Research

Neonatal cause-of-death estimates for the early and late neonatal
periods for 194 countries: 2000-2013

Shefali Oza,® Joy E Lawn,* Daniel R Hogan, Colin Mathers® & Simon N Cousens®

Objective To estimate cause-of-death distributions in the early (0—6 days of age) and late (7-27 days of age) neonatal periods, for 194
countries between 2000 and 2013.

Methods For 65 countries with high-quality vital registration, we used each country’s observed early and late neonatal proportional cause
distributions. For the remaining 129 countries, we used multinomial logistic models to estimate these distributions. For countries with
low child mortality we used vital registration data as inputs and for countries with high child mortality we used neonatal cause-of-death
distribution data from studies in similar settings. We applied cause-specific proportions to neonatal death estimates from the United Nations
Inter-agency Group for Child Mortality Estimation, by country and year, to estimate cause-specific risks and numbers of deaths.

Findings Over time, neonatal deaths decreased for most causes. Of the 2.8 million neonatal deaths in 2013, 0.99 million deaths (uncertainty
range: 0.70-1.31) were estimated to be caused by preterm birth complications, 0.64 million (uncertainty range: 0.46—0.84) by intrapartum
complications and 0.43 million (uncertainty range: 0.22-0.66) by sepsis and other severe infections. Preterm birth (40.8%) and intrapartum
complications (27.0%) accounted for most early neonatal deaths while infections caused nearly half of late neonatal deaths. Preterm birth
complications were the leading cause of death in all regions of the world.

Conclusion The neonatal cause-of-death distribution differs between the early and late periods and varies with neonatal mortality rate
level. To reduce neonatal deaths, effective interventions to address these causes must be incorporated into policy decisions.

Abstracts in G H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

In 2013, 2.8 million neonatal deaths occurred globally, most of
which could have been prevented with optimal care." Although
neonatal mortality is decreasing, the rate of reduction has been
slower than that observed for under-5 mortality>’ and neonatal
deaths now constitute 44% of all deaths in children younger
than 5 years.' Slow progress in reducing neonatal deaths will
contribute to many countries’ inability to meet the Millen-
nium Development Goal 4 (MDG-4) target of reducing child
mortality by two thirds between 1990 and 2015.* To accelerate
progress in reducing neonatal mortality, the Every newborn:
an action plan to end preventable deaths was launched in June
2014° to provide a strategy for implementing effective cause-
specific interventions.

Understanding the neonatal cause-of-death distribution
is important for identifying appropriate interventions and
programme priorities. Information about the distribution
should be as current and as locally derived as possible, and
use cause categories that are programmatically relevant for
decision-making. Moreover, separate cause-of-death estimates
are required for the early (0-6 days of age) and late (7-27
days of age) neonatal periods since both biology and empiri-
cal data suggest that the cause-of-death distribution differs
substantially between these periods.®” Around three-quarters
of neonatal deaths occur during the early period® and most
interventions to prevent these deaths need to be delivered
within a very short time frame.

High-quality vital registration data, by cause and age at
death, provide the information needed to determine policies
and priorities. Quality is determined by completeness of
reporting and accuracy of cause-of-death coding.”'” High-

quality vital registration data are only available for one-third
of the World Health Organization’s (WHO’s) Member States,"!
which account for about 4% of neonatal deaths. For countries
without high-quality vital registration data, statistical model-
ling is needed to estimate cause-of-death distributions.

Our first estimates of causes of neonatal deaths were
published in 2005, for the year 2000." These estimates were ob-
tained using data from high-quality vital registration systems
and from studies in low-resource settings with high mortality
in which high-quality vital registration data were lacking.
Updates for 2008"° and 2010 have since been published.

To aid policy-makers and programme managers, we have
now estimated neonatal causes of death separately for the early
and late neonatal periods, and added injuries as a distinct
cause for low-mortality countries. The input data have also
been updated and the modelling strategy has been modified,
particularly for the split of neonatal infections between pneu-
monia and sepsis. We present global, regional, and national
estimates of proportions, risks, and numbers of deaths for
programmatically relevant neonatal causes of death by the
early and late neonatal periods.

Methods

We divided WHO’s 194 Member States into three groups: group
1 contains countries with high-quality vital registration data,
group 2 contains countries with poor-quality vital registra-
tion data and a low child mortality rate, and group 3 contains
countries with poor-quality vital registration data and a high
child mortality rate (Appendix A, available from: http://arxiv.
org/abs/1411.4021). Different methods were used to estimate
the proportional cause-of-death distributions for countries in
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Fig. 1. Flowchart of modelling methods to estimate country-specific distributions of

neonatal cause of deaths
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UN-IGME: United Nations Inter-agency Group for Child Mortality Estimation; VR: vital registration.
Notes: Details on the differences between this and previous modelling methods can be found in
Appendix B (available from: http://arxiv.org/abs/1411.4021). Early neonatal period is defined as age

0-6 days and late neonatal period as age 7-27 days.

each group (Fig. 1). In groups 1 and 2,
we used seven categories for causes of
death: complications of preterm birth,
intrapartum complications, congenital
disorders, pneumonia, sepsis and other
severe infections (sepsis), injuries, and
other causes. For group 3, we used eight
categories: preterm birth, intrapartum
complications, congenital disorders,
pneumonia, diarrhoea, neonatal teta-
nus, sepsis, and other causes (Table 1).
In Appendix B (available from: http://
arxiv.org/abs/1411.4021), we detail the
differences between these methods and
those used for previous estimates.

