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ABSTRACT

Objective: Inadequate overall progress has been made
towards the 4th Millennium Development Goal of
reducing under-five mortality rates by two-thirds
between 1990 and 2015. Progress has been variable
across African countries. We examined health,
economic and social factors potentially associated with
reductions in under-five mortality (U5M) from 2000 to
2013.

Setting: Ecological analysis using publicly available
data from the 46 nations within the WHO African
Region.

Outcome measures: We assessed the annual rate of
change (ARC) of 70 different factors and their
association with the annual rate of reduction (ARR) of
U5M rates using robust linear regression models.
Results: Most factors improved over the study period
for most countries, with the largest increases seen for
economic or technological development and external
financing factors. The median (IQR) U5M ARR was
3.6% (2.8 to 5.1%). Only 4 of 70 factors demonstrated
a strong and significant association with USM ARRs,
adjusting for potential confounders. Higher ARRs were
associated with more rapidly increasing coverage of
seeking treatment for acute respiratory infection
(B=0.22 (ie, a 1% increase in the ARC was associated
with a 0.22% increase in ARR); 90% CI 0.09 to 0.35;
p=0.01), increasing health expenditure relative to gross
domestic product (B=0.26; 95% Cl 0.11 to 0.41;
p=0.02), increasing fertility rate (8=0.54; 95% Cl 0.07
to 1.02; p=0.07) and decreasing maternal mortality
ratio (B=—0.47; 95% Cl —0.69 to —0.24; p<0.01). The
majority of factors showed no association or raised
validity concerns due to missing data from a large
number of countries.

Conclusions: Improvements in sociodemographic,
maternal health and governance and financing factors
were more likely associated with USM ARR. These
underscore the essential role of contextual factors
facilitating child health interventions and services.
Surveillance of these factors could help monitor
which countries need additional support in reducing
U5M.

Strengths and limitations of this study

= This study represents a comprehensive analysis
of health factors and other determinants of
health associated with declining under-five mor-
tality in Africa.

m Study findings highlight the role of financing,
economy and the broader health system in more
rapidly reducing an already declining, albeit

slowly, under-five mortality rate above and
beyond the contribution of individual
interventions.

= Inferences of causality may be limited due to the
ecological study design and that the time
periods for change in coverage of the factors did
not always fully overlap with time periods for
change in under-five mortality.

m The small sample size (at most n=46 countries,
but often smaller due to missing data) limits the
validity of some associations and prevents
adjustment for too covariates.

INTRODUCTION
Under-five mortality (U5M) rates have declined
worldwide from an estimated 90 deaths per
1000 live births in 1990 to 46 deaths per 1000 in
2013, representing an average annual rate of
reduction (ARR) of 3%. Higher income
regions had an estimated U5M rate of 6 deaths
per 1000 live births in 2012 (3.8% ARR); they
account for only 1.4% of all under-five deaths.
In contrast, the WHO African Region (includ-
ing 46 countries in 2012; figure 1 and table 1)
experienced 90 underfive deaths per 1000 live
births in 2013 and a 1990-2013 ARR of 2.9%.'
Thus, African children are nearly 16 times
more likely to die under age five than children
from high income nations, though progress in
Affica is being made.

In 2000, the 4th Millennium Development
Goal (MDG4)* proposed the reduction of
the USM rate by two-thirds between 1990
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and 2015, requiring a global average ARR of 4.4% to
reach this goal. Africa has more than tripled its UsM
ARR from 1.3% in 1990-2000 to 4.2% in 2000-2013, but
the ARR achievements are inadequate to meet the
MDG4 Largets.] Proven cost-effective child survival inter-
ventions and proposed delivery channels for those inter-
ventions need to be scaled up.g_7 The Countdown to 2015
for Maternal, Newborn and Child Survival initiative was
created in 2005 to monitor the use of these evidence-
based interventions for maternal, neonatal and child
health.® In 2012, the Countdown’s 75 priority countries
accounted for >95% of all maternal and child deaths.” '
Of note, 41 (55%) of the 75 Countdown priority coun-
tries come from the 46 WHO African Region countries
(the exceptions were Algeria, Cape Verde, Mauritius,
Namibia and Seychelles).

In 2006, WHO, the United Nations Children’s Fund, and
the World Bank developed Child Survival Strategy for the
African Region aimed to support countries’ efforts to
reduce child deaths from preventable and treatable condi-
tions by scaling up coverage of effective interventions.’
These include antenatal care, postnatal care, infant and
young child feeding, the expanded programme on immu-
nisations, integrated management of common childhood
illness, prevention of mother-to-child transmission of HIV
and use of insecticide treated nets, among others. As of
2013, 38 of the 46 African countries had developed or
updated national child survival policies, strategies and
plans. Population coverage in the African Region has
increased with time, leading to high coverage of measles
vaccination, neonatal tetanus protection, antiretroviral
drugs for prevention of mother-to-child transmission of
HIV and at least one antenatal care visit for every pregnant
woman.'! Coverage of other interventions remain low,
however, in spite of recent increases in coverage, including
exclusive breastfeeding, pneumococcus and Haemophilus
influenzae vaccination, treatment of childhood diarrhoea,
pneumonia and malaria, and use of insecticide treated
nets. Despite progress, Africa is not on track to reach
MDG4 due to inconsistent and suboptimal implementation
and scale-up of evidence-based maternal, neonatal and
child health interventions.'” With variable progress across
countries in improving child survival in Africa, understand-
ing factors associated with the most rapid changes in UbM
reductions could assist regional and country efforts to
improve child survival in the post-2015 era.

