of the state
constituted 76.0 per cent of the total population while the urban population
constituted 24.0 per cent. Alternatively, 30,45,278 males and 29,97,027 females were
added to the state population between 2001 and 2011 so that male population
constituted 51.3 per cent while female population constituted 48.7 per cent of the
total population enumerated at the 2011 population census. The decadal population
growth in state between 2001 and 2011 was 22.4 per cent - 19.6 in the rural areas and
32.4 per cent in the urban areas. The child population - population below 15 years of
age - in the state increased from 1,07,08,694 in 2001 to 1,18,91,118 in 2011 implying
a decadal growth of 11.0 per cent. The proportion of the child population to the total
population in the state has, however, decreased from 39.7 per cent in 2001 to 36.0 per
cent in 2011.  

Estimates of the risk of death in children including the risk of death during
infancy and during the first five years of life for the state are available from the life
tables prepared on the basis of the sample registration system (Government of India,
2018). These estimates suggest that the state ranks 7th among 21 states of the country
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for which life tables are available in terms of the probability of death during the first
15 years of life. These estimates also suggest that the risk of death during childhood
is comparatively higher in females as compared to males and in the rural areas as
compared to the urban areas of the state. Life tables and the risk of death during
childhood for different social classes and for the districts of the state are however not
available through the sample registration system. It is therefore not possible to analyse
within state variations in child mortality in the state. The available evidence suggests
that the risk of death during childhood varies widely across different social classes and
across districts of the state and it is conjectured that reducing within state inequality
in the risk of death during childhood can contribute substantially towards improving
the survival probability of the children of the state. Analysis of the within state
inequality in the risk of death during childhood also facilitates a decentralised
approach towards promoting child survival so as to realise the goals and targets set
in the National Health Policy 2017 (Government of India, 2017) and the 2030
Sustainable Development Agenda of the United Nations (United Nations, 2015).

It is in the above context that the present paper analyses inter-district,
residence, social class and gender differentials in child mortality in Jharkhand. The
prevailing levels of the risk of death during childhood appear to be a cause of concern
and remain a major development challenge in Jharkhand. According to the sample
registration system, the under-five mortality rate in Jharkhand was 33 under-five
deaths for every 1000 live births in 2016 which is lower than the national average of
39 under-five deaths for every 1000 live births (Government of India, 2017a). Among
the 22 states of the country for which estimates of under-five mortality rate are
available from the sample registration system, Jharkhand ranks poor 12. The National
Family Health Survey 2015-16 also suggests that the under-five mortality rate in the
state is 54 under-five deaths for every 1000 live births compared to an under-five
mortality rate of 34 under-five deaths for every 1000 live births in India (IIPS, 2017).
Moreover, both the sample registration system and the National Family Health Survey
2015-16 suggest that there are substantial rural-urban and gender variations in the
under-five mortality rate in the state.  

Very little is however known about child mortality differentials within
Jharkhand. Estimates of the under-five mortality rate and infant mortality rate for the
districts of the state are available through the Annual Health Survey conducted by the 
Registrar General and Census Commissioner of India in 2012-13 (Government of India,
2014). These estimates suggest that under-five mortality rate in the districts of the
state varies from a low of around 33 under-five deaths 1000 live births in district
Kodarma to a high of more than 87 under-five deaths for every 1000 live births in
Pashchimi Singhbhum district. However, there is little information about the variation
in the risk of death during the first five years of life by social class within districts,
although district level evidence suggests that the under-five mortality rate in the
districts of the state varies by residence and gender and these variations have
persisted despite the decrease in child mortality. Moreover, there is no evidence
available from the Annual Health Survey about the variation in the probability or the
risk of death in children aged at least five years - children in the age group 6-14 years
across the districts of the state.
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The paper is organised as follows. The next section of the paper presents the
analytical framework while the third section describes the data source used to
estimate the probability of death during childhood for different mutually exclusive
subgroups of the population. Within-district and between-districts variations in child
mortality are discussed in section four. Section five analyses how child mortality in a
district differs from the child mortality in the state in terms of the difference in child
mortality and the difference in the proportionate distribution of population across
different population sub-groups. Section six analyses how child mortality in a
population subgroup contributes to the child mortality of the population. Findings of
the analysis are discussed in section seven while the last section summarises main
findings of the analysis and discusses their policy implications.  

Analytical Framework  
Chaurasia (2017) has prepared district level estimates of the risk of death

during childhood for 640 districts of the country as they existed at the time of 2011
population census. These estimates are based on the indirect method of child
mortality estimation pioneered by Brass and Coale (1968) which revolutionised
estimation of child mortality in populations where direct estimation of child mortality
is not possible because of the lack of necessary data. Although this approach of child
mortality estimation has some limitations (Preston et al, 2003), yet, it has been found
to be fairly reliable for the estimation of the risk of death during childhood and trends
over a period of around 10 years (Hill, 1991).

In the present paper, childhood is defined as the life from birth to 15th

birthday. In demographic and health research, however, childhood is generally defined
as the first five years of life. On the other hand, the United Nations Convention on the
Rights of the Child, to which India is also a signatory, classifies a person as child if she
or he is below 18 years of age (United Nations, 1989). India’s National Policy on
Children 2013 also defines a person as child if she or he is below 18 years of age
(Government of India, 2013), although, from the perspective of child labour, a child is
defined as a person below 15 years of age.

Following the National Policy on Children 2013, the mortality during childhood
should be measured in terms of the probability of death during the first 18 years of
life. The probability of death during the first 18 years of life can be derived from the
abridged life table prepared by the Registrar General and Census Commissioner of
India on the basis of age-specific death rates available through the sample registration
system. However, estimation of the probability of death before reaching 18 of age at
the district level is not possible as district level life tables are not available through the
sample registration system. It is however possible to estimate the risk of death during
the first 15 years of life for districts from the data available through population census.
If the probability of death before reaching 15 years of age is denoted by 15q0, then, it
may be noticed that (1-15q0) = (1-1q0)*(1-4q1)*(1-5q5)*(1-5q10). In the present paper, we
have measured child mortality in terms of the probability or the risk of death during
the first 15 years of life (15q0).  
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Child Mortality in Jharkhand  
Estimates of 15q0 in the state and in its constituent districts are presented in

table 1 along with the estimates of 1q0, 5q0 and 10q0 for the combined population and
separately for rural and urban populations of the state and its constituent districts as

they existed at the 2011 population census. For Jharkhand, 15q0 is estimated to be
0.095 circa 2005. According to the abridged life tables prepared by the Registrar 
General of India on the basis of the sample registration system, 15q0 in Bihar including
Jharkhand was estimated to be around 0.097 during 2003-07 (Government of India,
2008) which shows that 15q0 estimated on the basis of the data available through the
2011 population census is very similar to the estimate of 15q0 based on the sample
registration system. This similarity justifies using the data from the population census
for analysing child mortality differentials. Table 1 also highlights the fact that the
probability of death during childhood varies widely across the districts of the state and
the gap between the district with the lowest 15q0 and the district with the highest 15q0

is quite substantial. 

Table 2 presents estimates of 15q0
 for the 12 mutually exclusive population sub-

groups as defined above. In the state as a whole, 
15q0 is estimated to be relatively the

highest in male Scheduled Tribes children living in the rural areas (0.124) but the
lowest in female Other Castes children living in the urban areas (0.064). Moreover, in
the rural areas, 15q0 is higher than the state average in all population sub-groups but
in the urban areas 15q0 is higher than the state average only in female Scheduled Castes
children. Within districts also, 15q0 varies widely, although, the degree of variability
varies. Taking together variation across districts and variation across population sub-
groups within district, 15q0 is estimated to be the highest in the female Scheduled
Tribes children in the urban areas of district Kodarma (0.156) but the lowest in the
female Scheduled Castes children in the urban areas of district Godda (0.011).  

The residence effects of 15q0 are very strong in the state. The rural 15q0 is higher
than the urban 15q0 irrespective of social class and gender. The rural-urban difference
in 15q0 is relatively the widest in Scheduled Tribes children but relatively the lowest in
Scheduled Castes male children and Other Castes male children. On the other hand,

15q0 is higher in male than in female children in all social classes in both rural and urban

areas. In the urban areas, female 15q0 is substantially higher than male 15q0 in Other
Castes. However, 15q0 is not invariably higher in rural than in urban areas in all districts.
In case of male Scheduled Castes children, 15q0 is higher in urban than in rural areas in
2 districts (Giridih and Saraikela-Kharsawan) whereas in case of female Scheduled
Castes children, this number is 4 (Khunti, Kodarma, Garhwa and Ramgarh). In
Scheduled Tribes, 15q0 is higher in urban than in rural areas in 2 districts (Dumka and
Chatra) in case of male children and also in 2 districts (Kodarma and Dumka) in case
of female children whereas in Other Castes, 15q0 is higher in urban than in rural areas
in case of male children in Kodarma district alone.  Similarly, 15q0 is not invariably
higher in female than in male children and in Scheduled Tribes compared to other
social classes. In any case, wide residence, social class and gender variations in child
mortality within Jharkhand is very much obvious from table 2.  
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Spatial Variations in Child Mortality 
Figure 1 depicts the variation in infant mortality rate (IMR=1q0*1000) across

the districts of the state for combined, rural and urban populations. For the state as
a whole, IMR is estimated to be relatively higher in the rural areas (61.2 infant deaths
for every 1000 live births) as compared to that in the urban areas (40.8 deaths for
every 1000 live births) of the state. It may also be seen from the figure 1 that IMR, in
the combined population, is higher than the state average (56.7) in 14 districts and
varies from 81.9 infant deaths for every 1000 live births in district Simdega to 35.3
infant deaths for every 1000 live births in Purbi Singhbhum district. In the rural
population, IMR is higher than the state average in 12 districts and varies from 85.3
infant deaths for every 1000 live births in Simdega district to 46.2 infant deaths for
every 1000 live births in Kodarma district. On the other hand, IMR, in the urban
population, is higher than the state average in 13 districts and ranges from 57.5 infant
deaths for every 1000 live births in Jamtara district to 26.3 infant deaths for every 1000
live births in Purbi Singhbhum district. In five districts of the state, IMR is estimated
to be at least 70 infant deaths per 1000 live births whereas in six districts, it ranges
between 60-70 infant deaths per 1000 live births. Similarly, IMR ranges between 50-60
infant deaths per 1000 live births in seven districts of the state which leaves only six 
districts in the state where IMR is estimated to be at the most 50 infant deaths per
1000 live births. These six districts are Kodarma, Giridih, Deoghar, Purbi Singhbhum,
Ramgarh and Ranchi.

Figure 1 also shows the variation in the under-five mortality rate

(U5MR=5q0*1000) across the districts. For the state as a whole, U5MR is estimated to
be 86.1 under-five deaths per 1000 live births - higher in the rural areas (92.7 under-
five deaths for every 1000 live births) but lower in the urban areas (62.4 under-five
deaths for every 1000 live births). In the combined population, U5MR varies between
54.2 in Dumka district to 122.7 in Garhwa district. In 13 district, U5MR is higher than
the state average (86.1 under five deaths per 1000 live births).  In the rural population,
U5MR is higher than the state average (92.7) in 12 districts and varies from 127.5
deaths for every 1000 live births in Garhwa district to 70.5 deaths for every 1000 live
births in Giridih district. In the urban areas, U5MR is higher than the average (62.2) in
13 districts and varies from 87.3 deaths for every 1000 live births in Dhanbad district
to 40.6 deaths for every 1000 live births in Dumka district. There are eight districts
where U5MR exceeds 95 under-five deaths per 1000 live births. These districts are
located in Hazaribagh Plateau (Deoghar, Dhanbad, Hazaribagh and Pakur districts),
Ranchi (Lohardaga and Garhwa districts) and Singhbhum Plateau (Purbi Singhbhum and
Pashchimi Singhbhum districts). In addition, there are six districts where U5MR ranges
between 85-95 under-five deaths for every 1000 live births. These districts are located
mostly in Hazaribagh Plateau and Ranchi Plateau of the state. On the other hand, there
are five districts where U5MR ranges between 75-85 under-five deaths for every 1000
live births. These districts are not concentrated in any particular region of the state but
are unevenly distributed in all geographic regions of the state. This leaves only five 
districts where U5MR is at the most 75 under-five deaths for every 1000 live births.
These districts are Dumka, Giridih, Palamu, Latehar and Sahibganj.
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Figure 1

Inter-district variation in 1q0 and 5q0 in Jharkhand

1q0 - Total 5q0 - Total

1q0 - Rural 5q0 - Rural

1q0 - Urban 5q0 - Urban
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Figure 2 depicts inter-district variation in under-ten mortality rate

(U10MR=10q0*1000) and under-fifteen mortality rate (U15MR=15q0*1000) for combined,
rural and urban populations. The U10MR in the state as a whole is 92.4 under-ten
deaths per 1000 live births - higher in rural (99.4 under-ten deaths for every 1000 live
births) as compared to that in the urban areas (67.2 under-ten deaths for every 1000
live births). The U10MR, in the combined population, varies from 58.4 in Dumka
district to 131.3 under-ten deaths per 1000 live births in Garhwa district.  There are
13 districts where U10MR is higher than the state average. In the rural areas, there are
12 districts where U10MR is higher than the state average. The U10MR ranges from
136.4 deaths for every 1000 live births in Garhwa district to 75.8 deaths for every 1000
live births in Giridih district. In the urban areas, U10MR is higher than the state
average in 13 districts and varies from of 93.7 deaths for every 1000 live births in
Dhanbad district to 43.8 deaths for every 1000 live births in Dumka district. There are
five districts where U10MR is at least 115 under-ten deaths for every 1000 live births.
These districts are located in Hazaribagh Plateau, Ranchi Plateau and Singhbhum
Plateau. In addition, there are five districts where U10MR ranges between 100-115
under-ten deaths for every 1000 live births. These districts are located mostly in
Hazaribagh Plateau and Ranchi Plateau. Moreover, there are six districts where U10MR
varies between 85-100 under-ten deaths for every 1000 live births. Most of these
districts are located in Hazaribagh Plateau. This leaves only eight districts in the state
where U10MR is estimated to be less than or equal to 85 under-ten death for every
1000 live births.

The U15MR in the state as a whole is 95.2 under-fifteen deaths for every 1000
live births and is higher in rural (102.4 child deaths for every 1000 live births) than in
urban areas (69.2 child deaths for every 1000 live births). In the combined population,
U15MR varies from 60.2 under-fifteen deaths for every 1000 live births in Dumka
district to 135.1 under-fifteen deaths for every 1000 live births in Garhwa district. In
13 districts of the state, U15MR is higher than the state average. In the rural areas,
U15MR is higher than the state average in 12 districts and varies from 140.3 under-
fifteen deaths for every 1000 live births in Garhwa district to 78.1 under-fifteen deaths
for every 1000 live births in Giridih district. However, in the urban areas, U15MR is
higher than the state average in 13 districts and varies from 96.6 under-fifteen deaths
for every 1000 live births in Dhanbad district to 45.2 under-fifteen deaths for every
1000 live births in Dumka district. Districts where U15MR exceeds 115 under-fifteen
deaths for every 1000 live births are located mostly in Hazaribagh Plateau (Dhanbad,
Hazaribagh and Pakur districts), Ranchi Plateau (Garhwa district) and Singhbhum
Plateau (Pashchimi Singhbhum district). In addition, there are six districts where 
U15MR ranges between 100-115 under-fifteen deaths for every 1000 live births. These
districts are located mostly in Hazaribagh Plateau and Ranchi Plateau of the state.
Moreover, in five districts of the state, U15MR varies between 85-100 under-fifteen
deaths for every 1000 live births. Most of these districts are located in the Hazaribagh
Plateau of the state. Finally, there are only seven districts in the state where U15MR
is less than or equal to 85 under-fifteen deaths for every 1000 live births. Four of these
seven districts are located in the Hazaribagh Plateau whereas the remaining three
districts are located in the Ranchi Plateau of the state.
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Figure 2
Inter-district variation in 10q0 and 15q0 in Jharkhand
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Figure 3 depicts inter-district variation in male U15MR for Scheduled Castes
(SC), Scheduled Tribes (ST) and Other Classes (OC) in the rural areas of the state. The
U15MR in SC male children is estimated to be 111.6 under-fifteen deaths per 1000 live
births. The corresponding estimates in ST male children and OC male children are,
respectively, 124.1 and 92.8 under-fifteen deaths for every 1000 live births. Among SC
male children, U15MR varies from 77.8 in Purbi Singhbhum district to 131.7 under-
fifteen deaths for every 1000 live births in Simdega district and in nine districts,
U15MR in SC male children is higher than the state average. Among ST male children,
U15MR  is higher than the state average in 11 districts and varies from 153.8 under-
fifteen deaths for every 1000 live births in Simdega district to 96.0 under-fifteen
deaths for every 1000 live births in Purbi Singhbhum district. Among OC male children,
U15MR is higher than the state average in 11 districts and varies from 144.6 deaths for
every 1000 live births in Simdega district to 75.7 deaths for every 1000 live births in
Purbi Singhbhum district. In two districts - Simdega and Pakur - U15MR is estimated
to be at least 120 under-fifteen deaths for every 1000 live births irrespective of the
social class whereas in five districts - Chatra, Garhwa, Jamtara, Khunti and Latehar -
U5MR is estimated to be at least 120 under-fifteen deaths for every 1000 live births in
SC and ST male children but not in OC male children. More specifically, in the rural
areas of the state, U15MR is estimated to be at least 120.0 under-fifteen deaths for
every 1000 live births for ST male children in 13 districts; for SC male children in 7
districts; and for OT male children in 2 districts. In addition, U15MR ranges between
100-115 under-fifteen deaths for every 1000 live births in SC and ST male children in
nine districts but in 7 districts in OC male children. Gumla is the only district where
male U15MR ranges between 100-115 under-fifteen deaths for every 1000 live births
in all the three social classes. There are 12 districts where U15MR ranges between 80-
100 under-fifteen deaths for every 1000 live births in OT male children; six districts in
SC male children; and 2 districts in ST male children. District Deoghar is the only
district where U5MR ranges between 100-115 under-fifteen deaths for every 1000 live
births in all the three social classes. Finally, U15MR is less than or equal to 80 under-
fifteen deaths for every 1000 live births in three districts in case of OC male children
and one district in case of SC male children . There are 3 districts (Purbi Singhbhum,
Kodarma and Giridih) in case of OC male and district Purbi Singhbhum in case of SC
male where the U15MR is less than or equal to 80 under-fifteen deaths for every 1000
live births. There is no district where U5MR is less than or equal to 80 under-fifteen
deaths for every 1000 live births in ST male children. Similarly, U15MR in female
children in the rural areas is estimated to be 108.4 under-fifteen deaths per 1000 live
births in SC; 117.3 under-fifteen deaths per 1000 live births in ST; and 90.2 under-
fifteen deaths per 1000 live births in OC. In SC female children, U5MR varies from 66.9
in Purbi Singhbhum district to 142.6 under-fifteen deaths for every 1000 live births in
Pakur district and is higher than the state average in 11 districts. Similarly, U15MR in
ST female children is higher than the state average in 12 districts and varies from
145.4 in Jamtara district to 77.3 under-fifteen deaths for every 1000 live births in Purbi
Singhbhum district. Finally, in OC female children, U15MR is higher than the state
average in 9 districts and ranges from 121.5 in Jamtara district to 65.4 under-fifteen
deaths for every 1000 live births in Purbi Singhbhum district. 



42 INDIA 2018: CHILD HEALTH AND MORTALITY

Figure 3
Inter-district variation in 15q0 by social class in rural areas of Jharkhand
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Figure 4
Inter-district variation in 15q0 by social class in urban areas of Jharkhand

Male - Scheduled Castes Female - Scheduled Castes

Male - Scheduled Tribes Female - Scheduled Tribes

Male - Other Castes Female - Other Castes
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It may also be seen from figure 3 that female U5MR exceeds 120 under-fifteen
deaths for every 1000 live births in all the three social classes in only one - Jamtara
district. On the other hand, in three districts - Chatra, Garhwa and Simdega - female
U15MR is found to be more than 120 in Scheduled Castes and Scheduled Tribes but
not in Other Castes whereas in nine districts, female U15MR in Scheduled Tribes and
in six districts, female U15MR in Scheduled Castes is found to be more than 120 under-
fifteen deaths for every 1000 children. On the other hand, there is no district where
female U15MR is found to be below 80 under-fifteen deaths for every 1000 live births
in all the three social classes. In Other Castes, female U15MR is found to be below 80
under-fifteen deaths for every 1000 live births in seven districts; in Scheduled Castes,
female U15MR is found to be below 80 under-fifteen deaths for every 1000 live births
in three districts whereas in Scheduled Tribes, female U15MR is found to be below 80
under-fifteen deaths for every 1000 live births in only one district. 

Figure 4 shows the inter-district variation in male and female U15MR for
Scheduled Castes, Scheduled Tribes and Other Castes in the urban areas of the state. 
The U15MR in Scheduled Tribes male in the urban areas of the state is estimated to
be 84.2 under-fifteen deaths for every 1000 live births compared to female U15MR of
83.3 under-fifteen deaths for every 1000 live births. On the other hand, male U15MR
in Scheduled Castes in the urban areas is found to be higher compared to female
U15MR of Scheduled Castes. In Other Castes, male U15MR in the urban areas is found
to be higher compared to the female U15MR. The male U15MR in Scheduled Castes
is higher than the state average in 12 districts but male U15MR in Scheduled Tribes is
higher than the state average in 9 districts. On the other hand, male U15MR in Other
Castes is found to be higher than the state average in 12 districts. Similarly, female
U5MR in Scheduled Castes is higher than the state average in 12 districts; in Scheduled
Tribes, in 11 districts and in Other Castes, in 16 districts. There is no district where
male U5MR in the urban areas is more than 120 under-fifteen deaths per 1000 live
births in all the three social classes whereas there are five districts - Gumla, Latehar,
Lohardaga, Purbi Singhbhum and Ranchi - where U15MR is found to be less than 80
under-fifteen deaths per 1000 live births in all the three social classes. Similarly, there
is no district in the state where female U15MR in the urban areas is more than 120
under-fifteen deaths for every 1000 live births in all the three social classes whereas
in Jamtara, Garhwa and Khunti districts, female U15MR in Scheduled Castes in the
urban areas is found to be more than 120 under-fifteen deaths for every 1000 live
births. In Kodarma district, female U15MR in Scheduled Tribes in the urban areas is
found to be more than 120 under-fifteen deaths for every 1000 live births. By contrast,
there are five districts - Godda, Hazaribagh, Lohardaga, Purbi Singhbhum and Ranchi
where female U15MR is found to be below 80 under-fifteen deaths for every 1000 live
births in all the three social classes. It is obvious from the foregoing discussions that
U15MR varies across the districts of the state as well as across the 12 mutually
exclusive population sub-groups and these variations are quite strong and, therefore,
appear to have persisted over time. It is also obvious that reduction in the risk of
death during childhood across districts and across different population sub-groups
within the same district may contribute significantly towards reducing child mortality
in the state.
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Conclusions 
The present analysis is probably and so obviously the first comprehensive

analysis of child mortality differentials in Jharkhand. The analysis shows that child
mortality differentials in Jharkhand are quite pervasive and addressing these
differentials is necessary to reducing the probability or the risk of death in children of
the state. The analysis suggests that the current, heavily centralised, top down
planning and programming for child survival activities in the state need to be replaced
by a decentralised area-based institutional set-up and regional planning so as to
effectively address the local context of child mortality by providing better
opportunities of participation of the people in child survival activities at the local level.
Such a shift in the approach towards child survival, however, requires significant
improvement in the administrative capacity and organisational efficiency of the public
health care delivery system along with the reduction in residence and social class
inequalities in the quality of life. There is a need of a long term vision, strong political
commitment and a long term child survival policy. Five districts of the state - Jamtara,
Chatra, Garhwa, Khunti and Pakur - are the hot-spots of child mortality in the state.
Accelerated reduction in child mortality in these districts must be the priority in any
endeavour towards child mortality reduction in the state.   

The analysis also reveals substantial within-district inequality in the risk of
death during childhood. This inequality reflects both inequality in living standards and
disproportionate use of health care services such as immunisation against vaccine
preventable diseases and use of oral dehydration salt to prevent deaths due to
dehydration during diarrhoea. It appears that the reach of child survival efforts is not
the same in different population subgroups which indicates that the needs
effectiveness and capacity efficiency of child survival efforts are far from satisfactory.
At present, very little is known about the needs effectiveness and capacity efficiency
of child survival efforts, especially at the local level. A data revolution is needed to
generate the evidence necessary for analysing determinants of child mortality at the
local level. 

References  

Brass W, Coale AJ (1968) Methods and analysis and estimation. In W Brass, AJ Coale,
P  Demeny, DF Heisel, Lorimer F, Romaniuk A, Van De Walle E (eds) The
Demography of Tropical Africa. Princeton NJ, Princeton University Press, 88-139. 

 Chaurasia Aalok Ranjan (2017) Progress towards child survival in India: 1971-2014.
Paper accepted for presentation at IUSSP International Population Conference
2017, Cape Town.

Government of India (2013) The National Policy for Children 2013. New Delhi, Ministry
of  Women and Child Development.

Government of India (2014) Annual Health Survey 2012-13. Jharkhand Fact Sheet. New
Delhi, Registrar General and Census Commissioner.



46 INDIA 2018: CHILD HEALTH AND MORTALITY

Government of India (2017) National Health Policy 2017. New Delhi, Ministry of Health
and Family Welfare.  

Government of India (2017a) Sample Registration System Statistical Report 2015. New
Delhi, Ministry of Home Affairs, Office of the Registrar General and Census
Commissioner, India.

Government of India (2018) SRS Based Abridged Life Tables, 2012-16. New Delhi,
Registrar General and Census Commissioner.

Hill K (1991) Approaches to measurement of childhood mortality: a comparative
review. Population Index 57(3):368-82. 

International Institute for Population Sciences (2017) National Family Health Survey-4 
2015-16. Mumbai, International Institute for Population Sciences. 

Preston SH, Heuveline P, Guillot M (2003) Demography. Measuring and Modelling
Population Processes. Oxford, Blackwell Publishers Ltd. 

United Nations (1989) United Nations Convention on the Rights of the Child. New
York, United Nations.  

United Nations (2015) Transforming the World: the 2030 Agenda for Sustainable
Development. New York, United Nations. 



Table 1 
Probability of death during childhood in Jharkhand 
State/District Combined Rural Urban 

1q0 5q0 10q0  15q0  1q0 5q0 10q0  15q0  1q0 5q0 10q0  15q0  
Jharkhand 0.057 0.086 0.092 0.095 0.061 0.093 0.099 0.102 0.041 0.062 0.067 0.069
Garhwa 0.070 0.105 0.113 0.116 0.070 0.106 0.114 0.117 0.055 0.084 0.090 0.093

Chatra 0.066 0.100 0.107 0.111 0.068 0.102 0.109 0.112 0.046 0.070 0.076 0.078
Kodarma 0.046 0.071 0.076 0.078 0.046 0.071 0.076 0.078 0.047 0.072 0.077 0.080
Giridih 0.049 0.075 0.081 0.083 0.051 0.077 0.083 0.085 0.035 0.053 0.057 0.059
Deoghar 0.049 0.075 0.080 0.083 0.052 0.079 0.085 0.087 0.034 0.052 0.056 0.057
Godda 0.061 0.093 0.100 0.103 0.063 0.095 0.102 0.105 0.035 0.053 0.057 0.059
Sahibganj 0.067 0.101 0.109 0.112 0.070 0.105 0.113 0.116 0.050 0.077 0.082 0.085
Pakur 0.078 0.117 0.125 0.129 0.080 0.120 0.128 0.132 0.056 0.085 0.091 0.094
Dhanbad 0.052 0.078 0.084 0.087 0.053 0.081 0.087 0.090 0.050 0.076 0.082 0.084
Bokaro 0.050 0.076 0.082 0.085 0.056 0.085 0.091 0.094 0.043 0.066 0.071 0.073
Lohardaga 0.056 0.086 0.092 0.095 0.059 0.090 0.096 0.099 0.036 0.055 0.059 0.061
Purbi Singhbhum 0.035 0.054 0.058 0.060 0.047 0.071 0.076 0.079 0.026 0.041 0.044 0.045
Palamu 0.060 0.091 0.098 0.100 0.062 0.093 0.100 0.103 0.047 0.071 0.076 0.079
Latehar 0.063 0.095 0.102 0.105 0.065 0.098 0.105 0.108 0.035 0.054 0.058 0.060
Hazaribagh 0.052 0.080 0.085 0.088 0.055 0.083 0.089 0.092 0.036 0.055 0.059 0.061
Ramgarh 0.048 0.074 0.079 0.082 0.055 0.083 0.089 0.092 0.040 0.061 0.066 0.068
Dumka 0.058 0.087 0.094 0.097 0.059 0.089 0.096 0.099 0.042 0.064 0.068 0.071
Jamtara 0.073 0.110 0.118 0.121 0.075 0.112 0.120 0.124 0.058 0.087 0.094 0.097
Ranchi 0.049 0.075 0.080 0.083 0.057 0.087 0.093 0.096 0.037 0.056 0.061 0.063
Khunti 0.077 0.116 0.125 0.128 0.079 0.119 0.128 0.131 0.055 0.084 0.090 0.093
Gumla 0.062 0.094 0.100 0.103 0.064 0.096 0.103 0.106 0.036 0.055 0.059 0.061
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State/District Combined Rural Urban 

1q0 5q0 10q0  15q0  1q0 5q0 10q0  15q0  1q0 5q0 10q0  15q0  
Simdega 0.082 0.123 0.131 0.135 0.085 0.128 0.136 0.140 0.037 0.057 0.061 0.063
Pashchimi Singhbhum 0.079 0.118 0.126 0.130 0.083 0.124 0.132 0.136 0.053 0.080 0.086 0.089
Saraikela-Kharsawan 0.052 0.080 0.086 0.088 0.055 0.083 0.089 0.092 0.046 0.071 0.076 0.079
Source: Chaurasia (2017)
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Table 2 
The probability of death during the first 15 years of life (15q0) in Jharkhand and districts, 2005 
State/District All social classes Scheduled Castes Scheduled Tribes Other Castes 

Male Female Male Female Male Female Male Female 
Total

Jharkhand 0.097 0.093 0.107 0.104 0.121 0.114 0.086 0.083
Garhwa 0.115 0.117 0.124 0.125 0.133 0.137 0.107 0.109
Chatra 0.113 0.108 0.137 0.129 0.124 0.125 0.099 0.095
Kodarma 0.079 0.078 0.084 0.090 0.106 0.112 0.078 0.075
Giridih 0.082 0.085 0.096 0.093 0.115 0.111 0.076 0.080
Deoghar 0.079 0.086 0.088 0.097 0.097 0.097 0.075 0.082
Godda 0.100 0.105 0.107 0.112 0.129 0.137 0.091 0.096
Sahibganj 0.116 0.108 0.109 0.092 0.142 0.141 0.108 0.098
Pakur 0.142 0.116 0.122 0.140 0.151 0.118 0.137 0.113
Dhanbad 0.090 0.083 0.101 0.088 0.106 0.086 0.086 0.081
Bokaro 0.087 0.082 0.081 0.088 0.123 0.108 0.082 0.076
Lohardaga 0.102 0.087 0.101 0.105 0.111 0.093 0.090 0.077
Purbi Singhbhum 0.065 0.055 0.065 0.059 0.089 0.071 0.056 0.047
Palamu 0.102 0.099 0.117 0.114 0.134 0.131 0.091 0.087
Latehar 0.106 0.104 0.119 0.106 0.120 0.118 0.078 0.081
Hazaribagh 0.091 0.085 0.103 0.099 0.124 0.120 0.085 0.078
Ramgarh 0.082 0.081 0.082 0.088 0.109 0.095 0.073 0.076
Dumka 0.099 0.095 0.103 0.109 0.111 0.105 0.089 0.085
Jamtara 0.116 0.127 0.140 0.124 0.135 0.145 0.103 0.119
Ranchi 0.084 0.081 0.098 0.090 0.102 0.096 0.073 0.071
Khunti 0.130 0.127 0.134 0.120 0.137 0.135 0.107 0.102
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State/District All social classes Scheduled Castes Scheduled Tribes Other Castes 
Male Female Male Female Male Female Male Female 

