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Abstract

Background: Scale-up of malaria interventions over the last decade have yielded a significant reduction in malaria
transmission and disease burden in sub-Saharan Africa. We estimated economic gradients in the distribution of
these efforts and of their impacts within and across endemic countries.

Methods: Using Demographic and Health Surveys we computed equity metrics to characterize the distribution of
malaria interventions in 30 endemic countries proxying economic position with an asset-wealth index. Gradients were
summarized in a concentration index, tabulated against level of coverage, and compared among interventions, across
countries, and against respective trends over the period 2005–2015.

Results: There remain broad differences in coverage of malaria interventions and their distribution by wealth within
and across countries. In most, economic gradients are lacking or favor the poorest for vector control; malaria services
delivered through the formal healthcare sector are much less equitable. Scale-up of interventions in many countries
improved access across the wealth continuum; in some, these efforts consistently prioritized the poorest. Expansions
in control programs generally narrowed coverage gaps between economic strata; gradients persist in countries where
growth was slower in the poorest quintile or where baseline inequality was large. Despite progress, malaria is
consistently concentrated in the poorest, with the degree of inequality in burden far surpassing that expected
given gradients in the distribution of interventions.

Conclusions: Economic gradients in the distribution of interventions persist over time, limiting progress toward equity
in malaria control. We found that, in countries with large baseline inequality in the distribution of interventions, even a
small bias in expansion favoring the least poor yielded large gradients in intervention coverage while pro-poor growth
failed to close the gap between the poorest and least poor. We demonstrated that dimensions of disadvantage
compound for the poor; a lack of economic gradients in the distribution of malaria services does not translate to equity
in coverage nor can it be interpreted to imply equity in distribution of risk or disease burden. Our analysis testifies to the
progress made by countries in narrowing economic gradients in malaria interventions and highlights the scope for
continued monitoring of programs with respect to equity.
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Background
Over the last decade, malaria programs have been trans-
formed with increased investment, new technologies,
economic development, and shifting paradigms in global
health [1]. Prior to 2008, control efforts in the region
focused on groups at highest risk of adverse outcomes,
especially pregnant women and children under the age
of five [2]. Control programs prioritized distribution

channels most likely to reach these populations such as
routine vaccination campaigns, antenatal clinics, and
social marketing where malaria commodities were subsi-
dized or rendered for free [3, 4]. These channels benefit-
ted most those with access to health facilities, which
tended to be the less poor urban households [5, 6]. In
2008, a global call from the UN Secretary General placed
the universal coverage of malaria interventions at the
center of control efforts [7]. The aim was reflected in
the Global Action Plan for Malaria [8, 9], launched the
same year by the Roll Back Malaria, laying out a
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blueprint for control, elimination, and eventual eradica-
tion of malaria. It states that a vision of a “malaria free
world” is brought about by “achieving and sustaining
universal access to and utilization of preventive mea-
sures; achieving universal access to case management in
the public and private sectors and in the community;
and accelerating the development of surveillance
systems” [9]. The aim broadened the scope of control
efforts in endemic countries to include all ages and led
to programs shifting from targeted distribution of
insecticide-treated nets (ITNs) to mass distribution cam-
paigns and community delivery supported by routine
services. In malaria case management, fast-acting
artemisinin-based combination therapies (ACTs) replaced
monotherapy (‘non-artemisinin’ drug formulations) as the
recommended first-line treatment for uncomplicated mal-
aria in 2004 in response to emerging parasite resistance
[10]. Initially costly and scarce, these drugs became
increasingly available through the Global Fund and the
novel financing mechanisms it enabled such as the Afford-
able Medicines Facility – malaria [11, 12]. Innovative de-
livery channels were introduced in many endemic
countries to directly tackle distributional failures; these
engaged the informal health sector and emphasized
community health workers in servicing vulnerable and
hard-to-reach populations [13]. As endemic countries
adopted and adapted to these new policies, the mal-
aria service gap between the poorest and the least
poor began to narrow [14].
Economic gradients and progress toward equity in

malaria control and curative interventions have been
documented in several broad strands of literature. A
large number of studies evaluated ITN coverage follow-
ing a mass-distribution campaign in narrow geographic
areas or within a single country showing improvement
in equity after the campaign [15–18]. Socioeconomic
status has also been included as one of covariates
explaining coverage and use of malaria interventions;
while its relative importance varied by setting and model
specification, it has generally been found to be an im-
portant predictor with both use and coverage increasing
with economic status [19–21]. Several multi-country
analyses included ITN use among children under the
age of five into a composite index for maternal and child
health to track country and regional progress toward the
Millennium Development Goals [22]; these studies
found that, although relative inequalities have generally
been narrowing, appreciable differences between the
poorest and the least poor persist. There have been a
number of evaluations that focused on a single malaria
intervention (most commonly ITNs) [23, 24]. To the
best of our knowledge, only one earlier study [5] has
assessed equity across a range of malaria interventions
in a large number of endemic African countries. The

