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Summary

Background—Established in 2000, Millennium Development Goal 4 (MDG4) catalysed
extraordinary political, financial, and social commitments to reduce under-5 mortality by two-
thirds between 1990 and 2015. At the country level, the pace of progress in improving child
survival has varied markedly, highlighting a crucial need to further examine potential drivers of
accelerated or slowed decreases in child mortality. The Global Burden of Disease 2015 Study
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(GBD 2015) provides an analytical framework to comprehensively assess these trends for under-5
mortality, age-specific and cause-specific mortality among children under 5 years, and stillbirths
by geography over time.

Methods—Drawing from analytical approaches developed and refined in previous iterations of
the GBD study, we generated updated estimates of child mortality by age group (neonatal, post-
neonatal, ages 1-4 years, and under 5) for 195 countries and territories and selected subnational
geographies, from 1980-2015. We also estimated numbers and rates of stillbirths for these
geographies and years. Gaussian process regression with data source adjustments for sampling and
non-sampling bias was applied to synthesise input data for under-5 mortality for each geography.
Age-specific mortality estimates were generated through a two-stage age—sex splitting process,
and stillbirth estimates were produced with a mixed-effects model, which accounted for variable
stillbirth definitions and data source-specific biases. For GBD 2015, we did a series of novel
analyses to systematically quantify the drivers of trends in child mortality across geographies.
First, we assessed observed and expected levels and annualised rates of decrease for under-5
mortality and stillbirths as they related to the Soci-demographic Index (SDI). Second, we
examined the ratio of recorded and expected levels of child mortality, on the basis of SDI, across
geographies, as well as differences in recorded and expected annualised rates of change for
under-5 mortality. Third, we analysed levels and cause compositions of under-5 mortality, across
time and geographies, as they related to rising SDI. Finally, we decomposed the changes in
under-5 mortality to changes in SDI at the global level, as well as changes in leading causes of
under-5 deaths for countries and territories. We documented each step of the GBD 2015 child
mortality estimation process, as well as data sources, in accordance with the Guidelines for
Accurate and Transparent Health Estimates Reporting (GATHER).

Findings—Globally, 5-8 million (95% uncertainty interval [UI] 5-7-6:0) children younger than 5
years died in 2015, representing a 52-0% (95% Ul 50-7-53-3) decrease in the number of under-5
deaths since 1990. Neonatal deaths and stillbirths fell at a slower pace since 1990, decreasing by
42.4% (41-3-43-6) to 2:6 million (2:6-2-7) neonatal deaths and 47-0% (35-1-57-0) to 2:1 million
(1-8-2-5) stillbirths in 2015. Between 1990 and 2015, global under-5 mortality decreased at an
annualised rate of decrease of 3-0% (2:6-3-3), falling short of the 4:4% annualised rate of decrease
required to achieve MDG4. During this time, 58 countries met or exceeded the pace of progress
required to meet MDG4. Between 2000, the year MDG4 was formally enacted, and 2015, 28
additional countries that did not achieve the 4-4% rate of decrease from 1990 met the MDG4 pace
of decrease. However, absolute levels of under-5 mortality remained high in many countries, with
11 countries still recording rates exceeding 100 per 1000 livebirths in 2015. Marked decreases in
under-5 deaths due to a number of communicable diseases, including lower respiratory infections,
diarrhoeal diseases, measles, and malaria, accounted for much of the progress in lowering overall
under-5 mortality in low-income countries. Compared with gains achieved for infectious diseases
and nutritional deficiencies, the persisting toll of neonatal conditions and congenital anomalies on
child survival became evident, especially in low-income and low-middle-income countries. We
found sizeable heterogeneities in comparing observed and expected rates of under-5 mortality, as
well as differences in observed and expected rates of change for under-5 mortality. At the global
level, we recorded a divergence in observed and expected levels of under-5 mortality starting in
2000, with the observed trend falling much faster than what was expected based on SDI through
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2015. Between 2000 and 2015, the world recorded 10-3 million fewer under-5 deaths than
expected on the basis of improving SDI alone.

Interpretation—Gains in child survival have been large, widespread, and in many places in the
world, faster than what was anticipated based on improving levels of development. Yet some
countries, particularly in sub-Saharan Africa, still had high rates of under-5 mortality in 2015.
Unless these countries are able to accelerate reductions in child deaths at an extraordinary pace,
their achievement of proposed SDG targets is unlikely. Improving the evidence base on drivers that
might hasten the pace of progress for child survival, ranging from cost-effective intervention
packages to innovative financing mechanisms, is vital to charting the pathways for ultimately
ending preventable child deaths by 2030.

Introduction

Substantial reductions in under-5 mortality have occurred worldwide during the past 35
years, with every region recording sizeable improvements in child survival.1-8 National
rates of decrease have varied substantially,1,5 which has been attributed to rising levels of
income per person;9,10 greater educational attainment, especially in women of reproductive
age;11,12 lower fertility rates; strengthened public health programmes; and overall
improvements in health technologies and systems.13 Many view the development and scale-
up of many life-saving interventions targeting various leading causes of under-5 deaths14 as
primary accelerants of child survival during this time, including insecticide-treated nets,
15,16 artemisinin-based combination therapies,17 the prevention of mother-to-child
transmission of HIV,18 and a number of vaccines, such as for measles and rotavirus and the
pneumococcal conjugate vaccine.19 Further, expanding the provision of more long-standing
interventions, such as oral rehydration therapy for diarrhoeal diseases or antibiotics for
pneumonia, and addressing environmental risks, such as water and sanitation, probably
contributed to reductions in under-5 mortality in many places.20,21 Amid such advances
were increased domestic funding and development assistance for health, particularly
resources dedicated to child health.22,23 The Millennium Declaration24 and the political
and technical focus catalysed by Millennium Development Goal 4 (MDG4), arguably incited
heightened policy attention and financial commitments to child health by national
governments and development partners alike.

Despite such progress, most low-income and middle-income countries (LMICs) did not
achieve the MDG4 target of reducing under-5 mortality by two-thirds between 1990 and
2015, which equates to a 4-4% annualised rate of decrease during this time.5 From 1990 to
2000, the global rate of decrease for under-5 mortality averaged 2:0% (1-7-2:4) per year, and
previous forecasts by the UN Inter-agency Group for Child Mortality Estimation (IGME)
suggested that 62 of 195 countries would achieve MDG4 by 2015.5 Further, at the global
level, IGME estimated that MDG4 would be missed by 14 percentage points (ie, a 53%
decrease in under-5 mortality between 1990 and 2015). The degree to which countries
diverged in their pace of progress has prompted extensive debate and reflection on the
various drivers of child health, including absolute and relative funding levels,25 overarching
governance,26 health-system efficiencies,27 and implementation of optimum intervention
packages and specific health programmes.13,28 Further, the relative effect of gains in
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sociodemographic status, advances in medical technologies, and reductions in cause-specific
mortality remains contested. Previous studies postulate the effects of cause-specific death
patterns on national trends in under-5 mortality,7,29 and others have sought to isolate the
effect of broader factors, including income per person and education.30 However, few
studies, if any, have systematically attributed changes in mortality due to leading causes of
child deaths, as well as gains in overall development, across geographies and over time.

Enhanced estimation methods, as well as increased quantity and quality of data, not only
show large disparities in under-5 mortality across and within countries,1,5,31,32 but also
emphasise distinct variations in survival by age group and cause among children younger
than 5 years.1,14,33,34 Previous studies report much slower decreases in mortality rates for
neonates, or children younger than 28 days, than those recorded for post-neonates and
children aged 1 to 4 years.1,33 These findings have prompted a heighted focus on newborn
health,35 especially around the types of interventions and health services that might
accelerate reductions in neonatal mortality.36-38 Systematic disaggregation of levels and
trends in neonatal mortality, particularly at subnational levels, can help focus local needs and
strategies for improving newborn health. Recent analyses also bring renewed attention to
late fetal and intrapartum deaths, known as stillbirths.39,40 Especially in low-income areas,
higher stillbirth rates have been associated with preventable maternal infections, including
malaria and syphilis,40 highlighting the importance of using a comprehensive analytic
approach that can account for or link various exposures and socioeconomic factors related to
stillbirths. In combination, these findings underscore the vital need to advance understanding
of fetal risks and causes of early death associated with pregnancy or delivery across and
within populations.

In 2015, the MDGs were replaced by the more all-encompassing, albeit less health-focused,
Sustainable Development Goals (SDGs).41 SDG3.2 is the main indicator for improving
child survival, with targets of reducing under-5 mortality to fewer than 25 deaths per 1000
livebirths, decreasing neonatal mortality to fewer than 12 deaths per 1000 livebirths, and
ending preventable deaths of newborns and children younger than 5 years, all by 2030. In
view of these ambitious global goals, and the highly heterogeneous trends recorded in
absolute and relative child mortality trends in the past, it is crucial to comprehensively assess
factors that affected mortality trends in the past and to identify which ones might further
improve child survival in the future.

The 2015 iteration of the Global Burden of Diseases, Injuries, and Risk Factors Study (GBD
2015) provides the analytical framework from which reductions in child mortality can be
thoroughly examined by age, geography, and cause over time. For GBD 2015, we analyse
rates of under-5 mortality disaggregated by age group, as well as stillbirths, for 195
countries and territories from 1980 to 2015; however, much of this paper focuses on results
between 1990 and 2015, aligning with the period of time covered by MDG4. Expanding on
subnational analyses done for GBD 2013, we provide estimates of levels and trends in
under-5 mortality at subnational levels for Brazil, China, India, Japan, Kenya, Mexico, Saudi
Arabia, South Africa, Sweden, the UK, and the USA. Through a series of decomposition
analyses and assessments of child mortality in relation to measures of sociodemographic
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status, we quantify differences in observed and expected gains in child survival given
changes in development alone.

The methods used to generate estimates of under-5 mortality and age-specific death rates
(early neonatal, late neonatal, post-neonatal, ages 1-4 years, infant, and under 5), contribute
to broader GBD 2015 analyses and results on all-cause mortality and cause of death.
Substantial detail on data inputs, processing, and estimation methods can be found in an
accompanying GBD 2015 publication.14 Here we provide a brief summary of our under-5
mortality estimation approach and accompanying analyses, including an assessment of
mortality trends by Soci-demographic Index (SDI), and attribute changes in under-5
mortality to leading causes of death. We also describe our estimation of stillbirths by
geography and over time.

Our analyses presented here and elsewhere for GBD 2015 follow the recently proposed
Guidelines for Accurate and Transparent Health Estimates Reporting (GATHER),42 which
include the documentation of data sources and inputs, processing and estimation steps, and
overarching methods used throughout the GBD study.

Geographical units of analysis

Data

For GBD 2015, we analysed 195 countries and territories in the 21 GBD regions. Since
GBD 2013, we added seven territories and expanded subnational analyses from three
countries (China, Mexico, and the UK)43-45 to include eight additional countries: Brazil,
India, Japan, Kenya, Saudi Arabia, South Africa, Sweden, and the USA. Here, we present
results at the global, regional, national, territory, and, for a subset of countries, subnational
levels from 1980-2015. Countries for which subnational estimates are shown include Brazil
(26 states and one district), China (33 provinces and municipalities), India (62 urban and
rural administrative units), Japan (47 prefectures), Kenya (47 counties), Mexico (32 states),
Saudi Arabia (13 regions), South Africa (nine provinces), Sweden (two regions), the UK
(four nations and nine subregions for England), and the USA (50 states and the District of
Columbia).

Data sources and types used for estimating child mortality are described extensively
elsewhere,14 but in sum, vital registration (VR) systems, censuses, and household surveys
with complete or summary birth histories served as primary inputs for our analyses. Other
sources, including sample registration systems and disease surveillance systems, also
contributed as input data. In total we applied formal demographic techniques to 8169 input
data sources of under-5 mortality from 1950-2015. Overall data availability and availability
by source data type varied by geography.

Stillbirth data were extracted from major survey series, including Demographic and Health

Surveys, the Centers for Disease Control & Prevention (CDC) Reproductive Health Surveys,
UNICEF Multiple Indicator Cluster Surveys, and the WHO Multi-Country Surveys. We also
used VR systems, birth registries, and literature sources. Following definitions for stillbirths
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used by previous studies,39,40 we classified fetal deaths at 28 weeks or later and
intrapartum deaths (ie, deaths that occurred after the onset of labour but prior to birth) as
stillbirths. We collated 7579 geography-year datapoints from 1980-2015 on stillbirths,
representing 350 countries, territories, and subnational locations in our analysis. The
appendix provides additional detail on stillbirth data sources and processing steps (appendix
pp 19-22).

All-cause under-5 mortality and age-specific mortality

The appendix presents the analytical steps involved in estimating all-cause under-5 mortality
and death rates by age group: early neonatal (0-6 days), late neonatal (7-28 days), post-
neonatal (29-364 days), and ages 1-4 years (appendix p 31). Details on data bias
adjustments for under-5 mortality, using spatiotemporal Gaussian Process regression to
generate a complete time series of under-5 mortality for all geographies and the age—sex
model to produce estimates of mortality for early neonatal, late neonatal, post-neonatal, and
ages 1-4 years have been extensively discussed previously46 and in the appendix.

For subnational analyses, we rescaled estimates from lower administrative units to the
national level because data densities were generally much higher at the national level than at
the subnational. South Africa was the exception to this approach, where national-level
estimates were generated by aggregating subnational estimates up to the national level.

To estimate mortality by age group and sex within the under-5 categorisation, we used a
two-stage modelling process that has been described in detail elsewhere.3,14 For this
analysis, we report on early neonatal and late neonatal mortality results in aggregate as
neonatal mortality; the appendix provides estimates of early and late neonatal mortality
(appendix pp 35, 36).

Stillbirth analysis

In GBD 2015, for the first time, we generated estimates of stillbirths and stillbirth rates by
location from 1980-2015. Drawing from data compiled by Blencowe and colleagues,39 we
expanded to include additional data from published literature, VR, and surveys. We
estimated stillbirth trends by modifying the data synthesis model used for under-5 mortality.
We applied a mixed-effects generalised linear model to quantify the ratio of stillbirth rates to
neonatal mortality in natural logarithmic space. Our model covariates included educational
attainment among women of reproductive age, skilled birth attendance, a random effect on
neonatal mortality classified into 20 bins, random intercepts for each location, and data
source-specific random effects nested within each location. Neonatal mortality was chosen
for its strong coefficient of correlation with stillbirth rates (0-8). Source-specific fixed effects
were included to adjust for biases inherent to a subset of data sources; the appendix provides
the complete list of data source types (appendix p 21). Finally, we included a variable that
accounted for different stillbirth definitions, encompassing the seven definitions found
within our database. These definitions included fetal death after 28 weeks of gestation, 26
weeks of gestation, 24 weeks of gestation, 22 weeks of gestation, 20 weeks of gestation,
weighing at least 1000 g, and weighing at least 500 g. There were also 1744 location-years
where no definition was provided, which we included as an eighth undefined definition
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category. Stillbirth rates from surveys and complete vital registration systems where the
definition of stillbirth was fetal death after 28 weeks of gestation were used as reference
sources in the data bias adjustment process. Other non-reference sources were adjusted
based on data source fixed effects for surveys or complete VR and data source-specific
random effects. The appendix provides additional details on the modelling process
(appendix pp 20-22).

Under-5 populations and total deaths

Accurate estimates of total under-5 deaths hinge upon accurate estimates of under-5
populations, disaggregated by each age group, sex, geography, and year. For each age—sex-
specific group, we modelled population as a function of livebirths for every year and
corresponding death rates during each interval under analysis. The appendix provides
population estimates (appendix pp 93-104).

Under-5 causes of death

The methods developed and used in GBD 2015, including the systematic approach to
collating causes of death from different countries, mapping across different revisions and
national variants of the International Classification of Diseases and Injuries (ICD);
redistribution of deaths assigned to so-called garbage codes; and the overall and disease-
specific cause of death modelling approaches are described in other publications14,47-50
and in the appendix (appendix pp 24,25).

For GBD 2015, we assessed 249 causes of death across age groups. Because of cause-
specific age restrictions (eg, no child deaths due to Alzheimer’s disease and other
dementias), not all causes of death were applicable for children younger than 5 years. The
appendix provides the full GBD 2015 cause list (appendix pp 150-56), and additional
information is published elsewhere.14,51

Socio-demographic Index

Expanding upon analyses from GBD 2013,52 we studied patterns in child mortality as they
related to measures of socioeconomic status and development. Drawing on methods used to
construct the Human Development Index (HDI),53 we created a composite indicator, the
Socio-demographic Index (SDI), based on equally weighted estimates of lagged distributed
income (LDI) per person, average years of education among individuals older than 15 years,
and total fertility rate. SDI was constructed as the geometric mean of these three values. SDI
values were scaled to a range of 0-1, with 0 equalling measures of the lowest educational
attainment, lowest income, and highest fertility between 1980 and 2015, and 1 equalling
measures of the highest educational attainment, highest income, and lowest fertility during
this time. SDI was computed for every geography-year under analysis, providing a
population-level indicator of overall development at a given time. We tested whether
alternative lags of the components of SDI would provide a better predictor of outcomes such
as life expectancy and age-specific probabilities of death. We found that using LDI,
educational attainment, and the total fertility rate in the current year is the most predictive of
these mortality outcomes. The appendix provides additional detail on SDI computation
(appendix pp 23, 24) and additional information can be found elsewhere.14
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Decomposing change in under-5 mortality rate by causes of death

Based on the age-specific, sex-specific, and cause-specific mortality results from GBD
2015,14 we attributed changes in under-5 mortality rate between 1990 and 2015 to changes
in leading causes of death in children younger than 5 years during the same period. To do
this, we applied the decomposition method developed by Beltran-Sanchez and colleagues,54
which has also been used for other GBD analyses.14,43-45

Uncertainty analysis

We propagated known measures of uncertainty through key steps of the mortality estimation
processes, including uncertainty associated with varying sample sizes of data, source-
specific adjustments to data used for all-cause mortality, model specifications for
spatiotemporal Gaussian Process regression (ST-GPR) and cause-specific model
specifications, and estimation procedures. Uncertainty estimates were derived from 1000
draws for under-5 mortality, age-specific mortality, and cause-specific mortality by sex, year,
and geography from the posterior distribution of each step of the estimation process. These
draws allowed us to quantify, and then propagate, uncertainty for all mortality metrics.
Percent changes and annualised rates of change were calculated between mean estimates,
while the uncertainty intervals associated with the percent changes were derived from the
1000 draws.

Role of the funding source

Results

The funder had no role in study design, data collection, data analysis, data interpretation, or
manuscript writing and submission for publication. The corresponding author had full access
to all data in the study and final responsibility to submit the paper.

Trends in child mortality and by age group

Between 1990 and 2015, global under-5 deaths decreased by 52-0% (95% Ul 50-7-53-3),
from 121 million (12:0-12-2) in 1990 to 5-8 million (5:7—6-0) in 2015 (table 1). Reductions
in total deaths were similar for the post-neonatal and childhood (age 1-4 years) age groups,
each decreasing at least 50% between 1990 and 2015; deaths in children aged 1-4 years fell
most rapidly during this time (by 59-8%, 95% Ul 57-8-61.6). Neonatal deaths fell at a
slower pace, decreasing 42:4% (41-3-43-6) from 4.6 million (4-5-4-6) in 1990 to 2-6 million
(2:6-2:7) in 2015. In 1990, 37:6% (4-6 million, 4-5-4-6) of total under-5 deaths occurred
during the first 28 days of life, 31.2% (3-8 million, 3:7-3.9) were post-neonatal, and 31-2%
(3-8 million, 3:6-3-9) took place in children aged 1-4 years. By 2015, the composition of
under-5 deaths shifted to 45-0% (2:6 million, 2-6-2-7) for neonatal, 28-:8% (1-6 million, 1-6—
1.7) for post-neonatal, and 26-1% (1.5 million, 1.4-1-6) for children aged 1-4 years.

Worldwide, under-5 mortality rates fell 52:4% (95% Ul 47-7-56-4) between 1990 and 2015,
from 87-1 deaths per 1000 livebirths (84-5-90-1) in 1990 to 41-4 deaths per 1000 livebirths
(37-9-45:5) in 2015. Global under-5 mortality decreased at a faster pace from 2000-15 (an
annualised rate of decrease of 3:6%, 3-:0—-4-2) than from 1990-2000 (an annualised rate of
decrease of 2:0%, 1.7-2-4). Similar to trends in total deaths by age group, mortality rates in
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post-neonates and children aged 1-4 years decreased faster than those recorded for neonates.
In 2015, neonatal mortality (18:-6 deaths per 1000 livebirths, 17-3-20-1) exceeded mortality
rates estimated for all other age groups (post-neonatal and childhood).

In 2015, age-specific mortality rates and total under-5 deaths varied by region and country
(table 2). Neonatal mortality rates generally exceeded levels recorded for other child age
groups in many regions; for instance, in south Asia, neonatal mortality rates (29-8 per 1000
livebirths [95% Ul 27-2-32-7]) exceeded mortality rates for other child age groups (eg, post-
neonatal, at 121 per 1000 livebirths [10-3-14-1]) by double in 2015. For other regions,
particularly western and central sub-Saharan Africa, mortality rates were higher in children
aged 1-4 years. Across countries, children in this age group had the largest difference in
mortality rates, ranging from 0.3 deaths per 1000 livebirths (95% Ul 0-2-0-4) in Andorra to
61-1 per 1000 livebirths (49-6—74-2) in Niger. At the regional level, 30-1% (1-7 million [95%
Ul 1.7-1-8 million]) of under-5 deaths occurred in South Asia, 25-3% (1:5 million [1-4-1-6
million]) in western sub-Saharan Africa, and 15-6% (909 000 [871 000-948 000]) in eastern
sub-Saharan Africa. India recorded the largest number of under-5 deaths in 2015, at 1-3
million (1-2-1-3 million), followed by Nigeria (726 600 [647 200-814 600]) and Pakistan
(341 700 [311 300-376 000]). Mali had the highest neonatal mortality rate in 2015 with 40.6
per 1000 livebirths (34-6-47-1); Central African Republic and Pakistan, with neonatal
mortality rates of 40-2 per 1000 livebirths (32:2-49-9) and 37-9 per 1000 livebirths (34-8—
41.-3), respectively, recorded the second-highest and third-highest toll for neonatal mortality
in 2015.

Figure 1 shows the heterogeneity for under-5 mortality rates across geographies. In 2015,
under-5 mortality spanned from 1-9 per 1000 livebirths (1-6-2:4) in Andorra to 130-5 per
1000 livebirths (115-9-148-8) in Chad. Among a subset of countries with subnational
estimates, disparities in under-5 mortality were strikingly clear. At the national level,
Kenya’s under-5 mortality rate was 50-8 per 1000 livebirths (45-4-57-6) in 2015, but county-
level rates ranged from 20-8 per 1000 livebirths (17-7-24-1) to 119-8 per 1000 livebirths
(76:7-174-6). In Brazil, the national under-5 mortality rate was 16-9 deaths per 1000
livebirths (13-4-21-4) in 2015, with state-level rates spanning from 12-0 per 1000 livebirths
(8:7-16-3) to 27-3 per 1000 livebirths (21-:3—-34-0).

MDG4 achievement and pace of progress

Absolute reductions in under-5 mortality at the global level equated to a 3-0% (2:6-3-3)
annualised rate of decrease between 1990 and 2015, falling well below the MDG4 target of
4.4% per year. Of the 195 countries and territories under analysis, 58 met or surpassed the
MDG4 target of 4-4% annualised decrease between 1990 and 2015. Most of these countries
were in north Africa and the Middle East, central Europe, southeast Asia, and western
Europe, whereas only two were in sub-Saharan Africa. 32 of the countries and territories
that achieved MDG4 were classified as lower-middle income or upper-middle-income
countries by the World Bank, and only four of those that met MDG4 (Cambodia, Ethiopia,
Liberia, and Nepal) were categorised as low-income countries.

Figure 2 shows annualised rates of decrease in under-5 mortality from 2000 to 2015, starting
at the time the MDGs were declared. Geographies in blue met or exceeded an annualised
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rate of decrease of 4-4%, the pace required to achieve MDG4 starting in 1990. The figure
emphasises the acceleration of progress in reducing under-5 deaths in many sub-Saharan
African countries. 16 countries in sub-Saharan Africa achieved MDG4 pace reductions
betwveen 2000 and 2015, compared with the two that achieved that rate of reduction
between 1990 and 2015. Many countries in central Asia and eastern Europe, including
Russia (5:4% [5-2-5:6]) and Azerbaijan (5:-2% [3-4-7-0]), also reached or surpassed the
MDG4 target for annualised rates of decrease from 2000-15; however, based on the MDG4
timeline of 1990-2015, these countries failed to achieve the target of 4-4% per year.

Global changes in under-5 deaths

While nearly all causes of under-5 deaths decreased by 2015, their relative rankings shifted
over time (figure 3). From 1990-2005, only two of the leading causes of under-5 death had
significant increases in lives claimed and relative ranks: malaria (an 18-:2% [1-3-45-7] rise,
from sixth to fourth) and HIVV/AIDS (a 419-5% [374-8-461-5] rise, from 32nd to 12th). By
contrast, global under-5 deaths due to various communicable diseases fell substantially,
including diarrhoeal diseases (45-3% [40:0-50-0]), lower respiratory infections (47-5%
[44-1-50-71), measles (65-5% [51-2—75-9), and tetanus (76-3% [72:4-79:0]). Under-5 deaths
due to a number of injuries also decreased, including road injuries (43:6% [31-6-51-8]) and
drowning (57-0% [49-9-63-1]). Although total under-5 deaths due to congenital anomalies
and haemoglobinopathies, such as sickle cell anaemia, decreased from 1990-2005, their
relative rankings increased during this time. Between 2005 and 2015, the rise of malaria and
HIV/AIDS reversed, with under-5 deaths due to these causes falling by 42-8% (29:-4-54-6)
and 51.9% (49-6 —54-2), respectively. These decreases continued for lower respiratory
infections, diarrhoeal diseases, and tetanus, although the percent decrease over the most
recent decade was not as high as in the previous 15 years; a similar trend was found for
under-5 injury deaths, particularly for road injuries. Under-5 deaths due to measles, however,
fell faster after 2005, dropping another 75-1% (59-6-84-5) by 2015. War rose to the 25th-
leading cause of global under-5 deaths in 2015, largely driven by escalating mortality
associated with ongoing conflicts in the Middle East. Notably, preterm birth complications
and neonatal encephalopathy became the leading two causes of global under-5 deaths in
2015, despite experiencing moderate but statistically significant decreases in under-5 deaths
from each cause. These shifts represent the relatively slower progress for reducing mortality
due to neonatal conditions as compared with various communicable diseases. For under-5
deaths due to congenital anomalies and haemoglobinopathies, minimal changes between
2005 and 2015 led to increased relative ranks as well.

