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ABSTRACT
Background: During the Millennium Development Goal (MDG) era, impressive reductions in
the under-5 mortality rate (U5MR) have been observed, although the MDG 4 target was not
met. So far, cause-specific progress in child mortality has been analyzed and discussed mainly
at the global and regional levels.
Objectives: We aimed to explore annual changes in cause-specific mortality at the country
level, assess which causes contributed the most to child mortality reduction in 2000–2015,
and estimate how many child lives were saved.
Methods: We used the cause-specific child mortality estimates published by Liu and collea-
gues. We derived average annual changes in cause-specific child mortality rates and cause-
specific contribution to overall child mortality in 2000–2015. We estimated the number of
cause-specific child deaths averted during the MDG era, assuming that cause-specific child
mortality remained the same as in 2000. We targeted the 75 Countdown countries where 95%
of maternal and child deaths occurred during the MDG era.
Results: Wide disparities existed across causes within countries, both in neonatal and post-
neonatal mortality reduction, except for a few countries such as China, Rwanda, and
Cambodia. In 20 of the 45 sub-Saharan African countries, malaria was the main contributor
to post-neonatal mortality reduction, and pneumonia was the main contributor in only six
countries. A single disease often contributed to a substantial proportion of the child mortality
reduction, particularly in west and central African countries. Diarrhea-specific post-neonatal
child mortality reduction accounted for 7.1 million averted child deaths (24.5%), while
pneumonia accounted for another 6.7 million averted child deaths (23%).
Conclusions: This study demonstrates country-specific characteristics with regards to cause-
wise child mortality that could not be identified by global or regional analyses. These findings
provide the global community with evidence for formulating national policies and strategies
to achieve the Sustainable Development Goals in child mortality reduction.
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Background

During the Millennium Development Goal (MDG)
era, impressive reductions in the under-5 mortality
rate (U5MR) have been observed, although the MDG
4 target was not met. The distribution of causes of
child mortality has been updated, including the pro-
gress toward the MDG 4 target, at global, regional,
and national levels [1–10].

The Sustainable Development Goals (SDGs) target
an U5MR of no more than 25 per 1000 live births in
every country of the world in 2030 [11]. While seek-
ing to build upon the foundation laid by the MDGs to
complete the unfinished business, we require evi-
dence regarding what went well and what did not,
which will guide and motivate future actions and
constitute a set of priorities for child mortality

reduction during the SDG era. In particular, to
develop future strategy to achieve the SDG targets
for U5MR, we should not miss the opportunity to
assess cause-specific performance during the MDG
era. So far, the main focus of the Global Burden of
Disease Study [6–8,12] (GBD) has been to examine
disease burden in terms of magnitude, distribution,
and comparison by region or by year, while the
cause-specific mortality fraction among overall child
deaths and annual changes were mainly investigated
for the overall U5MR. Recently global communities
have become increasingly interested in investigating
cause-specific progress (i.e. the annual change in
mortality reduction) [1,4]; however, such analyses
have been restricted to the global or regional level,
and have not been conducted at the country level.
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Furthermore, some studies [1,2] have investigated
cause-specific annual changes by U5MR strata (cut-
offs: very high mortality stratum, 100 per 1000 live
births; high, 75; medium-high, 50; medium, 25; low,
10; very low, less than 10). Prior studies [1,4,7] exam-
ining the leading causes and their overall progress at
the global level, in specific regions, or across mortal-
ity strata might not have revealed features of nation-
specific progress if national progress was not homo-
genous within the group. Furthermore, the results at
the global level, in specific regions, or across mortal-
ity strata might have been disproportionally affected
by a small number of countries with the greatest
burden of child deaths, such as India, Ethiopia,
Pakistan, and Nigeria. There has been substantial
variation in investments in U5MR reduction in
2000–2015 by disease [1]. Understanding the impact
of these investments on cause-specific mortality is
required at the country level, considering the impli-
cations for national priorities. If the SDG targets for
child survival are to be achieved, the corresponding
policy priorities and future interventions should lar-
gely be developed at the country level. We thus aimed
to investigate national cause-specific annual changes
to help derive insights with implications for nation-
specific policy.

A recent GBD study [7] investigated the attribu-
tion of changes in under-5 mortality to changes in the
major causes of under-5 death; however, the target
period in the study was 1990–2015, not 2000–2015.
Trends in child mortality substantially changed in the
early 2000s, when the MDG campaign and a number
of global health initiatives were launched [8]. For
example, HIV/AIDS- and malaria-specific under-5
deaths peaked in 2003 and 2005, respectively, and
then decreased [8]. Since the relative distribution of
child mortality by cause substantially differed
between 1990 and 2000, we believe that the year
2000 is a more appropriate starting point for calculat-
ing the contribution of each cause to overall child
mortality reduction. Moreover, we believe that 2000
is a particularly suitable starting point to derive
implications for formulating future policy in the tran-
sition period from the MDG era to the SDG era, since
an analysis starting in 2000 would allow us to better
understand the performance of global efforts in redu-
cing child mortality, particularly those made during
the MDG campaign period. Using 1990 as the
baseline year, as in the previous study [7], could
lead to underestimation or overestimation of the con-
tributions of certain causes, which eventually would
generate misleading interpretations of investment in
the past or misleading guidance for future policy. In
addition, the previous study [7] calculated absolute
values of reductions in cause-specific mortality. Since
the leading causes of child mortality in the
baseline year might have considerably affected the

absolute values, this method makes it difficult to
compare cause-specific performance between coun-
tries. Accordingly, we chose to assess the relative
contributions of cause-specific mortality reductions
to overall child mortality reduction in 2000–2015 at
the country level, because we believe that doing so
would yield more meaningful implications for policy
formulation. In addition, evidence regarding the
number of child lives saved by cause-specific perfor-
mance is not only crucial for policy discussions and
priority-setting, but is also important in terms of
accountability, because it could have cost implica-
tions based on a comparison with the amount that
the global 14community has invested in addressing
specific diseases during the MDG era. We aimed to
estimate the number of cause-specific child deaths
averted in 2000–2015.

Methods

Data source

Annual assessments of trends in child mortality have
been produced by the GBD and the UN Inter-agency
Group for Child Mortality Estimation (IGME) using
distinct methods [2,4,9,13–16], both of which are fre-
quently used for understanding child mortality esti-
mates and are highly correlated (0.983) [7]. In this
study, we used the data published by Liu and colleagues
[1] because the average annual changes of cause-specific
child mortality have been examined using their dataset
and method, although previous analyses were carried
out at the global and regional levels. The number of
cause-specific child deaths, both for neonates and chil-
dren aged 1–59 months, were updated by Liu and
colleagues in 2016 [1]. The number of age-specific
deaths was multiplied by case-specific mortality frac-
tions to estimate cause-specific child deaths. They used
age-specific child mortality estimates produced by the
UN IGME [17], and estimates of live births made by the
UN Population Division [18]. To generate cause-
specific child mortality fractions, only vital registration
(VR) data were used for some countries (VR countries:
67 countries for neonates, 69 countries for 1- to 59-
month-olds). A VR-based multi-cause model
(VRMCM) was used for countries with inadequate VR
and a low U5MR (less than 35 child deaths per 1000
live births in 2000–2015; 47 countries for neonates and
44 countries for 1- to 59-month-olds). For countries
with inadequate VR and a high U5MR (35 child deaths
or more per 1000 live births in 2000–2015; 80 countries
for neonates and 81 countries for 1–59-month-olds),
a verbal autopsy (VA)-based multi-cause model
(VAMCM) was applied to estimate cause-specific child
deaths. When estimating child deaths, they updated the
database to include new VR data up to July 2015 and
new VA data up to February 2015. The details of the
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estimation approaches developed by Liu and colleagues
have been described elsewhere [1,4,9,19].

Target countries

We targeted the 75 Countdown countries where 95%
of maternal and child deaths occurred during the
MDG era. The global community has recently
expanded its attention to 81 countries for the SDG
era [20,21], but we maintained the current list of 75
target countries because they are the group that
received attention in 2000–2015, and most of the
reports assessing MDG performance have focused
on these 75 countries.

Cause-specific annual changes in neonatal
mortality and post-neonatal mortality

The average annual change in cause-specific mortality
rates was derived using the following formula:

r ¼ ln CSMRT2=CSMRT1ð Þ= T2� T1ð Þð Þ�100
Where r is the average annual change of reduction, ln
denotes the natural log function, CSMR is cause-
specific mortality, and T1 and T2 denote the time
points T1 and T2, respectively. A detailed explanation
of the equation has been presented elsewhere [10,22].
We restricted the data analysis to 2000–2015 because
the progress in child survival has been in part credited
to the MDG campaign, which has led to the scaling-up
of many life-saving interventions and increases in offi-
cial development assistance [19,23–27].

