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Abstract
Introduction: Sub-optimal infant and early childhood feeding practices in India contribute to the
high burden of child under-nutrition and infant death. Objective: To study the effect of breastfeeding duration on the survival of infants along with other demographic, socioeconomic and service related factors and to compare the decadal changes in the association. Methods: A total of
36,754 and 26,782 births less than 3 years of age from two rounds of the National Family Health
Survey (NFHS) carried out in India during 1992-1993 (NFHS-1), and 2005-2006 (NFHS-3) respectively comprised the sample. Infant mortality was examined against a set of variables and breastfeeding as a time dependent covariate using multivariate extended Cox regression model. Results:
Hazard of infant death observed in NFHS-3 (2005-2006) was 18 percent less [HR = 0.82; 95% CI =
0.759 - 0.879] as compared to that observed in NFHS-1 (1992-1993). After adjustment of other factors, the risk of infant death was 97% less amongst children who were breastfed [HR = 0.03; 95% CI
= 0.029 - 0.033] as compared to those who were not breastfed. In contrast to rural area, babies belonging to urban area had an 18 percent less hazard of death during the infancy period [HR = 0.82].
Hazard of infant death was less among births to mothers with higher maternal education levels
[HR = 0.93] and in those who were in gainful occupation [HR = 0.91]. The risk of infant death was
higher in babies perceived to be small at birth [HR = 1.40] and belonging to states with medium
post neonatal mortality rate (PNMR) [HR = 1.23; 95% CI = 1.112 - 1.371] and high PNMR [HR = 1.46;
95% CI = 1.327 - 1.609] in contrast to those born to women belonging to states with low post neonatal mortality. Conclusion: Promotion and implementation of evidenced based strategies are
needed in India to combat the high rates of child under-nutrition and infant and child mortality.
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1. Introduction
Sub-optimal breastfeeding is estimated to be responsible for 1.4 million child deaths and 43.5 million Disability
Adjusted Life Years (DALYs) with non-exclusive breastfeeding accounting for 77 percent (1.06 million) of the
deaths and 85 percent of the DALYs [1]. About one-fourth to one-half of all infant deaths in developing countries occur in the first week of life. Breastfeeding helps prevent hypothermia and hypoglycaemia in newborn babies, which are contributory causes of early neonatal deaths especially among low birth weight and premature
babies. Immediate breastfeeding within the first hour, followed by early exclusive breastfeeding, improves the
health and survival status of newborns. During the late neonatal period, most deaths in developing countries are
due to infections such as sepsis, acute respiratory tract infection, meningitis, omphalitis and diarrhoea. Feeding
colostrum and breastfeeding, especially exclusive breastfeeding, protect against such deaths. Among 23 interventions considered by the Bellagio Child Survival Study Group, scale-up of exclusive breast-feeding of infants
for 6 months and continued feeding until 1 year could prevent an estimated 1.3 million child deaths per year [2].
Breastfeeding provides young infants with the nutrients they need for healthy growth and development. Apart
from being a natural source of nourishment, human milk contains glycans and secretory immunoglobulin, which
offer protection against infectious disease [3] [4] reducing the morbidity and mortality due to infectious diseases
in childhood [5]. During the first six months of life, when digestive systems are not yet mature, exclusive
breastfeeding offers additional protection from illness by limiting exposure to contaminated foods and liquids.
This is particularly important in poor environments where early introduction of formula/animal milk is of particular concern because of the risk of pathogens, contamination and over dilution of milk leading to increased
risks of morbidity and under-nutrition. A pooled analysis of studies carried out in middle/low income countries
showed that breastfeeding substantially lowered the risk of death from infectious diseases in the first two years
of life [6] and optimal breastfeeding practices could prevent a substantial proportion of hospital admissions due
to diarrhea and lower respiratory tract infection [7]. A systematic review by Kramer et al. confirmed that exclusive breastfeeding in the first 6 months decreased morbidity from gastrointestinal and allergic diseases, without
any negative effects on growth [8]. A pooled analysis of data from 3 countries indicated that either predominately or exclusively breastfed infants were at substantially lower risk for infant mortality than non-breastfed
infants [9]. Over the past decades, available evidence for the health advantages of breastfeeding has continued to
increase and these health benefits are seen to extend into adulthood [10]. Breastfeeding has protective roles
against obesity, hypertension, dyslipidemia, and type II diabetes mellitus during adulthood that would have
long-term beneficial health effects at individual and population levels [11]. Given such evidences, the WHO has
recommended that every child should be exclusively breastfed for the first six months of life with partial breastfeeding continued until two years of age [12].
India is committed to achieving its National and Millennium Development Goal 4 of reduction in infant mortality. Recognition of breastfeeding as a core component of infant survival, growth and development has led to
efforts that promote sound infant and young child nutrition. Guidelines towards this have been given by the
Government of India [13] and initiatives to promote breastfeeding have been implemented through the national
health programs. In India there are considerable differences in breastfeeding practices, access and utilization of
health services and health outcomes across states/provinces and socio-economic groups [14]-[16]. Many studies
have been carried out on determinants of infant mortality but very few have examined the trend and relationship
between breastfeeding and infant death utilizing survey data of specific population [17]-[19]. This information
would be important for evaluating the success of ongoing programs and various other activities that promote
breastfeeding. This paper attempts to study the effect of breastfeeding duration on infant survival along with
other demographic, socioeconomic and service related factors in India. It is based on the National Family Health
Survey (NFHS) conducted with an aim to help the planners and policy makers for informed decision making,
besides keeping a track of the health trends in the country. Furthermore, overall development and improved programme coverage in India have led to improvements in child survival. Hence, it may be desirable to examine
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changes related to breastfeeding and infant mortality over time. The study adopts a multivariate hazard model to
analyze the determinants of infant mortality with duration of breastfeeding as a time dependent covariate using
two rounds of the National Family Health Survey as well as by pooling the data to capture differences between
surveys.

