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Abstract

Background: This paper examines if, when controlling for biophysical and geographical variables (including rainfall,
productivity of agricultural lands, topography/temperature, and market access through road networks), socioeconomic and
health care indicators help to explain variations in the under-five mortality rate across districts from nine high focus states in
India. The literature on this subject is inconclusive because the survey data, upon which most studies of child mortality rely,
rarely include variables that measure these factors. This paper introduces these variables into an analysis of 284 districts
from nine high focus states in India.

Methodology/Principal Findings: Information on the mortality indicator was accessed from the recently conducted Annual
Health Survey of 2011 and other socioeconomic and geographic variables from Census 2011, District Level Household and
Facility Survey (2007–08), Department of Economics and Statistics Divisions of the concerned states. Displaying high spatial
dependence (spatial autocorrelation) in the mortality indicator (outcome variable) and its possible predictors used in the
analysis, the paper uses the Spatial-Error Model in an effort to negate or reduce the spatial dependence in model
parameters. The results evince that the coverage gap index (a mixed indicator of district wise coverage of reproductive and
child health services), female literacy, urbanization, economic status, the number of newborn care provided in Primary
Health Centers in the district transpired as significant correlates of under-five mortality in the nine high focus states in India.
The study identifies three clusters with high under-five mortality rate including 30 districts, and advocates urgent attention.

Conclusion: Even after controlling the possible biophysical and geographical variables, the study reveals that the health
program initiatives have a major role to play in reducing under-five mortality rate in the high focus states in India.
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Introduction

India has the world’s highest percentage (21%) of under-five

deaths, estimated at 1726000 in 2009. The country managed to

reduce the under-five mortality rate (U5MR) from 118 per 1000

live births in 1990 to 66 per 1000 live births in 2009. The average

annual rate of decline at 3.1% was considered insufficient to

achieve Millennium Development Goal (MDG) 4 that targets

minimizing under-five mortality to 39 per 1000 live births by 2015

[1]. The north-south variation in child mortality in India is

reflected in literature [2,3] where some of the north Indian states

such as Rajasthan, Uttar Pradesh, Bihar, Orissa, Chhattisgarh and

Madhya Pradesh persistently performed poorly in health care [4].

On account of the unacceptably high fertility and mortality

indicators, the eight Empowered Action Group (EAG) states

(Bihar, Chhattisgarh, Jharkhand, Madhya Pradesh, Orissa,

Rajasthan, Uttarakhand, Uttar Pradesh and Assam), which

account for about 48% of India’s population, are designated as

‘‘High Focus States’’ by the Government of India. The U5MR in

Uttar Pradesh (94 per 1000 live births), Madhya Pradesh (89 per

1000 live births), Orissa (82 per 1000 live births), Assam and Bihar

(77 and 78 per 1000 live births) are almost similar to the U5MR in

some African countries – Djibouti (94 per 1000 live births),

Zimbabwe (90 per 1000 live births), Kenya (84 per 1000 live

births), Sao Tome and Principe (78 per 1000 live births)

respectively [1].

Based on the district level U5MR that has been made available

recently by the Annual Health Survey (AHS) 2011 [5], we assess

the levels of under-five mortality and its spatial pattern in these

high focus states in India. Using exploratory spatial data analysis

(ESDA) and spatial econometric methods, this paper examines if,

when controlling for biophysical and geographical variables,

socioeconomic and health programs related indicators help to

explain variation in U5MR across 284 districts in 9 high focus

group states. We also intend to identify some of the critical districts

with high under-five mortality in order to prioritize the

implementation of program initiatives.

A number of studies attempted to demonstrate the indirect

causes of childhood illnesses, but none of them proved as

influential in formulating public policy as the framework proposed
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by Moseley and Chen [6]. According to them, socioeconomic

factors such as education and income affect disease incidence and

outcomes through five broad groups of ‘‘proximal determinants’’

of child survival: maternal factors, nutrient deficiency, environ-

mental contamination, injury and personal illness control charac-

terized by the availability of health services and the capacity to use

them [7]. The importance of these factors has been repeatedly

confirmed in the reports issued by the World Health Organization

(WHO), United Nations Children’s Fund (UNICEF) and United

Nations Population Fund (UNFPA). Coupled with early mother-

hood, poor nutrition including anemia, low use of antenatal care

and skilled delivery care potentially aggravates the chances of child

deaths [8–10]. India with nearly 60 million malnourished children

and more than 50% suffering from anemia was estimated to be

amongst the highest in the world for under-five child deaths

[11,12]. A growing body of evidence suggests that diarrhea,

malaria – the diseases that are responsible for child mortality in

developing countries, are results of climate change [13,14].

Changes in precipitation and the warming pattern are likely to

affect the quality and quantity of water supplies, thus compound-

ing the impact of poor water and sanitation, as well as malnutrition

to the poorest in particular [15,16,17].

Despite several policies and program provisioning, the accessi-

bility, availability and affordability of child health care services

remain a challenge to the Indian health care system [18]. Low

child immunization accelerates the probability of childhood deaths

in India [4]. In order to reduce child mortality, the Government of

India launched an ambitious National Rural Health Mission

(NRHM) in April 2005, where the Child Health Program (CHP)

comprehensively integrated interventions that improve child

health and address factors contributing to infant and under–five

mortality [19]. The major components of CHP are – the

establishment of Newborn Care facilities and Facility Based

Integrated Management of Neonatal and Childhood Illnesses (F-

IMNCI); Navjaat Shishu Suraksha Karyakram; Integrated Manage-

ment of Neonatal and Childhood Illnesses (IMNCI) and Pre-

Service IMNCI; home based care of newborns, universal

immunization, early detection and appropriate management of

Acute Respiratory Infections (ARI), diarrhea and other infections

coupled with other supplementation and school health programs.