Gumla 0.106 0.100 0.109 0.111 0.110 0.103 0.098 0.093
Simdega 0.144 0.126 0.131 0.125 0.151 0.134 0.130 0.103
Pashchimi Singhbhum 0.131 0.129 0.108 0.086 0.143 0.142 0.102 0.101
Saraikela-Kharsawan 0.093 0.083 0.088 0.099 0.108 0.106 0.085 0.069

Rural
Jharkhand 0.104 0.101 0.112 0.108 0.124 0.117 0.093 0.090
Garhwa 0.116 0.118 0.125 0.125 0.133 0.138 0.108 0.110 
Chatra 0.114 0.110 0.137 0.130 0.124 0.127 0.101 0.097 
Kodarma 0.079 0.078 0.085 0.088 0.116 0.108 0.077 0.075 
Giridih 0.084 0.087 0.095 0.094 0.116 0.111 0.078 0.082 
Deoghar 0.084 0.090 0.093 0.100 0.098 0.097 0.080 0.087 
Godda 0.102 0.108 0.108 0.115 0.130 0.138 0.094 0.098 
Sahibganj 0.120 0.111 0.117 0.097 0.143 0.142 0.112 0.101 
Pakur 0.145 0.118 0.123 0.143 0.152 0.118 0.141 0.117 
Dhanbad 0.094 0.085 0.109 0.088 0.107 0.088 0.088 0.083 
Bokaro 0.098 0.090 0.083 0.094 0.131 0.114 0.093 0.083 
Lohardaga 0.107 0.091 0.110 0.112 0.113 0.094 0.096 0.084 
Purbi Singhbhum 0.086 0.072 0.078 0.067 0.096 0.077 0.076 0.065 
Palamu 0.104 0.101 0.118 0.114 0.134 0.132 0.093 0.090 
Latehar 0.110 0.106 0.122 0.108 0.122 0.119 0.083 0.085 
Hazaribagh 0.095 0.089 0.104 0.102 0.128 0.126 0.089 0.082 
Ramgarh 0.094 0.089 0.091 0.086 0.114 0.100 0.086 0.085 
Dumka 0.101 0.096 0.105 0.110 0.111 0.105 0.093 0.087 
Jamtara 0.118 0.129 0.142 0.124 0.136 0.145 0.105 0.122 
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State/District All social classes Scheduled Castes Scheduled Tribes Other Castes 
Male Female Male Female Male Female Male Female 

Ranchi 0.099 0.093 0.115 0.100 0.109 0.103 0.087 0.084 
Khunti 0.132 0.130 0.134 0.116 0.138 0.136 0.112 0.111 
Gumla 0.109 0.103 0.113 0.112 0.111 0.105 0.104 0.096 
Simdega 0.150 0.131 0.132 0.128 0.154 0.136 0.145 0.114 
Pashchimi Singhbhum 0.136 0.136 0.110 0.096 0.143 0.144 0.113 0.116 
Saraikela-Kharsawan 0.096 0.088 0.099 0.084 0.099 0.102 0.084 0.064 

Urban
Jharkhand 0.071 0.067 0.086 0.083 0.084 0.076 0.068 0.064
Garhwa 0.091 0.095 0.088 0.141 0.093 0.082 0.092 0.085 

Chatra 0.086 0.069 0.124 0.087 0.126 0.071 0.078 0.066 
Kodarma 0.080 0.079 0.080 0.105   0.156 0.081 0.075 
Giridih 0.059 0.059 0.108 0.090 0.030 0.051 0.052 0.054 
Deoghar 0.052 0.064 0.062 0.084 0.081 0.071 0.049 0.060 
Godda 0.059 0.060 0.085 0.029 0.074 0.011 0.056 0.064 
Sahibganj 0.088 0.081 0.074 0.068 0.073 0.078 0.090 0.083 
Pakur 0.099 0.088 0.107 0.120 0.044 0.054 0.101 0.087 
Dhanbad 0.088 0.081 0.095 0.088 0.099 0.072 0.085 0.080 
Bokaro 0.074 0.072 0.079 0.077 0.102 0.092 0.071 0.069 
Lohardaga 0.068 0.053 0.052 0.067 0.074 0.064 0.067 0.049 
Purbi Singhbhum 0.050 0.040 0.057 0.053 0.065 0.046 0.047 0.039 
Palamu 0.082 0.075 0.097 0.105 0.073 0.071 0.080 0.069 
Latehar 0.058 0.063 0.076 0.078 0.057 0.085 0.054 0.054 
Hazaribagh 0.067 0.054 0.098 0.068 0.077 0.056 0.062 0.052 
Ramgarh 0.066 0.070 0.075 0.088 0.097 0.081 0.058 0.064 
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State/District All social classes Scheduled Castes Scheduled Tribes Other Castes 
Male Female Male Female Male Female Male Female 

Dumka 0.063 0.078 0.085 0.101 0.121 0.119 0.057 0.072 
Jamtara 0.092 0.101 0.126 0.122 0.018 0.066 0.090 0.099 
Ranchi 0.063 0.062 0.075 0.076 0.073 0.072 0.059 0.059 
Khunti 0.097 0.088 0.133 0.141 0.097 0.114 0.091 0.066 
Gumla 0.057 0.064 0.071 0.092 0.058 0.057 0.055 0.067 
Simdega 0.065 0.061 0.104 0.071 0.083 0.082 0.050 0.044 
Pashchimi Singhbhum 0.097 0.080 0.102 0.066 0.142 0.118 0.077 0.067 
Saraikela-Kharsawan 0.086 0.070 0.099 0.084 0.099 0.102 0.084 0.064 
Source: Chaurasia (2017)  
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Introduction
Solid fuels and kerosene are used for cooking, heating and lighting by one 

third of the world population (Gordon et al, 2014). Solid fuel or biomass fuel refers to
the use of cheap material such as wood, crop residues, or cow dung for cooking or
heating purposes, mainly in the poorer regions of the world. Inefficient burning of
these fuels results in household air pollution (HAP) that includes particulate matter and
toxic chemicals, such as hydrocarbons, oxygenated organic compounds, free radicals
and carbon monoxide (WHO 2011). Over a quarter (27 per cent) of the global
population using solid fuels reside in India (UNDP-WHO, 2009). Data available through
India’s 2011 population census show that almost 70 per cent households in India use
of solid fuels and kerosene for cooking. Around 49 per cent households use firewood
for cooking while 28.5 per cent households use LPG/PNG.

Estimates from the recent Global Disease Burden Study 2010 suggest that
household air pollution resulting from solid fuel use for cooking and heating accounts
for 3.5 million premature deaths in children and adults from pneumonia, lung cancer,
cardiovascular disease or chronic obstructive pulmonary disease (Danaei et al, 2010).
Household air pollution ranks as the second most important risk factor contributing
to disability-adjusted life years lost for women and girls globally, second only to high
blood pressure (Wylie et al,  2014). Research on child health has primarily been
focussed on child survival but research related to stillbirths has mostly been ignored
(Foren et al, 2011). It is estimated that, globally, there were at least 2.65 million
stillbirths in 2008 out of which more than 95 per cent occurred in low and middle-
income countries (Cousens et al, 2011). There are, however, very few studies that have
analysed the linkage of household air pollution and with stillbirths at the population
level, although there are studies that have shown negative effect of household air
pollution on pregnancy outcome. A study by Mishra et al (2005) shows that the risk of
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a stillbirth is 51 per cent more due to exposure to household air pollution. A case-
control study conducted in Sri Lanka shows that exposure to cooking smoke increases
the risk of second-trimester miscarriage by more than three times (Yasindu et al,
2010). A study carried out in India shows that women who use  firewood or kerosene
for cooking are more likely to have experienced a stillbirth than those who cook with
LPG/electricity (Lakshmi et al, 2013). A meta-analysis of different studies shows that
household combustion of solid fuels resulted in 29 per cent increase in the risk of
stillbirth (Amegah et al, 2014). A prospective cohort study carried out recently in rural
areas of India, Pakistan, Kenya, Zambia and Guatemala shows that exposure to
household air pollution increased the risk of having stillbirth by more than 50 per cent
(Patel et al, 2015). There is however no population-based study on stillbirths and their
risk factors. The present study is an attempt in this direction. It analyses the
association between household biomass fuel use and stillbirths taking into
consideration, a number of confounding variables.

Methodology
In this paper, we use secondary data available from India’s  third District Level

Household Survey (DLHS-3) conducted in 2007-08 to examine the association of
household biomass use for cooking and heating with stillbirths in India. Details of the
sample design, survey tools and data collection methods, etc. are available elsewhere
(International Institute for Population Sciences, 2010). The survey collected
information using three questionnaires. The household questionnaire was used to list
all usual members who resided in the sampled household and also the residents who
stayed there during the previous night. Demographic details of the enlisted members
such as age, sex, education, occupation, etc. were also collected in addition to
household level information such as main source of drinking water, type of toilet
facility available, type of cooking fuel used, source of lighting, religion, caste and
household ownership of items such as radio, television, vehicles, land holding, etc. The
survey collected data from 7,20,320 households of the country distributed across 34
states and Union Territories of the country. The survey was not carried out in 
Nagaland. From these households, 6,43,944 ever-married women aged 15-49 years and
1,66,260 unmarried women aged 15-24 years were interviewed. Another questionnaire
was used to collect information from all currently married women in the sampled
household who were aged 15–44 years. The information from the first two sections
of the women’s questionnaire was used for identifying women who had a stillbirth
resulting from their last pregnancy during the three years prior to the survey. The first
section collected information on age, education of the women, birth and death history
of biological children, including stillbirths and abortions. The second section gathered
information on antenatal, natal and postnatal care for the last pregnancy if it had
occurred during the three years preceding the date of survey. Data from 2,06,144
respondents were included in the present analysis after excluding those with missing
values for key variables.

The outcome of the last pregnancy, whether it was a live birth or stillbirth is
the dependent variable used in the present analysis. The history of abortions was not



COOKING FUELS AND STILLBIRTHS IN INDIA 55

considered for the present study as women might report induced abortions as
spontaneous abortions if the pregnancy was aborted for the purpose of sex-selection.
Exposure to cooking fuel smoke was ascertained indirectly by the type of fuel used for
cooking. The cooking fuel was coded as wood, kerosene, liquid petroleum gas
(LPG)/electricity and ‘others’ in the data set. The ‘others’ category included materials
like animal dung, crop residues, coke/coal/charcoal, etc. The following socio-
demographic and maternal factors were considered as covariates, as the association
between household air pollution and stillbirths can be potentially confounded by them:
place of residence, literacy status of both mother and father, religion, caste, type of
house, poverty status of the household, antenatal care (ANC) received during
pregnancy, complications during pregnancy such as bleeding, hypertension, labour
complications, fetal complications, history of previous abortion, delivery type, age at
last pregnancy and gravida status of the birth.

STATA version 14 was used to carry out the statistical analysis. Prevalence ratio
for the association of socio-economic, demographic and maternal characteristics with
stillbirths was estimated through the bivariate analysis and the p-value was used to
test the statistical significance of the association. Multivariate analysis was carried out 
to find the association between the type of cooking fuel used and stillbirth after
controlling for potential confounders. For multivariate analysis, we have selected other
covariates from the list of potential confounders identified through literature review.
The multivariate analysis was done using the Poisson model with robust standard
errors suggested by Barros and Hirakata (2003).

Results
About 72 per cent of the women respondents resided in rural areas. Three-

fourth of them were Hindu. More than one third of the women lived in kaccha houses
made of temporary material. About 58 per cent mothers and 77 per cent fathers were
literate. About 30 per cent of the women surveyed were living below the poverty line.
About 36 per cent of the women belonged to lower caste group - Scheduled Castes
and Scheduled Tribes. Almost 53 per cent of the respondents used firewood for
cooking and only 19 per cent used LPG/ gas/electricity. About 82 per cent women had
their last pregnancy between 20 to 34 years of age. A large proportion of respondents
did not have the history of abortion (91 per cent). Three fourth of the women (75 per
cent) received at least one ANC service. Nearly 89 per cent of the respondents had a
normal delivery. Out of the total 2,06,144 births, 2,011 were stillbirths.

The association between socio-demographic variables and maternal health
characteristics of the respondents with the outcome of the pregnancy (stillbirth or live
birth) is presented in Tables 1 and 2. Only lower caste group was not found to be
statistically significantly associated with stillbirth. The risk of a stillbirth was
significantly higher among women who used firewood for cooking as compared to
those who used LPG (PR 1.57; 95 per cent CI: 1.13–2.17, p<0.001). The risk of a
stillbirth was also statistically significantly higher in women who resided in rural areas
as compared to those living in urban areas; in Muslim women compared to Hindu
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women and women of other religions; in couples with either wife or husband or both 
illiterate compared to couples with either wife or husband or both literate; in women
who lived in a kaccha house compared to women who lived in pucca and semi-pucca
house; and women who belonged poor household compared to household without the
BPL card. The risk of a stillbirth was also high among women below 20 years and above
34 years of age, among women who did not have any antenatal check-up, women who
had previous history of abortion or had complications during the earlier deliveries,
such as hypertension, bleeding either during the antenatal period or during labour,
obstructed or prolonged labour, premature labour, or the fetus had any abnormality.
The risk of a stillbirth was also found to be significantly high in the first pregnancy or
in fourth and higher pregnancies Moreover, the risk of a stillbirth was also significantly
high in cesarean and assisted deliveries.

Results of the final Poisson regression model with robust standard errors,
showing the association between the type of the fuel used for cooking and the risk of
a stillbirth, after controlling potential confounders, are given in Table 3. The risk of a
stillbirth was found to be statistically significantly higher in women who used wood 
(adjusted PR 1.65; 95 per cent CI 1.36–2.00; p<0.001) and kerosene (adjusted PR 1.52;
95 per cent CI 1.09–2.10; p<0.001) for cooking after adjusting for potential
confounders.

Discussion
Women who use biomass fuels like wood and kerosene for cooking were

found to be at a higher risk of delivering a stillbirth than those who use cleaner fuels
like LPG and electricity. The stillbirth rate was found to be statistically significantly
higher among couples with either wife or husband or both illiterate, women having
their pregnancy after 35 years of age, primigravida or multigravida women, women
with bleeding complications during pregnancy, premature delivery, fetal complications,
women who had no antenatal check-up, women who had previous history of abortion,
and in cesarean and assisted deliveries. The reason for relatively higher risk of a
stillbirth in cesarean and assisted deliveries appears to be the fact that majority of
cesarean and assisted deliveries are associated with some complications during
pregnancy.

The main strength of the current study is that it addressed the maternal risk
factors of stillbirths along with socio-demographic risk factors. Another major strength
of this study is that the results are based on a very large sample of women covering
all districts of the country who reported 2,011 stillbirths and 2,04,133 live births or a
stillbirth prevalence rate of around 9.85 per 1000 live births.

There are, however, some limitations of the present study which are similar
to those found in the study by Mishra and others (Mishra et al, 2005). Erroneous
reporting of early neonatal deaths as stillbirths can result in non-differential
misclassification of stillbirths, which can bias the results towards the null value. Certain
characteristics of women may have changed over the course of the reported
pregnancy. For example, women might have shifted from biomass fuel to cleaner fuels
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or vice-versa. As the chance of a shift from use of biomass fuel to use of cleaner fuels
is higher than the reverse shift, if such bias occurs actually then it would pull the
prevalence ratio towards the null. On that basis, our results would underestimate the
true magnitude of the association. This study has also not considered effects of
maternal smoking and type of fuel for lighting on the risk of a stillbirth.

Results of the study are consistent with the study by Mishra and others which
showed a significant association between the type of household fuel use and stillbirth
(Mishra et al, 2005). Lakshmi et al (2013) and Mavalankar et al (1991) have also shown
statistically significant association of the biomass fuel use with the risk of stillbirth.
Siddique et al (2005) have reported that women exposed to biomass smoke have
nearly two times higher risk of a stillbirth than women who are not exposed. A meta-
analysis by Pope et al, (2010) has also concluded that indoor air pollution is associated
with increased risk of stillbirth.

Smoke from solid fuel combustion produces pollutants, including particulate
matter, carbon monoxide, and hundreds of other organic compounds which are,
detrimental to health (Bruce et al, 2000; Naeher et al, 2007). These pollutants may be
absorbed into the blood, cross the placental barrier, and have direct toxic effects on
the fetus. The exact biologic mechanisms through which indoor air pollution influences
birth weight and stillbirth remain to be confirmed but much can be learned from the
evidence on ambient air pollution and smoking.

Conclusions
The use of firewood and kerosene for cooking has been found to be 

associated with significantly higher risk of stillbirth on the basis of nationally
representative sample of reproductive age women in India. This finding is consistent
with previous studies in different developing countries. Future studies should
investigate this association using robust study designs which use more direct methods
for measuring the level of exposure to smoke emitted from burning cooking fuels.
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Table 1
Socio-demographic characteristic of the study population with stillbirth prevalence ratio among ever-married women aged 15-49 years, India
2007-08

Characteristics Categories Respondents (%)
N=204133

Still births (%)
N=2011

Live births (%)
N=204133

Prevalence ratio
(95% CI)

p value

Cooking fuel LPG/gas/electricity 29851 (18.9) 166 (11.0) 29685 (19.0) 1.00
Kerosene 5410 (3.1) 47 (3.0) 5363 (3.1) 1.57 (1.13-2.17)   0.007
Wood 113303 (52.8) 1024 (50.4) 112279 (52.8) 1.63 (1.38-1.92) <0.001
Others 57580 (25.2) 774 (35.6) 56806 (25.1) 2.44 (2.06-2.88) <0.001

Type of residence Urban 38411 (27.9) 307 (23.6) 38104 (27.9) 1.00
Rural 167733 (72.1) 1704 (76.4) 166029 (72.1) 1.27 (1.13-1.44) <0.001

Religion Hindus 157548 (75.6) 1517 (74.4) 156031 (75.6) 1.00
Muslims 27045 (13.9) 359 (13.8) 26686 (13.8) 1.38 (1.23-1.55) <0.001
Others 21551 (10.5) 135 (10.5) 21416 (10.5) 0.65 (0.54-0.77) <0.001

Caste General 44968 (22.9) 385 (19.8) 44583 (23.0) 1.00
SC/ST 77547 (36.3) 732 (35.7) 76815 (36.3) 1.10 (0.97-1.25)   0.119
OBC 83629 (40.8) 894 (44.5) 82735 (40.8) 1.25 (1.11-1.41) <0.001

Mother literacy Yes 113374 (57.9) 963 (50.8) 112411 (58.0) 1.00
No 92770 (42.1) 1048 (49.2) 91722 (42.0) 1.33 (1.22-1.46) <0.001

Father literacy Yes 155581 (77.0) 1407 (71.3) 154174 (77.0) 1.00
No 50563 (23.0) 604 (28.7) 49959 (23.0) 1.32 (1.20-1.46) <0.001

House type Pucca/Semipucca 121624 (62.3) 1132 (59.2) 120492 (62.3) 1.00
Kaccha 84520 (37.7) 879 (40.8) 83641 (37.7) 1.12 (1.02-1.22)   0.013

BPL Card No 140995 (69.6) 1324 (67.3) 139671 (69.6) 1.00
Yes 65149 (30.4) 687 (32.7) 64462 (30.4) 1.12 (1.02-1.23)   0.013
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Table 2
Maternal and pregnancy characteristics with prevalence ratio for stillbirth among ever married women aged 15-49 years, India 2007-08
Characteristics Categories Respondents (%) Still births (%) Live births (%) Prevalence ratio p value

Age at last pregnancy 20-34 168911 (82.6) 1521 (76.1) 167390 (82.6) 1.00
<19 24909 (11.7) 333 (16.2) 24576 (11.6) 1.49 (1.32-1.68) <0.001

$35 12324 (5.8) 157 (7.7) 12167 (5.8) 1.42 (1.20-1.68) <0.001

Gravida 2-3 92861 (45.6) 699 (35.4) 92162 (45.7) 1.00
1 54576 (27.2) 736 (37.0) 53840 (27.1) 1.80 (1.62-2.00) <0.001
3 + 58707 (27.2) 576 (27.6) 58131 (27.2) 1.30 (1.17-1.46) <0.001

History of abortion No 188658 (91.3) 1812 (89.9) 186846 (91.4) 1.00
Yes 17486 (8.7) 199 (10.1) 17287 (8.6) 1.19 (1.02-1.38)   0.022

Received any ANC Yes 150468 (74.9) 1407 (71.4) 149061 (74.9) 1.00
No 55676 (25.1) 604 (28.6) 55072 (25.1) 1.16 (1.05-1.28)   0.002

Hypertension No 196525 (95.2) 1879 (93.2) 194646 (95.2) 1.00
Yes 9619 (4.8) 132 (6.8) 9487 (4.8) 1.44 (1.21-1.72) <0.001

Bleeding No 202742 (98.3) 1938 (96.3) 200804 (98.4) 1.00
Yes 3402 (1.7) 73 (3.7) 3329 (1.6) 2.72 (1.80-2.88) <0.001

Premature labour No 143769 (70.2) 1235 (61.7) 142534 (70.3) 1.00
Yes 62375 (29.8) 776 (38.3) 61599 (29.7) 1.45 (1.33-1.59) <0.001

Prolonged labour No 162456 (79.2) 1432 (71.8) 161024 (79.2) 1.00
Yes 43688 (20.8) 579 (28.2) 43109 (20.8) 1.51 (1.37-1.66) <0.001

Obstructed labour No 117299 (57.9) 1093 (55.4) 116206 (57.9) 1.00
Yes 88845 (42.1) 918 (44.6) 87927 (42.1) 1.11 (1.02-1.21)   0.020

Delivery type Normal 185721 (89.0) 1704 (84.2) 184017 (89.1) 1.00
Cesarean 16642 (9.1) 216 (11.2) 16426 (9.1) 1.42 (1.23-1.64) <0.001
Assisted 3781 (1.9) 16 (4.6) 3690 (1.8) 2.66 (2.15-3.30) <0.001
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Table 3
Adjusted Poisson regression with robust standard errors of the socio-demographic and
maternal risk factors for stillbirths among ever married women aged 15-49 years.
Characteristics Categories Poisson regression with robust

standard errors
Prevalence ratio
(95% CI)

p value

Cooking fuel LPG/gas/electricity 1.00
Kerosene 1.52 (1.09-2.10)   0.013
Wood 1.65 (1.36-2.00) <0.001
Others 2.39 (1.95-2.92) <0.001

Type of residence Urban 1.00
Rural 0.96 (0.84-1.11)   0.615

Religion Hindus 1.00
Muslims 1.39 (1.23-1.56) <0.001
Others 0.73 (0.61-0.88)   0.001

Caste General 1.00
SC/ST 1.17 (1.03-1.35)  0.020
OBC 1.16 (1.02-1.31)  0.020

Mother literacy Yes 1.00
No 1.16 (1.04-1.30)  0.006

Father literacy Yes 1.00
No 1.14 (1.03-1.28)  0.016

House type Pucca/Semipucca 1.00
Kaccha 1.02 (0.93-1.13)  0.653

BPL Card No 1.00
Yes 1.05 (0.96-1.16)  0.273

Age at last pregnancy 20-34 1.00
<19 1.04 (0.91-1.19)  0.566
$35 1.40 (1.17-1.67) <0.001

Gravida 2-3 1.00
1 1.83 (1.63-2.06) <0.001
3 + 1.00 (0.88-1.32)  0.976

History of abortion No 1.00
Yes 1.39 (1.19-1.63) <0.001

Received any ANC Yes 1.00
No 1.10 (0.99-1.22)  0.090

Hypertension No 1.00
Yes 1.26 (1.05-1.51)  0.011

Bleeding No 1.00
Yes 1.93 (1.53-2.45) <0.001

Premature labour No 1.00
Yes 1.30 (1.18-1.44) <0.001
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Characteristics Categories Poisson regression with robust
standard errors
Prevalence ratio
(95% CI)

p value

Prolonged labour No 1.00
Yes 1.26 (1.13-1.40) <0.001

Obstructed labour No 1.00
Yes 0.89 (0.80-0.97)  0.012

Delivery type Normal 1.00
Cesarean 1.58 (1.35-1.86) <0.001
Assisted 2.33 (1.88-2.89) <0.001
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Introduction 
Communicable diseases contributed more to morbidity and mortality until a

few years ago when non-communicable diseases (NCDs) began to rival them and now
exceed the contribution of communicable diseases (Saker et al, 2004). The global
burden of disease study in 2002 estimated that communicable diseases contributed
22 percent of all deaths and 27 percent of disability-adjusted-life-years (WHO, 2002).
NCDs are one of the major health challenges of the 21st century for all the countries.
If sufficient actions are not taken, human, social, and economic cost of NCDs will
continue to grow and will go beyond the capacity of the countries to address them
(WHO, 2014). There has been a dramatic shift in the causes of death from
communicable, perinatal and nutritional diseases to non-communicable diseases.
Mortality has also shifted from younger ages to older ages (Mathers and Loncar, 2006).
Non-communicable diseases have not only displaced communicable diseases in the
developing countries, but these countries are now experiencing double burden of
disease (Frenk et al, 1989). The key determinants of the health of a person is a  healthy
environment which include safe drinking water, improved sanitation, pollution free
housing and workplace, adequate nutrition, and lifestyle changes that influence non-
communicable diseases (Nongkynrih et al, 2004). About 60 percent of all deaths world
wide are currently due to NCDs - mainly chronic respiratory diseases, cancers, and
diabetes. These deaths are distributed among the world’s population from high
income countries to low income countries and from younger to older people (Chauhan
and Aeri, 2013). 

Non-communicable diseases are a major threat to the economy, and health,
and longevity of the people living in the developing countries. Deaths and disabilities
due to non-communicable diseases have surpassed those due to communicable
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diseases in these countries because of the success in controlling the latter and also
because people are increasingly adopting lifestyles similar to those in the developed
countries (Nugent, 2008). Over the last two decades, the prevalence of NCDs has
increased at a very fast pace in India to become the leading cause of death and the
burden of NCDs is set to increase over the next 25 years. Aging population,
progressive increase in unhealthy lifestyle, rapid increase in unplanned urbanisation
as well as various social and economic factors are accelerating the increase in the
burden of NCDs (WHO, 2011). Most of the chronic diseases are equally prevalent in the
rural and urban populations of India (Patel et al, 2011). The cardio-vascular diseases
(CVDs) were accountable for around half of the deaths due to NCDs and for one-fourth
of all deaths in India in 2008. Studies indicate an alarmingly high prevalence of CVDs
in India, which is higher than that seen in the other countries in the same region
(Chauhan and Aeri, 2013).

Four major NCDs are CVDs, mental disorders, diabetes, and obesity (Saker et
al, 2004). India, with the second highest population in the world, has the highest
number of persons suffering from diabetes (Basnayar and Rajapasha, 2004). Diabetes
is described as a metabolic disorder characterised by increased level of glucose in the
blood which leads to a higher risk of morbidity and mortality than the general
population (Ogurtsova et al, 2017). Each year, there is an increased number of people
living with diabetes in the country. The International Diabetes Federation has
estimated the number of persons suffering from diabetes to be 415 million in 2015
and 318 million adults are estimated to be having impaired glucose tolerance which
may cause them to develop the disease in the future (International Diabetes
Federation, 2015). 

In India, the type and the burden of communicable diseases are enormous
(John et al, 2011). Emergence of 335 infectious diseases has been reported on account
of an increase in the communicable diseases, which is the result of factors like
population growth, mobility, urbanisation, climate change, and deforestation (Coker
et al, 2011). Many of these factors have major effect on communicable diseases in India
and in its different regions. 

A large number of diseases which are considered lifestyle related and affecting
the rich are seen to be affecting the poor also, especially the urban poor (Government
of India, 2005). It is well known that NCDs are more prevalent in the old population.
However, their prevalence is increasing among the young adolescents also due to their
increasing risky practices (higher consumption of fast food, smoking etc.). During the
past few years, India has noticed an epidemiologic shift from communicable to non-
communicable diseases (Ulep et al, 2012), although, the former continue to be a major
public health concern. In 2005, malaria, dengue, and other vector born diseases were
estimated to have accounted for 1.6 per cent of India’s total disease burden as heavy
rainfall transports terrestrial microbiological agents into the drinking water
(Government of India, 2005).

In general, mortality and life expectancy at birth have been widely used to
measure health status of any population. However, morbidity may be a more useful
indicator because it measures the pain and suffering of the population, while mortality
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is the end of the life (Sen, 1998). In most of the cases, mortality is not a sudden event
but the result of morbidity or disability. To reduce mortality, therefore, one has to first
bring down the morbidity which is influenced mainly by personal or familial
behavioural decisions and the epidemiological environment in which a person lives.
In other words, morbidity is not a random event but is often related to socioeconomic
and demographic factors (Duraisamy, 2001).

The impact of climate change on the health of the people varies geographically
as a function of the environment, and the vulnerability of the local population to
climate change is predominantly negative. This impact is due to changes in the
exposure to weather extremities like rain, heat wave, and winter. Other extreme
weather conditions which impact health of the people include the increase in
pollutants in the air and the water. Climate change affects many communicable
diseases especially water, food and vector born diseases (WHO, 2003). India is a
country of vast geographical diversity so that the effect of climate change on the
health of the people varies in different regions of the country. It is therefore relevant
to carry out a regional analysis of the prevalence of morbidity in India.

The present study has been carried out in the above context. It attempts to
examine the factors which widely affect the morbidity. The study also attempts to
assess the contribution of each factor in the change in the prevalence of communicable
diseases during the last two decades. At the same time, the study analyses regional
variations and socioeconomic inequality in the prevalence of communicable and non-
communicable diseases and explores factors responsible for the change in the
prevalence of communicable diseases over time. 

Data and Methods 
The study is based on the data available through the 52nd, 60th and 71st rounds

of the National Sample Survey. The number of ailments for which information was
collected during the three rounds of the survey was 58, 42 and 61 respectively. These
ailments were further categorized into communicable and non-communicable diseases
using ICD-10. Regional analysis was, however, done only for the data available from
60th and 71st rounds. The regional classification used in the 60th round was different
from that used in the 71st round. Therefore, regions of the 60th round were modified
to correspond to those of 71st round. Fairlie decomposition (Fairlie and Robert, 2005)
was applied to find out factors responsible for the change in the prevalence of
communicable diseases. The fairlie decomposition is given as
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where y2014 is the prevalence of morbidity in the year 2014; y1996 is the prevalence of
morbidity in the year 1996; N2014 is the sample size in 2014; and N1996 is the sample size
in 1996. The prevalence of morbidity of any disease is defined as

Moreover, concentration index was calculated for 88 regions and 36 states of
the country to depict regional variations in economic inequality in communicable and
non-communicable diseases. 

