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Abstract  Background: Globally, in both under developed and developing countries including India have experience 

substantial decline under-five mortality rate i.e., infant and child mortality rates due to reproductive and child health 

programme intervention during past two decades. In India, overall U5MR has been declined from 74 per thousand live births 

in 2005-06 to 50 per thousand live births in 2015-16. The Empowered Action Group (EAG) of states has very high under-five 

mortality as compared to Non-EAG states. The aim of the study was to identify the socio-economic, demographic and 

environmental factors effect on U5MR in EAG States of India. Data and Methods: The 9 EAG States NFHS-4 data had been 

analyzed and used for this study. The National Family Health Survey is a cross-sectional household survey conducted in year 

2015-16. The survival analysis i.e., Kaplan-Meier with log-rank test and Cox-proportional hazard regression model was used 

to assess the effects of socio-economic, demographic and environmental factors on risk of under-five mortality. Total 

information of 322396 children born during past ten years preceding survey and their mother's characteristics were 

analyzed. Results: The result showed that under-five mortality was significantly associated with mother's age at the time of 

birth, sex of the child, previous birth interval, birth order, household wealth, toilet facility and cooking fuel. Children of 

young mother < 20 years are 4-5 times more likely to die as compared to children of mother's age 20-29 years (HR = 4.67,  

95% CI: 4.17-5.20) after controlling for other factors. The risk of dying was higher among children whose mother' illiterate 

and poor household compared to children whose mothers were literate and belong to rich household. Conclusion: To achieve 

the sustainable development goal 3 targets on under-five mortality by 2030, the EAG states clearly need to reduce U5MR [1]. 
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1. Introduction 

In global scenario, India has the maximum share of 

mortality among the Under-five deaths. The Millennium 

Development Goals (MDG), in the year 2000, world leaders 

agreed to set of 8 goals and 48 indicators; one of them was to 

reduce the under-five mortality and infant mortality rate by 

two-third at the end of 2015. During this era of MDG, the 

major progress has been made in reducing the child mortality 

throughout the world [2]. In various round of National 

Family Health Survey data the Under-five deaths has been 

decline more than half in the last 20 years i.e. 109deaths (per 

1000 live births) in NFHS-1 (1992-93) to 50 deaths (per 

1000 live births)  in NFHS-4 (2015-16) [3].  In 2016 world  
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leaders adopted 17 Sustainable Development Goals (SDG) 

and 169 indicators to achieve by 2030 with an agenda of 

sustainable development. The third goal of Sustainable 

Development Goals focuses to ensure healthy lives and 

promote wellbeing at all ages. As per SDG 3.2 target by 2030 

to end preventable deaths of new borns and children 

under-five years of age, with all countries aiming to reduce 

neonatal mortality to at least as low as 12 per 1000 live births 

and under-five mortality to at least to as low as 25 per 1000 

live births. For the Under-five mortality, the national level 

estimate has the huge diversity across the states and their 

districts. Social and economic development of a nation is 

often reflected by the existing infant and child mortality rates. 

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

deaths, estimated at 1726000 in 2009 [4]. The north-south 

variation in child mortality in India is reflected in various 

literatures [5, 6] where some of the north Indian states such 

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

Madhya Pradesh persistently performed poorly in health care 

[7]. The Ministry of Health and Family Welfare, India 

established Empowered Action Group (EAG) in 2001 to 
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have special focus by monitoring and facilitating the 

attainment of national health goals on some of these states 

which are demographically lagging behind. In India, studies 

on child mortality have mainly addressed the role of 

maternal, socioeconomic and health-related determinants 

[8-10]. 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 accounts for about 48% of India’s population, 

are designated as ‘‘High Focus States’’ by the Government 

of India. 

As a part of the Millennium Development Goals, India 

seeks to substantially reduce its burden of childhood 

mortality. Six states, namely, Kerala, Tamil Nadu, West 

Bengal, Maharashtra, Punjab and Himachal Pradesh are 

likely to achieve the goal. Studies conducted globally and in 

India suggest associations of sex of the child, mother’s 

exposure to mass media, use of clean cooking fuel, access to 

a toilet facility, improved/safe drinking water facility, 

mother’s religion and ethnicity, income of the household, 

birth order, mother’s age at birth, birth intervals, availability 

of professional antenatal and delivery care, full 

immunization of children, mother’s education, and 

urban-rural residence with infant and child mortality [9, 11]. 