Decomposing changes in under-5 mortality by causes of death

Figure 4 charts changes in under-5 mortality from 1990-2015, as attributable to changes in
leading causes of under-5 deaths, for each country and territory. The vertical purple line
indicates under-5 mortality in 1990 and the vertical orange line reflects under-5 mortality in
2015. The relative composition of each geography’s horizontal bar illustrates how the
change in cause-specific mortality contributed to overall changes in under-5 mortality
between 1990 and 2015. Causes to the left of the 1990 line represent decreases in cause-
specific mortality from 1990 to 2015.
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Cause-specific drivers of reduced rates of under-5 mortality substantially varied by country,
although some regional trends emerged. For many high-income countries that already had
under-5 mortality rates lower than 20 per 1000 livebirths in 1990, decreasing mortality due
to neonatal disorders and congenital anomalies led to even lower under-5 mortality by 2015.
In places known for their marked gains in overall development since 1990 (eg, China, Iran,
Bhutan, and the Maldives), large reductions in death rates due to several causes—preterm
birth complications, congenital anomalies, lower respiratory infections, and injuries—Iled to
these countries’ equally sizeable decreases in under-5 mortality. For Latin America and
several countries in southeast Asia, progress in under-5 mortality was associated mainly with
decreasing death rates from lower respiratory infections, diarrhoeal diseases, measles, and
preterm birth complications. Decreasing malaria mortality rates served as the main force
behind overall decreases in under-5 mortality for several countries in sub-Saharan Africa. In
Uganda, Mozambique, Malawi, and Burundi, reductions in under-5 malaria deaths
accounted for at least 35% of their total decreases in under-5 mortality. Several countries in
sub-Saharan Africa, including Niger, Mali, Benin, and Liberia, could also attribute their
improvements in child survival to reduced mortality from nutrition deficiencies; however,
such progress was generally far exceeded by the gains made against infectious diseases.
Unlike higher-income countries, mortality rates due to neonatal disorders decreased at a
much slower pace in sub-Saharan Africa, and thus minimally contributed to overall
reductions in under-5 mortality.

Across countries and territories under analysis, only three geographies (Dominica, Fiji, and
Guam) had overall increases in under-5 mortality between 1990 and 2015; nonetheless, in
some other countries, high rates of mortality due to HIV/AIDS or war lessened the potential
for even greater gains for child survival since 1990. For example, in Lesotho, decreases in
under-5 mortality due to diarrhoeal diseases and lower respiratory infections were almost
completely counteracted by the country’s toll of HIV/AIDS. The effects of war on child
survival were evident for Syria and Yemen, where rising war-related deaths offset large
decreases in under-5 mortality due to diarrhoeal diseases and lower respiratory infections.

SDI and under-5 mortality at regional and global levels

In view of the strong association between SDI and under-5 mortality, we examined regional
trends for under-5 mortality and SDI to identify where progress was faster or slower than
would be expected based on changes in SDI alone over time. In figure 5, each point
represents a successive year from 1990 to 2015, reflecting trends in observed and expected
under-5 mortality for each GBD region. The black line denotes expected levels of under-5
mortality based on rising SDI alone, which means that estimates above the black line are
higher than expected given measures of SDI, and those below are lower than expected based
on SDI alone.

For higher-income regions, observed under-5 mortality generally followed expected trends
over time and with increasing SDI. Western Europe and high-income Asia Pacific
consistently recorded under-5 mortality rates that were somewhat lower than expected, based
on SDI, whereas high-income North America posted slightly higher under-5 mortality rates
than expected over time and given SDI. After experiencing under-5 mortality equalling or
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above expected rates given SDI in the 1990s, several regions, including Andean, Central,
and tropical Latin America, as well as north Africa and the Middle East, had under-5
mortality rates falling below expected levels based on SDI by 2015; such progress was
especially pronounced for Andean Latin America. Observed under-5 mortality consistently
exceeded expected levels, based on rising SDI, in the Caribbean and central Asia, whereas
under-5 mortality rates fell increasingly below expected levels for Oceania. Under-5
mortality trends and their relation to increasing SDI diverged across regions in sub-Saharan
Africa. Although observed levels of under-5 mortality exceeded expected rates in central and
eastern sub-Saharan Africa in the 1990s, both regions saw marked reductions in observed
under-5 mortality over time and experienced under-5 mortality rates far below expected
levels by 2015; however, on average, these regions were still among those with the lowest
levels of SDI in 2015. Notably, under-5 mortality in central sub-Saharan Africa largely
decreased during a period of time when SDI decreased in the region. For western and
southern sub-Saharan Africa, observed under-5 mortality remained higher than expected
levels from 1990-2015, although increasing SDI in western sub-Saharan Africa
corresponded with observed under-5 mortality rates moving closer to expected levels. In
southern sub-Saharan Africa, under-5 mortality rose between 1995 and 2005, despite
increasing SDI, fuelled by the escalating HIVV/AIDS epidemic. Observed rates of under-5
mortality substantially decreased from 2006 to 2015, yet southern sub-Saharan Africa’s
levels of under-5 mortality still exceeded expected rates given its SDI during that time
period.

With increasing SDI, expected levels and composition of under-5 mortality shifted in a
noticeable pattern; figure 6 depicts these trends as assessed across geographies and over
time, representing the average relationship between expected causes of under-5 mortality
along measures of SDI. At the lowest levels of SDI, communicable causes, especially lower
respiratory infections and diarrhoeal diseases, accounted for most under-5 deaths.
Nutritional deficiencies and neonatal disorders, which kill thousands of children under 5
worldwide, comprised a smaller proportion of overall deaths at the lowest levels of SDI.
Even a moderate rise in SDI led to large absolute reductions in under-5 death rates and
marked changes in cause composition. Under-5 deaths due to malaria and measles
plummeted with gradual increases in SDI, highlighting the substantial effects of
development for a subset of diseases. At the same time, mortality due to neonatal disorders
accounted for an increasing proportion of under-5 deaths; reductions in mortality from lower
respiratory infections are slower as well. By an SDI of 0.75, infectious diseases led to very
few under-5 deaths. At this level of SDI, neonatal disorders and congenital anomalies
accounted for the majority of under-5 deaths, though overall deaths were quite low.

SDI and child mortality at country, territory, and subnational levels

Distinctive, but highly heterogeneous, patterns emerged across and within regions when we
compared observed under-5 mortality rates and annualised rates of change to expected levels
and pace of change for under-5 mortality given SDI in 2015. Figure 7 shows the ratios of
observed and expected under-5 mortality by geography in 2015, colour coded by the
magnitude of differences between observed and expected under-5 mortality.
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Geographies where the ratio of observed and expected under-5 mortality fell well below 1-00
were mainly in Central America, many states in Brazil, east and southeast Asia, and western
Europe. A subset of countries in north Africa and the Middle East (eg, 0-44 in Palestine and
0-43 in Morocco), and eastern sub-Saharan Africa (eg, 0-57 for Ethiopia and 0-65 for
Mozambique) also had lower levels of observed under-5 mortality than expected given SDI.
Turkmenistan, Guam, and Azerbaijan had the highest ratios for observed and expected
under-5 mortality, each exceeding a ratio of 3-00. There was also a high level of
heterogeneity at the subnational level. In Kenya, 14 of 47 counties had levels of under-5
mortality in 2015 that were well below what was expected given their SDI while seven
counties experienced levels that were somewhat higher than expected. In China, 30 of 33
provinces and municipalities recorded ratios equal to or below 1-00, highlighting
countrywide gains in under-5 mortality, whereas all subnational geographies in the USA and
South Africa had higher levels of observed under-5 mortality than expected rates based on
SDI.

We also noted geographic differences between observed and expected annualised rates of
change for under-5 mortality between 2000 and 2015. Of the 195 countries and territories
assessed, 125 had annualised rates of decline that were faster than expected based on change
in SDI alone. Compared with expected rates of change, observed rates of annualised decline
were generally faster in sub-Saharan Africa and throughout the Asia Pacific. Exceptions
included Chad and Lesotho in sub-Saharan Africa, and Malaysia in southeast Asia. The
appendix further illustrates these differences (appendix p 39).

Expected changes in under-5 mortality due to SDI

Stillbirths

Figure 8 shows the global trend in the observed number of under-5 deaths and the number of
under-5 deaths expected based on the average relationship with SDI. From 1990-2000, the
global trend in observed under-5 deaths generally followed the expected trend based on SDI.
In 2000, observed under-5 deaths fell below expected levels, at about 9-3 million (95% Ul
9-2-9:4) under-5 deaths. From 200015, the gap between observed and expected under-5
deaths widened. In 2015, based on SDI, global under-5 deaths were expected to decrease to
6-8 million; however, we recorded 5-8 million (5-7—6-0 million) under-5 deaths in 2015.
Cumulatively, between 2000 and 2015, 10-3 million fewer under-5 deaths occurred
worldwide than was expected on the basis of improving SDI alone.

Worldwide, 2-1 million (1-8-2:5) stillbirths occurred in 2015, representing a 47-0% (35-1-
57-0) decrease from 4.0 million (3:1-5-2) in 1990. In view of the fact that livebirths
worldwide have increased slightly from 138-6 million to 140-6 million during the same time,
the decrease in number of stillbirths is all the more encouraging. Stillbirth rates decreased
47-0% (35-6-56-8) during this time, declining from 28-1 per 1000 (21-8-36-4) in 1990 to
14-9 per 1000 (12-8-17-6) in 2015. Figure 9 displays stillbirth rates across geographies in
2015, which ranged from 1.2 per 1000 (1-:0-1.5) in Iceland to 56-3 per 1000 (32-:3-98-2) in
South Sudan. Western and central sub-Saharan Africa recorded among the highest stillbirth
rates, with eight countries experiencing rates exceeding 25 per 1000 in 2015. South and
southeast Asia saw stillbirth rates span from 34 per 1000 (2:6—4-5) in Thailand to 27-6 per
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1000 (23:1-32-8) in Pakistan. In Europe, nine countries documented stillbirth rates lower
than two per 1000, whereas no country or territory in the Americas had stillbirth rates lower
than 2.5 per 1000. Large decreases in stillbirth rates have been found in many countries from
1990-2015. Notably, in 156 of 195 countries included in GBD 2015, stillbirth rates
decreased more quickly since 2000 than between 1990 and 2000.

Discussion

Since its establishment in 2000, MDG4 has been viewed as a major catalyst for heightened
political, social, and financial commitments to improve child survival, and specifically, to
reduce under-5 mortality by two-thirds by 2015. Yet the duration of assessment for MDG4
spanned 1990-2015,24 a decision that ultimately affected which countries could be
considered on pace—equalling or exceeding an annualised rate of decline of 4-4%—to
achieve this target. As part of the GBD 2015 study, we identified 58 countries that met or
surpassed this threshold between 1990 and 2015, and 36 were deemed to be low-income,
lower-middle-income, or upper-middle-income countries. By contrast, from 2000-15, 73
countries reached or exceeded this pace of decline, and many more were in sub-Saharan
Africa. However, amid these gains, 23 countries still reported under-5 mortality rates
exceeding 75 deaths per 1000 livebirths in 2015, three times higher than the recently
proposed SDG target for 2030.41 Further, while absolute differences between countries with
the lowest and highest rates of child survival have narrowed since 1990, by 2015, under-5
mortality still ranged from fewer than two deaths per 1000 livebirths in Andorra to more
than 130 deaths per 1000 livebirths in Chad. These findings emphasise the pressing need to
better assess how various factors may accelerate or hinder progress for reducing under-5
mortality.

As a novel extension of GBD 2015 analyses, we assessed global trends in under-5 deaths, in
terms of what we recorded and what we could have expected solely on the basis of SDI.
From 1990-2000, global trends in under-5 deaths were consistent with improving levels of
SDI. The high correlation recorded for SDI and under-5 deaths, which was found across
geographies during this time, was probably mediated through several pathways, including
improved access to and demand for public health services and medical care, and reduced
risks for various childhood diseases, including malnutrition, poor water and unsafe
sanitation, and pollution.55 However, from 2000 onwards, we observed greater gains in
reducing under-5 deaths than what would be expected in view of increases in SDI alone.
This accelerated pace of progress led to 10-3 million fewer under-5 deaths since 2000, a time
that marked a new era focused on improving child health.

Such hastened, faster-than-anticipated gains in survival and longevity have been studied
previously, including Preston’s attribution of shifts in the association between life
expectancy and income per person to technical innovations10 and several studies that
identify medical technologies or health-sector research and development activities as the
main, if not singular, drivers of reduced mortality.13,30,56 Alternatively, such gains also
have been accredited to increased investments in child health programmes,22 as well as
packages of cost-effective interventions targeting disorders that disproportionately affect
children.10,13 Recent analyses show that accelerated reductions in under-5 mortality can be
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traced to the scale-up of multiple health interventions since 2000, including insecticide-
treated nets, prevention of mother-to-child transmission of HIV, and the introduction of new
vaccines, alongside improved indicators of socio-economic development.57 The timing of
such gains in child survival from 2000-15, which far exceeded the expected pace of progress
based on improved SDI, cannot be ignored, as this progress directly coincided with an
escalated policy focus on— and development assistance allocated to—child health.

Many factors probably underpin these findings, and they should be thoroughly examined in
future studies; based on our current analyses and data, we cannot reliably parse out and
attribute decreases in under-5 mortality to specific interventions, health policies, or the
intersection of heightened development and health system performance by geography. Here
we delve further into GBD 2015 findings for child mortality, specifically as they relate to the
MDG4 era, changes in SDI, and changes in cause-specific mortality in children younger
than 5 years.

MDG4 and the future of improving child survival

To chart potential pathways for achieving continued reductions in under-5 mortality, as well
as the proposed SDG goals for child survival, it is of immense value to examine where and
why particular countries have decreased under-5 mortality, and at faster rates, than gains in
SDI alone would predict. Costa Rica and Cuba, which are heralded as model countries for
elevating both income and health outcomes since the 1990s,13 achieved lower levels of
under-5 mortality than expected on the basis of SDI alone by 2015; however, their pace of
progress in reducing under-5 mortality from 2000 to 2015 was slower than expected based
on increases in SDI. Chile and China, the other two countries that comprise the lauded 4Cs,
13 also recorded lower-than-expected levels of under-5 mortality in 2015, particularly
China; in terms of their annualised rates of change for under-5 mortality since 2000, nearly
every province and municipality in China saw the pace of declining under-5 mortality
exceed expected rates, whereas Chile’s rate of decline was somewhat slower than expected
on the basis of SDI. In combination, these examples stress the importance of assessing both
absolute levels and relative pace of progress when identifying country outliers in
performance.

For GBD 2015, four low-income countries—Cambodia, Ethiopia, Liberia, and Nepal—met
or exceeded the MDG4 annualised pace of decrease for both time periods (1990-2015 and
2000-2015), representing several success stories for improving child health. As shown by
our decomposition analyses, substantial reductions in under-5 deaths due to lower
respiratory infections and diarrhoeal diseases contributed decreases in overall under-5
mortality across these four countries. Further, in Ethiopia, decreasing under-5 deaths due to
measles and nutritional deficiencies also were major factors in improving child survival,
which might be related to the country’s implementation of accelerated measles control
strategies during the 2000s58 and continued efforts to address historical challenges with
malnutrition.59 The group of low-income countries that met or exceeded the MDG4 pace of
decrease since 2000 markedly grew, also including Malawi, Niger, Rwanda, Tanzania, and
Zambia, which provides concrete evidence that rapid decreases in under-5 mortality are
achievable, even in lower-resource settings. Within countries known for subnational
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inequalities, including Brazil and Kenya, observed rates of decrease in under-5 mortality in
some regions (eg, northeast Brazil; western and southern areas of Kenya) highlight the
potential for progress amid long-standing disparities. It is an unlikely coincidence that many
of these geographies also recorded lower under-5 levels in 2015 and faster rates of decrease
since 2000 than expected based on SDI. MDG4 country case studies highlight the
importance of multi-sectoral approaches to improving child health,60-62 such as
implementing policies to achieve universal access to primary care for women and children,
increasing overall government spending on maternal and child health, and enacting
programmes that promote educational attainment and empowerment among women.
Expanded cases studies examining the drivers of faster-than-expected reductions in under-5
mortality, particularly among countries of similar SDI, could provide powerful examples of
policy and financing options to sustain, and accelerate, gains in child survival in the post-
MDG era.

In moving from MDG4 to SDG3.2, targets for child survival also shift from a focus on
relative progress to achieving absolute targets. By 2015, we found that 120 countries already
recorded under-5 mortality rates below 25 per 1000 livebirths, and 118 countries had
neonatal mortality rates under the target of 125 per 1000 livebirths. Some of the remaining
countries, including Mali, Chad, and the Central African Republic, experienced levels of
under-5 mortality exceeding 125 per 1000 livebirths in 2015; to achieve SDG3.2 by 2030,
these countries would need to reduce their under-5 mortality at a rate faster than 10% per
year. Such large, continuous reductions in under-5 mortality are essentially unprecedented in
recent decades, with the exception of a few counties in China.32 Subsequently, the pursuit
and potential achievement of SDG3.2 depends on sustained, targeted investments and long-
term commitments to enabling policy environments. In an era of stagnating development
assistance for health and relatively weak prospects for sizeable growth for domestic health
financing in low-income countries,22,23 depending on elevated funds as the primary
accelerant of child survival will likely leave many countries short of achieving SDG3.2 by
2030. Instead, the combination of continuing investments in proven, high-impact child
health programmes, including immunisation programmes and malaria interventions,
targeting development assistance for health to countries with the highest child mortality
rates, and establishing innovative financing mechanisms and efficiency gains is crucial.

Changes in under-5 causes of death and their contribution to reducing under-5 mortality

By 2015, global under-5 deaths from the vast majority of causes markedly decreased, yet
their relative pace of decrease varied substantially from 1990-2005 and 2005-15. For some
causes, including measles, tetanus, diarrhoeal diseases, and lower respiratory infections,
large decreases in under-5 deaths occurred during both time periods. Such sustained gains
may be related to the continued expansion of routine immunisation programmes, reduced
exposure to risks such as poor sanitation and household air pollution,55 and improved access
to health services and care-seeking behaviours for childhood illnesses, particularly in lower-
income countries.63 Additionally, increasingly more high-burden countries have introduced
new vaccines,64 such as pneumococcal conjugate vaccine and the rotavirus vaccine, all of
which have likely contributed to decreases in under-5 deaths due to lower respiratory
infections and diarrhoea. Despite these gains, however, lower respiratory infections remain a
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leading cause of under-5 death in many low-income and middle-income countries,
underscoring the importance of addressing underlying risks for lower respiratory infections
and heightened lower respiratory infection mortality (eg, various types of pollution and
malnutrition),65,66 as well as improving access to timely diagnosis and treatment.

Global under-5 deaths due to malaria and HIV/AIDS increased from 1990 to 2005 but then
decreased between 2005 and 2015. The epidemic mortality peaks for malaria and HIV/AIDS
were 2003 and 2005, respectively;14 as a result, HIV/AIDS accounted for a much higher
proportion of under-5 deaths in 2015 than in 1990 for several southern sub-Saharan African
countries. If a similar decomposition analysis was done for countries like Zimbabwe since
2005, decreases in under-5 HIV/AIDS deaths would be a primary driver of decreased
under-5 mortality. Such gains were likely prompted by the introduction and scale-up of
prevention of mother-to-child transmission of HIV and antiretroviral therapy in countries
with large HIV/AIDS epidemics.67 By contrast, even though under-5 malaria deaths peaked
between 2000 and 2015, under-5 malaria deaths were much lower in 2015, especially in sub-
Saharan Africa, than during the 1990s. The effects of decreasing malaria mortality on overall
child survival have been sizeable, as evidenced by its contributions toward reducing under-5
mortality in Malawi and Mozambique. Such reductions have been linked to the scale-up of
several malaria interventions, including insecticide-treated nets and artemisinin-based
combination therapies.68

Trends and effects of congenital anomalies, neonatal conditions, and injuries on under-5
mortality—essentially non-infectious causes of child death—varied by region and country
income level. For higher-income countries, where under-5 mortality rates were already quite
low in 1990, decreases in deaths due to preterm birth complications, various neonatal
disorders, and congenital anomalies accounted for the vast majority of gains by 2015. These
trends are likely related to improvements in medical technologies and access to intensive
neonatal care. By contrast, in lower-income settings, health facilities often are not fully
equipped and staffed to treat complex neonatal conditions,69 and when they are, other
barriers to care, such as cost and travel time to facilities, may prevent some of the highest
risk women from seeking critical health services.70 Effective interventions and services
exist to prevent many of these conditions,71 or at minimum avert premature death from
them, including multiple antenatal care visits and case management of neonatal sepsis;37
however, they often require multifaceted medical care or policy options that, at present, are
not fully funded or prioritised by development partners and national governments alike.

For many upper-middle-income and lower-middle-income countries, overall and relative
decreases in under-5 mortality were quite heterogeneous. In some countries, such as
Bangladesh, decreasing deaths due to drowning contributed to reductions in under-5
mortality since 1990, reflecting the likely implementation of policies that address heightened
risks for these unintentional injuries.72 Declining under-5 deaths due to congenital
anomalies were associated with improved child survival in countries such as the Maldives
and Iran, but for many countries in Latin America, including Brazil, minimal changes
occurred for under-5 deaths due to these causes. Further, in some Latin American countries,
such as Colombia and Venezuela, under-5 mortality rates from congenital anomalies slightly
increased by 2015, albeit not significantly so. In light of the region’s current Zika virus
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outbreak and its potential to spread to other geographies, 73,74 improved monitoring of
congenital anomalies, both in terms of mortality and incidence, is of high priority.

By examining the cause composition of under-5 mortality across levels of SDI, we can
consider the optimal suite of interventions that are most relevant to a geography’s
progression of development. At the lowest levels of SDI, the dominance of infectious
diseases (namely diarrhoeal diseases, lower respiratory infections, malaria, and measles) and
nutritional deficiencies underscores the potential impact of scaling up interventions targeting
these causes, particularly in terms of accelerating gains in child survival beyond expected
rates based on SDI. Particularly for the lowest two quintiles for SDI, several effective public
health strategies exist for further reducing under-5 mortality,20,75 including the introduction
and scale-up of new and long-standing vaccines (ie, pneumococcal conjugate vaccine,
rotavirus, and measles); expanding access to oral rehydration therapy and antibiotics;
increasing the proper use of various malaria interventions, including insecticide-treated nets
and artemisinin-based combination therapies; and addressing nutritional deficiencies through
supplementation and the promotion of exclusive breastfeeding. By contrast, for geographies
in the second and third quintiles of SDI, neonatal conditions accounted for the majority of
under-5 deaths. This characterisation, framing epidemiological transitions in terms of
under-5 mortality and SDI, uniquely captures the importance of neonatal causes and their
toll on child survival as amid gains in development. To reach the very low levels of under-5
mortality achieved by many high-income countries (ie, less than five deaths per 1000
livebirths), effectively treating and preventing neonatal conditions are obstacles that
countries will need to clear with increasing SDI.

Amid gains in under-5 and neonatal mortality, moderate progress also occurred for reducing
the world’s burden of stillbirths. Globally, total stillbirths decreased 47-0% (35-1-57-0%)
since 1990, decreasing from 4-0 million (3-1-5-2 million) in 1990 to 2-1 million (1-8-2.5
million) in 2015, and stillbirth rates dropped from 28-1 per 1000 (21-8-36-4 per 1000) to
14-9 per 1000 (12-8-17-6 per 1000) during this time. Such reductions, particularly in
countries such as Brazil, have been associated with improved access to antenatal care and
addressing known maternal risks for stillbirth.40 While specific risks for stillbirth may vary
by country and within countries (eg, the distribution of genetic risk for congenital conditions
are likely to differ across regions and local communities), the commonalities in risk profiles
experienced across these high-burden countries (ie, large rural populations with low access
or utilisation of antenatal care and skilled birth attendance, as well as the inadequate
detection and treatment of maternal conditions during pregnancy) cannot be ignored.40

In comparing GBD 2015 stillbirth findings with those published by the Stillbirth
Epidemiology Investigator Group (SEIG),39,40 we found that our results are highly
correlated with previous estimates for 2000 and 2015 (0-891). At the country level, however,
the average relative difference between GBD and SEIG estimates for 2015 was —31:3%,
indicating that GBD stillbirth results were generally lower than those produced by SEIG.
Relative differences ranged from —321-3% to 64-8%, with 49 countries experiencing
absolute differences in their point estimates that exceeded 50%. Notably, countries for which
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the largest differences occurred between GBD and SEIG were rarely those with the highest
stillbirth rates. Differences in point estimates for stillbirths mainly emerged from the use of
divergent modelling strategies; in particular, for GBD, we applied a unified modelling
strategy that drew from consistent, comparably generated covariates across geographies and
over time. Further, we used source-type fixed effects and source-specific random effects
nested within each country in order to properly account for potential non-sampling biases
from different data sources. In combination, these methods allowed us to generate an
internally consistent times series of total and rates of stillbirths across geographies.

As emphasised by others,39,40 many countries with the highest stillbirth burdens have
limited data systems documenting stillbirths and existing sources are prone to biases.
Further, we found that extensive crosswalking across the eight stillbirth definitions
encountered in our analysis, as well as adjusting for non-sampling bias for data sources, had
substantial effects on stillbirth estimation at various geographic levels. This further
demonstrates the critical importance of more standard data collection and synthesis
approaches for stillbirths, particularly as we collectively seek to better quantify local burdens
of stillbirth and identify cost-effective options for their prevention.

Comparing GBD and IGME estimates

In recent years, both the GBD and IGME have produced annual assessments of trends in
child mortality.1,2,5,6,76 GBD 2015 estimates and the most recent estimates from IGME are
highly correlated (0-983) across the 187 countries and time period (1990-2015) they both
cover; however, for some countries, there are notable differences. In comparing absolute
values of mean relative differences for estimates of under-5 mortality between GBD 2015
and IGME, we found a mean absolute relative difference of 20-4% in 2015, normalised to
the GBD 2015 estimates. The range of country-level relative differences is much larger.
Absolute relative differences in 2015 between the two organisations’ estimates exceeded
20% for 74 countries and were between 10% and 20% in 43 countries. While our estimates
were correlated (0-768), and we identified a similar quantity of countries achieving MDG4
(ie, 59 from IGME and 58 from GBD), variation emerged in terms of which countries
actually met the target by 2015. 42 countries were identified as achieving MDG4 by both
GBD and IGME, whereas 16 countries were acknowledged as having achieved MDG4 by
GBD but not by IGME, and 17 countries were categorised as achieving MDG4 by IGME but
not by GBD (the appendix provides a detailed comparison). Results for sub-Saharan Africa
were especially discrepant, as we identified only two countries, Ethiopia and Liberia, having
achieved MDG4 between 1990 and 2015, and IGME reported ten countries reaching MDG4
(Eritrea, Ethiopia, Liberia, Madagascar, Malawi, Mozambique, Niger, Rwanda, Tanzania,
and Uganda).5 In view of the recorded variations across estimates, and the uncertainty
associated with estimating annualised rates of change, we recommend judicious
interpretation of particular claims about the achievement or non-achievement of MDG4.

Such differences in estimates stem from a number of factors. First, our approaches to data
processing differ. In GBD, methods are used to calculate under-5 mortality rates from
summary birth histories, 1,77 which consist of four different modelling strategies as
informed by characteristics of the raw data composing the summary birth histories. These

Lancet. Author manuscript; available in PMC 2017 January 10.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Page 20

improved methods address two main shortcomings of previous summary birth history
methods, which are still currently used by IGME and other organisations:5,6 unstable
estimates of under-5 mortality for the years immediately before survey data collection; and
the short span of time covered by estimates. We have subjected our summary birth history
models to extensive validation testing, which documents the improved accuracy of our
methods for analysing summary birth history data.77 Second, there are notable differences
in the modelling strategies used by GBD and IGME. Developed during the 2013 iteration of
GBD, we apply a data bias adjustment before ST-GPR, which is the modelling step from
which final estimates and corresponding 95% uncertainty intervals are generated. This
adjustment allows us to correct for non-sampling biases from each data source within each
country upon designating reference sources.1 Reference source selection is informed by
documentation of data quality and insights provided by the extensive GBD network of
collaborators.