For group 1, the 65 countries with
high-quality data, the proportional
cause distribution from 2000-2013 was
obtained directly from each country’s
vital registration data."® We mapped the
reported causes of death to our cause
categories (Appendix C, available from:
http://arxiv.org/abs/1411.4021). We
then generated a proportional cause
distribution by dividing the number of
deaths attributed to each cause by the to-
tal deaths. To create a full time series, we
imputed the cause-specific proportions
for years with missing vital registration
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data (Appendix D, available from: http://
arxiv.org/abs/1411.4021).

For group 2, the 49 countries with
poor-quality data and low child mortal-
ity, we estimated the distribution from
2000-2013 using a multi-cause (low-
mortality) model with input data from
high-quality vital registration countries,
excluding imputed data.

For group 3, the 80 countries with
poor-quality data and high child mor-
tality, we estimated the distribution
from 2000-2013 using a multi-cause
(high-mortality) model. The input data
consisted of neonatal cause-of-death
distribution data from studies in high-
mortality settings. We updated a previ-
ously developed database of neonatal
cause-of-death studies” by conducting
an extensive literature review for rel-
evant research published from January
2011 to May 2013 (Appendix E, available
from: http://arxiv.org/abs/1411.4021).
From each study, we extracted cause-of-
death data and mapped these reported
causes to our eight cause categories
(Appendix F, available from: http://
arxiv.org/abs/1411.4021). The data did
not provide sufficient information on
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injuries for separate estimation. We
recorded deaths separately by early or
late neonatal period whenever possible.
For our models, we chose covari-
ates that we believed might partly
predict variation in the cause-of-death
distribution across countries (Appen-
dix G, available from: http://arxiv.org/
abs/1411.4021). We obtained these coi
variates from WHO, the United Nations
Children’s Fund, the United Nations
Inter-agency Group for Child Mortality
Estimation (UN-IGME) and the World
Bank. We only used covariates for which
national time series are publically avail-
able. We used national-level covariates
as inputs to the low-mortality model
since the input cause-of-death data are
national. For the high-mortality model,
local-level data were extracted from the
studies whenever possible. When such
covariate data were unavailable, we used
subnational- or national-level covariate
data instead. For the predictions, we
applied the final model coefficients to
national-level covariate data, with the
exception of India, for which we used
state-level data to produce state-level
estimates. We applied the same rules
for imputing missing covariate data
as for the vital registration data (Ap-
pendix D). While most covariate values
were within the ranges of the input data,
a few prediction covariates had values
substantially outside the input data
range, especially in the low-mortality
model (Appendix G). We capped the
prediction covariate data to the input
ranges in the analysis. However, a
sensitivity analysis without these caps
suggested that the decision to cap or
not had minimal influence on the results
(Appendix H, available from: http://
arxiv.org/abs/1411.4021).

Statistical modelling

All statistical analyses were done using
Stata version 12 (StataCorp. LP, Col-
lege Station, United States of America).
We chose preterm birth as the baseline
cause for the low-mortality model (the
most common cause) and intrapartum
complications as the baseline for the
high-mortality model (reported in all
studies). Our estimation process had
two stages. First, we selected covariates.
Then, we estimated the log-cause ratio
(the log of the ratio of each of the other
causes to the baseline cause) as a func-
tion of the selected covariates using a
multinomial logistic regression model.
For both the low- and high-mortality
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Table 1. Case definitions for neonatal causes of death

Cause

Case definitions for neonatal causes of death

Used in VR® and preferred in study data

Alternative definition accepted in study data

Preterm birth
complications

— Specific complications of preterm birth, such as
surfactant deficiency, intraventricular haemorrhage,

necrotizing enterocolitis

— Prematurity (< 34 weeks) at which level preterm
complications occur for most babies

— Neonatal death with birth weight <2000 g for whom
gestational age is unknown

Intrapartum
complications

Congenital disorders

— Neonatal encephalopathy with criteria suggestive of
intrapartum events

— Early neonatal death in a full term baby with no
congenital malformations and a specific history of
acute intrapartum insult or obstructed labour

