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Abstract 

Background: In India under-five mortality (U5MR) has declined by 71% from 
126 to 37 deaths per 1000 live births between 1990 and 2018. The Empowered 
Action Group (EAG) states accounts for 74% of the under-five deaths as 
compared to 26% among Non-EAG states. Method: National Family Health 
Survey round fourth (NFHS-4), 2015-16 was used for this study. A life table 
method and Cox Proportional Hazard (PH) model was used to examine the 
various factors associated with U5MR in EAG and Non-EAG states of India. 
Result: Overall, it was observed that U5MR is much higher in EAG compared 
to Non-EAG states. Absolute difference varies according to background cha-
racteristics. The highest difference was among mothers who had never breast- 
fed (316 vs 150 U5MR per 1000 live births in EAG & Non-EAG states respec-
tively). Factors—total children ever born to mother, household members, 
children never breastfed and size of the baby were found to be statistically 
significantly associated with under-five mortality after controlling for other 
factors in both EAG and Non-EAG states. Hazard of U5MR was two and 
half-times higher among birth order 4+ (AHR = 2.5, 95% CI = 1.8 - 3.3) 
compared to birth order ≤2 after controlling for other factors in EAG states. 
The risk of under-five mortality was found three times higher among mother 
having up to primary or no education (AHR = 2.9, 95% CI = 1.4 - 5.9) com-
pared to mother having higher education in non-EAG states. Conclusion: 
The study revealed that both groups of states need health program interven-
tions focused on high risk mothers, TT immunization and promoting basic 
health services and breastfeeding practices for the reduction U5MR. 
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1. Introduction 

The under-five mortality rate (U5MR) is used as an indicator of overall well-being 
and health status of children in a country. In 2018, approximately, 5.3 million 
children of under-five years of age died globally, out of which 0.88 million (16.5%) 
were from India. Globally, the U5MR has declined by 59% from 93 deaths per 
1000 live births in 1990 to 39 in 2018, with an annual rate of reduction of 3.1%. 
In India, there was 71% decline from 126 deaths per 1000 live births in 1990 to 
37 in 2018 [1]. India’s rapid reduction in U5MR can be attributed to the ambi-
tious National Rural Health Mission (NRHM) launched in April 2005 by Gov-
ernment of India, wherein the Child Health Program (CHP) comprehensively 
integrated interventions to improve child health and address factors contribut-
ing to infant and under-five mortality. The major components of CHP included 
establishing newborn care facilities and Facility Based Integrated Management 
of Neonatal and Childhood Illnesses (F-IMNCI); Navjaat Shishu Suraksha Ka-
ryakram; Integrated Management 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 along with other supplementation and school 
health programs [2]. 

Overall India has achieved substantial reduction, but within India, inter and 
intra-regional variations exists, further complicated by differences between the 
urban and rural areas. If we compare U5MR between different states of India, 
the highest U5MR are observed in Uttar Pradesh (78); Madhya Pradesh (65); 
Chhattisgarh (64); Bihar (58); Assam (56); Jharkhand (54); Rajasthan (51); Utta-
rakhand (47) and Orissa (48) whereas low U5MR are observed in States/UTs as 
Kerala (7), Puducherry (16), Goa (13), Andaman & Nicobar Islands (13) and 
Lakshadweep (23). They have already achieved the target of Sustainable Devel-
opment Goal (SDG) for U5MR for 2030 [3] [4]. 

In order to achieve national health goal, the Ministry of Health and Family 
Welfare, Government of India, established Empowered Action Group (EAG) of 
states in 2001 for special focus by monitoring and facilitating the attainment of 
MDG goals in the poor performing states-Bihar, Chhattisgarh, Jharkhand, Mad-
hya Pradesh, Odisha, Rajasthan, Uttar Pradesh, Uttarakhand and Assam [5]. The 
EAG states constitute 45% of the total population of India and contribute 74% of 
the under-five deaths as compared to 26% among Non-EAG States [6]. In order 
to achieve SDG goals for U5MR in the year 2030 i.e. 25 per 1000 live births, the 
child survival program needs to be focused on EAG states [7].  

Several studies have been carried out on determinants of under-five mortality 
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separately for each state/region of India, the present study aimed to examine the 
factors associated with under-five mortality in EAG and Non-EAG states of In-
dia. 