Results 
The increase in the prevalence of NCDs has varied widely in different regions

of the country during the period under reference. In Jammu and Kashmir, the Jhelum
valley experienced a steep rise in the prevalence of NCDs whereas the mountain region
of the state saw a steep decline in the prevalence of communicable diseases. On the
other hand, the northern region of Punjab recorded a steep rise in the prevalence of
both communicable and non-communicable diseases. In Chandigarh, communicable
diseases rose by more than four times between 1996 and 2014. The eastern region of
Haryana, however, showed a decrease of more than 50 per cent in the prevalence of
NCDs. The most steep rise in the prevalence of communicable diseases was seen in
Delhi, where it increased by more than six times. Communicable diseases increased
by almost four times in the south-eastern region of Rajasthan. All the regions of Uttar
Pradesh, except the eastern region, showed a decrease in the prevalence of
communicable diseases, with the southern upper Ganga plains recording the maximum
decrease.  The prevalence of the communicable diseases decreased in the northern
region of Bihar but the prevalence of these diseases more than doubled in the central
region. The increase in the prevalence of NCDs, however, was more steep in northern
Bihar than in central Bihar. In Nagaland, the prevalence of communicable diseases
reduced by half whereas the prevalence of NCDs doubled during the same period. In
plains of Manipur a decrease was observed in both communicable and non-
communicable diseases whereas in the hills of the state, the prevalence of both
communicable and non-communicable increased sharply. In Assam, the Cachar plain
witnessed a steep decrease in the prevalence of both types of diseases. In West
Bengal, the western plains experienced the highest increase in the prevalence of
communicable diseases but the prevalence of non-communicable diseases increased
the most rapidly in the Himalayan region. In Jharkhand, the prevalence of NCDs
increased in both the regions - the Ranchi plateau and the Hazaribagh plateau.
However, Ranchi plateau showed a sharp increase while the Hazaribagh plateau
showed a sharp decrease in the prevalence of communicable diseases. The Mahanadi
basin of Chhattisgarh, on the other hand, recorded a marginal decrease in the
prevalence of both - communicable and non-communicable diseases. However, the
southern region of the state recorded an increase in the prevalence of both
communicable diseases and non-communicable diseases.
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Figure 1
Regional variation in the prevalence of communicable diseases

India, 2004

In the south-eastern and northern plains of Gujarat, the prevalence of
communicable diseases increased but in other three regions of the state - the dry
areas, the Kutch and the Saurashtra region - the prevalence showed a decrease. In the
Union territories of Daman and Diu and Dadra & Nagar Haveli, the prevalence of
communicable diseases increased by almost five times during the period under 
reference whereas the prevalence non-communicable diseases increased almost 
nineteen times. In Maharashtra, the prevalence of both communicable and non-
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Figure 2
Regional variation in the prevalence of communicable diseases

India, 2014

communicable diseases decreased in the inland western region whereas three regions
of the state experienced an increase in the prevalence of non-communicable diseases.
In both the coastal regions of Andhra Pradesh, the prevalence of non-communicable
diseases trebled but the prevalence of communicable diseases decreased in only the
southern coastal region of the state. On the other hand, the prevalence of non-
communicable diseases increased in all the five regions of the state. The prevalence
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of both communicable and non-communicable diseases increased in all regions of
Karnataka. The increase in the prevalence of communicable diseases was the highest
in the coastal and the ghat region of the state whereas the increase in the prevalence
of non-communicable diseases was the highest in the inland northern region of the
state. In Kerala, the prevalence of non-communicable diseases doubled in both
northern and southern regions of Kerala but the prevalence of communicable diseases
doubled in northern region but increased only marginally in the southern region. In
Tamil Nadu, the southern and the inland region experienced the highest increase in
the prevalence of non-communicable diseases. 

Since the age structure of the population distribution varies from one state to
another and from one point of time to another within states, it is difficult to compare
the prevalence of diseases. To overcome this difficulty, the age standardized
prevalence of diseases has been calculated. In 1996, the age-standardised prevalence
of communicable diseases was higher than that of non-communicable diseases in all
states of the country but the situation reversed in 2014. In a period of just two
decades, the age-standardised prevalence of non-communicable diseases surpassed the
age-standardised prevalence of communicable diseases in the country. In 1996, the
age-standardised prevalence of communicable diseases was the highest in Assam but,
two decades later, the age-standardised prevalence of communicable diseases in the
state was the lowest in the country. The lowest age-standardised prevalence of
communicable diseases was the lowest in Rajasthan in 1996. In 2004 and 2014.
However, the age-standardised prevalence of communicable diseases was the highest
in Kerala.

Andhra Pradesh and Kerala had the highest prevalence of non-communicable
diseases in 1996 as well as in 2004 and 2014 while Madhya Pradesh and Orissa had the
lowest. The prevalence of NCDs in 1996 and in 2004 was the lowest in Orisaa but in
Assam in 2014. Between 1996 to 2014, the prevalence of NCDs increased by more than
six times in Andhra Pradesh and by more than eight times in Tamil Nadu and Kerala.

Among the NCDs, the prevalence of CVDs and diabetes was the highest in
Kerala in 1996 as well as in 2004 and 2014 whereas the prevalence of CVDs in 1996
and 2004 was the lowest in Orissa but in Assam in 2014. The prevalence of injuries was
the highest in Kerala in 1996 and 2014 but in Andhra Pradesh in 2004. In Assam,
Jammu and Kashmir, Haryana, and Maharashtra, the prevalence of injuries decreased
between 1996 and 2014. On the other hand, the prevalence of diabetes increased by
more than twenty times in Andhra Pradesh, Kerala, and Tamil Nadu between 1996 and
2014 but decreased in Assam which had the lowest prevalence of diabetes among the
states of the country in 2014. 

As regards blood pressure, Punjab had the highest prevalence in 1996 but, in
2014, the prevalence of blood pressure was the highest in Andhra Pradesh and Kerala.
The most rapid increase in the prevalence of blood pressure, during the period under
reference, was recorded in Kerala whereas Assam is the only state in the country which
recorded a decrease in the prevalence of blood pressure during this period. On the
other hand, the prevalence of mental and nerve diseases were the highest in Andhra
Pradesh in 1996 while Himachal Pradesh was at the second place. In 2014, the
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Figure 3
Regional variation in the prevalence of non-communicable diseases

India, 2004

prevalence of these diseases was the highest in Kerala whereas Andhra Pradesh has the
second highest prevalence of these diseases across the states/Union Territories of the
country.

The prevalence of cancer was the highest in Haryana but in Punjab in 2004,
and Kerala in 2014. Assam was the  only state in the country where the prevalence of
cancer decreased during the period under reference. By comparison, the prevalence
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Figure 4
Regional variation in the prevalence of non-communicable diseases

India, 2014

of cancer increased  by five time in Himachal Pradesh and three times in Kerala during
this period. 

The regional shift in the prevalence of communicable and non-communicable
diseases between 2004 and 2014 is very much evident from the data available from the
National Sample Survey. In 2004, there were only 10 NSS regions - namely southern
upper Ganga plains of Uttar Pradesh, southern region of Kerala, plains western region
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of Assam, central region of Uttar Pradesh, northern upper Ganga plains of Uttar
Pradesh, Nagaland, Malwa region of Madhya Pradesh, dry region of Gujarat, and coastal
region of Orissa - where the prevalence of communicable diseases was more than 40
per thousand population. However, in 2014, there were 36 NSS regions where the
prevalence was more than 40 per thousand population and most of them were coastal
regions. In other words, during the period of 10 years between 2004 and 2014, the
burden of communicable diseases appears to have shifted towards the coastal regions
of country (Figures 1 and 2). On the other hand, there were 7 NSS regions in 2004 
where the prevalence of NCDs was more than 60 per one thousand population. This
number increased to 24 by 2014. In 2004, the non-communicable diseases were
dominantly prevalent in south-western and north-western parts of the country but, in
2014, the burden of these diseases appears to have shifted towards the southern and
south-eastern parts of the country (Figures 3 and 4).

Socioeconomic Inequality in Morbidity. The concentration index for communicable
and non-communicable diseases was calculated for 36 states and Union Territories
along with the concentration index for overall morbidity for the 88 regions of the
country. Due to the small sample size at the regional level, it was not possible to
calculate the concentration index separately for communicable and non-communicable
diseases. In most of the states/Union Territories of the country, communicable
diseases were found to be concentrated among the poor, while non-communicable
diseases were found to be concentrated among the non-poor. There were only eight
states/Union Territories where the concentration of the communicable diseases was
higher in the non-poor whereas there were only six states/Union Territories where
concentration of non-communicable diseases was relatively more among the poor. In
Arunachal Pradesh, communicable diseases were concentrated among the non-poor
while non-communicable diseases were concentrated among the poor. In Delhi,
Tripura, Gujarat, Kerala, and Andaman & Nicobar Islands, both communicable and non-
communicable diseases were concentrated among the poor. On the other hand, in
Rajasthan, Mizoram, Daman & Diu, Dadra & Nagar Haveli, Andhra Pradesh, and Tamil
Nadu, both communicable and non-communicable diseases were concentrated among
the non-poor. 

Out of the 88 regions of the country, morbidity was concentrated among the
57 regions among the non-poor but among the poor in 31 regions. In the Jhelum valley
of Jammu and Kashmir, morbidity was highly concentrated among the non-poor,
whereas in the mountain region of Jammu and Kashmir, it was concentrated highly
among the poor. The region where the concentration of morbidity was the highest
among the non-poor was the plains in the western region of Assam. On the other
hand, the region where the concentration of morbidity was the highest among the
poor was the mountain region of Jammu and Kashmir. 

Prevalence of NCDs among the Elderly. In 1996, Assam was the state where the
prevalence of communicable diseases among the elderly was the highest in the country
whereas it was the lowest in Bihar. By 2014, the scenario has reversed with Assam
having the second lowest prevalence and Bihar having the highest prevalence. In case
of NCDs, Andhra Pradesh had the highest and Orissa had the lowest prevalence in
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1996, but Kerala had the highest whereas Tripura had the lowest prevalence in 2014.
There were three states in 1996 where the prevalence of CVDs was below one per
thousand population whereas Himachal Pradesh had the highest prevalence of 19.4 per
thousand population. In 2014, Orissa had the lowest prevalence of CVDs whereas
Kerala had the highest. Himachal Pradesh was the only state in the country where the
prevalence of CVDs decreased between 1996 and 2014. 

There were seven states where the prevalence of injuries decreased during the
period under reference. Maharashtra had the highest prevalence of injuries in 1996 but
Gujarat in 2014. The prevalence of diabetes and blood pressure decreased in Assam
and Tripura and increased in all the other states. In 1996, the prevalence of diabetes
and blood pressure was among the highest in Karnataka, Kerala, and Assam. The
prevalence of diabetes increased by at lest seven times between 1996 and 2014 in
Andhra Pradesh, Tamil Nadu, and Kerala. The prevalence of blood pressure among the
elderly, on the other hand was always the highest in Kerala. The prevalence of mental
and nerve diseases in 1996 was the highest in Kerala in 2004 and 2014. Kerala is the
state which recorded the highest increase in the prevalence of mental and nerve
diseases between 1996 and 2014.

The decomposition of the increase in the prevalence  of communicable
diseases between 1996 and 2014 suggests that the household size contributed 33.4
per cent while the place of residence contributed 1.4 per cent of the increase. On the
other hand, education, drainage system, marital status, wealth quintiles, and source
of drinking water contributed to decrease, not increase, in the prevalence of these
diseases by 58.6, 29.6, 30.1, 4.4, and 14.2 per cent respectively. This means if status
of education, drainage system, marital status, wealth quintles, and source of drinking
water would have remained unchanged between 1996 and 2014, the prevalence of
communicable diseases would have increased by 8.7 to 46.9 per thousand population
in 2014 instead of the current prevalence of 38.2 per thousand population. Obviously,
the change in the five factors had contributed significantly in controlling
communicable diseases in the country.

Discussion
This study showed that the prevalence of both communicable and non-

communicable diseases varies from one region to another in India. Moreover,
education has been found to contribute significantly in checking the increase in the
prevalence of communicable diseases by increasing people’s awareness about these
diseases and personal hygiene. Kerala, Tamil Nadu, and Andhra Pradesh are found to
be having high prevalence of both communicable and non-communicable diseases.
These are also the states where the human development index is also high. It appears
that at least a part of the reported high prevalence of both communicable and non-
communicable diseases in these states may be due to higher awareness about the
disease and disease symptoms and so the residents of these states are more likely to
report illness in comparison to their other states/union territories of the country (Sen
2002; Dilip 2002; Murray 1992; Yadav et al, 2015). 
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The study has also found that non-communicable diseases were much more
prevalent among economically better off people, which may be due to their lifestyle.
Another reason could be that this group of people is more aware of health issues and,
therefore, less likely to under report health problems. By contrast, the economically
weaker sections are likely to under report their health problems primarily due to the
lack of awareness and knowledge about the disease (Dilip, 2002). On the other hand,
communicable diseases are comparatively more prevalent among the poor which may
be due to the fact that poverty creates conditions which are favourable to the
occurrence of communicable diseases. Poverty causes people to live in communities
which are not clean, have very few facilities and where people use shared toilets or go
for open defecation. On the other hand, concentration of non-communicable diseases
among the non-poor is due to their lifestyle which is similar to the lifestyle followed
in the western countries, which increases the probability of contracting non-
communicable diseases. The study also indicates that the prevalence of communicable
diseases appears to have shifted to the coastal regions while non-communicable
diseases have shifted to the south-eastern region of the country. The number of NSS
regions having a high prevalence of communicable and non-communicable diseases
has increased around four times suggesting that the double burden of diseases in India
has become more pronounced over time. Also the data available from the National
Sample Survey (NSS) are not related to the observed morbidity but the reported
morbidity, which may be biassed by the individual perception and awareness about
diseases and their symptoms. This may affect the observed prevalence of morbidity to
a significant extent. 
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Table 1
State wise age standardized prevalence (per 1000) of communicable and non-
communicable diseases in different years

States
1996 2004 2014

CDs NCDs CDs NCDs CDs NCDs

Andhra Pradesh 30.0 22.7 23.6 62.4 43.0 145.3

Assam 54.6 10.6 36.9 25.2 11.4 15.4

Bihar 22.5 9.6 19.0 20.9 25.3 30.0

Gujarat 25.3 9.5 25.7 39.6 43.4 73.6

Haryana 36.2 15.2 24.4 43.4 35.3 37.1

Himachal Pradesh 48.0 20.8 21.6 46.4 22.2 53.0

Jammu & Kashmir 34.2 11.2 23.7 29.8 20.6 43.4

Karnataka 22.7 13.1 19.0 34.5 39.6 76.2

Kerala 50.8 22.6 52.1 90.0 78.3 189.4

Madhya Pradesh 26.7 6.3 27.6 22.9 30.1 39.4

Maharashtra 27.4 13.2 29.7 47.9 35.0 49.6

Orissa 43.9 6.2 30.1 17.6 51.8 48.4

Punjab 41.1 18.8 26.6 54.3 65.7 100.1

Rajasthan 16.6 7.1 22.4 32.2 28.5 38.3

Tamil Nadu 27.7 13.6 28.5 47.3 55.1 115.3

Uttar Pradesh 41.1 11.4 40.7 36.8 33.0 50.0

West Bengal 37.5 14.8 26.9 50.4 56.1 103.8

India 31.9 12.3 28 37.4 36.5 63.4
CDs: Communicable diseases      NCds: Non-communicable diseases
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Table 2
State wise age standardized prevalence (per 1000) of some specific NCDs (CVD,
insuries and diabetes) in different years

CVD Injuries Diabetes

States 1996 2004 2014 1996 2004 2014 1996 2004 2014

Andhra Pradesh 1.38 4.51 10.25 2.08 5.70 3.92 1.96 8.24 41.59

Assam 0.56 2.31 1.31 0.95 1.37 0.44 1.11 1.29 1.01

Bihar 1.03 1.94 2.76 0.69 1.80 1.46 0.44 0.92 2.56

Gujarat 1.23 6.16 8.16 1.34 2.92 2.21 1.43 5.38 12.53
Haryana 1.65 4.54 4.26 2.28 4.06 1.30 1.04 1.91 6.27

Himachal Pradesh 1.70 5.17 5.60 1.94 4.98 1.94 0.44 1.38 6.42

Jammu & Kashmir 1.05 2.94 5.11 1.32 1.14 0.68 0.51 2.26 4.57

Karnataka 0.93 2.34 5.57 1.58 1.99 2.67 2.34 6.03 14.32

Kerala 2.68 8.73 21.62 2.70 5.51 5.39 2.40 15.53 47.37

Madhya Pradesh 0.66 2.40 4.29 0.55 2.01 2.96 0.18 1.67 4.78

Maharashtra 1.26 4.93 5.52 2.13 3.33 1.87 1.72 6.25 9.32

Orissa 0.33 0.61 3.43 1.26 1.74 2.95 0.28 0.99 7.07

Punjab 1.80 3.13 10.57 2.32 3.55 3.76 1.52 7.12 15.94

Rajasthan 0.89 3.08 2.87 0.99 2.92 1.69 0.34 1.76 3.95

Tamil Nadu 1.76 5.54 9.78 1.61 3.93 4.19 1.50 9.08 41.27

Uttar Pradesh 1.22 3.11 3.95 1.52 4.41 3.27 0.31 1.75 4.61

West Bengal 2.13 5.96 9.24 1.42 4.53 4.91 0.70 3.42 12.68

India 1.30 3.60 5.90 1.40 3.10 2.60 1.00 4.00 12.20
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Table 3
State wise age standardized prevalence (per 1000) of some specific NCDs (blood
pressure and mental and nerves diseases)  in different years

Blood pressure Mental and nerves diseases

States 1996 2004 2014 1996 2004 2014

Andhra Pradesh 2.32 14.13 46.84 2.46 7.46 9.09

Assam 1.48 3.84 0.38 0.53 1.1 1.05

Bihar 0.58 1.17 2.46 0.56 1.9 2.49

Gujarat 1.32 6.37 20.29 0.51 2.66 4.55

Haryana 1.37 3.89 3.34 1.46 5.71 4.17

Himachal Pradesh 2.41 4.89 8.6 1.87 5.02 5.4

Jammu & Kashmir 1.33 2.66 7.81 0.77 2.63 3.11

Karnataka 2.3 6.68 22.34 1.25 3.11 6.01

Kerala 3.83 16.43 49.47 1.76 9.27 12.3

Madhya Pradesh 0.53 3.06 3.21 0.44 2.35 2.41

Maharashtra 1.84 8.76 9 0.7 3.79 2.48

Orissa 0.74 1.75 6.08 0.42 1.5 3.3

Punjab 4.37 8.86 22.64 1.58 3.04 5.12

Rajasthan 1.08 3.31 3.64 0.51 3.63 3.04

Tamil Nadu 2.37 7.47 23.73 0.97 4.39 7.96

Uttar Pradesh 0.66 2.16 3.41 0.89 3.27 4.27

West Bengal 1.82 6.27 15.85 1.31 3.37 5.83

India 1.6 5.4 12.9 0.9 3.3 4.2
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Table 4
State wise age standardized prevalence (per 1000) of some specific NCDs (Cancer and
other NCDs) in different years

Cancer Other NCds

States 1996 2004 2014 1996 2004 2014

Andhra Pradesh 0.49 1.73 1.36 13.55 27.36 61.05

Assam 0.37 0.42 0.21 6.00 16.01 11.04

Bihar 0.16 0.71 0.33 6.45 12.46 17.14

Gujarat 0.14 0.70 0.66 3.62 17.42 28.75

Haryana 0.55 0.93 1.40 6.98 23.35 17.91

Himachal Pradesh 0.26 1.78 1.31 13.47 23.06 25.88

Jammu & Kashmir 0.06 0.67 0.63 6.23 17.39 19.63

Karnataka 0.36 0.71 1.15 4.90 17.11 26.54

Kerala 0.50 0.97 1.60 8.59 40.52 81.85

Madhya Pradesh 0.18 0.73 0.97 3.66 11.31 20.85

Maharashtra 0.21 0.67 0.65 5.67 25.79 21.64

Orissa 0.23 0.68 0.90 3.05 10.35 25.36

Punjab 0.19 2.06 1.16 6.92 27.16 39.46

Rajasthan 0.28 1.60 0.80 3.06 16.91 21.09

Tamil Nadu 0.39 1.03 1.20 5.12 18.51 39.58

Uttar Pradesh 0.21 1.03 1.05 6.57 21.64 28.57

West Bengal 0.24 1.78 1.09 7.15 27.92 57.85

India 0.30 0.90 0.90 6.00 19.00 28.80
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Table 5
State wise prevalence (per 1000) communicable and non-communicable diseases
among elderly (60+ Population)
Year 1996 2004 2014
states CDs NCDs CDs NCDs CDs NCDs

Andhra Pradesh 58.0 164.6 22.2 296.7 42.0 551.2
Assam 116.1 94.1 79.6 186.9 14.2 49.5
Bihar 38.5 55.2 29.4 100.7 99.8 124.1
Gujarat 65.1 48.0 34.1 220.2 35.4 278.1
Haryana 54.7 53.3 43.4 154.2 37.7 124.4
Himachal Pradesh 107.8 147.2 42.2 163.8 14.5 222.7
Jammu & Kashmir 76.7 57.9 24.1 231.0 17.9 219.1
Karnataka 47.0 80.7 15.5 215.2 27.0 281.0
Kerala 62.8 118.3 22.1 412.7 64.4 625.4
MP 52.4 24.4 40.4 105.0 41.4 109.8
Maharashtra 50.4 71.4 19.5 246.5 35.9 151.1
Orissa 68.4 13.6 36.4 70.1 72.0 178.8
Punjab 47.3 74.7 29.1 233.4 38.6 355.4
Rajasthan 72.4 21.9 21.4 106.1 38.5 139.7
Tamil Nadu 51.2 59.6 21.9 207.8 20.8 406.0
Tripura 153.9 88.4 80.3 124.9 6.7 30.4
UP 78.3 34.0 56.0 128.4 60.3 164.0
West Bengal 79.1 65.3 30.9 275.1 65.9 348.8
India 62.0 62.7 32.4 191.2 47.4 253.6
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Table 6
Prevalence of some specific NCDs (CVD, insuries and diabetes) among elderly (60+
Population) in major states and India

CVD Injuries Diabetes

States 1996 2004 2014 1996 2004 2014 1996 2004 2014

Andhra Pradesh 2.8 12.8 42.9 3.4 10.5 4.0 11.9 53.0 182.6

Assam 1.9 24.8 2.6 0.4 7.4 0.1 18.7 6.4 1.1

Bihar 6.1 3.6 7.0 0.2 1.0 0.7 3.6 1.2 9.9
Gujarat 6.9 26.6 33.7 2.4 8.9 12.5 6.8 23.7 58.7

Haryana 4.9 12.0 13.4 3.7 4.9 0.5 3.6 4.5 14.9

Himachal Pradesh 19.4 17.8 16.0 0.2 8.7 11.0 0.4 7.4 40.8

Jammu & Kashmir 0.8 6.6 24.4 1.2 0.1 0.0 2.4 10.2 5.6

Karnataka 2.5 7.7 30.0 0.6 1.0 4.4 34.9 35.4 69.5

Kerala 12.8 52.3 96.4 4.0 9.5 8.5 24.7 81.2 177.2

Madhya Pradesh 2.4 8.8 18.7 0.5 1.6 1.7 0.2 6.8 8.3

Maharashtra 3.2 28.2 17.1 6.7 4.2 1.0 10.2 36.5 27.2

Orissa 0.1 1.6 3.3 2.0 4.3 10.0 0.2 1.9 22.4

Punjab 6.4 14.3 46.1 6.6 2.8 3.4 5.4 28.6 69.6

Rajasthan 1.3 12.7 6.3 1.0 2.4 2.2 3.1 6.2 14.7

Tamil Nadu 4.3 13.8 27.8 6.4 10.4 4.1 8.0 51.8 182.0

Tripura 0.2 15.5 13.7 0.0 0.8 0.0 2.3 4.1 1.5

Uttar Pradesh 4.4 11.0 7.6 2.1 4.5 8.8 0.6 8.7 10.1

West Bengal 10.8 39.1 24.2 2.4 11.6 2.0 2.2 19.2 53.0

India 4.8 17.4 22.5 2.8 5.7 4.4 7.5 25.2 58.7
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Table 7
Prevalence of some specific NCDs (blood pressure and mental and nerves diseases)
among elderly (60+ Population) in major states and India

Blood Pressure Mental and nerves diseases

States 1996 2004 2014 1996 2004 2014

Andhra Pradesh 21.2 89.2 238.4 12.6 19.5 7.1

Assam 9.2 36.5 0.0 8.2 4.3 4.1

Bihar 2.2 12.5 6.1 1.7 5.2 2.4

Gujarat 6.3 38.9 95.8 0.9 6.5 8.3

Haryana 6.2 21.7 23.6 0.0 9.8 6.7

Himachal Pradesh 21.7 14.5 39.8 15.4 5.8 0.0

Jammu & Kashmir 12.9 16.4 62.7 0.1 20.7 1.6

Karnataka 12.3 54.4 106.3 4.3 7.9 5.7

Kerala 35.2 114.3 253.2 2.6 23.5 17.3

Madhya Pradesh 1.8 14.0 14.8 0.1 4.8 0.3

Maharashtra 12.6 52.5 32.1 1.9 13.6 6.2

Orissa 4.7 8.9 47.7 0.3 2.8 1.3

Punjab 30.1 46.4 87.3 0.5 6.5 10.5

Rajasthan 4.7 15.0 11.5 1.8 8.5 5.3

Tamil Nadu 17.5 45.1 149.2 2.7 9.3 3.3

Tripura 14.5 11.4 5.1 0.0 0.0 0.3

Uttar Pradesh 2.2 6.9 11.9 1.6 8.0 4.0

West Bengal 13.1 54.7 77.5 4.9 14.8 11.2

India 10.3 38.0 74.1 2.9 10.1 6.2
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Table 8
Decomposition table to show contribution of different factors in bringing change in
prevalence in communicable diseases from 1996 to 2014.

Prevalence (per 1000) in 2014 =  38.19721

Prevalence (per 1000) in 1996 =  31.88379

Difference =  6.31342
Communicable diseases Coefficients Percentage

contribution
95% Confidence Interval

Occupation -0.0436***  -0.69 -0.000062 -0.000025

Sex     -0.0039  -0.06 -0.000011 0.0000028

Residence 0.0885***    1.40 0.000044 0.000133

Drainage -1.8682*** -29.60 -0.00225 -0.00149

Marital status -1.9007*** -30.11 -0.00206 -0.00174

Caste 0.0375**     0.59 0.000015 0.000059

Non-poor -0.2745***    -4.35 -0.00037 -0.00018

Education -3.7031***   -58.65 -0.00395 -0.00346

Source of drinking water -0.8951*** -14.18 -0.00119 -0.0006

Type of latrine      0.2688    4.26 -0.00025 0.000789

Household size 5+      2.107***  33.37 0.00186 0.002354
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Table 9
Concentration index for fifteen regions having highest concentration of morbidity in
non poor and fifteen regions having highest concentration of morbidity in poor, 2014
Regions Concentration index

Plains Western of Assam 0.219

Southern region of Rajasthan 0.151

Jhelum Valley of Jammu & Kashmir 0.144

Mizoram 0.138

Plains of Manipur 0.129

Northern Upper Ganga plains of Uttar Pradesh 0.122

Daman & Diu 0.120

Hazaribagh Plateau of Jharkhand 0.119

Southern Region of Uttar Pradesh 0.117

Western Plains of West Bengal 0.116

Himalayan region of West Bengal 0.113

Vindhya region of Madhya Pradesh 0.109

Northern region of Orissa 0.101

Inland Northern region of Maharashtra 0.100

Central region of Madhya Pradesh 0.099

Mountainous region of Jammu & Kashmir -0.269

Cochar Plain of Assam -0.228

Nagaland -0.153

Coastal region of Maharashtra -0.121

Delhi -0.101

Andaman & Nicobar Islands -0.084

Western Region of Haryana -0.082

Northern Region of Rajasthan -0.082

Tripura -0.076

Kutchch of Gujarat -0.074

Malwa of Madhya Pradesh -0.073

Central Region of Bihar -0.068

Central Brahmaputra Plains of Assam -0.068

Southern region of Chhattisgarh -0.050

Inland Northern region of Karnataka -0.037



88 INDIA 2018: CHILD HEALTH AND MORTALITY

Table 10
State wise concentration index for communicable and non-communicable diseases,
2014
States/UTs Concentration Index

Communicable
Diseases

Non-communicable
Diseases

Jammu & Kashmir -0.065 0.034

Himachal Pradesh -0.057 0.083

Punjab -0.091 0.083

Chandigarh -0.117 0.125

Uttarakhand -0.031 0.106

Haryana -0.118 0.070

Delhi -0.171 -0.050

Rajasthan 0.026 0.053

Uttar Pradesh -0.039 0.073

Bihar -0.103 0.045

Sikkim -0.284 0.171

Arunachal Pradesh 0.120 -0.095

Nagaland -0.265 0.073

Manipur -0.062 0.096

Mizoram 0.204 0.101

Tripura -0.075 -0.093

Meghalaya -0.054 0.123

Assam -0.103 0.132

West Bengal -0.047 0.105

Jharkhand -0.060 0.142

Orissa -0.027 0.175

Chhattisgarh -0.109 0.185

Madhya Pradesh -0.082 0.106

Gujarat -0.017 -0.004

Daman & Diu 0.109 0.142

Dadra & Nagar Haveli 0.086 0.093

Maharashtra -0.079 0.032

Andhra Pradesh 0.006 0.059

Karnataka -0.026 0.055

Goa -0.073 0.061

Lakshadweep 0.109 0.043

Kerala -0.003 -0.012

Tamil Nadu 0.032 0.030
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States/UTs Concentration Index

Communicable
Diseases

Non-communicable
Diseases

Puducherry -0.011 0.061

Andaman & Nicobar -0.071 -0.071

Telangana -0.121 0.025
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Inter-district Variation in Fertility in EAG
States and Assam

Renu Sain 

Introduction
India is the second most populous country of the world. Its population

increased from 1.02 billion in 2001 to 1.21 billion in 2011 meaning that 181 million
people were added to country's population during the decade 2001-2011. Out of this
increase, share of EAG states - Bihar, Chhattisgarh, Jharkhand, Madhya Pradesh, Orissa,
Rajasthan, Uttaranchal and Uttar Pradesh - and Assam was 101 million which accounts
to 56 per cent of the total increase in the population. In Bihar, the population
increased by 25.5 per cent between 2001 and 2011 which was the highest among all
states and Union Territories of the country. This paper explores the relationship
between levels of fertility and mortality and maternal health in these nine states of
India. The paper analyses the relationship between fertility and maternal health status
of the population on the basis of the district level data available from the Annual
Health Survey (AHS) carried out specifically in these states of the country.

The population related strategies and programmes in India have in the past
been focussed primarily on the reduction in fertility through the use of family planning
methods. In many states of the country, namely Goa, Tamil Nadu, Andhra Pradesh,
Karnataka, and Kerala, fertility has now already reached below replacement level.
These states accounted for almost one fourth of the population of the country
according to the 2001 population census. In these states, continued focus on fertility
reduction makes little sense. On the other hand, in EAG states and in Assam, the desire
for the large family still appears to be quite strong. In these states, mere focus on
family planning may not result in achieving the population stabilisation goals. It is
argued that a broader development oriented approach needs to be adopted to ensure
an accelerated reduction in fertility in these states so that the country can achieve
fertility reduction and population stabilisation goals. More specifically, the study

91
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attempts to find out the relationship between fertility and selected indicators of social
and economic development across the districts of the nine states. In addition, the
study examines the pace of fertility transition across the districts. The study also
focuses upon the identification of policy variations, programme alternatives and other
factors that may facilitate fertility reduction in these states.

The paper is organised as follows. The next section of the paper describes the
data source and methods adopted in the analysis while the third section discusses the
role of education in fertility transition. Results of the analysis are presented in the
fourth section of the paper while key findings of the paper and their policy relevance
are discussed in the last section of the paper.

Data and Methodology
The paper is based primarily on the data available through the Annual Health

Survey (AHS) that was carried out in 2011-12 and 2012-13 by the Registrar General and
Census Commissioner of India covering all the 284 districts in nine states. In addition,
data available from the sample registration system (SRS), from different rounds of the
National Family  Health Survey and from the 2011 population census have also been
used in the analysis. The ordinary least square regression model has been applied to
analyse the determinants of inter-district variation in fertility using the data available
from AHS 2012-13.

