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Of the 130 million babies born every year, about
4 million die in the first 4 weeks of life—the neonatal
period.1 A similar number of babies are stillborn—dying
in utero during the last 3 months of pregnancy. Most
neonatal deaths (99%) arise in low-income and middle-
income countries, and about half occur at home. In poor
communities, many babies who die are unnamed and
unrecorded, indicating the perceived inevitability of their
deaths. By contrast, the 1% of neonatal deaths that arise
in rich countries are the subject of confidential inquiries
and public outcry if services are judged substandard.
Most trials of neonatal interventions focus on these few
deaths in rich countries. The inverse care law, first
described in the UK in the 1960s, remains valid: “The
availability of good medical care tends to vary inversely
with the need for it in the population served.”2 For
newborn babies, this law could appropriately be
renamed the inverse information and care law: the
communities with the most neonatal deaths have the
least information on these deaths and the least access to
cost-effective interventions to prevent them. 

In this report, the first in a series of four on neonatal
survival, we present epidemiological data to help guide
efforts to reduce deaths of newborn children in countries
where most of these deaths take place. This series follows
the Bellagio child survival series,3 which emphasised the
need for further work into neonatal deaths. It will also
focus on strengthening of health systems (including
community level) to provide care for newborn children in
the highest mortality settings, and the costs of doing so.
Our emphasis on neonatal survival is deliberate.4 We
believe stillbirths, maternal morbidity and mortality, and
neonatal morbidity are of great public-health importance.
However, doing justice to all of these topics is not possible

in one series. We believe that increased attention to
improving health systems around the time of childbirth
will also reduce maternal deaths and stillbirths.

MDGs and newborn babies
The Millennium Development Goals (MDGs) represent
the widest commitment in history to addressing global
poverty and ill health.5 The fourth goal (MDG-4) commits
the international community to reducing mortality in
children aged younger than 5 years by two-thirds between
1990 and 2015. Between 1960 and 1990, the risk of dying
in the first 5 years of life was halved—a major
achievement in child health.6 However, achieving MDG-4
will depend on mortality reductions even greater in
percentage terms than those achieved in the past
(figure 1). A decade before the target date of 2015, many
are already predicting the goal will not be met.7

Challenges include AIDS5 and increasing poverty,
particularly in Africa, as well as a lack of global investment
in child survival,8 despite 10·6 million deaths every year.9

Another challenge, less frequently identified in policy
analysis, is the slow progress in reducing global neonatal
mortality (figure 1). Child survival programmes in the
developing world have tended to focus on pneumonia,
diarrhoea, malaria, and vaccine-preventable conditions,
which are important causes of death after the first month
of life. Between 1980 and 2000, child mortality after the
first month of life—ie, from month 2 to age 5 years—fell
by a third, whereas the neonatal mortality rate (NMR) was
reduced by only about a quarter. Hence, an increasing
proportion of child deaths is now in the neonatal period;
estimates for 20001 show that 38% of all deaths in children
younger than age 5 years happen in the first month of life.
Deaths in the first week of life have shown the least
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4 million neonatal deaths: When? Where? Why?
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The proportion of child deaths that occurs in the neonatal period (38% in 2000) is increasing, and the Millennium

Development Goal for child survival cannot be met without substantial reductions in neonatal mortality. Every year

an estimated 4 million babies die in the first 4 weeks of life (the neonatal period). A similar number are stillborn, and

0·5 million mothers die from pregnancy-related causes. Three-quarters of neonatal deaths happen in the first

week—the highest risk of death is on the first day of life. Almost all (99%) neonatal deaths arise in low-income and

middle-income countries, yet most epidemiological and other research focuses on the 1% of deaths in rich countries.

The highest numbers of neonatal deaths are in south-central Asian countries and the highest rates are generally in

sub-Saharan Africa. The countries in these regions (with some exceptions) have made little progress in reducing

such deaths in the past 10–15 years. Globally, the main direct causes of neonatal death are estimated to be preterm

birth (28%), severe infections (26%), and asphyxia (23%). Neonatal tetanus accounts for a smaller proportion of

deaths (7%), but is easily preventable. Low birthweight is an important indirect cause of death. Maternal

complications in labour carry a high risk of neonatal death, and poverty is strongly associated with an increased risk.