Categorization of progress

Based on the annual rate of reduction, we categorized
progress into ‘success’ (average annual change of
4.4% or above; colored in green), ‘insufficient pro-
gress’ (1% to 4.3%, yellow), ‘no progress’ (0% to 1%,
grey), and ‘negative (increase in mortality rate, red).
We referred to the categories developed by the
Countdown group [28].

We adjusted the success category to have
a threshold of 4.4%, instead of the 4% threshold
used by the Countdown group, because this was the
minimum average change needed to meet the MDG 4
target. That is, child mortality should be reduced by
4.4% every year compared to the previous year if
a country is to meet the goal of a two-thirds reduc-
tion of child mortality by 2015. The 1% criterion for
‘no progress’ was taken from the cut-off point used
by the Countdown group, and 4.3% was purposefully
adjusted from the 3.9% used in the Countdown group
reports [23,29,30], taking into account the 4.4% cut-
off point for success in this study. We also added the
new category of ‘negative,’ which was used to indicate
an increase in mortality.

Number of cause-specific child deaths averted

We estimated the number of cause-specific child
deaths averted during the MDG era referring to the
methods to calculate all-cause child deaths averted in
the previous study [2,31]. You and colleagues [2]
estimated the number of all-cause child deaths
averted in 2000–2015. Murray and Chambers [31]
estimated the number of child lives saved by channel-
specific spending on child health in 2000–2014. To
estimate the number of averted child deaths in
2000–2015, two main methods can be used: one is
to compare the values predicted on the basis of his-
torical trends with those estimated on a yearly basis
using the published data [1], and another is to com-
pare the values assumed on the basis of child mortal-
ity remaining the same as in the year 2000 with those
estimated on a yearly basis using published data [1].
We used the second method, assuming that cause-
specific child mortality remained the same as in
the year 2000, because there were no cause-specific
child mortality data before 2000.

Contribution of specific causes to overall child
mortality

We explored to what extent each cause-specific mor-
tality reduction contributed to overall child mortality
reduction in 2000–2015, by dividing reduced all-
cause child mortality by reduced cause-specific child
mortality. We ranked the causes within each country
by the percentage of contribution and explored
whether there were any specific patterns by region.

Results

In 2000–2015, the majority of Countdown countries
(68.0%) showed a successful annual average reduc-
tion in post-neonatal mortality (in children aged
1–59 months), whereas only 6.7% had annual aver-
age changes of 4.4% or above in neonatal mortality
(Table 1). Notably, for pneumonia, unlike the sub-
stantial proportion of countries with successful per-
formance among post-neonatal children, only 25.3%
(19 of 75) of the Countdown countries succeeded in
meeting the anticipated annual changes in neonatal
mortality. More than 80% of the countries showed
successful annual reductions in post-neonatal mor-
tality for meningitis (81.3%), diarrhea (82.7%),
measles (89.3%), and malaria (85.3%). Although
slow progress or unmet MDG targets could be
mainly attributable to neonatal mortality, the major-
ity of the Countdown countries made substantial
progress in cause-specific neonatal mortality reduc-
tions for tetanus (94.7%) and diarrhea (78.7%).

Figures 1 and 2 reveal that wide disparities existed
across causes within countries, both in neonatal and
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post-neonatal mortality reduction. China is the only
country that successfully reduced neonatal mortality
from every cause. Except for a few countries such as
China, Rwanda, and Cambodia, the annual changes
in neonatal mortality varied to a large degree. In
Zimbabwe, the cause-specific neonatal mortality rate
increased during this period for 7 causes.

Particular attention should be given to certain
countries with an increase of cause-specific mortal-
ity even for these infectious diseases (Figure 3). For
example, Malawi saw increased measles-specific
child mortality (−6%), as did Cote d’Ivoire for
meningitis (−0.8%). There is no country that suc-
cessfully reduced all cause-specific child mortality
rates among post-neonatal children. Cambodia was
the only country among this group to show suc-
cessful annual reductions in 11 of the 12 causes.
Ranks of annual change by region are shown in
Appendix 1 and 2.

Table 2, Figure 4, and Appendix 3 show cause-
specific contributions to overall post-neonatal and
neonatal mortality reductions. A clear distinction can
be seen between sub-Saharan African countries and
other regions in terms of the main contributors to
post-neonatal child mortality reduction. In 20 of the
45 sub-Saharan African countries, malaria was the
main contributor to post-neonatal mortality reduction
(Figure 5). AIDS contributed the most to child mor-
tality reduction in six countries that had an extremely
high prevalence in 2000, ranging from a contribution
of 86.6% of the all-cause child mortality reduction in
Lesotho to 29.5% in Kenya. In other regions, pneumo-
nia was the main contributor to child mortality reduc-
tion, ranging from a contribution of 46.6% of the all-
cause child mortality reduction in Pakistan to 26.8% in
Cambodia. Pneumonia was the main contributor in
only 6 countries and the second contributor in 12
countries among the sub-Saharan African countries,
although it accounted for a large proportion of child
mortality in 2000.

During the MDG era, 42.7 million child deaths
were averted; the majority of the lives saved
took place in sub-Saharan Africa for post-neonatal
children and in southern Asia for neonates
(Figure 6–7, Appendix 4 and 5). Of these averted
child deaths, 13.7 million were in neonates and
29 million were in post-neonatal children.
Diarrhea-specific post-neonatal child mortality
reduction accounted for 7.1 million averted child
deaths (24.5%), while pneumonia accounted for
another 6.7 million averted child deaths (23%)
(Figure 6, Appendix 4). Tetanus-specific neonatal
mortality reduction averted 1.5 million neonatal
deaths. Considering the disease burden of pneumo-
nia and diarrhea among children, interventions
related to diarrhea performed much more success-
fully than those for pneumonia.Ta
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Discussion

During the MDG era, a tremendous number of chil-
dren’s lives were saved, and this has been partially
credited to the global efforts following the MDGs, the
ensuing increase in official development assistance [19],
and the consequential scaling up of many life-saving
interventions [21]. This study suggests that the progress
has been uneven across diseases within countries, even
in countries known as the best performers, such as
Botswana or Burkina Faso, which have made successful
progress in overall child mortality reduction. In the
past, pneumonia, malaria, and diarrhea were the

leading causes in the very-high-mortality stratum [7],
to which Angola, Central African Republic, Chad, Mali,
Nigeria, Sierra Leone, and Somalia belong; however,
according to our results, cause-specific progress for
these main infectious diseases substantially varied by
country. For example, Liu and colleagues [1] pointed
out that tremendous progress has been made in diar-
rhea, pneumonia, measles, and neonatal tetanus. They
underscored that five of the 12 post-neonatal causes
achieved a sufficient annual reduction (≥4.4%); how-
ever, the insufficient progress in pneumonia- and diar-
rhea-specific child mortality, particularly among west
and central African countries (Zimbabwe, Central