A number of studies attempted to demonstrate the indirect 

causes of childhood illnesses or mortality, but none of them 

proved as influential in formulating public policy. So, the 

aim of the study was to identify the socioeconomic and 

demographic factors effect on under-five mortality in 

Empowered Action Group (EAG) states of India. 

2. Materials & Methods 

Data and sampling frame: We have primarily used the 

fourth round of Demographic and Health Survey (DHS) for 

India, known as National Family Health Survey (NFHS-4) 

conducted in the year of 2015-16 under the leadership of 

Ministry of Health and family Welfare (MoHFW), 

Government of India. For the first time in NFHS-4 survey in 

India all 640 districts level information were collected. 

NFHS-4 was based on 1,315,617 children born of 699,686 

women in 601,509 households with a response rate of 98%. 

The survey included 425,563 households from rural areas 

and 175,946 households from urban areas. Multistage 

stratified sampling methods were used to create a sample 

representing individuals from all 29 states of India. This 

study is based on only Empowered Action Group (EAG) 

states in India which are Uttar Pradesh, Madhya Pradesh, 

Bihar, Rajasthan, Orissa, Chhattisgarh, Jharkhand and 

Uttarakhand and Assam. NFHS provides state and national 

level information on Fertility, family planning, infant and 

child morbidity and Mortality, maternal and reproductive 

health, nutritional Status of women and children, and the 

quality of health Services. In NFHS, all eligible women 

aged 15-49 years were asked to provide information on 

complete birth history, which included gender, month and 

year of birth, and survival status for each live birth. The 

information on age at death was recorded in days for 

children who had died in the first month of life; in months 

for children who had died after the first month but before 

completion of their second birthday, and in years for 

children who had died at later ages. For children who had 

died after their second birthday, age at death in months was 

computed. 

Dependent variable is under five child mortality which is 

defined as probability of dying children before the fifth 

birthday. 

Independent variables were taken mother’s age at the 

time of child birth (15-19, 20-29, 30+ yr), gender of the 

child (female/male), birth order (1, 2-3, 4+), Birth interval 

(≤24 months, >24 months); mother’s Education (illiterate, 

literate); mother’s work status (Yes/No); Place of Residence 

(Urban/Rural);Wealth (poor/rich); full antenatal care (ANC) 

(no/yes); sanitation facility (unsafe/Safe); cooking fuel 

(unsafe/safe); drinking water (unsafe/safe). 

Wealth: NFHS did not collect information on income. 

The level of economic status of a woman was assessed 

computing a composite index of household wealth 

Indicating possession of wealth or assets by the Household 

to which they belonged. We have categorized into 

categories as belonging to poor and rich. 

Full ANC: We have categorized full ANC into Yes and 

No. Yes is considered as those women’s taken more than 4 

ANC visits during her pregnancy. 

Sanitation facility: Household having either flush, or a 

pour flush which is connected to a sewer system, septic tank 

or pit latrine, a ventilated improved pit (VIP), a bio gas 

latrine, a pit latrine with slab and twin pit, and composting 

toilet regarded as ‘safe’ sanitation as opposed to those 

without any facility taken as a (unsafe). 

Cooking fuel: The households using liquefied Petroleum 

gas, electricity, kerosene and biogas were considered as 

(safe) fuels. Those were using dung cake; firewood and coal 

were regarded as users of high polluting fuels (unsafe). 

Safe drinking water: Households with access to source 

of drinking water piped into dwelling/ yard /plot, water 

available from public tap or stand pipe or a tube well or 

borehole or a protected well or spring considered as a 

‘safe’. 

Cox Proportional Hazard Model: The Cox model is 

based on a modeling approach to the analysis of survival 

data. The purpose of the model is to simultaneously explore 

the effects of several variables on survival. Cox’s method is 

similar to multiple regression analysis, except that the 

dependent variable is the hazard function at a given time. If 

we have several explanatory (x) variables of interest (for 

example, age, sex and treatment groups), then we can 

express the hazard or risk of dying at time t as: 

h{(t), (x1, x2, ..., xm)} = h0(t)*exp(b1*x1 + ... + bm*xm) 

Linearizing the model by dividing both sides of the 

equation by h0(t) and then taking the natural logarithm of 
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both sides: 

Log [h{(t), (x...)}/h0(t)] = b1*x1 + ... + bm*xm 

Where h(t,...) denotes the resultant hazard, given the 

values of the m covariates for the respective case (x1, x2, ..., 

xm) and the respective survival time (t). 