analysis drew on survey reports from 2006 to 2008 and,
as such, was constrained to comparisons between
asset-wealth quintiles. It showed that, in 13 out of 25
countries, ITN ownership was equitable while malaria
treatment for febrile children and intermittent pre-
ventive treatment in pregnant women were predomin-
antly inequitable. There has been no comprehensive
assessment of malaria interventions with respect to
equity since.
Monitoring equity in intervention coverage takes a

new meaning today as malaria control programs
mobilize efforts toward elimination [25]. Scale-up of in-
terventions and introduction of new technologies can
enhance inequities if implemented without an explicit
focus on equity [26]. While wealth-related gradients
have been narrowing, these gains were achieved at very
low baseline coverages and with extensive donor support
[27]; sustaining these gains and scaling-up toward
populations at highest risk of malaria might be a chal-
lenge for many countries [28]. This study presents an
update on the state of inequality in malaria intervention
coverage in endemic sub-Saharan African countries
through to 2015. We follow a standard framework for
assessment of equity in health [29] and interpret the
estimates it yields with respect to their relevance to con-
trol programs.

Methods
Data sources
The Demographic and Health and Malaria Indicator
Surveys (DHS/MIS) are the primary sources of data
for this study. Comparable in scope [30], these
nationally representative household surveys collect
data on a range of health behaviors and household
characteristics by interviewing women of reproductive
age [31]. In endemic countries, the questionnaire also
covers access to, and use of, malaria interventions; in
a subset of these, measurements of malaria parasite
levels and anemia in a sample of children and
pregnant women are included [32]. In the primary
analysis, we included countries that conducted at least
one survey between 2011 and 2016; of these,
countries with repeated surveys between 2003 and
2016 were included in trend analyses. Surveys by
country are listed in Additional file 1.
In an auxiliary analysis we additionally used 2015-

modeled surfaces of malaria endemicity (mean P. falcip-
arum prevalence in children aged between two and ten
(PfPR2-10)) from the Malaria Atlas Project [33] to
characterize malaria transmission at sub-national level.
This was accomplished by mapping GPS locations of
survey clusters into malaria endemicity surfaces [30, 34];
PfPR2-10 values at the centroid coordinates of the cluster
were assigned to all households.
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To enhance graphical representation of estimates we
also merged in the 2015 country mean PfPR2-10 from the
Malaria Atlas Project and population estimates from the
World Bank [35].

Outcomes
We assessed intervention coverage with a subset of
standard monitoring and evaluation indicators adopted
in global malaria strategic documents and endorsed by
endemic countries to track progress toward control and
elimination targets [19–21]. The indicators selected for
the analysis relate most directly to malaria outcomes
(protection or cure). For instance, we focus on adequate
access to ITNs within households covering all members
and compliant malaria prophylaxis for pregnant women
during an antenatal care visit rather than the broader in-
dicators of household access to any ITN or receipt of at
least one dose of sulfadoxine-pyrimethamine during
pregnancy. These more stringent definitions will yield
lower coverages and potentially higher inequality than
estimates based on indicators defined more broadly.
We assessed six malaria intervention coverage indica-

tors (‘coverage’ is used loosely herein to cover both
access and use of interventions). To capture the reach of
national malaria control programs, we evaluated ITN
coverage as a proportion of households with at least one
ITN for every two persons. ITN use was estimated as
the proportion of population that slept under an ITN
the previous night. Coverage of insecticide residual
spraying (IRS) was expressed as a proportion of house-
holds residing in dwellings sprayed with an insecticide
within the last 12 months. This definition is broader
than the population targeted by the intervention. Unlike
other malaria interventions that are deployed nationally,
IRS is implemented only in foci of high malaria trans-
mission in a subset of countries in the region.
Constrained by the data, malaria prophylaxis was evalu-
ated only among women; we calculated the proportion
of recent mothers (live birth within last 2 years) that re-
ceived at least three doses of sulfadoxine-pyrimethamine
during antenatal care visits. The distribution of curative
interventions was estimated among children under the
age of five and conditional on fever. Despite progress,
access to ACTs (current WHO recommended first-line
treatment for uncomplicated malaria [36]) remains low,
with many antimalarial drugs other than the country
recommended first-line medication in wide circulation
[34, 37]. To allow for a broader snapshot of malaria case
management, we included two indicators, namely the
proportion of children with fever that sought care at a
formal provider (i.e., outpatient department, inpatient
department, government and private health centers), and
the proportion of children with fever that were treated
with any antimalarial medication, including both ACT