Total U5D
b

POS
c

Disease

PNE
d

PRE
e

INT
f

MEN
g

OTH
h

CON
i

DIA
j

MEA
k

INJ
l

MAL
m

AIDS
n

PER
o

Rank Country

1 Rwanda 9.4% 11.4% 13.0% 7.5% 7.1% 21.9% 7.5% 5.4% 15.6% 20.1% 4.3% 12.0% 21.2% 2.5%

2 Cambodia 9.3% 11.6% 11.3% 8.6% 9.1% 14.4% 9.2% 8.1% 14.6% 20.3% 6.3% 30.2% 17.4% 1.8%

3 China 8.4% 7.6% 9.9% 2.1% -2.5% 9.9% 6.5% 4.0% 12.1% 9.8% 7.8% 6.2% 2.3% 1.7%

4 Senegal 7.2% 8.9% 9.4% 5.3% 5.3% 14.3% 5.5% 4.8% 10.7% 24.2% 2.7% 12.1% 3.8% 2.8%

5 Uganda 7.0% 8.3% 5.9% 2.7% 2.9% 7.1% 2.6% 1.9% 8.4% 34.2% 0.4% 15.6% 8.9% 2.0%

6 Liberia 7.0% 8.2% 4.8% 2.5% 2.3% 7.3% 2.2% 1.6% 8.2% 27.5% -0.2% 11.9% 8.5% 2.3%

7 Congo 6.7% 8.1% 8.2% 4.4% 4.1% 11.6% 4.4% 3.5% 10.2% 22.5% 2.2% 12.7% 6.9% 3.3%

8 Malawi 6.7% 8.0% 8.4% 3.6% 3.5% 12.7% 3.5% 2.1% 10.7% -6.0% 1.4% 12.2% 11.1% 1.5%

9 United Republic of Tanzania 6.6% 8.1% 8.5% 3.6% 3.1% 13.8% 3.7% 2.0% 10.0% 16.9% 1.5% 12.8% 14.9% 1.7%

10 Zambia 6.5% 7.7% 7.3% 3.3% 3.3% 11.2% 3.6% 2.4% 9.7% 24.8% 1.0% 11.3% 10.2% 0.8%

11
Democratic People's Republic 

of Korea
6.1% 7.5% 8.3% 6.2% 5.9% 9.9% 6.4% 5.7% 10.6% N/A 4.7% N/A -4.8% 2.7%

12 Azerbaijan 6.1% 8.3% 10.2% 6.1% 6.2% 15.3% 6.7% 4.9% 11.3% 18.8% 5.2% N/A -3.8% 1.9%

13 Ethiopia 6.0% 7.5% 8.0% 3.9% 3.8% 12.6% 4.9% 2.6% 10.2% 6.3% 2.0% 11.9% 14.0% 1.8%

14 Yemen 5.9% 7.8% 9.0% 4.9% 4.7% 12.2% 4.9% 4.6% 10.7% 23.2% 3.1% 9.4% -3.4% 2.4%

15 Niger 5.7% 6.6% 5.9% 3.9% 3.9% 8.0% 3.7% 3.4% 9.8% 29.0% 1.1% 6.0% 8.3% 2.6%

16 Bangladesh 5.7% 7.7% 8.2% 6.2% 4.1% 10.4% 5.1% 4.5% 10.5% 10.6% 4.3% 17.8% -15.1% 1.9%

17 Kyrgyzstan 5.7% 7.0% 8.1% 4.6% 6.9% 10.7% 6.3% 5.0% 10.2% N/A 4.8% N/A -10.8% 1.5%

18 Eritrea 5.6% 7.1% 5.0% 2.8% 2.5% 5.5% 2.7% 2.1% 7.3% 23.8% 1.5% 0.3% 10.2% 0.7%

19 Peru 5.6% 6.6% 9.2% 0.1% -0.2% 9.2% 6.5% 3.3% 9.3% N/A 4.9% N/A 12.1% 0.8%

20 Nepal 5.5% 7.5% 7.5% 5.5% 4.4% 9.6% 4.8% 4.1% 9.7% 19.5% 3.7% 10.8% -4.4% 1.7%

21 Madagascar 5.4% 6.6% 7.6% 4.2% 3.9% 9.9% 4.5% 3.5% 9.3% 25.4% 2.4% 1.9% 4.7% 2.6%

22 Botswana 5.3% 8.2% 2.0% -2.5% -2.7% 6.7% -2.1% -3.5% 3.0% 25.7% -3.4% N/A 19.1% 2.3%

23 Burkina Faso 5.3% 6.1% 3.4% -0.8% -0.9% 7.5% -2.0% -1.6% 5.2% 15.6% -2.9% 9.1% 13.0% 2.6%

24 Mozambique 5.2% 6.1% 4.6% 1.3% 0.7% 8.4% 1.0% 0.1% 6.5% 21.2% -0.9% 10.1% 7.6% 1.5%

25 Kenya 5.2% 7.1% 7.2% 3.7% 3.4% 8.7% 4.0% 3.2% 8.4% 19.2% 1.8% 7.4% 12.5% 0.9%

26 Sierra Leone 5.2% 6.1% 4.8% 1.0% 0.5% 9.2% 0.1% -0.1% 6.9% 18.7% -1.2% 7.0% 5.5% 3.6%

27 Swaziland 5.2% 5.8% 5.3% 1.2% 1.2% 8.8% 0.9% 0.4% 6.4% N/A -0.4% N/A 12.5% 1.1%

28 Tajikistan 5.0% 6.6% 7.3% 5.1% 5.2% 10.4% 4.9% 4.9% 9.6% N/A 3.5% N/A 3.8% 0.7%

29 Bolivia (Plurinational State of) 4.9% 6.5% 7.4% 4.6% 5.6% 9.6% 5.6% 4.1% 11.1% N/A 4.0% 11.8% 0.5% 0.7%

30 Indonesia 4.7% 5.8% 5.6% 4.9% 4.4% 6.9% 4.3% 3.8% 8.9% 11.3% 4.0% -2.3% -20.6% 0.9%

31 Guinea 4.6% 5.4% 3.0% 1.8% 1.8% 3.6% 1.5% 1.3% 6.5% 29.4% 0.1% 5.1% 12.4% 1.4%

32 Guinea-Bissau 4.6% 6.1% 4.6% 2.4% 2.2% 5.3% 2.4% 1.3% 7.4% 23.3% 0.7% 12.7% -0.2% 2.5%

33 South Sudan 4.6% 5.9% 4.5% 4.3% 3.7% 5.9% 4.2% 3.4% 9.2% 12.8% 2.2% 8.5% -1.5% 4.8%

34 Egypt 4.6% 5.5% 7.6% 2.2% 2.2% 7.8% 4.3% 2.9% 8.3% 24.8% 2.3% N/A -6.2% 1.9%

35 Burundi 4.5% 5.6% 5.4% 0.8% 0.5% 9.7% -0.4% 0.1% 6.4% 30.4% -0.9% 11.9% 13.5% 1.5%

36 Brazil 4.5% 5.1% 6.3% 1.2% 1.7% 9.6% 5.1% 1.7% 11.8% N/A 2.9% 15.7% 10.1% -4.6%

37 Mexico 4.4% 6.2% 7.8% 0.9% 4.9% 9.1% 5.3% 4.3% 10.9% N/A 5.9% N/A 5.0% -13.3%

38 Mali 4.3% 5.0% 6.2% 2.6% 2.5% 6.9% 2.5% 1.9% 7.8% 15.7% 0.5% 4.3% 3.3% 1.5%

39 India 4.3% 5.4% 6.1% 2.2% 3.1% 7.0% 5.4% 1.6% 6.3% 6.9% 3.0% 3.2% 3.6% 1.4%

40 Nigeria 4.2% 4.9% 2.8% 1.0% 0.9% 3.1% 0.9% 0.0% 5.8% 20.4% -0.4% 6.5% 1.8% 1.0%

41 Morocco 4.1% 5.7% 7.8% 3.7% 4.3% 12.5% 3.1% 4.0% 9.1% 15.2% 2.7% N/A 3.7% 0.5%

42 South Africa 4.0% 4.4% 2.8% 0.8% 1.3% 4.2% 1.1% 0.2% 5.9% -0.6% 0.0% 9.0% 12.0% 0.0%

43
Lao People's Democratic Repu

blic
3.9% 5.0% 5.9% 1.8% 2.3% 10.0% 1.4% 1.2% 6.3% 26.7% 0.8% 11.8% -10.2% 0.8%

44 Ghana 3.8% 5.3% 4.2% -0.9% -1.3% 6.7% -1.0% -2.8% 4.7% 30.1% -1.4% 8.1% 10.4% 1.7%

45 Cameroon 3.8% 4.5% 4.5% 0.5% 0.3% 6.2% 0.4% -0.1% 5.3% 26.5% -1.0% 8.3% 5.2% 1.9%

46 Sao Tome and Principe 3.8% 4.5% 6.6% 2.3% 3.2% 12.6% 1.7% 2.5% 6.6% -8.0% 0.9% 5.2% 15.1% 1.2%