2. Data and Methodology 
2.1. Data 

India’s Demographic Health Survey (DHS) i.e. the National Family Health Sur-
vey round fourth (NFHS-4), 2015-16 was used for this study. NFHS-4 collected 
information on fertility, family planning, infant and child morbidity and mortal-
ity, maternal and reproductive health, nutritional status of women and children, 
and the quality of health services at national and state levels. In NFHS-4, all eli-
gible women aged 15 - 49 years were asked to provide information on complete 
birth history, which included sex, month and year of birth, and survival status 
for each live birth [8]. The death information of a child was recorded in days for 
children who died in the first month of life; in months for children who died af-
ter the first month but before completion of their second birthday, and in years 
for children who had died after second birthday. The present study was re-
stricted to all live births that occurred in the preceding five years of the survey 
and collected information on antenatal, breastfeeding and post-natal care for 
analysis of under-five mortality. 

2.2. Study Variables 
2.2.1. Dependent Variable 
Dependent variable is defined as under-five mortality; the probability of a child 
born in a specific year or period dying before reaching the age of five years, if 
subject to age-specific mortality rates of that period, expressed per 1000 live 
births. It was expressed as binary outcome variable i.e., 1 for death and 0 for 
alive. 

2.2.2. Independent Variables 
The model by Moseley & Chen on systematic conceptual framework was used in 
the selection of explanatory/independent variables in this study. It proposes a set 
of proximate determinants that directly influences the risk of child mortality. It 
also proposes that all other socio-economic factors must operate through this set 
of proximate determinants [9]. We have considered four categories, i.e., demo-
graphic, socio-economic, environmental, and health related variables. Demo-
graphic variables included were mother’s age at first delivery, total number of 
children ever born, birth order, and sex of child. Socio-economic variables in-
cluded were mother’s education level, household size, wealth index, place of res-
idence, religion and caste. Environment factors were type of toilet facility, type 
of cooking fuel used. Health factors were maternal tetanus toxoid (TT) immuni-
zation, place of delivery, type of delivery, antenatal care (ANC), post-natal care 
(PNC), breast feeding, and size of the baby at birth. We define following meas-
ures as independent variables: 
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Wealth index: The level of economic status of a woman was computed as wealth 
index based on scores on ownership of consumer goods and household charac-
teristics, such as availability of basic facilities like clean drinking water. It then 
uses this information to classify all households into wealth index.  

Sanitation facility: Household having either a flush or pit latrine whether pri-
vate or shared, were regarded to have ‘improved’ sanitation as opposed to those 
without any facility (unimproved). Cooking fuel: The households using liquefied 
petroleum gas (LPG), electricity, kerosene and biogas were considered as users 
of low polluting fuels (clean fuel). Those using charcoal, firewood and coal were 
regarded as users of high polluting fuels (unsafe).  

The operational definitions of these variables are given in Table 1. 

2.3. Methodology 

We have used life table method and cox proportional hazard model for the esti-
mation of under-five mortality and to examine factors associated with under-five 
mortality. The details of methods are given below: 

Life table method: 
A life table method is used for estimation of U5MR. For each subject, there is 

a defined point event, often called failure, occurring after a length of time called 
the failure time. Failure can occur only once in any subject. This method (usual-
ly known as survival analysis) was a significant improvement over the approach 
of using gross death rates, because it incorporated the actual rates of death ob-
served at various time points following diagnosis or commencement of treat-
ment. Also, this method does not require subjects to enter the study simulta-
neously and can make use of the data from subjects who have dropped out of the 
study or are lost to follow-up. The most important aspect of the life table me-
thod is the incorporation in the survival analysis of the duration of the time tak-
en to reach the outcome event. So we have constructed life table to estimate 
probability of death at age 59 months i.e., before reaching fifth birthday by back-
ground characteristics of mother and child. 

Cox Proportional Hazard model 
A nonparametric survival model for the survival analysis was first introduced 

by Cox (1978). This model was proposed for the statistical analysis of factors af-
fecting under-five deaths of children. A survival curve is a statistical graph to 
show the survival experience of children. The advantage of using cox propor-
tional hazard model is censoring of under-five deaths by either survival beyond 
the total time observed (beyond 60 months) or deaths (before 60 months) of the 
children. This analysis was performed for independent variables among EAG 
and Non-EAG states. This study has been designed to identify the effect of those 
associated factors which were found related to under-five mortality. The hazard 
function at the time point t (here) denoted by h (t) 

( ) ( ) ( )0 1 1 2 2 3 3 4 4 exp ,i ih t h t x x x x xβ β β β β= + + + …+  

where, i = 1, 2, 3, 4… n. 
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Table 1. Definition and categories of independent variables. (a) Demographic variables 
Definitions/categories; (b) Socio-economic variables; (c) Environmental variables; (d) 
Health-related variables. 

