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Abstract
Objective To understand the causes of child deaths in order
to implement appropriate child survival interventions in the
country. We present a systematic review of studies report-
ing causes of child, infant, and neonatal deaths from India
for 1985 to 2008.
Methods PubMed, EMBASE, Google Scholar, and WHO
regional databases were searched along with a hand search
and personal communication with researchers in child
health to obtain studies and reports for the database. Study
data was summarized and analyzed using appropriate
statistical tools.
Results We identified 28 published/unpublished studies and
reports (6 multi-centric and 22 single sites). There was one
nation wide study and rest were from 15 unique sites in 9
different states of India. There were differences in study
design and cause of death assignment methods between the
studies, which made comparisons and synthesis difficult.
The median percentage of causes of deaths in neonatal

period were sepsis/pneumonia: 24.9% (Q1: 19.6% and Q3:
33.4%); asphyxia: 18.5% (Q1: 14.2% and Q3: 21.9%); and
pre-maturity/LBW: 16.8% (Q1: 12.5% and Q3: 26.5%).
Amongst the infants, sepsis/pneumonia, asphyxia, and
prematurity/low birth weight (LBW) remain substantial
causes of deaths. The median proportional contribution of
neonatal deaths to total infant deaths was 48.5% (Q1: 36.5–
Q3: 57.5%). The proportion of deaths due to infectious
diseases like diarrhoea, pneumonia, and measles seem to be
greater in infancy, in comparison to that in neonatal period.
There was no statistically significant difference in the
proportional contribution of neonatal deaths to total deaths
occurring during infancy (<1 year) between the two equal
periods before and after 1996 (p=0.141). There also was
no difference in the proportional contribution by cause of
death assignment method (Verbal autopsy vs. other meth-
ods; p=0.715) or by study setting (urban vs. rural; p=
0.175). The median percentage of neonatal deaths by day 1
is 36.7% (Range: 20.0–58.0%). The median cumulative
percentage of neonatal deaths by day 3 was 49.7% (Range
35.0–64.6%), and 70.9% (Range: 46.5–92.3%) by day 7. In
addition, the timing of deaths during neonatal period seems
to be static during the last 2 decades, with majority of
deaths occurring during first week of life.
Conclusions This review demonstrates the need for more
studies with consistent methodological rigor investigating
the causes of child death in India. We conclude that the
structure of neonatal causes of death in India may be
different from the rest of the world and that interventions to
reduce neonatal deaths in first week of life may rapidly
improve child survival in the country.
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Introduction

More children under 5 years of age die annually in India
than any other country of the world [1, 2]. Understanding
the causes of these deaths may help in identifying and
implementing appropriate, high-impact interventions to
improve child survival in the country and achievement of
Millennium development Goal 4 [3]. It is unfortunate that,
for long, there were no systematic and organized mecha-
nisms to identify and classify the causes of under five
deaths in India; however, recently a few large scale surveys/
studies were initiated to address this need [4–6].

The last literature review on the causes of child deaths in
India was published in 1986 with published data up to 1985
[7]. The majority of studies included in this review were
from hospital settings with a focus on causes of perinatal
deaths. A number of health interventions have been
introduced or expanded since 1985 as a result the pattern
and causes of child deaths in India has likely changed
thereafter. Consequently, we found it imperative to system-
atically review studies and reports published after 1985 in
order to examine contemporary causes and timing of
neonatal, infant, and child deaths in India. The other
objective of this review was to provide relevant policy
recommendations for implementing and/or expanding child
survival interventions in India.

Material and Methods

We systematically reviewed the literature from January 1,
1985 to December 31, 2008 to identify studies from India
on causes, and timing of child, infant, and neonatal
deaths. This time period was selected because the last
review on the causes of child deaths in India was
published in 1986, covering studies published prior to
1985. Further, the major child survival initiatives in India
started after 1985. To find these studies, we conducted
search of PubMed, EMBASE, Google scholar, and from
the World Health Organization (WHO) regional databases
using combination of the search terms “Child mortality”,
“Infant mortality”, “Neonatal mortality”, “India”, “Child
Health”, “Child Survival”. Recent government reports and
data from known unpublished survey/reports were also
included. The inclusion criteria for the studies or the
reports was that the study participants were either in
defined age group of less than 5 yrs and quantitative data
on causes or timing of child, infant or neonatal mortality
was presented. All studies meeting these criteria were
included in the descriptive analysis, however if nested
studies were conducted from the same study population
only the larger original study was included in the final
statistical analyses. All contributing data was double

abstracted and compared for discrepancies. The neonatal
period was defined as the first 28 days of life, infancy less
than 1 yr old, and childhood under 5 yrs.

We decided to include all the studies, which met our
inclusion criteria and present a descriptive analysis of
including study location, setting, year, sample size, popu-
lation studied, and causes of deaths. The causes of death
were defined by study authors and median percentages
were calculated for major causes of death. The proportional
contribution of neonatal deaths occurring during infancy,
along with the cumulative percentage of neonatal deaths by
day 1, 3, and 7 are also presented. We decided not to use
pooled data (means) but preferred the use of median for
analyses, since the studies employed different designs and
utilized different cause of death definitions.

