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Summary
Background Previous assessments have highlighted that less than a quarter of countries are on track to achieve 
Millennium Development Goal 4 (MDG 4), which calls for a two-thirds reduction in mortality in children younger 
than 5 years between 1990 and 2015. In view of policy initiatives and investments made since 2000, it is important to 
see if there is acceleration towards the MDG 4 target. We assessed levels and trends in child mortality for 187 countries 
from 1970 to 2010.

Methods We compiled a database of 16 174 measurements of mortality in children younger than 5 years for 
187 countries from 1970 to 2009, by use of data from all available sources, including vital registration systems, 
summary birth histories in censuses and surveys, and complete birth histories. We used Gaussian process regression 
to generate estimates of the probability of death between birth and age 5 years. This is the fi rst study that uses 
Gaussian process regression to estimate child mortality, and this technique has better out-of-sample predictive validity 
than do previous methods and captures uncertainty caused by sampling and non-sampling error across data types. 
Neonatal, postneonatal, and childhood mortality was estimated from mortality in children younger than 5 years by 
use of the 1760 measurements from vital registration systems and complete birth histories that contained specifi c 
information about neonatal and postneonatal mortality.

Findings Worldwide mortality in children younger than 5 years has dropped from 11·9 million deaths in 1990 to 
7·7 million deaths in 2010, consisting of 3·1 million neonatal deaths, 2·3 million postneonatal deaths, and 2·3 million 
childhood deaths (deaths in children aged 1–4 years). 33·0% of deaths in children younger than 5 years occur in south 
Asia and 49·6% occur in sub-Saharan Africa, with less than 1% of deaths occurring in high-income countries. Across 
21 regions of the world, rates of neonatal, postneonatal, and childhood mortality are declining. The global decline 
from 1990 to 2010 is 2·1% per year for neonatal mortality, 2·3% for postneonatal mortality, and 2·2% for childhood 
mortality. In 13 regions of the world, including all regions in sub-Saharan Africa, there is evidence of accelerating 
declines from 2000 to 2010 compared with 1990 to 2000. Within sub-Saharan Africa, rates of decline have increased 
by more than 1% in Angola, Botswana, Cameroon, Congo, Democratic Republic of the Congo, Kenya, Lesotho, Liberia, 
Rwanda, Senegal, Sierra Leone, Swaziland, and The Gambia.

Interpretation Robust measurement of mortality in children younger than 5 years shows that accelerating declines 
are occurring in several low-income countries. These positive developments deserve attention and might need 
enhanced policy attention and resources.

Funding Bill & Melinda Gates Foundation.

Introduction
There are only 5 years left to achieve Millennium 
Development Goal 4 (MDG 4), which calls for a two-thirds 
reduction in mortality in children younger than 5 years 
between 1990 and 2015. Regular assessment of levels and 
trends in child mortality is essential for countries to ascertain 
their progress towards this goal and to take action to meet it. 
Previous appraisals of mortality in children younger than 
5 years suggest that few countries are on track to meet 
MDG 4.1–3 In each of these studies,1–3 no more than 26% of 
low-income and middle-income countries examined were 
deemed to be on track to reach this target. Groups such as 
the Countdown to 2015 Initiative3 have therefore tried to 
rally support to accelerate progress in child mortality.4–7

The MDG 4 target has shifted the focus from tracking 
levels of child mortality to assessing whether countries 
are reducing child mortality at the 4·4% rate per year 
needed to achieve the two-thirds reduction in 25 years. 
Accurate assessments of rates of change need more 
robust measurement with narrower uncertainty intervals 
than do assessments of levels. Although there have been 
substantial investments in the collection of data such as 
summary and complete birth histories to measure child 
mortality, assessments of trends have varied substantially 
from year to year and from source to source. For example, 
the list of the ten countries with the fastest rates of decline 
in child mortality between 1990 and 2007, as reported by 
UNICEF in 2008,8 UNICEF in 2009,9 and the UN 
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Population Division (UNPD) in 2009,10 have only three 
countries in common: Portugal, Vietnam, and the 
Maldives. In 2008, UNICEF reported that Thailand had 
the fastest rate of decline in the world, leading researchers 
to undertake a case study of this success.11 But in 2009, 
UNICEF reported that Thailand had only the 47th fastest 
rate of decline;9 in a UNPD report, the country had the 
fourth fastest rate of decline.10 Such confusion about the 
true extent of progress can foster policy inaction in 
countries, precisely at a time when targeted, eff ective 
programmes are needed most. Variation in the 
assessments of rates of decline indicates the availability 
and use of diff erent datasets, diff erent analytical methods, 
and diff erent decisions about data quality by the analysts.

Evidence from several low-income countries suggests 
that in some countries, declines in mortality in children 
younger than 5 years might have accelerated since 
2000,12–14 whereas in others, the rate of decline might be 
slowing. During the 25 years of the MDG 4 target, 
countries are likely to experience accelerations and 
decelerations in rates of decline. Acceleration matters 
because it could be an early indication of policy or 
programme success. The need to use the best datasets 
and the most valid methods for assessing child mortality 
over time is only intensifi ed when trying to detect such 
accelerations and decelerations. In view of the scale-up in 

development assistance for health,15 the expansion of 
insecticide-treated net coverage,16 activity of the GAVI 
Alliance,17 and rollout of antiretroviral drugs,18 there are 
many reasons to hope that accelerations might be 
occurring in some countries.

In this study, we examined levels, rates of decline, and 
accelerations and decelerations in rates of decline in 
neonatal, post neonatal, childhood, and under-5 mortality 
from 1970 to 2010 in 187 countries. This study was aided 
by four important developments since the previous 
studies were done. First, we made use of data that have 
been newly released or acquired during an intensive 
3-year eff ort to obtain access to microdata (individual-
level data) and tabulated data sources. Second, we used 
new methods to analyse data from summary birth 
histories with reduced bias and measurement error.19 
Third, we applied new data synthesis methods with 
enhanced predictive validity to combine data from 
several sources and capture both sampling and non-
sampling error patterns. This new method requires 
many fewer subjective inputs to estimation, ensuring 
that the output is strongly grounded in empirical data 
and is as reproducible as possible. Finally, we took 
advantage of more data and better models with improved 
predictive validity to analyse country patterns of 
neonatal, postneonatal, and childhood mortality.

Figure 1: Empirical data sources and estimated under-5 mortality from 1970 to 2010 for selected countries
Dashed lines indicate uncertainty intervals. Hollow circles represent outliers. Under-5 mortality is defi ned as the probability of death between birth and age 5 years. 
Upward-pointing triangles are direct estimates from complete birth histories. Downward-pointing triangles are indirect estimates from summary birth histories.
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Methods
Data sources
By use of improved methods, we substantially updated 
the database of measurements for under-5 mortality 
(defi ned as the probability of death between birth and age 
5 years) used by Murray and colleagues1 in 2007 to include 
newly released or obtained data, as well as reanalysed 
microdata from many of the sources included in the 2007 
database. We retained measurements from the original 
database if we were not able to reanalyse the source data. 
The database now contains 7933 more measurements 
than did the 2007 analysis. Data for mortality in children 
younger than 5 years were derived from a range of 
sources, including vital registration systems, sample 
registration systems, surveys, and censuses. A full list of 
data types and sources is provided in webappendix 
pp 211–15.

Survey measurements of under-5 mortality in the 
database consist of data from complete and summary 
birth histories. Under-5 mortality from complete birth 
histories in continuing survey programmes such as the 
Demographic and Health Surveys (DHS) were computed 
from pooled data across all such surveys in a given 
country (World Fertility Surveys, as the precursor to 
DHS, were included with DHS). The pooling approach 
mitigates some of the concerns of bias in the complete 
birth histories, such as selection bias for surveys in 
countries with high prevalence of HIV.20 If microdata 
were available from summary birth histories, we 
estimated under-5 mortality by use of the combined 
method developed by Rajaratnam and colleagues.19 If 
microdata were not available, but we were able to obtain 
tabulated data for children who died and children ever-
born by mother’s age, we applied the maternal age 
cohort-derived method.19 We analysed 545 surveys with 
summary birth history microdata or tabulated data and 
256 surveys with complete birth history microdata. If 
microdata or tabulated data were not available, we 
included estimated values of under-5 mortality from 
reports, such as preliminary DHS reports.

We also analysed survey and census data for deaths in 
the household. We adjusted estimates on the basis of 
household deaths from single surveys by use of the 
growth balance method.21 When completeness of death 
reporting was estimated to be more than 100%, we 
adjusted the death rates downwards, with the logic that 
respondents might be telescoping deaths—ie, including 
deaths that occurred outside the recall period in the 
period of recall.22,23 Child death registration is usually 
lower than is adult death registration, so estimates 
corrected upward (24 in total) must be viewed as lower 
bound estimates of child mortality. Sensitivity of our 
results to inclusion of these sources is presented in 
webappendix pp 10–11.

Our fi nal database contained 17 208 measurements, 
consisting of 10 555 reanalysed measurements from 
summary birth histories, 1455 from complete birth 

histories, 79 from household deaths, 3626 from vital 
registration systems, and 1493 from various other 
sources. 1034 of the total measurements were classifi ed 
as outliers on the basis of examination of country plots 
and in some cases because of known biases in the data. 
We used two criteria for identifying outliers: rates of 
child mortality that were far beyond the plausible range 
in view of a country’s level of development, and rates of 
child mortality that were substantially inconsistent with 
other sources of information for the same country that 
cannot be explained by a known mortality shock. 
Generally, we favoured the inclusion of data points 
rather than their exclusion. We also excluded countries 
with populations of less than 50 000 from the analysis. 
Overall, we produced yearly estimates of under-5 mortality 
from 16 174 empirical measurements for 187 countries.

Estimation of under-5 mortality 
For each country, we generated a time series of estimates 
of under-5 mortality by synthesising the empirical data 
estimates with an analytical technique called Gaussian 
process regression (GPR).24–27 Details of the implementation 
of this technique are shown in webappendix pp 1–8. 
Briefl y, we applied Loess regression of the log of 
under-5 mortality in a country as a function of time and 
an indicator variable for measurements from vital 
registration data to allow for under-registration of child 
deaths. This predicted series was then updated by the data 

Figure 2: Worldwide number of deaths in children younger than 5 years from 1970 to 2010
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within each country by use of GPR. Our GPR model 
improves on previous approaches to synthesising 
measurements for under-5 mortality by providing the 
fl exibility to track observed trends in the data and a 
coherent, empirical framework for distinguishing these 
real trends from fl uctuations caused by sampling and 
non-sampling errors. Uncertainty in the measurements 
because of non-sampling error was captured in the model 
by a set of variance parameters, one for each type of data 
source. These parameters were estimated on the basis of 
the degree to which a source tends to disagree with the 
other sources. The more that a particular source confl icted 
with other sources, the higher the variance parameter will 
be and thus the more uncertain the measurements. The 
model takes this uncertainty into account as well as the 
sampling uncertainty and accordingly smooths data that 
are noisy (ie, with large variation because of sampling or 
small numbers) and uncertain. For countries with reliable 
data, the GPR estimates closely track the observed data.

As described in webappendix pp 8–10, we assessed the 
validity of this strategy to synthesise data sources by 
undertaking two types of out-of-sample predictive validity 
tests. When 20% of surveys and 20% of vital registration 
country-years were excluded from the analysis, the GPR 
predictions for these withheld data had a median relative 
error of 7·3%. When the last 10 years of data for every 
country with at least 20 years of data were excluded, GPR 
predictions had a median relative error of 10·9%. 
Webappendix p 212 shows the predictive validity of GPR 
compared with four other methods on performance in 
the two types of out-of-sample predictive validity tests. 

The four methods consist of a Loess-based approach and 
spline-based approaches with varying numbers of knots. 
GPR outperforms all four of these approaches.

One benefi t of GPR is that it improves on previous 
attempts to estimate uncertainty in under-5 mortality 
that have ignored the many sources of uncertainty beyond 
model specifi cation for an ad-hoc choice of model.1 The 
uncertainty in this application depends on the sample 
sizes of the measurement instruments, non-sampling 
error for a given data source, and aspects of the Gaussian 
process. Details are provided in webappendix pp 1–17.

Wars, earthquakes, and other mortality shocks
Periods that were aff ected by mortality shocks were 
identifi ed by data from the Uppsala Confl ict Data 
Program and the Centre for Research on the 
Epidemiology of Disasters.28–31 Deaths caused by confl ict 
or natural disaster from each database, in addition to 
population estimates from the UN,10 were used to 
generate a variable of war/disaster deaths per head. Any 
year with a value higher than a threshold of one death 
per 10 000 population was coded as a mortality shock 
year. We also examined the data from each country to 
identify aberrations in observed mortality that were 
consistent with a historical record of confl ict or disaster. 
Empirical data points from years classifi ed as mortality 
shocks were not included in the GPR estimation. We 
added the shocks back in by replacing the GPR estimate 
with the mean of the empirical measurements in the 
year of the shock. For countries in which shocks were 
expected but not present in the data (surveys are often 
unable to include regions heavily aff ected by confl ict), 
such as the Democratic Republic of the Congo, Ethiopia, 
and Sudan, we used province-level data from the 
Complex Emergency Database (CE-DAT) to generate 
national estimates that were more indicative of mortality 
shocks.32 Unfortunately, because of the wide variation in 
the CE-DAT data, this eff ort did not substantially alter 
the GPR estimates for these countries; therefore, we did 
not include these data points. Because of the diffi  culties 
inherent in obtaining reliable data that cover periods of 
mortality shocks, the systematic process we applied in 
these scenarios is imperfect and remains a limitation to 
our analysis. The eff ect of the Haiti 2010 earthquake was 
estimated by applying the same percentage increase in 
mortality, compared with the previous year, recorded in 
the Armenia 1988 earthquake.

Analysis of trends
We computed yearly rates of change in under-5 mortality 
and examined rates over time for each country. The 
average rate of decline needed to meet MDG 4 is 4·4% 
per year, and across diff erent periods between 1990 and 
2010, we looked at how many countries were experiencing 
declines at that rate or greater.