— Major or lethal congenital abnormalities

— Prematurity
—Very low birth weight

— Birth asphyxia with Apgar-based definition but

excluding preterm infants

— Specific abnormality listed (e.g. neural tube defect,

cardiac defect)

— Fits and/or coma in the first two days of life in a baby
born at term
— Acute intrapartum complications

— Congenital abnormality or malformation

— Spasms and poor feeding in neonates older than 3 days

Sepsis — Sepsis/septicaemia, meningitis, or neonatal infection — Neonatal infection
Pneumonia — Pneumonia or acute respiratory tract infection — Pneumonia
Neonatal tetanus —Tetanus

Diarrhoea — Diarrhoea — Diarrhoea
Injuries® — Injuries (in VR data only) - NA

Other — Neonatal jaundice

— Author grouping of other causes (excluding unknown)

— Haemorrhagic disease of the newborn
—Term baby dying due to in-utero growth restriction
— Injuries (only searched for in study data)

ICD: International Statistical Classification of Diseases and Related Health Problems; NA: not applicable; VR: vital registration.
@ Specific ICD codes for causes of death in the VR data are included in Appendix C (available from: http://arxiv.org/abs/1411.4021).

® Only applied to vital registration data.

Notes: Neonatal period defined as age 0-27 days or first month after birth. Early neonatal period defined as age 0-6 days or first week after birth. Late neonatal period

defined as age 7-27 days or weeks 2—4 after birth.

Source: Adapted from Lawn," which adapted from Wigglesworth."® and Winbo et al.””

models, we ran separate models for the
early and late neonatal periods. Thus,
we fitted four models in total. Since not
all studies in the high-mortality model
reported deaths by period, we included a
binary covariate for period in the models
to be able to include studies reporting
only causes of death across the whole
neonatal period.

Covariate selection for models

For each of the four models, we used a
jackknife procedure' to select the set
of covariates that minimized the out-
of-sample prediction error for each
log-cause ratio separately. First, we
determined if the relationship between
each covariate and log-cause ratio in the
input data was best represented by a lin-
ear, quadratic or restricted cubic spline
relationship. We did this by choosing the
covariate relationship which yielded the
smallest y? value for the given log-cause
ratio. We then selected the covariate
with the smallest x? as the first covariate
in the model. Finally, to select a set of
covariates for each non-baseline cause in
each model, we added one covariate at

a time, retaining it in the model only if
x° decreased and cycling through all the
remaining covariates again until there
was no decrease in the y? value.

Multi-cause models

For the multi-cause models, we used
the multinomial logistic regression to
fit the data for all causes simultane-
ously. Each input observation received
a weight inversely proportional to the
square root of the total deaths contrib-
uted by that observation. This weighting
is intermediate between giving equal
weight to each death and equal weight
to each study or country-year in the
input data. We made assumptions about
the cause category into which deaths
from an unreported cause would have
been assigned (Appendix I, available
from: http://arxiv.org/abs/1411.4021).
The coefficient values from the mul-
tinomial logistic regression models
were applied to the country- and year-
specific national level predictor covari-
ates to estimate the proportional cause
distribution for each modelled country
from 2000-2013.
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Estimation

We used neonatal deaths and live births
estimates produced by UN-IGME for
each country from 2000-2013." The
overall neonatal deaths from UN-IGME
were divided into early and late neonatal
deaths. For countries with high-quality
vital registration, we took this split
directly from the vital registration data.
For the other countries, we assumed
that 74% of neonatal deaths occurred
during the early period and 26% in the
late period based on previous work.* We
performed a sensitivity analysis in which
we assumed the early proportion to be
either 65% or 85% (Appendix J, available
from: http://arxiv.org/abs/1411.4021).
To determine the number of deaths by
cause, by neonatal period, and by year
for each country, we applied the cause-
specific proportions to the period-
specific UN-IGME neonatal deaths for
each country and year. We then divided
the estimated deaths by the relevant
country-specific live births to obtain the
risk per 1000 live births. We estimated
cause-specific global and regional neo-
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natal death totals by summing the results
for the relevant countries.

Uncertainty estimation

For the modelled estimates, we gener-
ated uncertainty estimates by drawing
1000 bootstrap samples with replace-
ment from the input data and re-run-
ning the multi-cause models to produce
new proportional cause distributions.
We took the 2.5 and 97.5 percentile
values for each cause as the uncertainty
bounds. For the high-quality vital reg-
istration data, we developed uncertainty
estimates by assuming a Poisson distri-
bution for the number of deaths.

Results

The high-quality vital registration
input data set included 65 countries
with 1267404 neonatal deaths and
665 country-years per neonatal period
(Fig. 1). Of these deaths, 75.8% occurred
in the early period. Preterm birth and
congenital disorders’ causes were the
most common causes during both neo-
natal periods (Fig. 2).