Additionally, there have likely been changes in the
structure of causes of child death due to interventions
during the 24 yr study period. In order to statistically test
the differences by study year and design, we utilized the
Kruskal–Wallis test, a non-parametric method for testing
equality of population medians among groups [8]. The
study years were dichotomized before and after 1996,
which was the midpoint year of the included studies. The
study design was dichotomized by verbal autopsy vs. other
methods. A p-value <0.05 was considered statistically
significant for all analyses. Analyses were conducted
using STATA 10.0 Special Edition (STATACORP, College
Station, TX).

Results

Our literature review found 28 published/unpublished
studies and reports on the causes of under 5, infant, and
neonatal deaths in India [9–36]. A descriptive analysis of
the studies is presented in Table 1. There were six multi-
centric [9–12, 24, 34] and 22 single site studies. Multiple
studies were conducted on the same study site, during
different years; therefore, this review presents data from 15
unique sites. These sites are in nine different states of India,
with a majority from Uttar Pradesh, Maharashtra, and New
Delhi (summarized in Table 1).

A total of 20 studies presented cause of death for
neonatal period. The three major causes of neonatal deaths
were sepsis/pneumonia, asphyxia, and prematurity/low
birth weight (LBW). The median percentage of deaths
due to sepsis/pneumonia was 24.9% (Q1: 19.6% and
Q3: 33.4%), due to asphyxia was 18.5% (Q1: 14.2%
and Q3: 21.9%), and pre-maturity/LBW together had a
median percentage of 16.8% (Q1: 12.5% and Q3:
26.5%). Other notable causes of death include tetanus,
and congenital malformations. The proportions of
deaths, due to these causes, were variable between
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studies. For example tetanus caused 21.4% of death in
one study, while in others no deaths were attributable to
tetanus [10, 26, 31].

Only six studies presented data on cause of infant (<1 yr)
deaths [11, 15, 18, 24, 34, 35]. Sepsis/pneumonia,
asphyxia, and prematurity/low birth weight (LBW) remain
substantial causes of deaths due to a large proportion of
infant deaths occurring during the neonatal period. How-
ever, the proportion of deaths due to infectious diseases like
diarrhea, pneumonia, and measles seem to be greater, in
comparison to the neonatal period. A total of five studies
had data on cause of child deaths (<5 years) in India [9, 18,
19, 28, 35]. Statistical analyses were not possible for both
causes of infant and under five deaths; due to the small
number of studies in each group and since researchers in
these studies used varying definitions and groupings of
cause of death. However, a descriptive analysis suggests
further increases in the proportion of deaths due to
infectious diseases during childhood (<5 yrs) compared to
that in the period of infancy.

Table 2 presents study data on the proportional contri-
bution of neonatal deaths (first 28 days) to total deaths
occurring during infancy (<1 yr). Two additional studies,
which provided timing of neonatal deaths but not cause of

death, were also included in this table [37, 38]. Analysis of
all studies determined the median proportional contribution
of neonatal deaths to total infant deaths was 48.5% (Q1:
36.5% and Q3: 57.5%). In order to investigate if neonatal
contribution to infant deaths was changing overtime, we
utilized the Kruskal–Wallis test for medians. We dichoto-
mized year of study before and after 1996 as that was the
midpoint year of our review. There was no significant
difference in the proportional contribution of neonatal
deaths to total deaths occurring during infancy (<1 yr)
between the two periods (p=0.141). Based on a descriptive
analysis of the data, there seems to be some indication that
the proportion may actually be increasing with time;
however, we may have lacked sample size to determine a
difference. There also was no difference in the proportional
contribution by cause of death assignment method (Verbal
autopsy vs. other methods; p=0.715) or by study setting
(urban vs. rural; p=0.175).

The specific timing of neonatal deaths by day is also
presented in Table 2. The median percentage of neonatal
deaths by day 1 is 36.7% (Range: 20.0–58.0%). The
median cumulative percentage of neonatal deaths by day
3 was 49.7% (Range 35.0–64.6%) and 70.9% (Range:
46.5–92.3%) by day 7.

Table 2 Proportion and timing of neonatal deaths

Cumulative Percentage of Neonatal Deaths by Day
Study Ref No. Study Years

Number 
Neonatal 
Deaths 

Proportion of infant
deaths occuring
during neonatal
period Day 1 Day 3 Day 7

ICMR 10 2003 1,521 68.6% 39.3% 56.8% 74.1%

INCLEN 11 2007 642 60.4% 34.1% 45.9% 69.7%

Baqui 12 2006 618 NA 31.8% 49.7% 70.7%

Bang 13 1995-1996 40 NA 35.0% 57.0%

Singhal 14 1983-1984 50 NA 20.0% 50.0%

Vaid 15 1995-2003 119 54.3%

Thora 16 1985 38 58.5% 71.0%

Soudarssanane 17 1989 79 35.6% 72.6%

Hirve 18 1987-1989 153 61.9%

Awasthy 19 1995-1996 205 28.0%

Nandan 20 2002 302 53.6%
Bhandari 21 1995-1996 52 35.2%

Srivastava 22 1994-1996 1,000 NA 58.4%

Chaturvedi 23 1984-1985 144 NA 43.7% 64.6% 84.7%

Gupta 24 1997 67 54.5% 46.5%

Bharadwaj 25 1987-1988 13 NA 92.3%

Garg 26 1991 42 37.8%
Bamji 37 1998-2003 12 NA 58.0%
Neilsen 38 1995 53 NA 82.9%
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Discussion