and non-ACT antimalarials. More narrow definitions of
malaria case management were also assessed, including
the proportion of children with fever that received the
first-line antimalarial according to country policy, and
are reported in Additional files; we refer to these
estimates when discussing malaria treatment.
Of health indicators, we evaluated malaria parasit-

aemia in children aged 6–59 months according to
microscopy. Given the lack of a gold standard diagnostic
test for malaria that is practical for use in national sur-
vey settings [32], we also report prevalence according to
rapid diagnostic tests (RDT). RDT parasite prevalence
estimates are generally higher and show somewhat
stronger economic gradients than those based on
microscopy.

Socioeconomic status stratifier
Distribution of malaria intervention coverage and health
indicators was evaluated against an asset-wealth index;
this stratifier reflects the relative economic standing of
households in a given country at the time of the survey
[38]. Derived from a national distribution of assets
weighted with principal component analysis and ad-
justed for place of residence the index has been shown
to perform well in identifying the most disadvantaged
groups akin to other measures of relative poverty. It has
been used extensively in health equity research in low-
income settings including for malaria [5, 22, 24, 39, 40].

Statistical analysis
We calculated absolute and relative differences in indica-
tors between households in lowest and highest wealth
quintiles. We also assessed the degree of inequality in in-
dicators across the whole distribution of asset-wealth
scores with a concentration index (CIX). The CIX is a
relative measure of inequality that indicates the extent
to which an indicator is concentrated among the disad-
vantaged or the advantaged within a particular setting. It
is defined as twice the area between the concentration
curve and the line of equality [41]. Negative values of
CIX denote a disproportionate concentration of service
or health variables among the poorest, positive values -
among the least poor. The index and the corresponding
95% confidence intervals were computed with the conin-
dex command in Stata 14 SE [42]. Changes in coverage
over time were expressed in terms of excess change [29].
This metric represents the difference in average annual
change in a given indicator between the lowest and high-
est asset-wealth quintiles. Considered along the absolute
change in population average the metric allows
categorization of the trend in outcome with respect to
equity. A negative excess change at an increasing
population average suggests the expansion is pro-poor
(higher average annual increase in the poorest quintile
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compared to the least poor), and so forth [43]. We refer
to distributions or changes in distribution that favor the
least poor as ‘inequitable’, while inequalities and changes
that favor the poor are termed ‘pro-poor’ [29].
The indicators were coded following the Household

Survey Indicators for Malaria Control [44] and replicate
DHS estimates in final country reports [45]. All reported
statistics are population weighted and account for the
complex survey design. The analysis was implemented
in Stata 14 SE [46].

Results
Overall, across countries and coverage indicators, mal-
aria programs in the region are inequitable (Table 1).
Yet, in 16 out of 30 countries, ITN ownership is distrib-
uted equally or favors the poorest; in over half of the
countries, ITN use and IRS are distributed equally or
favor the poorest; for interventions relying on the formal
health sector, such as intermittent preventive treatment
in pregnancy (IPTp) and access to formal care, provider
inequities are not evident in nearly half of the countries.
These categorizations refer to relative differences in
coverage of malaria interventions across the asset-wealth
continuum within countries and do not take into ac-
count the level of intervention. For instance, in Benin,
where household access to at least one ITN for every
two persons is disproportionately higher among the
least poor (CIX = 0.07), the poorest strata have better
access to ITNs in absolute terms than the poorest

strata in Cote d’Ivoire, where the indicator is
equitably distributed (42% and 34%, respectively)
(Additional file 2: Table SA3).
Figure 1 illustrates the strength of economic gradients

in distribution of malaria interventions qualified above,
thereby addressing the question of the existing level of
inequality, comparing this across interventions. The CIX
for access to formal care – the most consistently inequit-
able coverage indicator – is plotted against country
mean (Fig. 1a). Inequity is highest in settings with
lowest access. Most high PfPR2-10 countries (in shades
of red) are at this end of the distribution; Ghana is
one notable exception. For all other intervention
coverage indicators, we found little correlation
between level and degree of inequality (Additional file 3);
that is, higher coverage is not necessarily described by a
more equitable distribution nor is low coverage consist-
ently inequitable.
Compared to access to formal care, ITN use is distrib-

uted more equitably (most country estimates above the
equality diagonal) (Fig. 1b). High PfPR2-10 countries with
large inequities in access to formal care (positive values
of concentration index on y-axis) appear to be equitable
or pro-poor in distribution of ITN use (clustering of
points around zero and –10 values of rescaled CIX on x-
axis). In Congo, Democratic Republic of the Congo,
Togo, and Uganda, access to formal care strongly favors
the least poor, while ITN use favors the poorest. On the
opposite end of the plane are a handful of lower PfPR2-10