2. Materials and Methods
2.1. Data Source
India’s National Family Health Survey (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 on the quality of health services. The survey is similar to Demographic Health Survey
(DHS) in other countries. It has adopted multistage stratified sampling methods to create a sample representing
individuals from all 29 Indian states. So far three rounds of NFHS have been conducted in the year 1992-1993
(NFHS-1), 1998-1999 (NFHS-2) and 2005-2006 (NFHS-3). The present study uses data from the NFHS-1 and
NFHS-3 keeping pace for the changes in the study variable as well as explanatory factors.
To make the breastfeeding estimates representative and comparable across the two survey rounds, we used
appropriate sample weights in the analysis. Sampling design, sample size and response rate details are published
in the round-specific survey reports [20] [21]. All eligible women aged 15 - 49 years were asked to provide information on complete birth history including sex, 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. Detailed information on antenatal, delivery and postnatal care for births which occurred to eligible women four and five years preceding the survey in NFHS-1 and NFHS-3 respectively were
collected. The present study was restricted to all live births that occurred three years preceding survey for analysis of infant mortality. For the purpose of this study, the north-eastern states were excluded and only 18 states
and the National capital region of Delhi were considered for the analysis. A total of 36754 births in NFHS-1 and
26782 births in NFHS-3 were included in the analysis.

2.2. Variable Definition
Dependent variable: Dependent variable is infant mortality which is defined as the probability of dying before
the first birthday.
Independent variables: The following socio-economic, demographic and health services access variables were
considered: breastfeeding (no/yes); place of residence (rural/urban); mother’s age at the time of child birth (15 19, 20 - 34, 35+ years); mothers education (illiterate, literate but below middle class, middle class and above);
mother’s occupation (non gainful occupation, gainful occupation); preceding birth interval (<2 years, ≥2 years);
antenatal and natal care (no/yes); size of the child at birth (small, medium/large), standard of living index based
on ownership of household goods (low, medium/high). In the absence of direct information on use of health care
services proxy measures such as number of antenatal check-ups, number of tetanus toxoid injections (TT) received by mother and place of delivery were used as indicators of access to use of health care facilities. A “variable antenatal and natal care” was created. if mother received at least three antenatal check-ups during pregnancy or received two doses of TT immunization or delivered the child in a health facility then antenatal and
natal care received by the mother was coded as “yes”, otherwise, coded as “no”. States were stratified on the basis of post neonatal mortality rate (low mortality states, medium/high mortality states) as observed in Sample
Registration System (SRS) [22].