The high-mortality model input
data set included 112 data points con-
sisting of 98222 deaths from 36 coun-
tries (Fig. 1). This includes the addition
of nearly 4100 neonatal deaths from 15
new studies, representing 10 countries
across five MDG regions (the countries
in each region can be found in Appen-
dix A), to the existing database. The
overall data set had 31 observations for
the early period, 18 for the late period,
and 63 for the overall neonatal period.
Seventy-eight observations had miss-
ing information on one or more cause,
with pneumonia and diarrhoea being
the causes most commonly unreported
(Appendix I). Preterm birth and intra-
partum complications were the most
common causes of death during the
early period, while infections (sepsis
and pneumonia) dominated during the
late period (Fig. 2).

Statistical modelling

Covariate selection is presented in
Appendix K (available from: http://
arxiv.org/abs/1411.4021) and model
regression coefficients are in Appen-

dix L (available from: http://arxiv.org/
abs/1411.4021).

Cause-specific deaths and risks

In 2013, the leading causes of neona-
tal death globally were preterm birth

22
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Fig. 2. Proportional cause distribution of neonatal deaths by neonatal period for the
input data in the low- and high-mortality models
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as 0-27 days.

(35.7%), intrapartum complications
(23.4%) and sepsis (15.6%), account-
ing for 2.1 million (uncertainty range:
1.4-2.8) of 2.8 million neonatal deaths
(Table 2). Sensitivity analyses with high
and low proportions of early deaths
showed little differences for modelled
countries (Appendix J).

In the early period, preterm birth
(40.8%) and intrapartum complications
(27.0%) accounted for the majority of
deaths while in the late neonatal period
nearly half of all deaths occurred from
infectious causes (47.6%; Table 2). The
proportion of deaths from congenital
disorders was relatively stable across the
periods. Higher neonatal mortality rates
and lower national income levels were
associated with a higher proportion

of deaths attributable to intrapartum
complications and infectious causes
(Appendix M, available from: http://
arxiv.org/abs/1411.4021). The variation
between the 10 MDG regions appears to
reflect the differences in neonatal mor-
tality rate between these regions. In low-
mortality settings, injuries accounted
for less than 1% of neonatal deaths, and
this fraction increased slightly from
the early to late period (Appendix M).
See Appendix N (available from: http://
arxiv.org/abs/1411.4021) for model-
specific results, Appendix O (available
from: http://arxiv.org/abs/1411.4021)
for country-specific results and Ap-
pendix P (available from: http://arxiv.
org/abs/1411.4021) for a comparison of
results for China.
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Table 2. Global cause-specific numbers of neonatal deaths, proportions and risks in 2013

Cause Early neonatal period Late neonatal period Total
No. of deaths® Proportion, No. of deaths® Proportion, No. of deaths® Proportion,  Risk®

(uncertainty range) % (uncertainty range) % (uncertainty range) %
Preterm birth  834.8 (608.1-1083.5) 40.8 152.1 (91.0-229.0) 212 986.9 (699.1-1312.5) 357 7.2
Intrapartum 552.7 (407.6-711.4) 27.0 92.1 (54.8-133.4) 129 644.8 (462.4-844.7) 234 4.7
complications
Congenital 217.0 (140.9-325.9) 10.6 72.8 (42.5-124.5) 10.2 289.8 (183.3-450.4) 10.5 2.1
disorders
Sepsis 163.7 (62.4-271.6) 8.0 266.7 (156.5-393.2) 37.2 430.4 (218.9-664.8) 15.6 3.1
Pneumonia 98.9 (48.8-200.3) 48 37.6 (21.5-58.7) 5.2 136.4 (70.3-259.0) 49 1.0
Diarrhoea® .7 (0-57.4) 0.3 0 (3.2-25.6) 14 6(3.2-83.0) 0.6 0.1
Tetanus® 1 (7.4-53.2) 1.0 1(8.1-67. 2) 3.8 48.2 (15.5-1204) 1.7 0.3
Otherd 149.9 (72.7-250.3) 73 579 (26.3-117.2) 8.1 207.8 (99.0-367.4) 7.5 1.5

¢ In thousands.
5 Per 1000 live births.

¢ Only estimated for the 80 high-mortality model countries.

9 Injuries are included in this category.

Note: Inconsistencies arise when percentages are added up due to rounding.