Table 1 Summary of distribution of malaria interventions across asset-wealth index in sub-Saharan African countries in 2015a

Intervention Pro-Poor Inequitable No difference across the asset-wealth
index distribution

Household with at least one insecticide-
treated net (ITN) for every two persons

CIV, COG, GAB, GHA, LBR,
NAM, ZWE

AGO, BDI, BEN, BFA, CMR, COM,
KEN, MLI, MOZ, MWI, NER, RWA,
TZA, ZMB

COD, GIN, MDG, NGA, SEN, SLE, TCD,
TGO, UGA

Population who slept under an ITN last
night

CIV, COG, GAB, GHA, GIN,
LBR, MDG, NAM, SLE, TGO,
UGA, ZWE

AGO, BDI, CMR, COM, KEN, MOZ,
MWI, NER, RWA, TCD, TZA

BEN, BFA, COD, MLI, NGA, SEN, ZMB

Household with insecticide residual
spraying in the past 12 months

BDI, BEN, COM, GHA, LBR,
NAM, SEN, UGA, ZWE

BFA, CIV, CMR, GAB, GIN, MOZ,
NER, SLE, TCD, ZMB

MDG, MLI, MWI, NGA, TZA

Mother received 3+ doses of sulfadoxine-
pyrimethamine during antenatal care visit

AGO, BEN, CIV, CMR, GHA, GIN,
MLI, MOZ, NER, NGA, TCD, TGO,
TZA, ZMB

BDI, COD, COG, COM, GAB, KEN,
LBR, MDG, MWI, NAM, SEN, SLE, UGA

Child (<5 years) with fever sought care
at a formal provider

AGO, BEN, BFA, CIV, CMR, COG,
GIN, KEN, LBR, MLI, MOZ, NER,
NGA, RWA, TCD, TGO, TZA, UGA,
ZWE

BDI, COD, COM, GAB, GHA, MDG, MWI,
NAM, SEN, SLE, ZMB

Child (<5 years) with fever treated
with an antimalarial

MOZ, MWI, TZA, ZMB AGO, BEN, BFA, CIV, CMR, COD,
GAB, GIN, NER, NGA, TCD

BDI, COG, COM, GHA, KEN, LBR, MDG,
MLI, NAM, RWA, SEN, SLE, TGO, UGA,
ZWE

For each country (indicated by ISO3 codes), distribution of malaria intervention coverage indicators were assessed over population ranked by asset-wealth; the
degree of inequality in distribution of interventions was summarized in concentration index (CIX). Interventions were classified as “Pro-poor” if the estimated CIX
was negative, “Inequitable” if was CIX is positive, and as “No difference across the asset-wealth index distribution” if CIX was equal to zero or lacked
statistical significance
aData drawn from a subset of countries with Demographic and Health Survey/Malaria Indicator Survey conducted after 2010 (ISO3 codes and years of data
collection are detailed in Additional file 1: Table SA1)
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countries, including Burundi and Malawi, where inequal-
ity in ITN use exceeds that in access to formal care.
Anti-malarial treatment is equitable or slightly pro-

poor in low PfPR2-10 countries (shown in shades of blue)
(Fig. 1c). In high PfPR2-10 countries, antimalarial treat-
ment favors the least poor, though the degree of inequal-
ity is lower than that estimated for formal care. There
are a few exceptions to this general trend. In Democratic
Republic of the Congo and Nigeria, both medium PfPR2-