Concerns have also been raised that mortality from 
HIV might be diff erentially aff ecting mothers whose 

Figure 3: Worldwide neonatal, postneonatal, and childhood mortality from 
1970 to 2010
See text for defi nitions of neonatal, postneonatal, and childhood mortality.
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children have high mortality, resulting in selection 
bias.14 This bias is expected to have a larger eff ect farther 
back in time before the survey,33–35 which would tend to 
reduce the estimated trend in child mortality. Our use, 
in nearly all countries, of overlapping surveys to 
estimate the levels and trends in child mortality should 
substantially attenuate this eff ect.  As described in more 
detail in the webappendix, we have further examined 
the under-5 mortality rate in HIV-positive women and 

HIV-negative women in the 10 years before the survey 
in 21 DHS with HIV testing that can be linked to the 
complete birth histories. The diff erence in the under-5 
mortality rate ranges from 135 (uncertainty interval 
72–200) per 1000 higher in HIV-positive women than in 
HIV-negative women to 73 (4–141)  per 1000 lower in 
HIV-positive women than in HIV-negative women. This 
variation is related to the correlated socioeconomic 
status and location of HIV-positive women relative to 

 1970 1980 1990 2000 2010

Asia Pacifi c, high income

Brunei 53·4 (48·2–60·0) 21·4 (18·5–24·7) 11·4 (10·0–13·1) 9·2 (8·0–10·9) 7·5 (5·6–10·3)

Japan 17·8 (17·7–18·0) 11·6 (11·4–11·7) 6·6 (6·5–6·8) 4·4 (4·3–4·5) 3·3 (2·8–3·9)

Singapore 29·2 (27·9–30·5) 15·3 (14·4–16·3) 7·7 (7·2–8·3) 4·1 (3·7–4·4) 2·5 (1·9–3·3)

South Korea 56·5 (52·1–61·0) 18·7 (14·2–24·2) 11·3 (8·4–14·7) 9·3 (6·8–12·2) 5·1 (3·4–7·6)

Asia, central

Armenia 103·1 (88·6–122·8) 68·9 (65·7–72·1) 50·9 (48·7–53·2) 32·2 (30·7–33·8) 19·3 (15·7–23·8)

Azerbaijan 149·8 (109·1–206·8) 109·8 (99·7–121·9) 78·6 (73·3–83·2) 56·2 (52·5–59·6) 33·8 (26·6–42·7)

Georgia 94·0 (77·9–113·0) 58·9 (55·7–62·3) 44·8 (42·6–47·0) 35·2 (33·2–37·2) 23·9 (19·0–29·3)

Kazakhstan 69·8 (60·9–78·5) 65·3 (61·8–68·9) 53·3 (50·3–56·0) 44·1 (40·8–47·5) 31·3 (25·4–40·0)

Kyrgyzstan 139·3 (126·5–152·6) 98·2 (94·1–102·8) 69·5 (66·8–72·6) 50·9 (46·7–54·5) 42·5 (36·0–52·4)

Mongolia 157·4 (147·0–169·4) 126·3 (121·2–131·5) 94·5 (90·9–98·5) 58·5 (55·7–61·4) 33·8 (29·4–38·7)

Tajikistan 177·5 (142·2–210·6) 143·5 (135·2–152·6) 108·4 (102·2–114·3) 81·4 (76·8–86·1) 49·7 (39·7–60·4)

Turkmenistan 184·7 (137·2–239·7) 124·8 (111·7–139·9) 98·4 (89·4–108·5) 74·7 (64·4–86·3) 26·0 (18·9–34·8)

Uzbekistan 81·6 (70·5–92·2) 77·4 (74·1–81·4) 65·9 (62·6–68·5) 57·3 (54·8–60·4) 43·5 (36·7–51·6)

Asia, east

China 85·7 (73·3–99·8) 48·5 (43·0–54·3) 39·6 (35·8–43·3) 32·0 (28·5–36·5) 15·4 (11·8–20·1)

North Korea 114·4 (62·1–210·7) 70·5 (38·3–129·7) 50·9 (27·7–93·8) 45·9 (24·9–84·5) 33·4 (18·1–61·5)

Taiwan 27·4 (26·9–27·9) 15·3 (15·0–15·6) 8·9 (8·7–9·2) 8·6 (8·3–8·9) 6·2 (5·2–7·4)

Asia, south

Afghanistan 286·9 (260·0–314·9) 212·0 (196·9–230·1) 163·5 (154·2–173·5) 141·0 (131·6–150·4) 121·3 (109·0–134·7)

Bangladesh 234·4 (227·4–242·7) 191·0 (186·5–195·2) 139·5 (136·7–142·5) 87·9 (85·5–90·1) 55·9 (51·6–60·1)

Bhutan 278·1 (246·8–310·7) 207·7 (190·3–229·4) 144·8 (134·9–156·7) 88·1 (81·4–95·7) 54·1 (47·4–61·8)

India 197·8 (191·9–203·4) 150·9 (147·8–154·0) 114·3 (112·0–116·7) 84·6 (82·5–86·8) 62·6 (58·2–67·3)

Nepal 261·7 (252·3–271·7) 210·2 (204·7–215·8) 137·3 (133·6–141·0) 77·9 (75·3–80·9) 47·3 (42·6–52·3)

Pakistan 169·2 (162·6–176·5) 134·9 (129·0–141·0) 113·3 (109·0–117·7) 94·6 (89·9–98·8) 80·3 (70·5–92·3)

Asia, southeast

Cambodia 169·2 (140·7–203·6) 173·4 (164·8–183·6) 121·2 (115·5–127·3) 105·4 (99·8–111·7) 59·7 (42·4–84·8)

Burma 162·6 (139·0–190·4) 125·6 (106·5–144·1) 120·2 (103·5–142·9) 79·6 (68·3–92·4) 55·0 (39·7–76·0)

Indonesia 156·8 (152·5–161·0) 104·1 (101·7–106·8) 71·5 (69·8–73·3) 48·8 (47·4–50·4) 36·6 (32·4–41·1)

Laos 218·8 (158·4–296·1) 184·7 (165·4–207·9) 144·5 (126·9–164·7) 98·3 (76·3–127·0) 68·3 (47·1–97·9)

Malaysia 49·6 (47·0–52·3) 28·0 (25·6–30·6) 16·4 (15·1–17·9) 9·6 (8·7–10·6) 5·1 (4·1–6·3)

Maldives 247·1 (226·3–272·5) 172·7 (160·7–187·0) 88·5 (80·8–96·7) 34·0 (29·7–39·0) 14·0 (11·1–17·9)

Mauritius 84·0 (81·7–86·4) 43·8 (42·2–45·3) 24·4 (23·3–25·5) 19·0 (18·1–20·1) 13·0 (10·7–15·7)

Philippines 87·5 (83·8–90·9) 78·8 (76·3–81·3) 54·1 (52·4–55·9) 38·3 (36·5–40·7) 28·6 (23·6–33·9)

Seychelles 116·0 (95·1–142·6) 46·5 (40·2–54·6) 26·6 (22·9–30·8) 22·8 (18·2–28·5) 15·9 (10·7–23·9)

Sri Lanka 66·8 (63·0–70·7) 43·7 (41·2–46·5) 35·4 (32·1–39·2) 17·6 (15·8–19·4) 10·1 (7·2–14·0)

Thailand 87·9 (84·5–91·3) 49·2 (47·3–51·5) 23·3 (22·1–24·7) 13·8 (13·1–14·7) 8·9 (7·6–10·5)

Timor-Leste 202·1 (177·4–229·7) 153·2 (142·0–167·5) 101·4 (92·7–110·3) 82·6 (74·0–92·5) 63·2 (46·7–83·7)

Vietnam 87·3 (77·0–99·2) 67·9 (64·4–71·6) 46·3 (43·8–48·8) 21·8 (19·9–24·0) 12·9 (9·1–18·6)

Australasia

Australia 23·1 (22·6–23·6) 14·6 (14·1–15·0) 9·9 (9·6–10·3) 6·4 (6·2–6·7) 4·7 (3·9–5·6)

New Zealand 21·5 (20·7–22·3) 16·5 (15·8–17·3) 11·1 (10·6–11·7) 7·9 (7·5–8·3) 5·8 (5·0–6·9)

(Continues on next page)
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HIV-negative women. We have simulated the eff ect of 
this range on our estimates in view of the types of 
analytical methods we apply, and fi nd that biases even 
in the presence of HIV seroprevalence of 20% range 
from underestimation of ten per 1000 to overestimation 
of six per 1000. Trends in the past 10–15 years are largely 
unaff ected. Because of the enormous variation in the 
potential bias and, the further confounding of this 
association by scale-up of prevention of mother-to-child 
transmission and antiretroviral drugs, we have opted to 
not apply any standard correction to the estimated rates 
of child mortality.

Neonatal, postneonatal, and childhood death rates
We divided the estimates of under-5 mortality generated 
by GPR into estimates of neonatal (the probability of 
death before age 1 month), postneonatal (the probability 
of death before age 1 year conditional on surviving to age 
1 month), and childhood (the probability of death from 
age 1 year to age 5 years) risks of death by use of a 
two-step modelling process in which we fi rst predicted 
sex-specifi c under-5 mortality and then predicted the sex-
specifi c neonatal, postneonatal, and childhood risks of 
death. We modelled the age breakdown by use of separate 
models for boys and girls because diff erent levels of 

 1970 1980 1990 2000 2010

(Continued from previous page)

Caribbean

Antigua and Barbuda 65·4 (58·9–73·3) 68·5 (58·9–79·1) 64·6 (57·7–72·6) 86·5 (76·8–97·4) 74·3 (55·4–98·4)

Barbados 71·5 (65·9–77·7) 40·4 (36·9–44·7) 26·4 (23·6–29·4) 21·7 (18·9–25·1) 10·6 (8·1–13·7)

Belize 127·6 (109·6–145·0) 78·0 (71·0–85·9) 43·6 (40·0–46·9) 31·0 (28·7–34·1) 22·7 (19·2–27·8)

Cuba 38·9 (35·8–43·0) 23·3 (21·6–25·3) 13·9 (12·8–15·1) 8·6 (7·9–9·4) 5·2 (4·5–6·1)

Dominica 218·1 (208·1–228·9) 39·7 (36·1–43·5) 63·5 (58·4–69·3) 59·8 (53·7–66·1) 49·0 (36·9–64·8)

Dominican Republic 118·7 (115·5–121·9) 84·4 (82·4–86·5) 57·0 (55·7–58·5) 38·3 (37·1–39·4) 27·5 (24·6–30·7)

Grenada 80·0 (71·5–89·6) 45·0 (39·1–52·0) 26·7 (23·8–30·0) 21·6 (18·3–24·9) 11·6 (9·1–14·7)

Guyana 72·0 (67·4–76·6) 69·2 (63·8–75·2) 61·0 (57·2–64·6) 46·8 (43·9–49·9) 38·0 (32·9–44·7)

Haiti 229·6 (220·0–240·9) 198·6 (192·8–204·8) 149·2 (145·1–154·0) 99·8 (95·9–103·3) 102·6 (90·0–119·6)

Jamaica 57·0 (53·2–60·9) 45·0 (42·4–48·1) 33·9 (32·0–35·9) 25·4 (23·5–27·2) 18·4 (15·4–22·0)

Saint Lucia 77·0 (71·3–84·0) 39·1 (36·4–41·7) 23·2 (21·2–25·1) 16·4 (14·9–18·4) 11·4 (8·8–14·6)

Saint Vincent and the 
Grenadines

80·1 (74·6–85·9) 60·1 (55·8–65·1) 24·8 (22·2–27·9) 24·0 (21·6–26·8) 23·2 (18·9–28·8)

Suriname 71·8 (62·3–83·1) 60·5 (56·5–65·0) 46·4 (43·1–49·6) 43·7 (39·6–48·4) 35·5 (28·5–43·7)

The Bahamas 68·8 (61·5–76·3) 49·9 (45·7–54·4) 36·0 (32·8–39·6) 18·3 (16·3–21·0) 15·8 (12·8–19·5)

Trinidad and Tobago 51·6 (48·8–54·4) 37·2 (35·2–39·3) 30·2 (28·1–32·4) 31·9 (29·5–34·6) 25·4 (20·4–31·4)

Europe, central

Albania 65·3 (50·1–84·7) 42·5 (38·3–47·3) 40·1 (37·6–42·7) 22·3 (20·5–24·1) 15·1 (12·1–19·0)

Bosnia and Herzegovina 58·6 (40·2–84·7) 34·3 (26·2–44·3) 17·7 (16·9–18·7) 10·4 (9·7–11·1) 7·9 (6·2–9·8)

Bulgaria 32·2 (29·4–35·5) 23·9 (21·9–26·0) 18·3 (16·6–20·0) 17·4 (15·9–19·0) 10·7 (8·7–13·3)

Croatia 40·8 (29·7–56·2) 24·5 (20·6–30·1) 13·4 (12·8–14·0) 8·5 (8·1–9·0) 5·4 (4·7–6·2)

Czech Republic 29·3 (26·3–32·5) 21·1 (19·5–22·9) 14·2 (13·0–15·5) 7·4 (6·7–8·3) 4·1 (3·5–5·0)

Hungary 38·0 (34·3–41·5) 25·1 (22·1–27·7) 16·7 (15·0–18·1) 10·2 (9·3–11·3) 5·5 (4·4–6·7)

Macedonia 59·6 (41·3–86·4) 40·7 (31·5–52·1) 26·2 (23·6–28·9) 18·5 (16·8–20·4) 11·8 (9·3–15·0)

Montenegro 82·6 (56·2–119·0) 45·6 (31·8–64·8) 25·1 (18·5–34·1) 13·9 (12·5–15·6) 9·4 (7·7–11·8)

Poland 36·5 (36·0–36·9) 24·9 (24·5–25·3) 19·0 (18·6–19·3) 9·6 (9·3–9·9) 6·4 (5·1–8·2)

Romania 50·4 (45·7–55·6) 36·3 (32·5–40·8) 30·4 (27·2–33·9) 22·2 (20·0–24·8) 15·2 (12·4–18·8)

Serbia 37·7 (26·0–54·6) 21·7 (15·7–30·8) 12·7 (9·6–16·6) 7·8 (7·5–8·1) 4·0 (3·5–4·6)

Slovakia 31·9 (30·8–33·0) 23·4 (22·6–24·3) 14·2 (13·5–14·9) 10·2 (9·5–10·9) 6·6 (5·1–8·6)

Slovenia 42·6 (31·5–57·9) 21·3 (18·0–25·4) 10·6 (9·9–11·3) 5·4 (4·9–5·9) 3·2 (2·6–3·8)

Europe, eastern

Belarus 32·0 (29·4–34·9) 27·5 (25·5–29·7) 21·5 (19·9–23·1) 16·9 (15·7–18·1) 10·4 (8·8–12·4)

Estonia 23·6 (21·8–25·8) 21·8 (20·0–23·8) 18·0 (16·4–19·8) 11·0 (9·9–12·1) 6·3 (5·3–7·4)

Latvia 23·2 (21·3–25·3) 21·7 (19·8–23·7) 17·3 (15·7–19·0) 14·8 (13·5–16·3) 9·5 (7·7–11·3)

Lithuania 24·9 (23·8–26·0) 20·3 (19·4–21·2) 14·4 (13·7–15·2) 10·9 (10·2–11·6) 6·8 (5·7–7·9)

Moldova 65·0 (54·7–77·1) 56·2 (51·6–61·5) 35·1 (33·0–37·6) 23·0 (21·6–24·6) 13·7 (11·7–16·1)

Russia 35·4 (32·0–39·1) 32·8 (29·7–36·4) 26·7 (23·7–29·7) 21·6 (19·3–24·2) 14·5 (12·0–17·3)

Ukraine 30·5 (28·0–33·3) 29·2 (27·2–31·3) 21·6 (20·3–23·0) 19·7 (18·6–20·9) 15·5 (13·0–18·5)
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mortality at each age are seen between the sexes, 
especially in the neonatal period in which male mortality 
generally exceeds female mortality.36,37 The level of 
mortality at each age for both sexes combined is a 
function of the level for each sex and the relative size of 
the population of each sex; modelling mortality for the 

fi ner age groups cannot be based on combined under-5 
mortality alone.