Globally, as the neonatal mortal-
ity rate has been decreasing over time,
so have cause-specific risks. The risk
of death from each cause is higher in
high-mortality settings, even for causes
that dominate proportionally in low-
mortality settings. The risks of death due
to preterm birth, intrapartum complica-
tions, and sepsis are 10, 36, and 34 times
greater, respectively, in settings with
more than 30 neonatal deaths per 1000
live births compared to settings with
less than 5 neonatal deaths per 1000 live

births. In every MDG region, preterm
birth is the leading cause of neonatal
death, with the highest risks in southern
Asia (11.9 per 1000 live births) and sub-
Saharan Africa (9.5 per 1000 live births;
Fig. 3). The absolute risks of death due
to preterm birth and intrapartum com-
plications have been decreasing more
in the early period than the late period
(Fig. 4). Between 2000 and 2013, the
largest absolute risk reduction in the
overall neonatal period was estimated
for intrapartum complications; drop-

ping from 7.2 deaths (4.8-9.5) to 4.7
deaths (3.4-6.1) per 1000 live births.
The largest relative decrease in risk was
predicted for neonatal tetanus, which
dropped by 73% (from 1.1 deaths
[0.3-2.8] to 0.3 deaths [0.1-0.9] per
1000 live births) between 2000 and 2013.
The smallest relative decrease in risk
was predicted for congenital disorders
(13% drop; from 2.4 deaths [1.4-4.1] to
2.1 deaths [1.3-3.3] per 1000 live births;
Appendix Q, available from: http://arxiv.
org/abs/1411.4021).

Fig. 3. Cause-specific risk of neonatal death by Millennium Development Goal region in 2013
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Note: The countries in each region are available from the United Nations*” and Appendix A (available from: http://arxiv.org/abs/1411.4021).
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Fig. 4. Global cause-specificrisks of neonatal death for the early and late neonatal periods, 2000-2013
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Discussion Within each neonatal period, dif-

We developed comparable estimates
of programmatically relevant causes
of death in the early and late neonatal
periods for 194 countries. The pro-
portional neonatal cause distribution
varied with several factors, including
the age of death, the national neonatal
mortality rate and over time. To reduce
neonatal deaths, these variations must
be understood and incorporated into
decisions regarding the selection of ap-
propriate interventions. With the launch
of the Every newborn: an action plan to
end preventable deaths, this is the time
to tailor interventions to the individual
circumstances of countries.

While the leading causes of neona-
tal death are the same for the early and
late neonatal periods, the distributions
of theses causes differ between the two
periods. In the early period, preterm
birth and intrapartum complications
account for two-thirds of deaths while
infections account for around 14% of
deaths. In the late period, around a third
of deaths are due to preterm birth or
intrapartum complications while almost
half are from infections.

24

ferences exist in the proportional cause
distribution by level of neonatal mor-
tality rate. Generally, neonatal mortal-
ity is closely linked to the level of care
available to neonates. Settings with very
low neonatal mortality tend to provide
neonatal intensive care units, while areas
with high neonatal mortality often can-
not deliver simple interventions such as
clean delivery Kkits, resuscitation equip-
ment and antibiotics. We estimated that
in low-mortality countries, congenital
disorders caused more neonatal deaths
than intrapartum complications or in-
fections, while the opposite was true in
high-mortality settings.

We used our model to predict
trends in causes of death. Our model
predicts that deaths due to intrapartum
complications had the largest absolute
risk reduction. The relative decrease in
tetanus may be due to increases in clean
deliveries, facility birth, cord care and
tetanus toxoid vaccination, as well as
contextual changes in maternal educa-
tion and social norms.”' Additionally, a
few countries in the low-mortality model
eliminated neonatal tetanus after 2000.
Since tetanus was not estimated in the

Late neonatal period (7-27 days)

2000 20012002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Year

low-mortality model, we may have un-
derestimated the relative decline in risk.

The predicted risk of death due
to preterm birth complications only
represented a 25% relative decrease,
despite the existence of cost-effective
interventions such as antenatal corti-
costeroids and kangaroo mother care.**
In addition to prematurity, there is also
evidence that babies that are small-
for-gestational age are at higher risk of
death.”

Our results are similar to previous
estimates,'* with the exception that we
estimate fewer pneumonia deaths than
before. This is likely due to improve-
ments to the estimation approach,
namely the inclusion of additional stud-
ies that split pneumonia from sepsis and
the inclusion of pneumonia directly in
the multinomial model (Appendix B).

Although the quantity and quality
of data have improved in recent years,
data gaps still exist. We now have nearly
100000 deaths and over 90 studies in
the high-mortality model compared to
less than 14000 deaths and less than 60
studies for our first estimates.”> How-
ever, while we used the high-mortality
model for 80 countries, the inputs only

Bull World Health Organ 2015,93:19-28| doi: http://dx.doi.org/10.2471/BLT.14.139790



Shefali Oza et al.

included data from 36 countries. Many
of these studies were relatively small and
few were nationally representative. We
included data from only 13 sub-Saharan
African countries, the region with the
highest risk of neonatal death. Exclud-
ing a large South African data set, the
studies from these countries contributed
only 4000 deaths to our database.