10 countries, the distribution of antimalarial treatment is
more inequitable than that of formal care. In Togo, a
high PfPR2-10 country, antimalarial treatment is distrib-
uted equitably despite large gradients in formal care fa-
voring the less poor. Distribution of first-line medication
is consistent with that of receipt of any antimalarial de-
scribed above (Additional file 3: Figure SA2). The two
indicators are correlated most closely in settings with
lower PfPR2-10, where first-line drugs account for a large
fraction of antimalarials dispensed. In higher PfPR2-10

countries, inequities in first-line treatment are lower
than those estimated for any antimalarial medication;
however, access to these medications is also significantly
lower. For instance, in Nigeria, about 33% of children
with fever are treated with an antimalarial, while only
about 6% receive the first-line drug; the least poor are
more than twice as likely as the poorest to receive either
of the medications (Additional file 2: Tables SA8-SA9).
ITN use is the most equitably distributed malaria

intervention coverage indicator. Figure 2 illustrates
changes in its distribution over the last decade. ITN use
expanded in all countries (positive values of annual ab-
solute change on the x-axis) between 2005 and 2015

(Fig. 2a); it increased somewhat faster between 2005 and
2010 compared to the later period. In most countries,
these expansions were pro-poor (positive values of ex-
cess change on the y-axis). Where expansions favored
the least poor (negative values of excess change on the
y-axis), the relative gains in coverage were smaller in ab-
solute terms than the excess change in settings where
growth was pro-poor (positive values of excess change
on the y-axis). It is primarily in these countries where
interventions expanded faster in the least poor strata
where we see inequities in distribution of ITN use today
(in shades of grey). Figure 2b presents a more nuanced
picture of intervention expansion path in three
countries, showing that failure to sustain a pro-poor
focus in expansion yields greater inequality in later
periods (Rwanda), that high baseline inequality in service
coverage defies pro-poor growth (Tanzania), and that, in
some countries, expansion in ITN use consistently prior-
itized the poorest strata (Ghana).
While relatively smaller, improvements in coverage oc-

curred across all interventions delivered by malaria con-
trol programs (Additional file 4). In about half of the
countries, these expansions were pro-poor or distributed
equally across asset-wealth strata for ITN ownership and
access to formal care. Changes in IPTp were mainly
driven by improvements in the least poor strata from
2005 to 2010, with somewhat more equitable growth in
the later period. Interpretation of changes in use of anti-
malarial medication with respect to program perform-
ance is confounded by changes in malaria epidemiology
and the shift toward diagnostically confirmed treatment.
Overall use of antimalarials decreased in most countries
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Fig. 1 Degree of asset-wealth inequality in distribution of malaria interventions in sub-Saharan African countries in 2015a. For each country, the
concentration index (CIX) is plotted for (a) access to formal care for fever among children under the age of five is plotted against its population
mean (proportion), (b) ITN use, and (c) receipt of antimalarial medication for children under the age of five with fever. Whiskers denote the 95%
confidence interval of the estimate. Country marker size is weighted with population size. Marker color code changing from bright blue to bright
red refers to country mean malaria prevalence based on 2015 Malaria Atlas Project estimates (corresponding values are given in Additional file 1:
Table SA1). aData drawn from a subset of countries with Demographic and Health Survey/Malaria Indicator Survey conducted after 2010 (country
list and year of data collection are detailed in Additional file 1: Table SA1).
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with a relatively lower reduction in the least poor com-
pared to the poorest strata. There is limited evidence
that the direction of change reversed toward expansion
in the poorest strata in the most recent period.
By pursuing malaria intervention coverage targets,

countries aim at a broader health and health equity
agenda. Tabulating malaria prevalence for a subset of
DHS/MIS countries that included malaria diagnosis, we
found that parasitaemia remains disproportionally
concentrated in the poorest; prevalence gradients are
substantially higher than what might have been expected
given distribution of coverage indicators (Table 2). Even
in countries where malaria interventions are equitable or
favor the poor (i.e., Ghana) differences in burden
between the poorest and least poor are large.

Discussion
Decisive strides against malaria over the last decade have
enabled significant expansion of control programs across
endemic countries [47]; in some, these efforts also achieved
equity in intervention coverage [5, 22, 24, 48, 49]. More re-
cent data analyzed here show that, not only has the number
of countries with equitable or pro-poor ITN ownership
and use increased by 2015, but also that the degree of in-
equality in countries where inequities persisted is
modest with the exception of a handful of low PfPR2-

10 settings. Large wealth-related gaps previously
shown in access to antimalarial medication [5]
narrowed, with 19 out of 30 countries reporting
equitable or pro-poor coverage. These include most