(a) 

1 
Mother’s age at the 
time of first delivery 

Age group in years 
(≤15, 16 - 20, 21 - 25, >25) 

2 
Total no of 

children ever born 
Total no. of births by the mother in her 
reproductive age group (≤2, 3 - 4, >4) 

3 Birth order 
The birth order of the child in family 

(first, second/third, ≥fourth) 

4 Sex of child Male, Female 

(b) 

1 Mother’s education level 
Mother’s level of education 

(no education, primary, secondary, higher) 

2 Family size Number of members in each household (≤5, >5) 

3 Wealth index 
Wealth status of household 

(poorer/poor, middle, rich/richest) 

4 Place of residence Area of the residence (urban, rural) 

5 Religion Religion of respondent (Hindu, Muslim, other) 

(c) 

1 Access of Sanitation facilities 
Household access of sanitation 

(improved, unimproved) 

2 Type of cooking fuel Use of cooking fuel (clean fuel, solid fuel) 

(d) 

1 Maternal TT immunization 
Tetanus toxoid injection status of mother 

during pregnancy (yes/no) 

2 Place of delivery Place of delivery for birth (public, private, home) 

3 Type of delivery Type of delivery (Caesarian, normal) 

4 Antenatal care 
Attended any no. of ANC visits by the mother 

(yes, no) 

5 Postnatal care 
Attended any no. of PNC visits by the mother 

(yes, no) 

6 Breast feeding Breast feeding to the child born (yes, no) 

7 Size of baby at birth Size of the baby born (average, small, large) 

 
Variable t denotes the duration (time) of the studied variable, h(t) is the ha-

zard rate at which an event occurs, h0(t) is the baseline hazard function that va-
ries only with t and for which no specific function is assumed, x is a vector of 
independent variables and β is a vector of regression parameters. 

If β > 1 it means that the covariate has the effect of raising the hazard rate (i.e. 
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the covariate is a risk factor), if β < 1 then the covariate is a protective factor, and 
if β = 1 then it is neutral and exerts no effect. Where Xi are explanatory variables, 
βi are regression coefficients and h0(t) is a baseline hazard. It is assumed that the 
explanatory variables influence the hazard by the same degree at each time point 
(hence the term “proportional hazards”). 

3. Statistical Analysis 

A life table technique used to compute the probability of a child dying before 
completing five years. The univariate and multivariate survival cox proportional 
hazard models were used to examine the effects of the explanatory variables on 
under-five mortality. We have fitted model separately for EAG and Non EAG 
groups of Indian states. Cox regression is used to analyze time to event data i.e. 
the response is the time an individual takes to present the outcome variable (Un-
der-five deaths). In this study, children that were still alive at 5 years of age are 
assigned the total length of time of the follow-up, and are treated as censored, 
meaning that until the time of the end of the follow-up they are alive. The level 
of statistical significance was set at 5%. All data analyses were conducted using 
STATA version16. 

4. Ethical Considerations 

This study is based on publicly available dataset with no identifiable information 
on the survey participants. Therefore, no ethics review is required for this work.  

5. Result 

Out of total 190,797 reported live births during past five years preceding the 
survey 112,481 were from EAG states and 78,316 were from Non-EAG states in 
India. Overall, there were 5696 under-five deaths, of which 4070 (3.62%) deaths 
were in EAG states and 1626 (2.08%) deaths in Non-EAG states respectively. 
The weighted U5MR in five years preceding the survey for EAG states is 42 (95% 
CI: 41 - 44) per 1000 live births compared with 26 (95 % CI: 24 - 28) per 1000 
live births in Non-EAG states which is 38% lower.  

Table 2 presents the distribution of live births, under-five deaths, and proba-
bility of U5MR (5q0) and absolute difference and percent difference of U5MR by 
background characteristics demographic, socio-economic, and environmental 
and health related variables for EAG and Non-EAG states. The U5MR (5q0) for 
the five-year period preceding the survey were computed separately for all 
proximate variables for both EAG and Non-EAG states of India using life table 
method. The difference in under-five mortality is measured in terms of absolute 
and percentage. The estimated U5MRs for the five-year period preceding the 
survey are much higher in EAG states compared with Non-EAG states for all the 
proximate variables under study. All the determinants of under-five mortality 
were observed in terms of absolute % decline in Non-EAG states to EAG states. 
It was observed that highest absolute difference (167 under-five deaths per 1000  
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Table 2. Distribution of number and percent of live births, number of under-five deaths, U5MR, absolute difference by back-
ground characteristics in EAG and Non EAG states of India (2015-16). 