47 Guatemala 3.7% 4.3% 5.9% 2.5% 1.9% 8.0% 2.5% 1.2% 7.4% N/A 2.1% 16.1% -3.5% 0.3%

48 Gambia 3.7% 4.7% 5.0% 1.9% 1.8% 6.6% 1.9% 0.9% 7.3% 23.6% 0.8% 8.7% 1.2% 1.3%

49 Viet Nam 3.6% 5.0% 6.5% -6.6% -6.5% 4.5% 2.2% 2.2% 8.6% 17.6% 1.9% 16.3% 0.5% 0.9%

50 Gabon 3.6% 4.9% 2.5% 0.7% 0.3% 3.6% 0.6% -0.4% 5.0% 14.8% -0.1% 5.8% 8.3% 1.9%

51 Equatorial Guinea 3.4% 4.1% 3.3% 1.7% 2.2% 4.9% 2.3% 0.3% 7.0% 3.0% 1.3% 8.7% -5.4% 0.0%

52 Turkmenistan 3.4% 4.4% 5.3% 2.4% 2.4% 9.0% 3.3% 0.9% 7.1% N/A 2.3% N/A N/A 1.2%

53
Democratic Republic of the Co

ngo
3.4% 4.0% 1.8% -1.7% -1.8% 3.7% -2.3% -2.7% 3.0% 11.7% -2.8% 9.3% 5.7% 2.7%

54 Uzbekistan 3.3% 4.3% 5.2% 2.3% 2.3% 8.6% 3.2% 0.8% 7.5% N/A 2.2% N/A 9.9% 1.1%

55 Togo 3.3% 3.9% 1.5% -1.1% -1.3% 3.0% -1.9% -1.7% 3.2% 24.1% -2.2% 6.1% 11.0% 1.7%

56 Djibouti 3.3% 4.5% 5.2% 1.4% 1.1% 8.6% 1.2% 0.5% 5.7% 11.0% 0.6% 8.9% 4.6% 0.1%

57 Myanmar 3.1% 3.9% 4.4% 2.3% 3.0% 7.7% 2.4% 2.3% 6.6% 1.9% 1.7% 2.7% 1.8% 0.1%

58 CÙte d'Ivoire 3.1% 3.8% -0.1% -1.5% -1.8% -0.8% -2.4% -1.9% 2.5% 22.9% -2.9% 7.6% 8.7% 1.9%

59 Sudan 2.9% 3.9% 5.0% 0.3% -0.3% 9.5% 2.0% -0.6% 5.3% 11.2% -0.7% 7.5% -4.7% 1.9%

60 Afghanistan 2.8% 3.4% 3.6% 0.9% 0.9% 6.5% -0.7% 0.6% 5.0% 16.7% -0.1% 14.1% -3.9% 2.9%

61 Zimbabwe 2.8% 4.0% 1.9% -2.1% -2.8% 5.0% -2.3% -2.6% 2.1% 0.6% -3.3% 5.3% 13.0% 1.8%

62 Haiti 2.8% 3.5% 3.1% 1.8% 1.3% 3.7% 1.9% 0.5% 6.2% N/A 1.0% 8.3% 15.8% 1.0%

63 Benin 2.7% 3.3% 3.6% 0.3% 0.1% 4.2% 0.0% -0.6% 4.5% 17.8% -0.5% 4.4% 4.5% 0.8%

64 Somalia 2.5% 3.1% 0.4% -0.5% -0.7% 1.1% -0.5% -0.8% 3.1% 13.5% -1.3% 2.6% 0.6% 0.6%

65 Philippines 2.3% 2.6% 3.3% 1.3% 1.3% 5.3% 1.3% 0.7% 5.1% 3.3% 1.1% 17.4% -5.2% 0.5%

66 Iraq 2.2% 2.7% 3.2% 0.8% 1.0% 4.8% 1.4% -0.9% 5.7% 18.5% 1.3% N/A N/A 1.0%

67 Central African Republic 2.2% 2.8% 0.3% -1.5% -1.8% 2.8% -2.3% -1.7% 2.2% 15.3% -2.6% 5.2% 7.9% 1.0%

68 Papua New Guinea 2.2% 2.8% 2.0% 0.5% 0.5% 3.4% 0.3% 0.2% 4.2% 19.8% -0.1% 2.8% 3.8% 0.5%

69 Pakistan 2.2% 2.5% 3.9% 0.9% 0.5% 6.6% -0.8% 0.4% 4.5% 3.1% 0.0% 10.6% -15.5% 2.4%

70 Angola 2.1% 2.5% 3.0% -1.2% -1.2% 9.5% -1.4% -3.2% 3.9% 9.8% -1.3% 6.8% 0.3% 3.3%

71 Comoros 2.1% 2.7% 3.4% 1.7% 1.7% 4.8% 0.8% 1.1% 5.5% N/A 1.1% 2.7% N/A 1.2%

72 Mauritania 2.0% 2.5% 4.0% -0.3% -0.4% 6.2% -0.6% -1.4% 3.8% 11.1% -0.6% 1.6% 1.3% 1.7%

73 Chad 1.9% 2.2% 1.4% 0.1% 0.0% 0.8% 0.3% -0.7% 4.3% 23.7% -0.7% 2.2% 3.2% 1.0%

74 Lesotho 1.8% 2.3% 1.1% -1.1% -0.9% 3.6% -2.0% -1.5% 2.5% 7.7% -1.6% N/A 7.8% 0.8%

75 Solomon Islands 1.0% 1.0% 0.2% -1.4% -1.4% 2.4% -2.3% -2.0% 1.5% N/A -1.8% 18.7% N/A -0.7%

Figure 1. Average annual changea of cause-specific child mortality at country level for 75 countries (1–59-month-olds).
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African Republic, Lesotho, Democratic Republic of
Congo, South Africa, Togo, Chad) have not previously
been emphasized. If pneumonia and/or diarrhea had
declined at the rate achieved for other infectious dis-
eases, such as malaria, measles, meningitis, and AIDS,
many of these countriesmight have attained theMDG 4
target. Similarly, the leading causes in the high, med-
ium-high, and medium mortality strata, to which 17,
20, and 36 countries belong, respectively, were found to
be similar (preterm birth complications, pneumonia,
and intrapartum-related events), but the annual change
of cause-specific child mortality differed considerably
within the same strata. These findings have never been

reported in prior studies, since previous analyses
focused on global, regional, and national causes of
under-5 mortality [6–8,32–34]. Additionally, it is note-
worthy that malaria-specific child mortality reduction
was a key contributor to overall child mortality reduc-
tion in sub-Saharan Africa, while pneumonia was a key
contributor in other regions among the Countdown
countries during the MDG campaign. The efforts of
the global community to combat malaria [35] can be
given credit for this significant contribution. In contrast
to the study of Wang and colleagues [13], which high-
lighted a rapid decrease in childmortality subsequent to
the scale-up of ART and prevention of mother-to-child
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1 Rwanda 9.4% 5.4% 7.1% 4.7% 6.9% 5.3% 16.3% 6.6% -0.7% 15.5%