Affordable Medicines Facility – malaria pilot phase
countries, except Niger and Nigeria, where access to
antimalarial medication remains substantially inequit-
able. Important gains have also been made in deliver-
ing IPTp to poor women – in 13 out of 27 countries,
this preventive intervention is equitable. In Namibia
and Senegal, all malaria control interventions are dis-
tributed equitably; whereas in Ghana and Liberia and
in Sierra Leone, all control interventions, except for
IPTp and IRS, respectively, are distributed equally.
Where asset-wealth differences in coverage persist, the

relative performance of malaria interventions with
respect to equity both within and between countries
provides useful benchmarks. The large economic gradi-
ents in the distribution of curative interventions across
countries highlight the difficulty of delivering routine
care to the poor, but differences in relative degree of
inequality (i.e., a highly inequitable CIX of 0.27 in distri-
bution of access to formal care in Guinea compared to a
CIX of 0.02 in Democratic Republic of the Congo)
suggest that it is feasible to substantially reduce these
inequities. Benin and Mali achieve coverage and use of
ITNs at rates that are approximately 20 and 40 percent-
age points above those estimated for formal care; in
these countries, ITN use is also distributed equitably
across asset-wealth strata in contrast to large economic
gradients in curative care. The differential performance
of interventions within control programs indicates that
there is technical capacity to identify and deliver services
to the poor; what is needed is implementation insight to
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transfer efficiency of high-performing interventions to
those lagging behind [50]. Review of malaria programs
covering health systems, financing, and operational con-
texts is needed to gather and synthesize institutional ex-
pertise from within the region.
Differences in the level and distribution of malaria in-

terventions within endemic countries also impact adop-
tion, prioritization, and deployment of new malaria
tools. Our analyses suggest that, in high endemic set-
tings, interventions deployed via campaigns are likely to
be more equitably distributed than those requiring rou-
tine delivery through the formal sector. These consider-
ations are immediately relevant for countries currently
considering introduction of new malaria interventions
such as malaria vaccines [51]. The economic gradients
estimated here for access to the formal sector are repre-
sentative of the EPI coverage in endemic settings [52],
suggesting that much of the vaccine’s impact is likely to
be missed due to distributional failures unless routine
immunization is supplemented with periodic intensifica-
tion and outreach campaigns.
In many high PfPR2-10 countries, coverage of malaria

interventions remains low; how programs scale-up has
important implications for equity [24], in agreement
with a previous analysis [20] showing that, where ITN
use increased, gains were made across the asset-wealth
continuum, often with accelerated growth in the poorest
stratum. We find this conclusion also holds for other
malaria coverage indicators, indicating that expansions
in malaria programs in the region have largely circum-
vented the inverse care law [51]. Yet, despite pro-poor
growth, progress toward equitable distribution of malaria
interventions in many settings is limited by past high
levels of inequality; turning these programs around is a
challenge. For these countries, failure to sustain a focus
on equity in service delivery leads to greater inequality
in subsequent periods, while narrowing the gap between
poorest and least poor requires disproportionately faster
and sustained growth in the poorest strata.
These dynamics can partially explain systematic differ-

ences in the level and distribution of malaria coverage
indicators by PfPR2-10. Most high PfPR2-10 countries
were late to scale-up ITNs; these efforts relied heavily on
donor assistance that financed mass distribution cam-
paigns outside the formal health sector, enabling equit-
able coverage in these settings. In lower PfPR2-10

countries, ITN delivery relied more on routine channels
propagating disparities in access to formal care to ITN
coverage. Distributional failures in the formal health sec-
tor limit progress toward equity across malaria interven-
tions as programs rely on routine channels to maintain
coverage between campaign rounds (i.e., ITN, IPTp), to
strengthen access for priority groups, and to inform
planning and resource allocation decisions with data

sourced from governmental health facilities. Tackling
malaria requires a holistic view of the program; to
succeed, there should be a focus on strengthening the
health systems at large.
Evidence of economic gradients in intervention cover-

age lends itself to a clear programmatic interpretation –
the poor are left behind; but analogous interpretation of
equitable or pro-poor gradients may be misleading. First,
as dimensions of social and economic disadvantage over-
lap, analyses limited to broad comparisons between the
poorest and the least poor might average over important
gradients understating the true degree of disparity [53].
Second, it is not obvious whether gradients defined over
an asset-wealth index capture policy-relevant dimensions
of economic or social disadvantage in malaria-endemic
countries [39, 40, 54]. Finally, geographic and demo-
graphic clustering of malaria in low transmission settings
might undermine the capacity of conventional tools to
identify and monitor high-risk populations [25]. To illus-
trate, we analyzed ITN use by a number of common
equity stratifiers and an interaction of these dimensions
with the asset-wealth index for Liberia, a country with a
pro-poor or egalitarian distribution of most malaria in-
terventions (Fig. 3). Here, ITN use is equally distributed
across the economic strata at the national level (solid
and dashed pink lines); it is effectively equal to national
average when stratified by place of residence, education,
or PfPR2-10 (colored bars) (Fig. 3a). However, large gradi-
ents for Liberia emerge when either of the dimensions is
overlapped with the asset-wealth index (Fig. 3a). There
are large regional differences around the national
average and even stronger economic gradients within
these regions. While pro-poor at national level, ITN use
is concentrated among the least poor in rural settings,
areas of high PfPR2-10, and in all regions except for the
South Central region of Liberia, which includes the
country capital.
Equality across wealth quintiles in coverage, or con-