Preventing deaths in newborn babies has not been a focus of child survival or safe motherhood programmes. While

we neglect these challenges, 450 newborn children die every hour, mainly from preventable causes, which is

unconscionable in the 21st century.
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progress. In 1980, only 23% of deaths arose in the first
week of life; by the year 2000 this figure had risen to an
estimated 28% (3 million deaths).

To meet MDG-4, a substantial reduction in NMRs in
high-mortality countries is needed, and reducing deaths
in the first week of life will be essential to progress.
During the past decade, some regions of the world have
made great progress in reducing NMRs (table 1).10,11

However, the inequity between rich and poor countries
continues to increase, with lower NMRs and faster
reductions in rich countries. There has been no
measurable fall in the regional average NMR for sub-
Saharan Africa. By contrast, the Americas achieved a
40% reduction in NMR largely because of progress in
Latin America, where six countries have achieved
reductions of 50% or more. In the western Pacific region,
the largest percentage reductions have been recorded in
Japan, South Korea, and Malaysia, all of which have low

NMRs (�5 per 1000 livebirths). The picture in Asia is
mixed. In southeast Asia, many countries have reduced
neonatal mortality; in some cases, such as Indonesia,
reduction has been considerable (about 50%). In the
countries of south-central Asia, with the exceptions of
Bangladesh and Sri Lanka (which achieved about 40%
reductions), more limited advances have been
recorded.1,10 India, for example, where more than a
quarter of the world’s neonatal deaths take place, has
seen a reduction of just 11%. India’s modest drop in
NMR is largely the result of late neonatal mortality
reductions (deaths after the first week of life), in part due
to a fall in deaths from tetanus. Globally, neonatal
tetanus deaths have fallen by 50% since 1990. By 2000,
two-thirds of low-income and middle-income countries
had eliminated neonatal tetanus, and an additional
22 countries were nearing this goal; two-thirds of the
remaining high-incidence countries are in Africa.12

A similar pattern over time of fairly rapid reductions in
post-neonatal mortality, steady reductions in late neonatal
mortality, and slower reductions in early neonatal
mortality was seen in industrialised countries in the mid-
20th century. Neonatal tetanus was eliminated in high-
income countries before vaccination was available. In
England the NMR fell from more than 30 per
1000 livebirths in 1940, to ten per 1000 in 1975, coinciding
with the introduction of free antenatal care, improved
childbirth care, and the availability of antibiotics.13

Neonatal intensive care became available only after the
NMR had fallen below 15. Substantial global reductions
in neonatal deaths in the next decade will depend on
increasing coverage with interventions that improve
neonatal survival within the context of maternal and child
health programmes. Information is needed to identify
priorities: where, when, and why do newborn babies die?

Where do newborn babies die?
Most neonatal deaths are unrecorded in any formal
registration system, hence global analysis is based on
estimates (panel 1).14–17 The most recent estimates
suggest that there were nearly 4 million neonatal deaths
in 2000. Only 1% of these deaths were in 39 high-
income countries, where the average NMR is four per
1000 livebirths (table 1). The remaining 99% of deaths
were in low-income and middle-income countries,
where the average NMR is estimated to be 33.1

About two-thirds of neonatal deaths arise in the
African and southeast Asian regions of WHO (table 1).
The countries with the largest absolute numbers of
deaths are mainly in south Asia, because of the large
populations in this region; India alone contributes a
quarter of neonatal deaths. Ten countries account for
two-thirds of neonatal deaths (table 2). However, the
countries with the highest rates of neonatal mortality are
mostly in sub-Saharan Africa (14 of the 18 countries
with NMRs �45 per 1000; figure 2). Especially high
NMRs are seen in countries with recent civil unrest,
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Figure 1: Meeting MDG-4: trends in child mortality among those younger than age 5 years1 and in first
28 days of life,1,2 1965–2015
Trend for deaths in children younger than age 5 years fitted assuming constant proportional reduction every year.