The term h0 (t) is called the baseline hazard; it is the 

hazard for the respective individual when all independent 

variable values are equal to zero. 

1
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An important feature of this formula, which concerns the 

proportional hazards (PH) assumption, is that the baseline 

hazard is a function of t, but does not involve the X’s. In 

contrast, the exponential expression shown here, involves 

the X’s, but does not involve t. The X’s here are called 

time-independent X’s. 

Statistical analysis: To assess the effects of 

socio-economic, demographic and environmental factors on 

risk of under-five mortality cox proportional hazard model 

was used. Firstly we have used Univariate analysis for the 

association of the dependent and independent variables. 

After that for the modeling we have used multivariate 

analysis using cox proportional hazard model. We defined 

dependent variable as Time (age of the child) and survival 

status of child (0 if event has occurred i.e. child died and 1 

if child is Alive) during period (0-4 Yrs). Results of the 

multivariate Analyses are presented as hazard ratios (risk of 

dying). If hazard ratio is > 1 for a predictor variable, it 

means that the hazard is higher, i.e. increased risk of death 

and if hazard ratio is < 1, it implies a decreased risk of death. 

All statistical analysis has been done on SPSS 22.0 software. 

A p value is < 0.05 is taken to be statistical significant. 

3. Results 

Total 322396 female respondents of age 15-49 years were 

interviewed from all 9 EAG states of India. Out of total 

19900 under- five deaths was reported in EAG states. Kaplan 

Meier plot showed the survival probability and censored 

observations of EAG and Non EAG states of India [Fig 1].  

It was observed that probability of dying children was 

decreasing as age of children increasing. It also shows that 

the probability of dying children is higher in EAG states as 

compare to Non EAG states of India. 

 

Figure 1.  Kaplan Meir Survival Curve of Under-five mortality in EAG states and Non EAG States of India 

Table 1 shows the number of live births and under-five 

mortality (95% CI) with respect to the maternal, socio 

demographic and environmental factors.  

Factors associated with under-five mortality: After 

performing Univariate Analysis we found the associations 

between under-five child mortality and socio economic and 

demographic factors. The variables, mother’s age at child 

birth, gender of the child, preceding birth interval, mother 

education, full ANC place of and residence were found to be 

highly significant with under-five mortality. Multivariate 

results of hazard of under-five mortality was highest  

among births to mothers aged 15-19 years [HR=4.65; 

CI=(4.17-5.20)] as compared with births to the mother’s age 

at child birth 20-29 years after controlling for other social 

and economic variables. The risk of under-five dying was 

higher among male children [HR=1.06; CI= (1.03-1.09)] 

than among female children (Table 2). We observed children 

living in rural areas have more hazard [(HR=1.03; CI= 

(0.96-1.05)] compared to whose living in urban areas. The 

result of the study indicates that the children born to mothers 
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with a preceding birth interval of more than 24 months were 

at less risk of dying than children with a preceding birth 

interval of 24 months or less. Hazard of under-five mortality 

was observer less among birth interval of more than 24 

months than birth interval of 24 months and less. Results also 

showed that the risk of dying was less among rich than poor 

wealth quintile. The hazard of infant mortality among 

women who had full antenatal care was estimated at [(HR= 

1.16; CI= (1.11-1.22)] which was substantially lower 

compared to those women who did not receive ANC. 

Children born to the household having safe cooking fuel 

were [(HR= 1.04; CI= (0.99-1.08] less hazard of under-five 

mortality than those born to the household having unsafe 

cooking fuel during Table [2]. 