However, the main barrier to extensive coverage of integrated

packages for health of mothers, neonates and children in most

countries including India [18] is inadequate operational manage-

ment, especially at the district level [20]. The socioeconomic

inequalities in child health care and health status are highlighted in

demographic and public health literature [4,18,21,22].

Public health research has focused on understanding the health

of the population in different geographical regions or space (using

geospatial analysis) as possible contextual factors

[23,24,25,26,27,28,29,30,31,32]. Increasingly sophisticated geo-

graphic information systems have made this advancement

possible. Using geospatial analysis, it is now possible to account

for the effect of spatial diffusion in particular health or socio-

economic parameters and a number of contiguous and contagious

biophysical and geographical variables. It becomes an essential

tool, when there is presence of spatial autocorrelation [33,34,35] in

the variables, which violates Gauss-Markov assumptions (leading

to unreliable statistical inference while using ordinary least squares

{OLS} regression technique) [36]. Examples of biophysical and

geographic factors often cited in literature include rainfall,

temperature [15–17,37], productivity of agricultural lands [38],

distance to urban areas [37], malaria endemicity [28,39],

frequency of drought, topography and market access through

road networks [39,40]. Several studies have highlighted the

importance of such variables in explaining the variations in infant

and child mortality [37,41,42,43,44,45].

However, the literature on this subject, especially in the Indian

context, is inconclusive because the survey data, upon which most

studies of child mortality rely, rarely include variables that

measure these factors. Here, this study adopts a comprehensive

approach of geospatial analysis to explain spatial variation/

clustering in U5MR, and accounts for biophysical and geograph-

ical correlates in the high focus states of India. Although, poor

performance in socioeconomic and health indicators among high

focus states has been documented [46,47,48,49], to our knowl-

edge, hardly any study in India ever has made a conclusive effort

to demonstrate spatial pattern/clustering in under-five mortality at

the district level, and considered biophysical and geographic

variables such as temperature, rainfall, productivity of agricultural

lands, and market access through road networks in child mortality

analysis. The findings of this study are expected to provide an

improved understanding of district level under-five mortality and

its correlates, which may in turn help focus on reducing child

deaths in certain districts in high focus group states.

Methods

Ethics Statement
The study is based on the data available in the public domain to

use; therefore, no ethics statement is required for this work.

Data
The study focuses on nine high focus states in India - Bihar,

Chhattisgarh, Jharkhand, Madhya Pradesh, Orissa, Rajasthan,

Uttarakhand, Uttar Pradesh and Assam, consisting of 284 districts.

The district level data for all nine states were culled from the

recently concluded Annual Health Survey (AHS) - 2011, Census -

2011, District Level Household and Facility Survey (DLHS) - 3

(2007–08), India Meteorological Department, Ministry of Agri-

culture, Department of Economics and Statistics Division, and

Statistical Abstract of concerned states. A detailed description of

data sources with selected variables are presented in Table 1.

Realizing the need for decentralized district-based health

planning in India, the Office of the Registrar General, Govern-

ment of India implemented the Annual Health Survey (AHS) in all

the 284 districts (as per 2001 Census) in the eight Empowered

Action Group States and Assam (for a three-year period) during

the Eleventh Five Year Plan period (2007–2012). These nine

states, which account for about 48% of the total population in the

country, are the high focus states in view of their relatively high

fertility and mortality indicators. The fieldwork for Baseline

Survey was carried out from July 2010 to March 2011. For the first

time in the country, the survey provides district level estimates on a

set of child mortality indicators like infant mortality rate, under-

five mortality rate (U5MR), neonatal mortality rate, and post-

neonatal mortality rate in the mentioned high focus states. Further

details of data collection and management procedures are

available on the survey website [5]. The present study utilized

these district level estimates of U5MR provided by AHS 2011

conducted during 2010–11 in nine high focus states in India.

The 15th Indian National Census was conducted by the Office

of the Registrar General, Government of India between February

9 and 28, 2011 (population enumeration phase). Spread across 35

states and union territories of India, the Census covered 640

districts and 5767 talukas [50]. About 2.7 million officials visited

households in 7935 towns and 640867 villages, classifying the

population according to gender, religion, education and occupa-

tion [51]. The population enumeration schedule collected

Under-Five Mortality in India
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information on a wide range of demographic and socioeconomic

indicators of the household and the individual. The district level

information on female literacy, population density and level of

urbanization from Census 2011 [50] were used as covariates in the

analysis.

Other socioeconomic and health indicators were collected from

the District Level Household and Facility Survey (DLHS-3)

conducted by the International Institute for Population Sciences

(IIPS), Mumbai, India [52]. DLHS-3 is one of the largest ever

demographic and health surveys carried out in India, with a

sample size of over seven hundred thousand households covering

601 districts of the country. It provides estimates on maternal and

child health, family planning and other reproductive health

indicators. For the first time, a population-linked facility survey

was conducted in DLHS-3. The health facility questionnaires

contained information on human resources, infrastructure and

services. At the district level, all Community Health Centres

(CHC) and District Hospitals were covered. Further, all Sub-

Centres and Primary Health Centres (PHC), which were expected

to serve the population of the selected Primary Sampling Unit

(PSU), were also covered in the survey.

The biophysical data - rainfall and temperature was accessed

from Hydromet Division, India Meteorological Department, and

Statistical Abstract of selected states. India Meteorological

Department (IMD) established in 1875 is the National Meteoro-

logical Service in India and the principal government agency in all

matters relating to Meteorology, Seismology and allied subjects.