We estimated sex-specifi c under-5 mortality by modelling 
the relation between the ratio of male under-5 mortality to 
female under-5 mortality and level of mortality for both 
sexes combined by use of vital registration data 

 1970 1980 1990 2000 2010

(Continued from previous page)

Europe, western

Andorra 16·3 (11·5–23·1) 11·7 (8·3–16·6) 9·4 (6·6–13·3) 7·1 (5·0–10·1) 4·9 (3·4–6·9)

Austria 29·4 (28·5–30·2) 17·2 (16·5–17·8) 10·8 (10·3–11·3) 6·1 (5·7–6·5) 3·9 (3·3–4·6)

Belgium 25·5 (24·8–26·2) 15·3 (14·7–15·8) 10·2 (9·8–10·7) 6·2 (5·9–6·5) 4·3 (3·6–5·3)

Cyprus 26·6 (22·5–31·1) 20·0 (17·9–22·1) 12·8 (11·7–14·0) 6·6 (5·9–7·3) 2·8 (2·3–3·4)

Denmark 16·4 (15·8–17·1) 10·1 (9·6–10·7) 8·7 (8·2–9·2) 5·8 (5·5–6·2) 4·1 (3·4–4·9)

Finland 15·9 (15·1–16·8) 8·0 (7·5–8·5) 7·1 (6·6–7·5) 4·5 (4·1–4·8) 3·0 (2·5–3·7)

France 19·2 (19·0–19·5) 14·7 (14·4–14·9) 9·5 (9·3–9·7) 5·4 (5·3–5·6) 3·9 (3·2–4·8)

Germany 25·8 (25·5–26·1) 14·0 (13·8–14·3) 8·9 (8·7–9·1) 5·2 (5·0–5·3) 4·1 (3·5–4·8)

Greece 28·7 (27·8–29·4) 19·0 (18·3–19·7) 11·2 (10·6–11·6) 6·9 (6·6–7·3) 3·7 (3·0–4·5)

Iceland 16·4 (14·9–18·0) 9·7 (8·6–10·9) 6·7 (5·9–7·7) 4·1 (3·5–4·8) 2·6 (2·1–3·3)

Ireland 23·4 (22·5–24·3) 14·9 (14·3–15·6) 9·9 (9·2–10·5) 7·4 (7·0–7·8) 4·2 (3·5–5·1)

Israel 27·2 (26·3–28·2) 19·0 (18·3–19·7) 12·1 (11·6–12·6) 6·9 (6·6–7·3) 4·7 (3·9–5·7)

Italy 34·3 (34·0–34·7) 17·0 (16·7–17·3) 10·0 (9·8–10·2) 6·4 (6·2–6·6) 3·3 (2·8–4·0)

Luxembourg 23·3 (21·5–25·7) 13·9 (12·5–15·4) 9·1 (8·2–10·2) 5·1 (4·6–5·8) 2·9 (2·3–3·7)

Malta 31·5 (28·8–34·5) 16·9 (15·2–18·7) 11·3 (10·0–12·8) 7·2 (6·1–8·4) 5·2 (4·0–6·9)

Netherlands 16·4 (16·0–16·9) 11·4 (11·0–11·9) 8·9 (8·6–9·2) 6·5 (6·3–6·8) 4·3 (3·7–4·9)

Norway 15·8 (15·1–16·4) 10·5 (9·9–11·0) 8·8 (8·4–9·3) 5·0 (4·7–5·3) 3·4 (2·8–4·0)

Portugal 74·4 (73·2–75·6) 29·4 (28·6–30·2) 15·0 (14·4–15·6) 8·0 (7·6–8·5) 3·3 (2·6–4·3)

Spain 32·8 (32·4–33·2) 14·3 (14·1–14·6) 9·2 (9·0–9·5) 5·7 (5·5–5·9) 3·8 (3·1–4·6)

Sweden 12·7 (12·2–13·3) 8·9 (8·5–9·3) 7·2 (6·9–7·6) 4·9 (4·6–5·2) 2·7 (2·2–3·3)

Switzerland 18·7 (18·1–19·4) 10·6 (10·1–11·1) 8·8 (8·4–9·2) 6·0 (5·7–6·3) 4·2 (3·5–5·0)

UK 21·8 (21·5–22·1) 15·2 (15·0–15·5) 9·7 (9·5–9·9) 6·8 (6·6–6·9) 5·3 (4·5–6·2)

Latin America, Andean

Bolivia 220·7 (212·7–229·9) 153·0 (148·1–158·0) 103·9 (100·3–107·5) 62·2 (58·6–65·6) 46·7 (39·9–57·0)

Ecuador 129·1 (125·8–132·7) 82·5 (80·4–84·6) 50·1 (48·7–51·8) 34·0 (32·1–35·7) 21·0 (18·0–24·3)

Peru 159·0 (154·8–163·2) 114·1 (111·6–117·0) 72·7 (70·9–74·6) 40·7 (39·2–42·3) 24·6 (21·6–28·9)

Latin America, central

Colombia 86·8 (84·0–89·8) 52·8 (51·2–54·4) 33·3 (32·0–34·5) 24·7 (23·6–25·8) 15·3 (13·1–17·7)

Costa Rica 73·6 (70·5–77·2) 33·1 (31·5–34·8) 21·4 (20·2–22·6) 14·8 (13·7–16·0) 8·7 (7·3–10·2)

El Salvador 160·4 (152·6–168·1) 110·7 (106·5–116·3) 59·4 (56·6–62·1) 34·2 (32·3–36·3) 19·2 (16·7–22·3)

Guatemala 175·1 (169·8–181·1) 120·7 (117·8–124·1) 75·8 (73·6–77·7) 49·9 (47·7–52·5) 31·9 (27·6–36·9)

Honduras 149·5 (142·3–158·5) 92·9 (90·3–95·8) 56·3 (54·2–58·1) 36·6 (35·3–38·2) 22·6 (19·7–25·4)

Mexico 107·5 (104·3–110·6) 70·0 (67·9–72·2) 41·9 (40·2–43·8) 25·8 (24·4–27·4) 16·6 (14·7–18·4)

Nicaragua 166·2 (160·2–172·7) 102·3 (99·2–105·2) 63·9 (62·0–66·0) 39·3 (37·8–40·8) 26·6 (23·1–31·0)

Panama 54·7 (52·5–57·2) 36·8 (35·2–38·7) 27·8 (26·3–29·3) 23·3 (21·7–25·1) 18·0 (15·3–20·9)

Venezuela 58·8 (55·6–62·2) 38·6 (36·4–40·9) 29·4 (27·5–31·1) 23·2 (21·5–25·0) 16·1 (13·2–19·4)

Latin America, southern

Argentina 72·6 (72·0–73·3) 37·7 (37·3–38·2) 28·0 (27·6–28·3) 19·7 (19·4–20·0) 12·9 (10·5–15·8)

Chile 92·1 (85·4–98·8) 37·3 (34·4–40·3) 18·2 (16·7–19·8) 11·1 (10·3–12·1) 6·5 (5·4–7·9)

Uruguay 56·0 (54·5–57·7) 40·7 (39·2–42·1) 22·2 (21·2–23·3) 16·5 (15·7–17·3) 11·5 (9·3–14·4)

Latin America, tropical

Brazil 120·8 (117·2–124·7) 83·6 (80·7–86·1) 52·0 (50·3–54·1) 30·8 (28·5–32·9) 19·9 (17·3–23·0)

Paraguay 73·9 (71·4–76·9) 56·6 (54·9–58·7) 37·7 (36·1–39·1) 27·7 (26·2–29·5) 20·9 (17·9–24·8)
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(3253 points) and DHS complete birth history data 
(525 points) from 147 countries. This model produced 
predictions of the ratio of male to female under-5 mortality 
that were then combined with the sex ratio at birth (from 
UNPD10 if available, and assuming 1·05 if not available) to 
form a system of two equations that could be solved to 
generate estimates of under-5 mortality for boys and 
under-5 mortality for girls. This model included year as a 

covariate, and regional and national random eff ects on 
intercept and slope.

We then modelled the probability of an under-5 death 
occurring during the neonatal, postneonatal, and 
childhood periods to the sex-specifi c under-5 mortality 
rate, again by use of data from vital registration systems 
(1234 points) and DHS complete birth histories (526 points) 
from 122 countries. These models also included regional 

 1970 1980 1990 2000 2010

(Continued from previous page)

North Africa and Middle East

Algeria 172·4 (162·2–183·5) 100·9 (96·0–106·6) 52·4 (49·8–55·1) 34·1 (31·3–37·2) 19·3 (14·3–25·1)

Bahrain 70·2 (63·3–78·7) 29·6 (26·8–32·5) 19·0 (17·2–21·0) 12·2 (10·9–13·5) 7·4 (6·1–8·8)

Egypt 236·7 (231·2–242·8) 157·9 (154·8–160·9) 85·4 (83·7–87·0) 45·6 (44·4–46·7) 24·7 (22·4–27·4)

Iran 183·1 (162·3–211·5) 107·2 (100·7–114·2) 65·5 (62·1–69·7) 46·7 (43·2–50·8) 31·1 (24·2–38·9)

Iraq 111·2 (98·4–126·9) 78·2 (73·3–83·8) 58·4 (55·7–61·7) 42·7 (40·2–45·0) 31·6 (26·9–36·6)

Jordan 86·6 (82·5–91·2) 54·4 (52·3–56·6) 33·4 (32·1–34·8) 23·7 (22·6–24·9) 14·1 (11·6–16·7)

Kuwait 52·8 (47·8–58·3) 35·0 (31·2–39·5) 12·8 (11·3–14·8) 12·4 (11·0–14·1) 7·8 (6·0–10·3)

Lebanon 68·0 (60·3–77·1) 43·4 (40·4–47·0) 31·4 (28·5–34·5) 13·8 (12·5–15·3) 10·2 (7·3–14·4)

Libya 118·4 (111·8–125·2) 61·8 (58·6–65·1) 37·6 (35·6–39·8) 22·1 (19·4–25·0) 12·9 (9·9–16·6)

Morocco 178·2 (173·3–183·1) 124·0 (121·0–126·9) 76·9 (74·8–78·7) 50·5 (48·6–52·3) 32·4 (27·9–37·7)

Occupied Palestinian 
territories

116·1 (90·1–147·2) 70·6 (62·5–79·6) 41·9 (38·9–45·0) 29·3 (26·1–32·8) 22·1 (17·8–27·5)

Oman 190·0 (165·8–216·3) 97·6 (85·3–115·2) 37·1 (30·5–45·5) 15·9 (11·7–21·9) 9·3 (6·6–13·4)

Qatar 52·3 (43·6–64·4) 27·5 (24·6–30·9) 15·9 (14·5–17·2) 12·8 (11·6–14·1) 10·5 (8·8–12·6)

Saudi Arabia 204·9 (167·3–260·1) 71·9 (63·3–81·9) 29·5 (24·8–35·2) 21·8 (18·0–26·8) 15·0 (11·5–19·8)

Syria 85·3 (81·3–89·4) 48·2 (45·8–50·4) 31·8 (30·6–33·2) 18·8 (17·7–19·8) 11·4 (9·6–13·7)

Tunisia 147·4 (142·2–153·4) 80·7 (78·3–83·6) 47·4 (45·4–49·8) 27·2 (24·5–29·8) 15·2 (11·8–19·4)

Turkey 194·1 (185·5–203·8) 123·9 (119·3–128·7) 71·3 (68·4–74·2) 40·0 (37·7–42·5) 29·2 (22·6–39·1)

United Arab Emirates 81·1 (71·9–91·1) 38·1 (32·3–45·4) 16·1 (12·9–20·2) 7·0 (5·2–9·9) 3·0 (2·1–4·3)

Yemen 285·1 (275·0–296·3) 188·1 (181·9–195·5) 128·3 (123·1–133·3) 93·2 (88·7–98·1) 60·0 (50·8–69·6)

North America, high income

Canada 26·1 (25·7–26·6) 12·9 (12·6–13·2) 8·8 (8·6–9·1) 6·6 (6·4–6·8) 4·9 (4·0–6·0)

USA 25·7 (25·5–25·9) 16·0 (15·8–16·1) 11·6 (11·5–11·7) 8·3 (8·2–8·4) 6·7 (5·8–7·6)

Oceania

Fiji 55·0 (52·0–58·3) 42·1 (38·0–46·4) 35·2 (30·5–40·7) 30·8 (26·3–36·4) 26·6 (21·6–32·8)

Federated States of 
Micronesia

115·6 (87·4–147·0) 86·5 (73·3–102·3) 56·3 (48·5–66·9) 37·7 (29·4–48·0) 25·7 (19·4–34·1)

Kiribati 134·3 (117·1–152·8) 102·9 (84·8–125·1) 75·8 (68·6–83·6) 59·2 (53·4–65·3) 46·4 (36·1–60·3)

Marshall Islands 49·8 (38·9–64·2) 50·0 (41·3–60·4) 50·9 (43·8–58·0) 47·3 (42·1–54·6) 37·9 (30·9–45·3)