Background 
characteristic 

EAG states Non EAG states Absolute and % 
difference in 
U5MR (5q0) 

EAG to 
Non EAG states 

Live 
births 

Live 
birth 
(%) 

Under 
five 

deaths 

U5MR 
(5q0) 

Live 
births 

Live 
birth 
(%) 

Under 
five 

deaths 

U5MR 
(5q0) 

Mother’s age at the time of first delivery 

≤15 3249 2.9 147 50.5 2124 2.7 60 32.5 18.0 (35.6) 

16 - 20 54,868 48.8 2079 44.0 30,648 39.1 636 25.2 18.8 (42.7) 

21 - 25 44,474 39.5 1489 39.2 32,247 41.2 667 26.3 12.9 (32.9) 

>25 9890 8.8 355 40.7 13,297 17.0 263 23.8 16.9 (41.5) 

Total no of children ever born 

≤2 67,793 60.3 2075 34.7 56,478 72.1 980 21.5 13.2 (38.0) 

3 - 4 32,316 28.7 1224 44.7 17,345 22.1 458 31.7 13.0 (29.1) 

>4 12,372 11.0 771 71.1 4493 5.7 188 51.5 19.6 (27.6) 

Birth order 

First 33,491 29.8 1170 39.3 28,312 36.2 503 23.7 15.6 (39.7) 

Second/third 55,127 49.0 1604 34.2 40,382 51.6 754 22.0 12.2 (35.7) 

≥Fourth 23,863 21.2 1296 62.1 9622 12.3 369 47.5 14.6 (23.5) 

Sex of child 

Male 61,669 54.8 2203 41.0 41,776 53.3 888 26.5 14.5 (35.4) 

Female 50,812 45.2 1867 43.4 36,540 46.7 738 24.4 19.0 (43.8) 

Mother’s educational level 

No education 41,971 37.3 1924 53.6 13,134 16.8 403 39.1 14.5 (27.1) 

Primary 16,906 15.0 661 45.3 9790 12.5 271 31.3 14.0 (30.9) 

Secondary 43,946 39.1 1294 33.6 44,901 57.3 834 23.3 10.3 (30.7) 

Higher 9658 8.6 191 22.5 10,491 13.4 118 12.7 9.8 (43.6) 

Household members (Family size) 

≤5 47,417 42.2 2331 56.6 38,967 49.8 1033 32.3 24.3 (42.9) 

>5 65,064 57.8 1739 30.8 39,349 50.2 593 18.4 12.4 (40.3) 

Wealth Index 

Poor/poorer 66,871 59.5 2829 49.9 23,592 30.1 651 36.4 13.5 (27.1) 

Middle 19,053 16.9 630 37.9 19,316 24.7 440 28.6 9.3 (24.5) 

Rich/richest 26,557 23.6 611 25.6 35,408 45.2 535 17.2 8.4 (32.8) 
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Continued 

Place of residence 

Urban 22,779 20.3 647 31.9 25,035 32.0 432 20.9 11.0 (34.5) 

Rural 89,702 79.7 3423 44.7 53,281 68.0 1194 27.9 16.8 (37.6) 

Religion 

Hindu 92,739 82.4 3364 42.2 45,524 58.1 848 23.5 18.7 (44.3) 

Muslim 16,940 15.1 614 41.8 12,360 15.8 302 28.9 12.9 (30.9) 

Other 2802 2.5 92 38.0 20,432 26.1 476 28.1 9.9 (26.1) 

Access of Sanitation facility 

Improved access 42,614 37.9 1210 32.2 53,210 67.9 1006 22.5 9.7 (30.1) 

Unimproved access 69,867 62.1 2860 48.2 25,106 32.1 620 32.5 15.7 (32.6) 

Type of cooking Fuel 

Clean fuel 23,682 21.1 632 29.9 33,673 43.0 552 20.7 9.2 (30.8) 

Solid fuel 88,799 78.9 3438 45.4 44,643 57.0 1074 29.5 15.9 (35.0) 

Maternal TT immunization 

No 9165 8.1 565 70.2 9059 11.6 264 36.7 33.5 (47.7) 

Yes 103,316 91.9 3505 39.5 69,257 88.4 1362 24.1 15.4 (39.0) 

Place of delivery 

Home 28,529 25.4 1290 52.7 13,623 17.4 397 35.2 17.5 (33.2) 

Public 63,021 56.0 1988 37.2 42,594 54.4 855 25.4 11.8 (31.7) 

Private 20,931 18.6 792 41.5 22,099 28.2 374 20.1 21.4 (51.6) 