We sought to identify proximal (eg, interventions and
services) and distal (eg, socioeconomic) factors influen-
cing how rapidly countries reduce U5M, as evidenced by
their ARR. An ecological analysis of country-level data
was used to determine which factors previously reported
to reduce UbM are also the factors most strongly asso-
ciated with higher ARRs in Affrica.

METHODS

The study was approved by the Institutional Review
Boards at Vanderbilt University.

Mortality data were obtained for the period 2000-
2013, while data on all factors of interest were obtained
for the period 1998-2011. These are described in detail
below.

Under-five mortality data
We obtained country-specific USM rates from annual
estimates provided by http://www.childmortality.org, the
data used in the United Nations Children’s Fund
(UNICEF) Report on Levels and Trends in Child Mortality.
For each of the 46 WHO African Region countries, the
estimated UbBM rates for 2000 and 2013 (the latest esti-
mates available at the time of the analysis (accessed June
2015)) were obtained and the ARR from 2000 to 2013
was calculated. Use of the ARR as an outcome facilitates
interpretation of results in the context of MDG4 pro-
gress metrics.

The USM ARR reflects a constant rate of change in
the USM rate between two time periods and is calcu-
lated using the following equation (equation 1):

ARR = (M) x (—100)

where vy, is the mortality rate for a given year (eg, 2000)
and n is the number of years between the two rates (eg,
13 years when calculating ARR from 2000 and 2013
rates). Consistent with how it is calculated and reported
by UNICEF' and others,'” the ARR is expressed as a per
cent and will have a positive value when a country is
reducing its mortality rate. As an example, an ARR of
4.4% or greater is needed for a country to meet MDG4
of reducing USM by two-thirds between 1990 and 2015.
In the years leading up to 2015, expressing the reduc-
tion in USM as an ARR made it possible to monitor pro-
gress across countries and over different time periods.

Factors potentially associated with child mortality
|dentification

Since we wanted to assess a broad range of factors poten-
tially associated with UbM ARR, factors to be used in the
analysis included those monitored by Countdown to
2015 as well as others identified through a comprehen-
sive literature search of the PubMed database. We
searched for studies on under-five, infant or neonatal
mortality within any of the 46 countries in the WHO
African Region that were published between 2002 and
2012. Abstracts were reviewed to identify factors that
were (1) associated with under-five, infant or neonatal
mortality, (2) not already reported by Countdown to
2015 and (3) had aggregate country-level data available
for the analysis. Thirty-four factors met these criteria.
These were combined with 20 Countdown 2015 inter-
vention indicators (or closely related) and 16 non-
intervention indicators reported in the Countdown 2015
country profiles (or were closely related). The final list
used in the analysis included 70 factors from the
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following categories: sociodemographics (18 factors),
access to healthcare (16), governance and financing
(11), maternal health (6), child survival interventions
(7), clinical and health conditions (7), and other
country infrastructure (5) (see online supplemental

table S1).

Data sources and inclusion criteria

Data for 58 (83%) of the 70 indicators were obtained
from the World Bank Data Catalogue.'® The World Bank
Data Catalogue is a repository of national, regional and
global indicator data that have been compiled from
officially recognised international sources. In many
instances, a single indicator may be derived from mul-
tiple data sources using modelling or aggregation techni-
ques. Data for the remaining 12 factors not available
through the World Bank Data Catalogue were obtained
directly from each country’s Demographic and Health
Surveys14 (10 factors) or Countdown 2015 country pro-
files (2 factors).® ' In total, 26 (37%) of 70 factors were
obtained entirely or in part from country Demographic
and Health Surveys or other household survey data,
including the majority of the maternal health, access to
healthcare and child survival intervention factors. Other
sources included data collected and maintained by
WHO, various UN divisions, UNAIDS, the Organisation
for Economic Co-operation and Development, and the
World Bank (see online supplemental tables S2 and S3
for further details).

For each of the 46 WHO African Region countries,
data on the 70 factors were obtained that corresponded
as close as possible to the years 2000 and 2011. To be
considered sufficient for inclusion in the analyses, data
for each factor had to meet the following three criteria:
(1) reported for one of the years between 1998 and
2003, termed 2000 data, (2) reported for one of the
years between 2006 and 2011, termed 2011 data and (3)
the pair of data points for each factor had to be at least
5 years apart in order to minimise incorrect extrapola-
tion when calculating changes in the indicator. If any of
these criteria were not met, the change over time for
that particular factor was not calculated and was
deemed missing.