Papua New Guinea 133·1 (121·1–147·3) 106·0 (99·5–113·8) 100·2 (93·1–108·0) 91·7 (77·6–108·3) 82·7 (65·7–106·9)

Samoa 57·0 (51·9–62·9) 36·5 (31·2–42·0) 29·6 (24·9–35·3) 24·5 (21·3–28·2) 18·6 (15·3–22·8)

Solomon Islands 89·2 (78·6–101·4) 56·3 (47·0–67·6) 38·4 (33·8–43·5) 34·6 (31·3–38·6) 29·4 (23·9–35·6)

Tonga 36·5 (32·4–41·6) 29·5 (25·5–33·9) 25·8 (20·7–32·6) 22·2 (17·6–28·5) 19·2 (15·0–24·6)

Vanuatu 116·2 (100·0–135·1) 81·0 (71·5–91·4) 52·8 (45·6–60·2) 34·9 (29·2–41·5) 23·0 (18·3–29·6)

Sub-Saharan Africa, central

Angola 305·9 (267·8–356·3) 266·3 (250·8–283·4) 236·3 (222·6–248·2) 193·6 (181·1–206·7) 134·8 (113·8–155·1)

Central African Republic 205·6 (193·8–216·1) 178·7 (172·3–185·3) 163·8 (158·1–170·1) 153·5 (141·2–165·8) 138·1 (117·2–160·9)

Congo 144·9 (127·6–163·9) 122·4 (114·5–131·7) 109·4 (103·5–115·3) 114·5 (107·6–122·2) 107·5 (92·4–124·1)

Democratic Republic of the 
Congo

241·6 (216·1–270·2) 207·8 (198·0–217·9) 182·9 (176·1–190·0) 165·1 (154·3–176·0) 131·1 (117·2–145·6)

Equatorial Guinea 209·6 (183·8–238·8) 191·1 (180·5–201·7) 178·7 (169·4–187·7) 180·3 (166·7–195·7) 180·1 (155·5–210·8)

Gabon 167·8 (152·0–185·5) 118·1 (112·5–123·6) 93·8 (89·3–97·6) 83·1 (77·3–89·3) 68·3 (58·5–79·8)
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and national random eff ects on both intercept and slope 
and the resulting probabilities were scaled to sum to 
1·0 and converted to age-specifi c probabilities of death 
conditional on survival to the beginning of the period. For 
both steps, a range of diff erent model specifi cations were 

explored and out-of-sample validity tests undertaken. The 
best performing models from these analyses were 
implemented. In out-of-sample predictive validity tests, 
with the models fi tted repeatedly with data from random 
sets of 80% of countries, the median relative error in the 

 1970 1980 1990 2000 2010

(Continued from previous page)

Sub-Saharan Africa, east

Burundi 229·8 (219·7–241·0) 192·1 (184·1–199·0) 175·8 (166·5–187·2) 150·1 (141·5–158·6) 130·3 (115·1–148·0)

Comoros 197·8 (182·1–214·4) 159·5 (153·3–166·1) 115·6 (110·9–120·6) 83·4 (75·1–92·8) 61·5 (52·9–72·1)

Djibouti 116·2 (100·2–133·8) 111·3 (103·5–119·2) 110·0 (104·6–116·1) 89·6 (84·8–94·4) 66·7 (58·9–74·6)

Eritrea 232·0 (217·7–248·5) 185·8 (178·3–191·8) 142·7 (138·2–148·4) 100·6 (93·0–108·7) 78·2 (66·9–94·5)

Ethiopia 255·4 (240·1–270·5) 237·1 (229·1–245·6) 201·9 (194·9–209·3) 136·9 (130·7–142·3) 101·0 (89·3–117·6)

Kenya 142·0 (137·2–146·7) 112·2 (109·3–115·0) 103·8 (101·2–106·8) 100·4 (95·9–104·4) 82·2 (72·0–91·9)

Madagascar 188·4 (179·0–197·4) 180·8 (174·5–186·7) 158·0 (153·0–163·2) 104·5 (99·3–109·6) 70·5 (62·9–79·7)

Malawi 343·9 (330·3–358·1) 260·6 (252·3–270·1) 211·3 (204·8–217·6) 148·4 (143·4–153·4) 96·8 (84·3–111·6)

Mozambique 271·3 (255·9–287·9) 231·5 (223·2–241·1) 226·6 (218·7–236·1) 163·5 (156·1–170·8) 133·7 (114·3–157·9)

Rwanda 232·3 (222·9–241·5) 203·7 (194·5–213·9) 169·4 (161·7–177·6) 166·0 (158·0–174·6) 102·9 (88·2–118·6)

Somalia 206·3 (178·7–240·6) 189·0 (171·0–205·4) 174·2 (164·8–184·1) 145·1 (137·3–153·3) 111·4 (98·4–123·4)

Sudan 152·1 (146·8–157·3) 141·2 (136·4–146·2) 118·1 (111·4–124·3) 103·7 (89·7–118·8) 92·1 (77·5–110·3)

Tanzania 207·7 (199·5–215·9) 173·2 (167·9–178·0) 153·1 (147·9–158·0) 127·1 (121·7–133·0) 98·4 (85·6–116·2)

Uganda 190·4 (183·8–196·3) 185·9 (181·5–190·7) 167·8 (163·5–172·1) 141·1 (136·8–145·6) 116·7 (105·0–127·5)

Zambia 181·8 (175·0–189·4) 168·3 (163·2–173·4) 172·8 (167·9–178·1) 143·4 (138·4–149·1) 118·8 (106·3–134·0)

Sub-Saharan Africa, southern

Botswana 98·4 (92·4–103·8) 62·1 (59·1–65·6) 54·2 (48·5–61·1) 59·0 (50·3–69·8) 49·1 (37·7–62·2)

Lesotho 172·0 (160·9–182·3) 113·9 (109·1–118·8) 94·5 (90·8–98·2) 104·9 (100·2–109·7) 96·8 (78·8–115·6)

Namibia 111·5 (105·1–118·2) 95·4 (91·7–99·6) 72·0 (69·3–75·2) 62·1 (59·2–65·7) 54·9 (45·6–64·4)

South Africa 132·8 (119·2–146·8) 86·8 (81·2–92·2) 57·6 (54·2–61·1) 37·3 (37·0–37·6) 50·9 (43·2–60·3)

Swaziland 188·0 (167·2–210·3) 122·3 (115·0–130·5) 73·7 (69·3–78·4) 99·3 (93·7–106·4) 101·2 (79·5–126·0)

Zimbabwe 111·3 (106·5–116·4) 93·2 (89·9–96·9) 73·3 (70·4–76·1) 73·7 (70·1–77·4) 70·4 (57·3–86·1)

Sub-Saharan Africa, west

Benin 280·6 (269·5–293·1) 222·1 (215·0–228·1) 176·5 (172·0–180·9) 137·0 (132·7–141·8) 100·7 (89·3–111·3)

Burkina Faso 319·5 (305·5–334·2) 250·2 (242·5–258·0) 204·7 (198·2–211·0) 172·4 (165·4–179·7) 133·7 (114·3–155·8)

Cameroon 214·3 (205·8–223·6) 174·4 (169·1–181·0) 143·5 (138·4–148·3) 140·3 (134·1–146·5) 114·4 (94·3–140·1)

Cape Verde 116·2 (107·0–130·5) 79·3 (74·5–83·3) 58·2 (54·8–61·3) 45·4 (40·8–51·5) 32·3 (26·9–39·1)

Chad 260·0 (243·3–276·9) 245·4 (238·6–253·2) 210·8 (204·9–216·5) 189·0 (182·2–196·6) 168·7 (149·1–190·0)

Côte d’Ivoire 225·3 (217·1–234·8) 170·4 (165·0–175·5) 149·2 (145·3–153·6) 128·7 (123·7–133·4) 107·3 (95·3–121·5)

Ghana 174·7 (170·0–179·6) 149·4 (146·3–152·9) 122·2 (119·5–125·0) 98·6 (96·1–101·1) 77·5 (72·2–83·4)

Guinea 318·9 (300·7–336·9) 274·0 (266·3–281·2) 226·8 (220·9–232·5) 174·2 (168·4–180·2) 132·7 (119·3–146·1)

Guinea-Bissau 295·0 (263·4–330·2) 262·4 (250·5–275·9) 233·2 (224·9–242·0) 191·1 (182·4–199·6) 158·6 (143·3–177·9)

Liberia 271·6 (257·9–285·6) 240·6 (227·8–252·7) 235·4 (223·6–247·7) 172·2 (163·4–181·5) 98·9 (86·6–113·0)

Mali 370·3 (359·4–382·3) 301·7 (294·3–309·7) 254·0 (247·2–260·0) 212·4 (205·7–219·3) 161·2 (142·6–179·5)

Mauritania 189·9 (182·6–196·7) 143·1 (138·9–147·2) 112·8 (109·4–116·2) 100·3 (96·4–104·7) 85·5 (77·8–95·0)

Niger 354·7 (341·4–368·2) 326·5 (317·1–336·2) 297·0 (289·2–305·3) 223·7 (216·0–231·5) 161·1 (142·0–185·3)

Nigeria 224·4 (214·1–236·5) 200·5 (192·2–208·7) 194·1 (187·1–201·8) 177·0 (169·2–185·8) 157·0 (140·9–174·0)

Sao Tome and Principe 132·1 (119·1–146·3) 114·8 (106·6–124·7) 109·4 (101·5–118·3) 74·9 (67·4–82·8) 62·2 (50·2–76·2)

Senegal 278·5 (270·6–287·1) 203·1 (197·4–208·2) 146·5 (142·0–150·4) 123·5 (119·1–128·2) 86·5 (77·7–97·0)

Sierra Leone 351·4 (325·7–378·8) 292·4 (279·7–306·1) 241·6 (232·7–250·7) 196·9 (188·8–207·2) 139·1 (124·7–152·8)

The Gambia 291·0 (263·8–324·0) 209·8 (195·4–224·6) 146·0 (138·0–154·1) 120·8 (113·9–128·1) 80·7 (69·5–93·7)

Togo 225·8 (218·4–233·8) 175·0 (170·5–180·2) 142·4 (137·9–147·5) 114·0 (108·3–119·6) 91·4 (82·1–101·8)

Countries are grouped into 21 regions on the basis of epidemiological profi les and geography. Under-5 mortality is defi ned as the probability of death between birth and age 
5 years.

Table 1: Under-5 mortality (uncertainty interval) per 1000, by decade
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fi rst model for estimates from the knocked out countries 
was 2·4% for boys and 3·1% for girls; in the same 
predictive validity tests for the second model, the median 
relative error was 7·1% for the neonatal model, 9·1% for 
the postneonatal model, and 8·8% for the childhood 
model (the results of other predictive validity tests are 
provided in webappendix pp 9–10). The uncertainty from 
the GPR process was propagated through these two 
models to estimate the uncertainty in our fi nal neonatal, 
postneonatal, and childhood mortality estimates (further 
details are provided in webappendix p 8).

Aggregate numbers of deaths
To compute aggregate numbers of deaths for each country, 
we combined estimates of neonatal and postneonatal 
mortality to obtain an estimate of the infant mortality 
rate. We obtained deaths in infants younger than 1 year by 
applying the infant mortality rate (the probability of death 
from birth to age 1 year) to the number of births in the 
current and previous years with the following formula 
(which gives more weight to the births in the current year 
because most deaths in infants younger than 1 year occur 
in the fi rst few months of life):

where 1D0 represents deaths under age 1 year, t is the 
current year, B is births, 1a0 is the mean time lived by a 

child who dies under age 1 year, and IMR is the infant 
mortality rate. We used a similar method to estimate 
deaths in children aged between 1 year and 5 years.

Deaths in children younger than 5 years were the sum 
of deaths in infants younger than 1 year and deaths in 
children aged between 1 year and 5 years. This method of 
computing deaths in children younger than 5 years is 
more accurate than is use of under-5 mortality and births 
in the current year, because it better accounts for changing 
cohort sizes and mortality rates from year to year. We 
validated this method by comparing it with other 
approaches (ie, use of under-5 mortality and births, and 
by converting infant and childhood probabilities of death 
to mortality rates and multiplying by population estimates) 
in countries with complete vital registration data.

In addition to computing under-5 mortality and 
number of deaths by country, we generated results for 
21 regions of the world. These regions were grouped on 
the basis of epidemiological profi les and geography (see 
webappendix p 205 for regions).38 Analyses were 
undertaken in Stata (version 11.0), R citation (version 
2.9.0), and Python (version 2.5). We used the PyMC 
package (version 2.0) in Python to implement the Markov 
chain Monte Carlo sampling.

Role of the funding source
The sponsors of the study had no role in study design, 
data collection, data analysis, data interpretation, or 

Figure 4: Under-5 mortality from 1970 to 2010, by region
Under-5 mortality is defi ned as the probability of death between birth and age 5 years.
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writing of the report. The corresponding author had full 
access to all data in the study and had fi nal responsibility 
for the decision to submit for publication.

Results
Table 1 shows our estimates and uncertainty intervals for 
under-5 mortality in all 187 countries every 10 years from 
1970 to 2010. A full time series of results is available for 
each country in the webappendix (pp 18–204); four 
examples of these data plots are shown in fi gure 1. Norway 
is an example of a country with complete vital registration 
data. Our GPR model produced estimates that were very 
close to the observed data with narrow uncertainty intervals, 
representing sampling uncertainty only (fi gure 1). 
El Salvador has data from survey and vital registration 
systems. The vital registration data are biased downwards, 
suggesting incomplete registration of child deaths. 
Nevertheless, the survey estimates are quite consistent 
with each other, and fairly consistent with the trend in the 
vital registration data. The GPR estimates track at the level 
of the survey estimates and have narrow uncertainty 
intervals. El Salvador is on course to meet MDG 4. Few 
data were available for Laos. The uncertainty intervals are 
wide, and broaden as the estimates move further away 
from the data. Liberia is not on track to meet MDG 4, but 
has recently shown a steep decline in under-5 mortality, 
falling from 235 (uncertainty interval 224–248) per 1000 in 
1990 to 99 (870–113) per 1000 by 2010. Liberia had data 
from various sources, including DHS and a malaria 
indicator survey (MIS). The GPR model tracks the DHS 
data more closely than the MIS data because there is less 
non-sampling error in DHS data (see webappendix 
pp 6–7).