2.3. Statistical Analysis
Extended Cox regression model has been used to examine the effect of socio-economic, demographic and health
service access factors on risk of infant mortality. An extended Cox Regression model, which allows us to specify time-dependent covariates, can be used in situations where the proportional hazards assumption of the Cox
Regression model does not hold [23], i.e., hazard ratios change across time; the values of one (or more) of the
covariates are different at different time points. The general hazard ratio formula for extended Cox model is
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shown below:

H
R (t )
=

(

)

hˆ t , X * ( t )
p2
p1
= exp  ∑ i =1 βˆi  X i* − X i  + ∑ j =1 δˆ j  X *j ( t ) − X j ( t )  


ˆ
h (t, X (t ))

where,
X 1 , X 2 , , X p1 are fixed variables and X 1 ( t ) , X 2 ( t ) , , X p 2 ( t ) are time-dependent variables, and β and δ
denote vector of coefficients of the respective explanatory variables.
For this model, we have defined dependent variable as time (age of the child) and survival status of child (1 if
event is occurred, i.e., child died and 0 if child is alive) during period of infant (<12 months). Results of the
multivariate analyses are presented as hazard ratios (risk of dying). The hazard ratio (HR) is the relative increase
or decrease in the risk of dying associated with the specific category of predictor variable when compared to the
reference category for that variable. If hazard ratio > 1 for a predictor variable, it means that the hazard is greater,
i.e., increased risk of death and if hazard ratio < 1, implies a decreased risk of death.
The statistical analysis was conducted using SPSS version 19 using complex survey design. All tests were
two-sided and p < 0.05 was considered statistically significant.

2.4. Ethical Considerations
All study procedures, consent forms and tools were approved by the International Institute of Population Science
Ethics Review Board (IIPS, 1992-1993, IIPS 2005-2006).