Type of delivery 

Normal 100,387 89.2 3653 42.5 60,672 77.5 1314 27.1 15.4 (36.2) 

Caesarian 12,094 10.8 417 37.8 17,644 22.5 312 20.4 17.4 (46.0) 

Antenatal care 

No 24,437 21.7 1187 56.9 10,958 14.0 316 35.7 21.2 (37.3) 

Yes 88,044 78.3 2883 56.9 67,358 86.0 1310 23.9 33.0 (58.0) 

Postnatal care 

No 73,458 65.3 3109 48.9 50,378 64.3 1251 29.2 19.7 (40.3) 

Yes 39,023 34.7 961 29.1 27,938 35.7 375 19.3 9.8 (33.7) 

Breast feeding 

Yes 106,279 94.5 2161 25.6 73,190 93.5 901 16.6 9.0 (35.2) 

No 6202 5.5 1909 316.4 5126 6.5 725 149.7 166.7 (52.7) 

Size of baby at birth 

Average/Larger 95,586 85.0 3032 37.3 68,476 87.4 1214 21.4 15.9 (42.6) 

Small/Very Small 16,895 15.0 1038 68.8 9840 12.6 412 55.6 13.2 (19.2) 

Total (N) 112,481 100.0 4070 42.0 78,316 100.0 1626 25.6 16.4 (39.0) 
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live births) was among the children belonging to mothers who never breastfed. 
Mothers who took ANC during pregnancy were observed with 58% lower U5MR 
compared to those who did not take full ANC. Similarly mothers who did not 
take maternal TT immunization reported (33.5 Under-five deaths per 1000 live 
births) followed by who took maternal TT immunization. Mothers with caesa-
rian delivery reported a 46% lower under-five mortality rate as compared to 
normal delivery. We found 42.9% absolute decline in under-five mortality in 
those family whose size of the family is less than or equal to five. Similarly, we 
observed 43.6% absolute decline in U5MR among those children whose mother’s 
educational status was higher followed by other educational category. An abso-
lute difference of 43.8% lower U5MR was observed in female children as com-
pared to male children. On comparison of wealth index, we observed U5MR 
13.5/1000 live births in poor/poorer category of respondents. Mothers who deli-
vered more than 4 children during her reproductive age group reported absolute 
difference of U5MR 19.6/1000 live births as compared to mothers who had less 
than 4 children 13.0/1000 U5MR. 

We performed univariate and multivariate survival i.e., Cox proportional ha-
zard model analysis to examine association with socio-economic, demographic, 
environmental and health related factors with under-five mortality separately for 
EAG and Non-EAG states. Unadjusted and adjusted hazard ratios (HR) with 
95% confidence interval (CI) for under-five mortality by socio-economic, de-
mographic, environmental and health related factor to EAG and Non-EAG states 
is depicted in Table 3. 

In univariate cox proportional hazard model analysis, we have examined the 
association of each of socio-economic, demographic, environmental and health 
predictor variables with under-five mortality for EAG and Non-EAG states sep-
arately. The result presents as hazard (relative risk) ratio of under-five mortality 
for particular category of factor in respect to base-line (reference category) of 
that factor. The socio-economic variables i.e., mother’s education level, family 
size, wealth quantile, demographic factors i.e., total number children ever born, 
birth order, environmental factors i.e., sanitation facility, cooking fuel facility 
and health related factors i.e., maternal TT immunization, place of delivery, an-
tenatal care, breast feeding and size of the baby at the time of birth factors have 
statistically significant association with under-five mortality in both EAG and 
Non-EAG states. In addition to the above factors, mother’s age at the time of 
first delivery, sex of child, place of residence and place of delivery were found be 
significantly associated with under-five mortality in EAG states compared with 
only post-natal care in Non-EAG states. The mother’s age at first delivery and 
religion were not found to be significantly associated with under-five mortality. 

The univariate analysis does not explain clearly the association with un-
der-five mortality for various sub-groups of population because it does not con-
trol for other predictor variables when explaining the effect of a particular varia-
ble. As mentioned in the methods section, multivariate survival cox proportional  
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Table 3. Estimated unadjusted Hazard Ratio (UHR) and adjusted Hazard Ratio (AHR) of under-five death risk by background 
characteristics in EAG and Non-EAG states of India, 2015-16. 