In 2010, we estimate that there will be 7·7 million child 
deaths worldwide, a decrease from 16 million in 1970 and 
11·9 million in 1990 (fi gure 2). These 7·7 million deaths 
comprise 3·1 million neonatal deaths, 2·3 million 

postneonatal deaths, and 2·3 million deaths in children 
aged 1–4 years. Between 1970 and 2010, the number of 
deaths in children younger than 5 years has fallen by 
more than 52%, even though the total number of births 
has increased by 16% in the same period.10 Our estimates 
are substantially lower than those produced by UNICEF9 
and UNPD10 and those reported in the 2007 study by 
Murray and colleagues.1 The most recent estimates 
provided by UNICEF are from 2008; we estimated that 
there were 7·95 million deaths in 2008 compared with 
UNICEF’s estimation of 8·77 million. Worldwide, this 
represents a 30% decline since 1990. Compared with the 
2008 UNICEF estimates, our estimates were higher for 
73 countries and lower for 110 countries. Where our 
estimates were lower than UNICEF’s, the most substantial 
diff erences occurred for the Democratic Republic of the 
Congo, Afghanistan, Nigeria, Kenya, Angola, China, 
Burma, Somalia, Pakistan, and Burkina Faso. In most 
cases, the diff erences were a result of the more recent 
data used in our analysis. In the case of Afghanistan, 
UNICEF estimated child mortality without taking into 
account the more recently available data sources.

Figure 3 shows worldwide neonatal, postneonatal, and 
childhood mortality rates from 1970 to 2010. Rates in all 
three age components of under-5 mortality are declining. 
Neonatal mortality has fallen by 57%, from 53 (uncertainty 
interval 42–65) per 1000 in 1970 to 23 (18–28) per 1000 in 
2010; postneonatal mortality has declined by 62% and 
childhood mortality by 60% during this period. These 
reductions equate to rates of decline of 2·1%, 2·3%, and 
2·2% per year in the neonatal, postneonatal, and 
childhood periods, respectively. Although the absolute 
decreases in the rates of all three components of 
under-5 mortality are similar, the higher rates of neonatal 
mortality in each year mean that the relative share of 
deaths that are caused by neonatal causes has increased 
from 38·9% in 1970 to 40·7% in 2010. Table 2 provides 

Figure 5: Under-5 mortality in 2010
Under-5 mortality is defi ned as the probability of death between birth and age 5 years.
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estimates and uncertainty intervals for neonatal, 
postneonatal, and childhood mortality in all 187 countries 
for 1990 and 2010.

Webappendix p 206 shows the annual number of 
deaths in children younger than 5 years in the 21 regions. 
As worldwide child mortality has fallen, south Asia and 
the regions of sub-Saharan Africa together have accrued 

an increasing share of child mortality caused by relative 
changes in under-5 mortality and fertility. In 1970, these 
regions accounted for a combined 55% of all child 
deaths. In 2010, they account for more than 82% (33·0% 
in south Asia and 49·6% in sub-Saharan Africa). By 
comparison, the proportion of deaths in children 
younger than 5 years occurring in the Caribbean, east 

1990 2010

Neonatal Postneonatal Childhood Neonatal Postneonatal Childhood

Asia Pacifi c, high income

Brunei 6·9 (3·9–9·6) 3·2 (1·3–5·7) 1·4 (0·5–3·7) 4·3 (2·1–7·1) 2·2 (0·8–4·2) 0·9 (0·3–2·6)

Japan 3·4 (2·5–4·2) 2·3 (1·6–2·9) 1·0 (0·6–1·7) 1·5 (1·0–2·0) 1·3 (0·9–1·7) 0·5 (0·3–0·9)

Singapore 4·6 (3·6–5·5) 2·2 (1·6–2·9) 1·0 (0·6–1·6) 1·3 (0·8–1·9) 0·9 (0·6–1·2) 0·4 (0·2–0·7)

South Korea 6·8 (3·5–10·3) 3·1 (1·2–6·1) 1·4 (0·5–3·8) 2·9 (1·3–5·0) 1·6 (0·6–3·3) 0·7 (0·2–1·9)

Asia, central

Armenia 22·7 (18·1–28·3) 22·7 (18·4–26·8) 6·3 (4·1–9·6) 11·6 (9·0–14·2) 5·7 (3·7–8·2) 2·1 (1·2–3·7)

Azerbaijan 30·1 (23·9–37·3) 38·2 (31·5–44·5) 12·2 (8·4–18·0) 17·2 (13·5–21·9) 12·3 (8·3–17·6) 4·6 (2·7–7·4)

Georgia 20·3 (11·7–30·7) 18·4 (9·7–26·8) 6·7 (2·9–14·7) 13·1 (7·4–19·3) 7·7 (3·4–14·1) 3·2 (1·1–7·9)

Kazakhstan 22·0 (17·4–27·8) 24·6 (19·8–28·7) 7·5 (4·9–11·3) 15·3 (11·5–19·7) 12·2 (8·2–17·5) 4·1 (2·5–7·1)

Kyrgyzstan 28·3 (22·5–35·5) 31·9 (26·0–37·0) 10·8 (7·3–16·2) 20·7 (16·1–25·6) 16·4 (11·5–21·1) 5·9 (3·6–9·7)

Mongolia 33·0 (19·5–53·6) 48·4 (28·9–63·5) 16·0 (7·7–31·1) 16·7 (9·5–24·8) 12·5 (6·2–19·9) 4·9 (1·9–10·9)

Tajikistan 35·7 (21·6–59·1) 57·7 (36·2–75·3) 18·8 (9·3–36·7) 21·6 (12·8–34·4) 21·3 (11·6–32·1) 7·6 (3·5–16·5)

Turkmenistan 33·5 (20·1–56·1) 51·3 (32·5–68·0) 16·8 (8·3–33·3) 13·7 (8·0–21·9) 9·0 (3·9–16·5) 3·6 (1·3–9·4)

Uzbekistan 23·6 (17·9–30·3) 27·2 (21·8–32·0) 16·5 (11·5–23·2) 17·8 (13·1–23·1) 15·8 (11·0–20·9) 10·5 (6·6–15·7)

Asia, east

China 25·3 (16·0–33·4) 11·6 (5·4–19·7) 3·1 (1·2–7·9) 9·4 (5·1–13·5) 4·7 (1·8–8·2) 1·3 (0·4–3·8)

North Korea 32·7 (21·4–41·8) 15·0 (7·0–25·2) 3·9 (1·5–9·5) 21·1 (13·4–27·5) 9·9 (4·5–16·9) 2·6 (1·0–6·8)

Taiwan 5·3 (3·0–7·4) 2·8 (1·1–4·9) 0·8 (0·3–2·4) 3·6 (1·9–5·3) 2·0 (0·7–3·5) 0·6 (0·2–1·8)

Asia, south

Afghanistan 69·8 (44·4–100·5) 49·0 (28·4–71·5) 54·4 (29·6–84·6) 56·0 (35·1–80·2) 35·8 (20·2–54·0) 34·7 (17·7–57·8)

Bangladesh 64·5 (52·1–76·4) 37·9 (30·0–45·0) 43·9 (31·9–57·9) 31·3 (25·4–36·9) 14·2 (10·9–17·6) 11·4 (7·5–16·6)

Bhutan 63·7 (40·9–91·1) 42·9 (24·8–64·1) 45·7 (24·4–71·8) 30·1 (19·1–41·5) 14·5 (7·2–23·8) 10·4 (4·5–20·2)

India 53·9 (43·4–64·5) 31·4 (24·8–37·7) 33·5 (24·1–45·4) 34·3 (27·7–40·8) 15·9 (12·1–19·7) 13·6 (9·0–19·7)

Nepal 59·1 (47·2–71·5) 40·0 (31·9–47·6) 45·0 (33·3–59·7) 25·4 (20·5–30·9) 12·7 (9·5–16·3) 10·0 (6·5–15·2)

Pakistan 54·8 (44·9–64·3) 36·2 (28·8–42·4) 26·7 (18·5–37·3) 42·7 (34·8–52·1) 24·3 (18·3–31·3) 15·4 (9·6–23·9)

Asia, southeast

Cambodia 41·5 (32·5–51·7) 46·2 (38·0–54·5) 38·7 (28·0–51·0) 26·2 (18·7–35·9) 22·8 (15·3–33·9) 12·0 (5·9–23·6)

Burma 40·5 (23·3–62·9) 40·0 (22·3–57·5) 44·9 (22·5–69·7) 24·4 (14·4–38·5) 17·7 (8·7–30·9) 13·9 (5·8–28·0)

Indonesia 27·5 (21·5–33·8) 25·8 (20·8–30·4) 20·0 (14·1–27·4) 17·8 (14·0–22·2) 12·5 (9·4–15·8) 6·8 (4·3–10·4)

Laos 44·8 (26·8–71·2) 47·9 (28·3–71·1) 59·3 (33·4–87·4) 28·3 (15·8–46·5) 22·2 (10·4–39·0) 19·4 (7·2–38·7)

Malaysia 9·5 (7·5–11·4) 4·5 (3·3–5·8) 2·5 (1·5–4·0) 3·6 (2·9–4·6) 1·1 (0·7–1·7) 0·4 (0·2–0·8)

Maldives 33·3 (19·8–51·5) 29·3 (16·6–43·6) 28·7 (15·3–46·9) 9·0 (5·4–12·5) 3·6 (1·3–7·2) 1·5 (0·5–4·6)

Mauritius 15·3 (12·6–17·9) 7·1 (5·1–9·1) 2·2 (1·4–3·6) 9·3 (7·5–11·1) 2·9 (1·8–4·5) 0·7 (0·4–1·5)

Philippines 20·2 (15·0–25·8) 16·9 (13·4–20·5) 18·1 (12·8–24·3) 13·3 (9·7–17·0) 8·5 (6·0–11·3) 7·0 (4·5–10·8)

Seychelles 14·7 (8·7–21·1) 7·8 (3·6–13·3) 4·3 (1·7–9·9) 9·9 (5·5–15·3) 4·2 (1·5–8·6) 1·9 (0·5–5·6)

Sri Lanka 19·0 (15·1–23·5) 9·6 (7·3–12·3) 7·2 (4·7–10·9) 7·1 (5·0–10·2) 2·2 (1·3–3·8) 0·8 (0·3–1·9)

Thailand 14·8 (12·1–17·1) 5·7 (4·2–7·3) 2·9 (1·8–4·7) 6·5 (5·2–7·9) 1·8 (1·1–2·6) 0·7 (0·3–1·3)

Timor-Leste 36·2 (21·4–57·2) 33·6 (19·2–49·7) 35·2 (19·3–55·6) 26·8 (15·6–42·3) 20·7 (10·1–33·1) 17·0 (7·2–33·9)

Vietnam 20·9 (15·9–26·2) 11·4 (8·8–14·4) 14·7 (10·1–20·4) 8·3 (6·0–11·8) 2·5 (1·4–4·3) 2·1 (1·0–4·4)

Australasia

Australia 6·0 (4·7–7·1) 3·0 (2·1–4·0) 1·0 (0·6–1·7) 2·8 (2·0–3·6) 1·5 (1·0–2·1) 0·5 (0·3–0·9)

New Zealand 5·4 (4·1–6·9) 4·6 (3·4–5·8) 1·1 (0·7–1·9) 2·7 (1·9–3·6) 2·5 (1·7–3·2) 0·6 (0·3–1·0)

(Continues on next page)
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and southeast Asia, north Africa and the Middle East, 
and regions of Latin America has decreased by 63% 
between 1970 and 2010. Less than 1% of child deaths 
occur in high-income countries.

Figure 4 shows the trends in under-5 mortality for each 
of the 21 regions between 1970 and 2010. Among regions 
with the lowest rates of under-5 mortality (fi gure 4A), 
western Europe, Australasia, Asia-Pacifi c high income, 
and North America high income have tracked each other 
closely. However, high income countries in North 
America have seen less progress in the past 15 years, 

largely driven by rates in the USA. Central and eastern 
Europe have notably higher rates of mortality throughout 
the entire period. Across all regions of Latin America and 
north Africa and the Middle East, there has been 
sustained decline in under-5 mortality (fi gure 4B). The 
fl uctuations in post-1990 under-5 mortality in southern 
sub-Saharan Africa show the eff ect of HIV in the region 
(fi gure 4C). Consistently high rates of mortality in 
Oceania indicate poor progress. The four regions with 
the highest rates of under-5 mortality are east, west, and 
central sub-Saharan Africa, and south Asia (fi gure 4D).