As with all modelling exercises,
our estimates should be viewed as an
interim measure to help policy-makers,
particularly in settings with little or
no available data. It is important to
distinguish estimates from data and
to recognize that not all estimates are
equally robust. We used UN-IGME esti-
mates of the neonatal mortality rate and
total number of neonatal deaths in each
country. The UN-IGME estimates of
all-cause mortality in each country are
derived from data for that country and
therefore can be said to track mortality
in each country. For most countries, our
cause-specific estimates are not based on
data from that country, but from a model
bringing together data from many
countries. The model then predicts the
cause-of-death distribution and changes
in this distribution in individual coun-
tries, based on country-specific covari-
ate values. Some countries contribute
little or no input data to the modelling
process. For example, only 24 deaths in
our input data came from Nigeria, one
of the most populous countries. For
the majority of countries, our estimates
should therefore not be interpreted as
tracking changes in causes of death, but
rather as predictions of what might be
occurring in countries. To track changes
of specific causes of death requires each
country to collect representative and
consistent data on causes of death on a
continuing basis.

Some countries, like South Africa,
have made rapid improvements to their
vital registration systems.”* We made
a set of proposals for improving the
reporting of births and neonatal deaths
that we reported in the Lancet.” As
collection of data improves, estimates
should be replaced by reliable local
cause-of-death data.

The validity of our estimates relies
on the quality of the input and predic-
tion data, and on our modelling tech-
niques. Quality is of concern for verbal
autopsy studies, in which the reported
cause distributions depend on the case

definitions and causal hierarchies used
to attribute deaths."” Accurate cause
attribution using verbal autopsy will
always be problematic for causes that are
difficult to distinguish - such as sepsis
and pneumonia - or difficult to identify
- such as internal congenital abnormali-
ties. The potential lack of comparability
between different verbal autopsy studies
can affect the ability of our model to
predict variation between settings. These
problems of accuracy and comparability
can be partially mitigated by following
standard methods when conducting
verbal autopsy studies.”” Additionally,
regression-based models depend on the
relationship between outcome variables
and covariates, which should ideally
come from the same population and
time period. While we sought to include
as much local covariate information as
possible for the input studies, 52% of the
total covariate information came from
national data instead of from state or
local data. Finally, when re-classifying
reported verbal autopsy causes of death
(Table 1), we had to make choices, for
example placing deaths reported as
being due to very low birth weight into
the preterm birth complication category.
This may introduce a degree of misclas-
sification as some very low birth weight
deaths may be attributable to congenital
abnormalities. We made choices that we
believed would introduce the least mis-
classification, but until verbal autopsy
methods improve, this will continue to
be a challenge. Similar issues exist in
International Statistical Classification of
Diseases and Related Health Problems
(ICD) coding, but are more common
in verbal autopsy studies because of the
limited and lower quality of information
collected.

Even high-quality vital registra-
tion data can have problems. ICD-10
codes are not ideal for neonatal causes
because several programmatically rel-
evant causes are relegated to the often-
unused fourth digit in the codes. Codes
for the upcoming ICD-11 revision are
currently being drafted, providing
the opportunity to develop more ap-
propriate, clinically relevant coding
for neonatal causes. Additionally, ICD
coding practices can vary between
and even within countries and over
time.”** Such variations reduce our
model’s ability to predict true varia-
tion in causes of death. Other issues in
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coding include differences in relegat-
ing certain causes to non-specific or
ill-defined cause categories and the as-
sumption inherent in our exclusion of
such codes that the deaths attributed to
them are a random sample of all deaths.
Finally, the availability and quality of
vital registration data in a country may
change over time, especially in coun-
tries with newly emerging surveillance
systems. Developing consistent time
trend estimates given such changes
remains a challenge.

We used multinomial models,
which ensure that the sum of cause-
specific deaths equals total deaths.
Single-cause models require post-hoc
adjustments to retain this property,
and there may be limited information
on which to base such adjustments. A
concern for both types of models is the
attribution of death to a single cause.
This does not allow for co-morbidities,
which are a frequent occurrence in
neonatal deaths, and is therefore a sim-
plification of the true situation. This in
turn may affect the potential impact of
interventions.

Given the considerable varia-
tions in health systems and contextual
factors within individual countries,
subnational neonatal cause-of-death
estimates are needed and should be a
target for future estimation exercises
and data collection. National-level es-
timates aim to ascertain the average
causal distribution for a country, which
can help guide national priorities, but
may mask subnational variation. Some
countries are beginning to collect in-
formation for subnational estimates.
For example, our national estimates
for India were produced by aggregat-
ing state-level estimates. We also wish
to further differentiate causes within
the current broad categories such as
congenital disorders. However, such
differentiation may only be possible for
vital registration-based models, since
verbal autopsy-based data generally
lack the needed information for such
differentiation. Finally, we believe that
the production of estimates should be
transparent. Therefore, the datasets and
Stata code we used for this analysis are
available on the WHO Global Health
Observatory website.'®

Reducing neonatal deaths will
be essential to achieve the unfinished
MDG-4 agenda after 2015.% The Every
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newborn: an action plan to end prevent-
able deaths, which calls for all countries
to reduce their neonatal mortality rates
to 10 or fewer deaths per 1000 live births
by 2035, provides a push for ending
preventable newborn deaths.” l
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Résumé

Estimations des causes de décés néonatales pour les périodes néonatales précoces et tardives dans 194 pays: 20002013

Objectif Estimer les distributions des causes de déces dans les périodes
néonatales précoces (age compris entre 0 et 6 jours) et tardives (age
compris entre 7 et 27 jours), dans 194 pays entre 2000 et 2013.