Improving child mortality data coverage and quality

Limitations

Data quantity and quality for under-5 mortality, especially in low-income and middle-
income countries, has steadily improved over the past three decades; nonetheless, most
available data for under-5 mortality in these settings are derived from survey instruments and
do not originate from fully functional, complete VR systems. In recent years, honed methods
for extracting and synthesising measures of under-5 mortality from surveys, especially
summary birth modules, and subnational health information systems have supported more
accurate, timely generation of under-5 estimates.1,77 However, in the absence of VR data,
high levels of uncertainty accompany these measures and the risk of biased estimates
persists. For monitoring age-specific mortality and stillbirths, these measurement challenges
are only amplified, as the quantity and standardisation of data collection for these indicators
are much lower. SDG targets call for improved data monitoring for countries, including an
indicator that refers to the need for birth registration, a key component of VR systems, for all
populations by 2030.41 Increased and sustained investments in building and maintaining
complete VR systems, especially in LMICs, have the potential to strengthen responsiveness
to and accountability for continuing to improve child health in the post-MDG era.

Amid its strengths and methodological advances, the present study has several limitations.
First, although the quantity of data available to estimate under-5 mortality is quite high for
most countries, potential for bias exists across the various data sources. We have sought to
account for these biases by identifying the highest quality reference source for each country
and adjusting estimates from other sources accordingly. Nonetheless, bias might remain for
selected reference data sources. Second, less data are available to systematically
disaggregate estimates of under-5 mortality into age-specific values for early neonatal, late
neonatal, post-neonatal, and ages 1-4 years by geography and year; subsequently, age-
specific results in many countries are more model dependent. A similar limitation applies to
stillbirth estimation. Third, limitations associated with cause-specific estimation, as detailed
in an accompanying publication,14 apply to our decomposition analyses for attributing
changes in causes of death to changes in under-5 mortality. Fourth, due to computational
constraints, we were unable to fully propagate uncertainty associated with covariates used to
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estimate cause-specific mortality and so-called garbage code redistribution algorithms.
Sensitivity analyses for under-5 mortality indicate that the omission of uncertainty estimates
from the first-stage model covariates did not significantly alter final estimates of under-5
mortality. Fifth, results evaluated in terms of SDI, such as ratios for observed and expected
under-5 mortality, may be affected by the potential for measurement error in the individual
components comprising SDI (ie, income per person, educational attainment, and total
fertility rate). However, because it is comprised of three inputs, our SDI indicator will be
less sensitive to measurement error than placing countries on the development continuum
using income per person alone, and the improved correlation coefficient between SDI and
under-5 mortality as compared with income per person alone provides further support to this
idea. Sixth, our assessment of observed trends in under-5 deaths, as compared with expected
trends based on SDI alone, cannot provide causal attribution. Rather, this examination
resulted in a strong empirical correlation and provides a useful framework from which to
benchmark levels and trends of under-5 deaths, taking into account where a geography is
along the development continuum.

Our summary measure of SDI included key components of sociodemographic development,
but it is possible that, in some contexts, other indicators may be more strongly linked to
under-5 mortality, and thus the correlation between SDI and under-5 mortality may vary.
Seventh, our estimation of stillbirth rates makes use of many data sources from low-income
and middle-income countries that are facility based. Stillbirths from these sources are likely
to be biased upwards because of women with high-risk pregnancies or difficult labour being
more likely to go to a facility. In addition, there may be location-specific variations in the
effect of different case definitions. We have attempted to systematically correct for this bias,
but this correction is based on statistical analysis and not on detailed studies in each location.
Eighth, our analyses could not account for the full range of inequalities that might be
experienced within countries and subnational administrative areas. We have substantially
increased the number of subnational geographies for GBD 2015, but further expansion
hinges upon greater data availability and stakeholder interest in leading subnational GBD
analyses. In future iterations of the GBD, we hope to further examine the effects of more
localised measures of inequality, particularly for income and other socioeconomic factors,
on child health outcomes across geographies. And lastly, as with other estimations of
under-5 mortality and stillbirth rates, our estimates for the most recent years are based on
extrapolation using our data synthesis models due to data availability. As new data from
surveys and censuses become available, our estimates in the future will certainly be affected.

Conclusion

Global achievements in improving child survival serve as one of the most notable success
stories in recent times, signifying the effect of international collaboration and focus on
ending preventable mortality. Although these gains have been near universal across
geographies, the pace of progress varied markedly, especially in terms of what could be
expected based on corresponding improvements in overall development. Accelerated, faster-
than-anticipated reductions in under-5 mortality occurred between 2000 and 2015 in many
lower-income countries, highlighting the crucial role of scaling up effective child health
interventions above and beyond sociodemographic advances. Large decreases in under-5
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deaths due to many infectious diseases contributed to reductions in under-5 mortality,
strengthening the evidence base for tackling these lethal, preventable conditions that
disproportionately affect the poor. Overall neonatal mortality, death due to specific neonatal
causes and congenital anomalies, and stillbirths moderately decreased, but such gains were
mainly concentrated in higher-income countries. In evaluating shifts in composition of
under-5 mortality across epidemiological transitions, the persistent toll of neonatal
conditions, especially as countries moved from low levels of development and effectively
reduced under-5 deaths from infectious diseases, is clear. The prioritisation of funding and
programmes that address the risks for neonatal death and stillbirths will probably emerge as
a vital need for countries where reductions in under-5 mortality have stagnated or occurred
at a slower pace than expected given their level of development. As the world shifts away
from the MDG era and toward the SDGs, we must draw from lessons learned from countries
where child survival has improved the fastest and design targeted, effective strategies to
accelerate reductions in child mortality for the places with the furthest to go.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Department of Infectious Disease Epidemiology, London School of Hygiene & Tropical
Medicine, London, UK (H J Larson PhD); National Office for Maternal and Child Health
Surveillance, West China Second University Hospital, Sichuan University, Chengdu, China
(Prof J Liang MD); National Center for Chronic and Noncommunicable Disease Control and
Prevention (L Duan MD, Y Jin MS, Y Li MPH, S Liu PhD, Prof L Wang MD, P Ye MPH,
Prof M Zhou PhD), Chinese Center for Disease Control and Prevention, Beijing, China (Prof
X Liang MD); Melbourne School of Population and Global Health (Prof A D Lopez PhD),
Murdoch Childrens Research Institute, (K Alam PhD, S M Colquhoun PhD, R G Weintraub
MBBS); Department of Medicine (A Meretoja PhD), Institute of Health and Ageing (Prof C
E | Szoeke PhD), The University of Melbourne, Melbourne, VIC, Australia (K Alam PhD, S
M Colquhoun PhD, R G Weintraub MBBS, Prof T Wijeratne MD); National Institute of
Public Health, Cuernavaca, Mexico (R Lozano MD, | R Campos-Nonato PhD, J C
Campuzano PhD, H Gomez-Dantes MSc, | B Heredia-Pi PhD, J C Montafiez Hernandez
MSc, Prof E E Servan-Mori MSc); Center for Translation Research and Implementation
Science, National Heart, Lung, and Blood Institute, National Institutes of Health, Bethesda,
MD, USA (G A Mensah MD); Department of Global Health and Population (Prof J A
Salomon PhD), Department of Nutrition (A L Thorne-Lyman ScD), Harvard T H Chan
School of Public Health (O N Ajala MD, Prof T Bérnighausen MD, | R Campos-Nonato
PhD, E L Ding ScD, M S Farvid PhD), Harvard University, Boston, MA, USA (JR A
Fitchett MD); National Office of MCH Surveillance of China, Chengdu, China (Prof J Zhu
MD); School of Public Health (A A Abajobir MPH, L D Knibbs PhD), School of Dentistry
(Prof R Lalloo PhD), University of Queensland, Brisbane, QLD, Australia (H N Gouda PhD,
Y Guo PhD, Prof J J McGrath MD); Jimma University, Jimma, Ethiopia (K H Abate MS, T
T Gebrehiwot MPH, A T Gebremedhin MPH); Virginia Tech, Blacksburg, VA, USA (Prof K
M Abbas PhD); Department of Neurology, Cairo University, Cairo, Egypt (Prof F Abd-Allah
MD); New York University Abu Dhabi, Abu Dhabi, United Arab Emirates (A M Abdulle
PhD); School of Public Health (Y A Melaku MPH), College of Health Sciences (S F Abera
MSc, F H Tesfay MPH), Mekelle University, Mekelle, Ethiopia (Prof G Y Abyu MS, T A
Bayou BS, B D Betsu MS, A A Gebru MPH, G B Hailu MSc, T Tekle MPH, H G Yebyo
MS); Kilte Awlaelo-Health and Demographic Surveillance Site, Mekelle, Ethiopia (S F
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Abera MSc); Food Security and Institute for Biological Chemistry and Nutrition, University
of Hohenheim, Stuttgart, Germany (S F Abera MSc); Dupuytren University Hospital,
Limoges, France (Prof VV Aboyans PhD); NMSM Government College Kalpetta, Kerala,
India (Prof B Abraham MPhil); Institute for Global Health (Prof | Abubakar PhD), Centre
for Public Health Data Science, Institute of Health Informatics (R W Aldridge PhD), Farr
Institute of Health Informatics Research (A Banerjee DPhil), University College London,
London, UK; Infectious Disease Epidemiology Group, Weill Cornell Medical College in
Qatar, Doha, Qatar (L J Abu-Raddad PhD); Institute of Community and Public Health,
Birzeit University, Ramallah, Palestine (N M Abu-Rmeileh PhD); College of Medicine (A O
Adebiyi MD), University of Ibadan, Ibadan, Nigeria (A L Adelekan MPH, F A Ojelabi
MPH); University College Hospital, Ibadan, Nigeria (A O Adebiyi MD); Olabisi Onabanjo
University, Ago-lwoye, Nigeria (I A Adedeji MS); Public Health Promotion Alliance,
Osogbo, Nigeria (A L Adelekan MPH); Association Ivoirienne pour le Bien-Etre Familial,
Abidjan, Cote d’lvoire (A K Adou MD); Dalla Lana School of Public Health (N Akseer
MSc), Department of Nutritional Sciences, Faculty of Medicine (A Badawi PhD), Institute
of Health Policy, Management and Evaluation (M P Lindsay PhD), Centre for Addiction and
Mental Health (S Popova PhD), University of Toronto, Toronto, ON, Canada (A Agarwal
BHSc); McMaster University, Hamilton, ON, Canada (A Agarwal BHSc); University of
Pittsburgh Medical Center, McKeesport, PA, USA (O N Ajala MD); Department of
Epidemiology (T F Akinyemiju PhD), University of Alabama at Birmingham, Birmingham,
AL, USA (D C Schwebel PhD, J A Singh MD); The University of Sydney, Sydney, NSW,
Australia (K Alam PhD, J Leigh PhD, A B Mekonnen MS); Queensland Health, Herston,
QLD, Australia (N K M Alam MPH); School of Public Health (A A Abajobir MPH, L D
Knibbs PhD), School of Dentistry (Prof R Lalloo PhD), University of Queensland, Herston,
QLD, Australia (N K M Alam MPH); Ministry of Health, Al Khuwair, Oman (D Alasfoor
MSc); Department of Preventive and Social Medicine, Faculty of Medicine, University of
the Republic, Montevideo, Uruguay (M A Alegretti MD); Debre Markos University, Debre
Markos, Ethiopia (Z A Alemu MPH); Luxembourg Institute of Health (LIH), Strassen,
Luxembourg (A Alkerwi PhD); School of Public Health, University of Lorraine, Nancy,
France (Prof F Alla PhD); Ministry of Health, Jeddah, Saudi Arabia (R Al-Raddadi PhD);
Charité Universitatsmedizin, Berlin, Germany (U Alsharif MPH); King Saud University,
Riyadh, Saudi Arabia (K A Altirkawi MD); Spanish Observatory on Drugs, Government
Delegation for the National Plan on Drugs, Ministry of Health, Social Policy and Equality,
Madrid, Spain (E Alvarez Martin PhD); Universidad de Cartagena, Cartagena de Indias,
Colombia (Prof N Alvis-Guzman PhD); School of Medicine (A T Amare MPH, Y A Melaku
MPH), University of Adelaide, Adelaide, SA, Australia (L G Ciobanu MS, G A Tessema
MPH); College of Medicine and Health Sciences (A T Amare MPH), Bahir Dar University,
Bahir Dar, Ethiopia (T Setegn MPH); Dignitas International, Zomba, Malawi (A Amberbir
PhD); University of Cape Coast, Cape Coast, Ghana (A K Amegah PhD, A A Kudom PhD);
National Hospital, Abuja, Nigeria (Prof E A Ameh MBBS); Ministry of Public Health,
Beirut, Lebanon (W Ammar PhD, H L Harb MPH); Oregon Health & Science University,
Portland, OR, USA (S M Amrock MD); Center for Sensory-Motor Interaction, Department
of Health Science and Technology, Faculty of Medicine, Aalborg University, Aalborg,
Denmark (H H Andersen MSc); Department of Health Policy and Administration, College
of Public Health (C A T Antonio MD), College of Public Health (E J A Faraon MD),
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University of the Philippines Manila, Manila, Philippines; Department of Medical Sciences,
Uppsala University, Uppsala, Sweden (Prof J Arnlév PhD, Prof A Larsson PhD); Dalarna
University, Falun, Sweden (Prof J Arnlév PhD); University of Manitoba, Winnipeg, MB,
Canada (A Artaman PhD); Department of Medical Emergency, School of Paramedic, Qom
University of Medical Sciences, Qom, Iran (H Asayesh PhD); South Asian Public Health
Forum, Islamabad, Pakistan (R J Asghar MD); Mashhad University of Medical Sciences,
Mashhad, Iran (R Assadi PhD); Graduate Institute of Biomedical Informatics, Taipei
Medical University, Taipei, Taiwan (S Atique MS); Institut de Recherche Clinique du Bénin,
Cotonou, Benin Republic (E F G A Avokpaho MPH); Laboratoire d’Etudes et de Recherche-
Action en Santé (LERAS Afrique), Parakou, Benin Republic (E F G A Avokpaho MPH);
Sanjay Gandhi Postgraduate Institute of Medical Sciences, Lucknow, India (A Awasthi
MSc); The Judith Lumley Centre for Mother, Infant and Family Health Research, La Trobe
University, Melbourne, VIC, Australia (B P Ayala Quintanilla PhD); Peruvian National
Institute of Health, Lima, Peru (B P Ayala Quintanilla PhD); School of Health Sciences,
University of Management and Technology, Lahore, Pakistan (U Bacha PhD); Public Health
Agency of Canada, Toronto, ON, Canada (A Badawi PhD); Department of Environmental
Health Engineering, Sri Ramachandra University, Chennai, India (K Balakrishnan PhD);
AIDS Prevention Initiative in Nigeria, Abuja, Nigeria (B F Banighe MPH); Faculty of
Medicine, University of Belgrade, Belgrade, Serbia (A Barac PhD); School of Psychology,
University of Auckland, Auckland, New Zealand (S L Barker-Collo PhD); Africa Health
Research Institute, Mtubatuba, South Africa (Prof T Barnighausen MD); Institute of Public
Health, Heidelberg University, Heidelberg, Germany (Prof T Bérnighausen MD, S
Mohammed PhD); Department of Industrial Engineering, School of Engineering, Pontificia
Universidad Javeriana, Bogota, Colombia (L H Barrero ScD); Jhpiego-Ethiopia, Addis
Ababa, Ethiopia (Y T Bayou PhD); College of Medicine, Charles R Drew University of
Medicine and Science, Los Angeles, CA, USA (Prof S Bazargan-Hejazi PhD); David Geffen
School of Medicine, University of California, Los Angeles, Los Angeles, CA, USA (Prof S
Bazargan-Hejazi PhD); Kermanshah University of Medical Science, Kermanshah, Iran (Prof
S Bazargan-Hejazi PhD); Oxford University, Ho Chi Minh City, Vietnam (J Beardsley
MBChB); College of Public Health and Tropical Medicine, Jazan, Saudi Arabia (N Bedi
MD); Madawalabu University, Bale Goba, Ethiopia (T Bekele MPH); School of Medicine
(K N Sheth MD), Yale University, New Haven, CT, USA (Prof M L Bell PhD, J J Huang
MD); University of Alberta, Edmonton, AB, Canada (A K Bello PhD); Internal Medicine
Department (Prof | S Santos PhD), University of S&o Paulo, S&o Paulo, Brazil (I M
Bensenor PhD); Debre Berhane University, Debre Berhan, Ethiopia (A Berhane PhD);
Division of Health and Social Care Research (Prof C D Wolfe MD), King’s College London,
London, UK (E Bernabé PhD, Prof R J Hay DM, | Wolfe PhD); Department of Infectious
Disease Epidemiology (T First PhD), Imperial College London, London, UK (S Bhatt
DPhil, Prof A Majeed MD, Prof T N Williams MD); Independent Public Health Consultants,
Addis Ababa, Ethiopia (S Biadgilign MPH); Department of Nephrology Issues of
Transplanted Kidney, Academician V | Shumakov Federal Research Center of
Transplantology and Artificial Organs, Moscow, Russia (B Bikbov MD); GBS-CIDP
International Foundation, Menemen, Turkey (S M Birlik BS); Department of Community
Medicine, University of Oslo, Oslo, Norway (Prof E Bjertness PhD); Vision & Eye Research
Unit, Anglia Ruskin University, Cambridge, UK (Prof R R A Bourne FRCOphth); Danube-
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University Krems, Krems, Austria (Prof M Brainin PhD); Faculty of Health Sciences and
Social Work, Department of Public Health, Trnava University, Trnava, Slovakia (A
Brazinova PhD, M Majdan PhD); International Neurotrauma Research Organization,
Vienna, Austria (A Brazinova PhD); Departments of Pediatrics and Neurology (W D Lo
MD), College of Medicine (J Shen PhD), The Ohio State University, Columbus, OH, USA
(Prof N J K Breitborde PhD); University of California, San Francisco, San Francisco, CA,
USA (G C Buckle MD); Great Ormond Street Hospital for Children, London, UK (M Burch
MD); Al Shifa Trust Eye Hospital, Rawalpindi, Pakistan (Z A Butt PhD); Metropolitan
Autonomous University, Mexico City, Mexico (R Cardenas ScD); University at Albany,
Rensselaer, NY, USA (Prof D O Carpenter MD); Department of Clinical Science,
Intervention and Technology (Prof J J Carrero PhD), Department of Neurobiology, Care
Sciences and Society (NVS) (S M Fereshtehnejad PhD), Aging Research Center (Prof M
Kivipelto PhD), Department of Public Health Sciences (R H S Rabiee MPH), Department of
Medical Epidemiology and Biostatistics (E Weiderpass PhD), Karolinska Institutet,
Stockholm, Sweden (R Havmoeller PhD, S Sindi PhD); Colombian National Health
Observatory, Instituto Nacional de Salud, Bogot4, Colombia (C A Castafieda-Orjuela MSc);
Epidemiology and Public Health Evaluation Group, Public Health Department, Universidad
Nacional de Colombia, Bogota, Colombia (C A Castafieda-Orjuela MSc); Caja
Costarricense de Seguro Social, San Jose, Costa Rica (Prof J Castillo Rivas MPH);
Universidad de Costa Rica, San Pedro, Montes de Oca, Costa Rica (Prof J Castillo Rivas
MPH); Universidad Diego Portales, Santiago, Chile (R E Castro PhD); Department of
Medicine, University of Valencia/INCLIVA Health Research Institute and CIBERSAM,
Valencia, Spain (F Catala-Lépez PhD); Clinical Epidemiology Program, Ottawa Hospital
Research Institute, Ottawa, ON, Canada (F Catala-Lopez PhD); National Health Research
Institutes, Zhunan Town, Taiwan (Prof H Chang DrPH); National Yang-Ming University,
Taipei, Taiwan (Prof H Chang DrPH); School of Nursing, College of Medicine, National
Taiwan University, Taipei, Taiwan (Prof J Chang PhD); National Center for Child Health
and Development, Setagaya, Japan (C E Chibueze PhD); University of Zambia, Lusaka,
Zambia (V H Chisumpa MPhil, C C Mapoma PhD, F Masiye PhD); University of
Witwatersrand, Johannesburg, South Africa (V H Chisumpa MPhil); Seoul National
University Medical Library, Seoul, South Korea (J J Choi PhD); Department of Public
Health and Primary Care, University of Cambridge, Cambridge, UK (R Chowdhury PhD);
Christian Medical College, Vellore, India (Prof D J Christopher MD, Prof G Kang PhD);
MRC Lifecourse Epidemiology Unit, University of Southampton, Southampton, UK (Prof C
Cooper FMedSci); NIHR Biomedical Research Centre, University of Southampton and
University Hospital Southampton NHS Foundation Trust, Southampton, UK (Prof C Cooper
FMedSci); Wolaita Sodo University, Wolaita Sodo, Ethiopia (S A Damtew MPH); School of
Public Health (K Deribe MPH, A D Hailu MPH), College of Health Sciences, School of
Public Health (W Tefera MPH), Addis Ababa University, Addis Ababa, Ethiopia (S A
Damtew MPH, A Z Giref PhD, D Haile MPH, T Jibat MS, G Temam Shifa MPH); Walden
University, Minneapolis, MN, USA (H Danawi PhD, Prof A H Refaat PhD); i3S - Instituto
de Investigacao e Inovacdo em Saude and INEB - Instituto de Engenharia Biomédica (J das
Neves PhD), EPIUnit - Institute of Public Health (J M Pedro MS), Faculty of Medicine (J V
Santos BHIthSc), University of Porto, Porto, Portugal; Public Health England, London, UK
(Prof A C Davis PhD, Prof J N Newton FRCP, Prof N Steel PhD); School of Public Health
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(P de Jager FCPHM), University of the Witwatersrand, Johannesburg, South Africa (Prof M
Petzold PhD); National Health Laboratory Service, National Institute for Occupational
Health, Johannesburg, South Africa (P de Jager FCPHM); Griffith University, Brisbane,
QLD, Australia (Prof D De Leo DSc); National Drug and Alcohol Research Centre (Prof L
Degenhardt PhD), Brien Holden Vision Institute (Prof S Resnikoff MD), University of New
South Wales, Sydney, NSW, Australia; Brighton and Sussex Medical School, Brighton, UK
(K Deribe MPH); KEMRI-Wellcome Trust Research Programme, Kilifi, Kenya (A Deribew
PhD); Mount Sinai Beth Israel, New York, NY, USA (Prof D C Des Jarlais PhD); Icahn
School of Medicine at Mount Sinai, New York City, NY, USA (Prof D C Des Jarlais PhD);
Department of Community Medicine, Faculty of Medicine, University of Peradeniya,
Peradeniya, Sri Lanka (S D Dharmaratne MD); Centre for Control of Chronic Conditions (P
Jeemon PhD), Public Health Foundation of India, Gurgaon, India (P K Dhillon PhD, P
Ganguly MD, D K Lal MD, Prof S Zodpey PhD); University of Southern California, Los
Angeles, CA, USA (P P Doshi BS); RMIT University, Bundoora, VIC, Australia (Prof K E
Doyle PhD); International Institute for Population Sciences, Mumbai, India (M Dubey
MPhil, M H U Rahman MPhil, Prof U Ram PhD, A Singh PhD, R K Verma MPhil, A K
Yadav MPhil); Non-Communicable Diseases Research Center (H Ebrahimi MD, F Farzadfar
MD, A Kasaeian PhD, M Parsaeian PhD, F Pishgar MD), Endocrinology and Metabolism
Population Sciences Institute (Prof A Esteghamati MD, N Hafezi-Nejad MD, S
Sheikhbahaei MD), Liver and Pancreaticobiliary Diseases Research Center, Digestive
Disease Research Institute, Shariati Hospital (H Ebrahimi MD), Hematology-Oncology and
Stem Cell Transplantation Research Center (A Kasaeian PhD), Digestive Diseases Research
Institute (Prof R Malekzadeh MD, G Roshandel PhD, S G Sepanlou PhD), Department of
Epidemiology and Biostatistics, School of Public Health (M Parsaeian PhD), Sina Trauma
and Surgery Research Center (Prof V Rahimi-Movaghar MD), Uro-Oncology Research
Center (F Pishgar MD), Tehran University of Medical Sciences, Tehran, Iran (M Yaseri
PhD); Centre for Disease Burden (Prof S E Vollset DrPH), Norwegian Institute of Public
Health, Oslo, Norway (C L Ellingsen MD, M Savic PhD); Eijkman-Oxford Clinical
Research Unit, Jakarta, Indonesia (I Elyazar PhD); Arba Minch University, Arba Minch,
Ethiopia (A Y Endries MPH, G Temam Shifa MPH); The Institute of Social and Economic
Studies of Population, Russian Academy of Sciences, Moscow, Russia (Prof S P Ermakov
DSc); Federal Research Institute for Health Organization and Informatics, Ministry of
Health of the Russian Federation, Moscow, Russia (Prof S P Ermakov DSc, S Soshnikov
PhD); Ministry of Health and Medical Education, Tehran, Iran (B Eshrati PhD); Arak
University of Medical Sciences, Arak, Iran (B Eshrati PhD); Department of Health, Manila,
Philippines (E J A Faraon MD); University of Louisville, Louisville, KY, USA (T A Farid
MD, A R Khan MD); DGS Directorate General of Health, Lisboa, Portugal (C S E S Farinha
MSc); Universidade Aberta, Lisboa, Portugal (C S E S Farinha MSc); Federal University of
Sergipe, Sergipe, Brazil (A Faro PhD), Harvard/MGH Center on Genomics, Vulnerable
Populations, and Health Disparities, Mongan Institute for Health Policy, Massachusetts
General Hospital, Boston, MA, USA (M S Farvid PhD); Centre for Experimental Medicine
& Rheumatology, William Harvey Research Institute, Barts and The London School of
Medicine & Dentistry, Queen Mary University of London, London, UK (J C Fernandes
PhD); Bielefeld University, Bielefeld, Germany (F Fischer MPH); Institute of Gerontology,
Academy of Medical Science, Kyiv, Ukraine (N Foigt PhD); James Cook University,
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Townsville, QLD, Australia (R C Franklin PhD); Department of Epidemiology and Public
Health (T Furst PhD), Swiss Tropical and Public Health Institute, Basel, Switzerland (C K
Karema MSc); University of Basel, Basel, Switzerland (T Fiirst PhD); National Center for
Disease Control and Public Health, Thilisi, Georgia (K Gambashidze MS, A Gamkrelidze
PhD, K Kazanjan MS, M Kereselidze PhD, | Khonelidze MPA, M Shakh-Nazarova MS, L
Sturua PhD); Indian Institute of Public Health Gandhinagar, Ahmadabad, India (P Ganguly
MD); The Task Force for Global Health, Decatur, GA, USA (T Gebre PhD); Ludwig
Maximilians University, Munich, Germany (A T Gebremedhin MPH); Kilte Awlaelo Health
and Demographic Surveillance System, Mekelle, Ethiopia (A A Gebru MPH, G B Hailu
MSc); Division of Human Nutrition (J M Geleijnse PhD), Wageningen University,
Wageningen, Netherlands (T Jibat MS); Agence de Médecine Préventive, Paris, France (B D
Gessner MD); College of Medicine, University of Hail, Hail, Saudi Arabia (I A Ginawi
MD); Haramaya University, Dire Dawa, Ethiopia (M D Gishu MS, A K Tura MPH); Kersa
Health and Demographic Surveillance System, Harar, Ethiopia (M D Gishu MS); University
of Massachusetts Boston, Boston, MA, USA (Prof P Gona PhD); Instituto de
Investigaciones Cientificas y Servicios de Alta Tecnologia - INDICASAT-AIP, Ciudad del
Saber, Panama (A Goodridge PhD); Department of Health and Social Affairs, Government
of the Federated States of Micronesia, Palikir, Federated States of Micronesia (S V Gopalani
MPH); Division of Epidemiology, Center for Public Health Sciences, National Cancer
Center, Tokyo, Japan (A Goto PhD); Departments of Microbiology and Epidemiology &
Biostatistics, Saint James School of Medicine, The Quarter, Anguilla (Prof H C Gugnani
PhD); West Virginia Bureau for Public Health, Charleston, WV, USA (R Gupta MD);
Eternal Heart Care Centre and Research Institute, Jaipur, India (R Gupta PhD); Department
of Anthropology, University of Delhi, Delhi, India (V Gupta PhD); Aarhus University,
Aarhus, Denmark (B Gyawali MPH, K M lburg PhD); Department of Public Health,
Erasmus MC, University Medical Center, Rotterdam, Netherlands (J A Haagsma PhD);
Department of Global Public Health and Primary Care (Prof S E Vollset DrPH), University
of Bergen, Bergen, Norway (A D Hailu MPH, Prof O F Norheim PhD); Arabian Gulf
University, Manama, Bahrain (Prof R R Hamadeh DPhil); University of New Mexico,
Albuquerque, NM, USA (A J Handal PhD); School of Medicine and Pharmacology,
University of Western Australia, Perth, WA, Australia (Prof G J Hankey MD); Harry Perkins
Institute of Medical Research, Nedlands, WA, Australia (Prof G J Hankey MD); Western
Australian Neuroscience Research Institute, Nedlands, WA, Australia (Prof G J Hankey
MD); Sree Chitra Tirunal Institute for Medical Sciences and Technology, Trivandrum, India
(S Harikrishnan DM); Kenyatta University, Nairobi, Kenya (K M Harun MPH);
International Foundation for Dermatology, London, UK (Prof R J Hay DM); Department of
Psychiatry, University Medical Center Groningen (Prof H W Hoek MD), University of
Groningen, Groningen, Netherlands (A K Tura MPH); Department of Epidemiology,
Mailman School of Public Health, Columbia University, New York, NY, USA (Prof H W
Hoek MD); Nevada Division of Public and Behavioral Health, Department of Health and
Human Services, Carson City, NV, USA (M Horino MPH); Department of Pulmonology,
Yokohama City University Graduate School of Medicine, Yokohama, Japan (N Horita MD);
Albert Einstein College of Medicine, Bronx, NY, USA (Prof H D Hosgood PhD); Baylor
College of Medicine, Houston, TX, USA (P J Hotez PhD); Public Health Division, The
Pacific Community, Noumea, New Caledonia (D G Hoy PhD); Department of
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Epidemiology, Salah Azaiz Institute, Tunis, Tunisia (Prof M Hsairi MD); Department of
Epidemiology and Health Statistics, School of Public Health, Central South University,
Changsha, China (G Hu PhD); George Washington University, Washington, DC, USA (Prof
C Huang PhD); Cambridge Health Alliance, Cambridge, MA, USA (H Huang MD); CHU
La Réunion, Saint-Denis, France (L Huiart PhD); Boston Medical Center, Boston
University, Boston, MA, USA (B T Idrisov MD); National Institute for Health Development,
Tallinn, Estonia (K Innos PhD); Department of Global and Community Health, George
Mason University, Fairfax, VA, USA (K H Jacobsen PhD); School of Public Health (N
Jahanmehr PhD), Ophthalmic Research Center (M Yaseri PhD), Shahid Beheshti University
of Medical Sciences, Tehran, Iran; University of Aberdeen, Aberdeen, UK (M Javanbakht
PhD); Postgraduate Institute of Medicine, Colombo, Sri Lanka (A U Jayatilleke PhD);
Institute of Violence and Injury Prevention, Colombo, Sri Lanka (A U Jayatilleke PhD);
Graduate School of Public Health (Prof S H Jee PhD), Yonsei University, Seoul, South
Korea; Centre for Chronic Disease Control, New Delhi, India (P Jeemon PhD); George
Institute for Global Health India, New Delhi, India (Prof VV Jha DM); Tianjin Centers for
Disease Control and Prevention, Tianjin, China (G Jiang MD); Department of Health
Development, Institute of Industrial Ecological Sciences, University of Occupational and
Environmental Health, Kitakyushu, Japan (Y Jiang PhD); Department of Ophthalmology,
Medical Faculty Mannheim, Ruprecht-Karls-University Heidelberg, Mannheim, Germany
(Prof J B Jonas MD); University College Cork, Cork, Ireland (Z Kabir PhD); Society for
Education, Action and Research in Community Health, Gadchiroli, India (Y Kalkonde MD);
CSIR - Indian Institute of Toxicology Research, Lucknow, India (R Kamal MSc, C N
Kesavachandran PhD); Department of Pulmonary Medicine, Zhongshan Hospital (J She
MD), Department of Nephrology, Zhongshan Hospital (H Zhang PhD), Fudan University,
Shanghai, China (H Kan MD); Epidemiological and Statistical Methods Research Group,
Helmbholtz Centre for Infection Research, Braunschweig, Germany (A Karch MD);
Hannover-Braunschweig Site, German Center for Infection Research, Braunschweig,
Germany (A Karch MD); Quality and Equity Health Care, Kigali, Rwanda (C K Karema
MSc); Oklahoma State University, Tulsa, OK, USA (A Kaul MD); Institut de recherche de
I’hépital de Monttfort, Ottawa, ON, Canada (J F Kayibanda PhD); Institute of Tropical and
Infectious Diseases, Nairobi, Kenya (P N Keiyoro PhD); School of Continuing and Distance
Education, Nairobi, Kenya (P N Keiyoro PhD); Farr Institute (Prof R A Lyons MD),
Swansea University, Swansea, UK (Prof A H Kemp PhD); The University of Sydney,
Camperdown, NSW, Australia (Prof A H Kemp PhD); South African Medical Research
Council, Cape Town, South Africa (A P Kengne PhD, Prof C S Wiysonge PhD); University
of Cape Town, Cape Town, South Africa (A P Kengne PhD); Assuta Hospitals, Assuta
Hashalom, Tel Aviv, Israel (Prof A Keren MD); Jordan University of Science and
Technology, Irbid, Jordan (Prof Y S Khader ScD); Health Services Academy, Islamabad,
Pakistan (E A Khan MPH); College of Medicine (Prof Y H Khang MD), Graduate School of
Public Health (Prof S Won PhD), Seoul National University, Seoul, South Korea; Ball State
University, Muncie, IN, USA (J Khubchandani PhD); Korea Health Industry Development
Institute, Cheongju-si, South Korea (C Kim PhD); Department of Health Sciences,
Northeastern University, Boston, MA, USA (Prof D Kim DrPH); Southern University
College, Skudai, Malaysia (Y J Kim PhD); University of British Columbia, Vancouver, BC,
Canada (Prof N Kissoon MD, S Murthy MD, F Pourmalek PhD); Department of Preventive
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Cardiology, National Cerebral and Cardiovascular Center, Suita, Japan (Y Kokubo PhD);
Center for Community Empowerment, Health Policy and Humanities, NIHRD, Jakarta,
Indonesia (S Kosen MD); Sher-i-Kashmir Institute of Medical Sciences, Srinagar, India
(Prof P A Koul MD); Research and Development Unit, Parc Sanitari Sant Joan de Deu
(CIBERSAM), Barcelona, Spain (A Koyanagi MD); Department of Demography and Public
Health Research Institute (Prof B Kuate Defo PhD), Department of Social and Preventive
Medicine, School of Public Health (Prof B Kuate Defo PhD), University of Montreal,
Montreal, QC, Canada; Institute of Public Health, Hacettepe University, Ankara, Turkey (B
Kucuk Bicer PhD); Institute of Health Policy and Development Studies, National Institutes
of Health, Manila, Philippines (Prof H Lam PhD); Johns Hopkins Bloomberg School of
Public Health (J O Lam PhD), Bloomberg School of Public Health (Prof J B Nachega PhD),
Johns Hopkins University, Baltimore, MD, USA (B X Tran PhD); Help Me See, Inc, New
York, NY, USA (V C Lansingh PhD); Instituo Mexicano de Oftalmologia, Queretaro,
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Research in context
Evidence before this study