1990 2010

Neonatal Postneonatal Childhood Neonatal Postneonatal Childhood

(Continued from previous page)

Caribbean

Antigua and Barbuda 33·7 (21·0–47·1) 22·0 (11·1–33·2) 10·1 (4·3–20·5) 38·4 (22·7–59·4) 25·6 (13·2–40·8) 12·0 (5·0–26·0)

Barbados 14·8 (8·9–20·6) 8·3 (3·8–13·6) 3·5 (1·4–7·9) 6·4 (3·5–9·6) 3·1 (1·1–5·6) 1·2 (0·4–3·3)

Belize 23·5 (14·5–32·8) 14·4 (7·1–22·6) 6·3 (2·7–13·4) 12·9 (7·8–18·7) 7·0 (3·2–11·9) 2·9 (1·1–7·1)

Cuba 7·9 (6·3–9·5) 4·6 (3·4–5·9) 1·4 (0·9–2·4) 2·8 (2·1–3·7) 1·7 (1·2–2·3) 0·7 (0·4–1·2)

Dominica 33·2 (20·8–46·2) 21·6 (11·4–32·7) 9·9 (4·3–20·9) 26·1 (15·5–40·8) 16·2 (7·8–27·1) 7·3 (3·0–16·2)

Dominican Republic 25·4 (19·9–31·2) 19·3 (15·5–22·9) 13·4 (9·3–19·2) 14·9 (11·4–18·5) 8·1 (5·5–11·3) 4·7 (2·7–7·8)

Grenada 15·1 (9·2–21·2) 8·4 (3·9–13·9) 3·5 (1·4–8·3) 6·9 (4·1–10·2) 3·4 (1·4–6·3) 1·3 (0·4–3·7)

Guyana 32·0 (20·1–44·9) 20·8 (10·8–31·5) 9·4 (4·2–19·5) 20·7 (12·9–30·0) 12·3 (5·9–21·1) 5·4 (2·1–12·5)

Haiti 44·0 (34·4–55·5) 56·8 (46·3–66·8) 56·4 (42·1–71·5) 30·4 (23·0–39·7) 39·2 (30·4–47·2) 36·8 (25·7–49·9)

Jamaica 18·7 (11·5–26·1) 10·9 (5·3–17·8) 4·7 (2·0–10·5) 10·6 (6·1–15·2) 5·6 (2·4–9·5) 2·3 (0·8–5·7)

Saint Lucia 13·2 (7·8–18·3) 7·2 (3·2–12·0) 3·0 (1·2–7·0) 6·8 (3·8–10·1) 3·3 (1·3–6·0) 1·3 (0·5–3·6)

Saint Vincent and the 
Grenadines

14·1 (8·5–19·6) 7·7 (3·5–13·0) 3·2 (1·3–7·6) 13·1 (7·8–19·6) 7·2 (3·1–12·4) 3·0 (1·1–7·5)

Suriname 24·9 (15·2–35·1) 15·3 (7·6–23·6) 6·8 (2·8–14·4) 19·4 (11·0–27·9) 11·4 (5·1–19·0) 5·0 (1·8–11·4)

The Bahamas 19·7 (12·2–27·8) 11·7 (5·7–18·9) 5·0 (2·0–11·1) 9·2 (5·3–13·3) 4·7 (2·0–8·4) 1·9 (0·6–4·8)

Trinidad and Tobago 20·3 (17·1–23·2) 7·0 (5·0–9·3) 3·0 (1·8–5·0) 17·4 (13·6–22·4) 5·8 (3·9–8·4) 2·5 (1·4–4·3)

Europe, central

Albania 9·2 (6·9–12·6) 24·3 (20·5–27·4) 7·0 (4·7–10·2) 3·7 (2·5–5·3) 8·3 (6·2–11·0) 3·2 (2·0–5·0)

Bosnia and Herzegovina 9·8 (5·7–13·8) 6·5 (2·9–10·5) 1·5 (0·6–4·2) 4·5 (2·4–6·9) 2·6 (1·0–4·4) 0·8 (0·2–2·2)

Bulgaria 8·9 (6·9–11·3) 7·6 (5·8–9·3) 1·9 (1·2–3·0) 5·4 (3·8–7·1) 4·1 (2·9–5·7) 1·3 (0·7–2·1)

Croatia 9·0 (7·4–10·4) 3·6 (2·5–4·8) 0·9 (0·5–1·6) 3·8 (3·0–4·5) 1·3 (0·8–1·8) 0·4 (0·2–0·8)

Czech Republic 7·9 (4·6–11·4) 5·1 (2·3–8·2) 1·2 (0·4–3·5) 2·5 (1·3–3·6) 1·2 (0·4–2·3) 0·4 (0·1–1·4)

Hungary 11·6 (9·7–13·4) 4·1 (2·9–5·7) 1·1 (0·6–1·9) 3·4 (2·7–4·4) 1·6 (1·1–2·2) 0·5 (0·3–0·9)

Macedonia 15·2 (12·1–18·6) 9·7 (7·1–12·3) 1·6 (1·0–2·6) 7·4 (5·5–9·7) 3·7 (2·4–5·5) 0·8 (0·4–1·4)

Montenegro 13·6 (7·5–21·0) 9·7 (4·2–16·2) 2·0 (0·7–5·7) 5·4 (3·0–8·0) 3·2 (1·3–5·7) 0·9 (0·3–2·6)

Poland 12·1 (10·1–13·9) 5·7 (4·1–7·5) 1·3 (0·8–2·2) 4·4 (3·3–5·8) 1·6 (1·0–2·3) 0·5 (0·3–0·9)

Romania 10·6 (8·2–13·8) 16·9 (13·5–20·0) 3·2 (2·0–5·0) 6·2 (4·5–8·2) 7·4 (5·2–10·0) 1·6 (1·0–2·6)

Serbia 8·1 (5·9–10·9) 3·7 (2·3–5·6) 0·9 (0·5–1·7) 2·7 (2·1–3·3) 1·0 (0·6–1·4) 0·3 (0·2–0·6)

Slovakia 7·7 (6·2–9·3) 5·2 (3·9–6·4) 1·3 (0·8–2·1) 3·8 (2·7–5·0) 2·2 (1·4–3·3) 0·7 (0·4–1·2)

Slovenia 6·6 (5·3–7·8) 3·1 (2·2–4·2) 0·9 (0·5–1·6) 2·1 (1·5–2·6) 0·8 (0·5–1·2) 0·4 (0·2–0·7)

Europe, eastern

Belarus 12·8 (7·7–17·7) 6·6 (3·0–11·5) 2·2 (0·8–6·1) 5·7 (3·1–8·6) 3·6 (1·5–5·9) 1·2 (0·4–3·4)

Estonia 10·9 (8·7–13·2) 5·3 (3·9–6·9) 2·0 (1·2–3·3) 3·3 (2·4–4·2) 2·2 (1·6–2·9) 0·8 (0·5–1·3)

Latvia 10·0 (7·9–12·2) 5·5 (4·0–7·0) 1·8 (1·1–3·0) 5·2 (3·8–6·8) 3·2 (2·3–4·3) 1·1 (0·6–1·9)

Lithuania 8·1 (6·3–9·8) 4·9 (3·6–6·2) 1·5 (0·9–2·5) 3·4 (2·5–4·5) 2·6 (1·9–3·4) 0·8 (0·5–1·4)

Moldova 17·2 (13·5–21·5) 14·8 (11·6–17·8) 3·5 (2·3–5·6) 5·6 (4·2–7·7) 6·6 (4·9–8·1) 1·5 (0·9–2·5)

Russia 16·1 (9·7–21·9) 8·1 (3·6–13·7) 2·7 (1·0–7·1) 8·2 (4·5–12·1) 4·8 (2·0–7·8) 1·6 (0·6–4·3)

Ukraine 14·2 (11·6–16·5) 4·9 (3·5–6·5) 2·6 (1·6–4·3) 9·9 (7·7–12·4) 3·7 (2·6–5·1) 2·0 (1·2–3·3)

(Continues on next page)
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Figure 5 shows worldwide under-5 mortality in 2010 
(worldwide under-5 mortality in 1970 and 1990 is shown 
in webappendix pp 207–08). Improvement in 
under-5 mortality is visible in all regions—by 2010, 
mortality is less than 200 per 1000 in all countries, 

whereas in 1970, 40 countries had rates higher than this 
level. The USA, UK, New Zealand, and South Korea lag 
behind other high-income countries, having failed to 
reach rates of under-5 mortality of less than fi ve per 
1000 by 2010. Latin America and the Caribbean have 

1990 2010

Neonatal Postneonatal Childhood Neonatal Postneonatal Childhood

(Continued from previous page)

Europe, western

Andorra 5·8 (3·3–7·8) 2·8 (1·1–5·0) 0·8 (0·3–2·5) 3·0 (1·6–4·1) 1·4 (0·5–2·7) 0·5 (0·1–1·4)

Austria 6·6 (5·3–7·8) 3·3 (2·4–4·5) 0·9 (0·6–1·6) 2·2 (1·6–2·9) 1·3 (0·8–1·7) 0·4 (0·2–0·7)

Belgium 5·8 (4·4–7·0) 3·6 (2·5–4·6) 0·9 (0·5–1·6) 2·2 (1·6–3·0) 1·7 (1·1–2·2) 0·4 (0·2–0·8)

Cyprus 7·9 (4·6–10·6) 3·8 (1·5–6·8) 1·2 (0·4–3·3) 1·7 (0·9–2·6) 0·8 (0·3–1·6) 0·3 (0·1–0·9)

Denmark 5·4 (4·3–6·4) 2·4 (1·7–3·3) 0·9 (0·5–1·5) 2·5 (1·8–3·3) 1·2 (0·7–1·7) 0·4 (0·2–0·8)

Finland 4·6 (3·7–5·5) 1·8 (1·2–2·4) 0·7 (0·4–1·2) 1·9 (1·4–2·5) 0·8 (0·5–1·2) 0·3 (0·2–0·6)

France 5·1 (4·0–6·2) 3·5 (2·5–4·4) 0·9 (0·6–1·6) 2·1 (1·5–2·8) 1·4 (0·9–1·9) 0·4 (0·2–0·7)

Germany 5·5 (3·1–7·4) 2·6 (1·0–4·8) 0·8 (0·3–2·4) 2·5 (1·3–3·6) 1·2 (0·4–2·3) 0·4 (0·1–1·3)

Greece 7·5 (6·2–8·5) 3·0 (2·1–3·9) 0·7 (0·4–1·3) 2·4 (1·8–3·1) 1·0 (0·7–1·4) 0·3 (0·1–0·5)

Iceland 4·1 (2·3–5·8) 2·0 (0·7–3·7) 0·6 (0·2–1·9) 1·6 (0·8–2·4) 0·8 (0·3–1·5) 0·3 (0·1–0·9)

Ireland 5·9 (4·6–7·0) 3·1 (2·2–4·1) 0·9 (0·5–1·6) 2·5 (1·8–3·2) 1·2 (0·8–1·7) 0·4 (0·2–0·7)

Israel 7·1 (5·6–8·4) 3·8 (2·8–4·9) 1·2 (0·8–2·1) 2·7 (1·9–3·5) 1·5 (1·0–2·0) 0·5 (0·3–0·9)

Italy 7·0 (5·8–7·9) 2·3 (1·6–3·2) 0·7 (0·4–1·3) 2·3 (1·8–2·9) 0·7 (0·5–1·1) 0·3 (0·1–0·5)

Luxembourg 5·6 (3·2–7·7) 2·7 (1·0–4·9) 0·8 (0·3–2·5) 1·8 (1·0–2·7) 0·9 (0·3–1·6) 0·3 (0·1–1·0)

Malta 7·0 (3·9–9·6) 3·3 (1·3–6·0) 1·0 (0·3–3·1) 3·2 (1·7–5·0) 1·6 (0·5–3·0) 0·5 (0·2–1·6)

Netherlands 5·7 (4·5–6·7) 2·3 (1·6–3·2) 0·9 (0·6–1·6) 2·7 (2·1–3·5) 1·1 (0·7–1·5) 0·4 (0·2–0·8)

Norway 5·2 (4·0–6·2) 2·7 (1·9–3·6) 1·0 (0·6–1·7) 1·9 (1·4–2·5) 1·0 (0·7–1·4) 0·4 (0·2–0·7)

Portugal 8·3 (6·6–10·1) 5·0 (3·7–6·3) 1·8 (1·1–2·9) 1·9 (1·3–2·6) 0·9 (0·6–1·3) 0·5 (0·3–0·9)

Spain 5·7 (3·3–7·7) 2·7 (1·1–4·9) 0·8 (0·3–2·5) 2·3 (1·2–3·3) 1·1 (0·4–2·1) 0·4 (0·1–1·2)

Sweden 4·6 (3·6–5·4) 2·0 (1·4–2·7) 0·6 (0·4–1·1) 1·5 (1·1–2·1) 0·9 (0·6–1·2) 0·3 (0·1–0·5)

Switzerland 5·4 (4·2–6·4) 2·5 (1·7–3·4) 0·9 (0·5–1·6) 2·6 (1·9–3·4) 1·2 (0·8–1·7) 0·4 (0·2–0·8)

UK 5·6 (4·5–6·8) 3·3 (2·4–4·3) 0·8 (0·5–1·4) 3·1 (2·4–4·0) 1·7 (1·1–2·4) 0·5 (0·3–0·8)

Latin America, Andean

Bolivia 35·7 (27·8–44·8) 37·9 (30·8–44·6) 34·1 (24·8–45·3) 19·3 (13·9–24·1) 17·1 (12·5–20·9) 11·0 (6·9–15·4)

Ecuador 14·4 (11·3–18·2) 23·7 (19·8–27·1) 12·9 (9·1–18·0) 6·0 (4·5–8·1) 10·9 (8·6–13·0) 4·1 (2·6–6·3)

Peru 25·9 (20·0–32·7) 25·4 (20·4–30·1) 23·2 (16·7–31·0) 11·3 (8·6–14·5) 8·2 (6·0–10·5) 5·3 (3·3–8·3)

Latin America, central

Colombia 14·8 (11·7–18·4) 12·8 (10·1–15·3) 6·0 (4·0–9·2) 8·6 (7·0–10·8) 5·0 (3·6–6·9) 1·8 (1·1–3·2)

Costa Rica 11·2 (9·0–13·6) 8·5 (6·4–10·4) 1·8 (1·1–3·1) 5·3 (4·1–6·6) 3·0 (1·9–4·0) 0·5 (0·2–0·9)

El Salvador 22·4 (12·9–34·7) 25·4 (14·2–34·9) 12·8 (5·9–23·3) 9·3 (5·1–14·2) 7·7 (3·6–11·8) 2·4 (0·9–6·1)

Guatemala 22·8 (17·5–28·9) 34·6 (28·4–39·6) 20·4 (14·4–27·5) 10·2 (7·5–13·7) 16·2 (12·8–19·6) 5·9 (3·7–9·2)

Honduras 22·4 (17·0–28·3) 19·1 (15·2–22·8) 15·9 (11·1–21·9) 11·4 (8·8–14·4) 7·0 (5·1–9·0) 4·3 (2·5–6·8)

Mexico 14·0 (10·9–18·1) 21·2 (17·7–24·2) 7·1 (4·8–10·6) 6·6 (4·9–8·5) 8·2 (6·2–9·7) 1·9 (1·1–3·1)

Nicaragua 22·4 (17·4–28·3) 28·8 (23·7–33·2) 14·1 (9·8–20·1) 11·3 (8·5–14·8) 11·4 (8·7–14·6) 4·2 (2·6–6·7)

Panama 12·8 (9·9–15·7) 10·5 (8·3–12·6) 4·8 (3·0–7·2) 8·9 (6·7–11·1) 6·6 (4·8–8·5) 2·6 (1·4–4·1)

Venezuela 14·8 (11·7–18·1) 11·3 (8·7–13·8) 3·5 (2·3–5·6) 9·3 (7·1–11·6) 5·4 (3·7–7·6) 1·4 (0·8–2·5)

Latin America, southern

Argentina 15·5 (12·6–18·6) 10·5 (7·9–13·0) 2·2 (1·4–3·6) 8·2 (6·4–10·1) 3·8 (2·4–5·5) 0·9 (0·5–1·7)

Chile 9·2 (7·2–11·2) 7·6 (5·6–9·4) 1·5 (0·9–2·5) 3·8 (2·9–4·9) 2·1 (1·3–3·0) 0·6 (0·3–1·0)