centration of interventions in the poorest, is likely to be
more effective in reducing burden than concentration of
interventions in the richer quintiles because of the asso-
ciation of malaria infection with low socioeconomic sta-
tus (Table 2) [55]. The areas and individuals at highest
risk contribute disproportionately to onward infection
[56], so targeting them is highly effective if they can be
identified [57]. However, identifying them is challenging
[58]. Economic and social dimensions have a role in this,
and thus need to be considered as important compo-
nents (alongside epidemiological and geographic data) in
new approaches in malaria mapping, in the development
of more comprehensive measures of malaria vulnerabil-
ity [59, 60], and in analytical tools to help malaria
control programs direct efforts towards vulnerable sub-
populations [61, 62].
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By eliminating disparities in proximal determinants
(access to preventive and curative interventions) of mal-
aria morbidity and mortality, control programs in
endemic countries address only a part of the causal
pathway from exposure to disease; the underlying socio-
ecological conditions could manifest through other
mechanisms further perpetuating health inequities [58].
The consideration is relevant to evaluation and perform-
ance targets for control programs. Differential tracking
of coverage indicators by malaria endemicity and/or
other context-specific dimensions of social or economic
disadvantage, as shown here, can enhance equity ana-
lyses [28, 32] by focusing most directly on populations at
risk. Expanding the scope of monitoring indicators to
also include quality dimensions could help direct efforts
toward increasing efficiency of current control tools. To
this end, the equity effectiveness framework can be
applied to disentangle the impact of various factors on
the gap in the effectiveness of interventions across socio-
economic gradients [52]. For instance, compounding of
disadvantage along the service delivery path has been
shown for malaria case management, where the poor are
not only less likely to seek care but also less likely to do
so in the formal sector, or to receive appropriate diagno-
sis and treatment [32].
There are a number of limitations to consider when

interpreting our findings. Due to varying survey cycles
between countries, there is some inconsistency in

reference years for reported statistics. To the extent that
expansion in malaria services accelerated closer to 2015
or accelerated differently with respect to equity, esti-
mates based on less recent surveys understate the level
of service provision, overstate the degree of inequality in
their distribution across the wealth strata, and overstate
differences in the two statistics between countries.
Timing of campaigns (i.e., IRS or ITN distribution) with
respect to survey implementation is another variable af-
fecting the estimated level of malaria services and
comparisons thereof between countries. Finally, by de-
sign, DHS surveys are to be conducted during low trans-
mission season, while MIS is conducted at peak. Survey
implementation in the field, however, spans months
averaging over the seasonality pattern in the data
collected [30]. To the extent that in some countries the
pattern is maintained comparisons will be biased.

Conclusions
The global health and development agenda place a spe-
cial emphasis on universal health coverage [63–65]. The
Global Technical Strategy for Malaria 2016–2030, in
particular, argues for universal access to interventions
for malaria prevention, diagnosis, and treatment as a
path toward elimination [63]. For endemic countries,
given the historically low access among the poorest,
adopting this vision would require overall gains in cover-
age to be accompanied with accelerated improvements
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Fig. 3 Heterogeneity in distribution of malaria interventions over transmission and alternate socioeconomic stratifiers in Liberia in 2015a:
proportion of population who slept under an ITN the previous night. a Mean and 95% confidence interval for the proportion of population who slept
under an ITN the previous night within each dimension: place of residence (urban or rural), region ((North Western, South Central, South Eastern A,
South Eastern B, North Central), mother’s highest educational level (no education, primary, secondary, higher), PfPR2-10 level (<0.1%, 0.1–5%, 5–40%, >
40%). The national average and the corresponding confidence interval are shown in solid and dash pink lines respectively. b The degree of inequality,
summarized here in a concentration index and 95% confidence interval, in distribution of ITN use with respect to asset-wealth index within each
dimension. National average of the concentration index and the corresponding confidence interval are shown in solid and dash pink lines respectively.
aData drawn from Liberia Demographic and Health Survey 2013
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in disadvantaged populations. Our analysis testifies to
the progress made by countries in the region in narrow-
ing economic gradients in malaria intervention coverage
and highlights the scope for continued monitoring of
these programs with respect to equity.