Multi-centric studies utilizing standardized tools to inves-
tigate child deaths in India were not conducted until the
year 2000. Previous studies are characterized by small
sample size and substantial variation in design and cause
assignment methods, which makes comparisons between
these early studies difficult and often unreasonable. The
availability of comparable data is essential for accurate
impact assessment of ongoing interventions and child
survival programs. This scenario seems to be changing
during the last decade, when not only study focus became
multi-centric but more rigorous and tools like verbal
autopsy were utilized [9–12, 39]. These recent surveys
and studies likely provide a more accurate cause of child
death structure for India compared to earlier institutional
based studies which may not be representative of the
general population [6, 9].

In this review, we were not able to assess trends in infant
or child deaths due to a lack of methodologically similar
data. It is expected that the recent advancements in design
and analysis of cause of child death research in India
discussed above will help in generating more comparable
data, which in turn can be utilized for programmatic
decision making.

On the other hand, there were a sufficient number of
neonatal death studies, which employed reasonably similar
cause of death definitions, to perform statistical analyses
(Table 2). The studies reviewed in this article did not find
any statistically significant change in the proportionate
contribution of neonatal deaths to total infant deaths
overtime. Similarly, there was no difference in the
proportionate contribution of neonatal deaths between rural
and urban areas. Both of these findings are contrary to the
recent reported findings from two large scale surveys and a
trend analysis of SRS data from India [4, 5, 40, 41]. We
hypothesize that these differences may be due to method-
ological differences in older studies, where perinatal
mortality was commonly studied and a large proportion of
neonatal deaths were likely reported as still birth. Secondly,
the majority of studies published in the 1980’s and 1990’s
were conducted at academic institutions and hospitals,
which may not be representative of the general Indian
population. Global estimates on the causes of neonatal
deaths, published in the year 2005, reported that neonatal
deaths contributes to 37% of the all under five deaths [43];
however the National Family Health Survey-3 and a recent
review article published data from SRS and RCGI, suggest
that proportional contribution of neonatal deaths to the
under five mortality rate (U5MR) in India is much higher
than global proportion [4, 40]. We could not analyze the
proportional contribution of neonatal deaths to the under
five deaths in this review, since most studies with data on

children under five did not present data specific to
neonates.

This review also provides vital insight to the causes of
neonatal deaths in India. Across all studies, the median
percentage of neonatal deaths attributed to sepsis/pneumo-
nia was 24.9%, while asphyxia was 18.5% and pre-maturity
and Low Birth weight (LBW) together was 16.8%. Though
estimates of the causes of under five deaths in India have
recently became available [42], a separate analysis on
causes of neonatal deaths is not available. Globally, preterm
birth (28%), sepsis/pneumonia (26%), asphyxia (23%),
congenital anomalies (8%), neonatal tetanus (7%), diarrhea
(3%) are the most common causes of neonatal deaths [43].
This review and another article in this supplement suggest
that the proportionate contribution from major causes of
neonatal deaths in India i.e. pre-term births, sepsis or
pneumonia and birth asphyxia, is slightly different than that
in the rest of the world [4]. Furthermore, it is interesting to
note that the timing of neonatal deaths seems to have
remained strikingly constant during the last two decades
with a majority occurring during the early neonatal period
[10–26]. These findings are corroborated by the recent SRS
survey report [9].

Authors in the past have also reported limited use of data
for decision making in child survival, especially for the
neonatal period [44]. It is time for accurate country specific
child survival data to become regularly available for
decision making in India. Our findings insist that more
attention be placed on survival through the early neonatal
period. The recently announced ‘Navjat Shishu Suraksha
Karyakram’ and the platform of ‘Janani Suraksha Yojana’
may provide appropriate strategies to improve early
neonatal survival in the country [45, 46].

Conclusions

During the last decade, there had been a few multi-centric
studies and a national wide survey, which have provided
valuable insight into the causes and timings of child deaths
in India. Our review demonstrates the importance of
continuing the methodological rigour and large sample
sizes in future studies and surveys. Secondly, the review
suggests that the causes of neonatal deaths in India may be
different from the rest of the world. Our findings demand
that neonatal survival interventions be prioritized in India
and established upon country specific data. Thirdly, the
majority of neonatal deaths still occur in early neonatal
period in India, which is an important indication that
continuum of care needs to be ensured throughout the
country. The findings of this review may be useful for the
program managers and policy makers to make informed
decisions to ensure that India achieve MDG4 on time.
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