Review of Literature 
Fertility determinants has been a major areas of demographic research

throughout the world and many proximate determinants of fertility have been
identified. Various studies have shown the importance of social factors on fertility.
These factors include religious beliefs, traditions and cultural norms prevailing in the
family and the society that shape the individual reproductive behaviour. Studies have
highlighted fertility difference between Hindus and Muslims because of very low use
of family planning methods among Muslims (Bhagat and Praharaj, 2005). It is argued
that religious believes strongly influence the individual reproductive behaviour
irrespective of other social, economic and demographic factors. On the other hand,
some authors have argued that fertility differentials are the outcome of the differences
in the socio-economic characteristics of members of different religious groups.
Therefore, it is not religion per se, but characteristics of individuals within the same
religious group that are important in influencing fertility (Chemie, 1977). Religious
differentials in fertility may also be the result of discrimination in access to health care
and family planning services between religious groups (Iyer, 2002). A study based on
cross-sectional analysis of data from 296 districts from the 1981 population census had
concluded that the connection of fertility with the general level of development and
modernisation was not significant. However, some variables related to women's agency
(in this case, female literacy) played a more important role in demographic outcomes
than variables related to the general level of development (Murthi, 1995).
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 There are at least three different pathways through which female education
contributes to the reduction in fertility. (Dixon-Muller, 1993). The first is the increase
in the number of years of schooling which tend to delay the time of marriage and
reduces the duration of exposure of women to conception. The second is that higher
education of women which increases their living standard and decreases the desired
number of children that they want. Finally, educated women are more aware and have
better knowledge of adopting family planning methods to regulate their fertility.

Women's work participation also plays an important role in deciding fertility
levels - a mother's work represents both a constraint on the rearing of children that
she has and a productive re-source to support the children that she has. Women's 
education and paid work by women, both, are closely related to family planning
decision making process and in response to a common set of social and economic
forces as well as to unfolding events over the life cycle. Work participation motivates
women to have fewer children. Effective fertility control is necessary to grab the
market opportunities (Birdsall and Chester, 1987). There is a short-term relationship
between labour force entry and withdrawal and birth timing that differs from the long-
term relationship between lifetime fertility and work experience due to inevitable
fluctuations in the mix of time and income committed to young children over the child
rearing period. Fertility also contributes to maternal mortality which is much higher
in developing than in developed countries (Mahler, 1987). The high risk of pregnancy
and lack of adequate medical care are the main causes of maternal death.  

Levels of Fertility
Figure 1 shows the level of fertility in terms of total fertility rate (TFR) in 23

states of India in 2016 available from the sample registration system (Government of
India, 2018). Seven out of the nine states included in this analysis have fertility higher
than the national average. Moreover, out of the 13 states of the country where fertility
decreased to below replacement level by the year 2016, only two - Uttarakhand and
Odisha - are the EAG states. On the other hand, six of the nine states still had TFR at
least 2.5 births per women of reproductive age and two of the nine states had TFR 3.0
and more in 2016 according to the sample registration system. It is also obvious from
the figure 1 that the above replacement fertility in seven of the nine states included
in the present analysis is responsible for the above replacement fertility in the country
as a whole. It appears that the conventional approach of fertility reduction has not
been effective enough to hasten the pace of fertility decline in most of the EAG states
and more innovative and decentralised policies and programmes are needed to
accelerate the pace of fertility reduction in states like Bihar, Uttar Pradesh, Madhya
Pradesh and Rajasthan where fertility still remains well above the replacement level
according to the sample registration system.

It is logical to assume that fertility varies widely, across districts, within each
of the nine states included in the analysis. However, district level estimates of TFR are
not available through the sample registration system. However, estimates based on
AHS 2012-13 confirms that there is very significant variation in TFR across the districts
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Figure 1
Total fertility rate in India and selected states, 2016

of each of the nine states (Table 1). There are only 31 out of 284 districts in the nine
states where fertility was estimated to be below the replacement level according to
AHS 2012-23 - 12 in Odisha, 9 in Uttarakhand, 8 in Assam and 2 in Madhya Pradesh.
There was no district in Bihar, Chhattisgarh, Jharkhand, Rajasthan and Uttar Pradesh
where fertility was either equal to or below the replacement level. On the other hand,
TFR was estimated to be more than 3 births per woman of child bearing age in 130 or
almost 46 per cent of the districts in the nine states. Out of these 130 districts, 109
are in only three states - Uttar Pradesh (54), Bihar (33) and Madhya Pradesh (22). In 37
districts, TFR is above the replacement level but less than 2.5 births per woman of
reproductive age whereas in 86 districts, TFR ranges between 2.5-3.0 births per
woman of reproductive age. The distribution of the districts by the level of TFR in the
nine states is presented in figure 2. District Shrawasti in Uttar Pradesh had the highest
fertility across the 284 districts in the nine states with a TFR of more than 5.5 births
per woman of reproductive age. On the other hand, fertility was the lowest in district
Pithoragarh of Uttarakhand with a TFR of just around 1.7 births per woman of
reproductive age which is well below the replacement level. The strong inter-district
variation in the level of fertility across districts of the nine states clearly indicate that
there are district-specific factors that influence the level of fertility to a significant
extent. This means that there is a need of adopting district-specific approach towards
promoting small family norm and reducing fertility in the nine states.

In order to identify factors that influence district level fertility, the district TFR
was regressed on a number of indicators reflecting status of women and use of
different family planning methods. The automatic linear Modelling approach was
adopted for the analysis using the SPSS software package. Automatic linear Modelling
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Figure 2
Distribution of districts by the level of TFR in nine states, 2012-13

is an improvement over the traditional linear regression approach (Yang, 2013). A set
of 18 independent variables was used to explain the inter-district variation in TFR
across 284 districts in nine states. The distribution of the independent variables across
the 284 districts is summarised table 2 while results of the automatic linear modelling
exercise are presented in table 3. Out of the 18 explanatory variables used in the
modelling exercise, inter-district variation in only six variables are found to be
statistically significantly associated with inter-district variation in TFR. The most
important predictor variable for TFR is the proportion of women with two children
wanting no more child. The higher this proportion, the lower the TFR. The second
most important predictor was the proportion of currently married women aged 15-49
years using pills. Other predictor variables which are found to be having a negative
influence on TFR are the proportion of females among all currently married women
aged 15-49 years sterilised and the child sex ratio measured in terms of the ratio of
female children to male children aged 0-4 years. On the other hand, the proportion of
currently married women aged 15-49 years and the proportion of currently married
women aged 15-49 years or their husband using a traditional method of family
planning are found to be statistically significantly positively associated with TFR. The
higher these proportions, the higher the TFR. The analysis suggests that the use of
traditional methods of contraception hardly contributes to the decrease in fertility,
probably and so obviously because of very low effectiveness of these methods in
preventing a birth. On the other hand, the inverse relationship between the child sex
ratio and TFR again indicates that the status of females in the family and the society
contributes substantially towards lowering fertility levels. The predictive model
resulting from automatic linear Modelling exercise explained almost 62 per cent of the
variation in TFR across the 284 districts in nine states. This means that the six
predictor variables can predict TFR quite satisfactorily.
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Conclusions and Policy Recommendations
The present analysis reveals that fertility, measured in terms of TFR, varies

widely across the districts of the nine states covered in the present paper. Among
seven of these nine states, fertility remains well above the national average and,
therefore, achieving the goals laid down in the National Population Policy 2000 and the
National Health Policy 2018 are contingent upon the pace of reduction in fertility in
these states. Although fertility is decreasing in these states, yet an accelerated
decrease in fertility in these states appears to be the need of the time. Data available
from the Annual Health Survey indicates that fertility varies widely across the districts
of these states and there are only a small proportion of districts in these states where
fertility is either equal to or below the replacement level. At the same time, in almost
half of the districts in these nine states, fertility remains well above the replacement
level. It may therefore be argued that reducing the inter-district variation in fertility
in these states may contribute substantially towards hastening the pace of fertility
decrease in these states. The wide variation in fertility across districts also suggests
that there are district specific factors that influence the level of fertility and, therefore,
a district-based approach towards meeting the family planning needs of the people of
these states would be the best option for reducing inter-district variations in fertility.
The application of the automatic linear Modelling exercise suggests that there are only
six variables which are primarily responsible for the variation in fertility across districts
of these nine states. A district- based approach focusing on these six variables may
therefore contribute significantly towards reducing the inter-district variation in
fertility in the nine state and contribute towards an accelerated reduction in fertility
at the state level.

The findings of the analysis, presented in this paper, suggests that efforts
directed towards reducing fertility at the district level in the nine states should focus
on:

1. Universalising literacy - the capacity to read and write with understanding
among the currently married women aged 15-49 years. Reduction in illiteracy
among currently married women aged 15-49 years can contribute significantly
towards increasing the proportion of women with two children not wanting
any more child. Reducing illiteracy among these women may also contribute
towards reducing the gender bias by improving the child sex ratio.

2. Promoting Pill as the method of choice for increasing the spacing between
marriage and first birth and between successive births. The present analysis
suggests that the impact of the use of IUD and condom has hardly any
significant impact on the level of fertility in districts of these nine states.

3. Reducing the dependence of couples on traditional methods of family planning
to regulate their fertility. The present analysis suggests that use of traditional
methods of family planning contributes little to lowering fertility. Fertility
remains quite high in those districts where the prevalence of traditional
methods of family planning is also high. All efforts should be mode to couples
using traditional methods to switch to modern spacing methods.
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Table 1
Distribution of districts in the nine states by the level of fertility.

Level of
TFR

Assam Bihar Chhattisgarh Jharkhand Madhya
pradesh

Odisha Rajasthan Uttar
Pradesh

Uttarakhand Total

<= 2.1 8 0 0 0 2 12 0 0 9 31

2.1 - 2.5 9 0 4 4 7 12 4 4 3 37

2.5 - 3.0 4 4 10 10 14 5 16 12 1 86

> 3.0 2 34 2 4 22 1 12 58 0 130

District
with
lowest TFR

Kamrup
(1.9)

Patna
(2.6)

Koriya
(2.3)

Purbi
Singhbhum

(2.2)

Bhopal
(2.0)

Jharsguda
(1.8)

Kota
(2.4)

Kanpur
Nagar
(2.1)

Pithoragarh
(1.7)

Pithoragarh
(1.7)

District
with
highest
TFR

Hailakandi
(3.7)

Sheohar
(4.6)

Kawardha
(3.6)

Pakur
(3.7)

Panna
(4.1)

Baudha
(3.5)

Barmer
(4.4)

Shrawasti
(5.5)

Haridwar
(2.7)

Shrawasti
(5.5)

Number of
districts

23 37 16 18 45 30 32 70 13 284
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Table 2
Variables used in the automatic linear Modelling exercise and summary measures of distribution across 284 districts in nine states

Variable Median IQR Minimum Maximum

Y Total Fertility Rate 3.00 0.90 1.71 5.52

X1 Proportion of currently married women aged 15-49 years illiterate (%) 44.23 22.98 9.46 78.50

X2 Sex ratio at birth (female births per 1000 males births) 917 58 767 1081

X3 Child sex ratio (females per 1000 males aged 0- 4 years) 922 68 793 1036

X4 Effective male literacy rate (%) 85.04 8.95 57.60 98.36

X5 Effective female literacy rate (%) 64.65 13.45 40.34 87.40

X6 Females married before legal age of marriage (18 years) (%) 6.80 8.89 0.44 37.00

X7 Currently married women aged 20-24 years who were married before
legal age at marriage (18 years) (%)

36.86 22.59 7.24 76.40

X8 Women with two children wanting no more child (%) 61.05 26.17 10.36 93.60

X9 Currently married women aged 15-49 years sterilised (%) 32.77 24.75 4.19 65.30

X10 Currently married women aged 15-49 years whose husband is sterilised
(%)

0.30 0.41 0.00 13.50

X11 Currently married women aged 15-49 years using IUD (%) 0.55 0.92 0.00 8.40
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Variable Median IQR Minimum Maximum

X12 Currently married women aged 15-49 years using Pill (%) 2.50 3.50 0.00 35.40

X13 Currently married women aged 15-49 years using condom (%) 5.86 8.40 0.10 30.18

X14 Currently married women aged 15-49 years using emergency
contraceptive pill (%)

0.10 0.19 0.00 2.66

X15 Currently married women aged 15-49 years using traditional methods
of contraception (%)

9.68 15.80 0.00 42.50
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Table 3
Results of the automatic linear Modelling exercise

Variable B SE 't' 'p' Importance

X8 -0.02 0 -6.573 0 0.321

X12 -0.030 0.010 -5.704 0 0.242

X1 0.026 0.010 4.420 0 0.147

X15 0.016 0 4.066 0 0.123

X9 0 0 -3.042 0 0.069

X3 0 0 -2.134 0.034 0.034

Intercept 3.196 1.147 2.786 0

R2 61.8



102 INDIA 2018: CHILD HEALTH AND MORTALITY



INDIA 2018: CHILD HEALTH AND MORTALITY

ISBN 978-92-82411-15-4; PP:103-116

Neo-natal Mortality and Role of Maternal
Education in Assam, India

Dipanjali Haloi
Raju Mandal
Runumi Dowerah Baruah

Introduction
The future productivity and growth of a nation depends critically on the health

of its children. Hence, main public health interventions during the last two decades
have focussed on reduction in infant and child mortality. As a result, the number of
deaths among children below five years of age has decreased drastically (Singh et al,
2013). However, under-five mortality still remains a cause of concern because the
annual rate of decline has been only 2.1 per cent compared to 4.4 per cent per year
required to achieve the Millennium Development Goal-4 (Singh et al, 2013; Rajaratnam
et al, 2010; Murray et al, 2007). One important contributor to infant and child
mortality is the neo-natal mortality. Neo-natal deaths comprise about 40 per cent of
all under-five deaths worldwide (Liu et al, 2012). The condition in the developing
countries is more depressing as around 98 per cent of the neonatal deaths worldwide
occur in these countries (Ahman and Zupan, 2007; Oestergaard et al, 2011). 

Notwithstanding the fact that neo-natal mortality rate (NNMR) in India has
declined, its share in the overall infant mortality rate and child mortality rate has
increased over the years. As per sample registration system (SRS) data, 66 per cent
infant deaths occurred during the neo-natal period in 1990 which increased to 70 per
cent in 2010. Likewise, the share of neonatal deaths to the under-five deaths has
increased from 45 per cent in 1990 to 54 per cent in 2010 (Rajaratnam et al, 2010).
The situation is more discouraging in many less developed states including Assam. The
NNMR in Assam is found to be consistently higher than that of the country as a whole.
As per available evidence, the NNMR in Assam was 51, 45 and 46 neonatal deaths per
1000 live births compared to all India figures of 49, 43 and 39 during 1992-93, 1998-99
and 2005-06 respectively. Moreover, the rate of reduction of NNMR in Assam during
1992-93 to 2005-06 was only 9.80 per cent which is much lower than the reduction of
20.40 per cent at the national level. It is obvious that exceptionally high level of neo-
natal mortality in Assam imposes huge cost in the form of loss of productivity,
diversion of scarce medical and health resources, and pain and suffering (Smucker et
al, 1980). 

Although there are many studies that have examined factors affecting neo-
natal mortality in different parts of the world, the issue seems to be under-studied in
India (Singh et al, 2013) and unstudied in Assam. It is in this context that the present
paper seeks to examine the determinants of NNMR in Assam using primary data. More
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specifically, it enquires the role of maternal education in the reduction of neo-natal
deaths in the state. The paper also examines different pathways or intervening factors
through which maternal education may affect neo-natal mortality in the state.  The
analysis presented in this paper is expected to help in taking appropriate policy
measures to curb the high NNMR in the state.

The paper is organised as follows. The next section of the paper explains the
pathways through which maternal education affects neonatal mortality. Section three 
discusses the data used in the study.  Methodological details and the model used are
discussed in section four. Section five of the paper presents the findings of the
analysis. The last section of the paper presents major conclusions from the policy
perspective.

Maternal Education and Neo-natal Mortality: The Pathways
Maternal education is regarded as the single most important predictor of child

mortality (Caldwell, 1979; Gupta, 1990; Govindasamy and Ramesh, 1997; Rajna et al,
1998; Gokhale et al, 2002; Mondal et al, 2009; Abuqamar et al, 2011; Vikram et al,
2012). It has been observed in many studies that the significant effect of maternal
education on child mortality persists even after controlling other socio-economic and
health care factors (Govindasamy and Ramesh, 1997, Rajna et al, 1998). Recent
research in this regard has used pathway analysis to examine the intervening factors
explaining the impact of maternal education on infant and child health outcomes
(Caldwell, 1979; Khasakhala, 2003, Rajna et al, 1998; Vikram et al, 2012 ). Education
of mothers helps to reduce infant and child mortality directly as well as indirectly
through, for example, fertility behaviour, health seeking behaviour, enhanced
autonomy, economic status, etc.

The mother is the primary health care provider of her child. It is the mother
who has great influence on her child’s survival. Her personal characteristics such as age
at the time of birth, her knowledge about health care and family planning, and her
capacity to utilise knowledge into practice are very crucial for child health and survival.
Formal education of the mother is expected to influence almost all factors that are
important for survival and health of the child. These factors are both endogenous (e.g.
age at the time of birth, birth interval, birth order, prematurity etc.) and exogenous
(e.g. social, cultural, economic and environmental, health care - both general and
medical).

Mother’s age at birth has been found to be one of the most significant
predictors of the neonatal mortality (Mondal et al, 2009). Rajna et al (1998) have found
that teenage pregnancy experiences a higher risk of death both during and beyond the
neonatal period. There is a tendency among educated women to reproduce at low risk
ages because of postponement of marriage, earlier cessation of childbearing and
spacing of births. This favourable pattern of reproduction contributes to the enhanced
survival of children born to educated mothers (Cleland and Ginneken, 1988). There is
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a high risk of death for too closely spaced births (Syamala, 2004; Gupta, 1990; Rajna
et al, 1998). Reasons include deterioration of the nutritional status of the mother from
the preceding birth (leading, for example, to too low birth weight in the index child)
and sibling competition for care.  Educated mothers space births properly which helps
to increase the survival probability during infancy and childhood (Cleland and
Ginneken, 1988). 

Birth-order has a substantial effect on child mortality (Jamaluddin et al, 2009).
Children of lower birth order experience lower risk of death during the neonatal
period compared to children of higher birth order (Rajna et al, 1998). Mother’s
education can be expected to reduce the family size or birth order in a number of
ways. First, educated women may raise voice against the burden of repeated
pregnancies and take action to lighten this burden. Second, educated women are likely
to be less dependent on their sons as a source of social status and old-age security
which may lead to a reduction in the desired family size. Third, educated women often
have higher aspirations for their children, combined with lower expectations from
them. (United Nations, 1993). 

Low birth weight significantly increases the probability of death throughout
the first year of life, especially during the neonatal period. Babies of educated women
may achieve higher birth weights than those born to uneducated women. Educated
women are more likely to ignore the taboos concerning consumption of protein rich
food such as chicken and egg during pregnancy. They are more innovative in seeking
antenatal care, and engage less in heavy manual labour during pregnancy and because
they are a healthier group to start with. 

Finally, mother’s education helps to reduce neonatal mortality through better
baby-care practices, higher standards of hygiene at home, and more rational and
greater use of preventive and curative medical services (Mosley and Chen,1984;
Cleland and van Ginneken, 1988; Gupta, 1990; Rajna et al, 1998; Mondal et al, 2009;
Mostafavi, 2009). Educated women make better use of modern health care facilities
than their uneducated counterparts (Mondal et al, 2009). Education improves mother's
basic child-care skills, domestic management of ill-health, efforts related to preventive
care and use of modern medical services (Gupta, 1990). Educated mothers attach a
higher value to the health and welfare of their children (Cleland and van Ginnekin,
1988) and they are more likely than uneducated women to deliver in an institution or
at least attended by a professionally trained practitioner (Basu, 1994). Caldwell (1979)
finds that education changes the familial power structure which allows the mother to
exert greater control over health choices for her children.

Data and the Sample
The present paper is based on the primary data collected through  a sample

survey of households in Assam. A stratified multi-stage random sampling approach was
adopted to select the sample for the survey. The districts of Assam were first stratified
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into three strata on the basis of female literacy rate estimated on the basis of the 2011
population census - districts with female literacy rate of at least 70 per cent; districts
with female literacy rate ranging from 60-70 per cent; and districts with female literacy
rate below 60 per cent. From each of the three strata, one district was selected
randomly at the first stage of sample selection - Kamrup (Metropolitan) from stratum
1; Dibrugarh from stratum 2; and Barpeta from stratum 3. The respective female
literacy rate in the three districts, according to 2011 population census was, 85.82 per
cent, 69.52 per cent and 59.04 per cent respectively. At the second stage of sample
selection, two revenue circles are selected from each district randomly so that both
urban and rural areas are represented in the sample. After selecting the villages and
wards from rural and urban areas, the households are listed from which a sample was
selected by using the simple random sampling without replacement procedure (Lottery
method). The respondents were the currently married women who had given birth to
at least one child in the last 5 years (i.e., 2009-2014). It is assumed that some of the
conditions like household environment as well as government programmes might have
changed over a long period of time. Respondents may also face difficulty to recall all
of the happenings for a too-past period.

According to the sample registration system (2010), the percentage of women
in the age group 15-49 is around 55.9 per cent. On the basis of the total female
population as per 2011 population census, the estimated number of females
population within the specified age group is 85,04,819. Given 5 per cent significance
level and 4 per cent margin of error, the sample size for the study is estimated to be
633. The rural and urban size of sample in each of the districts was determined in
proportion to the estimated number of women in the age group 15-49 in rural and
urban areas. In Kamrup (Metropolitan) district, the estimated number of women in the
selected age group in rural and urban areas are 59,178 and 2,79,772 respectively.
Hence, the sample size for rural and urban areas of the district is 52 and 151
respectively. In Dibrugarh district, estimated number of women in the selected age
group in rural and urban areas is 2,97,559 and 65,735 respectively so that the sample
size in rural and urban areas of the district is 162 and 50 respectively. Finally, in
Barpeta district, estimated number of women in the selected age group in rural and
urban area is 4,21,754 and 40,325 respectively so the sample size in the rural and
urban areas is 150 and 68 respectively.

Methodology
The focus of the paper is to investigate the impact of maternal education on

neonatal mortality through different intervening factors. For this a pathway analysis
is carried out by using Step-wise binary logit regression analysis. The detailed
methodology and model are outlined below.

The outcome or the dependent variable is the occurrence of any neonatal
death (NND) in a household during the five years preceding the survey. If any newborn
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in the household died within four weeks of delivery, then NND takes value 1 otherwise
it takes value 0. Hence, to examine the effect of the explanatory variables the
technique of binary logit regression is used. The functional form of the regression
model is given by

Here, Y is the probability of a neonatal death, $i are parameters of the model, Xi are
explanatory variables and  u is the disturbance term.

For the purpose of estimation, equation (1) is transformed as:

In equation (2) the left hand side is natural logarithm of the odds ratio a
neonatal death. For the sake of simplicity equation (2) can be written as:

Where, Z represents the natural logarithm of the odds ratio. The parameters of the
model, $i are interpreted in terms of the odds ratio. More precisely, a unit change in
explanatory variable Xi changes the odds in favour of a neonatal death by exp($i). 

Five variants of the regression model are used to examine the impact of
maternal education on the probability of neonatal death independently and in
combination with a number of control variables that capture the possible pathways.
In the first model, the variable Z was regressed on mother’s education only. Next,
mother’s age at the time of birth and its square term were included in the model to
study the possible non-linear impact of mother's age on neonatal mortality. In the third
model, bio-demographic variables such as sex, timing of delivery, birth order and birth
interval were included in the model. Next, health care factors such as receipt of
antenatal care and place of delivery were added into the model. Finally, the last model
included socio-economic variables including place of residence, religion, caste, type
of family, working status of mother, household environment, decision making capacity,
district, interaction term between district and maternal education, and passive
education of mother. The maximum Likelihood estimates of the parameters of the
regression model were obtained with the help of ‘gretl’ software. Table 1 gives the
description of the variables used in the regression analysis. 

Results and Discussion
The results of the binary logit regression analysis are presented in table 2. The

regression coefficient of maternal education is negative in all models and the value of
the coefficient decreases, except for Model 3, with the addition of additional
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explanatory variables. This shows the negative association of mother's education on
the probability of a neo-natal death, although, this association decreases with the
addition of more explanatory variables in the regression model. The regression
coefficient of mother's education is found to be statistically significant in the first three
models only. It implies that in the absence of other intervening factors (Model 1), and
even after including mother’s age (Model 2) and personal attributes of the child (Model
3), the educational status of the mother remains a significant predictor of the
probability of a neonatal death which implies that as the educational status of the
mother increases, the probability of neo-natal death decreases. However, the impact
of mother's education on the probability of a neo-natal death becomes statistically
insignificant when health care factors and background socio-economic characteristics
of the mother are included in the model. More specifically, one year increase in
mother's education is expected to result in a reduction of 6.2 per cent in the
probability of neo-natal death in the absence other explanatory factors. This
proportion, however, reduced to 5.8 per cent when age of the mother at the time of
the birth is included in the model but marginally increases to 5.9 per cent when
personal attributes of the child are also included in the model.

It may also been seen from the table that the age of the mother at the time of
the birth and its square term are found to be, respectively, negatively and positively
associated with the probability of neonatal death. This implies that the probability of
neo-natal death is high for babies born to very young mothers and also to mothers
beyond a certain age.  This indicates that the effect of maternal age on neonatal
mortality is not linear but U-shaped. However, when control variables are included in
the model, the impact of the age of the mother at the time of the birth and its square
on the probability of neonatal death no longer remains statistically significant. 

It may also be seen from the table that the sex of the baby, timing of the
delivery and birth interval less than 15 months are statistically significant predictors
of neonatal mortality with expected signs. A male new born is more likely to die during
the neonatal period than its female counterpart. This result is similar to the findings
of earlier studies (Bhattacharya 2006; Arokiasamy 2004; Murthi et at 1995;  Bhuiya and
Streatfield 1991; Amin 1990; Bourne and Walker 1991). This is because of the
biological immunity of girls or greater biological frailty of the male newborn with
regard to congenital defects, and the birth process (Bourne and Walker, 1991).
Likewise, the probability of neonatal death is relatively higher when the birth interval
is less than 15 months then when it is 15-30 months. The probability of a neonatal
death in newborn with a birth interval of less than 15 months is around 3.5 times
higher than the newborn with a birth interval 15-30 months. On the other hand, a baby
born on time is more likely to survive beyond the neonatal period compared to a pre-
mature baby, and this impact increases in magnitude when other control variables are
included in the model.

The last two models suggest that health care variables affect the probability
of a neonatal death significantly and the impact is in the expected direction. This
implies that the probability of a neo-natal death decreases when the mother receives
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full ante-natal care, and when the delivery takes place in a health institution. The
reason is that health care variables prevent adverse pregnancy outcome. Antenatal care
helps to detect any pregnancy complications and monitor development of the baby in
the womb. Similarly, consumption of IFA tablets prevents anaemia and receiving at
least two tetanus injections prevents neonatal tetanus which is a major cause of
neonatal mortality. Finally, institutional delivery provides the opportunity to give birth
under the supervision of a trained health personnel. It helps to take necessary
treatment if any emergency arises at the time of the delivery.

Finally, socio-economic variables have a strong impact on neonatal mortality.
Neonatal mortality in babies born to a Scheduled Castes woman in 3.7 times higher
than in babies born to a women from general caste. Similarly, the effect of the passive
education of the mother and her decision making index is found to be statistically
significant and negative. It appears that a mother who is exposed to different sources
of information on good health care such as family members, friends, relatives, health
personnel and media like T.V., radio etc. are able to realise the benefits of proper
health care of the newborn which increases the chances of its survival.

The five regression models capture different pathways through which maternal
education affects neonatal mortality in Assam. Table 3 captures the relative strength
of these pathways in reducing neonatal mortality in the study area. The third row of
Table 3 shows the percentage change in the coefficient of maternal education ($). The
highest decline in the coefficient is in case of Model 4 indicating that health care
factors like ANC and institutional delivery are the most important of all the pathways. 

Conclusions
This paper examines the determinants of neo-natal mortality in Assam using

primary data with a special emphasis on the role of the education of the mother. It
further examines the pathways or intervening factors through which mother's
education affects neo-natal mortality.  The coefficient of maternal education is found
to be negative which shows negative association between maternal education and neo-
natal mortality. It is found significant in all but the last two models. It is found that
health care factors are the most important pathway linking maternal education to
neonatal mortality. Keeping in view the role of antenatal care and institutional delivery
in reducing neo-natal mortality government should take initiative to improve such
health care facilities. Moreover, formal maternal education and mother’s passive
education is to be enhanced as they reduce the chances of neonatal mortality. 

References

Abuqamar M, Coomans D and Louckx F (2011) The impact of parental education on
infant mortality in Gaza strip, Palestine Journal of Public Health and Epidemiology,
3(1): 28-33.

109



110 INDIA 2018: CHILD HEALTH AND MORTALITY

Ahman E, Zupan J (2007) Neonatal and perinatal mortality: country, regional and global
estimates 2004, World Health Organization, Department of Making Pregnancy
Safer.

Basu AM (1994) Maternal education, fertility and child mortality: disentangling verbal
relationships. Health Transition Review 4(2): 207-215.

Caldwell JC (1979) Education as a factor in mortality decline: An examination of
Nigerian data. Population Studies 33: 395-413.

Cleland JC, Ginneken VKJ (1988) Maternal education and child survival in developing
countries: The search for pathways of influences. Sot Scr Med 27(12): 1357-
1368.

Cleland J (1990) Maternal Education and Child Survival: Further Evidence and Explanations.
Canberra, Australian National University, Health Transition Centre.

Das Gupta M (1990) Death clustering, mothers' education and the determinants of
child mortality in rural Punjab, India. Population Studies 44(3):489-505.

Gokhale MK, Rao SS, Garole VR (2002) Infant mortality in India: use of maternal and
child health services in relation to literacy status. Journal of Health Population
Nutrition 20(2): 138-147. 

Govindasamy P, Ramesh B (1997) Maternal Education and the Utilization of Maternal and
Child Health Services in India. Mumbai, International Institute for Population
Sciences. National Family Health Survey Subject Reports Number 5.

International Institute for Population Sciences (1995) National Family Health Survey
(MCH and Family Planning), 1992–93. Mumbai, International Institute for
Population Sciences.

International Institute for Population Sciences (1995) National Family Health Survey
(MCH and Family Planning), 1998–99. Mumbai, International Institute for
Population Sciences.

International Institute for Population Sciences (1995) National Family Health Survey
(MCH and Family Planning), 2005–06. Mumbai, International Institute for
Population Sciences.

Jamaluddin, HZ, Ullah MO (2009) Child mortality in a developing country: a statistical
analysis. Journal of Applied Quantitative Methods 4(3): 270-283

Khasakhala AA (2003) Effect of maternal education on infant survival in rural Kenya.
Demography India 32(1): 93-106.

Liu L, Johnson HL, Cousens S, Perin J, Scott S, Lawn JE, Rudan I, Campbell H, Cibulskis
R, Li M, Mathers C, Black RE (2012) Global, regional, and national causes of
child mortality: an updated systematic analysis for 2010 with time trends since
2000 Lancet, 379: 2151-2161

Mondal MNI, Hossain MK, Ali MK (2009) Factors influencing infant and child mortality:
a case study of Rajshahi district, Bangladesh. J Hum Ecol 26(1):31-39.

110



NEONATAL MORTALITY AND MATERNAL EDUCATION 111

Mosley WH, Chen LC (1984), An analytical framework for the study of child Survival of
developing countries. Population and Development Review 10 (supplement):25-
48.

Mostafavi SF (2009) Estimating the causal effect of maternal education on infant
mortality with DHS Data for Iran. Paper presented at XXVI IUSSP International
Population Conference, Marrakech.

Murray CJL, Lopez AD, Barofsky JT, Bryson-Cahn C, Lozano R (2007) Estimating
population cause-specific mortality fractions from in-hospital mortality:
validation of a new method. PLoS Med 4(11): 1754-1765.