3. Results
Unadjusted hazard ratio depicting associations between infant mortality and socio-economic and demographic
factors are presented in Table 1. Breastfeeding, place of residence, mothers age at birth, education, mother in
gainful occupation, birth interval, antenatal/natal care, size of the baby and standard of living Index and stratification of states by level of PNMR (post neonatal mortality rate) were found to be significantly associated with
infant death during 1992-1993 (NFHS-1), 2005-2006 (NFHS-3) as well as during 1992-2006.
The unadjusted hazard ratio for infant deaths in NFHS-1 (1992-1993) divulged that the risk of infant death
was 97 percent [HR = 0.030, 95% CI = 0.028 - 0.033] less among those children who were breastfed as compared to those who were not breastfed. In contrast to rural area, babies belonging to urban area had a 34 percent
[95% CI = 0.612 - 0.707] less hazard of death during the infancy period. Hazard of infant death was higher
among births to mothers aged 15 - 19 years (HR = 1.41) and aged 35+ (HR = 1.47) as compared with births to
the reference mother’s age at child birth of 20 - 34 years. Children born to mothers having less than 8 years of
education or 8 years complete and above had 27 percent and 52 percent less hazard of infant death than children
born to illiterate women respectively. Babies born to mothers who were in gainful occupation had a 6 percent
less hazard of infant death than babies born to mothers who were not gainfully occupied. The hazard of infant
death was 36 percent higher when the birth interval was less than 24 months as compared to a longer birth interval of 24 months or more. Children’ mothers who received antenatal/natal care, the hazard of infant mortality
was estimated at 0.49 [95% CI = 0.461 - 0.528] which were substantially lower than that seen in women who did
not receive it. Small size of baby at birth had an increased infant death risk of 2.5 times when compared with a
large or medium size baby [p value = 0.000]. The risk of infant dying was 35 percent less among those with a
high standard of living index. A higher hazard of infant mortality was observed in babies born to women belonging to medium PNMR (48%) and high PNMR (2 times) states in contrast to those born to women belonging
to states with low PNMR.
The unadjusted hazard ratio for infant deaths in NFHS-3 (2005-2006) showed that the likelihood of infant
death was lower among the children who were breastfed as compared to those who were not breastfeed [HR =
0.023; 95% CI = 0.021 - 0.026]. The risk of infant dying was 33 percent less among urban children than the rural
children [p value = 0.00]. Babies born to mothers aged 15 - 19 years and aged 35+ were 46 percent [95% CI =
1.327 - 1.595] and 28 percent [95% CI = 1.056 - 1.552] higher hazard of infant death than babies born to mothers
20 - 34 years of age respectively. Children with mothers having 8 years or more than 8 years of education had an
decreases infant death risk of 48 percent when compared with children with illiterate mothers [p value = 0.000].
However children with mother having less than 8 years of education were 14 percent [95% CI = 0.778 - 0.948]
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less hazard of infant death than the children with illiterate mothers. In children whose mothers were engaged in
gainful occupation, the hazard of infant mortality was estimated at 0.90 [95% CI = 0.88 - 0.92] which were substantially lower than that seen in children of mothers who were not engaged in gainful occupation. The hazard of
infant death was 40 percent [95% CI = 1.28 - 1.53] higher when the birth interval was less than 24 months as
compared to a longer birth interval of 24 months or more. The risk of infant dying was 39 percent [95% CI =
0.56 - 0.66] less among children whose mothers received antenatal care as compared to those whose mothers did
not receive antenatal care. Small size babies were having 76 percent higher risk of infant death than large/
medium size babies (p = 0.000). Babies belonging to wealthiest household were 29 percent less hazard of infant
death than Babies belonging to poor household (p = 0.000). In contrast to low PNMR states, babies belonging
medium and high PNMR states had 51 percent [95% CI = 1.32 - 1.74] and 2.8 times [95% CI = 1.84 - 2.34]
higher hazard of death during the infancy period.
Unadjusted pooled sample (NFHS-1 and NFHS-3) analysis indicates that there was significant decline in infant death between NFHS-1 and NFHS-3. The infant mortality observed in NFHS-3 was 31 percent less as
compared to that observed in NFHS-1 [HR = 0.69; 95% CI = 0.66 - 0.72]. The risk of infant dying was 97 percent less among those children who were breastfed as compared to those who were not breastfed [p value =
0.00]. In contrast to rural area, babies belonging to urban area had a 36 percent less hazard of death during the
infancy period [p value = 0.00]. Hazard of infant mortality was higher among births to mothers aged 15 - 19
years [HR = 1.43; 95% CI = 1.354 - 1.510] and mothers aged 35+ [HR = 1.48; 95% CI = 1.343 - 1.623] as
compared with births to the reference mother’s age at child birth of 20 - 34 years. Education of the mother was
inversely associated with infant death (p value = 0.00). Women who were in gainful occupation had an 8 percent
less hazard of infant death than women who were not gainfully occupied [p value = 0.00]. The hazard of infant
mortality was 49 percent higher when the birth interval was less than 24 months as compared to a longer birth
interval of 24 months or more [HR = 1.49; 95% CI = 1.426 - 1.565]. Among women who received antenatal/natal care, the hazard of infant mortality was estimated at 0.51 [95% CI = 0.485 - 534] which were substantially lower than that seen in women who did not receive it.
Small size baby had an increased infant mortality risk of 2 times at birth when compared with a large or medium size baby [p value = 0.00]. The risk of infant dying was 37 percent less among those with a high standard
of living index compare with low standard of living. A greater hazard of infant mortality was observed among
babies born to women belonging to states which have medium to high post neonatal mortality states in contrast
to those born to women belonging to states with low PNMR.
The results under extended Cox proportional hazard multivariate model reveal that the hazard of infant death
in NFHS-3 (2005-2006) is 18 percent less [95% CI = 0.759 - 0.879] as compared to that in NFHS-1 (1992-1993).
The risk of infant death is 97 percent less [95% CI = 0.029 - 0.033] among those children who were breastfed as
compared to those who were not breastfed. In contrast to rural area, babies belonging to urban area had an 18
percent less hazard of death during the infancy period [p value = 0.00]. Hazard of infant death was less in births
among educated mothers (8 or more years of education) [HR = 0.66; 95% CI = 0.600 - 0.728] as compared with
births in illiterate mothers after controlling for other socio-economic and demographic variables. The births to
women who were in gainful occupation had a 9 percent less hazard of infant death than those borne to women
who were not gainfully occupied (p value = 0.00). When size of baby at birth was considered, small size baby
had an increased risk of infant death (40 percent) when compared with a large or medium size baby. A greater
hazard of infant death was observed in babies born to women from states/provinces which had medium post
neonatal mortality [HR = 1.23; 95% CI = 1.112 - 1.371] and high post neonatal mortality [HR = 1.46; 95% CI =
1.327 - 1.609] in contrast to those born to women belonging to states/provinces with low post neonatal mortality
(Table 2).