For administrative control and technical operations, six Regional

Meteorological Centres (RMCs) function with their headquarters

at Kolkata, Chennai, Guwahati, Mumbai, Nagpur and New

Delhi. In addition, the district wise agricultural indicator was

collected from the Ministry of Agriculture, Government of India.

Measures
The outcome variable of this study is the under-five mortality

rate (U5MR), which is regarded as the most sought after indicator

to assess the progress of the Millennium Development Goal

(MDG)-4. The U5MR was collected for 284 districts in nine states

from AHS - 2011. The under-five mortality is the probability (5q0)

that a child born in a specific year or period will die before

reaching the age of five, subject to current age specific mortality

rates. It is expressed as a rate per 1000 live births. The study

assesses the variation in U5MR (2010–11) through a set of

independent predictors. These predictors include biophysical,

agriculture, and geographic variables apart from health and

socioeconomic indicators of the sample districts.

Table 1 presents a brief description of all the variables selected

for this study from different sources. The biophysical variables

include temperature and rainfall; however, the average elevation

of the districts being highly correlated with temperature, was not

considered in the study. The average annual temperature of the

district represented in degree Celsius (uC) varies in its reference

period from 2007 to 2009. The annual rainfall (in mm) was

averaged from the IMD estimates for five years (2006–10). The

yield of total food grains (quintal/hectare) in the district surrogates

the agricultural productivity, and relates to the period 2007–08.

Table 1. Description of Variables.

Variable description Sources

Dependent Variable

Under-5 Mortality Rate (Per 1000 live births) AHS (2011)

Biophysical Variables

Average Annual Temperature (uC) SA, Various States (Web Services)

Annual Rainfall (in mm) HD, IMD (2006–10)

Agricultural Variable

Yield of total food grains (quintal./hectare) DES, MoA, GoI

Geographic Variables

Proportion of District within 2 km of a road Calculated using GIS

Population Density (persons/sq. km) Census, 2011

Health Indicators

Coverage Gap Index (A Composite Index based on reproductive and child health care) DLHS- 3 (2007–08)

Proportion (%) of CHCs with Low Birth Weight Management DLHS- 3 (2007–08)

No. of Newborn Care provided in PHCs DLHS- 3 (2007–08)

Proportion (%) of HHs having Knowledge about Malaria Prevention DLHS- 3 (2007–08)

Socioeconomic Variables

Per Capita Gross District Domestic Product ( ) [GDDPPC] DESD, Various State Governments

Proportion (%) of HHs having BPL Cards DLHS- 3 (2007–08)

Proportion (%) of SC/ST Population DLHS- 3 (2007–08)

Proportion (%) of HHs having access to Piped Water DLHS- 3 (2007–08)

Female Literacy (%) Census, 2011

Proportion (%) of Urban Population Census, 2011

AHS = Annual Health Survey; SA = Statistical Abstract; HD, IMD = Hydromet Division, India Meteorological Department; DES, MoA, GoI = The Directorate of Economics &
Statistics (DES), Ministry of Agriculture, Govt. of India; GIS = Geographical Information System; DLHS = District Level Household and Facility Survey; DESD = The
Directorate of Economics & Statistics Division; CHC = Community Health Center; PHC = Primary Health Center; SC/ST = Scheduled Castes/Scheduled Tribes.
doi:10.1371/journal.pone.0037515.t001

Under-Five Mortality in India

PLoS ONE | www.plosone.org 3 May 2012 | Volume 7 | Issue 5 | e37515



However, in the absence of recent agricultural data for 16 districts

in Chhattisgarh, the estimates of food grain productivity relate to

the period, 2002–03.

Geographical variables include road accessibility and popula-

tion density in the district. Road accessibility is measured as the

proportion of the district’s territory that is within 2 km of a paved

or improved road. The 2 km buffered zone around the metalled

road network within the district boundary was calculated using

Geographic Information System (GIS). The average population

density of the district represents the number of persons per square

km. of the district area, and the estimate relates to 2011.

The health indicators comprise an overall coverage of

reproductive and child health services, selected health infrastruc-

ture, and household level knowledge about the prevention of

malaria in the district. A range of reproductive and child health

interventions is used to develop a composite measure of health

system coverage to compare health system performance across

districts. A detailed description of the variables selected for

constructing the Coverage Gap Index (CGI) along with their

definitions is given in Appendix S1. The CGI is a measure of

overall coverage and health system strength [53]. This is a

composite index assimilating a set of four intervention areas, which

are presented along the continuum of care [20], a major theme of

the 2008 Countdown: family planning, maternal and newborn

care, immunization, and treatment of sick children. In each

intervention area, one to three indicators have been selected.

These coverage indicators are consistent with those used in the 54

Countdown countries in 2008, except that BCG has been added to

the immunization area. In the family planning domain, we

selected the contraceptive prevalence rate for the modern methods

of contraception - the percentage of women aged 15–49 years

currently married or in union who are using (or whose partner is

using) a modern contraceptive method. In surveys without data for

the need for family planning, the indicator can be estimated from

the widely available data for contraceptive prevalence rate. For

high contraceptive prevalence rates (exceeding 68%), the estimat-

ed need satisfied was kept at 100% [53].

All the measures to compute CGI were estimated at the district

level using DLHS-3 (2007–08) data. The Cronbach’s a reliability

coefficients were calculated to ascertain the internal consistency of

the items (the four intervention areas) in relation to the underlying

construct. Cronbach’s a reliability coefficient has a theoretical

value of between 0 and 1, and values exceeding 0?7 for the

coefficient are regarded as acceptable [54]. Item analysis aims to

improve the reliability of the index by identifying items that are

poorly correlated with other items [55]. Cronbach’s a reliability

coefficient was 0?853 for the full set of eight coverage indicators.