NMR per Number (%) Percentage of Percentage change 
1000 livebirths of neonatal deaths in children aged in NMR between 
(range across deaths younger than 5 years 1996 and 2005 
countries) (1000s) in the neonatal period estimates*

Income groups
High-income countries† 4 (1–11) 42 (1%) 63% –29%
Low-income and 33 (2–70) 3956 (99%) 38% –8%
middle-income  countries

WHO regions 
Africa 44 (9–70) 1128  (28%) 24% 5%
Americas 12 (4–34) 195 (5%) 48% –40%
Eastern Mediterranean 40 (4–63) 603 (15%) 40% –9%
Europe 11 (2–38) 116 (3%) 49% –18%
Southeast Asia 38 (11–43) 1443 (36%) 50% –21%
Western Pacific 19 (1–40) 512 (13%) 56% –39%

Overall 30 (1–70) 3998 (100%) 38% –16%

*The data inputs cover at least a 5 year period before each set of estimates. Period of change may be assumed to be up to
15 years. †39 countries with NMR data of 54 countries with gross national income per person of �US$9386.10

Table 1: Regional or country variations in NMRs and numbers of neonatal deaths, showing the
proportion of deaths in children younger than age 5 years1,9–11
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such as Sierra Leone and Liberia. The proportion of
deaths in children younger than age 5 years that takes
place in the neonatal period varies between regions,
being much higher in southeast Asia (47%) than in sub-
Saharan Africa (26%), although these regions have
similar NMRs (table 1). 

When do newborn babies die?
The neonatal period is only 28 days and yet accounts for
38% of all deaths in children younger than age 5 years.

The remaining 62% of deaths in this age group arise
over a period of almost 1800 days. Thus, the average
daily mortality rate during the neonatal period is close to
30-fold higher than during the post-neonatal period.
Even within the neonatal period there is considerable
variation in the daily risk of death (figure 3). Mortality is
very high in the first 24 h after birth (25–45% of all
neonatal deaths in this analysis). Globally some three-
quarters of neonatal deaths happen in the first week
after birth.1
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Panel 1: Data inputs and methods used to obtain estimates for this report 

Counting neonatal deaths
Background
Few neonatal deaths arise in countries with high coverage (�90%) vital registration. Information for most neonatal deaths comes
from household surveys, particularly DHS, which use cluster sampling to produce nationally representative estimates. For some
countries, often those with current or recent instability, there are no reliable population-based data, and estimation by statistical
modelling is the only option.

Inputs
New estimates of the number of neonatal deaths by country produced by WHO; less than 5% of estimates come from countries
with high coverage vital registration, 75% are based on DHS data, and 20% are derived from estimates of deaths of children
younger than age 5 years adjusted for HIV prevalence. More detailed explanation is given elsewhere.1

Limitations
Neonatal deaths are less likely to be recorded if a baby dies in the first hours or days after birth14 or is very small.15 Misclassification
between stillbirths and neonatal deaths is also possible. In some settings, this misclassification might be deliberate to avoid filling
a death certificate that would be required if a neonatal death is declared. Assessments of the validity of retrospective surveys
suggest that in poor settings in south Asia they might greatly underestimate neonatal deaths.16 Reporting of time of death is
prone to inconsistencies in recording in the first 24 h, which might be coded as day 0 or day 1, and by heaping on certain days
(7, 14, 21, and 30).

Causes of neonatal deaths

Background
Less than 3% of neonatal deaths arise in countries with high-coverage vital registration and reliable, recent data on causes of
neonatal deaths. For the remaining 97%, estimation is the only option and the limited quantity and quality of the input data results
in inherent uncertainty.