Oestergaard MZ, Inoue M, Yoshida S, Mahanani WR, Gore FM, et al. (2011) Neonatal
mortality Levels for 193 countries in 2009 with trends since 1990: a systematic
analysis of progress, projections, and priorities.  PLOS Medicine, 8(8): 1-13.

Rajaratnam JK, Marcus RJ, Levin A, Chalupka AN, Wang H, Dwyer L, Costa M, Lopez AD,
Murray JLC (2010) Worldwide mortality in men and women aged 15-59 years
from 1970 to 2010: a systematic analysis. The Lancet 375(9727): 1704-1720.

Rajna PN, Mishra  AK, Krishnamoorthy S (1998) Impact of maternal education and
health services on child mortality in Uttar Pradesh, India. Asia-Pacific Population
Journal 13(2):27-38.

Singh A, Kumar A, Kumar A (2013) Determinants of neonatal mortality in rural India,
2007-08. Peer J 1:e75; DOI 10.7717/peerj.75.  

Syamala TS (2004) Relationship between socio demographic factors and child survival:
evidences from Goa, India.  J Hum Ecol16 (2): 141-145.

Smith EG (2010) Maternal schooling and child mortality in Nigeria: The importance of
the actual curriculum. The Pennsylvania State University. Available at
http://paa2010.princeton.edu/papers/100377.

Vikram K, Vanneman R, Desai S (2012) Linkage between maternal education and
childhood immunization in India. Social Science and Medicine 75:331-339.

111



112 INDIA 2018: CHILD HEALTH AND MORTALITY

Table 1
Variables and their measurement
Variable Name Measurement
District Kamrup Metro

Dibrugarh
Barpeta (Reference Category)

Birth order 1
2-3 (Reference Category)
4+

Age of mother Number of years
Sex of the child Male

Female (Reference Category)
Birth interval <15 months

15-30 months (Reference Category)
30+

Type of birth On time
Before time (Reference category)

Residence Urban
Rural(Reference category)

Religion Hindu
Muslim (Reference category)

Caste General (Reference Category)
SC (Scheduled Castes)
ST (Scheduled Tribes)
OBC (Other Backward Classes)

Type of family Joint
Nuclear (Reference category)

Maternal education Years of education
Occupation of mother Non-working (Reference Category)

Working
Economic status Low (Reference Category)

Medium
High

Full antenatal care Yes (Reference Category)
No

Place of delivery Institution. 
Home (Reference Category).

Decision making power Number of decisions in which mother participated
Passive education Number of sources of knowledge about child

health care
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Table 2
Results of binary logit regression analysis 
Explanatory Variables Model 1 Model2 Model 3 Model 4 Model 5

$ SE OR $ SE OR $ SE OR $ SE OR $ SE OR

Maternal Education -0.060 0.031 0.938*** -0.059 0.032 0.942* -0.060 0.037 0.941* -0.030 0.039 0.969 !0.028 0.066 0.972

Age of mother at birth -0.329 0.193 0.719* -0.234 0.213 0.791 -0.076 0.235 0.926 !0.253 0.235 0.775

Age2 of mother at of birth 0.006 0.004 1.006* 0.004 0.004 1.004 0.001 0.005 1.001 0.005 0.004 1.005

Type of birth (Reference category: Before time)

On time -1.547 0.396 0.213*** -1.702 0.415 0.182*** !2.009 0.430 0.133***

Birth Order (Reference category: 2-3)

First Order -0.017 0.417 0.982 0.203 0.404 1.225 0.059 0.403 1.061

4 and above 0.608 0.636 1.837 -0.081 0.639 0.921 0.048 0.639 1.049

Sex of the Child (Reference category: Female)

Male 0.646 0.340 1.907* 0.570 0.344 1.768* 0.646 0.352 1.907*

Birth Interval (Reference category: 15-30 months)

<15 months 1.225 0.447 3.406*** 1.289 0.456 3.631*** 1.260 0.447 3.527***

30+ 0.516 0.434 1.675 0.526 0.429 1.692 0.607 0.459 1.836

Ante-natal care(Reference category: No)

Yes -1.080 0.420 0.337*** !0.907 0.435 0.403**

Institutional Delivery (Reference category: No)

Yes -0.978 0.395 0.376** !1.420 0.576 0.240**

Residence (Reference category: Rural)

Urban !0.513 0.534 0.598

Religion (Reference category: Muslim)

Hindu !0.547 0.710 0.578

Caste (Reference category: General)

Scheduled Castes 1.316 0.597 3.729**
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Explanatory Variables Model 1 Model2 Model 3 Model 4 Model 5

$ SE OR $ SE OR $ SE OR $ SE OR $ SE OR

Scheduled Tribes 0.794 0.763 2.211

Other Backward Castes 0.697 0.541 2.008

Type of family (Reference category: Nuclear)

Joint 0.547 0.370 1.730

Working Status (Reference category: Non-working)

Working !0.267 0.527 0.765

Economic Status 0.232 0.788 1.257

Decision making capacity !1.114 0.649 0.327*

District (Reference category: Barpeta)

Kamrup Metro 0.670 0.923 1.955

Dibrugarh 1.063 0.965 2.897

District Maternal Education

Kamrup (metro) Maternal Education 0.067 0.096 1.069

Dibrugarh Maternal Education 0.061 0.093 1.063

Passive Education score !0.497 0.304 0.608*

McFadden R2 0.0105 0.017 0.109 0.155 0.207

Log likelihood -175.61 -174.380 -158.140 -149.996 -140.792

*** p<0.001; ** p<0.005; * p<0.01
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Table 3
Percentage change in coefficient of maternal education

Model 1 Model 2 Model 3 Model 4 Model 5
$ coefficients -0.063 -0.059 -0.06 -0.03 !0.028
Percentage
Change

6.34% (-) 1.69% (+) 50%(-) 6.67%(-)
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Introduction 
The sex ratio pattern in India has sent shock waves throughout the country.

The dramatic fall in the sex ratio, measured in terms of female to male ratio, especially
in the states of Punjab and Haryana, during the last decade has alarmed demographers
and social scientists. The strong son preference in the society affects the sex ratio at
birth through sex selective abortions. According to the 2011 population census, the
sex ratio in Punjab was 846 females per 1000 males, which was substantially lower
than the national average of 940 females per 1000 males. A low sex ratio reflects the
preference for sons in the society which may be the result of many factors including
traditional religious beliefs, social customs (dowry system, lineage, familial and kinship
ties, etc.), economic benefits, safeguarding the parental properties in future and
support for the ageing parents. Researchers in India and elsewhere have also noted
that fertility decline over the past decade or so have intensified pressure on women
to achieve their desired family sex composition (Das Gupta and Bhat, 1997; Gandotra,
2008; Das Gupta et al, 2009; Guilmoto, 2009). Demographers and other social scientist
have also shown interest in the effect of normative expectations and preferences on
‘ideal family size’, both in terms of size and composition. Many demographers argue
that the preference for the male child influences reproductive outcomes extensively,
especially in settings, where the notion of the ‘ideal family size’ is marked by a strong
and persistent preference for the son (Pande, 2003; Retherford and Roy, 2003; Pande
and Astone, 2007). Retherford and Roy (2003) have found that sex ratios at birth differ
substantially by birth order and the sex composition of children already born,
particularly at higher parities. The poor availability of reproductive services is
compounded by patriarchal gender and social norms that continue to restrict women’s
reproductive options and in many cases prevails over women’s own reproductive
preferences (Das Gupta, 1999; Barua and Kurz, 2001; Barua et al, 2004; Sheth, 2006).
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These norms also limit women’s ability to access the reproductive services, particularly
when they are young and newly married (Jejeebhoy, 1998; Mathur et al, 2003;
Jejeebhoy and Halli, 2005; MacQuarrie and Edmeades, 2011). Many countries in East,
South and South-east Asia and in North Africa are characterised by a strong son
preference or a strong preference for male as opposed to female offspring (Arnold et
al, 1998; Clark 2000; Jensen 2002). This strong son preference is reflected in fertility
behaviour and is referred to as the differential stopping behaviour or male-preferring
stopping rules in the literature (Clark 2000). Differential stopping behaviour actually
means that women continue childbearing until they reach their desired number of
male children irrespective of the total number of children that they want. A strong
preference for children of one sex can be a constraint on fertility regulation because
couples continue child bearing despite achieving their preferred or desired family size
so as to achieve the desired number of children of a particular sex. Although, this
hypothesis is not new to the demographic community, yet, it has renewed interest in
research that exhibits a strong preference for one sex, and where fertility is
increasingly coming under voluntary control (Bairagi and Langsten, 1986; Chowdury
and Bairagi, 1990). In situations where effective means of family planning are available,
couples can decide if and when they want to limit or space their children, irrespective
of whether such decision is taken after the production of a certain number of children,
or after a certain number of sons or daughters.

Like most of the Indian women, Punjabi women also have lower social standing
than men. Despite this, Punjab is one of the most prosperous states of India. However,
the state has observed high rate of feticide which seems counter-intuitive given the
prosperity in the state. This paper attempts to answer why people in this rather
“prosperous” state are desperate to have sons. Social scientists documenting sex-
selective abortion trends in Punjab have reported deeply ingrained prejudice against
girls. Dominant Indian culture that favours male children exists in the Punjabi society
also and some of the researchers suggest that the patriarchic trends are stronger in
Punjab than in other Indian states. Punjab has excelled at the national and
international level in various fields of life but because of a strong desire for a son and
a small family, the state has earned a bad name in terms of the skewed child sex-ratio
that is unfavourable to females.

It is generally difficult to find the probability of a male or female birth through
probability modelling with a parameter for sex preference. In the present study, a
statistical model has been developed to explain the pattern of male children, where
family size and sex composition are dominated by strong son preference. The model
is based under the assumptions that probability of male birth remains constant across
women and also across successive births of the same women and there is no sex
selective stopping of childbearing (Gokhale and Kunte, 1997). Singh et al (2015) has
studied two son preferences in the traditional society using inflated binomial
distribution. If the probability of a male birth is constant across women, then the
distribution of male births follows the binomial distribution. The study also takes into
consideration, the pattern of male children according to the parity and the age of
women to have idea about the risk in the context of strong sex preferences. The
analysis has been carried out in the Bayesian environment.
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Bayesian Method
Bayesian method (BM) of estimation involves the data X=(x1, x2,.....xn) from the

target population and constructing a likelihood function based upon the relevant
probability model of the data generating process. This likelihood function is a function
of unknown model parameters 2=(21, 22,.....,2n). These parameters are assumed to
behave randomly and hence their distribution, called the prior distribution p(2) is
considered. The prior distribution intends to capture the belief about the situation
based on the past experiences. After observing the data, suppose the likelihood
function is p(x# 2). Using Bayes rule, we obtain a posterior distribution for these
unobserved parameters, which is the conditional probability distribution of the
unobserved quantities of ultimate interest, given the observed data. It takes into
account of both, the prior knowledge about the parameter and the observed data.
Suppose the posterior distribution of parameter 2 is p(2# x). Then, the posterior
distribution of the parameter 2 can be presented by the following expression 

Once, the posterior distribution of the parameter 2  is estimated, it is easy to obtain
an estimate of the parameter 2.

We have used the Markov Chain Monte Carlo (MCMC) method for estimating
the posterior distribution of the parameters. The MCMC method is an iterative tool,
which is used to evaluate difficult integrals of complex expressions generally found in
the posterior distributions of the parameters. MCMC refers to a group of methods
often used for Bayesian analyses (Gilks et al, 1996). A first-order Markov chain denotes
any chain where successive iterations within the “chain” of iterations are dependent
only on the previous iteration. In essence, therefore, the chain quickly forgets the
initial state. The use of techniques, such as Metropolis-Hastings algorithm or the Gibbs
sampler, ensures that the chain will eventually converge to a stationary distribution,
which corresponds to the posterior distribution of the parameters. The posterior
distribution typically involves all parameters and, therefore, is considered as a joint
distribution. A more general introduction of MCMC method is provided in Gilks et al
(1996). The posterior distribution of a parameter refers to a distribution formed from
the combination of the prior and the likelihood.

On the other hand, Monte Carlo method denotes any process involving the
generation of random numbers from specified distributions for details of random
number generation and Monte Carlo integration). In the framework of MCMC, each set
of random samples represent a single iteration in the Markov Chain. Generating
random samples from the joint posterior distribution of the parameters allows the
marginal distribution of each particular parameter to be completely characterised,
which is the basis of the numerical integration. The combination of random sampling
with the Markov Chain provides a powerful method for obtaining samples from the
posterior distribution of the parameters. The samples, in theory, should be
independent samples from the posterior distribution, because a first-order Markov
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Chain implies only one level of dependence, in practice the samples in the chain may
be moderately correlated amongst successive iterations of the sampler (termed auto-
correlation). However, if there are sufficient number of samples, then the influence of
auto-correlation is minimal. Statistics, such as mean, percentiles, and the 95 per cent
confidence interval, etc. can be calculated easily from the samples making up the
posterior distribution. A credible interval represents a non-parametric interval of the
posterior distribution.

In the present study, the observed random variable of interest is the number
of male birth x to a woman with parity n. The random variable x is assumed to follow
Binomial distribution with risk parameter p which is the probability of a male birth. It
is assumed that p is the same to all women with parity n. Therefore, the distribution
of x male births out of n births may be given by

(1)

where, x= 0, 1,2….n

However, as discussed above p or the probability of a male birth varies from
female to female. Thus p may be considered as a random variable following some
distribution having support (0,1). It is well known that Beta distribution can be
considered as distribution of p for the above mentioned model. The Beta distribution
is defined as

(2)

The reason for the choice of the above model is that the Beta distribution is
a flexible family of distributions in the sense that it takes various shapes for different
choices of a and b and belongs to conjugate family of prior for the binomial
distribution. Geisser (1984) has discussed several different prior distributions that may
be used in binary trials and many of them can be observed as particular form of Beta
distribution. For example, the non-informative distribution, $(0.5, 0.5) (a Jeffereys
prior) and $(1,1) uniform etc. More discussion on the choice of the prior distribution
is available in the Bugs Manual by Spiegelhalter et al (1996). To choose value of a and
b for a prior, the deviance criteria is often used for model comparison, therefore, we
have therefore taken that values of the parameters a and b for which the deviance of
model is the least.   

Application
The present paper considers the parity wise number of male children in a

group of 2753 females who have completed their fertility. This means that these
women had no birth in the last five years. In this sample, 1147 women were found to
be childless and the rest were having at least one son. There were 2764 male births
out of 4979 births in the sample. The distribution of the total number of children ever
born and male births by parity are shown in table 1. 
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Figure 1
Parity-specific posterior probabilities of son preference

Figure 2
Age-specific posterior probability of son preference

Here, we have assumed that each conception ends into a live male birth. Since
data on conception are not available, hence the model is applied under the assumption
that the conception results in a live male birth. The number of male births si for the
parity group i are modelled as a binary variable with probability pi and these
probabilities are independent for each parity.
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si  ~  binomial (pi, ni)

Further, we also assume that pi varies from couple to couple and follows the
Beta distribution which is conjugate and non-informative prior distribution of the
binomial distribution. 

pi  ~  beta (1, 1)

The estimates of the probability of a male birth resulting from a burn-in of
100000 updates are given in table 2 and presented in figure 2. It may be seen from the
table and the figure that the lower the parity of Punjabi women the stronger the son
preference. As parity increases, the probability of male birth decreases. The table
shows that the risk of male birth is less than 0.5 for women with parity more than or
equal to 5. It appears that these women are those who delivered girls before the
delivery of a boy. It may also be seen from the figure 1 that the sex ratio at birth is
skewed in lower parity births but turns normal in high parity births.

We also analysed the probabilities of son preference by the age of those
women who have completed their fertility and those women who had secondary
infertility in the sense that their open birth interval was more than five years. Results
of the analysis are presented in table 3 and depicted in figure 2. It is again apparent
from the table and the figure that the sex ratio at birth is skewed in the younger
women but as the age of the woman increases, the sex ratio at birth turns increasingly
normal.
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Table 1
Parity wise distribution of male births

Parity Number of male births Total Number of Children Ever
Born

1 88 118
2 647 956
3 877 1491
4 604 1168
5 312 665
6 141 324
7 48 133

8+ 47 124
Total 2764 4979
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Table 2
Risk of male birth and credible interval of male birth for different parity

Parity
Posterior

Mean
SD MC Error

Credible Interval
2.50% Median 97.50%

1 0.7419 0.03966 1.16E-04 0.6608 0.7433 0.8159
2 0.6763 0.01508 4.87E-05 0.6466 0.6765 0.7055
3 0.5881 0.01279 3.96E-05 0.5630 0.5881 0.6130
4 0.5172 0.01459 4.80E-05 0.4885 0.5172 0.5457
5 0.4693 0.01933 6.14E-05 0.4318 0.4692 0.5072
6 0.4355 0.02730 8.75E-05 0.3826 0.4355 0.4894
7 0.3630 0.04110 1.31E-04 0.2848 0.3624 0.4459

8+ 0.3809 0.04315 1.39E-04 0.2985 0.3804 0.4671
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Table 3
Distribution of male births according to their mother’s age group
Age group Number of Sons Total Number of Children Ever Born
20-24 9 13
25-29 186 284
30-34 501 856
35-39 732 1315
40-44 758 1431
45-49 578 1080
Total 2764 4979
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Table 4
Risk and credible interval of male birth for different age group
Age group Posterior

Mean
SD MC Error Credible Interval

2.50% Median 97.50%
20-24 0.6664 0.1179 0 0.4178 0.6744 0.8725
25-29 0.6539 0.0281 7.41E-05 0.5980 0.6542 0.7077
30-34 0.5851 0.0168 4.14E-05 0.5521 0.5852 0.6179
35-39 0.5566 0.0137 3.80E-05 0.5298 0.5566 0.5834
40-44 0.5297 0.0132 3.21E-05 0.5037 0.5297 0.5554
45-49 0.5351 0.0152 3.74E-05 0.5054 0.5351 0.5648
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Eastern Uttar Pradesh
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Introduction 
The population of India has already crossed the one billion mark and the

country is likely to be the most populous country of the world surpassing China in the
near future. In the hierarchy of needs for human resources development, nutrition of
the people occupies the first place. Poor nutritional status of the people is related to
poverty as poor people do not have enough money to fulfill their nutrition
requirements. The rapid population growth as a consequence of steady decline in
mortality and persistent high fertility is adding fuel to already burning problems of
poverty and under nutrition. Uttar Pradesh is the most populous state of India. 
According to the National Family Health Survey, 2015-16, 40 per cent children below
5 years of age in the state are low weight-for-age whereas 25.3 per cent women and
25.9 per cent men have low body mass index (BMI). At the same time, fertility in the
state remains well above the national average. According to the sample registration
system, the total fertility rate in the state was 3.1 in 2016 compared to 2.3 for the
country as a whole (Government of India, 2018).

It is well-known that fertility of a population is determined by a complex set
of biological, social, economic, cultural, political and psychological factors. Social
scientists and demographers have therefore developed different theories and models
of the determinants of fertility. Crude birth rate (CBR), children ever born (CEB), total
fertility rate (TFR) and average length of the birth interval are among some of the
commonly used measures of fertility. Studies on determinants of fertility commonly
seek to measure the impact of socio-economic factors on fertility. There are numerous
studies that have been carried out globally to analyse the impact of such factors as age
of the woman and her educational status, religion, caste, contraceptive use, breast
feeding, family size, son preferences, etc. on fertility. 
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The National Family Health Surveys (NFHS) provides very useful information
about the trend in fertility in India. The latest round of the survey, carried out in 2015-
16, indicates that the total fertility rate (TFR) for the whole country was 2.20 births per
woman of reproductive age during 2015-16 whereas TFR in Uttar Pradesh was 2.74.
The evidence available from the survey also suggests that fertility is particularly high
in the rural areas, among Scheduled Tribes and Scheduled Castes, and among illiterate
women. Fertility has also been found to be relatively high in Muslim women. These
population groups are required to be targeted taking into account cultural, social,
economic and behavioural aspects of reproductive behaviour. 

The number of children ever born (CEB) to a woman is a measure of her
lifetime fertility experience. If the information on CEB are available, estimates of
fertility can be obtained after relaxing some conditions (Arretx, 1976, Bogue, 1971).
Brass (1968) and Coale et al. (1975) developed techniques to estimate currently fertility
on the basis of the data on children ever born. Bongaarts (1978) has developed a
simple framework of explaining TFR in terms of the proximate determinants of fertility
and has constructed a set of equations to measure the impact of intermediate variables
on fertility. Olsen (1980) has described a method of estimating the pure replacement
effect from the data related to children ever born and children surviving. 

After the birth of the child, the woman is temporarily sterile for some period
since the menstrual cycle is not resumed. This period is known as the post partum
amenorrhoea (PPA) period. It is a duration variable and it plays an important role to
explain the level of fertility. The longer the duration of post-partum amenorrhoea the
lower the fertility. 

India is the home of the largest number of severely under nourished people
in the world. In 2017, under nourished people in the world were estimated to be
around 815 million out of which 190.7 million were in India (Food and Agriculture
Organization, 2017). The under nourished people in India are located primarily in the
rural areas where income and food security is relatively low. Around 26 per cent of the
Indian people live below the poverty line while about 69 per cent live in the rural areas
according to the 2011 population census. Nutritional status refers to the condition of
an individual as it is identified by nutrients’ intake and their utilisation. People can be
classified as normal or malnourished on the basis of his or her nutritional status.
Malnutrition can be further characterised into under nutrition, specific nutrient
deficiency, over nutrition, and nutritional imbalance (Jelliffe, 1966).  Anthropometric
measurements provide an indirect assessment of the nutritional status. Rao (1980) has
observed that among different anthropometric measurements, height and weight are
the most important ones to assess the nutritional status.  Arokiasamy (1997) has
argued that weight-for-age is a measure of current nutritional status, while height-for-
age is a measure of chronic nutritional status. The Body Mass Index (BMI) is widely
regarded as a good measure of nutritional status of an individual. It can be used to
measure both thinness and obesity. Mohanty and others (1992) have mentioned that
BMI is a good indicator of nutritional status as well as an indicator of the energy stored
in the body. Height and weight are the measurements used to compute the Body Mass
Index which is the ratio of weight in kilograms and square of the height in metres.
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Consumption of nutritious food is very important for a person to maintain
good nutrition and health. The progress of agriculture in India in the past has made
the country self-sufficient in food grains production. However, under nutrition is found
to be quite prevalent in India, especially in the rural areas and in states like Uttar
Pradesh, Bihar, Odisha, West Bengal, Rajasthan and Madhya Pradesh. The food intake
of the individuals varies by demographic and socioeconomic conditions. Many studies
have analysed food consumption patterns in India (Chatterjee et al 2006, Kumar 1998,
Radhakrishna and Ravi 1992). These studies have observed that there has been a clear
shift from grain consumption to the consumption of non-grain food and animal
products in recent decades. Consumption of special food such as milk, fruits,
vegetables, etc. during pregnancy has also been observed in several studies (Mishra
and Tiwari 1990, Chawla et al, 1997). Indians living in the rural areas appear to have
started spending more on pulses, milk and milk products, edible oils, meat, egg, fish
and vegetables. The prevalence of under nutrition has been found to be abnormally
high in females of Uttar Pradesh (Srivastava et al, 1998; Nigam,1999) Tiwari and
Satyanarayana (2008), in their comparative analysis of nutritional status of BIMARU
states and five other developed states of India, have concluded that the proportion of
women with balanced nutrition is comparatively higher in the BIMARU states than in
other states.

Objectives 
The present paper has two objectives. The first objective of the study is to

analyse the level of fertility and the nutritional status of women in rural areas of
eastern Uttar Pradesh. The second objective of the paper, on the other hand, is to
examine the relationship between the duration of post-partum amenorrhoea and the
nutritional status of women. 

Data 
The present study is based on a survey carried out in the rural areas of eastern

Uttar Pradesh by the Centre for Population Studies, Department of Statistics of the 
Banaras Hindu University. The survey was sponsored by the Indian Council of Medical
Research, New Delhi. The main objectives of the survey was to study the levels of
poverty, fertility and nutritional status in different population groups of the rural
population of the eastern Uttar Pradesh. In the rural areas of eastern Uttar Pradesh,
more than 85 per cent of the households are Hindus which are divided into many
castes while the rest are Muslims. For the purpose of the present study, different
castes among Hindus were grouped four broad categories on the basis of their social
and economic status - Upper class, Middle class, Lower Middle class and Scheduled
Castes/Tribes. Similarly, Muslim households were also grouped into two classes on the
basis of their social and economic status - Upper class and Lower class. The
conventional Hindu castes included in the four broad categories used in the present
paper are as follows:
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1. Upper class Brahamin, Bhumihaar, Kshatriya, Aagrawal,
Kayastha

2. Middle class Aahir, Kori, Kurmi, Gosai

3. Lower middle class Kohar, Lohar, Bind, Mallah, Nai, Kahar, Sonar,
Barai, Rajbhar, Nonia, Barhai, Gaderia.

4. Scheduled Castes/Tribes Chamar, Passi, Dhobi, Khatik, Mushahar

On the other hand, Upper and Lower class Muslims are comprised of the
following conventional social classes: 

1. Upper class Pathan, Sayyed, Siddiquee

2. Lower class Julaha, Jogi, Dhuniyaan, Darjee, Nat,
Churihara

The survey was carried out in the five districts of Uttar Pradesh which were
selected randomly from the total number of districts in eastern Uttar Pradesh -
Chandauli;  Mirzapur; Jaunpur; Mau; and Gorakhpur. In each district, 360 household
were selected through a multi-stage sampling scheme so that the total sample size of
the present study was 1800 households. The data were collected on the basis of a
survey questionnaire that was designed and developed and pre-tested specifically for
the purpose. Date related to children ever born, post-partum amenorrhoea and body
mass index were collected from women aged 15-49 years in all households selected
for the survey. In addition, data related to  household and individual social, economic,
cultural and demographic characteristics of the respondents were also collected during
the survey.

Results and Discussions 
In order to depict the prevailing fertility situation in eastern Uttar Pradesh, two

important fertility variables are taken into consideration - children ever born (CEB) and
the duration of post-partum amenorrhoea (PPA). Both the variables are analysed with
reference to the social classes described above. Table 1 shows the distribution of the
women surveyed by the number of CEB by different social classes. The table reveals
that the fertility performance of women belonging to different social classes is
essentially different. Overall, around 32 per cent of women surveyed had two or and
less than two CEB while almost 37 per cent women had at least five children ever born.
In Hindu women belonging to the upper class, however, almost 49 per cent women
had two or less than two CEB. This proportion was 27 per cent, 26 per cent, 28 per
cent and 24 per cent respectively in Hindu women belonging to middle, lower middle
and SC/ST. In Muslim women belonging to the upper class, this proportion was 24 per
cent but almost 30 per cent in women belonging to lower class. The average number
of CEB was minimum (2.98) in upper class Hindu women but maximum (4.51) in lower
class Muslim women.

The proportion of third and higher order births is an important indicator
fertility. Among the women surveyed, the proportion of third and higher order births
was found to be the highest in Hindu women belonging to lower middle class 
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followed by Hindu SC/ST women and lower class Muslim women. By comparison, this
proportion was found to be the lowest in Hindu women belonging to the upper class.

Table 2 gives the distribution of mean duration of PPA in different social
classes. The mean duration of PPA is estimated to be the smallest in Hindu women
belonging to the upper class but longest in Hindu SC/ST women. Significant variation
in the mean duration of PPA in women of different social classes may also be seen from
table 2. In more than half of the Hindu women belonging to the upper class, the
average duration of PPA was at the most one month but this proportion was only
around 27 per cent in Hindu SC/ST women and lower class Muslim women. The mean
duration of PPA was the maximum in Hindu SC/ST women followed by lower class
Muslim women. Around 13 per cent of Hindu SC/ST woman has PPA duration more
than 14 months but this proportion was lower in Hindu upper class women.

The distribution of the women surveyed in terms of the Body Mass Index (BMI)
is presented in table 3. Women having a BMI less than 18.5 are considered to be
chronically deficient in terms of energy needs of the body whereas women with BMI
ranging 18.5-20 are classified as under nourished. The BMI ranging between 20-25
reflects the normal nutritional status of a women whereas women with BMI more than
25 are classified as obese. The distribution of the women surveyed in different social
classes is presented in table 3. The table suggests that almost half of the women
surveyed were under nourished as they had a BMI of less than 20. The proportion of
women having BMI less than 20 was the highest in Hindu SC/ST women where almost
60 per cent of the women is found to be undernourished followed by Muslim lower
class women. The table also suggests that the average BMI is more than 20 in upper
class Hindu women only. The average BMI in Hindu SC/ST women and in lower class
Muslim women is estimated to be around 18 and 19 respectively. It is also clear from
the table that, in around 75 per cent of the women surveyed, the nutritional status was
below the normal as measured in terms of BMI.

Table 4 explains the relationship between the mean duration of PPA and the
level of nutrition of the women surveyed as reflected through the BMI. It may be seen
from the table that, in Hindu women, the BMI is the highest in the upper class but the
lowest in SC/ST whereas the mean duration of PPA is the lowest in women belonging
to the upper class but the highest in SC/ST. This means that there exists an inverse
relationship between the nutritional status of the women and the duration of PPA.
Similar observations can be made from the table for Muslim women. The upper class
Muslim women had comparatively higher average BMI relatively shorter mean duration
of PPA as compared to lower class Muslim women. This means that there exists a
negative but direct relationship between the duration of PPA and the nutritional status
of women.

Comparison of Variances and Means
Levene's test (Levene, 1960) has been used to test the equality of the variance

in the number of CEB per woman, the BMI and the duration of PPA in the six groups
of women as described above. Levene's test is often used before the comparison of



134 INDIA 2018: CHILD HEALTH AND MORTALITY

means. The null hypothesis of the Levene’s test is that the variance of the distribution
of the three variables in the six groups of population is more or less the same against
the alternative that the variances in the six population groups are not the same. If the
resultant p-value of Levene's test is less than the significance level (usually 0.05).  Thus,
the null hypothesis of equal variances is rejected and it is concluded that there is a
difference between variances in the population.

Results of the Levene’s test for the three variables of interest - children ever
born (CEB) nutritional status (BMI) and duration of post partum amenorrhoea are
presented in table 5. It is clear from the table that for all the three parameters, the null
hypothesis of the homogeneity of the variance across the six social classes is rejected.
This means that the variation in the three variable across the six population groups is
essentially different.

In the next step of the analysis, the homogeneity of the means of the three
variables across the six population groups has also been tested. Here the null
hypothesis is that the mean of the three variables of interest across the six population
groups are essentially the same against the alternative that they are not same. The
results of the analysis, also presented in table 5, indicate that this  null hypothesis is
also rejected for all the three parameters which means that the mean at least one of
the population groups is statistically significantly different from the means of the other
population groups in all the three variables of interest.

In order to find out that population group, the mean of which differs
statistically significantly from the mean of other population groups, post hoc analysis
of variance was also carried out. There are various post hoc tests that are available for
the analysis of variance. Since the hypothesis of the homogeneity of the variance is
violated on the basis of the Levene’s test, the Games Howell’s post hoc test is used
here to compare the means because this test does not assume equal variances and
equal sample size as a pre-condition. Results of the application of the Games Howell’s
procedure are presented in table 6. It can be seen from the table that the mean
number of children ever born (CEB) in Hindu women belonging to upper class is found
to be statistically significantly different from that in Hindu women belonging to middle
class, lower middle class and SC/ST, Similarly, the mean number of CEB in Muslim
women belonging to lower class has also been found to statistically significantly
different from that in Hindu women belonging to upper class and Hindu women
belonging to middle class.