No item was removed. Equal weight was assigned to all four

intervention areas and within each intervention area. The only

exception was DPT3 coverage, which was given a weight of 2,

since it involved multiple contacts with the health services and

correlated highly with other vaccinations such as those for

poliomyelitis and Haemophilus influenza B [53]. The formula to

calculate the coverage gap index is

100%{
ORTzARI

2
zFPz SBAzANC

2
z MSLz2DPT3zBCG

4

� �

4

where ORT = oral rehydration therapy; ARI = acute respiratory

infection; FP = family planning; SBA = skilled birth attendance;

ANC = antenatal care; MSL = measles vaccination; and

DPT3 = three doses of diphtheria, pertussis, and tetanus vaccine.

The result is presented as a measure of the gap between

maximum and actual coverage for several reasons. First,

monitoring progress towards reduction of the coverage gap

becomes a more meaningful comparison once coverage of

interventions is over 50%. Second, a gap measure allows for the

introduction of new interventions, such as malaria or micronutri-

ent interventions, in a more meaningful way than coverage allows;

increasing the number of interventions that health systems need to

deliver will expand the gap between ideal and actual coverage for

all the interventions combined. Third, theoretically, the goal might

not be 100% coverage for some interventions, and a gap measure

allows the user to define lower goals as a target. Fourth, it clearly

distinguishes the aggregate index from ordinary intervention

coverage measures [53].

Other health indicators included were the percentage of

Community Health Centers (CHCs) with low birth weight

management system, number of newborn care provided in

Primary Health Centers (PHCs), and the percentage of households

with knowledge about prevention of malaria in each selected

district. The first two indicators were estimated using DLHS-3

Facility Survey, and the latter using DLHS-3 household data.

Socioeconomic indicators include per capita gross district

domestic product, percentage of households having BPL (Below

Poverty Line) cards, percentage of Scheduled Castes (SCs)/

Scheduled Tribes (STs) population, percentage of households

having access to piped water, female literacy (%), and level of

urbanization (%) in each selected district. Most variables

approximated a normal distribution, but five variables required

log transformations owing to skewed distributions. These included

population density, per capita gross district domestic product,

percentage of SC/ST population, and percentage of households

having access to piped water. The poor are identified by a Below

Poverty Line (BPL) Survey carried out by the District Rural

Development Authority (DRDA) of each state with guidelines

from the Ministry of Rural Development, Government of India

[56].

Analytical Approach
The outcome variable (U5MR) and the predictors were

diagnosed using descriptive statistics of 284 sample districts. Local

small-area variation in mortality lends itself readily to investigation

via spatial analysis, the functions of which include detecting spatial

patterns in data and formulating hypotheses based on the

geography of the data [57]. We used the ArcGIS software package

to generate maps for all the indicators, and assessed the spatial

dependence in district level estimates using Moran’s I Index

(Global) value [58]. In general, a Moran’s Index value near +1

indicates clustering, while an index value near 21 indicates

dispersion.

The spatial pattern of U5MR across sample districts was

analyzed using two different spatial weights. Spatially contiguous

weights are generally computed in two ways: (a) rook’s weight (uses

common boundaries to define neighbour), and (b) queen’s weight

(includes all common points - boundaries and vertices) [29,59]. We

used both the weights to manifest the spatial clustering and outliers

in the outcome variable (U5MR) using Anselin Local Moran’s I

statistics (in ArcGIS) and LISA (Local Indicators of Spatial

Autocorrelation, in GeoDa), where ArcGIS used polygon conti-

guity (first order) or queen’s weight, and the rook’s weight was used

in GeoDa [60,61]. We calculated the significance of the local

Moran’s I using a randomisation test on the Z-score with 9999

permutations to achieve highly significant values [35]. We also

used Getis-Ord Gi* statistics [62,63] using ArcGIS to assess the

hotspots in the outcome variable and to compare it with the local

Moran’s I statistics. The details of the different methods of

Under-Five Mortality in India
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exploratory spatial data analysis (ESDA) used in this paper and

discussion on spatial weights are presented in Appendix S2.

Having known the presence of spatial dependence in the

outcome and predictor variables, we realized that the assumption

of independent observations and errors of classical statistical

models might be violated. Therefore, we applied and compared

three regression models to examine the relationship between the

outcome variable and a set of predictors: ordinary least square

(OLS), spatial lag model (SLM) [64,65], and spatial error model

(SEM) [66,67]. Given a particular choice of the spatial weights

matrix, the latter two models are important and distinct in ways

spatial interaction is modeled in spatial regression analysis. Spatial

regression methods capture spatial dependency in regression

analysis, avoiding statistical problems such as unstable parameters

and unreliable significance tests, and provide information on

spatial relationships among the variables involved. While the OLS

regression model takes the form:

y~azbxze

the spatial lag model (also called Spatial Auto-Regressive model)

takes the form:

y~azrWyzbxze

and the spatial error model takes the form:

y~azrWyzbxze, with e~lWezf

where, y represents the U5MR, a is an intercept, b is the vector of

regression parameters, x is the matrix of exogenous explanatory

variables, e is the vector of regression disturbances (i.i.d), Wy the

spatial lag term, r is the spatial autoregressive parameter of Wy

(which is estimated for the model as a whole), and l is the

coefficient of spatially lagged autoregressive errors, We. Errors in f
are independently distributed, and W is spatial weight.