The Global Burden of Disease (GBD) study has a long history of generating
comprehensive, comparable estimates of child mortality, and has continually refined
current methods or developed new analytical approaches to maximise a full range of data
sources and systems that track child survival. For the 2013 iteration of GBD, we
evaluated the relative contributions of different factors, including number of births and
education levels, to changes in under-5 mortality from 2000 to 2013. In recent years,
several studies have sought to assess drivers of changes in child mortality, such as
postulating trends caused by a subset of causes and indicators of technical progress. A
shortcoming of these past approaches is that estimates of under-5 mortality levels and
trends are typically produced within separate analytical frameworks, rather than unified
estimation systems. GBD 2015 child mortality analyses feature several advances from
previous rounds of the GBD, including an expanded set of territories and subnational
geographies, additional causes, and critical examinations on the measurement and impact
of changes in sociodemographic status on child survival.

Added value of this study

The GBD assessment of child mortality provides timely, robust evidence on documenting
child health achievements during the Millennium Development Goal era, identifying
causes and regions for which less progress occurred, and characterising the association
between improving development and child survival. Estimates of child mortality by age
(neonatal, post-neonatal, 1-4 years, and under-5), sex, and cause over time now include
519 geographies, a notable increase from the 264 included in GBD 2013. The under-5
mortality database has increased greatly since GBD 2013, and we implemented several
methodological improvements, including data bias adjustments by data source and data
type. For the first time, we estimated the number and rates of stillbirths across
geographies and over time. Further, this analysis applies measures of Socio-demographic
Index (SDI), a composite measure of income per person, educational attainment, and
fertility for every geography year, to examine the association between changes in child
mortality and improving levels of development.

Implications

This study provides the most comprehensive assessment so far of levels and trends of
child mortality worldwide, linking recorded rates of change in under-5 mortality with
expected rates of decrease based on SDI alone. Through a series of decomposition
analyses, we identify which groups of causes contribute most to reductions in under-5
mortality across regions and the development spectrum. Comparisons of recorded levels
and cause composition for child mortality with patterns expected based on SDI alone
offer an in-depth, nuanced picture of where countries might need to refocus policies and
resource allocation for accelerated improvements in child survival in the future.
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Figure 1. Under-5 mortality rates by GBD subnational Level 1 geography, both sexes combined,
2015

For each category shown in the legend, the range is inclusive of the minimum value and goes
up to, but does not include, the maximum value. GBD=Global Burden of Disease.
ATG=Antigua. VCT=Saint Vincent and the Grenadines. LCA=Saint Lucia. TTO=Trinidad
and Tobago. TLS=Timor-Leste. Isl=islands. FSM=Federated States of Micronesia.
WSM=Samoa.
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Figure 2. Annualised rates of decrease in under-5 mortality by GBD subnational Level 1
geography, both sexes combined, 2000-15

For each category shown in the legend, the range is inclusive of the minimum value and goes
up to, but does not include, the maximum value. GBD=Global Burden of Disease.
ATG=Antigua. VCT=Saint Vincent and the Grenadines. LCA=Saint Lucia. TTO=Trinidad
and Tobago. TLS=Timor-Leste. Isl=islands. FSM=Federated States of Micronesia.
WSM=Samoa.
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Leading causes 1990 Leading causes 2005 % change % change Leading causes 2015 %change % change
numberof  death rate numberof  death rate
deaths 1990-2005 deaths 2005-15
1990-2005 2005-15
1 Lower respiratory infections 1 Lower respiratory infections -47-5% -46-2% 1 Neonatal preterm birth -25-9% -31:4%
2 Neonatal preterm birth 2 Neonatal preterm birth -39-4% -37-8% ? 2 Neonatal encephalopathy -16-1% -22:3%
3 Diarrhoeal diseases 3 Neonatal encephalopathy -3:6% -1-0% [ 3Lower respiratory infections -36-9% -41-5%
4 Neonatal encephalopathy 4 Malaria 18-2% 21-3% s, 4 Diarrhoeal diseases -34-3% -39:2%
5 Measles 5 Diarrhoeal diseases -45-3% -43-8% / 5 Congenital anomalies -3:2% -10:4%
6 Malaria 6 Congenital anomalies -20-7% -18-6% / 6 Malaria -42-8% -47:0%
7 Congenital anomalies 7 Neonatal sepsis 7:0% 9-8% 7 Neonatal sepsis -0-2% —7:5%
8 Protein-energy malnutrition 8 Other neonatal disorders -25-4% -23-4% 8 Other neonatal disorders -16-0% -22:1%
9 Other neonatal disorders 9 Measles -65-5% -64-6% % 9 Protein-energy malnutrition -25-3% -30-8%
10 Neonatal sepsis {10 Protein-energy malnutrition -41-9% -40-4% / 10 Meningitis -17-6% -237%
11 Meningitis 11 Meningitis -34-1% -32-3% / 11 STDs -21-1% -26-9%
12 Tetanus 12 HIV/AIDS 419-5% 4332% < 12 HIV/AIDS -51-9% -55:5%
13 Drowning 13 STDs -36-4% -34-7% 13 Haemoglobinopathies -4-1% -11-1%
14 STDs 14 Whooping cough -38-4% -36-8% | 14 Measles -75-1% -77-0%
15 Whooping cough 715 Drowning -57-0% -55-9% - 15 Drowning -36-8% -41-5%
16 Neonatal haemolytic 16 Haemoglobinopathies -3-6% -1.0% “-[16 Whooping cough -41-0% -45-4%
17 Road injuries -| 17 Neonatal haemolytic -45-2% -437% 17 Road injuries -16:7% -22.8%
18 Haemoglobinopathies “[18 Tetanus -76-3% -75-7% -1 18 Neonatal haemolytic -34-0% -38-9%
19 Foreign body “+ 19 Road injuries -43-6% -42:1% 19 Encephalitis -10-9% -17-5%
20 Intestinal infectious 20 Intestinal infectious -26-2% -24-2% 20 Intestinal infectious -20-0% -25-9%
21 Tuberculosis _—{ 21 Encephalitis -22-8% -20-7% 21 Foreign body -141% -20-4%
22 Encephalitis 5 Foreign body -36-8% -35-2% 22 Other infectious disease -113% -17-9%
23 Mechanical forces 23 Other infectious disease -261% -24-2% — 23 Mechanical forces -16-4% -22-5%
24 COPD =~ 24 Mechanical forces -39-6% -38-0% R 24 Tetanus -57-2% -60-3%
25 Fire and heat ™ 25 Tuberculosis -47-0% -45-6% 25 War and legal intervention 752-1% 689-3%
26 Other infectious disease “=--| 26 Fire and heat -46-9% -45-5% 26 Falls -2.0% -9-2%
27 Cerebrovascular disease 27 Falls -39-9% -38-3% /~-127 Fire and heat -21-6% -27-4%
28 Poisonings --| 28 Cerebrovascular disease -52:0% -50-8% [ 28 Tuberculosis -34-2% -39-0%
29 Hepatitis | 29 Poisonings -53-0% -51-8% 29 Poisonings -9-5% -16-2%
30 Falls h 30 COPD -64-8% -63-9% 30 Iron-deficiency anaemia -0-9% -82%
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Figure 3. Leading 30 causes of global under-5 deaths for both sexes combined for 1990, 2005, and
2015 at GBD cause hierarchy Level 3

Causes are connected by lines between time periods. For the periods 1990-2005 and 2005—
15, two measures of change are shown: percent change in the number of under-5 deaths and
percent change in the under-5 mortality rate. Changes that are statistically significant are
shown in bold. Neonatal preterm birth=preterm birth complications. Neonatal
encephalopathy=neonatal encephalopathy due to birth asphyxia and trauma. Neonatal
sepsis=neonatal sepsis and other neonatal infections. Neonatal haemolytic=haemolytic
disease and other neonatal jaundice. STDs=sexually transmitted diseases. Intestinal
infectious=intestinal nematode infections. Foreign body=pulmonary aspiration due to
foreign body in the airway. COPD=chronic obstructive pulmonary disease. Fire and
heat=injuries due to fire, heat, and hot substances. War and legal intervention=collective
violence and legal intervention.
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Figure 4. Attribution of changes in under-5 mortality for 21 GBD regions and countries,
territories, and subnational units in the UK to changes in major groups of causes of under-5
death, both sexes combined, 1990-2015

Locations are ordered by increasing under-5 mortality in 2015. The purple and orange lines
show under-5 mortality rates in 1990 and 2015, respectively. Causes to the right of the 1990
under-5 mortality values reflect causes that contributed to increases in under-5 mortality
between 1990 and 2015. Causes to the left of the 1990 under-5 mortality values contributed
to decreases in under-5 mortality between 1990 and 2015.
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Figure 5. Co-evolution of under-5 mortality with SDI globally and for GBD regions, 1990-2015
Coloured lines show global and region values for under-5 mortality. Each point in a line

represents one year starting at 1990 and ending at 2015. In all regions, SDI has increased
over time, so progress in SDI is associated with points further to the right and later years for
a given region. The solid black line represents the expected under-5 mortality based on SDI

alone. SDI=Socio-demogrpahic Index. GBD=Global Burden of Disease.
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Figure 6. The expected relationship between rates of under-5 mortality by cause (A) and the
proportion of child deaths due to each cause (B) with SDI, both sexes combined, 1980-2015

These stacked curves represent the average relationship between SDI and each cause of
under-5 mortality observed across all geographies over the time period 1980-2015. The y
axis goes from lowest SDI up to highest SDI. To the left of the midline are under-5 mortality
rates, and the right-hand side shows the proportion of the total in order to highlight the
different cause pattern in high SDI locations. SDI=Socio-demographic Index.
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Figure 7. Ratio of observed levels of under-5 mortality to expected levels of under-5 mortality on
the basis of SDI alone by GBD subnational Level 1 geography, both sexes combined, 2015

Expected levels of under-5 mortality and annualised rates of change were estimated based on
SDI. For each category shown in the legend, the range is inclusive of the minimum value and
goes up to, but does not include, the maximum value. SDI=Socio-demographic Index.
GBD=global burden of disease. ATG=Antigua. VCT=Saint Vincent and the Grenadines.
LCA=Saint Lucia. TTO=Trinidad and Tobago. TLS=Timor-Leste. Isl=islands.
FSM=Federated States of Micronesia. WSM=Samoa.
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Figure 8. Global trends in under-5 deaths, observed and expected on the basis of Socio-

demographic Index alone, 1990-2015
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Figure 9. Stillbirth rates by GBD subnational Level 1 geography, both sexes combined, 2015
For each category shown in the legend, the range is inclusive of the minimum value and goes

up to, but does not include, the maximum value. GBD=Global Burden of Disease.

ATG=Antigua. VCT=Saint Vincent and the Grenadines. LCA=Saint Lucia. TTO=Trinidad

and Tobago. TLS=Timor-Leste. Isl=islands. FSM=Federated States of Micronesia.

WSM=Samoa.

Lancet. Author manuscript; available in PMC 2017 January 10.




Page 61

(99:6,-68'G2)  (SO-Tyy 0T—29:G52 0T)  (96'92-T6:2¢)  (2€:€2€€-90-990€) (92:92-Tv-€¢)  (S€-2L2€-98'90T€) (6£8-98'2) (¥8:2G0T-92v€0T) (€6:2¢-Tz'T2) (€56962-89:958¢2) (ST-1€-95:02)  (18:6Te—LT1G5.2)
TLLL 6TvvE 0T 182 88:€6TE 687¢ 02:06T€ FAK: 60-970T 112 207162 9T6¢ G0'68EE 9667
(1e18-0T°22) (25822 0T-LTv€S0T) (Ltlz—e€z)  (TT-czve—er-091€) (€6:92-98:€2)  (0€:2LEE-PH-002€) (09-8-70-8) (97 T60T-GT°290T) (62-€2-9v-T2) (€0-0€0€-G.:0T62) (16:1€-G9:02)  (VS-99€v—98:/8.2)
ST6. 02229 0T 7214 89-162¢ rse G7G8Z¢ 1€8 126101 L1822 08:0.62 8562 6ETLVE  S66T
(62°€8-258.)  (6G-€0T TT-T89¢80T) (85:82-€T+ve)  (L2'8.Ge-€6:892¢) (¥S-.12—9¢ve) (1SL9vE—16'L82€) (g8:8-€2:8) (€T-€€TT-€€G0TT)  (95€2-29-T2)  (¥9-960€-Lv-L262) (262€-88:02)  (£6'7¥Sy—29:L¥82)
€808 GT956 0T 1292 1€L2VE 686z G/7lEE 758 99:8TTT 8922 27 L€0E 8092 v2:11G€  ¥66T
(9578-0962)  (LZ°0TE TT-9L0TT TT) (S6'82-Lv+e)  (2Lv29e-19-6vEE) (90-82-6G+¢)  (66:955€—20 T8EE) (206-178)  (S299TT-876€TT) (08:€2-88:T2)  (95:2GT€-T6:2€0€) (26°€€-0T'T2)  (LE'GEL—S€L06C)
9618 12902 1T 6592 68981 €9 6L L9VE 1.8 18:2STT 88:2¢ 08:860€ 0992 G9:/89¢  €66T
(5298-8T°18)  (229¢9 TT-TT'9¢r TT)  (¢8:62—70:S2)  (v1-GELE-T6-€SvE)  (V2-82—6T'Ge)  (25-€L9€-T9-E6VE) (926-179:8)  (€6:5021-65-8.TT) (60v2—2T1-c2) (21°622€-06'901€) (29-ve-8eT2)  (¥1-9887—12'9.62)
69-€8 €9:GES TT €2 12:€65¢ ¥6:92 02:285¢ 268 212611 ST€e ¥0-89T€ e GZ:008¢ 66T
(v2'88-01-€8) (86:2.6 TT-06T9LTT) (/8:06-G6:G2)  (2€,G8¢-85-195¢) (T€:62-LLG2) (T0-98/£-G6-TOIE) (Ly6-62-8) (Sevve1-28-9T2T) (Teve-6c¢c2) (26:€62€-282LT€) (S5Ge-87T2)  (T#6905-92:6TOE)
¥5-98 9T-/98 TT 1282 €1:10L€ 1512 00:569¢ 26 08-0£2T 7€ €9-€£2€ 2912 T7606€  T66T
(50-06-G¥8)  (¥56€2 ¢T-08:0T0¢T) (29-T€-GG92)  (08:€£6€-87-269¢) (v6:62-T2'92) (2t L/8E-€S-€69E) (89:6-16'8) (82°6L2T-67:052T) (09v¢—65¢22) (L0-6vee—96+1eze) (Tv9e-L2T2)  (8€:9€2S—0T €80€E)
8028 €T02T 2T 26'8¢ 69:28LE 6082 25v8LE 1€6 2LY9TT £9:€C 02:882¢ 0782 06:L007  066T
(TT-26-€1:98) (e6:€87 2T-2G€52¢T)  (€52€-92.,2) (SZ-TT0'v—22-6028) (T2-06-+8-92)  (v1-996€-0v-T8LE) (56'6-616) (LGGTET-G-682T) (¢6-v2—€822) (vSeove-eT-2L2€) (GT-26-9T22)  (99-0.6£5-€€-GSTE)
0688 02:89€ 2T 9/62 111588 0,82 68'T/8¢ €56 €1-662T 06:€C T7-6EEE 29:8¢2 €0y 6861
(976-9¢-88)  (¢6:8GL ¢T-20705¢T) (65:€€-0£:82) (SO TTT'V—85+08¢) (SGT€-T1522) (88:€507—8€798€)  (TZ0T-¢v6) (26:6V€T-80-6TET) (82:G2—80€7) (T€Gyve-.18:GTe€) (98:.€-+¥9-22)  (€8:GL¥S—v6:22CE)
€216 86:T€9 ¢T 16:0€ 95-G56€ 1762 02:096€ 6.6 ¥6-€EET Teve 12:28€¢ €2:6C v8:T6T7  886T
(9T:26-2506) (28G96 ¢T-TE¥TL¢T) (98¥e-Te6e)  (95:G8Tv—2€9.8¢) (0Ot-2e—0¢82) (02 TETY—08:2€6€)  (250T-0.'6) (06:08€T-60-8¥€T) (0.:GZ—2v€2) (9T9.7E-TL:GreE) (2286-9T-€2)  (SE+.SG—v. T8ZE)
15€6 12:6£8 CT G6'TE 819201 82:0¢ 62vE0Y 80:0T 06¥9€T 85v¢ YZ-€Tre 066¢ 8€:892y /86T
(v9-66-20€6) (v9LET €T-20€682T) (S6:GE—¥€-08)  (€LGSey—LT-Tv6E) (22:€€-00-62) (69:€6TY—15266€) (€8:0T-T00T) (06-80rT-86:GLET)  (L0-92-61:€2) (L0-v6vE—29:29€€)  (€8:66-€G€2)  (8SL895—L1-€0EE)
€096 69-9T0 €T 60-€€ €1:160Y FARES 115601 6£0T 2€26€T v6:vC 18-0£¥€ 95-0¢ T6vZey 9861
(68:20T-60'96)  (€6:86€ €T-0£-02T €T)  (91°26-95:T€)  (¥8-¥SEP-TT-9g0¥) (/G¥€-10-0€) (€2:9T€y—96-9807) (02-TT-€€:0T) (2S-GEVT-9T+OrT) (£592-8T+v2) (67 T19-06-€.8€) (02 Ty-T0ve)  (87°ST8S—8-62€E)
1266 88:G5C €T 8yve €2€6TY le2¢ 69:86T¥ €.0T r6TrT /€62 £5-vhe 8z1¢ vrcley  G86T
(22L01-0266) (SL-€6L€T-EvesE€T)  (L66€-66'C8)  (ir087r—98:2rTy)  (98:9e-€5T€)  (00:€9Sy—06:2.T¥)  (SG-TT-0L-0T) (TT-29vT-06'62rT) (56:92-8Sv2) (L7915€-96:08€€) (v2-ev—9v+ve)  (81:8285-82-THEE)
€0-€0T 8565 €T 079¢ ¥9:60EY S0ve S0evey TTTT 67SrYT 18:G¢ 0r TSPE v0-2€ T0VTvy  ¥86T
(26'60T-8520T)  (¥9-¥56 €1-18:20S €T)  (¢6:0v—2T-¥E)  (8€-GLGh—€€0T2y)  (v6-26-6v28) (€2:9T9v-0T-8zcy) (€6 TT-80-TT)  (99-¥8vT-ST-eSvT) (Tv-L2—+0G2) (29-21S€-9v-6.8€) (0T-¥v—18+2)  (€6-8£09-81-8EEE)
20:90T 92:90L €T e 9T T6EY £Tge 06-G6EY 67 TT 218971 1292 80-TSVE £82¢ €99vFy €861
(9e'TTT-08'v0T)  (2T-298 €T-G68S€T)  (88:Ty—€1-Ge)  (9v86G7—-90-29¢%) (6S-L€-¥6-2€) (86 Tvwv—Sv-GEZy) (T€2T-LvTT)  (¥E-20ST-0Sv.vT)  (06:L2-S°G2) (28:9156-G£-8.€€) (0L-Gv—61:G2)  (ST-2GT9-6v-22EE)
G807 Z8VTLET e8¢ 8EVEY'Y €eGe T2 6EEY 88'TT 280671 v1:92 T7:057€ 29:€€ TT: Ly 2861
(92¥T1-v0-80T)  (6%°950 ¥1-92°96L €T) (VT-€7—Tv9€)  (SEOTLY—€799€%)  (£2-8€-80%€) (2L-90S7—06:006%) (02-2T-88-TT) (92°€€GT-L2:00GT) (ev8¢-¢6'G2) (T2-€25e—2ve8ee)  (€8:9v—25G2)  (08:6029-€0-0TEE)
16:0TT 00816 €T 19:6€ 868£5Y Ly9€ 18:50vY 6221 85:9TGT vz Le £9:95%€ 8yve v6:L1S7  T86T
(TT211-88:0TT)  (92-852 ¥1-96G66 €T)  (67v7—85L€)  (6€-8T87-08:0L%Y)  (G8:66-+0-GE) (96:2.Gv—LT-T9e¥) (2T-€T-62:¢T) (96:65GT-02-GeST)  (v6:82-1€92) (Zevese—65-€6€€) (€1-8v—2¢1-92)  (€8:8629-0Z-THEE)
Z8°€TT 69-22T ¥T 2607 £6-€Y9Y YAES 2€897Y 69-2T ¥0-€7ST 1212 6€L9VE zese Zrv9Sy 0861
aley lelol aley |eroL arey leyoL arey |eyolL arey lelol arey lelol
(s1esk v—0) G 18pun (sreak v-T) piyd  ~ (1eak T 01 shep gg) [ereuoau-1sod (skep /z-/) [ereuosu a1e (skep 9-0) |ereuosu Ajre3q SUMIq[nS

® Europe PMC Funders Author Manuscripts

T alqeL

® Europe PMC Funders Author Manuscripts

GT0Z—086T ‘Paulquiod saxas yioq ‘sdnoab sbe g-aapun pue ‘pliyd ‘fereucsu-1sod ‘[ereuosu sie| ‘[ereuoau Ajaes ‘syraig)is 10} (syruigaal] 000t 4ad) sared Aijeriow pue (spuesnoyl) syresp [eqojo

available in PMC 2017 January 10.