On the other hand, the mean duration of post-partum amenorrhoea is found
to be statistically significantly different between Hindu upper class women and Hindu
middle class and lower middle class women as well as Hindu SC/ST women. Similarly,
the mean duration of post- partum amenorrhoea in Hindu SC/ST is found to be
statistically significantly different from that in upper class Muslim women. Finally, the
mean duration of post partum amenorrhoea has been found to be statistically
significantly different between upper class and lower class Muslim women. 

Lastly, the mean body mass index has been found to be statistically
significantly different in upper class Hindu women and middle class Hindu women;
upper class Hindu women and lower middle class Hindu women; upper class Hindu
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women and Scheduled Castes/Tribes women; and upper class Hindu women and upper
class Muslim women. The mean body mass index has also been found to be statistically
significantly different between middle class Hindu women and upper class Muslim
women; lower middle class Hindu women and upper class Muslim women; Scheduled
Castes/Tribes women and upper class Muslim women and upper and lower class
Muslims women. 

Conclusions
Main conclusions of the present study carried out in rural areas of eastern

Uttar Pradesh may be summarised as follows:

• There is considerable variation across different population groups in the level
of fertility measured in terms of mean number of children ever born;
nutritional status of women measured in terms of the average body mass
index and the mean duration of the post partum amenorrhoea.

• Fertility, as measured through the mean number of children ever born, is
found to be higher in Muslim women, on average, as compared to Hindu
women. Among Hindu women, fertility is the lowest among women belonging
to the upper class but highest among SC/ST women. Among Muslims, fertility
is invariably higher women belonging to lower social class as compared to
women belonging to upper class.

• Like fertility, the nutritional status of women also varies widely across the six
population groups. Around fifty per cent women surveyed were under
nourished and approximately seventy per cent were having BMI less than 20. 
The problem of under nutrition was found to be relatively more in Hindu
SC/ST women, in lower and lower middle class Hindu women and in  Muslim
women.

• More than 12 per cent of Hindu upper class women and Muslim upper class
women were facing the problem of obesity. The prevalence of obesity was
found to be relatively low in SC/ST women and Hindu women belonging to the
middle class.

• The mean duration of postpartum amenorrhoea was found to be relatively the
shortest in Hindu upper class women but the longest in Hindu SC/ST women
and in Muslim lower class women. In more than fifty per cent of the upper
class Hindu women, the mean duration of postpartum amenorrhoea was found
to be less than one month whereas in more than twelve per cent of Hindu
SC/ST women and Muslim lower class women, the mean duration of
postpartum amenorrhoea was at least 14 months. The duration of the
postpartum amenorrhoea has a direct impact on the level of fertility.

• The length of the post partum amenorrhoea is found to be inversely related
to the nutritional status of women - the higher the body mass index the
shorter is the duration of the postpartum amenorrhoea and vice versa.
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Table 1
Caste wise distribution of women by number of children ever born (CEB)
CEB Religion and class All 

Hindu Muslim
Upper
class

Middle
class

Lower
middle
class

Scheduled
Castes/
Tribes

Upper
class

Lower
class

0 11.8 8.9 7.0 9.9 7.6 10.0 9.3
1 10.6 7.6 6.6 8.2 12.1 11.3 8.4
2 26.5 10.5 11.9 10.3 14.3 8.3 13.9
3+ 51.0 73.0 74.5 71.6 66.0 70.4 68.4
Mean
CEB

3.0 3.8 4.1 4.0 4.1 4.5 3.8
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Table 2
Caste wise distribution of women by the duration of PPA following the last but one
birth.
PPA
(months)

Religion and class All 
Hindu Muslim

Upper
class

Middle
class

Lower
middle
class

SC/ST Upper
class

Lower
class

1 50.8 38.9 41.8 27.5 41.8 27.1 38.8
2-4 20.3 15.2 13.5 11.6 16.9 9.6 14.6
5-7 9.6 11.1 5.3 6.9 10.2 13.8 8.7
8-10 4.3 8.6 11.5 14.3 6.6 12.8 9.9
11-13 7.5 16.2 15.4 24.3 12.4 21.8 16.2
14+ 5.3 10 11.9 13.7 8.5 12.2 9.6
Lamer * 2.1 3 0.5 1.6 0.6 2.7 1.8
Mean PPA 4.3 6.2 6.7 8.8 5.9 8.3 6.7

*No start of menstruation before next birth
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Table 3
Caste wise distribution of women by BMI
BMI
(Kg/M2)

Religion and class All 
Hindu Muslim

Upper
class

Middle
class

Lower
middle
class

Scheduled
Castes/
Tribes

Upper
class

Lower
class

<18.5 32.1 49.6 51.7 59.7 37.5 53.5 48.7
18.5-20.0 18.5 18.7 22.6 21.7 15.0 20.5 20.3
20.0-25.0 36.6 28.5 20.3 16.3 34.2 21.7 25.2
>25 12.8 3.3 5.4 2.3 13.3 4.3 5.8
Mean 20.5 19.1 19.0 18.3 20.4 18.8 19.2
Women
with
nutritional
problem

63.4 71.5 79.7 83.7 64.8 78.3 74.8



Table 4
Relationship between Fertility and Nutrition

Fertility and
nutrition
parameters

Religion and class All 

Hindu Muslim

Upper Middle Lower Middle Scheduled
Castes/ Tribes

Upper Muslim Lower
Muslims

BMI Mean 20.5 19.1 19.0 18.3 20.4 18.8 19.2

Women with
nutritional
problems

63.4 71.5 79.7 83.7 64.8 78.3 74.8

PPA Mean 4.3 6.2 6.7 8.8 5.9 8.3 6.7 

Women with 
duration of
PPA at least
14 months

5.3 10.0 11.9 13.7 8.5 12.2 9.6
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Table 5
Tests of homogeneity of variance and mean  
Parameters Test of homogeneity of variance ANOVA

Levene’s
statistic

P F P

Children Ever Born 14.621 0.000 10.039 0.000

PPA following last
but one birth

6.336 0.000 11.675 0.000

BMI 10.010 0.000 16.919 0.000



Table 6
Results of the Games Howell’s Post Hoc test for mean 

Strata Children ever born Mean duration of PPA following
the last but one birth

BMI

Mean
difference

 (I-J)

P Mean
difference

(I-J)

P Mean
difference

(I-J)

P

I J

1 2 -0.822* 0.000 -1.967* 0.018 1.384* 0.000

3 -1.090* 0.000 -2.467* 0.002 1.461* 0.000
4 -1.055* 0.000 -4.582* 0.000 2.136* 0.000

5 -1.128* 0.000 -1.590 0.111 0.073 1.000
6 -1.537* 0.000 -4.033* 0.000 1.581* 0.000

2 1 0.822* 0.000 1.967* 0.018 -1.384* 0.000
3 -0.268 0.779 -0.500 0.976 0.077 1.000

4 -0.233 0.901 -2.615* 0.004 0.752 0.067
5 -0.306 0.785 0.376 0.992 -1.311* 0.001

6 -0.715* 0.047 -2.066* 0.030 0.197 0.984
3 1 1.090* 0.000 2.467* 0.002 -1.461* 0.000

2 0.268 0.779 0.500 0.976 -0.077 1.000
4 0.036 1.000 -2.115 0.054 0.675 0.101

5 -0.037 1.000 0.876 0.789 -1.388* 0.000
6 -0.447 0.473 -1.566 0.228 0.120 0.998

4 1 1.055* 0.000 4.582* 0.000 -2.136* 0.000
2 0.233 0.901 2.615* 0.004 -0.752 0.067

3 -0.036 1.000 2.115 0.054 -0.675 0.101
5 -0.073 1.000 2.992* 0.001 -2.064* 0.000

6 -0.482 0.447 0.549 0.978 -0.555 0.330
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Strata Children ever born Mean duration of PPA following
the last but one birth

BMI

Mean
difference

 (I-J)

P Mean
difference

(I-J)

P Mean
difference

(I-J)

P

I J

5 1 1.128* 0.000 1.590 0.111 -0.073 1.000
2 0.306 0.785 -0.376 0.992 1.311* 0.001

3 0.037 1.000 -0.876 0.789 1.388* 0.000
4 0.073 1.000 -2.992* 0.001 2.064* 0.000

6 -0.409 0.671 -2.443* 0.006 1.508* 0.000
6 1 1.537* 0.000 4.033* 0.000 -1.581* 0.000

2 0.715* 0.047 2.066* 0.030 -0.197 0.984
3 0.447 0.473 1.566 0.228 -0.120 0.998

4 0.482 0.447 -0.549 0.978 0.555 0.330
5 0.409 0.671 2.443* 0.006 -1.508* 0.000

* significant at P=0.05
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A Descriptive Method of Combining Multiple
Outcomes of Multiple Exposures with
Application to Cancer Patients

Jang Bahadur Prasad
Murali Dhar

Introduction
It is estimated that about 190 million people in the world consume one or the

other type of drug - heroin, cannabis, opium, nicotine, tobacco, etc. (Ramakrishna et
al, 2005). Historical records indicate that some of these drugs were used not only for
their presumed therapeutic effects, but also for recreational purposes to enhance
pleasure and relieve stress (Reddy and Arora, 2005). Drug use, misuse or abuse is
primarily due to the nature of the drug abused, personality of the individual and the
addict’s immediate environment (Reddy and Arora, 2005).Globally, the most widely
distributed and commonly used drug is ‘tobacco’ (Ramakrishna et al, 2005; Cwikel and
Julie, 1893; Reddy and Gupta, 2004). Many political, social and economic factors have
contributed to the global spread of tobacco consumption. Fast-changing society and
the social milieu, as well as other factors are the major contributors to the
proliferation of tobacco use. 

Tobacco consumption poses a serious health challenge to individuals, families,
societies and nations (Ramakrishna et al, 2005). Given the present rate of consumption
and associated health problems, it is estimated that nearly 500 million persons would
die prematurely due to tobacco use, most of whom would be children and young
adults (Economics of Tobacco Control, 2004). Tobacco consumption causes a wide
range of major diseases, which influence nearly every organ in the human body
(USDHHS, 2004). Among the most serious and with the highest potential for fatal
outcomes are different types of cancers - oral, lung, breast, cervix, etc.

The number of tobacco-related deaths in India in the late 1980s was estimated
to be around 630,000 per year (Bhojani et al, 2009). Conservative estimates of current
tobacco related deaths are somewhere between 800,000 to 900,000 deaths per year
(Preeti and Raut, 2012). These include deaths attributed to oral cancer.  India has the
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highest prevalence of oral cancer in the world. It is estimated that around 12 per cent
of all deaths due to cancer in men are attributed to oral cancer and this proportion in
women is around 8 per cent. The reason for the very high prevalence of oral cancer in
India is the easy availability of different smoking (cigars, cigarettes/bidis, cheroots,
etc.) and smokeless tobacco products in the country (chewing tobacco, gutkha, snuff,
pan masala, etc.). 

An indication of the health risks associated with consumption is the fact that
the cancer of the mouth is one of the most commonly occurring cancers in India.
Moreover, every year, around 4.5 million Indian smokers suffer from heart disease or
angina while and nearly 3.9 million get lung diseases. It is also estimated that about
half of all cancers in men may be attributed to the use of tobacco and more than 60
per cent of those people who are less than 40 years of age but have heart diseases are
smokers. It has also been estimated that around12 million reported cases of tobacco-
related illnesses are entirely preventable. The World Health Organization has projected
that deaths related to tobacco-use in India may exceed 1.5 million annually by the year
2020 (Chaudhury et al, 2001).

The prevalence of oral cancer in India is directly association with the increase
in the consumption of tobacco products (Sankaranarayanan et al, 2005). There are
studies that show a strong association between the use of smokeless tobacco products
and the incidence of oral cancer, esophageal cancer (if chewed with betel quid), and
cardiovascular diseases (Gavarasana et al, 1991; WHO, 1997; Arora and Reddy, 2005;
Sharma et al, 2011). The incidence of pharyngeal and oral cancers is high even among
women in Southeast Asia (Moore et al, 2000). Use of smokeless tobacco product in this
region is regarded as the predominant risk factor for these cancers. Epidemiological
studies on the risks of the use of smokeless tobacco products by the working group
of the International Agency for Research on Cancer (IARC) has concluded that there is
enough evidence that chewing betel quid containing tobacco and tobacco mixed with
lime were carcinogenic to humans (Gupta et al, 1984).

There have been many studies in the past that have combined multiple
exposures or attributable risk factors to multiple outcomes or incidence of diseases
(Rockhill et al, 1998; Boffetta et al, 2006). However, in recent years, this practice is not
common, particularly, in the developing countries. For example, reports released by
the National Cancer Registry Programme (NCRP) in India do not mention the actual
number of cancer cases or cancer deaths that may be attributed to the use of different
tobacco products. This is mainly because of two reasons. First, the attributable risk
associated with the use of tobacco products varies with different forms of tobacco use;
and, second, the association of different forms of tobacco use with the incidence of
different types of cancers is essentially different.

It is in the above contexts that this study proposes a simple descriptive
method to measure the overall outcomes that may be attributed to different forms of
stochastic exposures. The descriptive method proposed in the present study is then
examined empirically to analyse the relationship between the incidence of cancer as
the outcome variable and the use of tobacco products as the exposure factors in
selected states of India.  
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Material and Methods
 In order to empirically test the proposed descriptive method, data related to:

1) the proportion of the population exposed to different forms of tobacco use
(prevalence rate of the consumption of different forms of tobacco); 2) the relative risk
or the odds ratio for different cancers associated with the various forms of tobacco
use; and 3) number of tobacco-related cancer cases are required. Different sources
have been used to obtain the data required for conducting the empirical test. These
sources have been described below.

The prevalence of different forms of tobacco exposure or use has been derived
from the data available through the 61st round (2004-05); 62nd  round (2005-06); 64th

round (2007-08); 66th round (2009-10); and 68th round (2011-12) of the National Sample
Survey in the state of Karnataka. Moreover, the inference derived on the basis of the
regression method (IARC, 1991) was used to assess the trend and projection of the
prevalence of different forms of tobacco use for the years 2015, 2020 and 2025. The
exercise revealed that the trend in the prevalence of exposure was significant among
the users of either smoking or chewing tobacco or both. As such, the prevalence of
tobacco exposure was projected for the years 2015, 2020, 2025 and 2030 under the
assumption that the linear trend in the prevalence of tobacco exposure observed
during the period 2004-05 through 2011-12 will also hold for the period 2015 through
2025. The projected trend in the prevalence of tobacco exposure so obtained is
presented in Table 2.

In order to estimate the relative risk of different cancers as the result of
tobacco use, a literature search was carried out using the Scopus, Science Direct
database and Google search engine for articles related to cancers (especially, cancer
of the lip, tongue, mouth, oropharynx, esophagus, larynx, hypopharynx, and lung) that
are associated with smokeless (chewing) and smoking tobacco use that were published
before April 2017. For each study, 2×2 contingency tables was constructed to
recalculate the odds ratio (OR) and 95 per cent confidence interval (CI) by using the
standard procedure. The contingency tables were prepared separately for smokeless
and smoking tobacco use if the data from an article covered both. The overall OR
(which combined all existing case-control studies for making the 2×2 contingency
table), and its 95 per cent CI was obtained by using the random effects model for
smokeless and smoking tobacco use because the studies included in the review were
a random sample of all possible studies that examined the association between
exposure and outcomes. It may however be pointed out that all the studies are
hospital-based case control, retrospective studies carried out in different parts of India.
A single study was found, which was included in the 2 × 2 contingency table. The odds ratios
for these cancers were directly used; and for the others, pooled odds ratio was used
for estimation of the incidence of cancer by applying the method proposed in the
study.    

In order to estimate the incidence of cancer, the data available from the
Population Based Cancer Registry (PBCR) of NCRP for the period from 1999 through
2012-14 were used to assess the time trend and for projecting the incidence rate up
to the year 2025. In case a significant trend was observed, regression method was
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applied to project the incidence rate for the year 2015, 2020 and 2025. If the trend
was found to be insignificant for a site, the pooled rate was taken into consideration
and it was assumed that the rate remains constant up to the year 2025. The residence
and sex-specific projected or pooled incidence rates for each site were multiplied by
the corresponding projected residence and sex specific population to forecast the
number of cancer cases by residence, sex and site for the years 2015, 2020, and 2025
respectively.

The population attributable risk (PAR) is the ratio of the difference between
the incidence of the disease (or death) in the total population (exposed and
unexposed) and the incidence of disease (or death) in the population unexposed to the
suspected causal factor to the incidence of the disease (or death) in the total
population. In other words

where Ip is the incidence in the total population whereas Iu is the incidence in the
unexposed population. The concept of PAR is useful as it provides an estimate of the
amount by which the number of cases of the disease or the number of deaths can be
reduced if the suspected factor is eliminated or modified. If the proportion of the
population exposed to a specific causal factor is P so that the proportion of the
population unexposed to the causal factor is Q=1-P, and if Ie is the incidence of the
disease (or death in the exposed population, then, Ip can be estimated as 

so that

Since, the relative risk (RR) is the ratio of the incidence in the exposed population to
the incidence in the unexposed population, it can be shown that

The PAR can be estimated from the odds ratio (OR) also, since

Thus, the population attributable risk (PAR) can be estimated on the basis of
either the incidence rate or on the basis of relative risk (RR) or odds ratio (OR) along
with the proportion of the population exposed to the causal factor.
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Figure 1

Possible combinations of exposure factors and outcomes

One exposure factor, one outcome

Multiple exposure factors, one outcome

One exposure factor, multiple outcomes

Multiple exposure factors, multiple outcomes
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There are four possibilities of combining exposure factors with outcomes
depending upon the number of exposure factors and the number of outcomes:

1. Single exposure factor and single outcome.
2. Multiple exposure factors but single outcome.
3. Single exposure factor but multiple outcomes.
4. Multiple exposure factors and multiple outcomes.

In the first case, there is single exposure factor and single outcome. Let the
prevalence of the exposure factor (E) is P and respective relative risk of the outcome
(O) is RR. Then the total number of cases attributed to the exposure factor E (AC) can
be calculated as

where N is the total number of outcomes. 

In case of multiple exposure factors and single outcome, let there are Ei (i =
1, 2, 3 …m) exposures factors with relative risk RRi (i= 1, 2, 3...m) and the prevalence
of the exposure factor Ei is Pi (i = 1, 2, 3…m). In order to estimate the total number
of cases attributed to more than one exposure factors, we have used the following
formula

Once the PAR is estimated, total number of cases attributed to more than one
exposure factors can be estimated as follows

In case of single exposure factor but multiple outcomes, let the prevalence of
single exposure factor E is P which is associated with Oj (j = 1, 2, 3 …n) outcomes each
associated with relative risk RRj (j = 1, 2, 3 …n). Then, the total number of cases
attributed to the exposure factor may be calculated as

Lastly, when there are multiple exposure factors and multiple outcomes, let
Ei (i = 1, 2, 3 …m) are the exposure factors and Oj (j =1, 2, 3 …n) are the number of
outcomes such as each exposure factor is associated with each outcome with the
relative risk RRij. Then, the total number of outcomes attributed to m exposure factors
can be estimated from the formula
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Application
Table 1 summarises the odds ratios of different tobacco-related cancer sites.

The risk of mouth cancer is about seven times more among tobacco chewers and two
times more among tobacco smokers than those who do not either chew or smoke
tobacco. Similarly, the risk of esophageal cancer is about four and three times higher
among chewers and smokers of tobacco respectively. Obviously, these cancer sites are
statistically significantly associated with tobacco chewing. On the other hand, other
cancer sites - oropharynx, hypopharynx, larynx, and lung cancer - are statistically
significantly associated with tobacco smoking, but not with tobacco chewing. The risk
of lung cancer is about 6 times higher in tobacco smokers than in tobacco non-
smokers.

Table 2 presents the prevalence of different forms of tobacco consumption
during the 30 days preceding each survey in Karnataka. The prevalence of tobacco
smoking was the highest (18.3 per cent) among all forms of tobacco consumption in
the state in 2015. It is however projected that this prevalence would decrease to 7.5
per cent by the year 2025. By contrast, the prevalence of smokeless tobacco
consumption is projected to increase during the period 2015 through 2025. It is also
projected that the proportion of population consuming both smoking and smokeless
tobacco will remain constant by the year 2025.

Table 3 shows the proportionate distribution of different types of cancer cases
in Karnataka. The proportion of mouth cancer cases due to tobacco chewing was 29
per cent in 2015 which is projected to increase to 34 per cent in 2025. On the
contrary, the proportions of cases of cancers of the larynx, oropharynx and lung as the
result of tobacco smoking were 45 per cent; 44 per cent; and 43 per cent respectively
in 2015 but are projected to decrease to 25 per cent; 24 per cent; and 23 per cent
respectively by the year 2025. On the other hand, the proportion of oropharynx cancer
cases, which was the leading site in 2015, is likely to decrease from 47 per cent in the
year 2015 to 32 per cent in the year 2025. 

Table 4 shows the number of cancer cases related and attributable to tobacco
for various sites in Karnataka. It may be pointed out here that cancer cases related to
tobacco consumption are those cases who are exposed to tobacco whereas cancer
cases attributable to tobacco consumption reflect the observed effect of tobacco
consumption (i.e. due to tobacco) on cancer incidence. It may be seen from the table
that the burden of lung cancers related to, and attributable to tobacco consumption
is likely to the highest throughout the period 2015 to 2025. The number of lung cancer
cases related to tobacco were 4,317 in the year 2015 which are expected to increase
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to 6,360 by the year 2025. However, the number of cancer cases attributable to
tobacco consumption was 1,887 in 2015 which is expected to decrease to 1,607 by the
year 2025. The table also shows that the second most prevalent cancer in the state is
the of the esophagus followed by mouth cancer cases. Cases of tongue and mouth
cancers related to tobacco use are showing a continuously increasing trend. However,
cancers of the lip, oropharynx, hypopharynx, larynx, esophagus, and lung are projected
to decrease monotonously throughout the period 2015-2025.

Discussion
Levin (1953) first proposed population attributable risk (PAR) to measure the

effect of exposure factors on the outcomes. Later on, some researchers in the
developed countries carried out research to measure the effect of multiple exposure
factors  on outcomes (Bruzzi et al, 1985; Miettinen, 1974; Whittemore, 1982; Walter,
1983). In the present study, an attempt has been made to generalise the PAR to
measure the effect of multiple exposure factors on multiple outcomes for estimating
the actual number of outcomes due to different stochastic exposure factors. The
method outlined in the present study has been applied to the data for the state of
Karnataka in India to estimate the expected number of different types of cancer cases
in the state around the year 2015 and projections of the cases for 2020 and 2025. The
approach adopted in this study is similar to studies carried out by Prasad and Dhar to
project the burden of tobacco and cancer cases (Prasad and Dhar, 2017; 2018). We
have also estimated the numbers of cancer cases due to tobacco consumption for the
state as a whole which is a new estimate for Karnataka and may serve as the basis for
a new cancer policy to reduce the effect of tobacco use.

The risk of cancer associated with different forms of tobacco use was
estimated under certain limitations as explained earlier. In addition, due to non-
availability of case control studies related to pharynx unspecified and urinary bladder,
the risk of cancer became invisible so that the actual number of pharynx unspecified
and urinary bladder cancer cases due to tobacco consumption could not be estimated
for Karnataka. Similarly, estimates of lip, tongue and mouth cancers is based on a
single study. However, estimation of the risk of cancer of other sites - oropharynx,
pharynx, hypopharynx, esophagus, larynx and lung - are based on more than one
studies. For these cancer sites, pooled odds ratios were taken into account for
estimation of actual number of cancer cases.

The estimated number of cancer cases in Karnataka due to tobacco
consumption were about 5000 in 2015. This number is projected to decrease to about
4600 by the year 2025. However, the incidence of tobacco-related cancers is likely to
increase till 2025. The findings of the present study are in contrast to earlier studies
carried out to project the trend in tobacco-related cancers in India (Murthy et al, 2008;
Takiar et al, 2010). It is possible, although not established, that there is an
improvement in the tobacco quality, or in the quality of health care. If this is so then
the number of tobacco-related cancer cases may increase but this will not necessarily
mean that actual effects of tobacco has also increased. The increase in the number of
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cancer cases is not only due to an increase in population size, but also due to the
increase in the life expectancy, which may be the outcome of sustained efforts of
controlling communicable diseases by the government. The present study also shows
a marginally increasing trend in the use of smokeless (chewing) tobacco, while there
is a rapid decline in the use of smoking tobacco.

Tobacco is the most significant of the several identified factors that cause
cancer. It is associated with several types of cancer like variety of neoplasms, including
cancer of larynx, oral cavity, esophagus, urinary bladder, pancreas and, more recently,
of the haematopoietic system (USDHHS, 1989). In Karnataka, tobacco is responsible
for around 50 per cent of oropharynx, larynx and lung cancers. Men are more prone
to using tobacco than women, particularly in the age group 15!49 years as is evident
from the fact that 57 per cent men, compared to 11 per cent women, use some form
of tobacco (IIPS, 2007). This has resulted in relatively higher incidence of cancer in men
compared to women.

Some studies carried out in India indicate that one third of all cancers reported
are oral cancers, and 90 per cent of oral cancer cases are tobacco users (Gupta, 1999;
Shimkhada and Peabody, 2003). This study shows a slightly increasing trend in cases
of cancer associated with smokeless tobacco use, which is a challenge for Karnataka.
The primary factor in oropharynx, larynx and lung cancer is the use of smoking
tobacco. In Karnataka, highest cancer cases due to tobacco use are of lung, esophagus
and mouth. In addition, the prevalence of smoking tobacco in the state is higher than
that of chewing tobacco and, resultantly, the proportion of oropharynx, larynx and
lung cancers are higher than the cancers related to smokeless tobacco. 

Conclusions
The method described in the present study facilitates combining the effect of

any stochastic exposure factor associated with multiple outcomes. This method gives
better insights for researchers to providing more reliable estimates for policy and
planning for reducing or eliminating the effect of stochastic exposure factors. In
Karnataka, oropharynx cancer is the leading cancer site. The overall proportion of this
cancer is likely to decrease from 47 per cent in 2015 to 32 per cent in 2025. Burden
of lung cancers related and due to tobacco is estimated to be the highest. The
estimated number of lung cancer  cases was 4,317 in 2015, which is  expected to
increase to 6,360 by the year 2025. On the other hand, the estimated number of lung
cancer cases due to tobacco use was 1,887 in 2015 which is likely to decrease to 1,607
by  the year 2025. There is a possibility that tongue and mouth cancer cases may
increase in the coming years because of the likely increase in tobacco consumption
during the period 2015 through 2025.  Since the screening of cancer cases is a major
public health challenge in Karnataka, especially in out-of-hospital settings, the method
of combing multiple exposure factors and multiple outcomes described in the present
study may be useful in policy formulation related to controlling the effect of stochastic
exposure factors. 
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Table 1
Odds Ratio (OR) of tobacco related sites with different forms of tobacco consumption. 

Tobacco related sites Smokeless
tobacco use
(Chewing)

Smoking
tobacco use 

Smokeless and
smoking tobacco

use

Lip# 1.50 1.9* 1.90

Tongue# 3.00 1.80 3.00

Mouth# 6.95 1.79 6.95

Oropharynx 2.50* 5.30 5.30

Hypopharynx 2.60* 3.40 3.40

Esophagus 3.50 2.70 3.50

Larynx 1.40* 5.50 5.50

Lung 1.20* 5.10 5.10

*Not statistically significant, All the other ORs statistically significant at 5% level.
# Not pooled OR. All others ORs are pooled.
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Table 2
Prevalence of different forms of tobacco consumption during the last 30 days prior to
the survey in Karnataka, 2015-25.

Form of tobacco consumption Year

2015 2020 2025

Only smoking tobacco 18.3 12.9 7.5

Only smokeless tobacco 7.0 7.8 8.6

Smoking and smokeless tobacco 0.5 0.5 0.5
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Table 3
Risk of cancer due to different forms of tobacco use (population attributable risk) in
Karnataka, 2015, 2020 and 2025
Sites Year Year

2015 2020 2025 2015 2020 2025

Smokeless only Smoking only

Lip 0.03 0.04 0.04 0.14 0.10 0.06

Tongue 0.12 0.13 0.15 0.13 0.09 0.06

Mouth 0.29 0.32 0.34 0.13 0.09 0.06

Oropharynx 0.09 0.10 0.11 0.44 0.35 0.24

Hypopharynx 0.10 0.11 0.12 0.30 0.23 0.15

Esophagus 0.15 0.16 0.17 0.23 0.18 0.11

Larynx 0.03 0.03 0.03 0.45 0.37 0.25

Lung 0.01 0.01 0.01 0.43 0.34 0.23

Smoking and smokeless Smoking or smokeless

Lip 0 0.00 0.00 0.17 0.14 0.1

Tongue 0.01 0.01 0.01 0.23 0.21 0.19

Mouth 0.03 0.03 0.03 0.37 0.37 0.37

Oropharynx 0.02 0.02 0.02 0.47 0.41 0.32

Hypopharynx 0.01 0.01 0.01 0.36 0.31 0.24

Esophagus 0.01 0.01 0.01 0.33 0.29 0.26

Larynx 0.02 0.02 0.02 0.46 0.39 0.28

Lung 0.02 0.02 0.02 0.44 0.36 0.25
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Table 4
Number of cancer cases related to and attributable to tobacco in Karnataka, 2015,
2020 and 2025

Sites
Cancer cases related to

tobacco
Cancer cases attributable to

tobacco
2015 2020 2025 2015 2020 2025

Lip 52 55 56 9 7 6
Tongue 1574 1871 2170 359 395 421
Mouth 2483 2832 3178 919 1053 1187
Oropharynx 242 252 260 115 102 83
Hypopharynx 1146 1194 1232 409 364 302
Esophagus 2861 2982 3080 940 880 794
Larynx 819 854 881 381 330 248
Lung 4317 5328 6360 1887 1907 1607
Total 13494 15367 17219 5018 5039 4647
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Organisational Effectiveness of Child
Immunisation Efforts in Madhya Pradesh

Aalok Ranjan Chaurasia

Introduction
According to the latest round of the National Family health Survey (NFHS-4),

less than 54 per cent of the children aged 12-23 months of age in Madhya Pradesh are
found to be fully immunised in the sense that they have received BCG, measles and
three doses each of OPV and DPT vaccines. The full immunisation coverage rate in the
state is estimated to be lower than that in India as a whole where more than 60 per
cent children aged 12-23 months are estimated to be fully immunised. The full
immunisation coverage rate in Madhya Pradesh has also been found to be lower than
that in India in both rural and urban populations. Among the states and Union
Territories of the country, Madhya Pradesh ranks a poor 28th in terms of full
immunisation coverage rate. The state is one of the twelve states/Union Territories of
the country where full immunisation coverage rate remains less than 60 per cent. Only
seven states/Union Territories of the country - Nagaland (35.2 per cent), Arunachal
Pradesh (38.2 per cent), Dadra and Nagar Haveli (43.2 per cent), Assam (47.1 percent),
Gujarat (50.4 per cent), Mizoram (50.5 per cent), and Uttar Pradesh (51.1 per cent) -
have full immunisation coverage rate lower than that in Madhya Pradesh. By contrast,
the Union Territory of Puducherry has a full immunisation coverage rate of more than
91 per cent and six states and Union Territories - Punjab (89.1 per cent), Goa (88.3 per
cent), Lakshadweep (86.9 per cent), West Bengal (84.4 per cent), Sikkim (83.0 per
cent), and Kerala (82.1 per cent) - have full immunisation coverage rate ranging
between 80-90 per cent.

The full immunisation coverage rate in Madhya Pradesh is however increasing
over time, although the increase in the full immunisation coverage rate state in recent
years has been substantially slower than the increase in the country as a whole. The

161
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Figure 1
Full immunisation coverage rate in India, 2015-16

full immunisation coverage rate in Madhya Pradesh increased by around 13 per cent
points between 2005-06 and 2015-16 whereas the increase was almost 19 per cent
points in the country as a whole. Obviously, accelerating the increase in the full
immunisation coverage rate is necessary for Madhya Pradesh to achieve the goal of
universal immunisation of the children against the six vaccine preventable diseases -
tuberculosis, poliomyelitis, pertussis, diphtheria, tetanus and measles. The poor
performance of child immunisation services in the state is reflected in terms of
persistent high infant and child mortality. The state has not been able to achieve the
Millennium Development Goal 4 - reduce under-five mortality rate by two-third by
2015 from the level that prevailed in 1990. The state requires reinvigoration of child
immunisation services to achieve the goal of the National Health Policy 2017. 