Background 
Characteristic 

EAG states Non-EAG states 

UHR 
(95% CI) 

p-value 
AHR* 

(95% CI) 
p-value 

UHR 
(95% CI) 

p-value 
AHR* 

(95% CI) 
p-value 

Mother’s age at the time of first delivery 

≤15 
1.73 

(1.15 - 2.59) 
0.009 

1.12 
(0.73 - 1.70) 

0.611 
1.42 

(0.60 - 3.32) 
0.424 - - 

16 - 20 
1.39 

(1.08 - 1.79) 
0.010 

1.21 
(0.93 - 1.58) 

0.148 
1.18 

(0.80 - 1.75) 
0.400 - - 

21 - 25 
1.25 

(0.96 - 1.62) 
0.094 

1.23 
(0.94 - 1.60) 

0.124 
0.99 

(0.66 - 1.48) 
0.955 - - 

25+® 1.00    1.00   
 

Total no of children ever born (CEB) 

≤2® 1.00  1.00  1.00  1.00 
 

3 - 4 
1.68 

(1.46 - 1.94) 
0.000 

1.58 
(1.30 - 1.92) 

<0.001 
1.62 

(1.21 - 2.16) 
0.001 

1.32 
(0.97 - 1.81) 

0.080 

>4 
2.79 

(2.38 - 3.26) 
0.000 

2.47 
(1.84 - 3.31) 

<0.001 
2.97 

(1.82 - 4.85) 
0.000 

2.46 
(1.34 - 4.52) 

<0.001 

Birth order 

First® 1.00  1.00  1.00   
 

Second/third 
1.15 

(0.97 - 1.36) 
0.099 

1.16 
(0.94 - 1.42) 

0.176 
1.05 

(0.77 - 1.42) 
0.765 - - 

≥Fourth 
2.35 

(1.98 - 2.78) 
0.000 

2.00 
(1.46 - 2.74) 

<0.001 
2.45 

(1.69 - 3.57) 
0.000 - - 

Sex of child 

Male® 1.00  1.00  1.00   
 

Female 
1.37 

(1.21 - 1.55) 
0.000 

1.32 
(1.16 - 1.49) 

<0.001 
1.14 

(0.87 - 1.48) 
0.342 - - 

Mother’ education level 

No education 
3.15 

(2.27 - 4.35) 
0.000 

1.36 
(0.93 - 1.98) 

0.109 
4.74 

(2.56 - 8.78) 
0.000 

2.86 
(1.39 - 5.91) 

<0.001 

Primary 
2.08 

(1.47 - 2.96) 
0.000 

1.10 
(0.75 - 1.63) 

0.614 
4.06 

(2.13 - 7.73) 
0.000 

2.87 
(1.40 - 5.90) 

<0.001 

Secondary 
1.56 

(1.11 - 2.18) 
0.009 

1.03 
(0.72 - 1.48) 

0.864 
2.31 

(1.28 - 4.18) 
0.006 

2.05 
(1.09 - 3.84) 

0.030 

Higher® 1.00  1.00  1.00  1.00 
 

Family size 

≤5 
1.80 

(1.59 - 2.03) 
0.000 

2.67 
(2.30 - 3.09) 

<0.001 
1.63 

(1.24 - 2.14) 
0.000 

1.86 
(1.39 - 2.50) 

<0.001 

>5® 1.00  1.00  1.00  1.00 
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Continued 

Wealth Index 

Poor/poorer 
2.28 

(1.90 - 2.73) 
0.000 

1.01 
(0.77 - 1.35) 

0.919 
2.19 

(1.60 - 3.00) 
0.000 

1.43 
(0.77 - 2.65) 

0.260 

Middle 
1.63 

(1.30 - 2.06) 
0.000 

1.12 
(0.86 - 1.47) 

0.397 
1.85 

(1.32 - 2.58) 
0.000 

1.47 
(0.94 - 2.29) 

0.090 

Rich/Richer® 1.00  1.00  1.00  1.00 
 

Place of Residence 

Urban® 1.00  1.00  1.00   
 

Rural 
1.55 

(1.30 - 1.85) 
0.000 

1.15 
(0.94 - 1.39) 

0.172 
1.30 

(0.97 - 1.74) 
0.079 - - 

Religion 

Hindu® 1.00    1.00   
 

Muslim 
1.00 

(0.85 - 1.19) 
0.985 - - 

1.06 
(0.72 - 1.56) 

0.773 - - 

Others 
1.12 

(0.77 - 1.63) 
0.552 - - 

1.39 
(0.96 - 2.00) 

0.080 - - 

Access of Sanitation facility 

Improved access 
0.63 

(0.55 - 0.72) 
0.040 

0.89 
(0.75 - 1.06) 

0.184 
0.63 

(0.48 - 0.82) 
0.001 

0.86 
(0.60 - 1.23) 