1

Lancet. Author manuscript



Page 62

(S7Gp—€6-2€) (90-9965-€-€299)  (18:21-08'6)  (S5:029T-29-SzvT) (€9:€T-€6:0T)  (0S-TY.L1-98:LT9T) (TLv-v8-€) (00709-+9:028)  (95:GT-6£€T)  (/8:2802-€6:286T) (29:.7-€8:2T)  (2T-T2SC—8.:L28T)
AN §8-0285 0z1T 0t T2ST 9TZT 66:L/9T €y €2:185 ShyT €2vE02 68T 96721 GT0C
(68:97156€) (82:€579-69-885)  (1€:€T-€£01)  (G8:89T-T9-¥6¥T) (ET-¥T-9%TT)  (L9+081-GZ'¥89T) (€87-66°€) (£6:T29-G206G)  (98:GT-82€T)  (08:6272-90'T€02) (v6:LT—¥T-€T)  (857952-96-898T)
€62 80-6T09 6. TT L7-88ST 89-CT TE LT 8e v 61909 6L YT £1-0802 G2:ST €2:6/T2 V102
(z0-87-62°Th) (6£-26€9-98:0609)  (98:€T-€6:0T)  (8€-2SLT-€6:€9ST)  (6v¥1-T02T)  (08-998T—€T-8¥.T) (967-9T7) (5e-0v9-65TT9)  (0T-9T-9T-¥T)  (60-€2T2-S0'v202) (928T-0G-€T)  (GE¥09Z—+S-9T6T)
Ly vy 90%12'9 FANA G7959T 0Z:€T T.-,08T €S 04629 ST-GT 0zve1e ¥9-GT 616222 €102
(ze67-LT°€Y) (55-225'9-68:2629) (rr¥1-85TT)  (¥9:028T-62%€9T) (S6-¥1-.5¢T)  (00-Z€6T-€0-0T8T) (0T-5-vEY) (€0659-L71€9)  (T#-9T-26¥T)  (v2ST2C-L¥8T1T2) (L2-8T-S6-€T)  (02-6992—+8-EL6T)
119 £G-€T79 ¥6:2T v€-82.T €L€ET 6.°T/8T 69 60679 28°GT 0£:89TZ 60-9T 61:282¢ 102
(26:05-21°Sv) (69:2€,9-82:0659)  (0T'5T—22°2T)  (00:868T-¥9-¢TLT) (25:GT-22€T)  (16:5002-2T-€88T) (G2'5-€51) (20629-28259) (22:9T-90'GT)  (¥2:292¢-60'59T2) (62:6T-8€+T)  (952€L2-8.:5202)
16°LY G2'1€99 29€T 02:908T GevT 26vv6T 18 ££:G99 €6:GT 18122 ¥9-9T 1¥0S€2 1102
(0L-25-v€:LY) (29-0869-T2-2229) (68:GT-ZT-€T)  (G2-9661-8.-€08T)  (v1-9T-/8:€T) (25-€802—20-8S6T) (ov-5-SL%) (67-002-82v29)  (6T-21-65GT) (T€v1€2-98vTcz) (v0-0z-68-¥T)  (SZ-¥Z82—6L-2807)
1667 £8:G/89 T 6T-206T T0:GT 52202 50§ 98989 1£9T §2¥922 rAAIAH v6:6T7 0102
(vT-vS-€€-6Y) (T28/7/-6€'8869) (S5-9T-8.-€T)  (66:2902-T#898T) (T2:9T-2G+T)  (0L-0STZ-9€:9202) (55:5-v61) (02T2.-82669)  (95:27-209T)  (6v°T9€2—+5-€9¢22) (19:02-G€GT)  (€6:T682—¢vCvTT)
v1-15 0T-6.0.L 80-GT 968961 19:GT 816802 v2:8 68°20. 18:9T 90°€TET 9,11 10872 6002
(0T-95-85°19) (ev80v.—vL-Gzer) (veLT-T94T)  (¥8:09T¢—2¢9-656T) (2v2T-22ST)  (69+222—28:8602) (22-6-GT°9) (L8 Tv.-STLT2)  (66°2T-979T)  (LTL0¥¢—22-90€2) (1€:T2—28ST)  (07'2L62-2076T2)
61°€S 90-0TEL 16:GT 211902 829T 00-€9T2 erg 9982/ veLT 62L5€2 ze8T ¥8:9¥GZ 8002
(8£:25-09-€9) (2Lv09.-09-0v72) (21-81-82°ST)  (S8:862¢-8.-2€02)  (L0-8T-88:GT)  (+0-8622—€0-G9T2) (68-5-5¢-5) (v2-192-86:282)  (Tv-81-06:9T)  (6L-6v¥z-Te8ve2) (20-22-S2:9T)  (20-250£-05-8€22)
6995 159TSL 29:9T G8-GETZ €697 16:1€22 29§ oT-6Y. 19T 99-66€Z 88-8T 06'809Z  L00Z
(28:65-28-59) (66:6¢8.-9T-1.92)  (96:8T-509T)  (96:0£€2-66-2TT2)  (92:8T-2G9T)  (¥8:GLEZ—65'6E2T) (0T-9-95:6) (92:€8,-9.092) (68:8T-v€LT) (08:G67¢—69-€6€2) (G2-22-T89T)  (€9-ZETE-TE-00£T)
1815 1887/ erLT 05¥222 ¥9-/T v1:10€2 €8S v9-TLL v1-8T 26v7ve 156T 68:1/9¢ 9002
(66:T9-G189) (157808-29-1262)  (06:6T-689T)  (96:L¢ve—v2-TTez) (€5:6T-82LT)  (22:0972-80'T2€T) (€€:9-18:9) (85:208-0-G82)  (9¢'61-08:LT) (0€€vSe-TT-6ev2) (89:€2—62:LT)  (SO'T¥2€—20-TGET)
£0-09 G9:966. 0£8T 9T6TET 68T 1568€2 909 1966/ 19:8T §2Z6vT 6102 0825/ S002
(62'79-95-09) (ve-zves-22-1818) (98:02-€L-2T)  (2L2852-87-20€2)  (€£02-00-8T)  (0T-8¥SZ—VL-L0VT) (95-9-50-9) (cc-c€8-06-018)  (88:61-1€8T) (€92652-6T:06v2) (95¥Z—v.-LT)  (G6-CEE—91-86E2)
€29 111528 1261 876THZ 6T6T 80G/¥Z 0€9 v¥128 0T-6T 8T T¥SZ 18:02 112282 002
(8£:99-12-29) (86:8.98-¢€vzy8)  (S9-Tz—ev-8T)  (05:T29z-0€-28€2) (ST-T2—G.-8T)  (/8:T€9Z-T¥88Y2) (08:9-62°9) (9z:858-98-¢8)  (ve:02-2L8T) (2€6€92-81-9€52)  (9€:Gz—v2-8T)  (0T-ZEVE-0E-0S¥T)
6779 069678 866T 18:5052 966T 269552 59 9998 /56T 151852 8e1¢ €T'€88Z €002
(¥6:89-20-59) (89:€/88-18'€0/8) (v9-2z-T€6T)  (6v2€Le—€9:.6v2) (T2:¢z—296T) (00¥7.2-LS€652) (¥0:2-259) (cev88-22198) (28:02-T¢6T) (S€+892-G€'6.62) (92:92-T98T)  (15:9€S€—v198%2)
86-99 68:88/8 06:02 15192 8602 02:6992 8.9 95-2/8 €002 85-2€92 96T ¥9:562 2002
(20'T2-2129) (€8-2216-78:9568)  (67°€2-00:02)  (€v-2€8¢-2.6852) (86:22—¥v02) (Sv1€82-€2:9.92) (82:2-919) (L0T16-18288) (22'Tc—¢9-6T) (16:12.2-95T292) (9022-568T)  (28:6296-G¥-1252)
60-69 612706 89TZ ¥6:0T.2 2LTe 02:95/2 20, 12668 902 819192 1522 12¥T0€ 1002
(€0-€2-€€69) (81-98€6-01-8T¢6) (ze-¥z—2L02)  (€9:9662-G0-8892)  (L2:€2-ST-Te)  (/9-8T62-T€'€9.2) (€5:2-002) (86:86-28:516)  (29:T2—866T) (6£€..2-G€-9992) (20-82-2€6T)  (0T'TSLE-2S-€952)
ZTTL 05-20€6 vvze 2€0182 e 80€78Z 9L 6v°126 9802 09:T2/2 6T€C €T:060€ 0002
(0672.-02°T2) (6£:2596-60'1876)  (L0-G2—6€T2)  (99:880£-69-¢8/2) (2Svz—6.T¢) (29:6006-L€E'2582) (92:1-€2°1) (G7-896-22'Sv6) (L6:T2—9€02) (€€7T¢8¢-16'€T.2) (86:82—9.6T)  (v72-81/8€-8.'6192)
£0-€L 29:5956 y1€C ¥2:0162 9T-€2 G6:0£62 0SL G/-956 rAANYA 89:19/2 18€2 60'TLTE  666T
(2691-06-21) (9€-2066-50-G€26)  (99:G2-96'T2)  (L6:T€T€-80:9/82) (L1°G2-6€22) (2v-S60€-St7E6T) (86:2-9%1) (€6-966-68€26) (ve-2z—69:02) (T1-8982-+565.2) (S8:62-8102) (61-200'7—00-6.92)
0LYL ¥1-6186 G1€T 9/-€00€ 8L-€2 €T-9T0E 2Ll 85686 6512 89-€182 6EC G8:752¢ 8661
(v0-82-St¥1) (579917 01-80-2866) (2€-92-8¢-22)  (L6:L22e-G¥1962) (T2:G2—S6:2¢) (2L-08TE-TE-9TOE) (81:8-29'2) (ST-220T-€£€00T)  (¥9-2¢-96:02) (8%-9T62—¥1-G082) (€5:06-87:02)  (L0-TTT#—8962.2)
229L 21€L00T oeve 15:G60€ seve 26:00TE 6L 68710T 812 ¥£:2982 €8¢ 90'GZ€€ 1661
aley reloL arey lerol arey le1oL arey el aley leloL aey |eloL
(saesA $—0) G 48pun (saesA +—T) pIud (4eaA T 01 sAep gz) |ereuosu-1sod (sAep Lz—/) [ereuosau ajeT] (sAep 9—0) [ereuoau Alre3 syuIqns

® Europe PMC Funders Author Manuscripts

® Europe PMC Funders Author Manuscripts

available in PMC 2017 January 10.

1

Lancet. Author manuscript



uncertainty intervals.

95% Uls are provided in parentheses. Ul

Lancet. Author manuscript; available in PMC 2017 January 10.

Page 63



Page 64

(0T-003GTT-) (90T 01 76:0-)  (85:0-0182:2-) (£0:0 01 500) (€0001200)  (LT-OT 03 182) (62:€01€6°T) (50-€ 01 00:2) (evv 01 ZE-€) (y17-5019T-€)
€5:0- €00 8eT- 900 €00 068 162 052 98°€ 90 18unig
Bre-018%-)  (85e-0TL¥-) (68— 0129:G-) (€17 016T V) (60:€ 01 152) (5T°€0189:2) (880 01 09-0) (80T 01 280) (zeT0120T) (102 04 ¥9°T)
9T - 8T YT oy 8.C 682 €0 160 6T'T 18T 21j19Bd BISY dwooul-ybiH
(19z-o15ze-) (18T1-01622-) (15— 01Zyv-) (¥€-0 01 0£-0) (v2:0 01 2T:0) (€95 01667) (2T 01720) (zzzoyLT) (€521 7T7) (L6:€ 0158:7)
96°2— 0£2- 16:€- 2€0 020 126 160 66T € vee puefesz maN
(Tee-018€-) (99— 61e-) (88€—01991-) (zeTO18TT) (0S°T 01 G60) LTy 01eL€) (£6:0 01 250) (1€ T0190°T) (0z'z 01 88°T) (127 01 86°7)
95-€- 80€- 8z GeT 8T'T 76:€ 2.0 6TT 02 TL€ elfensny
(Tze-o126e-) (6Sz-m9ee-) (68€-01TG1-) (#9701 6Y°T) (7210 ZTT) (Tvv 01 €6°€) (£6:0 01 85°0) (ErTO16TT) (S5z'z 0126 T) (657 01 96°2)
e~ 962- 12 95T 8e'T 9T 9.0 €T 60°C 69°€ eise[ensny
(or'z-0892-) (z81-m62¢-) (9T-€-0188¢€-) (9€¥Z 01 06'€2) (16T 01 20-TT) (129 01 08:9) (2T 01120) (58T 0125T) (05:€ 01 ¢T-€) (6:z01€22)
vS2- 902- 12e- €T Sy 1T 009 860 TLT ze€ 82 vsn
(coe-me0v-)  (SpT-096C-) (99— 01€€:9-) (10:0 01 700) (T0:00170:0>)  (TL-9T 01 OV°ET) (09.z012vT) (96 01 €6°€) (98:6 01 05-2) (TT-8 01 ¢T+1)
756~ e 15G- 100 10-0> G677 16T ey 298 186G pue|usaIO
(621-01282-) (88°0-8LT-) (V82— 01 .p€-) (80-z0128°7) (T2'T 01 8:0) (8e:501ZL 1) (90T 01 290) (85T 01 TET) (z0'€ 01 ¥52) (zT€01GT2)
902- veT- gTe- v6'T 00T €0'G 280 ST 11T 1S epeued
(9gz-m592-)  (LLT-0/22-) (eTe-01Ge€-) (9€-9z 01 £8-52) (€6-2T 01 00-2T) (¥1-90172-G) (T2'T01620) (28T 01G65°T) (S7-€ 01 80-€) (26:201122)
162 €02- vee- 0192 Syl 26°G 160 69T 12€ 182 ©ILI3WY YLON 8Wwooul-ybiH
(16z-01epe-)  (Sgz-o1T€e-) (SL€- O TTH) (9209 01 89-89) (66°L€ 01 66°TE) (075 01 G21) (96:0 01 €.-0) (9T 01 p7°T) (16:2 01 052) (zze 0 122)
LTe- 89:2- 16:€- 9965 €L Ve 90°G 780 vST 69°C 62 awoaut ybiH
8Lz-019¢-)  (eze-m05y-) (L6T-01.E2) (27°69LT 01 09-GT9T) (#9:996 01 22-08€)  (¥2'€6 01 66°GL) (2e:G€ 01 21°92) (v21€ 01 50-52) (1862 2 659-G2)  (20-2Z 01 G6'ST)
0z:e- 68:€- 9Tz- T.-889T Sv82Y 2018 ¥9-0€ 618¢ 892 9502 1as mo1
(98:z-mege-) (80~ /Tv-) (L2C—01/8C) (vv¥262 01 61:90.2) (L290€T 01 82:296)  (0T-29 01 9%15) (€2:6T 01 ¥E4T) (2567 01 T8-ST) (reTe 01 p1-22)  (10:82 04 8202)
0z:¢- £9:¢- 952~ €e Y182 ve-STTT 1029 £9:97 65T v1-6¢ 1072 1AS 3|ppIW-MmoT]
L(9BE-OVVEV)  (pTp-or6L6) (092 O L) (27606 01 55-828) (8v-2zv 01 69-€2€)  (60-92 01 68-02) (50 01 £8°€) (212 01 975) (0e¥T0166TT)  (49-TT 01 ¥8:8)
or - 167 vSe- £8-898 822.¢ or€g orv 929 062T ST0T 1aS 3IPPIN
(69c-016.v-) (€L~ TyS)  (16C- 01 v i) (69-88¢€ 01 0£-G5€) (98:687 01 20:G¥T)  (99:LT 01 26-€T) (8T€ 01 872) (00°G 01 98-€) (€9:6 01 25°1) (022 01 06°G)
FAa 19— G9-€- ST-ZLe 69-G9T ¥9-GT 182 6EY 258 €19 1as aipp1w-ybiH
(8ze-opre-) (88— 19€-) (69€-01ZT 1) (G292 01 16°2L) (SzLy 01 GT-8€) (€9:G 01 ¥0-G) (90T 01 98-0) (69'T 01 05°T) (86:2 01 19:7) (9e:€ 01 1227)
FAsK o 9z~ 06€- vSvL 8Tz 166G G6:0 65T 8.C 00°€ 1as ybiH
(65z-01zee-)  (862-01.T+-)  (0L-T-016E¢C) (90-5965 01 ¥£-€299) (zT125z 0182:228T)  (GP+Gy 01 €6:L€) (18-2T 01 08-6) (€9-€T 01 £6-0T) (#1021 92:2T)  (29-2T 01 €8:2T)
162 19:¢- 202 68:0285 967212 Ty 0Z'1T 91T 2987 68T [edo|D
(4eak T 01
GT0Z-066T ST-0002 0002-066T GJaspun  (s1esh y—T) pIyd  sAep gg) |ereuocsu-1sod  (shep /z—0) [ereuosN suMIgIns
(spuesnoyy)

Alleriow G-1apun J10j sbueyd Jo axeu pasijenuuy

syresp G-19pun |e10L

(spuesnouyy) symIg|Iis [e3oL

SUIGaAI] 000T 48d stpeaq

PaUIGLUOD S3X3S U30g ‘WwopBury| Pajun ay} Ul S)UN [BUOIRUGNS PUE SALI0}LISY PUE S3LIIUN0Y AQ ‘GTOZ-066T PUE ‘ST-0002 ‘0002—066T 404 Ajeriow

G-1apun 10y abuey? JO Sa1e. pasifenuue ‘GTOZ Ul SYIIGIS [101 PUe ‘Syresp G-1apun [e101 ‘(SUl1gaAl] 000T 4od) seled AJjeliow S-1apun pue ‘pliyd ‘[ereuosu-1sod ‘[eyeuoau ‘seyed YuIqpns

® Europe PMC Funders Author Manuscripts

¢ dlqeL

® Europe PMC Funders Author Manuscripts

available in PMC 2017 January 10.

1

Lancet. Author manuscript



Page 65

LPIE-AGTE)  (opz-01606)  (ET-G-01 ¥6:G-) (€61 0162°T) (80T0120)  (€8:€01552) (09:0 01 T€:0) (26:0 01%9-0) (6e20¥ST)  (9T2O1pKT)
G- vl€e- 256 85T 880 eT€e S0 110 16T ST Aren
L(ECr01057)  (99e-01964-) (54— 01 p9G-) (020 01 85:0) (es001¥g0) (v 0105¢€) (96:0 01 95:0) (8€'T 0160°T) (60201e91)  (ST€0902)
29— & 806~ ¥9:0 €70 ¥8-€ G0 vZ1 G681 852 13els|
(ege-a6rv-) (69~ 082G) (062 0126€-) (Lz:001220) (92:0 03 GT-0) (z6:€ 01 GT-€) (#2:0 01 T#°0) (92T 01 66:0) (60-Z 01 65°T) (LLe0rgT?)
66-€— 05— A ¥2:0 020 15°€ 950 eTT €8T 18 pueai|
LT0V-016EST)  (pge-01p96) (92— 01 LT-9-) (10:0 01 70:0) (100 01 T0:0>) (8e'z o1 2L T) (¥5:0 01 £2:0) (080 01 95-0) (€17 01 18°0) (€5T 01 T0°T)
1.9~ 67— €06~ 100 100 €0°Z 6€0 890 G560 €T puejsol
L(9T7-016677)  (ggg-01T84-) (8L 016G (ve-0 01 82:0) (£2:0 01 6T-0) (19:€ 01 £0°€) (€9:0 01 ¥£-0) (10-T 01 18:0) (€12 01 p2°T) (16:2 01 60-2)
29~ T2 G2G- 1€0 €20 0g€ 170 160 26T 672 808919
(sTe-a6ry-) (25 T-028€-)  (L1G-01/8G) (88:201502) (z2T01E2°T) (ze'v 01 10€) (82:0 01 2°0) (8e'T0120T) (0z'Zz 01 9%°T) (052 0162°T)
v8-e- 1.2 €56 e i £5€ 850 6T'T 11T 0T Auewis
(Soe-oreev-) (98 T-0667-) (IG5 01G2'G-) (€01 102) (0z'€010T°2) (ST7 01652) (28:0 01 T°0) (77T 01 76°0) (20z 01 9T°1) (L0701 29:2)
86-6- ore- a8 85°C 65T 8z€ 850 8T'T €51 0g€ 3oueld
(Tee-avzs) (oz-oeys)  (S0—01€T-9-) (81001 1T°0) (110 01 L0-0) (€0€ 01 68'T) (650 01 82:0) (€8:0 01 €5:0) (69T 0150'T) (98T 01,2'T)
L2y TL€- 0TG- ¥1:0 600 orZ 70 990 €T ST pueuiy
(eTe-ovv-) (S8 T-060v-) (0€v—0118:G-) (52:0 01 8T°0) (0T:0 03 20:0) (817 01 20°€) (62001 27°0) (¥T°T 01 G8:0) (6€'201€9°T) (z9T01ZT'T)
08¢~ 162- 06— 120 800 G5€ 850 660 16T GeT lewusg
(ore-0129%-) (08 T-06L€-) (LTG0109:9-) (¥0:0 03 £0°0) (20:0 03 20:0) (85:G019T¥) (22001 8€0) (69'T0192°T) (zec012€2) (59:€ 01 8£2)
L0Y— 98:2- 88:G- €00 200 8L 50 2 08C 26T snudAo
(oe-orgzv-)  (ez-038L€-) (89— 01GpG-) (550 01 G7°0) (070 01 52:0) (zZzv 01 61-€) (6.-0 01 9%0) (zrTO1ETT) (6T:2010.T) (60°€ 0156'T)
18-€~ 80-€- S0'G- 050 2€0 18°€ 190 121 €67 £vZ wnibjag
(zge- 0 .6v-)  (2zz-o0Tv-) (194 0160:9-) (€€:0 01 G2°0) (22:0 01 9T-0) (66°€ 01 2T°€) (L2001 €Y 0) (52T 01 26°0) (9T:2 01 09°T) (99:2 01 16°T)
€0 9T €~ veG- 620 8T0 £5€ /S0 () 68T 4T eLIsNY
L(POE-OESS)  (gp1-0)0T4-) (LG 0} 266 (10:0> 01 T0:0>) (10:0> 01 70:0>) (682 01 66°T) (70 01 6T0) (28:0 01 05-0) (€21 01 18°0) (s2TO012TT)
G9— €8:2- 181~ 100> 100> 16T 62:0 ¥9:0 860 8e'T eliopuy
(Lee-avey-)  (9ez-m66€-)  (LL¥—0180:G-) (T2:9T 0} TO-ST) (S0°€T 01 £5-01) (507 01 8T°€) (89:0 01 61°0) (72’1 0100T) (LTz0or$91) (56:2 01 6£2)
/8¢ 9T e~ 67— 78T LT 85°€ 850 T 88T 89°C adoun3 useIss\
L(BOE-01G97)  (gTy-01sp9)  (192-01Tz8-) (rz-T01ETT) (00T 0169:0)  (28:€01697) (90T 01 65-0) (0T 01 68-0) (s9T0160T)  (8T:ZO1TST)
PAN 0£G- veg- T €80 A4 080 60T veT 28T €310 YIN0S
LBSV=01¥SS) (s z-a1pep-)  (95:9- 01 TT8-) (600 01 £0:0) (11:0 01 £0-0) (¢vz 0166°T) (650 01 ££:0) (22:00185:0) (L1101 76:0) (182 0162°T)
50-G— €G-€- ve - 800 800 AR S0 190 S0'T 0z¢ alodebuis
(88:z-0185¢-)  (062-0190+-)  (652— 01 ¥1-€-) (16201922 (602 01 79-T) (862 01 052) (88-0 01 £50) (90°T 01 08-0) (v2'T 01 66:0) (z0-z 01 85T)
vee- 8- 88:2- 82 v8'T €T 0.0 260 1T 8.7 ueder
(4eak T 01
GT0Z-066T ST-0002 0002-066T GJaspun  (s1esh y—T) pIyd  sAep gg) |ereuocsu-1sod  (shep /z—0) [ereuosN suMIgIns
(spuesnoyy)

Alleriow G-1apun J10j sbueyd Jo ayeu pasijenuuy

syresp G-19pun |e10L

(spuesnouyy) symIg|Iis [e3oL

SUIIGaAI] 000T 48d stpeaq

® Europe PMC Funders Author Manuscripts

® Europe PMC Funders Author Manuscripts

available in PMC 2017 January 10.