4. Discussion
This paper, using data from two rounds of India’s National Family Health Survey, i.e., NFHS-1 and NFHS-3
that were carried out more than 10 years apart, provides evidence on the trends and association of breastfeeding
with infant survival in India’s states/provinces stratified on the basis of post neonatal mortality. As mentioned in
the method section, we did not include data from NFHS-2 as appreciable changes in determinants of infant mortality may not be expected in the five year that elapsed between successive surveys. Post neonatal mortality was
used as a basis for stratification as socio-economic, programmatic and development efforts are reported to have
strong effects on post neonatal mortality than on neonatal mortality.
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Table 2. Cox proportion hazard regression model showing Adjusted hazard ratio for infant death during the last three years
preceding the survey , NFHS, India.
Pooled (1992-2006)
Variables

95.0% CI for HR
HR

p value
Lower

Upper

Breastfeeding
No+
Yes

0.03

0.00

0.029

0.033

0.82

0.00

0.762

0.887

15 - 19

1.07

0.08

0.993

1.153

35+

1.10

0.09

0.986

1.225

Place of residence
Rural+
Urban
Mothers age at birth
20 - 34+

0.07

Mother’s education
Illiterate+

0.00

Less than 8 years completed

0.93

0.08

0.856

1.009

8 years complete and above

0.66

0.00

0.600

0.728

0.91

0.00

0.892

0.926

1.06

0.08

0.993

1.130

1.03

0.44

0.956

1.109

1.40

0.00

1.322

1.493

0.96

0.21

0.894

1.025

Medium PNMR states

1.23

0.00

1.112

1.371

High PNMR states

1.46

0.00

1.327

1.609

0.82

0.00

0.759

0.879

Mother’s occupation
Non gainful occupation+
Gainful occupation
Birth interval since last birth
First birth/preceding birth interval ≥ 2 years+
Preceding birth interval < 2 years
Antenatal & natal care
No+
Yes
Size of the child
Large/average+
Small
Standard of living Index
Low+
Medium/high
States
Low PNMR states+