A correlation matrix was computed to assess the association

between the outcome variable and predictors before applying the

multivariate OLS and spatial models. We used GeoDa 0.9.5-i

(Beta) software to compute spatial regression models using rook’s

weight. Consequently, we also employed Bivariate LISA

[23,24,33] to assess the spatial interdependence between the

outcome variable and a significant and important predictor

variable.

Results

Sample Characteristics
Table 2 presents descriptive statistics for each of the selected

variables, including the global Moran’s I Index value. The

outcome variable, U5MR ranges from 24 to 145 per 1000 live

births in 284 sample districts in 9 states of India. The average

annual temperature across the sample districts demonstrated less

variation (SD = 2.2uC) with a mean temperature of about 25uC.

The average annual rainfall during 2006–10 ranges from a

minimum of 209 mm to a maximum of 3285 mm with a mean of

990 mm and a SD of 524 mm. Foodgrains productivity in the

region ranges from a minimum of about 2 quintal/hectare to a

maximum of 35 quintal/hectare. The proportion of district area

within 2 km from the metalled road was estimated at 0.2% (lowest)

to 53% (highest). The least population density of 17 persons/sq.

km was recorded in Jaisalmer, Rajasthan, while the most densely

populated district in the region was Ghaziabad, UP with 2383

persons/sq. km in 2011. The coverage gap index ranges from the

least gap in Indore (33%), Madhya Pradesh to the maximum gap

in Bahraich (79%), Uttar Pradesh with a mean of 56% (SD = 10%)

in the region. There was no system of low birth weight

management (LBWM) in place in the Community Health Centres

(CHCs) of 77 districts of the region. The average proportion of

CHCs that had LBWM system care was 34% (SD = 30%).

Similarly, in 7 districts of Orissa, a state with high U5MR, and 2

districts of Uttarakhand, not a single case of newborn care was

provided in Primary Health Centres (PHCs) in the region. The

average proportion of households with knowledge about malaria

prevention was about 81% (SD = 18%) in the region.

An average per capita gross district domestic product of

(Indian National Rupee) 13620 (SD = 6674) was recorded in the

region, ranging from 3636 (in Sheohar, Bihar) to 56023 (in

Korba, Chhattisgarh). Another surrogate indicator of economic

status of average people in the district is the percentage of

households possessing a BPL card, which was the least (about 4%)

in Agra (Uttar Pradesh), and the maximum (about 70%) in Bastar

district of Chhattisgarh. The highest proportion of SC/ST

population was reported in Malkangiri, Orissa with an average

of 33% (SD = 17%) in the region. Almost 50 out of 284 districts in

the region reported below 1% households having access to piped

water in dwelling or yard/plot, public tap and bottled water

facility. In 2011, the highest level of female literacy and

urbanization in the region was reported in Khordha (82%), Orissa

and Bhopal (81%), Madhya Pradesh respectively. However,

Dantewada (32%), Chhattisgarh and Shrawasti (3%), Uttar

Pradesh reported the lowest level of female literacy and

urbanization. The descriptive statistics of sample districts by each

state separately can be seen in Appendix S3.

The correlation matrix (Table 3) manifests a number of

significant correlations between the independent variables and the

U5MR. Temperature (+), rainfall (2), coverage gap index (+),

knowledge about malaria prevention (2), per capita gross district

domestic product (2), households having BPL cards (+), house-

holds having access to piped water (2), urbanization (2), and

female literacy (2) show significant correlation with the outcome

variable. The coverage gap index has the maximum value of r

(0.443; p = 0.000), followed by temperature, per capita gross

district domestic product and level of urbanization. Surprisingly,

accessibility to roads is positively related with U5MR, which

reflects that the mortality rate is high in more accessible districts

with a high population density. Other highly correlated set of

variables are population density, accessibility to road, yield of

foodgrains, and proportion of SC/ST population, where the latter

is negatively correlated with the other three indicators. Variables

like agricultural productivity (represented by foodgrain yield),

accessibility to road, GDDP per capita, proportion of SC/ST

population, and households having access to piped water were

dropped in the final multivariate analysis, as they were correlated

with some other variables in the analysis and not considered best

fit.

U5MR and Spatial Clustering
Figure 1 shows the location of nine high focus states in India

(A) and the under-five mortality rate across 284 districts in India’s

high focus states (B). There were 17 districts in the region, which

reported the U5MR below 50 per 1000 live births. However, the

number of districts reporting U5MR as 100 and more per 1000

live births was 48, out of which 8 districts namely Kandhmal,

Shrawasti, Panna, Satna, Faizabad, Kaushambi, Balrampur, and

Chitrakoot (in order of highest to lowest) reported U5MR of 125

and above per 1000 live births.
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Figure 2 demonstrates the clustering of districts with similar

levels of under-five mortality rate using different methods, weights

and software. Figure 2.A shows the cluster and outlier map using

polygon contiguity (first order) weight in ArcGIS. The Z score

values show statistically significant clusters (red coloured districts)

of districts with similar level of U5MR and a few outliers (blue

shaded district features). Such clusters are more distinguished in

Figure 2.C, which demonstrates the univariate LISA cluster map

using rook’s weight in GeoDa. It distinguishes clearly between a

statistically significant (see Figure 2.D for significance level)

cluster of high values (HH), cluster of low values (LL), outlier in

which a high value is surrounded primarily by low values (HL),

and outlier in which a low value is surrounded primarily by high

values (LH). Figure 2.B, on the other hand, demonstrates the

Getis–Ord Gi* statistics (Z score) using polygon contiguity (first

order) weight in ArcGIS. This shows the statistically significant hot

spots (clustering of high values) and cold spots (clustering of low

values). By assessing selected methods and weights, it is clear that

there exist statistically significant clusters in U5MR in the region.