2 Cambodia 9.3% 5.9% 7.8% 6.6% 7.5% 3.9% 22.3% 5.4% -0.5% 16.0%

3 China 8.4% 9.0% 15.4% 7.8% 9.1% 5.3% 30.1% 9.3% 6.3% 11.8%

4 Senegal 7.2% 4.2% 5.0% 5.4% 4.8% 3.0% 16.1% 3.2% -1.6% 8.0%

5 Uganda 7.0% 3.7% 4.6% 4.3% 4.3% 3.1% 11.6% 3.7% -1.7% 8.1%

6 Liberia 7.0% 4.0% 4.8% 4.8% 4.5% 1.6% 17.3% 3.0% 0.3% 12.8%

7 Congo 6.7% 4.1% 5.1% 4.6% 5.3% 2.1% 14.1% 4.9% -1.3% 8.5%

8 Malawi 6.7% 3.3% 4.3% 2.9% 4.2% 3.2% 10.4% 4.3% -1.3% 9.2%

9 United Republic of Tanzania 6.6% 3.5% 4.7% 4.2% 4.3% 2.8% 12.2% 3.6% -1.9% 9.8%

10 Zambia 6.5% 3.2% 3.8% 3.3% 3.6% 3.4% 9.1% 3.4% -1.4% 8.1%

11 Democratic People's Republic of Korea 6.1% 4.7% 5.7% 5.6% 5.6% 3.0% 13.9% 4.5% 1.7% 11.6%

12 Azerbaijan 6.1% 4.0% 4.8% 5.0% 4.8% 2.1% 15.0% 3.4% -0.1% 10.8%

13 Ethiopia 6.0% 3.7% 4.0% 3.7% 4.1% 2.2% 14.1% 3.3% -1.0% 5.2%

14 Yemen 5.9% 3.5% 4.0% 3.7% 3.7% 3.8% 11.0% 3.4% -1.3% 5.9%

15 Niger 5.7% 3.2% 3.5% 2.4% 3.9% 1.8% 15.1% 1.7% 4.1% 6.6%

16 Bangladesh 5.7% 4.0% 5.7% 3.4% 4.6% 4.6% 14.3% 4.4% -0.4% 8.5%

17 Kyrgyzstan 5.7% 4.3% 4.8% 6.1% 4.4% 2.7% 11.2% 3.3% 1.5% 8.5%

18 Eritrea 5.6% 2.4% 3.5% 3.1% 2.9% 2.2% 10.0% 1.2% -1.2% 5.7%

19 Peru 5.6% 4.4% 6.7% 4.8% 6.0% 5.9% 10.1% 3.1% 0.8% N/A

20 Nepal 5.5% 3.8% 5.9% 2.5% 5.1% 3.5% 15.6% 4.4% 0.4% 9.0%

21 Madagascar 5.4% 3.2% 3.9% 4.1% 3.8% 1.9% 11.2% 2.6% -1.3% 5.9%

22 Botswana 5.3% 0.6% 1.3% 0.8% 1.4% 0.0% 4.5% 1.8% -2.5% 1.4%

23 Burkina Faso 5.3% 3.1% 3.9% 3.5% 3.4% 1.6% 14.7% 2.3% 0.7% 8.9%

24 Mozambique 5.2% 3.2% 3.8% 3.2% 3.8% 2.4% 12.9% 2.9% 0.2% 8.4%

25 Kenya 5.2% 1.8% 2.5% 2.5% 2.1% 1.9% 5.1% 2.3% -2.9% 5.7%

26 Sierra Leone 5.2% 2.4% 3.0% 2.9% 2.1% 0.1% 12.9% 1.4% 3.4% 8.9%

27 Swaziland 5.2% 2.7% 3.8% 2.4% 3.8% 2.0% 6.8% 4.4% -1.4% 8.0%

28 Tajikistan 5.0% 2.6% 3.2% 3.9% 2.8% 1.3% 10.7% 1.8% -1.9% 9.6%

29 Bolivia (Plurinational State of) 4.9% 2.8% 3.9% 2.4% 4.0% 3.3% 9.9% 3.2% -1.1% 8.6%

30 Indonesia 4.7% 3.3% 4.5% 2.5% 4.8% 3.8% 9.0% 4.4% 1.0% 6.0%

31 Guinea 4.6% 2.9% 3.3% 2.7% 2.9% 2.9% 10.7% 2.3% 0.6% 7.5%

32 Guinea-Bissau 4.6% 2.3% 2.5% 3.5% 1.6% 0.4% 11.8% 0.8% -0.7% 6.5%

33 South Sudan 4.6% 2.5% 2.1% 2.1% 1.9% 2.0% 8.4% 1.8% -0.2% 3.5%

34 Egypt 4.6% 3.7% 6.8% 4.7% 4.7% 1.9% 7.0% 0.4% 0.3% N/A

35 Burundi 4.5% 2.1% 2.9% 2.4% 2.4% 1.4% 9.9% 1.0% -1.1% 6.5%

36 Brazil 4.5% 3.9% 7.5% 6.0% 3.9% 4.1% 11.5% 0.5% 1.4% N/A

37 Mexico 4.4% 2.4% 3.5% 3.0% 3.7% 1.2% N/A 3.9% 0.7% N/A

38 Mali 4.3% 2.7% 2.7% 3.4% 2.1% 0.3% 14.6% 1.0% 2.9% 5.7%

39 India 4.3% 3.2% 5.0% 1.6% 5.0% 3.6% 14.7% 4.5% -0.3% 7.9%

40 Nigeria 4.2% 2.3% 2.7% 1.4% 2.9% 0.4% 9.1% 2.6% 1.8% 4.8%

41 Morocco 4.1% 3.0% 3.7% 3.0% 3.8% 3.1% 11.4% 2.7% 0.5% 6.3%

42 South Africa 4.0% 2.5% 4.7% 2.7% 2.7% 1.9% N/A 2.6% -0.5% N/A

43 Lao People's Democratic Republic 3.9% 2.4% 3.7% 1.9% 3.1% -0.3% 14.2% 1.6% -0.3% 7.3%

44 Ghana 3.8% 1.7% 2.4% 1.9% 2.1% 1.5% 7.7% 1.0% -1.3% 5.4%

45 Cameroon 3.8% 2.0% 2.3% 3.1% 2.1% 0.4% 9.6% 0.7% -0.7% 6.0%

46 Sao Tome and Principe 3.8% 2.4% 2.9% 3.4% 2.9% 0.9% N/A 2.3% -1.7% N/A

47 Guatemala 3.7% 3.0% 4.0% 3.2% 3.7% 2.9% 10.1% 2.5% 0.8% 6.6%

48 Gambia 3.7% 2.2% 2.5% 1.6% 2.5% 3.2% 5.2% 2.6% -1.1% 3.5%

49 Viet Nam 3.6% 2.1% 3.8% 2.4% 3.2% 2.5% 4.5% -0.1% 0.2% N/A

50 Gabon 3.6% 1.7% 2.1% 2.8% 1.9% -0.1% 8.0% 0.6% -1.4% 4.8%

51 Equatorial Guinea 3.4% 2.0% 2.4% 1.8% 2.2% 1.8% 8.7% 1.3% -0.6% 6.8%

52 Turkmenistan 3.4% 2.0% 2.6% 2.9% 2.2% 0.6% 8.2% 1.1% -0.2% 7.3%

53 Democratic Republic of the Congo 3.4% 1.7% 2.1% 2.1% 2.1% -1.1% 9.5% 1.6% -0.5% 6.3%

54 Uzbekistan 3.3% 2.3% 3.0% 3.2% 2.6% 0.9% 9.2% 1.5% 0.4% 7.5%

55 Togo 3.3% 2.0% 2.6% 2.5% 2.1% 1.1% 7.8% 1.9% -0.6% 6.3%

56 Djibouti 3.3% 1.9% 2.4% 2.1% 2.4% -0.9% 10.4% 1.9% -1.1% 6.6%

57 Myanmar 3.1% 2.3% 3.0% 2.4% 2.6% 2.3% 8.4% 2.2% -0.8% 8.0%

58 CÙte d'Ivoire 3.1% 1.8% 2.3% 1.7% 2.3% 0.9% 8.6% 1.8% -0.2% 4.6%

59 Sudan 2.9% 1.2% 0.4% 3.0% 1.0% -0.7% 5.5% 0.7% -1.8% 1.9%

60 Afghanistan 2.8% 1.6% 2.6% 1.3% 2.0% -1.1% 10.8% 1.0% -0.1% 3.8%

61 Zimbabwe 2.8% -0.7% -0.4% -1.0% -0.3% -1.2% -2.4% 2.0% -3.0% -0.7%

62 Haiti 2.8% 1.2% 2.1% 1.5% 1.9% -0.7% 7.1% 1.1% -0.8% 4.6%

63 Benin 2.7% 1.5% 2.0% 1.3% 1.8% 1.3% 6.8% 1.2% -0.4% 4.6%

64 Somalia 2.5% 0.8% 0.3% 1.9% -0.1% 1.4% 1.9% -0.4% -0.4% 1.9%

65 Philippines 2.3% 1.9% 2.8% 2.2% 2.4% 1.2% 7.0% 1.5% 0.5% 5.1%

66 Iraq 2.2% 1.9% 2.3% 1.3% 2.4% 3.5% 4.2% 2.6% 0.0% 3.9%

67 Central African Republic 2.2% 0.9% 1.0% 1.4% 0.6% -0.1% 4.6% 0.0% 0.2% 2.5%

68 Papua New Guinea 2.2% 1.4% 1.8% 1.8% 1.7% 0.4% 5.3% 1.3% -0.5% 3.9%

69 Pakistan 2.2% 1.9% 3.1% -0.4% 3.2% 1.1% 10.9% 2.3% 1.0% 2.4%

70 Angola 2.1% 1.2% 1.5% 0.5% 1.4% -0.7% 7.3% 0.6% 2.8% 2.1%

71 Comoros 2.1% 1.4% 2.0% 1.2% 1.9% 1.3% 8.1% 0.3% -1.1% 3.4%

72 Mauritania 2.0% 1.2% 1.9% 1.5% 1.9% -0.7% 8.7% 0.6% -0.2% 3.7%

73 Chad 1.9% 1.2% 0.8% 0.8% 1.2% 0.3% 6.0% 0.3% 1.4% 0.2%

74 Lesotho 1.8% 0.9% 1.8% 0.3% 1.5% 0.7% 4.9% 1.4% -0.5% 4.4%

75 Solomon Islands 1.0% 1.1% 1.8% 1.0% 1.5% 1.3% 1.3% 1.3% 0.7% 1.3%

Figure 2. Average annual changea of cause-specific neonatal mortality at country level for 75 countries.
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transmission, AIDS was not the largest contributor to
child mortality reduction in the sub-Saharan African
region, either at the country level (with some excep-
tions) or at the regional level.

It is already well known that neonatal mortality has
declined more slowly than post-neonatal child mortality
[28]. However, looking into the progress by cause, some
areas of cause-specific neonatal mortality reduction, such
as diarrhea and tetanus, have seen enormous success in

Figure 3. Overall and cause-specific child mortality progress of 75 countries in 2000–2015 (1–59-month-olds, green: success,
average annual change of 4.4% or above; yellow: insufficient progress, 1% to 4.3%; grey: no progress, 0% to 1%; red: negative,
increase in mortality rate).
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Table 2. Main contributors to overall child mortality at country level for 75 countries (1–59-month-olds).
Total Sub-Saharan African countries (SSA) Non-SSA

Disease Rank 1 Rank 2 Rank 3 Rank 1 Rank 2 Rank 3 Rank 1 Rank 2 Rank 3

Malaria 21 28.0% 6 8.0% 4 5.3% 20 43.5% 5 11.1% 4 8.9% 1 3.3% 1 3.3% 0 0.0%
Pneumonia 29 38.7% 17 22.7% 13 17.3% 6 13.0% 12 26.7% 13 28.9% 23 76.7% 5 16.7% 0 0.0%
AIDS 6 8.0% 2 2.7% 4 5.3% 6 13.0% 2 4.4% 3 6.7% 0 0.0% 0 0.0% 1 3.3%
Diarrhea 11 14.7% 36 48.0% 22 29.3% 6 13.0% 16 35.6% 17 37.8% 5 16.7% 20 66.7% 5 16.7%
Measles 7 9.3% 10 13.3% 12 16.0% 7 15.2% 10 22.2% 6 13.3% 0 0.0% 0 0.0% 6 20.0%
Meningitis 0 0.0% 0 0.0% 3 4.0% 0 0.0% 0 0.0% 1 2.2% 0.0% 0 0.0% 2 6.7%
Preterm 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0.0% 0 0.0% 0 0.0%
Injury 0 0.0% 1 1.3% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0.0% 1 3.3% 0 0.0%
Congenital anomaly 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0 0.0% 0.0%
Pertussis 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0 0.0% 0.0%
Intrapartum related events 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0 0.0% 0.0%
Other 1 1.3% 3 4.0% 17 22.7% 0 0.0% 0 0.0% 1 2.2% 1 3.3% 3 10.0% 16 53.3%