1

Lancet. Author manuscript



Page 66

(r8z-01v6€-)  (22€-0195G-)  (96:0- 01 96°T-) (85-€8 01 98-22) (67¥€ 01€9-22)  (S6-GT 01 GT-2T) (1€ 01¥22) (06 01 T5€) (918 01 /2:9) (€T-9 01 £0-) ISV [eJ}U90 pue
8ee- S9v— 81— 06:LL 0922 16°€T 892 ey 6TL 16 ‘adoun3 usaises ‘adoin3 [enusd
(6'z-0165v-) (€9 T-06TG) (50-€-018Z1-) (19:0 01 9£-0) (82:0018T:0)  (epzT 01 G€E2) (9T 01 1.0) (697 01 €9:7) (ge:9 016/-€) (€9:G016/-€)
056~ 6€€- 89-€- 170 €20 856 eTT 65°€ 681 v9v Aenbnin
(6ec-088¢e-) (88T-069¢-) (7S 01G8:G-) (06T 0189°T) (ZT€ 01 TP T) (80803 LT°2) (77T 01 G2-0) (16:7 01 €€°27) (Tev0129€)  (YT-€T 0100°9)
£9-¢- 622 ¥9:6- 8. T 80°C 192 90T €9°Z v6°€ 188 3yd
(80e-orove-)  (9Lz-01e€-)  (vpe-0199:€-) (286 01 0T'6) (867 011€:€)  (OTET 0180-2T) (Lrzor1eT) (92 01 09-:€) (0z:L 01 0%9) (959 01 /€¥)
vee- £0e- 95-¢- 176 L0V 1STT 68T 16€ 089 8e'G eunuabiy
(coe-avye-)  (rz-010ze-) (vLe-01T6€-) (ST-2T 01 TETT) (18:£017€:G)  (£6-TT 03 G/0T) (0Tz01€2T) (L6:€ 01 £€€) (179 0169-S) (872 010T-S)
v2e- 682- €8¢~ ZLTT 89 11T €91 G9°€ 909 219 BOLI3WY UIET UJBYIN0S
(evz-osze)  (epT-0.6C) (082-01191-) (9T:0 01 $7°0) (9T:0 03 2T-0) (087 01 20°%) (16:0 01 75°0) (esT O 12 T) (09:z 01 £0:2) (227 01 97°€)
28z 122 Glg- aT0 vT0 8ey 69:0 8e'T 1€ €0t sa[eM
(oyz-o198¢-)  (BeT-01v6€-)  (00-€- 01 094-) (620 01 T2°0) (920 01 6T-0) (12501 29:€) (160 01 L#°0) (29101 LTT) (88:2 0198'T) (89 01 15€)
TT6- v9-2- €8¢~ ¥2:0 €20 orv 190 6T geg 60 puepoos
(02'T-019z°¢-) (1500160€-)  (€€:2-0160-S-) (LT:0010T-0) (210 01 60-0) (229 01GT 1) (€0'T 01 650) (L9T 2 0T'T) (8T 018¢2) (v6 01 £1€)
0z:2- €T~ v9-€- €10 0T0 €eG 9.0 1e7T 12€ 0T¥ pueal] UIBYLON
Brz-m91e-)  (€ST-089¢2-) (FSE€-016T 1) (6£€ 01 8T°€) (ve€ 01 G72) (eT'5 01 pEY) (820 0109:0) (15T 019gT) (v8:z 01 v€27) (927 01 67°€)
£8:2- vz 18€- 8z€ 182 1LY 69:0 T 1S 60 puejbuz
(67z-0121¢-) (S T-01897-) (15:€-018TH-) (€6-€ 01 02°€) (98-€ 0198:7) (0T°5 01 ¥E-Y) (88-0 01 05-0) (19T 01 €ET) (e8z011E2) (eLv 0115€)
€82 STz G8e- 18°€ gee 691 89:0 T 95°C 80 N
(zvz-orze-) (88 T-0195¢€-)  (62:€-01T9-) (T7:0 01 62°0) (610 01 ¥T:0) (GL¥ 01 6-€) (260 01 150) (52T 01 96:0) (vL-z0198T) (81201 %9-T)
L0€- vz 96-€- Ge0 9T0 S0 1.0 60T S2T 68T pUBLISZIMS
re-0y9v-)  (09T-099€-) (L&G-01/69-) (¥€:0 01 82°0) (92:0 01 T2°0) (66'Z 04 92°2) (£5:0 01 0£°0) (880 01 99:0) (s9T01E2T) (90-€ 01 G2°T)
S0t 89z- GT9- €0 820 09°Z rAZ) 9.0 T AN uspams
L007=01205)  (yre-01984-) (10501 68:S-) (erTOTTT) (16:0 01 29-0) (ov€ 0159-2) (99:0 01 2£:0) (20T 01 28-0) (08T 01GE°T) (122 01 05°T)
85— 66-€— oG- 921 GL0 00-€ 050 760 95T 18T ureds
L(009-019597)  (zpg-o1geg) (959~ 01 ZT-L0) (L2001 ¥2:0) (61:0 01 9T-0) (LTe0182°7) (22001 G70) (60T 01 98-0) (25T 0182°T) (v2'z 0196'T)
129~ 886~ 89— G20 LT0 16T 090 160 6€'T 60°Z [ebnuod
L(STT-008S)  (pTg-01064-)  (KT-G- 01 69:9-) (610 0 GT:0) (.1:0010T-0) (90 01 012) (29:0 01 8£:0) (86:0 01 72-0) (€5T 01 2T°T) (922 0185°T)
8L1— 10— 66— LT0 €10 1T 160 980 veT 602 KemioN
(zzz-ovoLe) (WSz-06Tv-) (8rc— 01 LyE-) (820 01290) (670 03 2€0) Ty 01 87°€) (£6:0 01 G5°0) (21T 0128:0) (€5 0188°T) (S22 01 18°T)
T2€- 9g€- 66:2— 690 070 16°€ €0 00T 81T vee spueliayieN
2T 1-07182-) (61001 26'T-)  (26°T- 01 607-) (£0-0 01 20°0) (100 01 T0-0) (972 01 /%-G) (28:0 01 9%0) (59T 01/22T) (¥8 0195€) (g€ 01 9%7)
v T~ 18:0- v0-€- 200 100 629 690 T 9Tv S0€ el
LIV 0TL57)  (ggz-01£06) (98501 p9-L-) (200 01 70-0) (z0001200)  (66:C01€Z°2) (250 01 0£°0) (121 01880) (eeTO12600)  (v8:€01652)
S0-G- v0v— 159- 200 200 85°C 0 €0°T eTT A% finoqwiaxn
(4eak T 01
GT0Z-066T ST-0002 0002-066T GJaspun  (s1esh y—T) pIyd  sAep gg) |ereuocsu-1sod  (shep /z—0) [ereuosN suMIgIns
(spuesnoyy)

Alleriow G-1apun J10j sbueyd Jo ayeu pasijenuuy

syresp G-19pun |e10L

(spuesnouyy) symIg|Iis [e3oL

SUIIGaAI] 000T 48d stpeaq

® Europe PMC Funders Author Manuscripts

® Europe PMC Funders Author Manuscripts

available in PMC 2017 January 10.

1

Lancet. Author manuscript



Page 67

L(PEE-019697)  (0g.9-0102TT-)  (68:€ 01 29-2-) (500 01 £0-0) (€000120:0)  (T0-L018L°€) (2£:0 01 ¥£:0) (LzzorgeT) (0Tv0166T) (0S¥ 01¥8:2)
TS 20:6— 670 00 €00 8T'S €50 9,1 16°C vee oiBauaiuo
L(19€-011897)  (;90-01,8¢) (162~ 0126 (€€:0 01 GT-0) (cz00191-0)  (S6°€T 018E9) (¥9'T 0189-0) (8- 01 72°T) (r280198€)  (22:60102:9)
STG- ITe- eT-8- 220 610 156 60T 69-C 286 88:L BILOPBOEIA
L(E9E-01TE9)  (0;z-a1822)  (vzv- 01055 (£9:0 01 2£:0) (€80 01 12:0) (28901 16°€) (88-0 01 8£:0) (02T 0100T) (6% 0150-2) (19:€ 01 0£-2)
€67 169 18- 90 120 v6¥ 190 62T S0-€ 062 Arebuny
L(095-018697)  (z5e-01089-) (12— 01128 (18:0 01 £2:0) (¥2:0 01 £2:0) (€62 0121°7) (50 01 62:0) (10T 01 22:0) (57T 01 70°T) (Tzz 01812)
129~ 0TS 08— 120 20 6v°C 070 980 €2l 022 a1gnday Y28zd
(05e-065¥-)  (95€- 0 gySs)  (99:2— 01 T01-) (02:0039T°0) (80:0 03 90:0) (00:G 01 /8°€) (98:0 01 9%°0) (T2'T 01 1760) (1€ 01 1€2) (80-z 01 8¢°T)
€0 8y 9g-€- 810 100 or¥ 90 10T 0.2 89T eleold
(r91-01zev-)  (092-0120/-)  (GE-0 01 26:07) (280 01 2#°0) (Ge00162:0)  (60-2T 01 22'9) (9T1°2 01 66:0) (95 01 60-2) (82:G01G6:7) (605 01 59-€)
62— TL9— 62:0— 650 620 2.8 8T 90°€ 1Y A4 elebing
LBV 011957)  (0ge-019,6-) (94— 01 98G-) (12:0 019T-0) (#T0010T0)  (v2901%9%) (960 01 25-0) (012 0125°T) (ereorzre)  (Feyorgoe)
687~ 199~ 126 810 ZT0 6€°G 1.0 08T 682 85€ euinoBsziaH pue elusog
LBVE-012Y9)  (py2-0168-)  (Op-z- 01 0T-90) (99-0 01 £€°0) (#T0010T0)  (ST-2T 01 88) (€150 vE2) (82 0109-€) (cos08zz)  (95€0THT)
687~ 925~ GEv— 170 Z10 STt 16°€ 8e'G 1€€ €62 elueq|y
LGV 01ST9)  (9ge-010T0)  (Lvv-0180S-) (€92 0150'9) (tovorzre) (9L 01¥9) (LTT01TL0) (rr-2 0155°T) (cecorger)  (Bre011L2)
126 675 6L 8.9 0S¢ 88'S 260 v6°T €0°€ S0€ adon3 enuad
(05T-01%15-)  (Ipz-01058-)  (¥8:2019.2-) (69 01 10°€) (25z01e9T)  (Ep¥T 01 60-9) (9621 9T°T) (8T 01 92T) (09:2 01 90-€) (LTG5 01¥E€)
zTe- 186 100~ 99 20T 096 16T €82 681 9Tv aurenn
(zre-oese-)  (€zG-085G)  (1650-0128:0-) (9297 01 65-GT) (2701 01 8%°G) (¥6:8 01 £5-8) (zezoreeT) (s8:z 01 v22) (y9-7 01 8T-¥) (89:G 01 00-€)
16€- or5— 19:0— 26'ST 8L G/-8 8.1 95°Z ey 60 eIssny
(67z-01686-) (SG¥-01¥7-0T-)  (TT-€032LT-) (£9:0 01 1€0) (T20016T-0)  (8E-GT 019T"2) (9z'€ 01 62°1) (L6 01 80-2) (128 0199-€) (06 0195-€)
ST 121~ 50 90 810 89:0T 802 ¥Z:€ er'g ST eAOPION
L12r=01995)  (gyg-01062-) (91— 01 T0€-) (ST:0010T°0) (60:0 03 20:0) (681 01 7€) (LT'T01$90) (99101 2T'T) (9z:z 0 7°1) (v0-€ 01 22)
G6— TL9- £ez- Z10 800 L0V 180 orT 08T 65T eluenyy
LCGE-01Lr9)  (ope-01528) (66T 01 SOP-) (ST:001200) (£0:0 04 90:0) (622 0109-€) (59:7019/0) (802 0160°T) (08:€ 04 ¥9°T) (z9:€ 01 187)
96— v29- v0-e- 070 900 02'S YT-T 05T 1S 0z€ eI
L9501V (gg9-oypg0T-)  (06:2- 01 TTS-) (90:0 03 0°0) (€0:0 03 €00) (927 01 €52) (20'T 01 750) (07T 01 98:0) (T0-z 01 20°T) (€0-z 01 16°T)
99:9- 8- 20— 500 €00 o€ 7.0 0TT T 16T eluos3
L(06€-01Tr97)  (gop-01258-)  (OT-T- 01 pLb-) (80 01 80) (62:0 01 02-0) (59:2 01 ¥ED) (rST 01 2L:0) (8z'z0o128T) (007 01 TT°2) (15z0182°T)
STG- 69-9— 16:2- 790 20 0.G 80T LT 162 rARA snrejag
(Te-o1zee-) (18v—-01eT9-)  (60-0 03 82°T-) (9T-¥Z 01 ¥2:02) (z1-eT 01 961) (096 01 00-8) (8T 016€T) (062 01 52:2) (96 01 20-) (LTg01€T€)
95-€- 166 29:0- G612 60-0T 0.8 9T 95°C 7 86°€ adoin3 useiseq
(4eak T 01
GT0Z-066T ST-0002 0002-066T GJaspun  (s1esh y—T) pIyd  sAep gg) |ereuocsu-1sod  (shep /z—0) [ereuosN suMIgIns
(spuesnoyy)

Alleriow G-1apun J10j sbueyd Jo ayeu pasijenuuy

syresp G-19pun |e10L

(spuesnouyy) symIg|Iis [e3oL

SUIIGaAI] 000T 48d stpeaq

® Europe PMC Funders Author Manuscripts

® Europe PMC Funders Author Manuscripts

available in PMC 2017 January 10.

1

Lancet. Author manuscript



Page 68

(L9T-050%-)  (620-098%-) (68T—01901-) (08:GT 01 98'8) (€9:80180:9) (€0-TZ 03 6.°TT) (167 01 97°2) (96'9 01 26°€) (G2601067)  (E'TT 0180'8)
£8:2- YR 962- 88'TT 8TL 18:GT g5€ A4S 1TL 256 elqwojo)
(¥82-0199%-) (86 T-0100G-) (2v€-0126%-) (9v-€8 01 6G-€2) (09-0€ 0196-22)  (£6°0Z 01 9€€T) (LTv010.2) (099 01 ¥2:7) (95-0T 01 2€9) (159 01 18)
Gl Lye- 8T 228L 0192 29T 8c€ LTS 928 95°G BOLIBWY Ulje [elua)
(oge-my05-)  (1e2-m82G) (FO-—016€G-) (29:88T 03 ¥0°2LT) (€6:62 01 76-8G)  (£8-2Z 03 2L¥T) (207 01 65°2) (2rL 0V LLY) (09 TT 01 62°2) (80-8 01 16°G)
ST 9/~ gL ¥6'6LT 1829 1€8T 12€ 18 826 189 Ueaqqiie] pue eoLawy ule]
(181-0126€)  (S6T-06LG)  (¥€:00102€-) (5502 01 25-2T) (e6:G0112€)  (LL°0€018.8T) (002 01 09°€) (206 01 651) (98-GT 01 76'6) (08:8 03 £G-G)
182 z8€- Sy T- GT9T 991 0zve 0TS 159 8.1 69 ueispiagzn
(Tzz-o8Lv-)  (622-01289-) (95001 T9-v-) (¥8-G 01 82°€) (LzT0118:0) (2€:2G 01 6€°62) (6T-2T 01 681) (69-8T 01 9¢-8) (z9ezo1gT:6T)  (STTTOMYT L)
Ghg- vy 96T~ ery 00T 19:6€ 6L 00€T 8T6T 888 uelsiusuwINL
(zre-me0s)  (Spe-my99-) (52T-0106€-) (62:0T 01 69-9) (59.z0orG6. 1) (£5-0v 01 €€:92) (96:8 01 LT'Y) (05-GT 01 ¥E-8) (60-8T 01 88-2T)  (S2:0T 01 6.°9)
L0¥— 906~ 652- ve8 9TZ v8:2¢ €9 Sy TT 6€GT /€8 ueispyifel
LTLE-005G)  (ppe-o1ggo) (18- 01 €26 (972 01 95T) (870 01€5:0)  (19-GE 01 95-22) (008 01 £0}) (€9-TT 01 ¥8°G) (ee 2T 01 €LTT) (€6:901227)
€97— 106~ 90— 76T 0r-0 60-82 Gl§ 628 vevT v.G eljobuopy
(t2z-ov9re-)  (0L2-0 yv-)  (S0C— 01 pE€-) (00:G 01 G6°€) (09T0170'T)  (£G°2€ 03 €/:G2) (TT90192°€) (6£6 01 L2°9) (68:8T 01 LT-GT)  (T€:0T 01 25°9)
vee- 65€- 1.2 a4 92T 9682 0S¥ 1L 00:LT 218 ueiszABIAY
(Tzz-o0ev-)  (062-0589-)  (€£:001252) (e€8 01 209) (e5€ 0169T) (9022 01 ZH€T) (505 01€9:27) (265 01 87-€) (80-2T 01 09-9) (0£:6 01 9%-1)
926~ v8v— 68:0— 59 e €eLT v.€ 0S¥ 816 8€9 uelsypezey|
@Brz-o6ry-)  (Lee-06y9-)  (0T-001292) (LT'T019/0) (88:0016T-0) (25TZ 0 T6ET) (eLv01/22) (56:G 01 29€) (orzT 01 TE2) (16:9 01 T5-€)
Lye- 68— €eT- G660 120 6ELT T€€ 09 156 661 e1f108
(T0e-m915)  (2re-0669-) (890-012.€) (Ge'L 01 051) (00z0r9z'T)  (0L:2€030T€2) (009018/°2) (86-€T 01 969) (Lt6T06L2T)  (220T O3 L19)
10— 8TG- sz 6.°G IST 1,62 YTy 666 G867 908 uelreqiazy
L(BGE-0189G)  (1e-01789-) (29— 01 296 (520 01 9%0) (1e:00102:0) (8681 01 29°TT) (9ev 01 21°2) (615 01GT€) (5v-0T 01 79-5) (72201 £T°5)
09— 68— LT 650 G20 S6T £Te L0V 8L Ge9 elUBLUIY
(19z-018T%-)  (zze-0108G-) (G6:0-011GC-) (99-%5 01 0€-7¥) (zv-210106TT)  (0T-TE 01 9TT2) (€19 01 26°€) (€96 01 68-G) (£8-ST 01 00-TT) (868 01 56G)
6 67— v T- LT 67 00T 65:5¢ €6 85L 1€l x4 RISy [eU3D
ALY 019657 (116-01986) (02501 6TL0) (£0:0 03 500) (£0:0 03 G00) (v0-€ 01 62°2) (19:0 01 £€°0) (26:0 03 29:0) (¥9'T 01 02°T) (90-€ 01 02°2)
GeG- Sl €29~ 900 900 ¥9:2 90 6.0 orT 15T ©IUBAO|S
69z-016T%-) (96 T- 01 Tyv-)  (96:C— 01 /Gt-) (Tv-0 01 62:0) (LT:0 01 9T-0) (97°2 01 70-S) (81T 01+9:0) (72 0189-T) (9,€01152) (16201 62°7)
G- T2€- 08¢~ €0 970 66°G 880 202 60°€ 882 eD{eno|s
LBLE-OLEEST)  (gpz-oiget-)  (Leb— 01 T8 (22:0 01£9:0) (ss0019¢0)  (v5:801869) (8T 01 €:0) (082 0160-2) (L2v0r/8€)  (1090120)
YSv— ore- €29~ 0.0 70 2L 70T erZ 0ev 88 elgques
LEVY=012997)  (10.6-01799-)  (92-c- 01 06:€-) (66T 01 GT'T) (82001050)  (S6:0T 01 T€9) (20-2 01 66:0) (€5v 01 07-2) (S9vo122)  (PEv011827)
056~ 6.9~ 85-€- 16T 290 ve'8 Qs 12€ 29°€ e elueWOY
LT 019897)  (j97-017z2)  (90-9- 01 ELG-) (s 01 veT) (80T018.0)  (62:9018T€E) (58:0 01 8£°0) (19-T 01 56:0) (1e6c01081)  (8L201202)
65— 68— or9- ST 160 0S¥ 650 €T 692 gee puejod
(4eak T 01
GT0Z-066T ST-0002 0002-066T GJaspun  (s1esh y—T) pIyd  sAep gg) |ereuocsu-1sod  (shep /z—0) [ereuosN suMIgIns
(spuesnoyy)

Alleriow G-1apun J10j sbueyd Jo ayeu pasijenuuy

syresp G-19pun |e10L

(spuesnouyy) symIg|Iis [e3oL

SUIIGaAI] 000T 48d stpeaq

® Europe PMC Funders Author Manuscripts

® Europe PMC Funders Author Manuscripts

available in PMC 2017 January 10.

1

Lancet. Author manuscript



Page 69

(66:T- 01 £8-G-) (£9.€018/¢-) (89-%—018G€ET-) (10:0 04 10:0>) (T0:0 03 70:0>) (ev'9 01 ¥8:7) (28:0 01 1£°0) (€97 01 €80) (v0-7 04 T9°T) (121 0V 67°1)
08¢~ £e0- 006- 100> 100> A% 50 8T'T 19C €6'G epnwisg

(15T- 01 88'G-) (o001 92:9-) (6e:T- 01 £8:9-) (2z:0 01 600) (€T:00120:0) (0992 01 #5-0T) (167 0190°2) (z0-L01€22) (rz'GT0106G)  (9T°9T 03 TT'8)
org- £6:2- 0T 10 600 19:9T 12€ 801 or6 €e Tl szileg

(82:0 03 €9:7-) (LLzoror9-)  (¥Sz0168:9-) (60:0 01 £0°0) (90:001€0:0) (1€, 01 2T°6) (972 01 76°0) (25901 .T2) (68T 01¥6'G)  (GE-LT 01 GYL)
G6-T— 121~ 0£Z- 900 00 2291 85T 99-€ v0'TT 8211 sopegueg

(ST:0- 01 T1°G-) (8T 01 0£:6-) (0€T-019T-0T-) (LT:0 01 500) (0T:00190:0)  (18:82 01 90'6) (ze€0180T) (L8701 2GT) (09:0c01€€9)  (ST'LT 01 2L°6)
6L £8:0- €G- 600 800 1297 20T 85°C 19TT 1871 sewreyeq ayL

(1000€T8)  (Lz0-oz6%-) (05T ET ) (£0-0 01 T00) (20001 10-0)  (Tt8T 03+8:8) (Ly€01.5T) (zev 016T2) (60-TT0398Y)  (8LCT 03 TH9)
€5 T~ vS2- 100~ 200 100 18T £z ST€ veL 968 epng.leg pue enfuy

86 T-01€2%-) (920~ 85¥-)  (00-€- 01 TG 1) (890 01 ¥€-02) (69:8T 01 /T:6) (€2°2¥ 01 96:€2) (T76 01 82'1) (e8vT 01 6€2) (68:8T 01 /T-2T)  (9€-€Z 03 09°TT)

60-€- 69Z- Gl€- 861¢ ¥82T 18T€ 9e9 29:0T 1267 9T9T ueaqqried

L006-00027)  (1p-o1ge9)  (ep-1- 016580 (55T 01 0€8) (e6€01T27) (LL-8T010SET) (067 01 2L°2) (15501 6.°€) (¥2'6 01 60-9) (99 01 6£1)
189~ 626~ 66/~ 2.6 8z°€ 61-GT TL€ 85 1SL 0£G niad

(gee-m89v-)  (9ze-mvzs) (06C— 01 Ty i) (¥8:9 01 €0°G) (LzzovgL 1) (02°0Z 03 172°GT) (#8:G 01 0£°€) (56:2 01 9T-G) (82'8 01 89-G) (€8-9 01 92-G)
00— S 29~ 98'G 20 G LT oy 79 G669 909 Jopeno3

LOS-0TT9)  (ep-a1p69)  (Lev-O1Evsr) (206 01 TT9) (99€0190-7)  (99-G€ 01 6T+%2) (092 01 18€) (89-TT 01 9¢9) (66:LT 0108-21)  (SZ'¥T 01508)
FAN 296- 88— A AR 1£62 9 188 9eGT 19:0T elnljog

L(L05-015097)  (9ep-0166G-) (925 01 Sp-9-) (9252 01 T.:02) (7£:6 0196'9)  (LG-TZ 01 ¥6:9T) (615 01 ¥5€) (€02 0150-G) (T€-0T 01 682) (€2:20122:5)

G5-G- 116 1T9- 00-€2 108 6T6T 8zv 86'G v0'6 ¥9:9 BILIBWY UIET UBspuUY

(Lr1-0ogez-)  (€0T-066T-) (922 0100€-) (58:0T 01 91°6) (67€012e2) (6081 03 LLGT) (L0v 01 6€2) (0£'G01 LT Y) (886 01 G2'8) (62°G 01 G8-€)
v0-2- 67 T— 88:2- 210t 282 /89T STe Sl 906 891 ©elanzausA

(¥50- 01 50-€-) (62:00108:€-) (80:0- 03 2€€-) (72T 01 66°0) (ov0012€:0) (8T€C01BTET) (ze9 01 6£°€) (299 01 6€) (90-TT 01 £9-:9) (609 01/2%)
11T~ 8.1~ 9.1~ €T 6€0 G5LT gLy 8L ST8 [A%S euweued

L8701 7797)  (gzp-01969-) (005 O pi-9-) (622 01€5°T) (18:001%50) (7287 0185°2CT) (29-€ 01 28'T) (L1901 22%) (8960126:6) (199 0107F)
£9:G- 09:G- 19:G- 187 590 9g-GT €92 60°G 1L ves enfesedIN

(zoe-ovzg)  (28T-009G) (yze-019T:9-) (0T-6€ 01 L€-€€) (66:TT 0198:8)  (#0:0Z 01 22°TT) (55€ 01 78°T) (009 01 67°€) (zZz 1T 01 €6°G) (60'G 01 9/-€)
1T €le~ 69— ZT9¢e ¥2:0T 1€GT 19 151 z€8 Gey 00IX8N

(06z-082%-) (8oz-meey-) (6e€-01ELY) (677 01 6T€) (62T019TT) (€592 01 /88T) (T2'9 01 15°€) (99:201€2%) (85€T 01 196)  (8%°0T 01 %8-9)
09-€- 12e- 80— 9/°€ T 022 LY 209 95 TT or8 seanpuoH

L(ELE-0168S)  (oce-0188G-) (186~ 01 pzS-) (62°€T 01 2Z°6) (sse0166T) (LLTE01TZTZ) (90-0T 01 £5°5) (6821 01 €2°2) (rooT0187-2)  (v0-8 01 25)
S5 vS - 85— 82T 89-C 1662 29°L 296 968 809 elewsalens

LBLY=010927)  (10p-01T287) (164015825 (99-T 01 68:0) (88:00152:0)  (1L.ST0166L) (9g-€ 01 ¥5'T) (25 01 ¥5°2) (29:2 0109-€) (s5:€ 01 0-2)
8T:9- £e9- 96G- 61T 1€0 12T €ez v8-€ vT'G 06Z Jopeafes |3

(€91-0182%-)  (0L:0-0165G-)  (15:0- 01 TGH-) (€60 01 05°0) (87001Ge:0)  (2Z€TO1ETL) (ov-2 01 60°T) (L6°€ 01 50-2) (ZTL 0162°€) (L2901 €0-9)
262 STe- 852- 890 70 Gl6 19T 862 9T'G €8'G ©O1Y BIS0D

(4eak T 01
GT0Z-066T ST-0002 0002-066T GJaspun  (s1esh y—T) pIyd  sAep gg) |ereuocsu-1sod  (shep /z—0) [ereuosN suMIgIns
(spuesnoyy)

Alleriow G-1apun J10j sbueyd Jo ayeu pasijenuuy

syresp G-19pun |e10L

(spuesnouyy) symIg|Iis [e3oL

SUIIGaAI] 000T 48d stpeaq

® Europe PMC Funders Author Manuscripts

® Europe PMC Funders Author Manuscripts

available in PMC 2017 January 10.