Ordinary Least Squares (OLS) and Spatial Regression
Models

Table 4 simulatneously presents the result of an OLS

regression model and subsequently employed spatial regression

models. Comparing the presented regression diagnostics of OLS

and two spatial models, the spatial error (SE) model emerged as

the best fit model. However, the Breusch-Pagan test and the

Likelihood Ratio test of spatial error dependence are still

significant, which indicates that the spatial effects in the data

have still not been removed completely. Both spatial models yield

improvement to the original OLS model; and the spatial error

model appears to be the most improved model. Figure 3
demonstrates model improvement through residuals maps of OLS

and spatial error model for U5MR. The maps show that the

problem of spatial autocorrelation amongst the residual terms is

largely solved by the spatial error model. The amount of spatial

clustering of the residuals is reduced (that is, the residuals appear

to be more randomly distributed), and the Moran’s I of the SE

residuals is reduced from 0.416 to 0.200. Imperatively, the highly

significant biophysical variables (temperature and rainfall) in the

OLS model are no longer significant in the SE model, and female

literacy, which was insignificant in the OLS model, is now

significant and there is an expected change in sign in the improved

model. A detailed explanation on regression diagnostics (including

result) of three different multivariate models presented in Table 4

can be accessed in Appendix S4.

In the SE model, the level of urbanization, female literacy, and

the number of newborn care provided in Primary Health Centers

in the district appeared negatively correlated, and the low

economic status (represented by households having BPL cards)

as well as the coverge gap in RCH services appeared positively

correlated with the incidence of under-five mortality in the region

controlling selected biophysical and geographical variables.

Coverage Gap in RCH Services and U5MR
Since the coverage gap in a set of RCH services in a district has

emerged as a strong and highly significant predictor of under-five

mortality, Figure 4 demonstrates bivariate LISA (cluster and

significance) map of CGI and U5MR across 284 districts in high

focus states in India. This manifests that the districts with a high

coverage gap in RCH services are concurrent with high under-five

mortality districts. Appendix S5 presents the cluster of districts

with high U5MR and selected correlates.

Identifying High Focus District Clusters
This study identifies three significant clusters with high U5MR

including 30 high focus districts (HFDs) within the high focus

states (HFSs) in India (Figure 5). Majority of the 30 high focus

districts belong to the states of Uttar Pradesh and Madhya

Pradesh. However, two districts, namely, Ganjam and Gajapati

Table 2. Descriptive Statistics and Moran’s I value of Variables.

Variables Min. Max. Mean SD Moran’s Ia

U5MR (per 1000 live births) 24 145 81 20 0.439

Average Annual Temperature (uC) 9.6 27.3 25.1 2.2 0.849

Annual Rainfall (mm) 209 3285 990 524 0.743

Foodgrain Yield (quintal./hectare) 1.7 34.5 15.9 6.6 0.617

% Area of District within 2 km from Road 0.2 52.7 34.3 7.6 0.484

Population Density (person/sq. km) 17 2383 568 437 0.690

Coverage Gap Index [CGI] 32.5 79.2 56.2 10.4 0.634

% CHC with Low Birth Weight Management 0.0 100.0 33.9 29.5 0.169

Number of newborn care provided in PHC 0 4437 384 605 0.337

Knowledge about Malaria Prevention 8.8 99.62 80.5 17.5 0.455

Per Capita Gross District Domestic Product
( ) [GDDPPC]

3636 56029 13620 6674 0.464

% HH having BPL Card 4.3 69.6 32.9 14.8 0.640

% SC/ST Population 9.6 86.5 32.8 16.8 0.603

% HH with Piped Water 0.0 73.0 8.9 10.7 0.551

Female literacy (%) 32.2 82.1 58.0 9.6 0.492

% Urban Population 3.4 80.8 18.7 13.7 0.194

N = 284 (Districts).
aAll Moran’s I value is significant at p,0.01.
doi:10.1371/journal.pone.0037515.t002
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Figure 1. Study area and under-five Mortality. A. Location of study area in India B. Under-5 Mortality Rate (per 1000 live births) across 284
districts in high focus states of India, 2010–11.
doi:10.1371/journal.pone.0037515.g001

Figure 2. Maps depicting spatial clusters and outliers in under-five mortality rate across 284 districts in high focus states of India,
2010–11. A. Cluster and Outlier analysis map (Anseline Local Moran’s I = 0.45) using polygon contiguity (first order) weight in ArcGIS. B. Hot Spot
analysis map (Getis–Ord Gi*) using polygon contiguity (first order) weight in ArcGIS. C. Univariate LISA Cluster map (Moran’s I = 0.439) using Rook’s
weight in GeoDa. D. Univariate LISA Significance map of Figure C.
doi:10.1371/journal.pone.0037515.g002
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are located in Orissa. Out of 18 districts, which have under-five

mortality above 100 per 1000 live births, 12 are from Uttar

Pradesh. Moreover, the cluster of these 12 districts of Uttar

Pradesh is located in the eastern part, conventionally believed to

be the poor performing regions of the state after Bundelkhand. A

similar pattern appears among districts with high under-five

mortality in Madhya Pradesh. All high focus group districts in

Madhya Pradesh are located in the eastern part and in immediate

proximity to the high focus group districts of Uttar Pradesh.

Discussion

The states in India selected for this study, have been recognized

as poor performing states since 1980s, based on their fragile health

indicators. However, few studies have covered under-five mortality

in this group of states as an area for focused health interventions.