Region Country
Rank

1 2 3 4 5 6 7 8 9 10 11 12

SSA

(sub-

Saharan

African

Countries)

Angola 37.7% 35.5% 28.1% 14.3% 2.8% 1.0% 0.2% -0.7% -1.3% -2.9% -5.1% -9.5%

Benin 25.2% 24.0% 22.5% 21.7% 5.1% 2.3% 0.3% 0.2% 0.2% 0.0% -0.7% -0.9%

Botswana 71.6% 28.3% 2.9% 2.8% 0.9% 0.8% 0.1% -0.2% -0.6% -1.3% -2.1% -3.2%

Burkina Faso 60.4% 20.9% 9.3% 7.1% 4.0% 3.7% 0.4% -0.1% -0.2% -0.5% -1.8% -3.3%

Burundi 38.1% 19.9% 18.8% 11.3% 6.9% 6.7% 0.3% 0.3% 0.1% 0.0% -1.1% -1.3%

Cameroon 35.9% 20.3% 19.3% 12.3% 7.1% 4.2% 1.4% 0.5% 0.3% 0.1% 0.0% -1.4%

Central African Republic 51.9% 23.0% 22.2% 11.3% 5.4% 1.7% 0.4% -0.6% -0.9% -1.4% -3.9% -9.0%

Chad 43.3% 24.5% 17.6% 8.6% 4.5% 2.3% 1.6% 0.5% 0.1% 0.0% -1.0% -2.0%

Comoros 34.7% 32.4% 14.9% 8.5% 5.5% 3.1% 1.7% 1.6% 1.0% 0.9% 0.0% -4.0%

Congo 23.1% 18.7% 18.2% 13.8% 8.5% 8.0% 3.2% 1.8% 1.8% 1.3% 0.9% 0.6%

CÙte d'Ivoire 78.5% 13.4% 12.4% 7.4% 0.6% -0.4% -0.5% -0.5% -0.6% -1.1% -3.0% -6.2%

Democratic Republic of the Congo 63.6% 25.9% 10.3% 7.1% 3.4% 2.6% 0.8% -0.4% -0.7% -1.5% -3.2% -7.7%

Djibouti 31.7% 24.8% 21.9% 6.6% 5.9% 5.2% 1.7% 1.0% 0.8% 0.4% 0.3% 0.0%

Equatorial Guinea 42.3% 24.2% 15.8% 9.4% 7.2% 2.2% 1.5% 0.9% 0.6% 0.3% 0.0% -4.6%

Eritrea 52.0% 17.1% 15.2% 5.0% 3.7% 2.8% 1.8% 0.9% 0.8% 0.4% 0.3% 0.0%

Ethiopia 27.9% 26.6% 13.2% 8.8% 6.8% 5.4% 5.2% 2.3% 1.6% 1.1% 0.5% 0.5%

Gabon 39.1% 22.9% 14.4% 11.5% 8.6% 1.5% 1.1% 1.1% 0.3% 0.1% -0.2% -0.3%

Gambia 30.5% 21.9% 17.0% 12.9% 7.7% 4.5% 1.6% 1.3% 0.9% 0.8% 0.6% 0.5%

Ghana 42.3% 30.5% 12.3% 10.5% 7.1% 3.0% 0.6% -0.3% -0.3% -1.5% -1.8% -2.3%

Guinea 35.2% 27.9% 16.4% 10.0% 3.3% 2.9% 2.5% 0.6% 0.5% 0.4% 0.3% 0.1%

Guinea-Bissau 27.5% 22.9% 20.4% 17.0% 5.3% 3.8% 0.9% 0.7% 0.7% 0.5% 0.5% -0.1%

Kenya 29.5% 20.7% 17.1% 9.9% 7.6% 5.3% 4.1% 1.9% 1.7% 1.3% 0.6% 0.3%

Lesotho 86.6% 16.4% 10.4% 4.9% 3.3% 0.4% 0.0% -0.5% -1.2% -2.5% -4.5% -13.3%

Liberia 39.5% 27.0% 13.5% 9.6% 3.8% 3.0% 2.0% 0.5% 0.5% 0.3% 0.3% -0.1%

Madagascar 30.8% 26.7% 12.4% 12.3% 7.1% 3.4% 2.0% 1.7% 1.5% 0.9% 0.7% 0.6%

Malawi 23.8% 21.2% 19.8% 19.1% 6.8% 6.0% 1.0% 0.9% 0.9% 0.7% 0.2% -0.4%

Mali 28.4% 27.3% 22.1% 7.1% 5.8% 4.9% 1.1% 1.0% 0.9% 0.5% 0.5% 0.3%

Mauritania 39.1% 31.3% 23.7% 8.9% 4.2% 1.3% 0.9% -0.3% -0.3% -1.9% -2.1% -4.8%

Mozambique 47.6% 14.7% 12.4% 10.9% 7.7% 4.7% 1.9% 0.4% 0.3% 0.1% 0.0% -0.7%

Niger 31.5% 22.4% 13.0% 9.9% 9.7% 7.9% 1.3% 1.2% 1.0% 1.0% 0.7% 0.4%

Nigeria 34.3% 30.6% 18.6% 10.7% 2.0% 2.0% 1.4% 0.4% 0.2% 0.2% 0.0% -0.4%

Rwanda 26.4% 26.3% 11.3% 11.0% 7.7% 7.5% 2.8% 2.1% 1.8% 1.7% 1.0% 0.4%

Sao Tome and Principe 32.3% 26.5% 20.5% 6.6% 6.2% 4.8% 2.5% 1.4% 1.3% 1.0% 0.1% -1.5%

Senegal 23.8% 22.3% 14.5% 13.2% 10.4% 7.9% 2.4% 2.1% 1.6% 0.8% 0.6% 0.3%

Sierra Leone 34.9% 30.6% 17.6% 12.2% 4.0% 0.5% 0.4% 0.3% 0.1% 0.1% 0.0% -0.8%

Somalia 78.9% 19.7% 3.3% 2.1% 1.2% 0.2% 0.1% -0.3% -0.3% -0.7% -1.8% -2.4%

South Africa 62.5% 18.1% 11.5% 5.0% 1.5% 0.5% 0.4% 0.4% 0.3% 0.0% -0.1% -0.2%

South Sudan 29.0% 23.3% 19.9% 8.0% 6.8% 6.4% 2.2% 1.6% 1.5% 1.4% 0.8% -1.0%

Sudan 33.0% 27.0% 14.7% 12.7% 9.2% 5.1% 0.9% 0.2% -0.1% -0.5% -0.6% -1.7%

Swaziland 60.9% 16.8% 15.6% 3.0% 2.6% 0.6% 0.4% 0.3% 0.2% 0.0% 0.0% -0.4%

Togo 50.2% 30.5% 10.0% 9.8% 6.2% 2.4% 0.6% -0.3% -0.5% -1.1% -2.8% -5.1%

Uganda 43.6% 12.7% 12.6% 12.2% 9.8% 3.6% 3.2% 0.7% 0.6% 0.5% 0.4% 0.3%

United Republic of Tanzania 22.0% 20.5% 19.8% 16.6% 7.3% 6.0% 3.5% 1.4% 1.0% 0.9% 0.7% 0.3%

Zambia 22.5% 20.1% 18.4% 15.9% 8.6% 6.8% 4.1% 1.1% 0.8% 0.8% 0.7% 0.1%

Zimbabwe 96.2% 7.5% 6.4% 5.1% 2.8% 0.1% 0.1% -0.7% -1.3% -2.7% -4.9% -8.6%

Non-SSA

Egypt 34.7% 20.9% 17.0% 10.1% 8.8% 3.6% 2.2% 1.9% 0.5% 0.3% 0.0% 0.0%

Morocco 37.4% 26.1% 12.9% 6.9% 6.2% 5.3% 2.5% 1.6% 0.7% 0.2% 0.1% 0.0%

Afghanistan 32.2% 30.1% 28.1% 10.0% 1.5% 0.9% 0.5% 0.5% 0.2% 0.0% -0.4% -3.7%

Bangladesh 32.1% 25.8% 11.9% 9.0% 7.0% 5.9% 3.5% 2.3% 1.6% 0.7% 0.2% 0.0%

India 33.7% 27.8% 17.6% 6.6% 6.2% 3.6% 1.5% 1.3% 0.6% 0.6% 0.5% 0.2%

Nepal 29.2% 22.5% 22.0% 9.3% 6.6% 5.3% 1.7% 1.6% 1.0% 0.9% 0.1% -0.2%

Pakistan 46.6% 41.4% 10.3% 2.4% 2.1% 1.2% 1.0% 0.6% 0.4% 0.1% -0.3% -5.9%

China 30.5% 26.1% 16.5% 13.3% 8.4% 3.8% 0.9% 0.4% 0.2% 0.1% 0.0% -0.1%

Democratic People's Republic of Korea 31.7% 24.4% 22.4% 7.3% 7.1% 3.1% 2.7% 1.1% 0.2% 0.1% 0.0% 0.0%