Indicator annual rate of change calculation

The annual rate of change (ARC) for each indicator is
conceptually similar to the ARR for UbM and was calcu-
lated using the same ARR equation shown above in
equation 1 but with one difference: the rate of change is
multiplied by positive 100 instead of negative 100 so that
the ARC has a negative value when the indicator
decreases over time (ie, Coverageoy;; <Coveragesggo)
and a positive value when the indicator increases over
time (equation 2):

ARC = (M> x (100)

n

This is in contrast to the UbM ARR which has a positive
value when mortality is decreasing over time (ie,

UbMgg13 <UbMaggp) -

Statistical analysis

The dependent variable of interest was the USM ARR
for 2000-2013. Each indicator ARC was an independent
variable of interest. Both indicator ARCs and U5SM ARR
were analysed as continuous variables and no transfor-
mations were performed. The distribution of ARRs was
inspected visually and was confirmed to be approxi-
mately normal by the Shapiro-Wilk test for normality
(p=0.33). Associations were explored using linear regres-
sion. Given the sample size (n=46 countries), results
from traditional linear regression methods may be overly
influenced by outliers. These outliers, however, likely
represent true data rather than data errors and exclu-
sion would unnecessarily decrease the sample size.
Hence, robust linear regression was used to minimise
the influence of outlying observations, without exclud-
ing them'>"” using iteratively reweighted least squares
(M-estimation with Huber weighting).

Multivariable robust linear regression models were fit
for each factor of interest, resulting in 70 different
regression models (one for each factor). A standard set
of factors was identified a priori to be included in each
model as covariates to adjust for potential confounding
of the specific factor association being analysed. Given
the sample size of 46 countries, at most, a decision was
also made a priori to include no more than five covari-
ates in the multivariable analyses to avoid overfitting. We
selected the following factor ARCs for inclusion as cov-
ariates in each model based on previous ecological
studies, consideration of what macro-level or system-level
factors would influence the majority of the factors, and
having nearly complete data: (1) access to improved
water source, (2) health expenditure (relative to gross
domestic product (GDP)), (3) adult HIV prevalence,
(4) urban population prevalence and (5) receipt of
antenatal care (when applicable). All regression models
included these core factor ARCs as covariates unless
expected to be highly correlated with the primary indi-
cator of interest (eg, improved water sources was
excluded from the model for the association between
improved sanitation facilities; health expenditure relative
to GDP was excluded from the model for the association
between health expenditure relative to government
expenditure). Changes in the receipt of antenatal care
was only included when the indicator being analysed
would occur following the pregnancy period (eg, mater-
nal mortality ratio, births delivered at a health facility,
measles immunisation, wasting prevalence) and was not
included for sociodemographic factors, macro-level
factors such as health expenditure and system-level
factors such as physician density.

The estimated robust linear regression B coefficient
for each indicator ARC and U5M ARR association can
be interpreted as the change in ARR associated with
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every 1% increase in the indicator ARC. For example, a
B coefficient of 0.20 indicates that for every 1% increase
in the indicator ARC there is a corresponding 0.2%
increase in the ARR. Stated differently, a 5% increase in
the indicator ARC (eg, 6% ARC compared to 1% ARQC)
corresponds to a 1% increase in the ARR (eg, 4% ARR
vs 3% ARR). To help avoid type II errors, which can
occur with small samples, we reported all associations
when the p values were <0.10, acknowledging that some
of these associations may be due to chance alone, espe-
cially with higher p values. We report an indicator to be
strongly associated with ARR when the adjusted B coeffi-
cient is >0.20 or <-0.20.

A preliminary analysis showed significantly different
ARRs between countries reporting a specific indicator
and countries not reporting a specific indicator when
the indicator was reported by <50% of the countries.
Since these differences suggest selection bias, we only
present results for those factors for which at least 23
countries (>50%) have sufficient data (ie, non-missing
indicator data for both time periods). Results for all
factors are available in online supplemental tables S4
and S5.

All analyses were conducted using R-software V.2.15.2
(http:/ /www.r-project.org).

RESULTS

Country-specific progress in USM

As of 2013, UBM rates and corresponding ARRs for each
of the 46 WHO African countries vary widely, with a
median (IQR) of 3.6% (2.8% to 5.1%; figure 1; table 1).
Eleven countries (Eritrea, Ethiopia, Liberia, Madagascar,
Malawi, Mozambique, Niger, Rwanda, Senegal, Tanzania
and Uganda) have met or are on track to meet their
MDG4 target. An additional four countries (Algeria,
Cape Verde, Mauritius and Seychelles) are considered
on track due to USM rates <40 per 1000. Eight countries
were making very little progress with ARRs <2%: Angola,
Central African Republic, Chad, Comoros, Ghana,
Lesotho, Mauritania and Zimbabwe. Of the remaining
23 countries, some were making good progress but
will fall just short of their MDG4 target (eg, Congo,
Mali and Zambia), while others were making some pro-
gress but still have a considerable ways to go before
reaching MDG4 (eg, Cameroon, Kenya and South
Africa; table 1).