Méthodes Pour 65 pays dotés d'un état civil de qualité supérieure,
nous avons utilisé les distributions des causes de déces proportionnelles
néonatales précoces et tardives, qui sont observées dans chaque pays.
Pour les 129 pays restants, nous avons utilisé des modéles logistiques
multinomiaux pour estimer ces distributions. Pour les pays a faible
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mortalité infantile, nous avons utilisé les informations de I'‘état civil
comme données et, pour les pays a forte mortalité infantile, nous avons
utilisé les données de distribution des causes de déces néonatales, qui
ont été obtenues a partir détudes menées dans des sites similaires. Nous
avons appliqué les proportions spécifiques aux causes aux estimations
des déces néonatals du Groupe interinstitutions des Nations Unies pour
lestimation de la mortalité infantile par pays et par année pour estimer
les risques spécifiques aux causes et le nombre de déces.
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Résultats Au fil du temps, les déces néonatals ont diminué pour la
majorité des causes. Sur les 2,8 millions de déces néonatals en 2013,
0,99 million (plage d'incertitude: 0,70-1,31) ont été estimés comme
causés par des complications liées a une naissance prématurée,
0,64 million (plage d'incertitude: 0,46-0,84) par des complications au
cours del'accouchement et 0,43 million (plage d'incertitude: 0,22—-0,66)
par la septicémie ou d'autres infections graves. Les complications liées
a la naissance prématurée (40,8%) et les complications au cours de
I'accouchement (27%) représentaient la majorité des déces néonatals
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précoces, alors que les infections sont responsables de pres de la
moitié des déces néonatals tardifs. Les complications des naissances
prématurées constituaient la principale cause de décés dans toutes les
régions du monde.

Conclusion La distribution des causes de déces néonatales differe entre
les périodes précoces et tardives, et elle varie avec le niveau des taux de
mortalité néonatale. Pour réduire les déces néonatals, des interventions
efficaces permettant de traiter ces causes doivent étre intégrées dans
les décisions politiques.

Pesome

OueHKn NMPNYNH CMePTN HOBOPOXAEHHDIX B paHHEM U NO3AHEM HEOHATAJIbHbIX nepuogax ana 194 CTPaH 3a

2000-2013rr.

Llenb [MpoBecTn OUeHKY NPUYMH HEeOHaTalbHOW CMEPTHOCTY
B paHHeM (0-6 fHel nocne poxaeHvs) u nosgHem (7-27 aHeit)
HeoHaTasbHbIX neprogax ana 194 ctpan 3a 2000-2013 rogpi.
MeToppi [114 65 CTpaH C BbICOKMM KaueCTBOM PerncTpaummy aktos
rPaxaaHCKOro COCTOAHMA BbINM UCNONb30BaHbl Habnoaaemble
B 3TWX CTpaHax NpOMopLUMOHalbHble pacnpefeneHns npuymnH
CMEPTHOCTM B PaHHEM M NO34HEM HeoHaTanbHbIX nepurodax. [Ana
OCTanbHbIX 129 cTpaH 6bINX UCMOMBb30BaHbI MyNBTUHOMUANBHbIE
NOrVCTUYeCKMe MOAENM /1A OLIEHKI STVX pacnpefeneHuii. na ctpaH
C HV3KMMM NOKa3aTeNamy JeTCKOM CMePTHOCTI B KaueCTBE BXOAHbIX
[aHHbIX MCMOMNb30BANNCh 3aNMCI aKTOB PErMCTPaLMK MPpaXkaAaHCKOro
COCTOAHWA, @ AN1A CTPaH C BbICOKOW AETCKOM CMEPTHOCTbIO — faHHble
pacnpefeneHnii NPUYMH HeOHaTaNIbHOM CMEPTHOCTW, YKa3aHHbIe
B MCCNeAoBaHMAX, NPOBEAEHHbIX B aHANOMMYHbIX YCNOBUAX.
[1na oLeHKM PUCKOB B 3aBUCUMOCTM OT MPUYMHHOTO GakTopa W
uncna cMepTei ObINM NPYMEHEHbI MPONOPLMNA B 3aBUCUMOCTH OT
NPUYMHHOTO haKTopa MO KOHKPETHOM CTpaHe 1 rofly K olieHKam
HeoHaTaIbHOM CMEPTHOCTU, MOJTyYeHHbIM OT MeXBeOMCTBEHHOM
rpynnel OOH No oLeHKe AeTCKOM CMEPTHOCTH.