Inputs
We examined two sources of data on causes of neonatal deaths—vital registration datasets for countries with high coverage (�90%)
and studies identified through systematic searches of published work and unpublished datasets. Data from 45 vital registration systems
(96 797 neonatal deaths) and 56 studies (29 countries, 13 685 neonatal deaths) were included and mapped onto seven cause
categories—severe infection, tetanus, diarrhoea, asphyxia, preterm birth, congenital, and other. We used multinomial regression to
model the proportion of deaths due to every cause for every data source. We used the vital registration-based model to estimate the
distribution of causes of death for 22 low-mortality countries without national data, and used a study-based model to obtain estimates
for 115 high-mortality countries. Uncertainty estimates were derived with the jack-knife approach. Details are given elsewhere.17

Limitations
Allocation of one death to one cause is somewhat artificial when multiple causes act synergistically, and the rules applied by
different coders for allocation of coexisting causes are not always clear. To be programmatically useful, recorded causes of death
should relate to prevention or management—if a moderately preterm infant dies of infection, then infection is the key cause to
address. However, in a very preterm infant, infection management alone is unlikely to avert their death.

Other data inputs
We based analysis of DHS data for time of death, attendance at birth, socioeconomic status, and sex on 47 downloadable datasets
published since 1995 (http://www.measuredhs.com), and restricted it to births in the 5 years before the survey. All analyses were
done in Stata version 8. Analysis of maternal risk factors for neonatal and perinatal mortality was based on a systematic search of
the published work and was restricted to population-based studies in settings without neonatal intensive care and which reported
effect estimates adjusted for major potential confounders.
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Why do newborn babies die? 
Direct causes of death
Less than 3% of neonatal deaths take place in countries
with vital registration data reliable for cause-of-death
analysis. Population-based information in high-
mortality settings is largely dependent on verbal
autopsy methods of variable quality. Global estimates
are only possible through statistical modelling.
Estimates from 2000 of the distribution of direct causes
of death (figure 4) indicate that preterm birth (28%),
severe infections (36%, including sepsis/pneumonia
[26%], tetanus [7%], and diarrhoea [3%]), and
complications of asphyxia (23%) account for most
neonatal deaths. Of the remaining 14%, 7% of deaths
were related to congenital abnormalities.16

The distribution of causes of neonatal death varies
between countries, correlating with the degree of
neonatal mortality (figure 5). In very high-mortality
settings (NMR �45), almost 50% of deaths are due to
severe infection, tetanus, and diarrhoea. At low NMR
levels (NMR �15), sepsis/pneumonia accounts for less
than 20% of deaths, and tetanus and diarrhoea are almost
non-existent as causes of neonatal death. The risk of
neonatal death due to severe infection in very high-
mortality countries is about 11-fold the risk in low-
mortality countries. The risk of dying due to birth
asphyxia is about eight times higher for babies in
countries with very high NMRs, even though the
proportion of such neonatal deaths is fairly constant
across mortality levels. The proportion of deaths due to
prematurity drops with increasing NMR, but this fall is
due to the large number of deaths from infection in high-
NMR countries. In a country with a very high NMR, the
risk of death due to prematurity is still three times higher
than in low-mortality countries. In addition to variation
between countries in the distribution of causes, there is
often substantial variation within countries. In the
countries with continuing high rates of neonatal tetanus,
for example, most of these deaths arise in only a few
districts, and in poorer populations with limited health
care.12

Low birthweight 
Only about half of babies are weighed at birth, and a
smaller proportion is of known gestational age.18
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Figure 2: Variation between countries in NMRs1

Number of neonatal Percentage of global NMR
deaths (1000s) neonatal deaths (per 1000 livebirths)

(n=3·99 million)

India 1098 27% 43
China 416 10% 21
Pakistan 298 7% 57
Nigeria 247 6% 53
Bangladesh 153 4% 36
Ethiopia 147 4% 51
Democratic Republic of the Congo 116 3% 47
Indonesia 82 2% 18
Afghanistan 63 2% 60
United Republic of Tanzania 62 2% 43
Total 2682 67%