0.420 

Unimproved access® 1.00  1.00  1.00  1.00 
 

Type of cooking fuel 

Solid fuel 
1.65 

(1.38 - 1.97) 
0.000 

1.07 
(0.85 - 1.35) 

0.548 
1.32 

(1.01 - 1.73) 
0.041 

0.82 
(0.54 - 1.24) 

0.340 

Clean Fuel® 1.00  1.00  1.00  1.00 
 

Maternal TT immunization 

No 
1.95 

(1.64 - 2.33) 
0.000 

1.33 
(1.10 - 1.60) 

0.003 
1.93 

(1.37 - 2.73) 
0.000 

1.33 
(0.94 - 1.90) 

0.110 

Yes® 1.00  1.00  1.00  1.00 
 

Place of Delivery 

Home 
1.87 

(1.54 - 2.26) 
0.000 

1.03 
(0.81 - 1.31) 

0.800 
2.10 

(1.42 - 3.10) 
0.000 

1.05 
(0.68 - 1.63) 

0.830 

Public 
1.16 

(0.97 - 1.40) 
0.110 

0.88 
(0.71 - 1.09) 

0.229 
1.34 

(0.99 - 1.81) 
0.060 

1.05 
(0.78 - 1.43) 

0.730 

Private® 1.00  1.00  1.00  1.00 
 

Type of Delivery 

Normal 
1.50 

(1.18 - 1.90) 
0.001 

0.96 
(0.73 - 1.27) 

0.780 
1.25 

(0.91 - 1.71) 
0.166 - - 

Caesarian® 1.00  1.00  1.00   
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Continued 

Antenatal Care 

No 
1.62 

(1.42 - 1.85) 
0.000 

1.05 
(0.91 - 1.22) 

0.490 
1.93 

(1.36 - 2.75) 
0.000 

1.12 
(0.77 - 163) 

0.540 

Yes® 1.00  1.00  1.00  1.00 
 

Postnatal Care 

No 
1.11 

(0.97 - 1.26) 
0.127 - - 

1.39 
(1.05 - 1.84) 

0.021 
1.29 

(0.98 - 1.71) 
0.070 

Yes® 1.00    1.00  1.00 
 

Breast feeding 

Yes 
0.29 

(0.24 - 0.34) 
0.000 

0.31 
(0.26 - 0.37) 

<0.001 
0.22 

(0.16 - 0.30) 
0.000 

0.24 
(0.17 - 0.34) 

<0.001 

No® 1.00  1.00  1.00  1.00 
 

Size of baby at birth 

Average/large® 1.00  1.00  1.00  1.00 
 

Small/Very 
Small 

1.66 
(1.43 - 1.93) 

0.000 
1.48 

(1.27 - 1.72) 
<0.001 

2.59 
(1.86 - 3.60) 

0.000 
2.28 

(1.63 - 3.20) 
<0.001 

*Adjusted Model include those factors were found statistically significant (p value < 0.05) in unadjusted model (UHR). @ Refer-
ence group. 

 
hazard models were considered to examine the association of factors with un-
der-five mortality. We have dropped those variables which were not found sta-
tistically significant in univariate analysis in multivariate analysis for both EAG 
and Non-EAG states. We found higher hazard of under-five mortality among 
mothers who had more than four births in EAG states (AHR = 2.47, 95% CI: 
1.84 - 3.31) and Non-EAG (AHR = 2.46, 95% CI: 1.34 - 4.52) states as compared 
to mothers who have only ≤2 births after controlling for other factors in the 
study. Higher order births were found statistically significant to higher risk of 
under-five mortality (AHR = 2.00, 95% CI: 1.46 - 2.74) in EAG states controlling 
for other factors. In both groups of states, mother’s education was found to be 
significantly associated with under-five mortality. Illiterate mothers had twice 
risk of under-five mortality as compared to higher educated mothers in only 
Non-EAG states. Size of family with less than six members was found to be at 
higher risk of under-five mortality in EAG states (AHR = 2.67, 95% CI: 2.30 - 
3.09), Non EAG states (AHR = 1.86, 95% CI: 1.39 - 2.50). In EAG states female 
children experienced higher U5MR as compared to male children (AHR = 1.32, 
95% CI: 1.16 - 1.49). Those mothers who had not been fully TT immunized 
during pregnancy reported increased risk of under-five mortality in only EAG 
states (AHR = 1.33, 95% CI: 1.10 - 1.60). Those mothers who breastfed their un-
der-five children were found with 69% lower hazard of under-five mortality in 
EAG states and 76% lower hazard in Non-EAG states. Children born with small/ 
very small size at birth were found to be at higher hazards of under-five mortali-
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ty in EAG states (AHR = 1.48, 95% CI: 1.27 - 1.72) and Non EAG states (AHR = 
2.28 95% CI: 1.63 - 3.20) compared to average/large size of the baby at the time 
of birth after controlling for other factors. The under-five hazard ratio is three 
times higher among children who were not breastfed in EAG states, and four- 
times higher in non-EAG states compared those children who were breastfed 
controlling for other factors. 