Pe3ynbratbl C TeUEHVIeM BPEMEHI YMCIO HEOHATA/IbHBIX CMepPTEN Mo

6ONBLIMHCTBY MPUUMH CHU3MNOCh. COrNacHoO oLeHKaM, 13 2,8 MAH.
cMmepTel HoBOPOXAeHHbIX B 2013 roay 990 000 cmepTelt (0bnacTb
HeonpefeneHHocTw: 0,70-1,31) ObI10 BbI3BAHO OCIOKHEHMAMY,
CBA3aHHbIMK C NpeXxaeBpemeHHbIM pofdamn, 640 000 cmepTen
(0bnactb HeonpepeneHHocTH: 0,46—0,84) NPOM30LWNO B CBA3M C
OCNTOXHEHMAMY BO Bpems pofos, a 430 000 cmepTelt (0bnacTb
HeonpeneneHHoCTI: 0,22-0,66) ObINO BbI3BAHO CEMNCHICOM U ARY MMM
TAXENbIMU VHOeKUMaMM. Ha npexaespemMenHble pofbl (40,8%) u
ocnoxHeHaA npu poaax (27,0%) Npuxoamnoch 60NbLUMHCTBO CllyYaeB
paHHeln HeoHaTaNbHOW CMePTHOCTM, B TO BPemA Kak Npu4YnHom
MoYTV NONOBUHBI CNyYaeB MNO3AHEN HEOHATANIbHOW CMEPTHOCTY
ABNANNCE NHeKUMN. OCNOKHEHNA NP NPexaeBPeMeHHbIX POAaX
OblN OCHOBHOWM MPUUMHON MNaeHYeCKo CMepTHOCTU BO BCeX
pervioHax Mm1pa.

BbiBoa PacnpepeneHve NpuYmMH HEOHaTaNbHOW CMEPTHOCTH
Pa3NNYHO N1 PaHHEro U NO3AHEro NeproAoB 1 3aBUCUT OT 00LLIEro
YPOBHS HEOHATaIbHOV CMEPTHOCTY. 1A CHUXEHWA HeOHaTaIbHON
CMEPTHOCTW rOCYAaPCTBEHHAA MOMUTMKA AOMKHa BKIIOUaTb B Ceb
3QGEKTVBHBIE MEPbI MO YCTPAHEHWIO STHX MPUUNH.

Resumen

Estimaciones de las causas de muerte neonatal en los periodos neonatales tempranos y tardios de 194 paises: 2000-2013

Objetivo Estimar la distribucion de las causas de muerte en los periodos
neonatales tempranos (0-6 dias de edad) y tardios (7-27 dias de edad)
de 194 paises entre 2000 y 2013.

Métodos Para 65 paises con registros civiles de alta calidad, se utilizaron
las distribuciones proporcionales de las causas neonatales tempranas y
tardfas observadas en cada pafs. Para los otros 129 paises, se utilizaron
modelos logisticos multinomiales a fin de calcular dichas distribuciones.
Para los pafses con una mortalidad infantil baja se emplearon los datos
de registros civiles como base, mientras que para los paises con una
mortalidad infantil alta se utilizaron los datos de distribucion de causas
de muerte neonatal de estudios realizados en contextos similares.
Aplicamos las proporciones por causas especificas a las estimaciones de
mortalidad neonatal del Grupo Interinstitucional de las Naciones Unidas
para la Estimacion de la Mortalidad Infantil, por pais y afio, para estimar
los riesgos por causas especificas y el nimero de muertes.
Resultados Alo largo del tiempo, las muertes neonatales disminuyeron
para la mayorfa de las causas. De los 2,8 millones de muertes
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neonatales en 2013, se estimé que 0,99 millones de muertes (rango
de incertidumbre: 0,70-1,31) se debian a complicaciones debidas a un
parto prematuro, 0,64 millones (rango de incertidumbre: 0,46-0,84) por
complicaciones durante el partoy 0,43 millones (rango de incertidumbre:
0,22-0,66) por sepsis y otras infecciones graves. Los partos prematuros
(40,8 %) y las complicaciones durante el parto (27,0 %) representaron
la mayor parte de las muertes neonatales precoces, mientras que las
infecciones causaron casi la mitad de las muertes neonatales tardfas.
Las complicaciones en los partos prematuros fueron la causa principal
de muerte en todas las regiones del mundo.

Conclusion La distribucion de las causas de muerte neonatal difiere
entre los periodos tempranos y tardios y varia con el nivel de la tasa de
mortalidad neonatal. Con objeto de reducir las muertes neonatales, es
necesario incorporar intervenciones eficaces que traten estas causas
en las decisiones politicas.
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