Table 1.  Socio economic and demographic characteristics of under five children among EAG states of India 

State 
Live births 

N=322396 

Deaths 

N=19900 

U5MR 

Per 1000 Live births with 95% CI 

EAG States 

Assam 21786(6.8) 1193(6.0) 54.8(51.7-57.7) 

Bihar 51529(16.0) 2893(14.5) 56.1(54.2-58.1) 

Chhattisgarh 18017(5.6) 1194(6.0) 66.3(62.6-69.9) 

Jharkhand 25550(7.9) 1352(6.8) 52.9(50.1-55.7) 

Madhya Pradesh 49691(15.4) 3149(15.8) 63.4(61.2-65.5) 

Orissa 22372(6.9) 1259(6.3) 56.3(53.3-59.3) 

Rajasthan 34690(10.8) 1747(8.8) 50.4(48.1-52.7) 

Uttar Pradesh 86738(26.9) 6542(32.9) 75.4(73.67-77.18) 

Uttarakhand 12023(3.7) 571(2.9) 47.5(43.7-51.3) 

Under-five mortality rate with maternal characteristics 

Mothers Education 
   

Illiterate 148325(46.0) 10725(53.9) 72.3(70.9-73.6) 

Literate 174071(54.0) 9175(46.1) 52.7(51.7-53.8) 

Antenatal Care 
   

NO ANC 234352(72.7) 17017(85.5) 72.6(71.6-73.6) 

88044(27.3) 2883(14.5) 32.7(31.6-33.9) 

Place of delivery 
   

Home 43448(13.5) 2935(14.7) 67.6(65.2-69.9) 

Public 86430(26.8) 4147(20.8) 48.0(46.7-49.4) 

Private 192518(59.7) 12818(64.5) 66.6(65.5-67.7) 

Mothers age Group 
   

15-19 3966(1.2) 342(1.7) 86.2(77.5-94.9) 

20-29 167410(52.0) 9940(50.0) 59.4(58.2-60.5) 

≥ 30 151020(46.8) 9618(48.3) 63.7(62.5-64.9) 

Birth Interval 
   

<= 24 months 73262(22.7) 6667(33.5) 91.0(88.9-93.1) 

<24 months 249134(77.3) 13233(66.5) 53.1(52.2-54.0) 

Birth Order 
   

First birth order 103075(32.0) 6452(32.4) 62.6(61.1-64.1) 

Birth Order 2-3 146588(45.5) 7793(39.2) 53.2(52.1-54.3) 

Birth Order 4+ 72733(22.5) 5655(28.4) 77.8(75.8-79.7) 

Under-five mortality rate with Socio-Demographic characteristics 

Type of place of residence 
   

Urban 62466(19.4) 3202(16.1) 51.3(49.5-53.0) 

Rural 259930(80.6) 16698(83.9 64.2(63.3-65.2) 

Sex of child 
   

Male 167935(52.1) 10598(53.2) 63.1(61.9-64.3) 

Female 154461(47.9) 9302(46.8) 60.2(59.0-61.4) 

Wealth Index 
   

Poor 149997(46.5) 11000(55.2) 73.3(72.0-74.7) 

Rich 172399(53.5) 8900(44.8) 51.6(50.6-52.7) 

Under-five mortality rate with Environmental characteristics 
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State 
Live births 

N=322396 

Deaths 

N=19900 

U5MR 

Per 1000 Live births with 95% CI 

Sanitation Facility 
   

Safe 114926(35.6) 5864(29.5) 51.0(49.8-52.3) 

Unsafe 207470(64.4) 14036(70.5) 67.7(66.6-68.7) 

Cooking Fuel 
   

Safe 284504(88.2) 17569(88.3) 61.8(60.9-62.6) 

Unsafe 37892(11.8) 2331(11.7) 61.5(59.1-63.9) 

Drinking Water 
   

Safe 275885(85.5) 17017(85.5) 61.7(60.8-62.6) 

Unsafe 46511(14.5) 2883(14.5 62.0(59.8-64.2) 

Table 2.  Adjusted Hazard Ratio of under –five child mortality among EAG states 

Background characteristics Adjusted Hazard Ratio (95% CI) p value 

Mothers age at birth of child (year) 
   