The full immunisation coverage rate is essentially an indicator of the goal
effectiveness of the child immunisation services. The goal effectiveness reflects the
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Figure 2
Trend in full immunisation coverage rate

Madhya Pradesh and India

ability of the services delivery system to achieve the desired goal which, in case of
child immunisation, is to achieve the herd immunity in children against six vaccine-
preventable diseases. In measurable terms, this means a full immunisation coverage
rate of at least 90 per cent. The goal effectiveness also reflects the administrative
capacity and the organisational efficiency of the child immunisation services and
determines the realised efficiency of the service delivery system which is measured
relative to the inputs or the cost involved in delivering services. At a given level of
inputs, high goal effectiveness leads to high realised efficiency whereas low goal
effectiveness results in low realised efficiency.

The goal effectiveness of the service delivery system, in turn, is determined by
two aspects of service delivery - the needs effectiveness and the capacity efficiency.
The need effectiveness reflects the extent up to which the service delivery system is
able to reach the potential beneficiaries of the services being delivered by the system.
The capacity efficiency, on the other hand, reflects the capacity of the service delivery
system to deliver all services to all those potential beneficiaries to whom the service
delivery system is able to reach. It is obvious that improvement in the needs
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effectiveness and the increase in the capacity efficiency of the service delivery system
are necessary to increase the goal effectiveness of the services delivery system. Any
analysis of the goal effectiveness of any service delivery system, therefore, requires
analysis of both the needs effectiveness and the capacity efficiency of the service
delivery system and how the two contribute to the goal effectiveness of the service
delivery system.

The evidence available through the National Family Health Survey 2015-16
clearly indicates that the goal effectiveness of child immunisation services in the
Madhya Pradesh can, at best, be termed as poor as only about half of the children aged
12-23 months of age in the state are found to be fully immunised. The poor goal
effectiveness of the child immunisation services in the state may be the result of either
low needs effectiveness of child immunisation services or the poor capacity efficiency
these services or both. However, there has never been any analysis of either the needs
effectiveness or the capacity efficiency of child immunisation services in the state. It
is also not clear whether the poor goal effectiveness of child immunisation services in
the state is due to poor needs effectiveness or due to low capacity efficiency of these
services or both poor needs effectiveness and low capacity efficiency are responsible
for poor goal effectiveness of child immunisation services.

In this paper, we use the data available through NFHS-4 to analyse the
organisational effectiveness or the goal effectiveness of the child immunisation
services in Madhya Pradesh and variation in the organisational effectiveness across the
districts of the state. We also analyse the contributors to the observed goal
effectiveness of child immunisation services in terms of the needs effectiveness of the
system and the capacity efficiency of the child immunisation services and their
variation within the state, across districts. The goal effectiveness of the child
immunisation services has been measured in terms of the full immunisation coverage
rate which is defined as the proportion of children aged 12-23 months who have
received all the basic vaccinations - BCG, three doses of OPV, three doses of DPT and
measles. The analysis reveals that the goal effectiveness of the child immunisation
services in the state is low and it varies widely across the districts of the state. The
analysis also provides valuable insight into the administrative capacity and the
organisational efficiency of the child immunisation services in the state which may be
useful in reinvigorating child immunisation services.

The paper is organised as follows. The next section of the paper outlines the
analytical framework used in the analysis. The third section applies the analytical
framework to the data on the coverage of immunisation services available through
NFHS-4 to measure the needs effectiveness and capacity efficiency and hence the
organisational or the goal effectiveness of the child immunisation services delivery
system in the state and in its constituent districts. The fourth section of the paper
analyses how the needs effectiveness and the capacity efficiency of the system
contribute to the goal effectiveness of child immunisation services. The last section
summarises the findings of the analysis and discusses their implications in the context
of improving the administrative capacity and organisational efficiency of the child
immunisation services in the state.
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Analytical Framework

Let there are N children aged 12-23 months of age in the state and out of these
N children, A children have received all the basic vaccinations. Then the goal
effectiveness of child immunisation services may be defined as

GE=A/N

or

GE=S/N * A/S

where S is the number of children aged 12-23 months who are within the reach of the
child immunisation services delivery system so that AfSfN. When all children aged 12-
23 months of age receive all basic vaccinations, A=S=N and, in this case, the goal
effectiveness of child immunisation services is 1.

The foregoing discussions suggest that the goal effectiveness and hence the
organisational effectiveness of child immunisation services is determined by the ratio
S/N and the ratio A/S. The ratio S/N reflects the reach of the child immunisation services
delivery system and is termed as the needs effectiveness (NE) of the child immunisation
service delivery system. If the child immunisation services delivery system is able to
reach all children aged 12-23 months, then S/N=1 or the needs effectiveness of the
system is 1.

The ratio A/S, on the other hand, reflects the capacity of the child
immunisation services delivery system to deliver all basic vaccinations to those
children who are within the reach of the system and is termed as the capacity
efficiency (CE) of the child immunisation services delivery system. If the system is able
to provide all basic vaccinations to all children who are within its reach, the A/S=1 or
the capacity efficiency of the child immunisation services delivery system is 1. Thus,

GE=CE*NE.

In other words, the goal effectiveness or the organisational effectiveness of
child immunisation services is determined by both the needs effectiveness (NE) and the
capacity efficiency (CE) of the child immunisation services delivery system. This means
that improving both needs effectiveness and capacity efficiency of child immunisation
services is necessary to increase the goal effectiveness and hence the organisational
effectiveness of the child immunisation services. The difference between the prevailing
goal effectiveness (GE) and the normative value of 1 measures the performance gap (G)
of the child immunisation services delivery system. Thus,

G=1 - GE=1*1 - CE*NE

and, following Kitagawa (1955), the performance gap in child immunisation services
delivery system can be decomposed as

G=(1 - NE)*(1 + CE)/2 + (1 + NE)*(1 - CE)/2

The first term on the right reflects the contribution of the performance gap 
in the needs effectiveness whereas the second reflects the performance gap in the
capacity efficiency. Thus, the performance gap of child immunisation services can be
decomposed into the performance gap attributed to the needs effectiveness and to the
capacity efficiency of the child immunisation services.
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Application of the above analytical framework requires estimation of needs
effectiveness and capacity efficiency of child immunisation services delivery system. 
We measure the needs effectiveness (NE) of the child immunisation services delivery
system in terms of the proportion of children aged 12-23 months who have received
BCG vaccine since the BCG vaccine is given almost invariably at the time of the birth
and BCG vaccination signals the start of the vaccination process which continues to the
first 12 months of life. As such, the proportion of children aged 12-23 months who
have received BCG reflects the extent up to which the child immunisation services
delivery system is able to reach the potential beneficiaries of child immunisation
services. If all children aged 12-23 months have received BCG vaccine then, obviously,
the needs effectiveness of the child immunisation services delivery system is 1. If no
child has received BCG vaccination, then the needs effectiveness of child immunisation
services delivery system is 0.

Finally, the capacity efficiency (CE) of the child immunisation services delivery
system has been measured in terms of the proportion of those children aged 12-23
months who have received BCG vaccination are fully immunised or have received all
the basic vaccinations - BCG, measles and three doses each of OPV and DPT. If the
proportion of children aged 12-23 months who are fully immunised is the same as the
proportion of children aged 12-23 months who received BCG vaccination, then this
ratio is 1 and hence the capacity efficiency of the child immunisation services delivery
system is 1. On the other hand, if no child is fully immunised then this ratio is zero and
so the capacity efficiency of the child immunisation services is zero. The capacity
efficiency can also be measured in terms of specific vaccines. For example, the ratio
of the proportion of children who have received three doses of OPV vaccine to the
proportion of children who have received BCG vaccine is an indicator of the capacity
efficiency of the child immunisation services delivery system in the context of oral
polio vaccination only but not in terms of other basic vaccinations. In the same
manner, the capacity efficiency of the child immunisation services delivery system can
also be defined in terms of the DPT vaccination and the measles vaccination.

Effectiveness of Child Immunisation Services
The data available through the National Family Health Survey 2015-16 (NFHS-4)

suggest that around 53.6 per cent of children aged 12-23 months of age in the state
were fully immunised in 2015 which means that the goal effectiveness (GE) of the child
immunisation services in the state is 0.536. This goal effectiveness of the child
immunisation services was the result of a needs effectiveness of 0.916 and a capacity
efficiency of 0.585 and reflects the poor organisational effectiveness of the child
immunisation services delivery system in the state. The data available through NFHS-4
also suggest that the goal effectiveness of the child immunisation services in Madhya
Pradesh is lower than the goal effectiveness of child immunisation services in India
(0.620). Data available through NFHS-4 also suggest that the needs effectiveness of the
child immunisation services delivery system in India is 0.919 and the capacity efficiency
of these services is 0.675. This means that the needs effectiveness of the child
immunisation services delivery system in Madhya Pradesh is very much similar to that
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in the country as a whole. On the contrary, there is very significant difference in the
capacity efficiency of these services in Madhya Pradesh as compared to that in India
as a whole.

The data available through NFHS-4 suggest that child immunisation services
delivery system in Madhya Pradesh are able to reach almost 92 per cent of the children
aged 12-23 months of age. However, the child immunisation services delivery system
is able to deliver full immunisation services to only about 59 per cent of those children
who have received BCG. By contrast, the child immunisation services in India are able
to provide all basic vaccinations to almost 68 per cent of those children who have
received BCG. This means that improving the capacity efficiency of the child
immunisation services is necessary to improve the goal effectiveness of the child
immunisation services in Madhya Pradesh.

The goal effectiveness as well as the capacity efficiency of the child
immunisation services in Madhya Pradesh varies by different vaccines. The goal
effectiveness of the OPV vaccine is estimated to be the lowest but that of measles
vaccine is estimated to be the highest on the basis of the data available through NFHS-
4. This is because the capacity efficiency of the child immunisation services is the
lowest with regard to OPV vaccination but the highest with regard to the measles
vaccination. This observation is interesting as the basic vaccination process follows a
fixed sequence - BCG vaccination at the time of the birth or as early as possible after
the birth; OPV and DPT vaccinations at six, ten and fourteen weeks of life, and measles
vaccination sometimes during 9-12 months of life. This sequential ordering of basic
vaccination implies that

GE(BCG)$GE(OPV) or GE(DPT)$GE(MEA) 

This has however not been the case in Madhya Pradesh as the goal
effectiveness of the organisational effectiveness of the child immunisation services in
terms of measles vaccination has been found to be higher than the goal effectiveness
of these services in terms of OPV and DPT vaccinations. This essentially implies that
a proportion of children who have received the measles vaccine might have not
received either three doses of the OPV vaccine or three doses of the DPT vaccine or
both. Data available through NFHS-4 also suggests that the goal effectiveness of OPV
vaccination is substantially lower than the goal effectiveness of DPT vaccination which
means that many children who have received three doses of the DPT vaccine might
have not received three doses of the OPV vaccine. Since the needs effectiveness of the
child immunisation services remains the same for all vaccines, this observation also
implies that the capacity efficiency of the child immunisation services is the highest
in terms of measles vaccination but the poorest in terms of OPV vaccination. This
variation in the vaccine specific capacity efficiency of the child immunisation services
reflects another dimension of the administrative capacity and organisational efficiency
of the child immunisation services delivery system in the state. It appears that the
delivery of immunisation services in the state is biassed towards the measles
vaccination at the cost of DPT and OPV vaccination. As such, the full immunisation
coverage rate in the state and in its districts is lower than the coverage rate of the
measles vaccination.
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Figure 3
Proportion of children aged 12-23 months fully immunised

in Madhya Pradesh

The goal effectiveness of child immunisation services delivery system as well
as the needs effectiveness and the capacity efficiency of the system varies widely
across the districts of the state as they existed at the time of NFHS-4. The goal
effectiveness of the system is the estimated to be the highest in district Raisen where
more than 78 per cent children aged 12-23 months are estimated to be fully
immunised but the poorest in district Alirajpur where just around 22 per cent children
aged 12-23 months are estimated to be fully immunised according to NFHS-4. There
are 7 districts in the state where the goal effectiveness of child immunisation services
is very low. In these districts, less than 40 per cent children aged 12-23 months are
found to be fully immunised according to NFHS-4. On the other hand, there are only
two districts where the goal effectiveness may be termed as satisfactory as more than
70 per cent of the children aged 12-23 months in these districts are found to be fully
immunised.

The needs effectiveness and the capacity efficiency of the child immunisation
services also vary widely across the districts. The needs effectiveness of child
immunisation services is the lowest in district Panna where only 68 per cent of the
children aged 12-23 months have received BCG vaccination. By contrast, in district
Mandla, child immunisation services are able to reach all children aged 12-23 months
in terms of BCG vaccination which implies that the needs effectiveness of child
immunisation services in the district is cent per cent. District Mandla is the only
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Figure 4
Needs effectiveness of immunisation services

in Madhya Pradesh

district in the state where the child immunisation services delivery system is able to
reach all the potential beneficiaries in terms of BCG vaccination. In most of the
districts of the state,  however, the needs effectiveness is more than 90 per cent
meaning that the child immunisation services in most of the districts are able to reach
at least 90 per cent of the potential beneficiaries. There are only 14 districts where the
needs effectiveness of the child immunisation services is less than 90 per cent and less
than 80 per cent in only 5 districts.

On the other hand, inter-district variation in the capacity efficiency of the child
immunisation services delivery system is found to be very widely in the state, ranging
from just around 27 per cent in district Alirajpur to more than 81 per cent in district
Raisen. Raisen is the only district in the state where more than 80 per cent of those
children aged 12-23 months who have received BCG vaccine have also been found to
be fully immunised according to the data available through NFHS-4. By contrast, in
district Alirajpur, only around 27 per cent of those children who have received BCG
vaccine were found to be fully immunised. There are 13 districts in the state where the
capacity efficiency of the child immunisation services delivery system has been found
to be less than 50 per cent according to the estimates based on the data available
through NFHS-4. On the other hand, there are only five districts in the state where the
capacity efficiency of the child immunisation services delivery system has been found
to be more than 70 per cent. There is, however, no district in the state where the
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Figure 5
Capacity efficiency of immunisation services

in Madhya Pradesh

capacity efficiency of child immunisation services is estimated to be at least 85 per
cent in terms of full immunisation. Obviously, minimising the inter-district variation
in the capacity efficiency of the child immunisation services delivery system can
contribute significantly towards reducing the inter-district variation in the goal
effectiveness and hence the organisational or the goal effectiveness of the child
immunisation services in the state. Very little is however currently known about the
determinants of the capacity efficiency of child immunisation services in the state. The
child immunisation services delivery system in the state is integrated with the broader
public health care delivery system. As such, the poor capacity efficiency of child
immunisation services reflects the poor capacity efficiency of the public health care
delivery system. This also means that a reinvigoration of the administrative capacity
and organisational efficiency of the public health care delivery system may be a
prerequisite for improving the administrative capacity of child immunisation services. 
In any case, improving the administrative capacity of the child immunisation services
appears to be necessary to achieve the goal of universal full immunisation in the state. 
At the same time, it is also imperative that a comprehensive review of the essential
functions of child immunisation services is carried out to identify the bottlenecks and
grey areas in the delivery of child immunisation services. It is important that child
immunisation services adopt a systems approach towards planning and programming
for vaccinating children.
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OPV OPV

DPT DPT

MEASLES MEASLES

Figure 6
Vaccine-specific goal effectiveness and capacity efficiency

in Madhya Pradesh

Goal effectiveness Capacity efficiency

The vaccine-specific capacity efficiency also varies widely across the districts
of the state. The capacity efficiency in terms of OPV vaccination is the lowest in district
Jhabua (0.392) but the highest in district Raisen (0.860). The capacity efficiency in
terms of DPT vaccination is the lowest in district Alirajpur (0.446) but the highest in
district Balaghat (0.988). Finally, the capacity efficiency in terms of measles vaccination
is the lowest in district Ratlam (0.695) but the highest in district Betul (0.987). The
capacity efficiency and hence the goal effectiveness in terms of measles vaccination is
the highest in 42 of the 50 districts of the state. On the other hand, the capacity
efficiency and hence the goal effectiveness in terms of DPT vaccination is amongst the
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highest in 6 districts whereas the capacity efficiency and hence the goal effectiveness
in terms of OPV vaccination is found to be the highest in only two districts of the state.
This means that in most of the districts of the state, the proportion of children aged
12-23 months who have received measles vaccination is higher than the proportion of
children who have received either the DPT vaccination or the OPV vaccination. In other
words, in most of the districts of the state, a substantial proportion of children have
received the measles vaccination but not the OPV vaccination or the DPT vaccination
or both. This appears to be the reason why the capacity efficiency of the child
immunisation services, measured in terms of the proportion of children aged 12-23
months fully immunised, is quite low in most of the districts of the state.

Performance Gap in Child Immunisation Services

For the state as a whole the performance gap in terms of the proportion of
fully immunised children is 0.464 which means that more than 46 per cent children
aged 12-23 months in the state are not fully immunised. More than 85 per cent of this
performance gap in immunisation services in the state is due to the poor capacity
efficiency of the child immunisation services whereas around 15 per cent of this
performance gap may be attributed to the far from satisfactory needs effectiveness of
the child immunisation services in the state. When the performance is measured in
terms of the proportion of children who have received three doses of OPV, the
performance gap is 36.4 per cent and around 80 per cent of this gap is attributed to
capacity efficiency while 20 per cent is attributed to needs effectiveness of the child
immunisation services. In case of DPT vaccination, the performance gap is 26.6 per
cent and around 72 per cent of this gap is attributed to capacity efficiency while 28 per
cent of this gap is attributed to the needs effectiveness. Finally, in case of measles
vaccination, the performance gap is only about 20 per cent and 62 per cent of this gap
is attributed to the capacity efficiency while 38 per cent is attributed to the needs
effectiveness of the child immunisation services.

The immunisation performance gap and the relative contribution of needs
effectiveness and capacity efficiency to the performance gap varies widely across the
districts. The performance gap is the lowest in district Raisen but the highest in district
Alirajpur. On the other hand, the contribution of the needs effectiveness of the child
immunisation services to the performance gap is the highest in district Vidisha where
the low needs effectiveness of the child immunisation services accounts for more than
35 per cent of the performance gap. In district Panna also, the needs effectiveness of
child immunisation services accounts for more than 30 per cent of the performance
gap. On the other hand, the contribution of the needs effectiveness to the
performance gap is zero in district Mandla as all children aged 12-23 months in the
district are found to have received BCG vaccination according to NFHS-4 and so that
needs effectiveness of child immunisation services in the district is cent per cent. In
19 districts of the state, the needs effectiveness of child immunisation services
accounts for less than 10 per cent of the immunisation performance gap in terms of
full immunisation. This means that immunisation services in these districts are able to
reach most of the children for delivering immunisation services.
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Figure 7
Performance gap in child immunisation services

in Madhya Pradesh

The contribution of the capacity efficiency to the immunisation performance
gap, on the other hand, has been found to be the highest in district Mandla where the
entire immunisation performance gap in terms of full immunisation is due to the poor
capacity efficiency of the child immunisation services only. This is logical as the
contribution of the needs effectiveness to the immunisation performance gap in
district Mandla is zero. On the other hand, the contribution of the capacity efficiency
to the immunisation performance gap in terms of full immunisation is found to be the
lowest in district Vidisha.

The inter-district variation in the performance gap can be decomposed into
inter-district variation in the performance gap attributed to the needs effectiveness
and the performance gap attributed to the capacity efficiency of the child
immunisation services delivery system. It is straightforward to show that

Var(G) = [Var(GCE)+Cov(GCE, GNE)] + [Var(GNE)+Cov(GCE, GNE)]

where GCE is the performance gap attributed to capacity efficiency and GNE is the
performance gap attributed to needs effectiveness. The application of the above
decomposition formula to Madhya Pradesh shows that inter-district variation in the
capacity efficiency of the immunisation services measured in terms of full
immunisation accounts for around 73 per cent of the inter-district variation in the
immunisation performance gap whereas inter-district variation in the needs



174 INDIA 2018: CHILD HEALTH AND MORTALITY

effectiveness accounts for around 27 per cent of the inter-district variation in the
immunisation performance gap in the state. This means that the major challenge to
reducing the immunisation performance gap in the state is to improve the capacity
efficiency of these services so that they can deliver all the basic vaccinations to those
newborn who are within the reach of these services in the sense that they have already
received the BCG vaccination. The evidence available through the NFHS-4 clearly shows
that the challenge of needs effectiveness of child immunisation services is confined to
only a few districts of the state but concerns about the capacity efficiency of these
services persist in all districts of the state. It is also clear from the foregoing analysis
that the impact of improving the needs effectiveness of child immunisation service on
reducing the immunisation performance gap is substantially smaller than the impact
of improving the capacity efficiency of these services. Very little is currently known
about the factors that affect the capacity efficiency of immunisation services. In any
case, an understanding of these factors is necessary for improving the capacity
efficiency.

Figure 8
Contributors to the performance gap in immunisation services

in Madhya Pradesh

Needs effectiveness Capacity efficiency

Sources of Vaccination
The National Family Health Survey 2015-16 also provides the information

about the source of immunisation in terms of the proportion of children aged 12-23
months who received most of the vaccinations in a public health facility or a private
health facility. According to the NFHS-4, almost 96 per cent of the children aged 12-23
months who received even a single vaccination reported that they received the
vaccination at a public health facility. This means that the private health care delivery
system contributes little towards delivering child immunisation services in the state.
Moreover, the contribution of the private health care delivery system in delivering
child immunisation services in the state appears to have decreased over time. During
2005-06, around 7 per cent of children aged 12-23 months of age reported that they
received most of the vaccinations from a private health facility. This proportion has
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Figure 9
Proportion of vaccinations in public health facilities

in Madhya Pradesh

decreased to less than 4 per cent during 2015-16. This is so when there has been a
considerable expansion of the private health care delivery system in the state during
the 10 years period between 2005-06 and 2015-16. Delivery of child immunisation
services in the state is now almost entirely a prerogative of the public health care
delivery system and is a concern as far as improving the goal effectiveness of the child
immunisation is concerned.

At the district level, relative contribution of public and private health care
delivery systems in delivering the child immunisation services varies widely. There are,
11 districts where the child immunisation services appear to have been delivered
entirely by the public health care delivery system according to NFHS-4. Moreover, in
29 districts, the public health care delivery system accounts for more than 95 per cent
of the vaccinations done as part of child immunisation services. In fact, there are only
three districts - Indore, Bhopal and Jabalpur - where the public health care delivery
system accounts for less than 90 per cent of the vaccinations done according to the
NFHS-4. These observations suggest that the goal effectiveness of the child
immunisation services in the state and in its constituent districts is almost entirely
dependent upon the needs effectiveness and capacity efficiency of the public health
care delivery system in delivering the child immunisation services. The administrative
capacity and the organisational efficiency of the private health care delivery system
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have virtually no impact on the delivery of child immunisation services in the state. It
was expected that with the expansion of the private health care delivery system in the
state, an increasing proportion of child immunisation services would be delivered by
the private health care delivery system. However, the data available through the NFHS-
4 indicates that this has not happened in the state.  Rather the contribution of the
private health sector has decreased with time.

Conclusions
The evidence available through NFHS-4 emphasises the need of

comprehensively reinvigorating the child immunisation services in the state. It is
obvious from the present analysis that the current situation can in no way be accepted
and a serious introspection is needed to improve the performance of child
immunisation services in the state.

It is in the above context that the following issues need to be discussed and
debated to improve the performance of the child immunisation services in the state:

1. The major challenge to improving the performance of child immunisation
services in the state is to improve the capacity efficiency of these services as
the needs effectiveness of these services may appear to be quite satisfactory.
There is a need to adopt innovative approaches in this regard. A critical
appraisal of the current capacity efficiency of the child immunisation services
delivery system in the state may be the first step in this direction.

2. The second issue is substantial variation in the performance of the child
immunisation services across the districts of the state. Reducing the inter-
district variation in the performance of the child immunisation services may
go a long way in proving the performance of these services in the state. This
variation may be due to both factors endogenous and factors exogenous to
the child immunisation services delivery system. Factors endogenous to the
child immunisation services delivery system may be grouped into two groups -
one, those factors which have bearings on the needs effectiveness and, two,
factors that affect the capacity efficiency of the child immunisation services
delivery system. A district-based approach of planning and programming for
child immunisation services appears an option to reduce inter-district variation
in immunisation performance but the operational feasibility of such an
approach needs to be discussed at length.

3. It may be argued that the exogenous factors that affect the needs
effectiveness and the capacity efficiency of child immunisation services are
essentially different in different districts. However, an understanding of these
factors is, at best, rudimentary. A deeper understanding of these factors
appears critical in reducing the inter-district variation in the performance
which appear to be quite strong in terms of their strength and persistence.

4. The goal effectiveness of the child immunisation services in the state has been
found to be higher in case of measles vaccination than in case of OPV and DPT
vaccination. This means that many children in the state have received the
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measles vaccine but missed OPV or DPT vaccines. In most of the districts, a
similar situation prevails. One reason for this trend may be the focus on
measles vaccination in the monitoring of child immunisation services. The
measles vaccination-based monitoring of child immunisation services assumes
that children who have received measles vaccination have already received
three doses of OPV and DPT vaccines. However, the NFHS-4 data show that
this has not been the case in Madhya Pradesh.

5. Last but not the least, involvement of the private health care delivery system
in the delivery of the child immunisation services remains a major challenge
towards improving the immunisation performance in the state. There is a need
to discuss possible pathways for increasing the involvement of the private
health care delivery system in the delivery of immunisation services.
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Table 1
Immunisation coverage rates in Madhya Pradesh and its constituent districts
State/District Full

immunisation
BCG OPV DPT Measles

Madhya Pradesh 53.6 91.6 63.6 73.4 79.6 

Alirajpur 22.6 82.9 39.5 37.0 60.0 

Anuppur 57.8 95.4 62.4 80.7 90.8 

Ashoknagar 37.2 80.9 47.6 59.1 59.6 

Balaghat 64.6 92.4 75.6 91.3 85.9 

Barwani 41.8 77.3 53.1 55.7 62.3 

Betul 69.1 97.5 72.9 90.8 96.2 

Bhind 51.0 91.7 61.5 78.0 82.4 

Bhopal 62.3 94.5 65.8 86.3 89.5 

Burhanpur 43.3 90.8 55.7 67.9 70.0 

Chhatarpur 41.1 88.5 53.2 53.7 67.2 

Chhindwara 64.3 96.0 71.8 87.1 92.4 

Damoh 55.9 90.5 68.1 72.5 76.3 

Datia 53.2 94.1 63.5 71.3 81.7 

Dewas 60.3 92.9 73.0 85.2 79.5 

Dhar 65.6 94.8 75.4 88.8 85.7 

Dindori 49.4 97.3 66.7 71.3 85.3 

Guna 65.1 94.9 73.2 73.4 80.7 

Gwalior 52.5 98.5 60.3 78.0 79.2 

Harda 48.6 95.4 51.8 72.8 88.6 

Hoshangabad 49.5 97.3 60.5 73.9 79.0 

Indore 57.8 97.0 60.8 73.0 82.9 

Jabalpur 67.5 98.0 70.3 88.6 90.0 

Jhabua 25.0 78.4 30.7 46.2 71.7 

Katni 46.7 97.3 57.5 83.7 85.4 

Khandwa 58.7 98.9 71.0 74.9 89.9 

Khargone 64.2 91.0 71.5 71.7 86.6 

Mandla 55.1 100.0 68.2 80.7 90.5 

Mandsaur 43.5 83.8 66.7 59.3 63.3 

Morena 60.6 92.3 68.5 69.8 82.0 

Narsimhapur 54.2 93.7 76.5 84.4 75.6 

Neemuch 47.0 88.6 57.7 66.4 71.4 

Panna 26.6 67.7 41.3 51.1 49.9 

Raisen 78.5 96.6 83.1 90.3 91.4 

Rajgarh 42.7 93.3 60.6 67.2 71.2 

Ratlam 45.2 92.2 59.9 65.1 64.1 

Rewa 52.8 94.3 69.4 72.4 82.0 



ORGANISATIONAL EFFECTIVENESS OF IMMUNISATION PROGRAMME 179

State/District Full
immunisation

BCG OPV DPT Measles

Sagar 52.7 85.4 66.1 66.7 72.9 

Satna 52.4 92.0 63.3 80.0 84.7 

Sehore 60.0 98.9 74.1 78.0 86.1 

Seoni 57.1 98.0 64.0 93.2 89.8 

Shahdol 40.3 85.4 50.1 74.5 80.7 

Shajapur 71.7 97.1 74.5 87.1 92.8 

Sheopur 48.7 93.8 53.5 69.2 85.0 

Shivpuri 63.1 94.1 68.3 79.9 81.9 

Sidhi 34.4 77.1 51.5 59.7 63.8 

Singrauli 42.2 87.1 49.2 67.4 73.5 

Tikamgarh 34.4 89.1 52.8 45.7 63.0 

Ujjain 56.8 91.9 64.9 70.8 88.3 

Umaria 67.1 94.6 76.7 78.3 85.9 

Vidisha 45.7 75.8 54.9 58.5 65.4 
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Table 2
Goal effectiveness, needs effectiveness and capacity efficiency of child
immunisation services in Madhya Pradesh
State/District Goal

effectiveness
Needs

effectiveness
Capacity efficiency

Full OPV DPT Measles

Madhya Pradesh 0.464 0.916 0.585 0.694 0.801 0.869

Alirajpur 0.774 0.829 0.273 0.476 0.446 0.724

Anuppur 0.422 0.954 0.606 0.654 0.846 0.952

Ashoknagar 0.628 0.809 0.460 0.588 0.731 0.737

Balaghat 0.354 0.924 0.699 0.818 0.988 0.930

Barwani 0.582 0.773 0.541 0.687 0.721 0.806

Betul 0.309 0.975 0.709 0.748 0.931 0.987

Bhind 0.490 0.917 0.556 0.671 0.851 0.899

Bhopal 0.377 0.945 0.659 0.696 0.913 0.947

Burhanpur 0.567 0.908 0.477 0.613 0.748 0.771

Chhatarpur 0.589 0.885 0.464 0.601 0.607 0.759

Chhindwara 0.357 0.960 0.670 0.748 0.907 0.963

Damoh 0.441 0.905 0.618 0.752 0.801 0.843

Datia 0.468 0.941 0.565 0.675 0.758 0.868

Dewas 0.397 0.929 0.649 0.786 0.917 0.856

Dhar 0.344 0.948 0.692 0.795 0.937 0.904

Dindori 0.506 0.973 0.508 0.686 0.733 0.877

Guna 0.349 0.949 0.686 0.771 0.773 0.850

Gwalior 0.475 0.985 0.533 0.612 0.792 0.804

Harda 0.514 0.954 0.509 0.543 0.763 0.929

Hoshangabad 0.505 0.973 0.509 0.622 0.760 0.812

Indore 0.422 0.970 0.596 0.627 0.753 0.855

Jabalpur 0.325 0.980 0.689 0.717 0.904 0.918

Jhabua 0.750 0.784 0.319 0.392 0.589 0.915

Katni 0.533 0.973 0.480 0.591 0.860 0.878

Khandwa 0.413 0.989 0.594 0.718 0.757 0.909

Khargone 0.358 0.910 0.705 0.786 0.788 0.952

Mandla 0.449 1.000 0.551 0.682 0.807 0.905

Mandsaur 0.565 0.838 0.519 0.796 0.708 0.755

Morena 0.394 0.923 0.657 0.742 0.756 0.888

Narsimhapur 0.458 0.937 0.578 0.816 0.901 0.807

Neemuch 0.530 0.886 0.530 0.651 0.749 0.806

Panna 0.734 0.677 0.393 0.610 0.755 0.737

Raisen 0.215 0.966 0.813 0.860 0.935 0.946

Rajgarh 0.573 0.933 0.458 0.650 0.720 0.763

Ratlam 0.548 0.922 0.490 0.650 0.706 0.695
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State/District Goal
effectiveness