1

Lancet. Author manuscript



Page 70

LY 016927)  (ee.c-0168:0T-)  (65:0- 01 86:S-) (52282 01 £6°26T) (9ev9T 01 62%8)  (vz-LT 018.-8) (607 01 T8'T) (L9¥ 01 27°2) (206 01 €21) (v¥6 01 981)
66:G— Gl vee- €5vTZ 18811 or-eT 082 25°€ 2T9 89 IRVARE
LT OTT9)  (gep-01852-)  (00-2- 01 206 (88'STS 01 0€°25P) (0T'€L2 01 68-8/T)  (£9-6T 01 89-€T) (8 01 6.:7) (925 01 68°€) (21-0T 01 ¥8-9) (€16 01 00-9) 1IR30
616 929~ 656 12°98Y 91122 1897 75 8.1 918 7L pue ‘BISY 1589 ‘BISY 1S83UIN0S
(er1-o9ee)  (2eT-099%-) (L0:0—01G82-) (ST:€01002) (€6:00109:0) (Et2z 0} LT ¥T) (€er o1 112) (L7901 06°€) (£9:2T 01 89-2) (95-9 01 92-1)
62— 00€- o T- 16T .0 16LT 00-€ L6 ¥0-0T A AKenBe.ed
L(09€-011S5)  (gzz-01p6G-)  (9p-6- 01 08:9-) (#1°GS 01 09-21) (eszz 01 ¥6:2T)  (9€:TZ 01 OV-ET) (zL-z0r0eT) (622 01 29F) (86TT0180°2)  (TL 0116:G)
05— 80— AR €218 FARI4 ¥6:9T €67 FARS 8c'6 €99 lizeig
LPPE-0ISPS)  (gzz-0106G)  (eve-01299-) (29:25 01 80-05) (8862 01 99-8T)  (OF-TZ 01 ¥1-€T) (r2-z 01 98T) (922 01 ¥91) (0021 01 0T2) (582 01 885)
eri— €0t 20— v1-€5 98:02 66:9T 16T 69'G 76 959 eOLIBWY uleT [eaidos
(rs1-0162¢-)  (€0T-0195€-)  (2GT-01€9-€-) (200 01 100) (10001 70-0)  (£5:0T 01 02'2) (#9-T 01 28-0) (T220189T) (or-9m9py)  (52:0T 03 9T°G)
orz- 122 652 100 100 0.8 LTT 4 S 12 spue|s| ulbiA
(0£:0 03 79:€-) (#9.00189.6-) (52 T01ZTC-) (L5001 €2°0) (r2:001GT-0) (8662 03 T6°TT) (Tec0r1zeT) (08-9 01 89:7) (toozor22:2)  (2L2T01182)
€51~ 6€2- v2:0- 1£0 6T0 €261 (4 10 T2€T 866 ofieqo pue peplulL
(tot-o¢g6z-)  (LoT-029€)  (FT-0-01152) (6€:0 01 72°0) (6T-001TT:0)  (¥S5'6€ 01 26%2) (26:9010T°€) (96:TT 01 0T9) (sT'z2 @ 00-ST)  (0S°6T 03 20°TT)
16T~ orz- veT- 0£0 vT0 FARES gLy er8 G287 €511 aweuuns
(220- 01 ¥G-7-) (0£001096-) (20T 019TG-) (90-0 01 20-0) (€000120-0) (29:€€ 01 €8-€T) (01501 1T2) (0£-8 0190-€) (ts0zo10-8)  (TLGT 01 7€6) sauIpeudIo
8eZ- A w2 ¥0-0 200 2612 62:€ v6'7 18€T 20T 3U) PUE JUSDUIA JUTeS
(550 03 T2'G-) (02€01009-)  (€T-T 01 88:6-) (60:0 01 £0°0) (5000120:0)  (9p'TE 01 2Z°6) (65:G 01 G8°T) (0£'8 01 02°2) (¥9:2T01267)  (T6-9T 01 98-8)
62:2— G8:0- Sy 500 €00 99T 9e€ w2y LT0T v12T elonT Jures
(99.z-029¢-)  (S5z-m8T¥-) (8- 01Gz€-) (¥€:001 22°0) (5€:0 03 6T-0) (26:L 01 172°9) (€T'T 01 290) (72 TO TET) (ze:5 01 601) (66°L 01 Gy¥)
yTe- gee- £82- 7€0 920 20:L 680 05T 891 €09 001y 0Mand
(8z:00122€) (sTzorggy-) (29T 0182:9-) (€€°T 01 950) (18:00105:0) (8522 01 8G°TT) (L0501 ¥22) (€99 01 89-7) (ze-oT 01 8€-9)  (65-9T 01 ¥€-0T)
19T~ 62T~ vez- 880 90 €181l e 00 120T 9T€T eorewer
(opz-01506-)  (yTT-01€56-)  (0£:€-01 LpG-) (50-TZ 0180-TT) (1821 0169-7)  (vL6L01TT°Ch) (T¥°TZ 01 0-8) (vz-ze 01 18:¥T) (09:62 01 ¥G-8T)  (6€-9¥ 01 6¥°LT)
€16~ 0g€- L1 LEGT 692 1£85 0S€T Svze 95-€2 £€82 nreH
8y1-0125€e)  (S60-01/T¥-) (9GT- 01 E€-) (25:0 01 2€0) (5z001€T:0)  (THS€ 01 T02T) (009 01 682) (8€-0T 01 06'7) (Ly0z 01 09€T) (8597 01 08'8)
62— 05— oz- 70 870 962 8Tv 1T €897 96'TT eueAng
(02001 0TG-) (z8zo1ve9-)  (10-€016€8-) (90-0 01 20-0) (€000170-0)  (/¥L2 0189:8) (26501 98°T) (19 01 26'T) (909t 01 22:%)  (SE¥T 0102L)
8Tz 69T~ 162 €00 200 26:ST v2e 67°€ 926 90:0T epeualo
(69z-012ev-)  (02T-0120v-) (28-€—0169:G-) (859 01 1) (gezorzeT) (vp-0€ 0125:02) (sT501¥.2) (92:8 01 G/ 1) (zo-gT o1 ep-2T)  (62:0T 03 80-9)
Lye- 292 Sl A 11T 0052 6L€ 0£9 80:GT €18 olgndsy uedluiwoq
(Tzz o v8'1-) (1s9¢0/v2-) (62201 9T€-) (50:0 03 200) (20001 70:0) (€L°6€ 03 TTLT) (652 0126°2) (60°TT 01 05€) (66:T2 01 86'6)  (T2:0Z 03 ¥T-0T)
0Z:0 290 o €00 200 G792 vy 1€9 09:GT LTYT eoluIwog
(Toe-o6pe-)  (p2T-01282-)  (€97- 01 TT'G-) (52001 29:0) (59T 01 66:0) (979 01 £2-G) (0T 01 28-0) (66T 01 09-T) (87€0100-€)  (8T-¥T 01€2°8)
vee- STz 88— 0.0 veT 809 80T 08T e 0.:0T eqnd
(4eak T 01
GT0Z-066T ST-0002 0002-066T GJaspun  (s1esh y—T) pIyd  sAep gg) |ereuocsu-1sod  (shep /z—0) [ereuosN suMIgIns
(spuesnoyy)

Alleriow G-1apun J10j sbueyd Jo ayeu pasijenuuy

syresp G-19pun |e10L

(spuesnouyy) symIg|Iis [e3oL

SUIIGaAI] 000T 48d stpeaq

® Europe PMC Funders Author Manuscripts

® Europe PMC Funders Author Manuscripts

available in PMC 2017 January 10.

1

Lancet. Author manuscript



Page 71

LLEV-01TLS)  (1ge-01986) (29401 0T9-) (T2'Gz 01 97-87) (90-8T 01G6'/)  (¥6°GT 03 67°TT) (€8:€01G6°T) (97 01 60°€) (02-80122:G)  (62°TT 01 00°G)
106 181 98:G- €212 68T erel 6LC L€ 869 9L WeudIA

LCLE-0168L7)  (ygg-0180-0T-)  (88-T- 01 080-) (65201 0°T) (80'T0115:0) (876G 01 26°€2) (2921 01 68°€) (€9:9¢ 01 G¢'8) (sTzzm05TT)  (0T¥Z 03 T22T)
oG- 98:9- lee- 69T 110 99-8¢ 06'9 18GT 1891 08T a)sa-lowi L

L(BESOIVEL)  (gep-01p08)  (06-0- 01 0Z-L-) (505 01 62€) (0z:€ 01 /8°T) (869 01 ¥51) (98T 01 22:0) (19T 01£0°T) (€27 0119-7) (9% 01 19-2)
189- 59— T7:9- 807 9C ¥9'G 00'T 0e'T gee g€ puejrey |

(0T°T- 01 66°2-) (to0080€-) (S5:1-01T6€-) (200 01 100) (20001 70-0)  (BT-€T 01 85°8) (Sv€0182°T) (55€ 01 9T-2) (G290yz¥)  (L6:0T 031 02°9)
202 vGT- gLz 200 100 59-0T £5C 182 62°G 118 sa||ayokas

L(B7S-010927)  (g5z-01T59-)  (g£:8-0109:6-) (ev-€ 01207) (sozo1v80)  (6v-0T 01 2T-9) (582 01 6€°T) (0g-2 01 02°T) (6950128€) (289 01852)
05'9- Al ST'6- 9T 0T 108 20T v9'T a4 107 ®jUeT 1S

(86z-01€0-)  (9T-z-0188€-) (€€ 018L%-) (2v-19 01 86°L1) (915 1 ¥1GT)  (92°9Z 01 25:02) (T6:L 0V TLY) (05°2 01 96°1) (9g.zT01856)  (09-0T 01 £5:9)
156 10-6- 9z 1245 €861 6T-€2 £2:9 Z19 10-TT 1£8 ssuiddijiyd

LPOE-0LT)  (y9e-01208) (ETT-O1pLG) (82-0% 01 85€2) (22:0T01809)  (T0-€Y 01 082) (ST'6 01 86°€) (T2'ST 0106°9) (8z:0zo101-€T)  (82-TT 01 0%-9)
06'7— 06'G— ove- AR A 1828 Z19 12:0T 1891 658 TewueA|N

(991~ epz-) (LeT-09Ge-)  (LLT-016.2) (T2:001/T°0) (5T:00160:0) (TL¥T 0192:2T) (00:€ 01 69°T) (29:€ 01 687) (s6:80140-2)  (82:0T 01 65-9)
50-2- 16:T- 92— 670 Z10 Tv-€T 82:C sze 6L ve8 snILINe|A

(@65 0TGL7)  (pgg-o016z8)  (05G- 015020 (170 01 80:0) (500 01€0-0)  (9T°ST 01 ¥£-0T) (rT¥ 01 62:2) (€T¥ 01 22°2) (¥52 01 G2%) (€59 01 86°€)
Gl9- 10'1- 129~ 600 00 vl ST e 68G TG SanIpleI

(sTe-oory-)  (9zT-06e-) (59601 129-) (18€012.2) (57 01G.°T) (692 01 15-G) (£6:T0120T) (ev'z 01 85°T) (T2°€ 01 87°2) (867 01 £7°€)
08¢~ 18- ¥6:G- 12€ 21e 059 81 16T 90-€ STy eiskefeln

L(BEE-011957)  (oop-01G22)  (05T- 01 0L€-) (68:€T 01 2T8) (609 01252) (012201 21-Gp) (86%T 0189-5) (z5€€ 01 £€°2T) (or-ec 01 TL22)  (68:2E 0188€T)
6v - 116 162 .:0T 88€ 81:09 596 e 9L2 0212 soe]

LB77=018957)  (00p-0170.9-) (82401 99:5-) (628ET 01 0Z°€0T) (5065 01 ¥9-¥E) (822 01 ¥1-02) (66'5 01 2€-€) (95:8 01 85) (e2¥1 0169-0T) (20T 01 £89)
80-G— 66-7— 226 65-6TT LT 89-€Z 5 889 Syt 058 eIsauopU|

L(GL7-016897)  (6g9-01058-)  (6T- 01 TS (ze-€T 01 £0:0T) (6z:50178€)  (10°9€ 01 22:L2) (665 01 €T°€) (S6-€T 01 906) (592101 0T¥T) (80T 01 88)
06— ¥ L- 6T 09-TT 0z-7 9e-TE 8r-v €S Tl 5851 1211 eIpoguie)

LOT7-OSTS) (- 01696-) (L0 01 68-) (91°€82 01 £6°6€2) (v-02T 01 226L) (2042 01 ¥2-6T) (€250 0L€) (5e2 01 9¢°G) (ST-2T 01 9/6) (286 01959)

L 18- Ly 9€:092 1086 1612 vy 0£9 v6:0T 508 ISV 1SE3YINOS

(€9:0 03 06:2-) (czT0129v-)  (0€:001€L:07) (LT 01 680) (65 T0176°0)  (82:0T O} ¥2-¥) (T0-€0192°1) (¥9:2 0160°T) (297 0162°T) (8e:L 0y Z2Y)
YT I- SLT- £2:0- ge'T 121 959 61 59T 662 29'G (eury 4o sdurnoad) uemiel

(0T:0-01T8-) (28€-0119T2-) (2902 01 v2-€-) (v0-€T 01 22°€) (ereoey1)  (0£:9€ 01 96:8) (901 2.T) (66°TT 01 8%-2) (ergTo18yy)  (G2-0T 03 26°€)
0 LLET- 686 16:9 62:C 2261 ¥G€ 9G €80T 0£9 3103 ULON

LAV 01SLL7)  (0pp- 0 TT.0T) (12T 01 269-) (66-222 01 9%°68T) (56:09T 01 TT-T8)  (8T-LT 01 09-8) Ty 01 2LT) (127 01882) (906010T%) (956 01 ¥8-%)
50-9- Sil- G6e- ¥2:902 8e:GTT zeeT 082 05€ 109 189 euIyD

(4eak T 01
GT0Z-066T ST-0002 0002-066T GJaspun  (s1esh y—T) pIyd  sAep gg) |ereuocsu-1sod  (shep /z—0) [ereuosN suMIgIns
(spuesnoyy)

Alleriow G-1apun J10j sbueyd Jo ayeu pasijenuuy

syresp G-19pun |e10L

(spuesnouyy) symIg|Iis [e3oL

SUIIGaAI] 000T 48d stpeaq

® Europe PMC Funders Author Manuscripts

® Europe PMC Funders Author Manuscripts

available in PMC 2017 January 10.

1

Lancet. Author manuscript



Page 72

LETT-06Y97)  (grz-01959) (15— 01GEL0) (2102 01 ¥T:0V) (se-ze 016072)  (1€:82 03 L2°9T) (505 01 £G2) (258 01 TEY) (rrsTO1T6:8)  (€8:2T 0108:8)
GEG- S9-v— 79— 62°€S 8792 ¥S512 £9:€ 86'G 90-¢T €5:0T 1dA63
L(B6E-0IYEST)  (jTe-01956-)  (OT-b— 01 2T-9-) (ST0 01 TT°0) (cT001600) (S22 0129:6) (61T 0129:0) (€2 0109:T) (pyor9Te)  (LT9016EY)
99— ver— eTG- €10 0T0 299 880 S6°T 08°€ 225 ureyeg
(Trz-0esv-)  (2r1-meg8v-) (9G2-01€5G-) (8522 01 £2-9T) (89-9T 01 ¥2-21)  (T¥62 01 06:LT) (€55016.°2) (688 01 ¥S-1) (18:5T 01 96'6)  (0S:LT 03 Z¥€T)
6~ 8T~ 96-€- 1612 1SYT v.22 86€ 829 ¥92T €eGT elab|y
(161-01 21€-)  (80Z- 0 2&¥-)  (TOT-01€LT) (29:50T 01 #5-G/) (621201 00%T)  (00-86 03 61°69) (ee-9g 01 2€°LT) (¥2:8€ 01 86°€2) (66:2€ 2L ¥2)  (LL6T016.CT)
99-2- 6T €~ 98T~ 1268 vSLT €928 68:5¢ 67:0€ 298¢ 16:GT uelsiueyfyy
(oge-apev-) (20~ 01 .29v-) (6e€e-01TZH-) (v0-6EY 01 ¥9-€.€) (66927 03 /8:92T)  (¥9-v€ 01 85:92) (606 01 26°S) (9201 01 16°2) (L2sTOo1eeeT)  (YOET 01 8E°6)
€86~ G8e- 08¢~ T0v0F S58YT ¥2:0€ A 126 10T 16:0T 1583 9|PPIN PUB BILY YLON
(yz:0012T€-) (re001€26-)  (96°C 01 ¥0-€-) (Lz:001€T0) (TT:00160:0)  (2T-0% 01 6°8T) (06:8 01 25°€) (9T°2T 01 90-9) (eTsTo166:2)  (8T-9T 01 %G:2)
81— 18T ST0- 6T0 800 v0-L2 9.6 6T0T AN G6:0T njenueA
(12001 €6°€-) (L60012v6-)  (6EC0129€r) (80:0 01 £0°0) (€0:00120:0) (2282 03 TS0T) (18:501902) (£6:0T 01 59-€) (L2zroroey)  (66°0T 01 68°G)
85T €T 19:0- 500 200 8LLT 19°€ 229 508 161 ebuol
(op1-01216-)  (¥8:0-01Ge9-)  (60-0 01 88:G-) (6%°0 01 €2°0) (r2001TT:0) (6782 01 8Y°€T) (5T-L01262) (080T 01 251) (€9TT019T'G)  (¥8-€T 03 G9)
82:¢- 15€- 98:2- €0 970 6167 89 169 €e8 1£6 Spue|s| uowojos
(6€:0~ 01 2t+9-) (0200zy2-) (25001 ¥9-2-) (80:0 01 20°0) (v0-00120:0)  (20:9T 01 €€¥) (LevorGeT) (1T0:G 01 07 T) (62:9 01 €5°T) (ze'L 01 26°€)
rre- 7€ 8- ¥0-0 €00 898 A 28T 7€ 1€6 eowes
(z6:0-0166%-)  (020-0999-)  (€8:00106%-) (00T 01 2L°G) (rz5011y2)  (0G:0L 01 €8:92) (ze' T2 01 8L°G) (L0:z€ 01 €9:6) (2902 0 09-0T) (€8°€Z 0} TTTT)
06-2- €5~ 6T~ 876 2S¢ Ly eTIT 16:8T €0:GT €197 BauIN9 MaN ended
(6T-1- 0185:2-) (eroor61T2-)  (9T'TONECTZT) (20-0 01 700) (100 01 T0-0) (686 01 TH€) (L8201 22:0) (95 1 82°1) (02 91 ¥2'T) (05°G 01 ¥5-€)
ee— £ee- 68:G- 100 100 16G 18T R YA 8c ¥ SPUB|S| BUBLIBIN| UIBYLION
(180-098G) (S0~ /T6-)  (TL€0162:9-) (90:0 01 20°0) (20001 70:0)  (£0-T€ 03 £G0T) (£6901222) (6027 01 89-€) (oseTore0y)  (69-0T 0188-9)
€ee- €87 60T~ ¥0-0 200 08-8T 86€ 999 128 058 spues| |leysren
(€8:0- 01 /6°G-) (€5001692-)  (G€:00192:G-) (T2:001200) (50.001€0:0) (€7°29 03 82°T2) (89T 01 62°€) (85:0€ 01 0T+2) (L0221 ¥9-6)  (¥6:GT 03 92:0T)
80-€- 9ge- 892- ZT0 00 806€ 08 8e9T 9767 197T 1equIy|
(50-z 01 £0°0) (9sv 0122:0) (10:0-0108C) (90-0 01 70-0) (700 01€0-0)  (v€-Cz 03 T9ET) (697 01702) (56:L 01951) (26:0T0127-9)  (99-%T 01 98-6)
v0'T 19T orT- 500 00 LT v1€ S6°G 178 10T weno
(v0-€ 01 T6'T-) (Tovorzpe-)  (8zy01ET€-) (98:0 01 2€°0) (L1001 7T:0)  (09-8% 01 0Z-8T) (158 01 ¥9-2) (05vz 01 222) (6897 01 ¥6-2) (6£:6 01 67°9)
050 Ge0 1.0 50 vT0 070 1784 08-€T 91T €8:L 4
LL2E09697)  (zg1-01g82-)  (69-T- 01 ¥Z6-) (¥0:0 01 20:0) (2000170:0) (69T 010L2) (¢6€ 01 LT) (L2501 19°7) (122 01€2°€) (96:8 01 8T1)
106~ 98— 8eG- €00 200 67 1T 25T (4 6v 109 ©ISBUOUIIN JO SOTeIS paresepad
(r8z-02Lv-)  (L62-0209-) (LGT-0166€-) (20:0 01 700) (20:0 01 70:0) (08:8 01 02-G) (6T-20120°T) (S5z'€0116°T) (z8:€ 01 927) (219 01 €6°€)
6L€- Sy - 62— 200 100 602 vST 05°Z 10€ 98y BOWES UBdLIBWY
(290-016%-)  (870-019z:9-)  (16:0 03 GT¥-) (00-2T 01 8€-1) (sT901¥6:27) (1819 01 6072) (62:2T 01 9T-G) (60-8Z 01 69-8) (18871 0129-6) (£6:02 01 OT-0T)
vS2- 1€ €51~ e TT 121 8€6€ €56 G997 TL€T A4 ©lUB300
(4eak T 01
GT0Z-066T ST-0002 0002-066T GJaspun  (s1esh y—T) pIyd  sAep gg) |ereuocsu-1sod  (shep /z—0) [ereuosN suMIgIns
(spuesnoyy)

Alleriow G-1apun J10j sbueyd Jo ayeu pasijenuuy

syresp G-19pun |e10L

(spuesnouyy) symIg|Iis [e3oL

SUIIGaAI] 000T 48d stpeaq

® Europe PMC Funders Author Manuscripts

® Europe PMC Funders Author Manuscripts

available in PMC 2017 January 10.

1

Lancet. Author manuscript



Page 73

(982-01TT¥-) (96 T-01GT+-)  (¥9-€- 01 894-) (62°TS 01 TZ:0%) (2121 0188:6) (¥2:€9 01 28:GY) (29-2z 01 2€-0T) (88-TZ 01 88-¥T) (9162 01 50-6T)  (82°0Z 01 THTT)
67— 90~ YT or-Sy 60°€T 85-€S G9-GT 16T ¥6:02 S0'ST USWBA
L(162-019987)  (9y.0-01686) (L0-0- 0} 9Z-€T-) (680 01 T€°0) (oe001870)  (80-6 01 9T-€) (221 01850) (8¢ 01 56:0) (967 0125T) (L0 0198°T)
G6'G— 6€G- 08:9- 50 €20 617G 50T ST €6C 9eZ SelelIlg qelIy panun
L9002 (1ge-01282) (84— 01 Lp20) (29:82 01 28:ST) (88-901G8y) (/T-2Z01922T) (o7€ 0189°T) (€99 018/°€) (T22T 01 €5°9) (1:G01G/°€)
6.6 09:G- 80:9- 8eTe G.G 9597 iz asy ve6 oy Koxpny.
LEEV-01¥85)  (pee-01896-) (9T 01 969-) (zec01ze) (e6TOo12pT)  (€S9T 012STT) (98€ 01 TT°7) (817 01 06°2) (cz601766)  (6V6 01869)
605~ Ly 209- 8.C v9'T 18€T 962 15°€ orL 108 eisiunL.
(6€'1-0126°€-) (6€206.1-)  (21:9-01T6:2-) (68:2T 01 T€°2) (601 1E7) (2€62 01 0Z'9T) (L¥ST 01 681) (972 01 821) (158 01 66-G) (v6:8 0192:G)
95-2- €70 €0/~ 210t 662 e 896 LG vTL 6.9 elAS
(vrz-095v-)  (¥8T-0¥5G-)  (20-2— 01 0E 1) (8296 01 £9-99) (262 01 70-6T)  (€L°€L 0V LTEY) (08:€Z 01 2£-0T) (ev-€z 01 8€-2T) (9262 01 06°6T)  (¥L-TZ 03 €T¥T)
166 v.€- 9Te- 8T-€L ev-€T 0095 08'ST 6TLT 907¢ YA uepns
€TV 010697)  (gog-01659-)  (£0-5- 01 €€ (808 01 0£9) (999 0125Y) (L2991 0162°8) (LT TYT) (9 01 12°2) (tz60168y)  (S9:0T 01 ¥Z:L)
166G~ 98— G9:9- vTL 7S €5 TT e vz:€ 179 1.8 elqely 1pnes
(66T-0TL6)  (60T-02T/.-) (LTTOIE0 L) (1€:0 01 GT°0) (¥T:0010T:0)  (ET'2T 01 86°G) (772 0120T) (¥S€ 01 T9°T) (55-9 01 8T-€) (57601 G/-€)
zLe- 8T €0e- 220 ZT0 ¥9:8 €971 6T S9v sy 1eyed
LETS0¥697)  (J51-01894-) (LG8 0)pLTT-) (980 01 69:0) (1500168:0)  (920T 012T°8) (82201 65T) (ST€01TT2) (e85 01 501) (L2901 82Y)
109- oA 91-0T— G0 €70 186 eTe 19C S9 6T'S uewo
(ogz-0r28%-) (160~ 05¥-) (2L¢—01GLG-) (L€ 01202) (20T 0199:0) (28T 01 6Y°ET) (96:€ 01002) (20-9 01 99-€) (L9zT 01 €E2) (69:9 01 €€-1)
8z¢- 192 6T 85°C 180 L2LT 682 €9 186 €eg aunss|ed
L(B9E-018YST)  (oze-a16.6) (186~ 0125 (€5'6T 01 6G-2T) (16:601£9-9)  (26:22 01 00-8T) (19'G 01 66°2) (082 01 62+%) (srSTO1700T)  (L6°€T 01 6E6)
95— Ly 69— 04ST 08 vrze eTy 18°G 8977 9eTT 000010
(zez-a119%-)  (19T-018L%-) (97-2—016E°G-) (26201 92°T) (eeT0116:0) (8522 01 9T-€T) (58-9 01 92°€) (829 01 5€) (S0-TT0389:G)  (91-0T 03 86°9)
9~ 1Te- 06-€- 622 60T LyLT €8y 89 608 Ge8 eAgi
LESY=01I2LT) (z0-01668)  (Ggz- 01 610 (€60 01 61°0) (cz00187-0)  (ES-TT 0106:5) (ce'z 01 16°0) (T2:€ 01 95°T) (865016T€) (858 0155G)
88:G— 859~ v8v— 190 650 118 26T 12T orv 289 uouega
(T21-0162€-) (BzT-018pv-) (22 T-0118€-) (920 01 87°0) (67°001G€:0)  (€2:0T 01 8%-9) (002 01 66°0) (ST 0128°T) (276 01 Z7-€) (15:9 01 29-)
0.2~ 68z 8yz— 190 70 618 T 8eZ 6 67'G Hemnyy
(sgz-oere-)  (9zz-ovzy-) (68— 0187€-) (6€-€ 01 65°2) (82T0178:0) (ST°2T 0368:2T) (651 01 ¥9-2) (STv 01 16°2) (26 0} ¥7°9) (8e:9 01 €01)
yTe- 8z~ 62— 26T 10T 9. vT 16€ €5°€ €Ll €0'G uepiop
(66 T-0168€-) (VL T-0180v-) (£LT-0176C) (zz-6€ 01 06'82) (#€:0z 01 68-TT)  (29-2€ 01 02:€2) (LT-L0162°€) (606 01 65-G) (0o-gT0166-€T) (60T 0 /16)
T2 £6:2- 182 8r-ee 6€ST 1€12 96t 80, 67ST 22T bey|
L(€05019827)  (eTp-01268-)  (0zv- 01 268-) (6v-92 01 G9-7T) (zoTT016.-2)  (€S6T 0108:0T) (68:€ 01 ¥2°T) (92'G 01 ¥6-2) (9eTT01666)  (0T-801TLG)
59— 159~ ¥59- 16'6T 126 L9VT 892 g6°€ €T'8 289 uel|
(4eak T 01
GT0Z-066T ST-0002 0002-066T GJaspun  (s1esh y—T) pIyd  sAep gg) |ereuocsu-1sod  (shep /z—0) [ereuosN suMIgIns
(spuesnoyy)

Alleriow G-1apun J10j sbueyd Jo ayeu pasijenuuy

syresp G-19pun |e10L

(spuesnouyy) symIg|Iis [e3oL

SUIIGaAI] 000T 48d stpeaq

® Europe PMC Funders Author Manuscripts

® Europe PMC Funders Author Manuscripts

available in PMC 2017 January 10.