Azerbaijan 33.1% 24.9% 20.7% 6.8% 5.5% 4.4% 2.4% 1.9% 0.2% 0.2% 0.0% -0.1%

Kyrgyzstan 30.6% 21.6% 21.2% 7.7% 7.5% 6.7% 3.1% 2.0% 0.2% 0.0% 0.0% -0.6%

Tajikistan 32.0% 27.2% 18.7% 8.4% 5.4% 4.0% 2.0% 2.0% 0.3% 0.1% 0.0% 0.0%

Turkmenistan 33.7% 29.6% 19.8% 6.7% 5.0% 1.8% 1.8% 1.5% 0.1% 0.0% 0.0% 0.0%

Uzbekistan 33.5% 27.9% 19.3% 8.0% 5.5% 1.8% 1.8% 1.5% 0.6% 0.2% 0.1% 0.0%

Cambodia 26.8% 22.2% 14.2% 11.0% 6.4% 6.0% 5.1% 3.0% 2.0% 1.9% 1.1% 0.4%

Indonesia 27.7% 23.0% 19.0% 14.8% 7.4% 4.4% 2.5% 1.7% 1.6% 0.1% -0.6% -1.7%

Lao People's Democratic Republic 33.6% 27.8% 18.4% 7.8% 5.0% 3.3% 1.6% 1.1% 0.9% 0.7% 0.4% -0.4%

Myanmar 32.6% 30.1% 13.7% 11.0% 4.3% 1.9% 1.7% 1.6% 1.5% 1.2% 0.4% 0.0%

Philippines 38.9% 32.4% 9.7% 7.9% 5.4% 1.7% 1.2% 1.1% 0.8% 0.7% 0.3% -0.1%

Viet Nam 33.5% 30.3% 17.5% 8.9% 7.5% 2.4% 2.3% 0.7% 0.1% 0.1% -0.8% -2.4%

Yemen 32.8% 26.3% 11.8% 11.5% 5.7% 4.4% 2.2% 2.0% 1.9% 0.8% 0.6% 0.0%

Iraq 34.4% 33.9% 12.0% 8.9% 5.6% 5.3% 0.9% 0.8% 0.4% 0.0% 0.0% -2.2%

Bolivia (Plurinational State of) 31.5% 27.6% 18.0% 6.7% 6.7% 3.9% 2.7% 2.5% 0.4% 0.1% 0.0% 0.0%

Brazil 30.0% 24.2% 23.7% 7.3% 6.2% 5.9% 1.4% 0.7% 0.6% 0.2% 0.0% -0.2%

Guatemala 40.6% 29.8% 13.0% 6.5% 6.4% 2.4% 1.5% 0.6% 0.2% 0.1% 0.0% -1.1%

Haiti 35.0% 27.4% 15.0% 9.1% 6.0% 2.6% 1.4% 1.3% 0.8% 0.8% 0.6% 0.0%

Mexico 26.5% 22.5% 17.1% 15.1% 14.4% 3.2% 0.8% 0.4% 0.2% 0.0% 0.0% -0.2%

Peru 28.7% 26.5% 17.4% 11.0% 8.3% 5.1% 2.7% 0.1% 0.1% 0.0% 0.0% 0.0%

Solomon Islands 147.4% 19.1% 11.1% 5.0% 0.0% 0.0% -2.7% -3.5% -4.1% -11.1% -21.2% -38.0%

Papua New Guinea 33.7% 21.0% 19.3% 15.7% 4.6% 2.9% 1.7% 0.4% 0.3% 0.3% 0.2% -0.2%
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Figure 4. Cause-specific contribution to overall child mortality at country level for 75 countries (1–59-month-olds).
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many countries. The more rapid reduction of child mor-
tality in post-neonatal children than in neonates was
mainly due to reductions in the burden of infectious
disease. Among post-neonatal children, many countries
saw insufficient progress in preterm birth complications,
congenital anomalies, injuries, and intrapartum-related
events

Caution is needed when interpreting the relatively
low percentage of countries that were successful with
AIDS and pertussis, because these results may have
primarily been due to very low child mortality rate of
many countries for these diseases in 2000, the
baseline year of the comparisons.

Although 27 countries achieved success in overall
child mortality reduction in terms of the annual average
changes set by the MDGs, none of the countries saw
success in all 12 causes in post-neonatal children. Some
exceptional countries such as China, Rwanda, and
Cambodia achieved an impressive and balanced decline
across causes. West and central Saharan Africa had the
largest disparities both in terms of progress and contri-
butions. Attention should be paid to the finding that in
this group of countries, a single disease often contributed
to a substantial proportion of the child mortality reduc-
tion. For example, in Lesotho, South Africa, and
Zimbabwe, AIDS-specific child mortality reduction
alone contributed to 60–95% of the all-cause child mor-
tality reduction, and malaria contributed to 50–80% of
the reduction in Cute d’Ivoire, Democratic Republic of
the Congo, Burkina Faso, Central African Republic, and
Togo. Another example is Botswana, which is frequently
referred as a successful country [12] in terms of child
mortality reduction during the MDG campaign, as it

showed 5.3% annual changes; however, 71.6% of the
child mortality reduction in Botswana can be attributed
to AIDS-specific child mortality reduction alone.

It is worrisome that successful performance in a very
specific disease could mask unsuccessful progress with
other diseases, and that success in terms of the annual
average reduction in all-cause child mortality could mis-
represent poor performance in certain areas of cause-
specific mortality reduction within the same country if
we do not pay attention to cause-specific progress and
contributing factors at the country level [15].

Additionally, the specific characteristics of west
and central African countries should be noted.
Despite considerable reductions in overall infectious
disease mortality across 75 countries, progress in
pneumonia- and diarrhea-specific child mortality
was not sufficient in west and central African coun-
tries, in contrast with east Africa. Thirty percent
(1.8 million) of worldwide child deaths took place
in west and central Africa in 2015, and six of the
seven countries with a U5MR over 100 per 1000 live
births are in this area (Angola, Chad, Central African
Republic, Sierra Leone, Mali, and Nigeria) [2]. You
and colleagues predicted the number of global under-
five deaths would be 6.6 million in 2030, higher than
that in 2015, under the scenario of no change from
the 2015 mortality rate, and they reported that the
increase would be largely attributable to the growing
under-five population in west and central Africa [2].
Prior studies [1,7] have stressed that low-income
countries should accelerate progress, particularly for
neonates; however, insufficient progress in pneumo-
nia and diarrhea in west and central Africa, and some

Figure 5. Key contributor of under-5 child mortality reduction of 75 countries in 2000–2015 (green: malaria; blue: AIDS; red:
pneumonia; yellow: measles; brown: diarrhea; grey: other diseases).
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outliers in cause-specific child mortality reduction
(e.g. increases in pneumonia and meningitis in Cute
d’Ivoire, measles in South Africa and Malawi) have
not been duly highlighted. The relatively even pro-
gress across causes of child mortality seen in Rwanda,
Cambodia, China, and many east African countries
should be further examined in future research.

Examining the specific reasons for the uneven or
even progress seen in specific countries is beyond the
scope of this study; however, we present some possible

factors that require further investigation. The first factor
is the overall strength of the health system [36,37].
While measles and tetanus-specific deaths can be pre-
vented by relatively simple interventions, such as
immunization [38,39], more comprehensive interven-
tions are needed to prevent deaths from pneumonia
and diarrhea, involving more a comprehensive
approach, including behavior change, inter-sectoral col-
laboration, and environmental improvements [39–41],
all of which require a strengthened health system
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Figure 6. Number of child lives saved during the MDG era by disease among 75 countries (1–59-month-olds, above:
accumulated number of lives saved; below: annual number of lives saved).
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[42,43]. We suppose that a substantial share of specific
causes in terms of contribution might have been attrib-
uted to some vertical programs generating considerable
investment in specific diseases as part of global health
initiatives around 2000 [36]. If successful results can be
caused by a vertical program with nothing to do with
overall strengthening of the health system, we cannot be
sure whether the accelerated progress seen in
2000–2015 could be pronounced and sustained for

other diseases within the same country during the
SDG era. The second factor is inequality in health
coverage [44–46]. It is noteworthy that the degree of
inequality in coverage of interventions for child health
was much smaller in Cambodia and Rwanda, both of
which saw successful progress across causes, in contrast
with the considerable inequality seen in Angola,
Nigeria, and the Central African Republic [21].
According to the results of GBD, China, also one of
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Figure 7. Number of cause-specific child deaths averted during the MDG era by region (above: neonates; below: 1–59-month-olds).
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the best performers, was reported to have equal pro-
gress across provinces andmunicipalities. A third factor
is war or internal conflict [47–49]. Internal conflicts or
war might have escalated all or some causes of child
mortality in some countries (e.g. Cute d’Ivoire, Somalia,
Sudan, Democratic Republic of Congo).