6. Discussion 

This study was done to examine the factors associated with under-five mortality 
in EAG and Non-EAG states of India. The most significant variables found were 
total number of births, birth order, mother’s education, family size, breast feed-
ing and size of baby at the time of birth. “The complex setting and the interac-
tion of socio-economic, biological and demographic factors in developing coun-
tries often act as detriments to maternal, infant and child survival in the popula-
tion” [10]. It is evident in univariate analysis that in mother’s with age below 15 
years and 16 - 21 years at the time of delivery, childbirth can pose greater risk of 
complications. The children born to mothers in these groups are at a higher risk 
of under-five mortality in EAG states. Other studies also found higher risk of 
under-five deaths in younger mothers [11] [12] [13]. Mother’s education seems 
to have a direct effect on how the child is cared for. Educated mothers are better 
able to ensure a hygienic environment, nutritious food, and health care facilities 
for their children. Taking into account the education level of mothers, it was 
seen in EAG states, 37.3% mothers who were illiterate lost their child before they 
reached five years of age as compared to 16.8% mothers in Non-EAG states. 
Similar findings also reported mother’s education to be associated with a reduc-
tion of under-five mortality [14] [15]. We found higher number of births to be 
associated with more risk of under-five mortality. Studies also showed similar 
results among children whose mothers had more births to have more risk of 
under-five mortality [16] [17]. Higher birth order is also related with low know-
ledge of family planning and contraceptives. A family size of less than five 
members was also found to have significantly higher hazards of under-five mor-
tality. Consistent findings in other studies reported larger family size to be asso-
ciated with a lower risk of under-five mortality [18] [19] [20]. The strong prefe-
rence for male child in India makes the family more cautious with prompt action 
towards the health of male child, leading to higher post-neonatal and U5MR in 
female children. More variation is apparent between EAG and Non-EAG states 
when the sex of deceased child is taken into account. Few studies also reported 
similar findings [21] [22]. Urban population has comparatively easy availability 
and accessibility of quality medical services, along with more knowledge about 
seeking help when required than the rural ones. The respondents with un-
der-five mortality were majorly from rural setting in both EAG and Non-EAG 
states. Along with the social circumstances, economic conditions also influence 
the health status; in terms of calorie and nutrition consumption, and also the use 
of medical facilities. Under-five mortality is lower among children whose moth-
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ers received ANC check-ups as compared to those children born to mothers who 
either did not receive any ANC check-up or received less than they actually 
should. ANC services are correlated with receipt of tetanus toxoid (TT) injec-
tions, consumption of IFA tablets or syrups and other supplements besides reg-
ular monitoring of weight and blood pressure and growth examination. A stark 
difference is visible in the number of ANC visits made by the mother between 
the EAG and Non-EAG states [23] [24]. Health care institutions provide better 
sanitary conditions and there is availability of the essential healthcare assistance. 
Hence, there is lower U5MR in institutional deliveries than in home deliveries. 
Under-five mortality among babies of small and very small sizes at birth is al-
most three/four times as high than among babies whose size at birth is average 
[25] [26] [27]. 

7. Conclusion 

We conclude that this study has been done for the reduction of under-five mor-
tality and adoption of comprehensive strategies for EAG and Non EAG states of 
India. Although a continuum of healthcare during pregnancy, childbirth, and 
even during the under-five period is necessary for further reductions in un-
der-five mortality, ensuring uptake of antenatal checkup during pregnancy, an 
adequate quantity of TT injections during pregnancy should be a priority in ma-
ternal and child health related programmatic interventions and strategies. Our 
findings indicate that children born to young mothers experienced higher mor-
tality so there is a need to enhance reproductive knowledge and family planning. 
Targeting groups such as mother’s age <20 years at first birth and birth order of 
more than 2, in order to provide the continuum of essential maternal and child-
care would be a crucial step if under-five mortality in EAG and Non EAG states 
of India is to be further reduced. In addition, improving the overall household 
environment by increasing access to improved toilets and fuel can also contri-
bute to further reductions in under-five mortality in EAG states of India. 
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