Uruguay 11·6 (9·3–14·0) 9·2 (7·0–11·2) 1·5 (1·0–2·5) 6·2 (4·6–8·2) 4·5 (3·0–6·0) 0·9 (0·5–1·6)

Latin America, tropical

Brazil 21·6 (17·1–27·0) 23·8 (19·2–27·3) 7·5 (5·0–11·1) 10·1 (7·7–12·4) 8·2 (5·8–10·3) 1·7 (1·0–2·9)

Paraguay 16·7 (12·9–20·5) 13·6 (10·8–16·0) 7·9 (5·2–11·3) 10·3 (7·9–13·7) 7·3 (5·3–9·9) 3·5 (2·1–5·8)
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made good progress overall, but Bolivia, Haiti, Dominica, 
and Antigua and Barbuda have rates higher than 40 per 
1000. Of all 38 countries in the world with under-5 mortality 
higher than 80 per 1000 in 2010, 34 are in sub-Saharan 
Africa. Countries in southern Africa have notably lower 
under-5 mortality rates than do countries in other sub-

Saharan regions; the west sub-Saharan African countries 
of Nigeria, Guinea-Bissau, Niger, Mali, Chad, and 
Equatorial Guinea have the highest rates of 
under-5 mortality in the world. In north Africa and the 
Middle East, only Yemen has a rate of under-5 mortality 
of more than 40 per 1000 and 12 countries have rates of 

1990 2010

Neonatal Postneonatal Childhood Neonatal Postneonatal Childhood

(Continued from previous page)

North Africa and Middle East

Algeria 25·0 (15·5–36·2) 18·6 (9·9–27·7) 9·8 (4·4–19·2) 11·8 (6·9–16·4) 5·6 (2·0–10·1) 2·0 (0·6–5·7)

Bahrain 11·2 (9·3–14·2) 5·4 (4·1–7·3) 2·5 (1·6–4·2) 4·7 (3·5–6·0) 2·1 (1·3–3·0) 0·7 (0·4–1·3)

Egypt 32·4 (25·8–39·7) 32·0 (26·4–37·1) 23·5 (16·8–32·0) 14·4 (11·7–16·9) 7·5 (5·5–9·6) 3·0 (1·8–4·9)

Iran 29·1 (17·9–43·2) 24·0 (13·5–35·0) 13·8 (6·7–25·7) 17·1 (10·4–24·7) 10·0 (4·8–16·5) 4·4 (1·7–10·1)

Iraq 27·0 (16·3–39·3) 20·9 (11·5–30·7) 11·6 (5·4–21·9) 17·3 (10·4–25·2) 10·1 (4·9–17·2) 4·5 (1·7–10·5)

Jordan 18·0 (14·7–21·3) 11·1 (8·6–13·6) 4·7 (3·0–7·1) 9·4 (7·8–11·4) 3·6 (2·4–5·1) 1·1 (0·6–2·1)

Kuwait 8·0 (6·4–9·8) 3·8 (2·5–5·1) 1·1 (0·6–1·9) 5·3 (4·0–6·9) 2·0 (1·2–3·2) 0·5 (0·3–1·0)

Lebanon 17·1 (10·6–23·8) 10·2 (5·0–16·0) 4·4 (1·8–9·7) 7·0 (4·1–10·4) 2·5 (1·0–5·2) 0·7 (0·2–2·4)

Libya 19·6 (12·2–27·8) 12·6 (6·4–19·6) 5·8 (2·5–12·2) 8·5 (5·0–12·2) 3·4 (1·3–6·3) 1·1 (0·3–3·2)

Morocco 34·5 (27·9–41·2) 26·1 (20·9–30·8) 18·3 (12·9–25·6) 19·1 (15·4–22·7) 9·2 (6·3–12·3) 4·4 (2·5–7·1)

Occupied Palestinian 
territories

21·3 (13·4–30·2) 14·3 (7·4–21·9) 6·9 (2·9–13·9) 13·1 (7·7–18·5) 6·6 (2·8–11·4) 2·5 (0·9–6·1)

Oman 19·3 (12·2–28·2) 12·4 (6·1–19·9) 5·8 (2·5–13·0) 6·6 (3·6–8·5) 2·2 (0·7–4·3) 0·6 (0·1–1·8)

Qatar 10·1 (6·3–13·5) 4·4 (1·9–7·8) 1·4 (0·5–3·9) 7·2 (4·3–9·6) 2·6 (1·0–5·1) 0·7 (0·2–2·4)

Saudi Arabia 16·4 (9·6–22·8) 9·5 (4·3–15·4) 3·9 (1·4–9·5) 9·6 (5·6–13·6) 4·1 (1·6–7·8) 1·3 (0·4–4·0)

Syria 17·4 (10·7–24·0) 10·3 (5·0–16·5) 4·5 (1·9–9·8) 7·7 (4·9–10·3) 2·9 (1·1–5·6) 0·9 (0·3–2·6)

Tunisia 21·3 (16·9–26·3) 16·4 (13·1–19·9) 10·4 (7·1–15·0) 9·4 (6·7–12·3) 4·2 (2·6–6·5) 1·6 (0·8–3·2)

Turkey 30·3 (24·5–37·4) 29·8 (24·6–34·7) 12·9 (8·8–18·8) 16·4 (11·5–17·6) 9·7 (6·0–11·3) 3·4 (1·8–5·0)

United Arab Emirates 10·2 (6·2–14·2) 4·4 (1·8–8·1) 1·5 (0·5–4·2) 2·4 (1·4–3·4) 0·5 (0·1–1·4) 0·1 (0·0–0·4)

Yemen 46·0 (35·6–57·3) 49·0 (39·7–57·2) 39·2 (28·4–52·7) 27·8 (21·9–34·6) 21·3 (15·8–27·1) 12·1 (7·4–19·1)

North America, high income

Canada 5·4 (4·3–6·5) 2·6 (1·8–3·5) 0·8 (0·5–1·4) 2·9 (2·1–3·8) 1·5 (1·0–2·1) 0·5 (0·3–0·8)

USA 7·2 (5·8–8·5) 3·4 (2·4–4·6) 1·0 (0·6–1·7) 3·9 (3·0–4·9) 2·2 (1·5–2·9) 0·6 (0·3–1·1)

Oceania

Fiji 18·6 (10·6–27·2) 11·9 (5·4–18·8) 5·1 (2·0–11·2) 14·5 (8·2–22·2) 8·8 (3·9–14·8) 3·6 (1·4–8·5)

Federated States of 
Micronesia

28·3 (16·6–42·0) 19·8 (10·1–31·1) 9·2 (3·9–18·9) 14·1 (7·5–21·3) 8·3 (3·5–14·4) 3·5 (1·3–8·3)

Kiribati 36·6 (21·8–51·9) 27·6 (14·7–40·5) 13·4 (6·0–26·0) 23·8 (13·5–35·0) 16·1 (7·8–25·3) 7·2 (3·0–15·5)

Marshall Islands 25·6 (15·1–37·2) 18·0 (8·7–27·4) 8·1 (3·3–16·7) 19·9 (11·1–29·3) 12·8 (6·0–19·8) 5·6 (2·1–12·4)

Papua New Guinea 46·6 (28·6–68·0) 37·7 (20·8–55·4) 19·2 (9·0–36·0) 39·3 (23·4–61·1) 30·4 (15·6–47·4) 15·2 (6·6–30·7)

Samoa 15·9 (9·2–23·6) 9·8 (4·5–16·5) 4·1 (1·6–9·7) 10·5 (5·7–15·3) 5·9 (2·5–10·2) 2·3 (0·9–6·1)

Solomon Islands 20·0 (11·8–28·8) 13·1 (6·1–21·1) 5·7 (2·3–12·6) 15·8 (8·9–23·0) 9·7 (4·3–16·2) 4·1 (1·5–9·4)

Tonga 14·0 (7·9–20·5) 8·4 (3·7–14·2) 3·5 (1·3–8·3) 10·8 (5·7–15·9) 6·1 (2·5–10·1) 2·4 (0·8–6·3)

Vanuatu 26·7 (15·5–39·1) 18·5 (9·4–29·0) 8·5 (3·6–18·2) 12·7 (7·3–19·1) 7·4 (3·2–13·0) 3·0 (1·1–7·5)

Sub-Saharan Africa, central

Angola 52·3 (29·3–90·5) 84·1 (49·9–121·2) 120·1 (76·2–160·2) 37·3 (20·4–64·2) 47·0 (26·6–70·0) 56·9 (31·1–84·5)

Central African Republic 46·6 (35·6–60·3) 60·0 (48·8–71·7) 66·9 (50·9–85·1) 41·2 (31·4–54·5) 50·2 (39·1–63·0) 53·5 (38·1–71·2)

Congo 30·1 (22·7–40·0) 38·3 (30·9–46·8) 45·2 (34·8–58·2) 29·7 (22·5–39·6) 37·7 (30·0–46·9) 44·2 (32·6–59·5)

Democratic Republic of 
the Congo

39·8 (29·4–53·1) 65·9 (52·1–80·1) 89·0 (69·3–107·9) 32·6 (24·0–43·9) 47·1 (36·6–57·7) 57·5 (42·8–73·6)

Equatorial Guinea 44·0 (24·7–75·8) 63·0 (37·3–90·9) 83·1 (50·7–115·7) 44·4 (24·4–75·3) 63·6 (37·0–93·7) 83·8 (50·0–119·2)

Gabon 31·1 (22·8–40·2) 29·7 (23·2–35·6) 36·1 (26·7–46·4) 25·6 (18·7–33·6) 20·9 (15·4–26·5) 23·4 (15·8–32·9)

(Continues on next page)
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less than 20 per 1000. Pakistan and Afghanistan have the 
highest rates of under-5 mortality in south Asia. In 
southeast Asia, under-5 mortality is less than ten per 
1000 in Thailand and Malaysia. Rates of under-5 mortality 
in the Philippines and Indonesia are twice as high as 

those in other countries in southeast Asia; Laos, 
Cambodia, Timor-Leste, and Burma have rates that are 
three to four times higher.

The GPR method and enhanced database used in this 
study allow for a detailed assessment of rates of decline 

1990 2010

Neonatal Postneonatal Childhood Neonatal Postneonatal Childhood

(Continued from previous page)

Sub-Saharan Africa, east

Burundi 37·6 (28·2–51·7) 46·5 (36·4–60·1) 101·8 (84·3–122·3) 31·2 (22·3–42·2) 35·7 (27·0–46·2) 69·0 (51·6–89·9)

Comoros 46·9 (37·4–57·5) 39·3 (31·7–46·4) 34·1 (24·8–46·0) 29·2 (22·7–37·1) 20·5 (15·4–26·1) 13·1 (8·2–20·0)

Djibouti 32·3 (18·1–54·8) 37·2 (21·0–55·2) 44·8 (25·0–66·4) 22·4 (12·2–36·8) 23·3 (12·7–34·4) 22·5 (11·5–36·8)

Eritrea 33·7 (24·2–45·3) 36·8 (28·2–46·2) 78·8 (62·7–93·8) 22·1 (15·6–30·4) 21·8 (16·5–28·0) 36·3 (25·9–47·5)

Ethiopia 58·5 (44·7–75·1) 65·0 (51·6–78·3) 93·4 (72·7–114·8) 35·0 (26·6–45·7) 33·5 (26·3–43·2) 36·2 (25·3–50·1)

Kenya 30·1 (22·2–39·5) 38·6 (31·1–45·5) 38·8 (28·7–50·2) 25·9 (18·2–33·4) 31·0 (23·1–37·5) 27·6 (18·1–36·1)

Madagascar 37·4 (28·0–49·0) 55·1 (44·0–67·2) 74·3 (57·9–91·7) 22·0 (16·2–28·5) 25·7 (20·3–31·4) 24·6 (17·1–33·8)

Malawi 48·6 (36·3–64·1) 70·1 (55·2–85·3) 108·6 (86·0–130·6) 26·9 (19·9–36·0) 35·4 (27·5–44·0) 37·7 (26·2–52·1)

Mozambique 59·4 (46·1–75·6) 94·0 (76·0–109·3) 92·5 (70·1–115·9) 39·0 (28·1–50·3) 57·5 (44·0–69·1) 43·5 (29·2–58·6)

Rwanda 45·4 (33·3–59·5) 48·6 (37·9–59·9) 85·5 (67·3–103·6) 32·0 (23·9–42·3) 30·9 (23·2–39·7) 43·7 (30·3–58·1)

Somalia 44·4 (25·4–74·9) 56·6 (33·1–83·5) 83·9 (50·4–115·7) 32·6 (18·2–55·1) 37·4 (21·4–56·1) 45·7 (25·1–68·3)

Sudan 35·7 (26·7–47·0) 30·9 (24·1–38·3) 56·3 (44·1–70·9) 30·3 (21·9–39·0) 24·3 (18·1–30·7) 40·3 (28·4–54·7)

Tanzania 38·5 (29·1–50·4) 56·6 (45·4–67·8) 66·4 (51·6–82·9) 28·3 (20·7–37·1) 37·5 (28·9–46·0) 36·0 (24·6–49·1)

Uganda 42·2 (31·2–55·3) 56·1 (43·8–68·0) 79·5 (61·7–96·3) 31·9 (23·2–42·0) 40·5 (31·5–49·9) 49·0 (34·1–63·0)

Zambia 36·7 (27·5–48·2) 57·5 (45·0–70·5) 88·9 (71·0–106·7) 28·5 (21·4–38·2) 41·1 (31·9–51·0) 54·0 (40·1–69·3)

Sub-Saharan Africa, southern

Botswana 21·1 (15·6–26·7) 18·5 (13·9–22·9) 15·6 (10·6–21·6) 19·8 (14·4–27·0) 16·3 (11·0–23·4) 13·9 (8·2–21·7)

Lesotho 38·6 (29·8–47·9) 35·1 (28·1–41·6) 23·8 (16·4–33·1) 39·2 (28·9–50·4) 36·0 (25·5–47·3) 24·8 (14·7–36·8)

Namibia 26·1 (19·3–33·6) 22·9 (18·0–27·8) 24·8 (18·0–33·2) 22·5 (16·5–28·7) 16·4 (11·9–21·5) 17·1 (11·0–24·7)

South Africa 17·7 (13·2–23·0) 26·0 (21·1–30·2) 15·1 (10·3–20·8) 16·3 (12·0–21·6) 22·9 (17·6–28·6) 12·6 (8·1–19·0)