Descriptive results of selected factors

Of the 70 factors identified, 60 (86%) had sufficient
data from at least one country for the period 2000-2011.
Of these, 41 (68%) factors had data for at least 50% of
the countries and are shown in table 2. The largest
ARCs were generally observed for factors related to eco-
nomic or technological development and external finan-
cing, ranging from an ARC of 4.2% (GDP per capita) to
29% (internet users) and including, for example, exter-
nal resources for health (ARC of 6.2%). An extremely

large ARC also occurred for use of insecticide-treated
bednets (ARC of 29.0%), an intervention which can be
rapidly scaled up and which also had the lowest coverage
at the start of the study period (2% in 2000). In contrast,
vitamin A supplementation had very high coverage at
the start of the study period (91%) and did not change
dramatically over time (ARC of —0.3%). Coverage of
other child survival interventions or access to healthcare
generally improved over the study period with ARCs
from 1.2% to 4.0%. Some countries, however, had wor-
sening coverage over time as indicated by negative ARCs
in the IQR. Adverse health conditions improved slowly
over the study period with ARCs from —0.3% to —1.9%,
and the largest improvement was seen for maternal mor-
tality ratio (ARC of —3.7%). Similar to the adverse
health conditions, sociodemographic factors improved
over the study period for nearly all countries, with ARCs
ranging from 0.1% to 3.2%. Details of all indicator ARCs
are in online supplemental table S4.

Associations between indicator ARCs and USM ARRs

There was evidence that ARRs were higher for countries
that had more complete data reported for use in the
analyses (figure 2). However, of the results presented
below, all but one factor was reported by >30 countries.

Four indicator ARCs were strongly and statistically asso-
ciated with UbM ARR after adjusting for potential con-
founders (table 3, in bold). With three of these, larger
ARCs were associated with larger UbM ARRs: fertility
rate (B=0.54; p=0.07), health expenditure relative to
GDP (B=0.26; p=0.01) and seeking treatment for acute
respiratory infection (ARI) (B=0.22; p=0.01). With the
fourth, larger ARCs for maternal mortality ratio were
inversely associated with unfavourable and larger
decreases in USM ARR (B=—0.47; p<0.01).

An additional four factors had large (B>0.20 or B<
—0.20) but statistically non-significant (p>0.10) associa-
tions with UM ARR, while another four showed small
but statistically significant associations (f<0.20 with
p<0.10; table 3). Of the remaining 58 factors considered
in this analysis, 27 had sufficient data from at least 23 of
the 46 countries, but there was no association with UbM
ARR (B<0.20 and p>0.10; seven are shown in table 3).
The final 31 factors had no data available for analysis
(n=10) or were reported by <23 countries and not pre-
sented here due to concerns about selection bias.
Results for all 70 factors are available in online supple-
mental table S5.

DISCUSSION

Our study represents a comprehensive analysis of
health-related factors and other determinants of health
associated with declining U5M in Africa. From 70 factors
considered, only four were found to have a strong and
statistically significant association with higher rates of
reduction in U5M between 2000 and 2013: more rapid
increases in fertility rate, health expenditure relative to
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Figure 1

Annual rate of reduction (ARR) in under-five mortality for the 46 countries in the WHO African Region, 2000 to 2013

(Higher ARRs indicate more progress, represented by a greener colour on the map). The WHO African Region excludes Djibouti,
Egypt, Libya, Morocco, Somalia, Sudan and Tunisia; all are included in the WHO Eastern Mediterranean Region. From May
2012, South Sudan is now officially part of the African Region but was not an independent WHO member nation during the study

period.

GDP and seeking treatment for ARI, and a more rapid
decrease in maternal mortality ratio. Maternal mortality
ratio showed a particularly strong association (f=—0.47),
indicating that a 1% increase in the annual reduction of
the maternal mortality ratio was associated with a 0.47%
increase in the UBM ARR. The associations for health
expenditure relative to GDP and seeking treatment for
ARI were half this magnitude ($=0.26 to p=0.22,
respectively.

The strong and statistically significant association
between more rapid declines in the maternal mortality
ratio and USM ARR may well represent the direct nega-
tive effect of maternal death on subsequent child sur-
vival. It may also be indicative of health systems that do
poorly in preventing both maternal and child deaths.
More rapid increases in treatment-seeking behaviour for
ARI was the only health-related access or intervention

factor found to associate with a larger U5M ARR.
Validation studies suggest that factors of access to care or
behaviour (eg, seeking ARI treatment) may be more reli-
ably measured than actual treatment (eg, children with
ARI receiving treatment; we had insufficient data to
analyse this), since quality of care and ability to recall
symptoms may bias the coverage estimates.'® ' Similar
concerns exist about reliability of vaccination coverage
estimates due to information bias on the vaccination
card or recall bias from maternal reports.”” This may
explain, in part, why some of these factors were not asso-
ciated with ARR in our study.