A clear child survival policy and program focus
should be based on the performance in the last
15 years and the contributions of disease-specific
reduction to all-cause child mortality, in order for
interventions to have the potential to further improve
overall child survival. In this regard, although the
global community has tended to shift its attention
toward neonatal mortality reduction [21,50–54], the
focus should still be on the leading infectious causes
of post-neonatal mortality in many countries, espe-
cially in west and central African countries, for child
survival efforts. This is warranted because the substan-
tial contribution of one or a few cause-specific reduc-
tions may mask unsuccessful performance in other
areas of cause-specific child mortality reduction.

The main limitation of this study lies in its data
source, since there is a large data gap for these coun-
tries. Our study was based on data published by Liu
and colleagues [1], who clearly stated that inherent
uncertainties and limited misclassifications exist in
the classification of VAs in the current data, and the
estimation of cause-specific mortality is especially hin-
dered by data limitations because a minimal propor-
tion of the global cases of mortality in under-5
children are medically certified. In low- or middle-
income, child mortality is based on a comparably
large amount of empirical data to what is used for
adult or old-age mortality, although data quality issues
still pose challenges in many countries. To create reli-
able and comparable child mortality estimates, model-
ing exercises have been conducted and continue to be
refined. For most of the target countries in this study,
cause-specific child deaths were estimated by VRMCM
or VAMCM, with VA used for 37 countries for neo-
nates and 42 countries for 1- to 59-month-olds, and
VR for 66 countries for neonates and 68 countries for
1- to 59-month-olds. Although the accuracy of VA or
VR remains to be improved, the increased number of
data points (i.e. 2004 data point for VR for neonates
and 1364 for 1-to 59-month-olds; 124 for VA for
neonates and 218 for 1- to 59-month-olds in their
updated report in 2016) ensure greater validity than
previous results, and these estimates have been widely
used by diverse organizations, including the World
Health Organization.

Roughly 43 million child deaths have been avoided
during the MDG era in 75 countries. The finding that
a substantial number of child lives saved occurred in
sub-Saharan Africa for post-neonatal children, and in
South Asia for neonates, is plausible in light of the fact
that the older group has seen twice the progress of

neonates in the sub-Saharan Africa region in
2000–2015 [2]. The substantial portion of averted
child deaths from neonate tetanus and measles, parti-
cularly in sub-Saharan Africa, should be highlighted.
The lower proportion of averted post-neonatal child
deaths from pneumonia compared with diarrhea war-
rants further research, since pneumonia is responsible
for a larger proportion of child deaths; this discrepancy
may suggest there is more room for improvement in
this leading cause of child death. The assumption that
the child mortality remained the same throughout the
study period, which we used to derive the number of
child lives saved, might have led to either an overesti-
mation of overall under-5 child lives saved since the
trend was already decreasing or an underestimation of
averted child deaths from some other causes, such as
HIV/AIDS and malaria, which showed increasing
trends around the year 2000. However, all in all, the
share of child lives saved is in line with prior studies
[2,31] that reported that 48 million lives were saved in
2000–2015 and 37 million in 2000–2013 among 195
countries; in that study, You and colleagues [2] sug-
gested that 18 million of the child lives saved were
attributed to the accelerated progress of child mortality
reduction since 2000. For the upcoming period, we
could estimate the number of cause-specific averted
child deaths by applying various scenarios, such as no
change from the 2016 mortality rate, current trends,
and the trends reported by the best regional performer
based on cause-specific progress in 2000–2015.

The results of our cause-specific analysis at the
country level will guide further efforts at the global
and country levels, and this study warrants future
research that will provide evidence regarding the
avoidability of cause-specific deaths for causes that
did not show successful progress and still have sub-
stantial room for future contributions.

As a method of calculating average annual changes,
we considered summing up every year’s change in
2001–2015 and then dividing the result by 15, but we
eventually used the values derived from the formula
provided presented in methods part for the following
reasons. First, in some diseases (for example, measles),
abrupt changes took place in some countries in certain
years, affecting the mean values too much and poten-
tially leading to a misrepresentation of the average
change or general trend during the MDG
era. Second, previous studies used the formula instead
of calculating the average value by dividing the
summed-up value by 15, and we therefore applied
the same method to improve the comparability of
our findings with those of previous studies. An uncer-
tainty interval of 90% or 95% has been suggested for
cause-specific child mortality or annual changes, and
the uncertainty in model coefficients could be esti-
mated by resampling the input data sets an enormous
number of times. Since this study used already-
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generated mortality outcomes and we did not handle
the input data, we were unable to carry out estimation
procedures for uncertainty intervals. We suggest that
future studies generating cause-specific child mortality
estimates should derive uncertainty intervals for
annual changes at the national level.

The global annual average rate of reduction
(AARR) in mortality has steadily doubled after the
Millennium Declaration, and many sub-Saharan
African countries saw an average AARR of 4.4% or
above in 2000–2015; however, further studies must be
conducted to investigate whether these improvements
were accompanied by strengthening of the overall
health systems or were temporary trends subsequent
to the rapid increase in vertical programs focused on
those specific diseases.

Conclusion

The SDGs aim to reduce U5MR to 25 child deaths or
below per 1000 live births by 2030 in every country,
and the cause-specific progress in 2000–2015 should
be addressed as part of policy discussions, especially
when formulating country-specific strategies. The
leading infectious diseases such as pneumonia and
diarrhea have long been suggested to be a policy prior-
ity going forward in very-high-mortality countries;
however, only emphasizing these diseases is insuffi-
cient. Furthermore, a thorough investigation must be
undertaken to examine the reasons for the slow reduc-
tion in these two main infectious diseases in west and
central African countries, despite the existence of
a range of highly cost-effective and low-cost interven-
tions, such as vaccination for pneumonia, water and
sanitation improvements, breastfeeding promotion
and the like. We postulated that the overall strength
of health systems, inequality, and war or conflict may
be possible factors contributing to success or failure in
reducing mortality due to these causes. Case studies on
the remarkable progress shown for these two diseases
in east African countries could generate clues about
possible solutions suitable for neighboring regions.
Many countries in west and central Africa have seen
increases in pre-term birth complications, intra-
partum related events, congenital anomalies, and inju-
ries, all of which should be a focus of child survival
efforts; however, investments in interventions against
pneumonia and diarrhea must not be crowded out.
Recommendations for policy formulations in prior
studies have generally been derived from findings at
global, regional, or U5MR-mortality stratum levels.
These recommendations may have been insightful to
some extent, insofar as some patterns do exist at those
levels. However, analyses at the global level, in certain
regions, or across certain mortality strata are suscep-
tible to be disproportionately affected by a few coun-
tries with an enormous burden of child deaths. The

results of this study support this argument by demon-
strating the distinctive features that can be observed in
a country-level analysis.

To identify potential challenges in achieving the
SDG targets in child mortality reduction, lessons
learnt from failure or successes should be shared.
The progress in overall child mortality cannot itself
indicate the gaps that remain to be filled in terms of
investment, commitment, or prioritization; what
went well or what went wrong in the MDG period;
or what more we can do in the SDG era in each
country. Such conclusions should be based on coun-
try-specific findings. We believe that our key findings
with regard to cause-specific progress in each country
provide insight into the formulation of country-
specific strategies.
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In addition, we estimated the number of cause-specific
child deaths averted during the MDG era, referring to
the methods to calculate all-cause child deaths averted in
the previous study. Governments have pledged US$
25 billion for improving maternal, adolescent, and
child health from 2016 to 2020, and this investment
should be guided by lessons obtained from reflecting
on past performance. This study provides meaningful

GLOBAL HEALTH ACTION 13
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Appendix 1. Average annual changea of cause-specific child mortality at country level for 75
countries (1–59-month-olds) by region

aGreen: success (average annual change of 4.4% or above); yellow: insufficient progress (1% to 4.3%); grey: no progress (0% to 1%); red: negative
(increase in mortality rate); N/A: <1death per 1000 live births in 2000; bunder-5 child ; cpost neonatal; dpneumonia; epreterm birth complication;
fintrapartum-related events; gmeningitis; hother diseases; icongenital anomaly; jdiarrhea; kmeasles: linjuries; mmalaria; nAIDS; opertusis.

16 Y. JIN ET AL.



Appendix 2. Average annual changea of cause-specific neonatal mortality at country level for
75 countries (1–59-month-olds) by region

agreen: success (average annual change of 4.4% or above); yellow: insufficient progress (1% to 4.3%); grey: no progress (0% to 1%); red: negative
(increase in mortality rate); N/A: <1death per 1000 live births in 2000; bunder-5 child ; cpost neonatal; dpneumonia; epreterm birth complication;
fintrapartum-related events; gmeningitis; hother diseases; icongenital anomaly; jdiarrhea; kmeasles: linjuries; mmalaria; nAIDS; opertusis.
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Appendix 3. Cause-specific contribution to overall neonatal mortality at country level for 75
countries
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