Swaziland 19·1 (13·9–25·5) 30·7 (24·5–36·6) 25·8 (18·8–34·1) 22·9 (16·6–31·6) 43·5 (31·4–58·1) 38·3 (25·2–54·5)

Zimbabwe 23·0 (17·2–29·8) 25·6 (20·6–30·7) 26·5 (19·4–34·8) 22·6 (16·8–29·7) 24·4 (17·8–32·5) 25·1 (16·6–35·2)

Sub-Saharan Africa, west

Benin 45·4 (33·3–59·8) 53·2 (41·9–64·9) 88·8 (69·9–107·5) 29·4 (20·9–39·8) 30·6 (23·8–38·2) 44·2 (32·7–57·2)

Burkina Faso 46·0 (34·2–60·6) 58·6 (45·4–73·7) 114·5 (93·0–135·5) 31·6 (22·8–43·3) 38·7 (28·7–49·7) 69·4 (51·6–87·0)

Cameroon 41·4 (30·6–54·6) 41·7 (33·1–51·2) 67·6 (53·0–83·8) 33·8 (24·5–46·5) 33·7 (25·6–43·3) 51·5 (37·2–69·9)

Cape Verde 20·2 (9·8–33·9) 17·3 (9·1–27·3) 21·9 (10·8–34·0) 13·0 (5·9–21·7) 9·4 (4·4–15·4) 10·3 (4·5–18·6)

Chad 50·6 (37·7–65·8) 65·7 (51·0–80·9) 110·3 (87·8–130·9) 41·5 (29·9–56·5) 53·5 (41·0–68·4) 83·6 (62·4–108)

Côte d’Ivoire 48·3 (36·8–61·8) 48·9 (39·2–58·5) 60·1 (45·6–76·3) 36·6 (27·0–48·0) 35·6 (27·7–44·3) 39·2 (28·1–53·7)

Ghana 39·5 (29·0–51·5) 30·4 (23·6–37·5) 57·5 (44·1–71·0) 28·1 (20·3–37·1) 19·2 (14·8–24·4) 32·2 (23·8–41·7)

Guinea 60·3 (45·5–78·6) 69·2 (54·7–84·7) 116 (92·3–139·8) 38·9 (28·7–51·7) 41·2 (31·5–51·2) 58·8 (43·1–76·7)

Guinea-Bissau 59·5 (34·7–100·7) 68·5 (40·0–103·5) 124·9 (80·0–164·7) 43·3 (24·1–74·4) 47·0 (26·9–71·4) 77·2 (45·6–107·1)

Liberia 65·6 (50·3–85·2) 95·7 (77·0–113·8) 95·1 (72·4–119·5) 31·7 (23·0–41·6) 39·1 (30·1–49·5) 31·5 (21·3–43·2)

Mali 68·5 (51·2–89·6) 64·8 (50·3–81·2) 143·7 (116·5–169·1) 47·0 (35·2–63·0) 41·6 (32·6–53·0) 81·6 (63·9–102·3)

Mauritania 40·6 (30·0–51·4) 30·4 (23·6–36·8) 46·3 (34·2–58·0) 33·2 (23·9–42·7) 22·7 (16·8–27·9) 32·1 (22·1–42·8)

Niger 53·8 (39·8–72·3) 76·8 (58·2–98·6) 195·2 (164·4–219·5) 31·3 (22·1–43·5) 43·4 (32·2–55·6) 94·7 (72·7–116·5)

Nigeria 49·0 (36·0–64·6) 50·1 (38·3–62·4) 107·9 (86·3–127·3) 41·3 (30·3–55·4) 40·5 (31·2–50·5) 83·5 (64·0–103·1)

Sao Tome and Principe 32·6 (17·0–56·3) 32·5 (18·3–50·3) 48·5 (27·0–70·2) 21·2 (10·1–37·2) 18·4 (9·7–30·3) 23·9 (10·9–39·7)

Senegal 39·3 (28·3–53·0) 33·8 (25·8–43·0) 80·4 (64·7–96·8) 29·2 (21·1–39·5) 19·8 (15·1–25·8) 40·1 (29·8–52·6)

Sierra Leone 61·8 (46·9–79·7) 95·2 (77·4–111·6) 106·6 (81·6–132·3) 38·6 (28·7–51·2) 55·0 (42·9–66·1) 52·3 (37·7–67·8)

The Gambia 40·8 (22·1–69·9) 43·0 (24·4–67·1) 69·6 (40·7–96·6) 25·8 (13·1–44·6) 23·9 (13·1–38·6) 33·3 (17·1–53·2)

Togo 41·5 (30·4–55·3) 37·4 (29·4–46·9) 70·5 (54·8–86·5) 30·1 (21·5–40·3) 24·0 (18·4–31·5) 40·2 (28·4–54·3)

Countries are grouped into 21 regions on the basis of epidemiological profi les and geography. See text for defi nitions of neonatal, postneonatal, and childhood mortality.

Table 2: Neonatal, postneonatal, and childhood mortality (uncertainty interval) per 1000 in 1990 and 2010
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in under-5 mortality. Webappendix p 209 shows the 
frequency distribution of yearly rates of change, calculated 
at each single year increment, across all countries from 
1970 to 2010. The median yearly rate of decline was 3·3% 
and the 10th percentile and 90th percentile rates of 
change were 0·8% and 6·4%, respectively. The empirical 
distribution of rates of change also shows that the MDG 4 
target rate of change corresponds to the 67th percentile. 
In 1970–90, the median rate of change across all country-
years was 3·2%, whereas in 1990–2010, the median rate 
of change was 3·3%. Yearly rates of change by country 
from 1990 to 2010 (calculated over the entire period) are 
shown in fi gure 6. Across all developing countries, the 
yearly rate of decline in under-5 mortality is 2·1%, a 35% 
decline overall. The fastest rates of decline occurred in 
many Latin American and north African countries. Some 
countries in sub-Saharan Africa have had yearly rates of 
decline of more than 3%—Comoros, Eritrea, Ethiopia, 
Liberia, Madagascar, Malawi, and Niger.

Figure 7 shows, for each of the 21 regions, the yearly 
rate of decline in under-5, neonatal, postneonatal, and 
childhood mortality from 1990 to 2010. In regions that 
consist of developing countries, the yearly rate of decline 
has been faster for childhood mortality than for 
postneonatal mortality, and slowest for neonatal mortality. 
The fastest rates of decline have been more than 6% per 
year for childhood mortality in Latin America Andean, 
Latin America tropical, Latin America central, and north 
Africa and the Middle East. The lowest rates of decline 
during the MDG 4 target window have been in Oceania 
and southern sub-Saharan Africa. In regions with 
developed countries, rates of decline are more uniform 
across neonatal, postneonatal, and childhood mortality 
and have stayed between 3% and 5% per year. Rates of 
decline in high-income countries in North America have, 
however, been notably lower.

During the MDG period (1990 to 2010), there is clear 
evidence of acceleration and deceleration in rates of decline 
in child mortality. Between 1990 and 2000, 31% of country-

years had rates of decline that were above the MDG 4 target 
rate of 4·4% per year. This proportion increased to 34% of 
country-years in 2000–10. Figure 8 shows the yearly 
percentage decline (median across countries) in under-5 
mortality in 1990–2000 compared with 2000–10 for the 
21 regions. Regions below the 45° equivalence line are 
showing deceleration and regions above the 45° line are 
showing acceleration. In 13 regions of the world, including 
all regions in sub-Saharan Africa, there is evidence of 
accelerating declines from 2000 to 2010 compared with 
1990 to 2000. Three high-income regions are showing a 
slowdown in decline, but 11 developing country regions 
are showing accelerations. This fi nding is particularly 
important since policy attention for the MDGs since the 
Millennium Declaration in 2000 might be leading to 
accelerations. The marked accelerations in decline in east 
Asia and central Asia deserve note since several studies39–41 
have reported the slow rate of improvement, especially in 
China, in the 1990s. From the perspective of the countries 
with the highest rates of mortality, the accelerations in 
rates of decline seen in all regions in sub-Saharan Africa 
are the most encouraging. Clearly these regions are far 
from the MDG 4 rate of decline, but there are signs of 
improving progress. Webappendix p 210 provides the rate 
of decline for each country in sub-Saharan Africa. Rates of 
decline have increased in 34 countries in sub-Saharan 
Africa for 2000–10 compared with 1990–2000 and have 
increased by 1% or more in Angola, Botswana, Cameroon, 
Congo, Democratic Republic of the Congo, Kenya, Lesotho, 
Liberia, Rwanda, Senegal, Sierra Leone, Swaziland, and 
The Gambia. In 25 countries in sub-Saharan Africa, rates 
of decline now exceed 2% per year; 11 countries have rates 
of decline in 1990–2000 and 2000–10 that are faster than 
the global median.

Discussion
Our analysis of 16 174 measurements of child mortality in 
187 countries shows that the number of deaths in children 
younger than 5 years dropped from 16 million in 1970 to 

Figure 6: Yearly percentage decline in mortality in children younger than 5 years between 1990 and 2010
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7·7 million in 2010. In developing countries, mortality in 
children younger than 5 years declined by 35% from 1990 
to 2010, a yearly rate of 2·1%. This rate of decline is lower 
than the MDG 4 target of 4·4% per year but represents 
substantial progress across countries; no countries have a 
rate of under-5 mortality of more than 200 per 1000 in 
2010 whereas 12 did in 1990. Although progress has been 
slowest in sub-Saharan Africa and Oceania, there is clear 
evidence of accelerating rates of decline in under-5 
mortality in all regions of sub-Saharan Africa. Rates of 
under-5 mortality in 25 countries in sub-Saharan Africa 
are now declining at more than 2% per year; in 34 countries 
in this region, the rate of decline has increased in the 
period 2000–10 compared with 1990–2000.

This assessment yields substantially lower estimates of 
child mortality than did previous studies. For example, 

UNICEF reported 8·77 million deaths in 2008, and we 
estimated 7·95 million for the same year. Our lower 
estimate is largely driven by newer surveys that show that 
declines in child mortality have been faster than projected 
and by the improved predictive validity of GPR compared 
with other methods. Loess forecasts used in the 2007 
analysis by Murray and colleagues1 tend towards the 
average long-term rate of decline in countries; when 
mortality decline is accelerating, these forecasts proved to 
be too conservative. The change in the overall numbers 
and the even more striking change in the estimated rates 
of decline from 1990 to 2008 due to new data and improved 
methods highlight why it is important to continually 
update and refi ne the measurement of child mortality. 
Our assessment of rates of change is also notably diff erent 
than that done by UNICEF; the correlation coeffi  cient of 
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yearly rates of change from 1990 to 2008 in the two 
analyses is 0·46. Our assessment of rates of change was 
based on more extensive data and methods that more 
carefully track changes in countries than was the UNICEF 
study. We can draw important lessons from countries 
with rapid rates of decline in child mortality, but equally, 
we might draw the wrong inferences if we study countries 
that are not really showing outstanding improvements. 
The study of positive deviants needs particularly robust 
measurement.

There is compelling evidence that several low-income 
countries in sub-Saharan Africa are experiencing an 
accelerated decline in child mortality. Our descriptive 
analysis does not explain this occurrence. Increasing 
coverage of health interventions such as immunisation, 
insecticide-treated nets, prevention of mother-to-child 
transmission of HIV, or antiretroviral drugs could be 
contributing to the accelerated decline in mortality, 
although this study provides no direct evidence of this 
relation. In an era in which the eff ectiveness of 
development assistance for health has become 
increasingly important, following up this study with 
careful country case studies will be crucial. Can we link 
the accelerated declines in mortality to the delivery of 
known, eff ective interventions? Are there policy lessons 
on how governments and other organisations have 

tackled particular child health problems? A further next 
step will be to relate levels and trends in child mortality 
to changes in the key drivers of child mortality, including 
income per head, levels of maternal education, the HIV 
epidemic, and possibly the secular trend in malaria 
intensity16 to help understand where country performance 
has been better than expected.

Examination of the distribution of yearly rates of change 
in under-5 mortality shows that the MDG 4 target of a 
reduction rate of 4·4% per year corresponds to performance 
at the 67th percentile level. With hindsight, we can ask 
whether setting the target at this level was appropriate or 
not. How much of a stretch should targets be? Looking 
past 2015, when a new round of health targets might be 
formulated, it will be important to base the choice of 
targets on an informed discussion of the distribution of 
progress across countries. This distribution of progress 
for child mortality also highlights that in 10% of country-
years, rates of decline can exceed 6·4% per year. Bursts of 
rapid decline are possible. For example, 66 countries have 
decreased child mortality by more than 30% in just 5 years 
during the period of this study. Such remarkable declines 
provide hope that accelerated progress is possible. At the 
same time, there is evidence of a slowing decline in 
mortality in some countries—the USA, UK, New Zealand, 
and South Korea show rates of decline that are slower than 
expected. These cases deserve further scrutiny to identify 
factors responsible for slowdowns in progress which 
might be amenable to intervention.

This study has several limitations. For the analysis of 
complete birth histories, concerns have been raised that 
in recent DHS surveys, interviewers might have been 
transferring births from year 5 to year 6 in the interview 
to avoid extra questions.42,43 We have analysed complete 
birth histories for 2-year intervals, which attenuates this 
eff ect. Additionally, we have included in the overall 
analysis the summary birth history data that are not 
aff ected by this occurrence. Results of a sensitivity 
analysis, which are covered in more detail in webappendix 
pp 10–16, suggest that birth transference has little eff ect 
on our estimates with the exception of Liberia. A study 
has shown that summary birth histories are very robust 
and might actually have less bias than do complete birth 
histories for the most recent periods.19 The same study 
also showed that in the presence of rapid mortality 
change, summary birth histories can smooth out true 
changes. In other words, in the presence of mortality 
shocks or accelerated declines, we might be 
underestimating the increase or decrease in mortality.

As noted in the methods section, the HIV epidemic 
might be leading to underestimation or in some cases 
overestimation of under-5 mortality rates in countries 
with large HIV epidemics. Our sensitivity analysis 
suggests that the range of biases is likely to be between 
an underestimation of ten per 1000 for the under-5 
death rate to an overestimation of six per 1000. The 
scale-up of interventions for HIV are probably decreasing 

Figure 8: Yearly percentage decline (median country) in under-5 mortality in 
2000–10 compared with 1990–2000, by region
Under-5 mortality is defi ned as the probability of death between birth and age 
5 years.
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