The association between fertility rate and higher USM
ARRs is at first counterintuitive. However, as shown
in table 2, fertility rates are declining (negative ARC) in
nearly all 46 of the countries. Thus, slower declines in
fertility rates are associated with more rapid reductions
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Table 1 Under-five mortality rates and annual rate of reduction (ARR) for the 46 countries in the WHO African Region,

2000-2013
Under-five mortality rate (per 1000)
in the given year* ARR (%) 2000 ARR (%) in 2000-2015

Country 2000 2013 MDG for 2015 to 2013 needed to meet MDG
Algeriat 39.6 25.2 15.7 3.5 6.2
Angola 216.7 167.4 75.3 2.0 7.0
Benin 146 85.3 59.8 4.1 6.0
Botswana 85.1 46.6 16.5 4.6 10.9
Burkina Faso 185.8 97.6 67.4 5.0 6.8
Burundi 148.9 82.9 56.9 4.5 6.4
Cameroon 151.2 94.5 45.5 3.6 8.0
Cape Verdet 35.3 26 21.0 2.4 3.5
Central African Republic 1741 139.2 59.0 1.7 7.2
Chad 190.7 147.5 71.6 2.0 6.5
Comoros 101.3 77.9 41.8 2.0 5.9
Congo 121.4 49.1 30.7 7.0 9.2
Céte d'lvoire 146.1 100 50.5 2.9 71
Dem. Rep. of the Congo 175.9 118.5 58.7 3.0 7.3
Equatorial Guinea 142.4 95.8 61.3 3.0 5.6
Eritrea 89.3 49.9 50.2 4.5 3.8
Ethiopia 145.5 64.4 68.3 6.3 5.0
Gabon 84.6 56.1 30.9 3.2 6.7
Gambia 119 73.8 56.6 3.7 5.0
Ghana 101.3 78.4 42.7 2.0 5.8
Guinea 170.2 100.7 79.2 4.0 5.1
Guinea-Bissau 180.8 123.9 74.9 2.9 5.9
Kenya 110.9 70.7 32.9 3.5 8.1
Lesotho 114.6 98 28.8 1.2 9.2
Liberia 175.2 711 82.7 6.9 5.0
Madagascar 110.6 56 53.6 5.2 4.8
Malawi 174.2 67.9 81.8 7.2 5.0
Mali 219.9 122.7 84.7 4.5 6.4
Mauritania 113.1 90.1 39.3 1.7 7.0
Mauritiust 18.6 14.3 7.7 2.0 5.9
Mozambique 168.5 87.2 79.0 5.1 5.0
Namibia 75.5 49.8 24.5 3.2 7.5
Niger 226.9 104.2 109.1 6.0 4.9
Nigeria 187.7 117.4 711 3.6 6.5
Rwanda 181.9 52 50.6 9.6 8.5
Sao Tome and Principe 89.3 51 36.8 4.3 5.9
Senegal 137 55.3 47.0 7.0 71
Seychellest 14.2 14.2 5.5 0.0 6.3
Sierra Leone 231.5 160.6 89.2 2.8 6.4
South Africa 74.3 43.9 20.3 4.0 8.6
Swaziland 122.5 80 24.6 3.3 10.7
Togo 121.8 84.7 48.8 2.8 6.1
Uganda 147 66.1 59.6 6.1 6.0
United Rep. of Tanzania 131.5 51.8 55.7 7.2 5.7
Zambia 168.8 87.4 64.2 5.1 6.4
Zimbabwe 102.6 88.5 24.9 1.1 9.4

*U5M rate data obtained from http://www.childmortality.org, accessed June 2015.
1Countries with U5M rates <40 per 1000 in 2013 are considered to be on track despite having 1990-2013 ARRs of less than 4%.

ARR, annual rate of reduction; MDG, Millennium Development Goal.

in UbM—something that becomes more intuitive in the
context of demographic transition, Birth rates begin to
decline typically only after mortality rates have begun to
decline. The observed association may therefore reflect
that much of Africa is in the early and middle stages of

the demographic transition. Countries with the most
rapid reductions in U5M have just begun to reduce their
fertility rates, while countries that previously had sub-
stantial reductions in mortality (and therefore smaller
ARRs in the recent past) have the most rapid reductions
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Table 2 Median 2000 indicator values and corresponding indicator annual rate of change (ARC) for the 2000-2011 period