This study is the first attempt of its kind to examine factors

associated with under-five mortality accounting for biophysical,

geographical, health, and socioeconomic variables at the district

level. The strength of this study lies in terms of district level

coverage, and the spatial analysis method to figure out significant

clusters of under-five mortality in selected high focus states in

India. Compared to the classical OLS model, the spatial error

model (SEM) transpired as an effective and robust model in

explaining the predictors of under-five mortality in the selected

Indian states, where most of the indicators were spatially auto-

correlated. The results of SEM suggest that urbanization, female

literacy, households having BPL cards, coverage gap index, and

newborn care provided at PHCs were significant correlates of

under-five mortality in the study area.

Recent evidences from developing countries have highlighted

the importance of potential environmental and geographical

correlates in explaining under-five mortality and related health

indicators, while adjusting for individual, socioeconomic, house-

hold and program level contextual factors [27,28,68,69,70,71].

However, this study did not find any direct influence of biophysical

and geographical variables in the study area, unlike the results of

studies conducted in developing countries like Nepal [26] and

Kenya [72]. But the present study supports the view that

environmental factors may affect mortality directly; they are more

likely to be mediated through individual, socioeconomic and

household-level factors such as household income, wealth,

education, and other factors [37,39,73].

The result suggests that the level of urbanization was negatively

associated with under-five mortality in the study area, though a

study based on spatio-temporal perspective [29] indicates no

significant influence of urbanization on under-five mortality in

India. Probably, the effect of urbanization could have been

undermined in the study [29], which was based on broader

geographical regions rather than administrative divisions like the

district. The urban health advantage has been repeatedly

emphasized in previous studies irrespective of the world regions

[74,75,76,77]. In fact, following maternal education, place of

residence (urban/rural contrast) is the most frequent indicator that

appears in child survival studies [78,79] and health research

[80,81]. Urban infrastructure has often been attributed to the

improved modern health care system that facilitates public health

interventions [82]. Improved electricity, transportation, water and

sanitation services are also, on average, more widely available in

urban areas than in rural [78]. Infrastructural development

including better road and rail links ensures that the urban

population receives a fairly regular and abundant supply of

services.

One of the most consistent and powerful findings in public

health literature is the strong association between mothers’

education and child survival [83,84,85,86,87,88,89,90]. Those

studies in developing countries that applied ecological spatial

analysis confirm the importance of female literacy as one of the key

factors affecting under-five mortality [27]. This finding is

particularly imperative for the nine high focus states, as these

states have a low level of female literacy [46,49,91]. The 2011

census [50] has reported lower literacy among females in six out of

the nine high focus states compared to the national average (54%).

Moreover, at the national level, the gender gap in education in the

2011 Census was about 22 percentage points, while in Uttar

Pradesh and Madhya Pradesh it was 27 and 26 percentage points

respectively. In these states, intensified efforts are needed to ensure

that young girls are not lagging behind in terms of attaining

education. Besides, an effective health-education program is

required at the community level to make uneducated women

aware of the benefits of timely and appropriate utilization of health

services.

The significant effect of households with BPL cards that acts as

a surrogate of economic status of population on U5MR is evident

in this study. Previous studies in India and elsewhere suggest that

poverty or low household income is an important upstream

determinant of child survival [92,93,94]. It is estimated that more

Figure 3. Residual maps of OLS and Spatial Error Model for under-five mortality across 284 districts in high focus states of India,
2010–11. A. Univariate LISA Cluster map (Moran’s I = 0.416) plotting residuals of OLS regression model. B. Univariate LISA Cluster map (Moran’s
I = 0.200) plotting residuals of Spatial Error regression model.
doi:10.1371/journal.pone.0037515.g003
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than 200 million children under five years fail to reach their

potential in cognitive development because of poverty that has an

impact on poor health and nutrition, along with deficient care

[95]. Using the third round of NFHS (2005–06) [96], a study

reported that household economic status contributed to nearly

46% of under-two mortality at the national level, while it was as

high as 76% in Madhya Pradesh [48]. The percentage of

population below the poverty line during 2006–07 was higher in

four states (Bihar 43%, Orissa 41%, Madhya Pradesh 30%, and

Uttar Pradesh 25%) compared to the national average of 19%

[97]. The higher mortality among poor households is the outcome

of their priority to meet basic daily needs rather than healthcare,

whereas wealthier households can spend a higher proportion of

their earnings on health care utilization [98,99]. Moreover, studies

have argued that health care programs are more readily accessed

by wealthier households [100,101], while poorer households are

excluded because of comparatively higher direct and indirect costs

to access health facilities [102].

The study also reveals the significant influence of CGI, which is

a summary measure of four health intervention areas on under-

five mortality. It is estimated that about half of the child deaths in

developing countries can be avoided through adequate coverage of

maternal and child health care interventions [103,104]. There are

evidences that show the four health intervention areas, which are

included in CGI, have been significantly associated with child

survival [11,46,105,106,107,108,109,110,111]. The utilization of

family planning and maternity services in nine high focus states are

below the acceptable level. Estimates show that less than two in

every five currently married women were using any contraceptive

in Uttar Pradesh, Bihar and Jharkhand [52]. The situation is more

bewildering in the case of utilization of full antenatal care (defined

as at least three visits for antenatal care check up, at least one

Tetanus Toxoid injection received, and consumed 100 iron folic

acid tablets/syrup), which ranges from 3%, the lowest in Uttar

Pradesh (3%) to the highest in Uttarakhand (16%) [52]. The

proportion of women who received full antenatal care was below

5% among 18 out of 30 high focus districts identified in the present

study (Appendix S5). Additionally, in four out of nine states,

there were less than one-fourth of total reproductive age women,

who had delivered their last birth in any health facility.