1

Lancet. Author manuscript



Page 74

(or1-01227-)  (¥8T-01/8€) (#5001 Lt0-) (9t-98 03 ¥0-59) (99-c€ 0185-6) (0v-€0T O} £8:L1) (20-ev 01 66-€2) (z5¥€ 01 8%-22) (z6-s€0187-22) (€2°8€ 16T TT)
89T~ v82- 500 ¥0-G2 16T 968 152¢ 1£82 v9-1€ 102 uooJswe)
(Trz-0962-) (wz-oege) (LTT-0v6T-) (¥£:98 01 /€-0L) (€T¥T 01 0€-8) (€0-€2T 01 OT-00T) (z8:19 01 2T°0%) (69'TF 01 ¥2°22) (86:¢€ 01 69-G2) (26T O3 v TT)
€52 ITe~ /ST~ 67LL 26:0T 8e0TT €8:05 16€€ 6162 00:GT osed eupjing
(98z-¥8¢-)  (L0e-m69¥-) (¢T-2—01962) (¥9-€€ 01 ¥5-92) (85801 2£:9)  (0€-88 01 T5:69) (9T2€ 01 56°T2) (89:62 01 T+02) (6262 01 giez) (€972 03 9T9T)
9ee- 16:€- €52 262 7L 88:L. 19:82 08¢ 8592 18T uluag
(6ez-010¢-)  (00€-0120-) (TZT-032LT-) (82°T9GT 01 G/-/8ET) (60785 01 G9-9¢€) (6.-0T 0} L6°T6) (¥8:L¥ 01 81-GE) (19-2€ 01 79-52) (0T°5€ 01 06'62)  (2T°2€ 01 7/T2)
1.2 85~ Sy T- rELYT 89-€t 8166 AN ¥6:82 4 v¥82 ©ILIY UeJeUesS-gns UIaIss\
To-0/271-)  (eeT-01/2°€) (€27 01 8T°T) (£8:€€ 01 9/:G2) (v6-G2 01 2e-TT)  (TE-€9 01 60°8Y) (6£8T 01 29°6) (0222 01 O¥°ST) (60-92 01 06°02)  (S6-G¥7 01 85:02)
210 vez- 1.7 266 96-9T 1875 GS-€T /88T or€e 870¢ amaequiiz
(T0-068T1-)  (60:2— 01 20°G) (99:€ 01 20:2) (052 01 69°T) (67°00162:0)  (19:99 01 ¥0:GY) (95:GT 01 82°2) (0T2€ 01 €8°6T) (L9zzo9z:21)  (08:2T O} ¥L°2)
860~ vSe- a8z 90°Z 80 ¥0-95 2801 ve:5¢ 9867 20:0T puejizems
(v6T-010z€-)  (992-019/4-) (22:0-019%'T-) (08-9%7 01 29-8€) (£85T016ETT)  (89-6% 01 £8:GE) (ov°TT 01 08-9) (TT°0Z 01 20-2T) (€8:0z 01 y2°GT)  (SL¥T 03 €9-0T)
vS2- 19:€- 80— vS2y 6E€T 6T 888 2LST LT8T YA A ©ILJY YIN0S
(ogT-01gee-)  (9eT-m6Lv-) (9T-0-019T2-) (69:€ 01 2°2) (S7'10109:0)  (9G°TG 01 6ETE) (00°€T 01 66°S) (£9:9T 01 262) (0062 01 26-91)  (TL6T 01 TE'8)
822 20€- 8T T- 062 €60 2507 688 €L 1T €702 6927 elqiweN
(Ge0010TT-)  (L80-0128C) (L1201 98:0) (66:G 01 ¥72'1) (62'201G6°0) (7166 03 ¥€:0L) (26:T2 01 7€-0T) (L0'TV 01 97°92) (8627 0 ¥9-28)  (2i9¢€ 01 9£°GT)
9e:0- 09T~ 67T ¥0'S T 19€8 12T A Lyl€ aree oyoss
(€5T-0109¢-)  (08:€-01€0:2-) (00-€ 01 8€-0) (toz o zeT) (t2001ge:0)  (L69€01TT22) (zv8 0192°€) (ST-2T 01 /8:G) (ov2To10vTT) (1921 01 ¥6°G)
852— £r G- 69T 65T 670 8182 2L 658 LTYT 9.8 euemsiog
(tr1-oerz) (ez-0v0v-) (85001 29:0-) (£9:68 01 85-21) (Tzgr 0182:G2)  (0€-2S 01 ST TY) (L5ZT 01 91'8) (v26T 01 ¥i¥T) (vrzz 0 28:L1) (L1420 E6ET)
16 T- 8T~ 200~ T7€8 19:€€ 9g-9¥ €€:0T €197 1002 80-8T B}V UeleyesS-gns ulsymnos
(e9z-mzee) (6ze-ogey-) (16T-01/8T-) (79862 0} 26-1G6.2) (6277TT 01 06'699) (8568 03 G8:G/) (ov€ 01 02-92) (09:62 01 20-¥2) (€862 01 T7°92)  (82°T€ 03 G58T)
662— 98¢~ 19T~ 21€982 99998 6128 9T-0¢ 8592 182 98:€C B}y URIRYES-gNS
(681-0169-2-)  (92T-0190€-) (61— 01 Tt2-) (¥0-92€ 01 Z£°TT€) (#8787 01 6T°62T)  (GE'69 0 GELG) (8L-€T 01 €E1) (05-8T 01 29-€T) (eeTr 01 22¥E)  (08-2€ 01 GT-€2)
Sz - 102- 89-TYE £6¥ST 00€9 9e-0T 76'GT 98¢ €912 ueised
L8V 01E9G)  (ggp—0168:G-) (€84 01 G9G-) (vS-€2 01 0v6T) (18601 €8°9)  (LL:0v 03 95-€€) (816 01 G61) (65-0T 01 £6+2) (sr-ez 01£9-6T)  (2-9T 0169°TT)
A 026~ GG 8eT2 128 £6:9¢ 6.9 668 9512 20T [edaN
(¥8z- o 10%-) (09— 16¥-) (pLc—0169:€-) (08-92€T 01 £G-66TT) (£8:€190129:09%)  (26°95 01 09-2h) (T0:ZT 01 21°9) (TY¥T 01 856) (92:2€ M ¥8-G7)  (S2-€Z 03 GSLT)
vre- 656~ T2€- 0T-€92T yT-€€5 06-8% 088 YL TT 9062 G202 elpul
(ere-oeLy-)  (cee-086v-) (TT€-018L1-) (02:0 01 750) (2e:00102:0) (187G 0166:LE) (€S TT 01 TH'S) (€01 01 258) (Le'62 0 29-22) (6692 01 88¥T)
80— 9T - 96¢- 09:0 120 L0bY 008 86:0T 99:62 1967 ueinyg
LL9V=01985)  (gyp-01996-)  (854- 01 212G (2T¥ET 01 92°€TT) (ceTL0126€S)  (L9:2v 01 50-9€) (868 01 6T°G) (T€-0T 01 85-2) (0952 01 9.-T2) (5222 0118:9T)
205- 0TG- 67— 69721 1619 €0'6€ 002 €88 v9-€C LE6T ysspe|Bueg
(G6z-0o168¢-) (2Lz-0rTzv-) (06:2-010L€-) (T2-TZ8T 01 2€-8291) (0z'5v8 01 26:229)  (92:9 O} v6-11) (6T°TT 01 969) (TT¥T 01 TE-0T) (L9201 €z2:22)  (09-€Z 01 20-6T)
e 0S¢~ 186 or6v.LT 9785/ 6667 €88 10T 18:6¢ €212 elsy yInos
(4eak T 01
GT0Z-066T ST-0002 0002-066T GJaspun  (s1esh y—T) pIyd  sAep gg) |ereuocsu-1sod  (shep /z—0) [ereuosN suMIgIns
(spuesnoyy)

Alleriow G-1apun J10j sbueyd Jo ayeu pasijenuuy

syresp G-19pun |e10L

(spuesnouyy) symIg|Iis [e3oL

SUIIGaAI] 000T 48d stpeaq

® Europe PMC Funders Author Manuscripts

® Europe PMC Funders Author Manuscripts

available in PMC 2017 January 10.

1

Lancet. Author manuscript



Page 75

(0oz-a6vv-)  (T0e-0872-)  (09:0 01 67 T-) (5561 01 T€22) (€5:0T 01 05'G) (¥E¥0T 01 GELG) (zevv 01 G2:LT) (027€ 01 69-2T) (68'1€ 0 09:02) (€T TZOIGTTT)
9z:e- e vy0- Ly9g Gl 1892 82:8¢2 VT4 9562 €9:GT 1puning

(eze-orgzy-) (Gre-orges)  (62:2-010LC) (11876 01 €T1/8) (60792 03 T1-802)  (9€-9. 01 €0:09) (862 01 02:2T) (61-22 01 86:02) (559z 0382°27) (1952 01 96¥T)

GLg- 09— 62— 08806 6,92 2€19 59-02 202 e LT6T ©OLJY Ueleyes-qns uisise

(S0z-m982-)  (9gz-™99€-) ($T-T-01802-) (9812 01 20-8T) (or'L0vG0y) (819801 LTTL) (¥7-9€ 01 98-T2) (€252 01 T8°LT) (0z'€c 01 0€-92)  (¥0-8Z 01 ¥S-GT)
- £0-e- 19T~ v1-6T €56 ¥0-8L G8-82 6512 162 6012 oboy

(spz-oere)  (eoe-mozy-) (9T-T-0126°T-) (LT:0€ 01 8/°G2) (z0-zT 01 6€E-€) (22°2ET 01 EO-ETT) (L2215 01 G2-G¢) (9g-€5 01 76-8€) (87:6€ 01 66:T€) (28617 03 8S¥T)
6L 19:¢- 85T~ 1812 6€9 orzetT 1€ €96 8/G¢ 202 3u08T eMIBIS

(o2e-aovv-) (6.7 0186G) (0LT-01072) (¥8-T€ 01 06:92) (2zTT01%9-9)  (9T-LG 01 €2-8Y) (9042 01 06-7T) (ve-ST 01 72-0T) (5e-€z 01 %9-8T) (06T 01 LG-TT)
90— 76— v0-2- 6062 698 622s 0267 16T 0012 80:ST [efauas

(15~ 0189%-) (08~ 9rG-) (92— 0188:€-) (82:0 01 72°0) (ST-00140:0)  (ST-¥¥ 0} L2-€E) (1677 01 7€'8) (ezzT01822) (18:6T 01 62°GT) (9222 01 96-9)
80— v9v- 9z:€- ¥2:0 800 62:8€ AN 166 1S1T €Tt adioulid pue gwoy oes

(eez-ovze)  (662-009%-) (€8:0-018LT-) (6€7T8 01 87°/79) (18'T2€ 01 #5-26T) (L2°9TT 01 95-26) (G275 01 06-2€) (ee-Ge 01 18°€2) (916 @ TT°08)  (¥S'6% 01 62°92)
8Lz 8L~ 12T~ 8592/ 8£0.2 ¥8-€0T LLEY vZ:6¢ 65 879 elsbIN

(e~ t1ev-)  (LLe-m1eG)  (epg—0102:€-) (ZT-6TT 01 G6-16) (£8:2Z 01 0T-¥T) (90-22T 0} £2°TOT) (6772 0129-6%) (81-6€ 01 £V-¥2) (L8Lz01TT°02) (2522 04 HT¥T)
98¢~ 1St 08:2- 65G0T ¥0-02 1121T Y119 19T€ 80v¢ 16'6T J13BIN

(Tzz-oo0ze)  (L9z-mozy-)  (60T-014T2-) (928 01 659) (€601 T) (£2:29 01 8Z61) (v0:TZ 01 20-2T) (92-GT 01 £8-0T) (186201 €9€7)  (2v'82 01 9T°6)
€L e~ 29T~ T€L 122 ¥0-55 6€-97 TTET €592 8597 eluelIne N

(er1-m9L2-)  (9T-09pe-)  (08T-01LT2) (87°0TT 01 81°G8) (8167 01 92°€T) (/8-8¥T 0} LE-GTT) (82:G2 01 6T-97) (ev ¥ 01 81-82) (TTL7 01 85%€)  (96°09 03 G8'LT)
92z 192- €LT- 9996 0092 02:0€T 8165 v1:G¢ 0907 L0€€ e

LGTV-01€05)  (z6p-01Tyo) (52— 01 TG€-) (€27 01 86°6) (9501 19T)  (T26L01%9%9) (0592 01 GT-GT) (95°T€ 01 £0-€2) (082 01 €5-€2)  (62¥E 018T-0T)
19— 19:6- 10€- 10TT 10€ 6ETL 0£:02 202 z8:5¢ /88T eusqI

(8r1-0169-¢-) (09 T-019z€-)  (98:0-018T-2-) (L6601 02:2) (r2¥ 01 T0'T) (¥8-EFT 03 L0-80T) (2601 01 26-6€) (89-2t7 01 0€62) (L8201 TT-TE)  (8Y°G9 01 L9-¥T)
80-2- o z- 05T~ Gz8 122 16:€2T ShvS 108 81:9¢ 85 Te nessig-eauing

(05z- 01 2€-)  (9ez-m66€-) (T2C—019T€-) (T6¥5 01 /8-€Y) (97-80160:€) (T#'TCT 03 0T L6) (6995 01 68-€€) (L6:6€ 01 £5-92) (90:07 01 85-08)  (GpLT 01 8G-9)
86-2— 1Te- 69:2- 6y 80°G G/-80T 10GY 89-2¢ 12:Ge £6:0T eauUIND

(89z-m¥9e-)  (L6Z-™9G¥-) (P2 T-01.9C) (8215 01 ¥S-€p) (LzLz0109-6) (012901 9/6%) (9e-zz 01 08°€T) (Le9T 1 G2°TT) (TT:82 01 ¥1-22)  (£6°62 03 GL0T)
LTe- 18€- 122 v58 9797 2595 65LT 69:€T L2 €6:LT euey9

Bre-aziv-) (@Bre-ovet-) (0z:2-0188€-) (0T¥ 01 €€°€) (ezeort1eT) (1€:0G 01 68-01) (1€-8T 01 £9-0T) (€821 01228) (zrez 01 9-8T)  (viL€ 01 $G-GT)
v9-6- 12 8.2 0L€ 602 6£SY ST €L0T 8602 vy elqwes ayL

(LeT-09pez-)  (06T-08pe-)  (80-0—01G0T-) (€128 01 50-69) (€262 0162:6) (£9-S0T 01 69-€8) (£8:9€ 01 79-T2) (vy-L€ 01 £€-92) (19:07 01 6¢-28)  (¥2-¥€ 01 T6:0T)
98T~ €12 95-0- 90°LL v0-LT 67€6 €782 89T 79 6867 31I0A|P 819D

(oz1-0222)  (UpT-000€) (970- 0 7 1-) (2216 01 80-TL) (S6:1€ 01 9T°GT) (28-8¥T 01 98-GTT) (T T2 01 GL-€Y) (9015 01 22°5€) (91 01 26T€)  (92'8¥ 01 67°€C)
€L T~ 92— 6:0— Z108 veze 0S:0€T 2595 08-€ 6T:9¢ v0ve peyd

(Lez-or0ee-)  (ETz-0160+-) (v2-T-0129:€-) (€0 01 820) (0£:00160:0) (2€T€ 01 TE'52) (60-2 01 86°€) (L1601 £8-9) (9z-9to1ez€T)  (0£:9Z 01 EV'8)
287 0T€- orz- 1€0 LT0 9182 s 28 9.vT 1€6T 3pJaA aded

(4eak T 01
GT0Z-066T ST-0002 0002-066T GJaspun  (s1esh y—T) pIyd  sAep gg) |ereuocsu-1sod  (shep /z—0) [ereuosN suMIgIns
(spuesnoyy)

Alleriow G-1apun J10j sbueyd Jo ayeu pasijenuuy

syresp G-19pun |e10L

(spuesnouyy) symIg|Iis [e3oL

SUIIGaAI] 000T 48d stpeaq

® Europe PMC Funders Author Manuscripts

® Europe PMC Funders Author Manuscripts

available in PMC 2017 January 10.

1

Lancet. Author manuscript



Page 76

(or1-020€)  (¥8Z- O ¥T°9) (¥9:Z 01 95-0) (1§ 1T 00 0€°2) (950196 T)  (¥T-0L 0} GEHY) (€122 01 6G°2T) (0822 01 ¥17-2T) (9152 0 2G6°2T)  (¥9:2€ 01 ¥2°6)
€02- Sy 85T v2:6 16 €195 1181 LT 22 1e vrLT obuod

(62:0— 01 91-2-) (80-00189€-) (97003 TT°Z-) (0022 01 68-ST) (08-€T 03 89-€) (58:G9T 03 70-86) (9£-89 01 1-82) (9779 01 2G¥€) (c667 01 LT°2€)  (LSLL 03 96'T2)
9e T~ ST~ 10— 8502 €T 81921 LSy 08:L¥ 9T-0% g aljgnday UedLyY [BAUSD

(152- 0 $9v-)  (8LZ-6r9-) (160-01EYE-) (07°TTT 01 £2-99) (82¥5 01 06:2T) (06:00T 03 62:09) (Sz-7v 01 92°6T) (65°G€ 01 09-6T) (€82 01 82°6T)  (16°G¥ 03 €9:GT)
Ao G- 102 6598 9z1e 0,81 0r-0¢g 1692 87€C 16:92 elobuy

(2oz-o 1) (€92- 0 167-)  (PE0- 01 16T-) (27597 01 ¥T-9€€) (2e:89T 01 0528) (¥2-00T 0} 6L°TL) (S6:0% 01 86-22) (S0'Le 01 0L72) (60-0c 01 82°€2)  (8T-¥€ 01 908T)

Lz 1€~ eTT- 80-86€ e 1T 29:98 L0TE 250¢ 6592 88v¢ ©OLJY URJRYRS-gNs [ellua)

(L0e-m05v-)  (@Tv-0¥99-) (550-016T2-) (Ty-61 01 L6-7€) (€121 0166'G)  (00-82 01 9£-GS) (08:62 01 2L¥T) (00°-T€ 01 SG-6T) (90vz 01 82:8T)  (18:GZ 03 02'6)
9/€~ 9eG- 18T~ 19TV 80-0T £6:99 712 162 9012 LEST elquez

(oTe-m96€-)  (05e-026v-) (2T-2—01982) (02:92T 01 19:20T) (67, 01 €6:07) (2iLL 012829) (€0-82 01 21+9T) (2562 01 80-T2) (¥9-92 1 28-T12)  (20-2Z 03 8T-ZT)
Ao AT 6v¢— GOETT 86LC GE69 1612 1672 eTve 2597 epuedn

(sze-ozev-) (926~ ¥GG)  (50-2—01/82) (Lz:0vT 03 GEL0T) (189501 16°22) (9769 01 68-2S) (TT:T2 01 GE°TT) (6182 01 /G'6T) (v9-v2 01 /8°6T) (1892 0} ¥EET)
08¢~ 69— Svz- 16121 256 80:09 LLST A 1022 1187 eluezue]

(G21-0122¢-) (150-01TT€-)  (vL-z—0108+-) (62-G5 01 68-8€) (65-87 01 06'7T) (62:L2T 01 L€68) (0T-95 01 #0-0€) (ST-T5 01 82°T€) (Tzec 01 21¥2) (6286 01 vE-2E)
052~ 18T~ vSe- 79 12,92 €0:20T 29Ty 160 v¥82 G295 uepns yinos

(Tr1-0992-)  (opT-00z€e-) (86:0-01TE2) (82:09 01 2/7¥) (9522 01 252) (6E-0ET 01 87+16) (18-85 01 01-2€) (9567 01 08-2€) (sg-ge 01 €z-22)  (62°GG 03 TLST)
S0Z- €ez- 69 T- 6915 T 9T-2TT 1Sty G0 8z1¢ 962 el[ewos

(vSz-o8zy-)  (epy-oGz.-) (00T 01 87:0-) (£9:62 01 9¢'6T) (s6-901 7€) (1878 01 2G€S) (65-0€ 01 02°ST) (0792 01 #1°ST) (862 0 170°T2)  (18:8T 03 ¥72°TT)
e 88:G- 920 L1€2 0SS ¥9:9 66'1¢C 0£:02 v8ve v6vT epuemy

(85€-01 2pv-)  (G6:€-016€G-)  (89:2— 01 9p-€-) (5T-€6 01 £4-52) (8T-6€ 01 €9-€T)  (92-28 01 0%-02) (¥8-62 01 78-91) (8T-2€ 01 /8-92) (£8:2z010T-€2) (6L7€ 018E-CT)
Y0v— 69— 80€- 9c-€8 86-2¢ €6LL 2L 98T T4 19:02 anbiquezop

(92~ 01 29%-) (67~ 0€8G) (62— 0119€-) (¥€¥9 01 9/-Gp) (to-gT016T-2) (€786 01 ¥2:0L) (L2:0v 01 €T°22) (z2-G€ 01 9G-22) (0T 1€ 0 9T-€2)  (90-2Z 01 €9:0T)
966~ €97— 962- 6EVS 12:0T Ge€8 9e:0¢ 9582 98:92 0ZST IMeeln

(vzz-060v-) (06 T-0¥8+%-) (T0-C—016.€-) (19:59 01 z€-2) (5592 01 T€'6) (908 01 €6°TG) (T2 01 p2-2T) (S70€ 01 ¥6°2T) (0022 01 €°6T)  (76:0€ 03 80'TT)
T2€- e 06:2- Gezs 69:GT 0z+9 1161 15€2 v6:2¢ 98T JTeosebepey

(68'1-01/82-) (s8gz-m6yv-)  (ST-001T0OT-) (8L%8 01 90-72) (787 01 69-08)  (¥9-2S 0} LE'G) (00:9T 01 €2-8) (LL T2 01 EL-ST) (91°€2 03 9T°6T) (G862 0} ¥T°6T)
62— 0L€- 70— v2:6L 1.-8€ €805 66'TT 19:8T 0112 v0ve eAusy|

L&V 01285)  (169-01g59-) (€06~ 01 06°€-) (S€°5T2 01 66-89T) (6795 01682€)  (/r890zses) (1622 0159:2T) (99-22 01 22°ST) (Lv8z0125ge)  (Li-LT 01 ¥Z0T)
v8v— 16— - ¥9-68T 09:€Y 12:09 vrLT 29:8T AT vSeT eidoiy3g

(9zz-oz0v-)  (LLT-08z2-) (S92 016l 1) (L9¥T 01 ¥G°6) (80-9012T7) (S6-€8 01 /G1S) (06:G€ 01 €2°LT) (06:22 01 9€-9T) (1e:92 01 28-81)  (1G-€€01Z6°TT)
ST~ 09— 96:0— €LTT 95°€ ST29 (07214 81T €122 16-6T ENTE|

(rr1-0282) (96 T-0188€-) (6T:0—01€8T-) (eLT0122°T) (86:0018£:0)  (59-8/ 01 9£-GG) (99:82 01 56-€T) (L0-62 01 50-8T) (86:92 01 7€-02)  (SG-Cy 03 ZTLT)
LT 162- 86:0— A €90 0599 702 gTee wee 892 nnoqifa

(€9z-o8ys-)  (8ez-017199-) (28T-01/2°G ) (29T 01 080) (2001 92:0)  (26:T9 01 0L-0€) (89-€T 01 /8-1) (Te-TZ 01 82:8) (zz6z01289T) (2112 03 G9-6)
20— Ak e ST'T €70 20y 8e8 88-€T 8e7¢ 1197 $0I0WO0D

(4eak T 01
GT0Z-066T ST-0002 0002-066T GJaspun  (s1esh y—T) pIyd  sAep gg) |ereuocsu-1sod  (shep /z—0) [ereuosN suMIgIns
(spuesnoyy)

Alleriow G-1apun J10j sbueyd Jo ayeu pasijenuuy

syresp G-19pun |e10L

(spuesnouyy) symIg|Iis [e3oL

SUIIGaAI] 000T 48d stpeaq

® Europe PMC Funders Author Manuscripts

® Europe PMC Funders Author Manuscripts

available in PMC 2017 January 10.

1

Lancet. Author manuscript



Page 77

‘sfensaiul Alurepaoun=s|n

¥ 1209 JusWdo[dASQ WINIUUR|INI=FDQAIN "Sasayiualed Ul papinoid aJe S|N %66 'STOZ PUB 066T Usamiag Al[eLOoW G-1apun Ul 8U1j99p JO a1el pasijenuue op-4 Uey) 131eaih e uo paseq ¥OAIA paAsiyde 1eys saiydesfos
v

(821-0962-) (e6T-068€-) (88:0-01€2C) (89:2 0150°2) (22101 290) (692G 01 €2°0F) (26¥T 01 811) (S5:£T 01 6G°TT) (zTvz o1 vz-6T)  (8EZ€E 01 LT°6)
9e2- 16:2- vST- gez 060 1197 72:0T T 9912 0gLT uoqes
(tr1-o68e) (2Tz-meg8s)  (02001602-) (7€ 0168°T) (89'T 01 1€:0) (SS'8TT 01 87°G9) (z8:5%7 01 82°LT) (0T¥¥ 01 68°T2) (02:2€ 2 9T¥2) (0T¥S 01 €9TT)
197 66:€- 00— 25T 110 1528 78:82 zeTe €0:0€ 0962 eaUINg [eniorenb3
(r91-01e5¢-)  (0zz-01Tzs-)  (0T-00166°T-) (95-€v€ 01 19:022) (5617 01 281G) (26-80T 01 6T-0L) (Tz'Sy 01 61-T2) (SzTr 01 2L°€2) (ze'ze o1 zgez)  (0G¥€ 01 68:GT) obuoo
[Slelra £9:¢- £6:0— 189/ or8. 7088 29T¢ €8'Te 0gL2 11€2 U} 40 1jgnday ones0WRQ
(4eak T 01
GT0Z-066T ST-0002 0002-066T GJaspun  (s1esh y—T) pIyd  sAep gg) |ereuocsu-1sod  (shep /z—0) [ereuosN suMIgIns
(spuesnoyy)

Alleriow G-1apun J10j sbueyd Jo ayeu pasijenuuy

syresp G-19pun |e10L

(spuesnouyy) symIg|Iis [e3oL

SUIIGaAI] 000T 48d stpeaq

® Europe PMC Funders Author Manuscripts

® Europe PMC Funders Author Manuscripts

Lancet. Author manuscript; available in PMC 2017 January 10.



	Summary
	Introduction
	Methods
	Geographical units of analysis
	Data
	All-cause under-5 mortality and age-specific mortality
	Stillbirth analysis
	Under-5 populations and total deaths
	Under-5 causes of death
	Socio-demographic Index
	Decomposing change in under-5 mortality rate by causes of death
	Uncertainty analysis
	Role of the funding source

	Results
	Trends in child mortality and by age group
	MDG4 achievement and pace of progress
	Global changes in under-5 deaths
	Decomposing changes in under-5 mortality by causes of death
	SDI and under-5 mortality at regional and global levels
	SDI and child mortality at country, territory, and subnational levels
	Expected changes in under-5 mortality due to SDI
	Stillbirths

	Discussion
	MDG4 and the future of improving child survival
	Changes in under-5 causes of death and their contribution to reducing under-5 mortality
	Stillbirths
	Comparing GBD and IGME estimates
	Improving child mortality data coverage and quality
	Limitations

	Conclusion
	GBD Child Mortality Collaborators
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Table 1
	Table 2