Median 2000 Median 2000
Indicator N value (IQR) 2011 ARC (IQR)
Sociodemographics
Adult female literacy rate (%) 35 54 (37 to 72) 1.2 (0.8 10 2.7)
Female labour participation rate (%) 45 46 (43 to 49) 0.1 (-0.1 10 0.3)
Fertility rate (births per woman) 46 6 (5 to 6) -1.4 (-2.1to -0.9)
Gross domestic product (GDP) per capita (PPP int'l $) 45 990 (680 to 1900) 4.2 (2.81t05.9)
Human development index (0—1) 39 0.38 (0.31 to 0.48) 1.1 (0.7 to 1.9)
Improved sanitation facilities (%) 45 25 (13 to 45) 1.6 (0.4 to 2.6)
Improved water source (%) 45 62 (51 to 79) 1.1 (0.2 t0 1.8)
Labour force participation rate among women (%) 45 66 (50 to 76) 0.3 (0.1 t0 0.6)
Urban population prevalence (%) 46 35 (22 to 44) 1.3 (0.7 to 1.6)
Women with at least some secondary education (%) 23 16 (10 to 30) 3.2 (251t05.2)
Maternal health
Pregnant women receiving prenatal care (%) 38 77 (64 to 88) 1.3 (0.6 to 2.7)
Adult female mortality rate (rate per 1000 persons) 46 360 (280 to 420) -1.2 (-1.8to —0.6)
Maternal mortality ratio (rate per 100 000 births) 45 550 (400 to 840) -3.7 (-4.6 to —2.0)
Access to health care
Seeking ARI treatment (%) 33 40 (27 to 55) 1.7 (-0.3 to 4.9)
Births attended by skilled health staff (%) 37 47 (39 to 60) 2.0 (0.3t0 3.3)
Children with fever receiving antimalarial drugs (%) 30 53 (32 to 61) -4.9 (-7.8 to —0.2)
Diarrhoea treatment (%) 25 39 (28 to 45) 2.2 (-1.4105.5)
Physicians (rate per 100 000 persons) 23 5.7 (2.9 to 12.0) 1.2 (-0.6t0 5.1)
Child survival interventions
Children 1 year old receiving all basic vaccinations (%) 26 41 (29 to 65) 27 (1.1t05.1)
Exclusive breastfeeding (%) 36 25 (14 to 37) 4.0 (-0.210 8.2)
Measles immunisation (%) 46 69 (49 to 76) 1.3 (0.3 t0 2.5)
Use of insecticide-treated bed nets (%) 30 2(1to4) 29.0 (24.0 to 35.0)
Vitamin A supplementation coverage (%) 37 91 (78 to 96) -0.3(-2.0t0 0.7)
Clinical and health conditions
Adult prevalence of HIV (%) 43 4 (1to 8) -0.8 (-3.6t0 1.7)
Low-birthweight babies (%) 30 13 (11 t0 17) -0.3 (-3.71t0 1.0)
Malnutrition prevalence (height for age) (%) 34 40 (34 to 48) -1.1(-2.4100.2)
Malnutrition prevalence (weight for age) (%) 34 22 (18 to 27) -1.8 (-3.3t0 —1.0)
Prevalence of wasting (%) 34 9(7t012) -1.9 (-5.3t0 0.5)
Governance and financing
External resources for health (%) 45 13 (4.6 to 20) 6.2 (—1.1 10 9.8)
Health expenditure (% of GDP) (%) 45 5 (4 to 6) 1.4 (0.5 t0 3.2)
Health expenditure (% of government expenditures) (%) 45 9 (7 to 10) 2.5 (0.4 t0 3.6)
Net bilateral aid flows from DAC donors (US$ in millions) 46 120 (40 to 260) 8.7 (4.9 t0 15.0)
Net ODA received (% of GNI) (%) 46 9 (4to 13) —0.9 (-5.6 t0 5.3)
Net ODA received per capita (US$) 46 23 (15 to 41) 7.1 (2.4 t0 13.0)
Out-of-pocket health expenditure (%) 45 43 (26 to 58) —1.7 (-4.0 to -0.6)
Public spending on education (% of GDP) (%) 34 4 (3to5) 2.0 (0.2t0 3.8)
Public spending on education (% of government 25 16 (14 to 19) 1.6 (-0.2 to 3.0)
expenditure) (%)
Safety and Rule of Law (0 to 100) 46 54 (43 to 66) —0.0 (-0.9t0 0.4)
Other factors
Households with television (%) 24 18 (6 to 29) 6.5 (4.0 to 10.0)
Internet users (rate per 100 persons) 46 0.2 (0.1 to 0.5) 29.0 (22.0 to 38.0)
Population coverage of cell phones (%) 26 37 (17 to 82) 8.2 (1.3 to 15.0)

ARC, annual rate of change; ARI, acute respiratory infection; DAC, Development Assistance Committee; GNI, gross national income;

ODA, Official Development Assistance; PPP int'| $, purchasing power parity of GDP converted to international dollars.

in fertility rate as the transition enters the final stages
such the fertility rates once again come to parallel mor-
tality rates.

Few other studies have explored the association
between changes in health, economic and financing

factors and ARRs in child mortality. Fotso et al’' studied
UBM ARRs from 22 African countries using data from
1988 to 2004. Larger increases in access to clean water
and receipt of basic vaccinations (BCG); diphtheria, per-
tussis, tetanus; measles; and polio) were associated with
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Figure 2 Correlation between under-five mortality ARR and
completeness of indicator data for 46 countries in the WHO
African Region for the period 2000-2013. The coefficient of
0.09 suggests that for every additional 11 factors reported by
a country, there is a corresponding 1% increase in the ARR.

larger ARRs, while higher increases in urban popula-
tions were associated with lower ARRs. Our analyses
found increases in access to clean water and urban
population to be related to ARR, but these were not stat-
istically significant. Findings from Fotso et al’' are not
directly comparable to ours, however, given their earlier
time period under study, inclusion of fewer countries
and focus on urban areas and no multivariable analyses.