0.00

Time
NFHS 1 (1992-1993)
NFHS 3 (2005-2006)
In the table, a plus (+) indicates a reference category.
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Over the years, several initiatives have been taken by the Government of India in its efforts to achieve its National and Millennium Development Goal of reduction in infant mortality [24]. Our study indicates that these
efforts have led to some decline in the proportion of infant deaths which is also in accordance with decline observed in the infant mortality rate over time [25].
The effects of social, economic, cultural and geographical variables are said to exert an impact on mortality
and Mosley and Chen identified a set of 14 intermediate variables which directly influence the risk of morbidity
and mortality [26]. For the present study, we have considered the effect of only socio-economic, demographic,
any breastfeeding and health delivery access variables on infant death. Our analysis revealed that children who
were not breastfed, belonged to rural area, whose mothers were illiterate, not gainfully employed or were not in
the prime reproductive age of 20 - 34 years, with a preceding birth interval of less than 24 months, did not receive antenatal care during pregnancy or natal care during delivery, were perceived by their mothers to be
smaller at birth, were from a low SLI and belonged to a high post neonatal mortality State/province experienced
a greater risk of dying in both the time periods. This indicates that the relevance and association of these factors
to infant death is still significant. Research in other developing countries has demonstrated findings in consonance to our study [27] [28]. Addressing these factors through well planned programs could lead to reduction in
infant deaths.
To obtain the effect of each factor independent of the other, hazard regression model was used as many of the
mortality factors were correlated. Besides mothers’ age at birth, birth spacing since last birth, availing health
services like antenatal and natal care and wealth index, all other factors studied showed an independent bearing
on infant survival. Even though there was a strong inverse association between education and infant mortality at
the bivariate (unadjusted) level, this effect was diminished after adjusting for other variables included in the
model suggesting its possible association with other factors and hazard of infant mortality was only seen to be
less among births to mothers who were better educated (>8 years of education).
It is well documented that breastfeeding is the unique source of nutrition and plays an important role in the
growth, development and survival of infants. A strong association of breastfeeding and infant mortality was observed over both the time periods. The risk of infant dying was 97 percent less among those children who were
breastfed as compared to those who were not breastfed in the unadjusted pooled sample analysis and after adjustment of other factors. A number of studies have found the positive effect of breastfeeding on infant survival
[17]. The relationship is found to be stronger among children who come from poor families, whose mothers
have little education and whose family lack access to safe drinking water and sanitary toilet facilities. Some reports have documented that in communities with high prevalence of malnutrition and poor sanitation, breastfeeding substantially enhances the child survival up to three years of age. Also, the protective effect of breastfeeding tends to be greater for younger infants than for older infants. The benefits of breastfeeding in combination with supplementary food are found to continue well beyond the first year of life particularly in developing
countries. In a multi-country study, non-breastfed infants had a higher risk of dying when compared with those
who had been predominantly breastfed (HR = 10.5; 95% CI = 5.0 - 22.0; p < 0.001) as did partially breastfed
infants (HR = 2.46; 95% CI = 1.44 - 4.18; p = 0.001) [8]. In a study carried out by Betran, attributable fraction
analysis of national data on infant mortality and breastfeeding was carried out from Latin America and the Caribbean. The study concluded that promotion of breastfeeding has an important role in increasing survival of infants [18].
A few studies have attempted to identify factors associated with sub-optimal breastfeeding of infants in India.
Chudasama et al. (2009) reported parity, delivery interval more than 24 months, early maternal age, lower socio-economic status, low paternal education and occupation as a risk factor for early weaning [29]. Breastfeeding prevalence was higher among illiterate mothers and mothers belonging to lower socio-economic status [30].
Patel et al. (2010) analyzing NFHS-3 data found lower rates of exclusive breastfeeding in children of women
from higher quintiles of wealth (adjusted OR for rich = 1.71; 95% CI, 1.25 to 2.33; adjusted OR for richest =
2.03, 95% CI, 1.40 to 2.94) and those who delivered in a health facility (adjusted OR = 1.35; 95% CI, 1.06 to
1.71). The negative association could be due to greater affordability in higher wealth index households to foods
other than breast milk [31]. Antenatal contact with a health professional provides an opportunity to counsel a
woman to establish and continue EBF and lack of breastfeeding counselling was significantly associated with
decreased rates of EBF at 4 and 6 months in rural north India [32].
The large sample size, country wide representation and effect of factors correlated with infant death at two
time points more than a decade apart contributes to the strength of the study. The evidence on the health conse-
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quences of breastfeeding is mostly based on observational studies because of the ethical challenges in carrying
out randomized trials. Our study limitation is that it utilizes health survey data and is hence limited by the survey
design and information collected. It does not capture the information on childcare practices such as exclusive
breastfeeding of the children who died. Besides, cross-sectional observational studies of breastfeeding and infant
death may be affected by a host of methodological problems like self-selection, confounding and reverse causality [33]-[35]. The confounding in our study was addressed by adjusting for most of the other important determinants known to be associated with infant mortality or breastfeeding. Inaccurate measurement of breastfeeding
exposure or outcome may lead to differential or non-differential misclassification. Since we only used current
status data this was obviated.

5. Conclusion
India has been facing high rates of both child under-nutrition and infant and child mortality requiring evidence
based strategies to address the situation. Promotion and implementation of exclusive breastfeeding are the single
most effective intervention for child survival [36] [37]. To universalize optimal infant feeding practices is a serious challenge and would require a great deal of planned action. Though policies and programs for this have
been put in place, their implementation is critical to prevent a plateau in reduction of infant deaths.
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