Table 2: Countries with largest numbers of neonatal deaths worldwide1
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18 million babies are estimated to be born with low
birthweights every year—half in south Asia.9 Although
these low-birthweight babies constitute only about 14%
of children born, they account for 60–80% of neonatal
deaths.16 Low birthweight arises through short gestation
(preterm birth) or in-utero growth restriction, or both.19

We estimate that 28% of neonatal deaths globally are
directly attributable to preterm birth (figure 4). Results
of an analysis of vital registration data (45 countries,
96 797 deaths) and of five population-based datasets,
including two from south Asia (883 neonatal deaths),20–22

suggest that at most 1–2% of neonatal deaths are directly
attributable to in-utero growth restriction in term
neonates (CHERG neonatal group, unpublished data).
Prematurity and in-utero growth restriction are also
indirect causes or risk factors for neonatal deaths,
especially those due to infection. Taking into account
deaths both directly and indirectly attributable to
prematurity and in-utero growth restriction, a study in
Bangladesh reports that the risk of death was several-fold
higher in preterm infants than in full-term infants
whose growth had been restricted in utero (risk ratio
4·78, 95% CI 3·14–7·27).23 Attempts to reduce the
proportion of babies born with low birthweights at the
population level, in general, have been met with little
success.24 However, most deaths in moderately preterm
babies and in those born at term but whose growth had
been restricted in utero can be prevented with extra
attention to warmth, feeding, and prevention or early
treatment of infections.25–27 Complex technology is not a
prerequisite. 

Maternal health and intrapartum complications
Maternal health and health care are important
determinants of neonatal survival. Neonatal outcomes
are affected by health throughout the lifecycle, starting
with the girl child, through adolescence and
pregnancy.28,29 Complications during labour are an
important determinant of fetal and neonatal survival and
health.30 In general, intrapartum risk factors are
associated with greater increases in risk of neonatal death
than those identified during pregnancy, which are in turn
associated with greater increases in risk than pre-
pregnancy factors (table 3).30–42 Obstructed labour and
malpresentation carry the highest risk and require skilled
intervention. The death of a mother substantially
increases the risk of death for her newborn child. In one
study,42 reporting child outcomes for mothers who died
in labour, all the newborn babies (n=9) died within 1 year
of birth.

Neonatal mortality and gender
Girls have a well described biological survival advantage
in the neonatal period.43 Reduced care seeking for girls
compared with boys has been reported, especially in
south Asia.44,45 Analysis of DHS data (not shown) does not
provide evidence of a reduction in girls’ survival

advantage at the national level. Female infanticide has
been reported from rural China46,47 and south Asia,48 but
the true incidence of this practice is unknown. Sex
discrimination before birth through sex-selective
abortion is well documented; this practice has been
reported in India48 and China,49 where 17% more boys are
born than girls, resulting in an estimated excess of
1·7 million male babies per year.

Poverty and neonatal mortality 
Poverty is an underlying cause of many neonatal deaths,
either through increasing the prevalence of risk factors
such as maternal infection, or through reducing access
to effective care. However, poverty is not just a problem
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Figure 4: Estimated distribution of direct causes of 4 million neonatal deaths
for the year 2000 
Based on vital registration data for 45 countries and modelled estimates for
147 countries.

ti
on

 o
f d

ea
th

s 
(%

)

80

100

60

40

Preterm
Congenital

Asphyxia
Sepsis/pneumonia

Diarrhoea
Tetanus

Other



For personal use. Only reproduce with permission from Elsevier Ltd 

Series

in poor countries. Results of a Canadian study50 suggest
a disparity in stillbirths and neonatal deaths between the
richest and poorest 20% of the population that has
persisted for almost 20 years. DHS data from
20 countries in sub-Saharan Africa and three large
countries in south Asia reveal consistently higher NMRs
for those in the poorest 20% of households than for
those in the top quintile. In general, the disparity is
higher for postneonatal than for neonatal deaths. If the
NMRs noted for the richest 20% of the population in
every country were seen in the entire population of that
country then NMRs would be reduced by 19% (median
across 20 countries, IQR 9–28) in Africa and 28%, 41%,
and 43% in Bangladesh, India, and Nepal, respectively.
These reductions would prevent an estimated
0·5 million neonatal deaths in these three Asian
countries alone and an additional 219 000 in Africa.
Addressing inequity should be a priority of all strategies
for improving survival of newborn babies.