Binkin et al'® studied USM ARRs from 19 African
countries using data primarily from the late 1990s to
mid-2000s and grouping specific interventions into com-
posite indices representing antenatal care, access to
delivery services, seeking treatment, immunisations,
breastfeeding and nutritional status. Of these, antenatal
care, access to delivery services (including a skilled
attendant at delivery, delivery in a health facility and/or
caesarean section), and improved nutritional status
(including reductions in underweight, stunting and/or
wasting) were associated with higher ARRs. We did not
find these associations in our analysis. And unlike our
finding of increased coverage of seeking ARI treatment
to be associated with higher ARRs, Binkin et a/'* did not
find seeking health treatment (including ARI treatment
and diarrhoea treatment) to be associated with ARR.
Again, however, their analyses differed from ours in
terms of time period of study and number of countries
included.

Lawn et al’® assessed how annual rates of change in 11
factors representing context (gross national income,
general and adolescent fertility rate, female literacy, total
health expenditure, government effectiveness, political

stability and female HIV prevalence) and coverage
(skilled birth attendance, tetanus prevention at birth
and diphtheria, pertussis, tetanus vaccine coverage)
were associated with neonatal mortality (not UbM) ARR
between 2000 and 2010. Of these, only improved cover-
age of tetanus protection at birth was found to be
associated with lower neonatal mortality ARR, a counter-
intuitive finding. The authors argued that the paradox
arose from the fact that the nations investing the most in
scaling up tetanus coverage were those with the weakest
health systems, high neonatal mortality and lower cover-
age of interventions. Many of the contextual factors ana-
lysed by Lawn et al were found to have small and
statistically non-significant associations in our analysis of
UHM ARR.

Other ecological studies of country-level factors and
underfive or infant mortality rates (not ARRs) have
found the following to be associated with lower mortality
in Africa: having a skilled attendant at delivery,” exclu-
sive breast feeding,24 prevention of mother-to-child
transmission of HIV and antiretroviral therapy for chil-
dren,25 diphtheria, pertussis, tetanus or measles vaccin-
ation,? use of insecticide treated nets,?’ HIV,%° 7 health
expenditures,”® income,* 7 urban population preva-
lence,28 access to clean water,25 2 female educa-
tion,23 27 28 fertility rate?® and maternal mortality.29
Stunting® and underweight™® were associated with
increased mortality. While our study found associations
between U5SM ARRs and changes in only some of these
factors, we note that a lack of association between a
factor’s ARC and mortality ARR does not imply that the
intervention or other factor is not associated with
reduced mortality. Rather, it means that more rapid
scale-up or change in a particular factor does not
appear to be associated with a more rapid decline in
mortality based on the ARR. During the study period,
nearly every African country had declining USM. A non-
significant ARC-ARR association could present if such a
decline was relatively constant, regardless of whether
there was a slow or rapid change in the factor over the
corresponding period. It also highlights the need for
further research on delivery and subsequent measure-
ment, including assessing quality, of these proven
interventions.'® *°

Our findings highlight the role of financing, economy,
and the broader health system to more rapidly reduce
an already declining, albeit slowly, U5M rate above and
beyond the contribution of individual interventions. As
the Millennium Development Goals give way to
Sustainable Development Goals for 2030, these factors
must be addressed to enable further increases in mater-
nal, neonatal and child health interventions.*’ Model
projections suggest that 3.8 million children will still die
in 2030 if current USM rate ARRs remain steady, and
that 2.4 million will die even if ARRs increase substan-
tially.27 As USM rates continue to decline, increasing
attention must be paid to neonatal mortality which now
accounts for 44% of all deaths in children under 5 years
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Table 3 Crude and adjusted associations for select factors* and under-five mortality annual rate of reduction, 2000—2013

Crude Adjustedt
Nt B 90% ClI p Value B 90% CI p Value

Sociodemographics

Adult female literacy rate (%) 33 0.02 (—0.26 to 0.31) 0.39 0.11 (-0.19 to 0.41) 0.32

Female labour participation rate (%) 42 -1.07 (—2.42 to 0.29) 0.17 -0.32 (—1.56 to 0.92) 0.36

Fertility rate (births per woman) 42 0.78 (0.26 to 1.31) 0.02 0.54 (0.07 to 1.02) 0.07

Human development index (0-1)§ 35 0.12 (0.04 to 0.20) 0.02 0.09 (0.01 t0 0.17) 0.07

Improved water source (%) 42 0.40 (—0.05 to 0.85) 0.14 0.36 (—0.07 to 0.78) 0.16

Labour force participation rate among women (%) 42 -0.33 (—1.19 to 0.53) 0.33 0.19 (—0.57 to 0.96) 0.36

Urban population prevalence (%) 42 0.53 (-0.03 to 1.09) 0.12 0.39 (-0.15 to 0.93) 0.20
Maternal Health