20-29 (Ref.) 1 
  

15-19 4.65 4.17-5.20 <0.0001 

≥30 0.51 0.49-0.53 <0.0001 

Gender of the child 
   

Female(Ref.) 1 
  

Male 1.06 1.03-1.09 <0.0001 

Birth Order 
   

First Birth Order (Ref.) 1 
  

Birth Order 2-3 0.77 0.74-0.80 <0.0001 

Birth Order 4+ 1.23 1.18-1.29 <0.0001 

Birth Interval 
   

≤ 24 Months 1 
  

>24Months 0.59 0.57-0.62 <0.0001 

Mother’s Education 
   

Illiterate (Ref.) 1 
  

Literate 0.96 0.93-0.99 0.013 

Place of Residence 
   

Urban (Ref.) 1 
  

Rural 1.03 0.96-1.05 0.897 

Full ANC taken 
   

Yes (Ref.) 1 
  

No 1.16 1.11-1.22 <0.0001 

Wealth (Household) 
   

Poor (Ref.) 1 
  

Rich 0.85 0.82-0.87 <0.0001 

Place of Delivery 
   

Home (Ref.) 1 
  

Public 0.82 0.78-0.86 <0.0001 

Private 0.055 0.052-0.059 <0.0001 

Sanitation Facility 
   

Safe (Ref.) 1 
  

Unsafe 1.09 1.05-1.14 <0.0001 

Cooking Fuel 
   

Safe (Ref.) 1 
  

Unsafe 1.04 0.99-1.08 0.078 

Drinking Water 
   

Safe (Ref.) 1 
  

Unsafe 0.99 0.95-1.03 0.812 
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4. Discussion 

This study showed that in EAG states high mortality   

due to poor socioeconomic status, demographic stages,   

low female autonomy, likewise the poor health system 

performance and lower utilization of maternal and child 

health services [12]. The study also found the determinants 

that were significantly associated under-five child mortality 

among EAG states of India during 2015-16. These 

determinants were mother’s age at child birth, gender of the 

child, birth order, birth interval, household wealth status, and 

place of residence. Some studies also found the similar 

observations in population [13-15]. Increasing effect of low 

age of mother at birth on mortality could be due to wide gap 

in utilization of the mother and child health (MCH) care 

services between younger and older mothers. There is a need 

for programs to concentrate on delaying the age at first birth 

for younger women in EAG state of India. These kind of 

efforts would not bring down the under-five child mortality 

but also help in reducing the morbidity conditions such as 

pneumonia and diarrhea in children under five [13, 16, 17]. 

Birth order and preceding birth interval of the child were 

found significantly associated with under-five mortality [18]. 

We can say that under-five child mortality tends to increase 

with the birth order. The risk of child mortality was higher in 

first order births. However, a study on utilization of maternal 

health services suggested that higher mortality risk among 

first order birth could be linked with the early childbearing 

trends and lower utilization of maternity services in 

developing countries like India [19]. This study finds out a 

higher risk of under-five mortality among males as compared 

to females in EAG states of India. Similar findings have been 

observed in general population and are consistent with other 

studies [20, 21]. Biologically a male child is at higher risk of 

mortality as reflected by the under-five mortality rates, 

however, the socio-behavioral causes such as gender based 

discrimination may in part attribute for the higher mortality 

of a female child. However, since literature suggests gender 

equitable relationships in the population [22]. Our findings 

showed a positive association of education with child 

survival. The children of educated mothers have a greater 

chance of survival, in part because educated women seek out 

higher quality services and have a greater ability to use 

healthcare inputs [23, 24]. A considerable poor-rich gap in 

mortality has come out from this study. Several studies have 

ingeminate the case of economic inequality and health care 

access leading threat to the newborns at early age [25].  

5. Conclusions 

After this study analysis we can conclude that the factors 

associated with under-five mortality more or less are same. 

The running national programs for the decreasing under-five 

mortality have been focusing on educating women on 

increasing age at marriage, age at first birth, and increasing 

the birth interval between two births. The originality of the 

study lies in its ability to identify factors affecting on 

under-five mortality to meet the SDG-3 target. In this study 

our analysis describes the huge variation cross the Indian 

states in U5MR [26]. While only few states and UTs have 

already achieved the SDG-3 target for U5MR and many 

states may not achieve the SDG-3 target even in 2030.This 

study has a state level comparative analysis to show that the 

majority of high risk states for U5MR belong to the EAG 

states. The huge variations in U5MR in EAG states are due to 

wide disparities in the level of socio-economic development 

[27]. The findings of this study have substantial for policy 

makers, health professionals, program managers and 

administrative authorities. India needs more in-depth 

programs, particularly in certain regions not just in the most 

populous and demographically backward regions, but 

especially in EAG states. 
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