Neonatal mortality and health-care coverage 
The relative importance of different causes of death
varies with NMR (figure 5). So too does the coverage of
skilled attendance and the proportion of births that take
place in a health facility (table 4). Globally, 56% of
women deliver with a skilled attendant, but the variation
between countries is very great (5–99%).51 Skilled
attendance and institutional delivery rates are lowest in
countries with the highest NMRs. In sub-Saharan
Africa, less than 40% of women deliver with skilled care
and in south Asia the figure is less than 30%. Across
40 countries with DHS data between 1995 and 2003,
more than 50% of neonatal deaths arose after a home
birth with no skilled care. Within sub-Saharan African
and south Asian countries for which DHS data are
available, the NMR is consistently higher and the
coverage of skilled care consistently lower in rural areas.

The three-delays model—delay in recognition of
illness, delay in seeking and accessing care, and delay in
the provision of care once at a health facility—has helped
in understanding maternal deaths.52 Similar delays have
been documented for young infants with severe illness
and, with the rapid progression of many neonatal
illnesses, certainly play an important part in neonatal
deaths. Among 182 child deaths in rural Guinea, more
than 90% of post-neonatal children with pneumonia
were taken for outside care, whereas only 60% of new-
born babies (16 of 26) with severe infection were taken
out of the home for care.53 In a Ugandan study,54 only
21% (15 of 71) of severely ill babies completed referral as
advised.55 The most common reason for not completing
referral (90%) was lack of money. 

Using information in policy and programmes
Epidemiology provides a basis for understanding and
reducing ill health. Some of the programmatic
implications of the data presented here are outlined in
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Adjusted odds ratio*

Life-cycle factors
Maternal age (years) 1·1–2·3

�18 1·3–2·0 
�35

Maternal size
Height �150 cm 1·3–4·8
Prepregnancy weight �47 kg 1·1–2·4

Parity
Primigravida 1·3–2·2
Parity �6 1·4–1·5

Poor obstetric history (previous perinatal death or instrumental delivery) 1·6–3·5
Antenatal factors
Multiple pregnancy 2·0–6·8
Hypertensive disorders

Pre-eclampsia 1·7–3·7
Eclampsia 2·9–13·7

Bleeding per vagina after 8th month 3·4–5·7
Maternal jaundice 2·0–7·9
Maternal anaemia (PCV �0·21) 1·9–4·2
Maternal anaemia (PCV �33%) NS in 4 studies
Maternal malaria (blood test positive) 2·2–3·5†
Syphilis (perinatal death) 1·7–5·8
HIV (infant death) 7·2
Intrapartum factors
Malpresentation

Breech 6·4–14·7
Other 8·3–33·5

Obstructed labour/dystocia 6·7–84·9
Prolonged second stage 2·6–4·8
Maternal fever during labour (�38ºC) 9·7–10·2 
Rupture of membranes �24 h 1·8–6·7
Meconium staining of liquor 11·5

PCV=packed cell volume; NS=not significant. *Odds ratios included are from population-based studies adjusting for major
confounders (parity and socioeconomic status) and significantly associated with intrapartum stillbirth or neonatal death or
perinatal death unless given as NS in more than one study. †Risk for low birthweight not mortality.

Table 3: Adjusted odds ratios for various risk factors for neonatal or perinatal death reported from
population-based studies31–43
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Figure 5: Estimated distribution of causes of neonatal death for 
192 countries, according to degree of neonatal mortality17
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panel 2. The reduction of neonatal mortality over the
past 20 years has been inadequate, especially for deaths
during the first week of life and particularly in the
poorest countries. Every year, 4 million babies still die in
their first 4 weeks of life, most from preventable causes.
This number is double the deaths due to HIV/AIDS;
although AIDS is rightly hailed as a global emergency,
newborn deaths are largely ignored. 