A clear need for effective newborn care to regulate child

mortality has emerged in this study which has also been advocated

Figure 4. Bivariate LISA (Cluster and Significance) maps depicting spatial clustering and spatial outliers of under-five mortality by
coverage gap index across 284 districts in high focus states of India, 2010–11. A. Bivariate LISA Cluster map of Under-5 Mortality Rate and
Coverage Gap Index. B. Bivariate LISA Significance map of Under-5 Mortality Rate and Coverage Gap Index.
doi:10.1371/journal.pone.0037515.g004

Figure 5. Clusters of districts with high under-five mortality rate.
doi:10.1371/journal.pone.0037515.g005
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in several studies [109,112,113,114]. Under the NRHM (2005–

2012) and the Reproductive and Child Health (RCH) Program

Phase-II (2005–10), one of the major components was the

establishment of newborn care facilities [115]. Although, about

192 Sick Newborn Care Units (SNCUs), 366 stabilization units,

and 1524 newborn care corners have been established, the

findings of this study reemphasize the importance of newborn

health care facilities in primary healthcare centres (PHCs),

especially in the study area. The results of the present study could

be considerable for the identified 30 districts with high U5MR in

District Health Action Plan (DHAP), recently formulated under

the NRHM [116].

Policy Implications
The results of this study have scope for providing the basis for a

few policy implications. Promoting community based education on

improved maternal and newborn care, and home-based treatment

for newborn infections could enhance child survival in the high

priority districts significantly. In addition, effective consultations

about specific MCH needs should be provided to women during

their first ANC visit in order to ensure the utilization of subsequent

maternal and child healthcare services.

In order to cater the nutritional needs of the poor, the

Government of India has formulated certain steps by implement-

ing the Mahatma Gandhi National Rural Employment Guarantee

Act (MGNREGA) - 2005, National Food Security Bill (NFSB) –

2011, and by strengthening the Public Distribution System (PDS).

However, the key question is whether various provisions of the Act

are being implemented properly for the desired impact. Some

recent studies have shown that the average days of employment

provided per beneficiary household under MGNREGA was much

lower than the entitled 100 days in most cases, particularly in the

districts of the high focus states [117]. Similarly, the poor coverage

of PDS in some parts of Bihar, Jharkhand and Uttar Pradesh

needs to be addressed effectively for proper distribution of food

and non-food items among the poor [118].

The Government of India proposed an increase in public health

expenditure up to 3% of GDP and prioritized child health in the

Twelfth Five Year Plan 2012–17 [119]. This will involve

convergence of health and childcare services. Despite the increase

in health budget to around 23% per year in the high focus states

during the post-NRHM period, there has to be continuous and

high financial support during the Twelfth Five Year Plan.

According to the recent Rural Health Statistics 2010 [120], there

is a shortage of 19590 Sub-centres; 4252 PHCs and 2115 CHCs in

the country. The PHCs in high priority districts need to be

upgraded and evaluated periodically, along with quality check.

This would require not only infrastructural upgrades but also

adequate human resource support and well developed service

delivery protocol.

Strengthening and restructuring of the 35-year-old Integrated

Child Development Scheme (ICDS), as highlighted in the Twelfth

Five Year Plan could play a vital role in ensuring improved child

health status in identified clusters of high focus districts. Engaging

community participation through Panchayati Raj institutions and

other stakeholders including representatives from relevant depart-

ments like, Women and Child Development, Rural Development,

and NGOs would be valuable to ascertain the specific health needs

of rural women, their problems in accessing health services, and

possible solutions relevant to local districts. In keeping with the

initiatives proposed in the NSSK (Navjaat Shishu Suraksha

Karyakram), this study recognizes the need for strengthening health

facilities at the district level to save newborns [115].

In the current circumstances, when several complementary

interventions are packaged together and delivered through a range

of health-care providers, the main bottlenecks are to ensure

improved service delivery including poorly functioning health care

system and limited numbers of skilled health-care providers. For

this, the present study proposes to develop effective data

management as well as a monitoring and surveillance system for

assessing key health indicators at the sub-district and block level to

identify the hotspots that remain inadequate in health coverage.

Additionally, in the last few years, studies have recognized

integrating family planning (FP) and maternal and child health

(MCH) as a cost-effective way to prevent unintended pregnancies,

reduce maternal and child mortality and improve the overall

maternal and child health status [121,122,123], which could be

promoted in high priority districts.

Limitations of the Study
Although this study examines the effect of biophysical and

geographical variables as covariates in the context of under-five

mortality analysis in India, we concede a few limitations. First,

acknowledging the extent of diversity in the climate, culture, society,

economic development, political will, education/awareness and

demographic outcomes, the result of this study is limited to the nine

high focus states and cannot be generalized in the Indian context

entirely. Second, this is a cross-sectional study, which culled data from

different sources and the reference period of the indicators ranged from

2007–08 to 2011. Most of the predictor variables included in the

analysis represents estimate three or four years prior to the period of the

outcome variable, though this can be regarded as one of the strengths

of this study. Since the outcome variable itself subsumes a period of

more than four years by covering the deaths of children below five

years, the prior estimates of predictors would better manifest the lagged

effect on the outcome variable; nonetheless, we cannot ignore the

possibility of non-congruence among different indicators collected from

different sources. Even though all the covariates are district level

indicators, the measures, tools of data collection, and coverage of

subjects may vary. Third, this study could not use prevalence of

undernutrition/malnutrition among children below five years, and

causes of death, due to lack of information at the district level. Despite

these limitations, the spatial analyses in this study incorporating

biophysical and geographical variables exhibit an unexplored dimen-

sion in the context of child mortality analysis in India.
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