Adult female mortality rate (rate per 1000 persons) 42 —-0.49 (—0.83 to —0.16) 0.03 -0.25 (-0.61 to 0.10) 0.20

Maternal mortality ratio (rate per 100 000 births)q| 35 -0.57 (—0.80 to —0.35) <0.01 —0.47 (—0.69 to —0.24) <0.01

Pregnant women receiving prenatal care (%) 35 0.09 (—-0.30, 0.48) 0.37 0.09 (—0.24 t0 0.41) 0.36
Access to Health Care

Seeking ARl treatment (%) 31 0.26 (0.10 t0 0.42) 0.02 0.22 (0.09 to 0.35) 0.01

Births attended by skilled health staff (%)) 34 0.21 (—0.03 to 0.45) 0.14 0.18 (-0.07 to 0.43) 0.19
Clinical and Health Conditions

Adult prevalence of HIV (%) 42 -0.13 (—0.25 to —0.01) 0.07 —-0.09 (-0.20 to 0.02) 0.17

Malnutrition prevalence (height for age) (%)1] 32 0.11 (=0.15 t0 0.38) 0.31 0.15 (—0.10 to 0.40) 0.24
Governance and Financing

Health expenditure (% of GDP) (%) 42 0.24 (0.07 to 0.40) 0.03 0.26 (0.11 to 0.41) 0.01

Health expenditure 42 0.11 (-0.01 to 0.23) 0.12 0.08 (-0.04 to 0.19) 0.22

(% of government expenditures) (%)**

Net ODA received per capita (US$) 42 —-0.01 (—0.09 to 0.07) 0.39 —-0.08 (—0.15 to —0.01) 0.07

Out-of-pocket health expenditure (%)** 42 -0.19 (—0.37 to —0.02) 0.08 -0.19 (—0.34 to —0.03) 0.06
Other

Households with television (%) 23 0.29 (0.13 to 0.46) 0.01 0.19 (0.05 to 0.33) 0.04

*Includes all factors for which (1) g >0.20 or p <—0.20, or (2) p<0.10. Factors having both are shown in bold. Additional factors of interest are shown if N>23. (Results for all factors available in

online supplemental table S5).

TAIl results adjusted for improved water source, health expenditure (% of GDP), adult HIV prevalence, and urban population prevalence unless otherwise noted.
FN=sample size of the adjusted analyses and is <46 due to missing country data on some of the factors, including those included as covariates.

§Since the range of the HDI is only from O to 1, the B represents the change in ARR for each 0.10 increase in HDI ARC.

fifurther adjusted for receipt of prenatal care.
** not adjusted for health expenditure (% of GDP).

ARI, acute respiratory infection; GDP, gross domestic product; ODA, Official Development Assistance.
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of age (34% in Sub-Saharan African)." ** Facility-based
interventions and improving quality care for pregnant
women and newborns are needed.* The same financial,
economic and broader health system factors that would
increase UbM ARRs would also increase reductions in
neonatal mortality.

Limitations should be considered when interpreting
the findings from this report. First, mortality and indica-
tor data were obtained from secondary sources and some
may have suboptimal methods of data collection and
model-based estimation, though the World Bank, United
Nations Children’s Fund, the Interagency Group for
Child Mortality Estimation, Demographic and Health
Surveys, Multiple Indicator Cluster Surveys and
Countdown to 2015 seek to be as authoritative sources as
they can. A recent PLoS Medicine Collection highlighted
the challenges in obtaining valid coverage data from
community-based household surveys.'? Second, the study
design was an ecological, study. As such, changes in the
factors of interest were occurring simultaneously with
changes in mortality, and temporality and causality infer-
ences are limited. Ecological studies are prone to bias
and associations at the aggregate level (eg, country) may
not reflect the cause—effect relationship at the individual
or local level. Nevertheless, we felt this design was appro-
priate given the interest in achieving MDG4, which is
monitored at a country level. Third, the time period for
calculating the ARCs did not always fully overlap with the
time period for calculating mortality ARRs (eg, ARCs for
2000-2011 may have been calculated from data for 2003
and 2010). We attempted to minimise any potential bias
by only considering data from factors for which at least a
5-year period of the 1l-year time period were available
for calculating ARCs. Finally, the small sample size (at
most n=46 countries) limits the validity of many associa-
tions and prevents adjustment for many covariates. We
cannot exclude residual confounding and low power to
detect certain associations. In spite of these limitations,
the unique strengths of our study include our broad iden-
tification of factors potentially relevant to child survival,
beyond those typically used from Demographic and
Health Surveys and Countdown to 2015. We also made
statistical efforts to minimise bias or distortion from out-
liers, without excluding them.

There are numerous interventions, health factors and
other determinants of health that influence child mortal-
ity rates. However, there are very few studies assessing
which of these are associated with higher ARR reflecting
more rapid declines in USM. Policy makers now have evi-
dence that can back decisions to propose increasing access
to care for children under age five (extrapolating from
our ARI access finding), and increasing health invest-
ments, notably towards both child and maternal health.
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