Since neonatal deaths account for 24–56% of deaths in
children younger than age 5 years across the six WHO
regions, no region can afford to ignore them. Further
reductions in child mortality will depend on substantial
improvements in neonatal survival; current approaches
have had some success in preventing late neonatal
deaths, but have had little effect on early neonatal deaths
in high-mortality settings. Although post-neonatal deaths
and late neonatal deaths are amenable to public health
interventions—eg, immunisation, breastfeeding, and
improved hygiene—the achievement of major reductions
in early neonatal (and maternal) deaths will depend on
provision of individualised clinical care, which is much
more challenging but could reduce NMRs to 15 per 1000
or less without complex technology.13

Early neonatal deaths account for 75% of all neonatal
deaths, and preventing these depends on attention to the
causes of death that are unique to the first week of life,
particularly birth asphyxia and prematurity. Many
neonatal deaths take place within the first 24 h after
birth—at least 1 million per year. A large proportion of
4 million stillbirths occur as intrapartum stillbirths and an
estimated 515 000 maternal deaths occur, over 75% of
which are intrapartum or in the postnatal period.55,56 Yet in
sub-Saharan Africa and southeast Asia, where two-thirds
of neonatal deaths happen, between a quarter and a third
of women deliver with a skilled attendant, and even fewer
have access to emergency obstetric and neonatal care. The
poorest people within these countries are even worse off
than these average figures imply: in the highest mortality
countries, a median of 14% of women have skilled care at
birth; among the richest 20% of women in these
countries, a median of 86% have skilled care. To achieve
major reductions in early neonatal mortality in such
settings, coverage of care during childbirth and the early
postnatal period should be increased to reach the poorest,
and most underserved populations. Such action would
probably also reduce maternal deaths (contributing to
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Mortality setting

NMR �45 NMR 30–45 NMR 15–29 NMR �15

Numbers of neonatal deaths (1000s) (number of countries) 1147 (18) 1759 (39) 838 (40) 254 (95)
Institutional delivery, median coverage (IQR)* 33% (16–49) 48% (18–78) 65% (51–91) 98% (95–99)
Skilled attendance at birth, median coverage (IQR)* 41% (22–44) 50% (27–77) 85% (62–96) 99% (95–100)
Traditional birth attendants present, median coverage (IQR)† 20% (18–25; 7 countries) 18% (8–37; 21 countries) 9% (1–31; 16 countries) 9% (9–41; 3 countries)

*Based on WHO/UNICEF estimates for around year 2000 for 192 countries. †Data from analysis of 47 DHS (panel 1). 

Table 4: Place of birth and skilled attendance at childbirth by degree of neonatal mortality1

Panel 2: Key messages for neonatal health

How many deaths?
4 million neonatal deaths occur every year. Reducing these deaths is a moral imperative and essential for achievement of MDG-4.

When?
38% of deaths in children aged younger than 5 years arise in the first month of life.
Between a quarter and half of all neonatal deaths happen within 24 h of birth.
Three-quarters of neonatal deaths arise in the first week of life.

Where?
99% of individuals die in low-income and middle-income countries, with limited information for decision-making.
Two-thirds of deaths occur in only ten countries.
At least half of neonatal deaths arise after home births. 

Why?
The major direct causes of neonatal deaths globally are infections (36%), preterm birth (28%), and asphyxia (23%). The 
distribution of causes of neonatal death varies with the degree of neonatal mortality.
60–80% of neonatal deaths arise in low birthweight babies. Reduction of mortality among moderately preterm and term 
in-utero growth restriction infants is feasible without complex technology.
Maternal complications, especially during childbirth, carry a high risk of neonatal death. 
Elimination of the mortality gap between the richest and poorest within countries in sub-Saharan Africa and within three 
south Asian countries could avert almost 0·75 million deaths.
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MDG-5) and stillbirths. The constraints to scaling up
neonatal and maternal health care in countries and
reaching the poorest will be analysed by Knippenberg and
colleagues as part of this series.57