Needs
effectiveness

Capacity efficiency

Full OPV DPT Measles

Rewa 0.472 0.943 0.560 0.736 0.768 0.870

Sagar 0.473 0.854 0.617 0.774 0.781 0.854

Satna 0.476 0.920 0.570 0.688 0.870 0.921

Sehore 0.400 0.989 0.607 0.749 0.789 0.871

Seoni 0.429 0.980 0.583 0.653 0.951 0.916

Shahdol 0.597 0.854 0.472 0.587 0.872 0.945

Shajapur 0.283 0.971 0.738 0.767 0.897 0.956

Sheopur 0.513 0.938 0.519 0.570 0.738 0.906

Shivpuri 0.369 0.941 0.671 0.726 0.849 0.870

Sidhi 0.656 0.771 0.446 0.668 0.774 0.827

Singrauli 0.578 0.871 0.485 0.565 0.774 0.844

Tikamgarh 0.656 0.891 0.386 0.593 0.513 0.707

Ujjain 0.432 0.919 0.618 0.706 0.770 0.961

Umaria 0.329 0.946 0.709 0.811 0.828 0.908

Vidisha 0.543 0.758 0.603 0.724 0.772 0.863
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Table 3
Performance gap in terms of full immunisation in Madhya Pradesh
State/District Performance

gap
Performance gap attributed to

Capacity efficiency Needs effectiveness

Absolute Per cent Absolute Per cent

Madhya Pradesh 0.464 0.397 85.6 0.067 14.4

Alirajpur 0.774 0.665 85.9 0.109 14.1

Anuppur 0.422 0.385 91.2 0.037 8.8

Ashoknagar 0.628 0.489 77.9 0.139 22.1

Balaghat 0.354 0.289 81.6 0.065 18.4

Barwani 0.582 0.407 69.9 0.175 30.1

Betul 0.309 0.288 93.2 0.021 6.8

Bhind 0.490 0.425 86.7 0.065 13.3

Bhopal 0.377 0.331 87.8 0.046 12.2

Burhanpur 0.567 0.499 88.0 0.068 12.0

Chhatarpur 0.589 0.505 85.7 0.084 14.3

Chhindwara 0.357 0.324 90.8 0.033 9.2

Damoh 0.441 0.364 82.5 0.077 17.5

Datia 0.468 0.422 90.2 0.046 9.8

Dewas 0.397 0.338 85.1 0.059 14.9

Dhar 0.344 0.300 87.2 0.044 12.8

Dindori 0.506 0.486 96.0 0.020 4.0

Guna 0.349 0.306 87.7 0.043 12.3

Gwalior 0.475 0.464 97.7 0.011 2.3

Harda 0.514 0.479 93.2 0.035 6.8

Hoshangabad 0.505 0.485 96.0 0.020 4.0

Indore 0.422 0.398 94.3 0.024 5.7

Jabalpur 0.325 0.308 94.8 0.017 5.2

Jhabua 0.750 0.608 81.1 0.142 18.9

Katni 0.533 0.513 96.2 0.020 3.8

Khandwa 0.413 0.404 97.8 0.009 2.2

Khargone 0.358 0.281 78.5 0.077 21.5

Mandla 0.449 0.449 100.0 0.000 0.0

Mandsaur 0.565 0.442 78.2 0.123 21.8

Morena 0.394 0.330 83.8 0.064 16.2

Narsimhapur 0.458 0.408 89.1 0.050 10.9

Neemuch 0.530 0.443 83.6 0.087 16.4

Panna 0.734 0.509 69.3 0.225 30.7

Raisen 0.215 0.184 85.6 0.031 14.4

Rajgarh 0.573 0.524 91.4 0.049 8.6
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State/District Performance
gap

Performance gap attributed to

Capacity efficiency Needs effectiveness

Absolute Per cent Absolute Per cent

Ratlam 0.548 0.490 89.4 0.058 10.6

Rewa 0.472 0.428 90.7 0.044 9.3

Sagar 0.473 0.355 75.1 0.118 24.9

Satna 0.476 0.413 86.8 0.063 13.2

Sehore 0.400 0.391 97.8 0.009 2.3

Seoni 0.429 0.413 96.3 0.016 3.7

Shahdol 0.597 0.490 82.1 0.107 17.9

Shajapur 0.283 0.258 91.2 0.025 8.8

Sheopur 0.513 0.466 90.8 0.047 9.2

Shivpuri 0.369 0.320 86.7 0.049 13.3

Sidhi 0.656 0.490 74.7 0.166 25.3

Singrauli 0.578 0.482 83.4 0.096 16.6

Tikamgarh 0.656 0.580 88.4 0.076 11.6

Ujjain 0.432 0.366 84.7 0.066 15.3

Umaria 0.329 0.283 86.0 0.046 14.0

Vidisha 0.543 0.349 64.3 0.194 35.7
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Table 4
Performance gap in terms of OPV vaccination in Madhya Pradesh
State/District Performance

gap
Performance gap attributed to

Capacity efficiency Needs effectiveness

Absolute Per cent Absolute Per cent

Madhya Pradesh 0.364 0.293 71.0 0.071 29.0

Alirajpur 0.605 0.479 71.7 0.126 28.3

Anuppur 0.376 0.338 59.3 0.038 40.7

Ashoknagar 0.524 0.372 91.9 0.152 8.1

Balaghat 0.244 0.175 82.1 0.069 17.9

Barwani 0.469 0.278 86.3 0.191 13.7

Betul 0.271 0.249 83.3 0.022 16.7

Bhind 0.385 0.316 80.3 0.069 19.7

Bhopal 0.342 0.295 87.6 0.047 12.4

Burhanpur 0.443 0.369 74.0 0.074 26.0

Chhatarpur 0.468 0.376 86.6 0.092 13.4

Chhindwara 0.282 0.247 76.7 0.035 23.3

Damoh 0.319 0.236 80.9 0.083 19.1

Datia 0.365 0.316 93.1 0.049 6.9

Dewas 0.270 0.207 83.2 0.063 16.8

Dhar 0.246 0.199 97.0 0.047 3.0

Dindori 0.333 0.310 92.7 0.023 7.3

Guna 0.268 0.223 94.4 0.045 5.6

Gwalior 0.397 0.385 93.9 0.012 6.1

Harda 0.482 0.447 94.3 0.035 5.7

Hoshangabad 0.395 0.373 78.4 0.022 21.6

Indore 0.392 0.368 95.1 0.024 4.9

Jabalpur 0.297 0.280 96.9 0.017 3.1

Jhabua 0.693 0.543 71.9 0.150 28.1

Katni 0.425 0.404 100.0 0.021 0.0

Khandwa 0.290 0.281 56.5 0.009 43.5

Khargone 0.285 0.205 78.7 0.080 21.3

Mandla 0.318 0.318 75.7 0.000 24.3

Mandsaur 0.333 0.188 77.8 0.145 22.2

Morena 0.315 0.248 55.7 0.067 44.3

Narsimhapur 0.235 0.178 81.1 0.057 18.9

Neemuch 0.423 0.329 86.0 0.094 14.0

Panna 0.587 0.327 84.0 0.260 16.0

Raisen 0.169 0.137 84.0 0.032 16.0

Rajgarh 0.394 0.339 61.7 0.055 38.3
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State/District Performance
gap

Performance gap attributed to

Capacity efficiency Needs effectiveness

Absolute Per cent Absolute Per cent

Ratlam 0.401 0.337 81.5 0.064 18.5

Rewa 0.306 0.257 96.1 0.049 3.9

Sagar 0.339 0.209 95.3 0.130 4.7

Satna 0.367 0.299 76.8 0.068 23.2

Sehore 0.259 0.249 89.8 0.010 10.2

Seoni 0.360 0.343 89.5 0.017 10.5

Shahdol 0.499 0.383 83.9 0.116 16.1

Shajapur 0.255 0.229 60.6 0.026 39.4

Sheopur 0.465 0.416 80.1 0.049 19.9

Shivpuri 0.317 0.266 81.6 0.051 18.4

Sidhi 0.485 0.294 80.3 0.191 19.7

Singrauli 0.508 0.407 79.0 0.101 21.0

Tikamgarh 0.472 0.385 53.7 0.087 46.3

Ujjain 0.351 0.282 53.7 0.069 46.3

Umaria 0.233 0.184 53.7 0.049 46.3

Vidisha 0.451 0.242 53.7 0.209 46.3
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Table 5
Performance gap in terms of DPT vaccination in Madhya Pradesh
State/District Performance

gap
Performance gap attributed to

Capacity efficiency Needs effectiveness

Absolute Per cent Absolute Per cent

Madhya Pradesh 0.266 0.190 71.4 0.076 28.6

Alirajpur 0.630 0.506 80.3 0.124 19.7

Anuppur 0.193 0.151 78.2 0.042 21.8

Ashoknagar 0.409 0.244 59.7 0.165 40.3

Balaghat 0.087 0.011 12.6 0.076 87.4

Barwani 0.443 0.248 56.0 0.195 44.0

Betul 0.092 0.068 73.9 0.024 26.1

Bhind 0.220 0.143 65.0 0.077 35.0

Bhopal 0.137 0.084 61.3 0.053 38.7

Burhanpur 0.321 0.241 75.1 0.08 24.9

Chhatarpur 0.463 0.371 80.1 0.092 19.9

Chhindwara 0.129 0.091 70.5 0.038 29.5

Damoh 0.275 0.189 68.7 0.086 31.3

Datia 0.287 0.235 81.9 0.052 18.1

Dewas 0.148 0.080 54.1 0.068 45.9

Dhar 0.112 0.062 55.4 0.05 44.6

Dindori 0.287 0.264 92.0 0.023 8.0

Guna 0.266 0.221 83.1 0.045 16.9

Gwalior 0.220 0.207 94.1 0.013 5.9

Harda 0.272 0.231 84.9 0.041 15.1

Hoshangabad 0.261 0.237 90.8 0.024 9.2

Indore 0.270 0.244 90.4 0.026 9.6

Jabalpur 0.114 0.095 83.3 0.019 16.7

Jhabua 0.538 0.366 68.0 0.172 32.0

Katni 0.163 0.138 84.7 0.025 15.3

Khandwa 0.251 0.241 96.0 0.01 4.0

Khargone 0.283 0.203 71.7 0.08 28.3

Mandla 0.193 0.193 100.0 0 0.0

Mandsaur 0.407 0.269 66.1 0.138 33.9

Morena 0.302 0.234 77.5 0.068 22.5

Narsimhapur 0.156 0.096 61.5 0.06 38.5

Neemuch 0.336 0.236 70.2 0.1 29.8

Panna 0.489 0.206 42.1 0.283 57.9

Raisen 0.097 0.064 66.0 0.033 34.0

Rajgarh 0.328 0.270 82.3 0.058 17.7
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State/District Performance
gap

Performance gap attributed to

Capacity efficiency Needs effectiveness

Absolute Per cent Absolute Per cent

Ratlam 0.349 0.282 80.8 0.067 19.2

Rewa 0.276 0.226 81.9 0.05 18.1

Sagar 0.333 0.203 61.0 0.13 39.0

Satna 0.200 0.125 62.5 0.075 37.5

Sehore 0.220 0.210 95.5 0.01 4.5

Seoni 0.068 0.048 70.6 0.02 29.4

Shahdol 0.255 0.118 46.3 0.137 53.7

Shajapur 0.129 0.101 78.3 0.028 21.7

Sheopur 0.308 0.254 82.5 0.054 17.5

Shivpuri 0.201 0.146 72.6 0.055 27.4

Sidhi 0.403 0.200 49.6 0.203 50.4

Singrauli 0.326 0.212 65.0 0.114 35.0

Tikamgarh 0.543 0.461 84.9 0.082 15.1

Ujjain 0.292 0.220 75.3 0.072 24.7

Umaria 0.217 0.168 77.4 0.049 22.6

Vidisha 0.415 0.201 48.4 0.214 51.6
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Table 6
Performance gap in terms of Measles vaccination in Madhya Pradesh
State/District Performance

gap
Performance gap attributed to

Capacity efficiency Needs effectiveness

Absolute Per cent Absolute Per cent

Madhya Pradesh 0.204 0.126 61.8 0.078 38.2

Alirajpur 0.400 0.253 63.3 0.147 36.8

Anuppur 0.092 0.047 51.1 0.045 48.9

Ashoknagar 0.404 0.238 58.9 0.166 41.1

Balaghat 0.141 0.068 48.2 0.073 51.8

Barwani 0.377 0.172 45.6 0.205 54.4

Betul 0.038 0.013 34.2 0.025 65.8

Bhind 0.176 0.097 55.1 0.079 44.9

Bhopal 0.105 0.051 48.6 0.054 51.4

Burhanpur 0.300 0.219 73.0 0.081 27.0

Chhatarpur 0.328 0.227 69.2 0.101 30.8

Chhindwara 0.076 0.037 48.7 0.039 51.3

Damoh 0.237 0.149 62.9 0.088 37.1

Datia 0.183 0.128 69.9 0.055 30.1

Dewas 0.205 0.139 67.8 0.066 32.2

Dhar 0.143 0.093 65.0 0.05 35.0

Dindori 0.147 0.122 83.0 0.025 17.0

Guna 0.193 0.146 75.6 0.047 24.4

Gwalior 0.208 0.194 93.3 0.014 6.7

Harda 0.114 0.070 61.4 0.044 38.6

Hoshangabad 0.210 0.186 88.6 0.024 11.4

Indore 0.171 0.143 83.6 0.028 16.4

Jabalpur 0.100 0.081 81.0 0.019 19.0

Jhabua 0.283 0.076 26.9 0.207 73.1

Katni 0.146 0.121 82.9 0.025 17.1

Khandwa 0.101 0.091 90.1 0.01 9.9

Khargone 0.134 0.046 34.3 0.088 65.7

Mandla 0.095 0.095 100.0 0 0.0

Mandsaur 0.367 0.225 61.3 0.142 38.7

Morena 0.180 0.107 59.4 0.073 40.6

Narsimhapur 0.244 0.187 76.6 0.057 23.4

Neemuch 0.286 0.183 64.0 0.103 36.0

Panna 0.501 0.220 43.9 0.281 56.1

Raisen 0.086 0.053 61.6 0.033 38.4

Rajgarh 0.288 0.229 79.5 0.059 20.5
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State/District Performance
gap

Performance gap attributed to

Capacity efficiency Needs effectiveness

Absolute Per cent Absolute Per cent

Ratlam 0.359 0.293 81.6 0.066 18.4

Rewa 0.180 0.127 70.6 0.053 29.4

Sagar 0.271 0.136 50.2 0.135 49.8

Satna 0.153 0.076 49.7 0.077 50.3

Sehore 0.139 0.129 92.8 0.01 7.2

Seoni 0.102 0.083 81.4 0.019 18.6

Shahdol 0.193 0.051 26.4 0.142 73.6

Shajapur 0.072 0.044 61.1 0.028 38.9

Sheopur 0.150 0.091 60.7 0.059 39.3

Shivpuri 0.181 0.126 69.6 0.055 30.4

Sidhi 0.362 0.153 42.3 0.209 57.7

Singrauli 0.265 0.146 55.1 0.119 44.9

Tikamgarh 0.370 0.277 74.9 0.093 25.1

Ujjain 0.117 0.038 32.5 0.079 67.5

Umaria 0.141 0.089 63.1 0.052 36.9

Vidisha 0.346 0.121 35.0 0.225 65.0



190 INDIA 2018: CHILD HEALTH AND MORTALITY



INDIA 2018: CHILD HEALTH AND MORTALITY

ISBN 978-92-82411-15-4; PP:191-200

Patterns of Breast-feeding in Madhya Pradesh

Neelesh Dubey
 

Introduction
Mother's milk is a precious gift for every child. Neonates and young children

need adequate safety, affection and nutrition for their survival and growth. Breast-
feeding caters to all of them. Mother's milk is the best source of nutrition for the
overall development of the child and there is no other alternative to mother's milk.
The World Health Organization has emphasised that mother's yellow and thick
colostrum milk is the perfect diet for the newborn and recommends that breast-
feeding should be started either immediately or at the most within one hour of the
birth. Moreover, exclusive breast-feeding is recommended during the first six months
of age and the child should be given dietary supplements only when the child is six
months old. The World Health Organization also recommends that breast-feeding
should be continued at least for two years. It has also been observed that if the child
is breast-fed repeatedly then more milk is produced in the breasts of the mother. It is
estimated that breast-feeding at least 8-10 times in 24 hours, on average, leads to an
increase in the production of the breast milk. Mother's milk contains sufficient amount
of protein, fat, calories, lactose, vitamins, iron, minerals, water and enzymes necessary
for the survival, growth and development of the child. Mother' milk is digested quickly
and easily. It enhances the immunity of the child which protects the child from a range
of infections. Mother’s milk also plays an important role in the development of the
brain of the child. Breast milk is without cost and is free from infections. Breast-
feeding enhances emotional bond between the child and the mother. At the same
time, it reduces the risk of breast and ovarian cancer and chances of bleeding and
anaemia after the delivery. This helps mother to get her old body structure back. The
incidence of obesity among lactating mothers is generally low. Breast-feeding can
prevent 88 per cent of the deaths in children which are attributed to infectious
diseases. This can reduce the risk of diarrhea by 54 percent in children. Similarly,
swans related diseases can be reduced by up to 32 per cent but, unfortunately, in the
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final forecast, 12 lakh children died in 2015, which is 20 percent of the total deaths of
children in the world. With this rate India is top in the world.

Despite many benefits of breast-feeding, the prevalence and the duration of
breast-feeding in many countries are still lower in comparison to international
standards. The 2030 Sustainable Development Agenda adopted by the by the United
Nations in 2015, has set 17 goals to promote and sustain development in the world
with the aim of eliminating poverty, eradicating hunger and ensuring prosperity
(United Nations, 2015). Promotion of breast-feeding can contribute substantially
towards the realisation of this agenda. The following are the dimensions of
appropriate feeding and nutrition of children:

1. Breast-feeding should be initiated within one hour of birth

2. The child should be exclusively breast-fed for the first six months of life. 

3. Solid and semi-solid food should be given to the child along with breast-
feeding after six months of age.

4. Children should be breast-fed up to two years of age.

In order to improve the health of children of the world and promote breast-
feeding, the World Breast-feeding Week is organised in more than 170 countries of the
world in the month of August every year. The World Alliance for Breast-feeding Action
(WABA)  has set four main goals for the year 2018: 1) informing people about the links
between good nutrition, food security, poverty reduction and breast-feeding; 2)
anchoring breast-feeding as the foundation for life; 3) engaging with individuals and
organisations for greater impact; and 4) galvanising action to advance breast-feeding
as part of good nutrition, food security and poverty reduction (WABA, 2018). The
section 27 of India’s Mahatma Gandhi National Rural Employment Guarantee Act, 2005
(MNREGA) provides that there will be a shed along with other facilities at the work
place for the comfort of the children of the labourers (Government of India, 2005). This
provision is helpful to labour mothers to breast-feed their children. It may be pointed
out that the wage rate in MNREGA is based on the task rate and so the mother can
easily take time to breast-feed her child. The Government of Madhya Pradesh has
enhanced the child care leave to 730 days in 2015 following a Court verdict
(Government of Madhya Pradesh, 2015). The Government of India has also launched
the Mothers’ Absolute Action Programme (MAA) in 2016 to promote breast-feeding
under the National Health Mission (Government of India, 2016). This programme is
directed towards: 1) creating an enabling environment for the promotion of breast-
feeding by targeting pregnant women, lactating mothers, families and the society; 2)
strengthening support services through public health facilities and skilled health
workers; and 3) recognising and promoting those services and facilities that contribute
to universalising the practice of breast-feeding.

In 1992, the Government of India enacted the Infant Milk Substitutes, Feeding
Bottles and Infant Foods (Regulation of Production, Supply and Distribution) Act (IMS
Act), to regulate the production, supply and distribution of these products
(Government of India, 1992). In 1996, a multi-sectoral National Task Force comprising
of representatives from various Ministries and Departments of the Government of India
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and voluntary agencies was constituted and authorised to deliberate and suggest
amendments to the Act. Following the recommendations of the Task Force, the Act
was amended in 2003 (Government of India, 2003). Under the amended Act, the
companies making children’s food violate the Act if they 

1. promote children's food by any name for children below 2 years of age.
2. Promote any food for children up to six months of age.
3. Publicising any diet through any advertising medium including television,

newspapers, magazines, SMS, email, radio, etc.
4. Distribute children’s food products or their samples to the people.
5. Contacting pregnant or lactating women.
6. Offer any kind of temptation to anyone, such as gifts or tied sales.
7. Distribution of information and educational material to mothers and family

members (However, such material can be distributed to doctors, nurses and
health professionals subject to the condition that specific reference is made
to Section 7 of the Act. This material must contain only factual information
and not company’s product for promotion).

8. Distributing leaflets and cartons with a photograph of the mother and the
child.

9. Promotion of products through advertisement or poster in hospitals, nursing
homes or drug stores.

10. Giving cash incentives to doctors and nurses to promote children food
products.

11. Demonstrating methods to feed these products to children or mothers or
family members. However, doctor can demonstrate these methods to the
mother.

12. Giving gifts to doctors or nurses to promote these products.
13. Benefiting doctor and nurse organisations such as IAP, IMA, NNF, etc. through

such means as funding of seminars, meetings, conferences, competition, or
sponsoring fees, projects or research work and tour for teaching.

14. Fixing commission for employees on the basis of the quantum of sale of these
products.

The violation of the Act in India, however is common. According to a report
prepared by Breastfeeding Promotion Network of India (BPNI), companies producing
baby food violated the Act by at least 54 times between 2008 and 2016. These
companies include Nestle, Abbot, Heinz and Danone. BPNI has also conducted an
online survey which covered 950 women who delivered in private hospitals. According
to the report of this survey, half of the women surveyed reported that top milk was
given to their child in the hospital. Moreover, two-third of these women surveyed
informed that this was done without their consent. The women covered in the survey
also informed that the staff of the hospital discouraged the women regarding their
self-belief about the ability of the woman to breast-feed the child. Based on this
report, BPNI has estimated that health of around 14 million children in the country is
in danger because of the wide publicity of children's food by the companies
manufacturing one or the other kind of baby food products and because of the
violation of the Act.
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Evidence from the National Family Health Survey
According to the National Family Health Survey 2015-16, less than 35 per cent

of children in Madhya Pradesh were breast-fed within one hour of birth (International
Institute for Population Sciences and ICF, 2017). The state ranks poor 29 among the
36 states and Union Territories of the country (International Institute for Population
Sciences and ICF, 2017a). In India, almost 79 per cent births are delivered in
institutions and this proportion is almost 81 per cent in Madhya Pradesh – almost 94
per cent in the urban areas and around 76 per cent in the rural areas. In addition, only
about 58 per cent of the new born are exclusively breast-feed during the first six
months of life. Madhya Pradesh ranks 20 among 36 states and Union Territories of the
country in this context (Table 1). According to an estimate, around nine million new
born in the state could not be breast-fed within one hour of their birth. These
estimates also suggest that while around 5 million children could not be breast-fed
exclusively for the first six months,  about 6-8 million children aged 6-8 months could
not receive solid and semi-solid food supplementation. It is a matter of great concern
that there is not enough food for 12 lakh boys and girls aged 6-23 months in the state.

The incidence of breastfeeding varies widely across the districts of the Madhya
Pradesh according to the National Family Health Survey 2015-16. In district Bhopal
where the state capital is located, only around 18 per cent of the new born received
breast milk within one hour of birth and this proportion is the second lowest in the
state. In the urban area of the district, this proportion is less than 15 percent. By
contrast, in district Sidhi and district Betul, more than 49 per cent of the new born
were reported to be breastfed within one hour of the birth (Table 2). The National
Family Health Survey 2015-2016 also suggests that those districts which lag behind in
terms of the proportion of children breastfed within one hour of birth are good in
terms of the proportion of children who were exclusively breastfed during the first six
months of life. In district Mandsaur, more than 95 per cent children were reported to
have exclusively breastfed during the first six months of life followed by Narsinghpur,
Sidhi, Ratlam and Dhar. On the other hand, the poorest five districts in terms of
exclusive breastfeeding are Gwalior, Ashok Nagar, Bhind, Dindori and Hoshangabad.

Survey of Breast-feeding Practices 
In order to have a deeper understanding of breast-feeding patterns in Madhya

Pradesh, the Child Rights Observatory, Madhya Pradesh carried out a survey in selected
districts of the state in the year 2016. The survey was directed towards the
identification of social, economic and cultural factors influencing breast-feeding. The
survey covered 23 districts. In each selected district, 30 women having at least one
child aged 6-36 months were interviewed with the exception of district Sheopur where
60 women were interviewed. Main observations of the survey are summarised below:

• Awareness about the importance of breast-feeding for the survival and health
of the newborn was found to be very poor among the  women surveyed.
Thinking of most of the women surveyed about breast-feeding was
predominantly traditional.
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• The place of delivery appears to have an important influence on the initiation
of breast-feeding within one hour of the birth. The proportion of births who
reported to have initiated breast-feeding within one hour of the birth was
found to be higher in case of institutional deliveries compared to home
deliveries.

• The type of delivery also has a strong influence on the time of initiation of
breastfeeding after birth. The proportion of children not breast-fed within one
hour of the birth was found to be substantially higher in cesarean deliveries
as compared to normal deliveries. 

• The proportion of mothers who reported to have initiated breast-feeding
within one hour of delivery varied widely across the districts of the state. This
shows that local level factors have a strong impact on the time of the initiation
of breast-feeding after delivery.

• Although, the proportion of women reporting initiating breast-feeding with
one hour of the delivery, a substantial proportion of women reported that
they exclusively breast-fed the newborn for the first six months. It, however,
emerged during the survey that different respondents had different
understanding of exclusive breast-feeding. There were very few respondents
who had the correct understanding of exclusive breast-feeding.

• There was a misconception among the women surveyed that women who
were sick, particularly suffering from such diseases as pneumonia, malaria,
diarrhoea, etc. should not breast-fed the child as breast-feeding by a sick
woman can lead to illness in the child.

• Engagement in work, either at home or outside the home, appeared to be a 
major impediment to breast-feeding.  

• Weaning of the child before the child is at least six months old is found to be
quite common as reported by majority of women surveyed. There were even
instances where the child was given food and drinks other than breast milk on
the very day of the birth.

• Usually, the child should be breast-fed 10-12  times in a day but a substantial
proportion of the working women surveyed reported that they could not
breast-fed their child 8-12 times in twenty-four hours. Even non-working
women did not breast-feed their child 8-12 times in a day because of their
engagement in the household related work.

• There was a general feeling among the women surveyed who were not breast-
feeding their child that they did not have the milk to breast-fed the child or
the milk produced by them was not sufficient enough to meet the needs of the
child.

• There were virtually no awareness activities about the importance of breast-
feeding in the context of the survival and health of children according to the
women surveyed. Some of the women surveyed, however, reported that they
got some information about the importance of breast-feeding through the
popular media such as television and newspapers only.
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Conclusions
The present study highlights the simple fact that the patterns of breast-feeding

that prevail in Madhya Pradesh are far from being satisfactory in the context of the
survival and the health of children. The prevailing patterns appear to contribute little
to securing survival and health of children of the state. The study also suggests that
a pro-active approach is needed to promote breast-feeding so as to have a telling
impact on the risk of death of children in the state which continues to be amongst the
highest in the country. The field experience reveals that there is significant knowledge
gap in the community about the importance of breastfeeding in securing survival and
promoting health of children. There are numerous misconceptions about breast-
feeding of the new born. It is recommended that community level mass education and
awareness programme should be organised to increase the awareness of the people,
especially mothers the benefits of breastfeeding in ensuring survival, growth and
development of children of the state.
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Table 1
Proportion of children who were breast-fed within one hour of birth and who were
exclusively breast-fed for the first six months in India and states

India/State
Union Territory

Children initiated
breastfeeding

within 1 hour of
birth

Children
exclusively

breastfed for the
first six months

Andaman & Nicobar 41.90 66.80

Andhra Pradesh 40.10 70.20

Arunachal Pradesh 58.70 56.50

Assam 64.40 63.50

Bihar 34.90 53.50

Chandigarh 33.50 N/A 

Chhattisgarh 47.10 77.20

Dadra & Nagar Haveli 47.80 2.70

Daman & Diu 52.30 N/A 

Delhi 29.10 49.80

Goa 60.90 N/A 

Gujarat 50.00 55.80

Haryana 42.40 50.30

Himachal Pradesh 41.10 67.20

Jammu & Kashmir 46.00 65.40

Jharkhand 33.20 64.80

Karnataka 56.40 54.20

Kerala 53.30 63.10

Lakshadweep 54.30 55.00

Madhya Pradesh 34.50 58.20

Maharashtra 57.50 56.60

Manipur 65.40 73.60

Meghalaya 60.60 35.80

Mizoram 70.20 60.60

Nagaland 53.20 44.50

Odisha 68.60 65.60

Puducherry 65.30 45.50

Punjab 30.70 53.00

Rajasthan 28.40 58.20

Sikkim 66.50 54.60
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India/State
Union Territory

Children initiated
breastfeeding

within 1 hour of
birth

Children
exclusively

breastfed for the
first six months

Tamil Nadu 54.70 48.30

Telangana 37.10 67.30

Tripura 44.40 70.70

Uttar Pradesh 25.20 41.60

Uttarakhand 27.80 51.00

West Bengal 47.50 52.30

India 41.60 54.90

Source: Government of India (2017a)
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Table 2
Proportion of children who were breastfed within 1 hour of birth and exclusive
breastfed for first six months in districts of Madhya Pradesh
District Children initiated

breast-feeding within
1 hour of birth

Children exclusively
breast-fed for the
first six months

Alirajpur 25.50 58.00

Anuppur 43.80 61.30

Ashoknagar 32.80 30.20

Balaghat 52.20 67.60

Barwani 34.80 71.40

Betul, 49.20 NA

Bhind, 44.10 33.30

Bhopal 18.30 NA

Burhanpur 42.20 48.70

Chhatarpur 37.90 68.90

Chindwara 37.40 60.80

Damoh, 46.50 69.60

Datia 32.00 63.90

Dewas 25.30 64.70

Dhar 20.90 72.10

Dindori 36.80 35.50

Guna 41.00 52.50

Gwalior 26.90 26.40

Harda 30.30 51.20

Hoshangabad 36.70 36.50

Indore 21.90 61.30

Jabalpur 49.20 49.20

Jhabua, 21.00 55.80

Katni 47.00 72.00

Khandwa 30.60 46.10

Khargone 17.80 62.80

Mandla 53.00 66.50

Mandsaur, 36.40 95.10

Morena 38.50 36.60

Narsimhapur 30.90 84.30

Neemuch 21.40 60.30
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District Children initiated
breast-feeding within

1 hour of birth

Children exclusively
breast-fed for the
first six months

Panna 32.00 55.50

Raisen 41.90 52.40

Rajgarh 35.50 51.40

Ratlam 19.10 72.30

Rewa 44.80 46.30

Sagar 25.50 60.40

Shajapur 22.70 53.90

Satna 33.00 55.70

Sehore 31.10 43.10

Seoni, 46.30 64.60

Sheopur 44.00 63.50

Shahdol, 56.60 NA

Shivpuri, 41.90 69.90

Sidhi 49.30 72.70

Singrauli 33.50 59.80

Tikamgarh, 32.30 59.80

Ujjain, 19.00 57.60

Umaria 37.20 36.90

Vidisha 46.60 71.70

Source: Government of India (2017) 