Late neonatal deaths are mainly due to infections. Case
management of neonatal infections is mainly provided
through child-health services, both in facilities and
through family-community care. Remarkable progress
has been made in reducing neonatal tetanus, but
elimination is an unfinished global commitment,
originally scheduled for 1995, then broadened to maternal
and neonatal tetanus and postponed to 2005.12 Neonatal
tetanus is now responsible for a small proportion of global
neonatal deaths (6%) and is almost exclusively a disease of
the poor. It is eminently preventable, but the world looks
set to miss the elimination target for a second time, while
rolling out much more expensive interventions, such as
prevention of mother-to-child transmission of HIV/AIDS.

Improving information for decision making
Increasing the availability and use of relevant information
in programmes and policy is essential if health care for
newborn babies and their mothers is to be improved.
These WHO NMR estimates are the first official estimates
of neonatal deaths since 1995.11 Mortality estimates for
children aged younger than 5 years are released yearly,
and estimates of other major groups—such as maternal
deaths and deaths related to HIV/AIDS—are published
every 2–5 years.58–60 The estimation process is time-
consuming, but an absence of consistent periodic
estimates leads to invisibility, and invisibility contributes
to inaction. The child survival publicity of several major
health policy organisations and even the official website
of the MDGs does not mention the major causes of
neonatal deaths (http://www.developmentgoals.org). In
the widely used WHO pie chart, detailing causes of
death for children younger than age 5 years, the largest
category—other—is mainly the invisible neonatal causes
(http://www.who.int/child-adolescent-health). The second
largest category—perinatal causes—is poorly understood:
few realise this category includes asphyxia and preterm
birth, but excludes stillbirths.

Better data than presently available are also needed at
service delivery and national level to manage
programmes and achieve maximum effectiveness of
often scarce resources. Programme managers cannot
manage what they cannot count.61 The term neonatal
describes a time period—not a cause—and prevention of
neonatal deaths will depend on various strategies to
address specific causes. Information on causes of
neonatal death is important for reducing deaths of
newborn babies. Cause-specific mortality varies between
settings, yet in many places such information is not
available and can be expensive and difficult to obtain
through surveys and verbal autopsy questionnaires.62

Simplified and consistent verbal autopsy methods are
needed, but are mainly applicable in research settings.

In the absence of such data, the NMR might be useful as
a simple predictor of the distribution of causes of
neonatal mortality (figure 4). Since NMRs are also
strongly (inversely) correlated with skilled attendance at
birth, they might be useful in guiding programme
design. These associations will be explored further in the
third article of this series.57

Relevant information does exist at many levels of care,
but is often not used. For example, the register of births
kept in almost every health facility at which deliveries
take place could be used to provide information about
intrapartum stillbirths and early neonatal deaths.61

Identifying and addressing avoidable causes of death is
possible even in poorly functioning health systems.63 At
the state or national level, many countries have DHS
NMR estimates, but national decision makers might not
be aware of, or able to access, them.64 Stillbirths should
also be counted, in their own right and because
misclassification can arise between stillbirths and
neonatal deaths.65 Additionally, if intrapartum inter-
ventions prevent some stillbirths early neonatal deaths
might initially increase. Unless both outcomes are
tracked, erroneous programme decision making could
result.

Conclusion
Real progress in reducing deaths of newborn babies will
depend on higher coverage of services in the highest-
mortality countries, for the poorest people, and at the time
of greatest risk—birth and the first days of life. What
works, though, and what should the priorities be?
Analysis of the evidence, cost, and feasibility of
interventions is needed and is the focus of the next paper
in this series.66 Improved epidemiological data are
essential, but social visibility is also important—once
communities and decision makers perceive high neonatal
(and maternal) deaths as an issue, public ownership of the
problem and progress will be more likely.67,68 While we do
not address these challenges, 450 newborn babies die
every hour, most from preventable causes, which is
unconscionable in the 21st century.
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