Additional files

Additional file 1: Tables SA1. and SA2 that list by country: country
name, ISO3 code, mean population weighted PfPR2-10, and corresponding
DHS/MIS survey used in 2015 tabulations and 2005–2015 year trend
analyses. (DOCX 37 kb)

Additional file 2: Tables detailing country estimates corresponding to
level and degree of inequality for each of the malaria intervention
coverage indicators including ACTs (Tables SA3-SA9). (DOCX 93 kb)

Additional file 3: Plots of 2015* level and degree of inequality for each
of the malaria intervention coverage indicators including ACTs (Figure
SA1-SA2). (DOCX 84 kb)

Additional file 4: Plots of excess change and change in each of the
malaria intervention coverage indicators from 2005 to 2015* (Additional
file 2: Figure SA2). (DOCX 65 kb)

Additional file 5: Table SA10. 2015* malaria parasite prevalence
estimates according to rapid diagnostic tests based on country DHS/MIS
surveys. (DOC 45 kb)

Abbreviations
ACT: artermisinin combination therapy; CIX: concentration index;
DHS: Demographic and Health Survey; IPT: intermittent preventive treatment;
IPTp: intermittent preventive treatment in pregnancy; IRS: insecticide residual
spraying; ITN: insecticide treated net; MIS: Malaria Indicator Survey

Acknowledgements
The authors would like to thank the reviewers for their helpful and constructive
comments that contributed to the final version of the paper.

Funding
KG and MAP were supported with a research grant from the Rudolf Geigy
Foundation. TAS was supported by the Bill and Melinda Gates Foundation
(#OOP1032350). Neither funder was involved in study design, data collection,
data analysis, data interpretation, or writing of the manuscript. The
corresponding author had full access to all the data in the study and had
final responsibility for the decision to submit the manuscript for publication.

Availability of data and materials
The analysis drew on publicly available data, as referenced in the Methods
section of the manuscript.

Authors’ contributions
KG, TAS, and MAP conceived of the study. KG designed and implemented the
analysis. KG drafted the manuscript. DDS supported interpretation. All authors
discussed the results, contributed to revisions of the manuscript, and approved
the final version.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 13 June 2017 Accepted: 27 September 2017

References
1. World Health Organization. World Malaria Report 2016. Geneva: WHO; 2016.
2. World Health Organization. World Malaria Report 2008. Geneva: WHO; 2008.
3. Willey BA, Paintain LS, Mangham L, Car J, Schellenberg JA. Strategies for

delivering insecticide-treated nets at scale for malaria control: a systematic
review. Bull World Health Organ. 2012;90:672–84E.

4. O'Connell KA, Gatakaa H, Poyer S, Njogu J, Evance I, Munroe E, Solomon T,
Goodman C, Hanson K, Zinsou C, et al. Got ACTs? Availability, price, market
share and provider knowledge of anti-malarial medicines in public and
private sector outlets in six malaria-endemic countries. Malar J. 2011;10:326.

5. Steketee R, Eisele TP. Is the scale up of malaria intervention coverage also
achieving equity? PLoS One. 2009;4:e8409.

6. Webster J, Lines J, Bruce J, Armstrong Schellenberg JR, Hanson K. Which
delivery systems reach the poor? A review of equity of coverage of ever-
treated nets, never-treated nets, and immunisation to reduce child mortality
in Africa. Lancet Infect Dis. 2005;5:709–17.

7. Secretary-General announces ‘Roll Back Malaria Partnership’ on World Malaria
Day. New York: United Nations Secretary-General (SG/SM/11531); 2008.

8. Roll Back Malaria. Global Malaria Action Plan: For a Free Malaria World.
Geneva: RBM Partnership; 2008.

9. Roll Back Malaria. Refined/Updated GMAP Objectives, Targets, Milestones
and Priorities Beyond 2011. Geneva: RBM Partnership; 2011.

10. World Health Organization. Guidelines for the treatment of malaria. Geneva:
WHO; 2006.

11. The Global Fund. Overview. https://www.theglobalfund.org/en/overview/.
Accessed 11 Oct 2017.

12. Gelband H, Seiter A. A global subsidy for antimalarial drugs. Am J Trop Med
Hyg. 2007;77:219–21.

13. Young M, Wolfheim C, Marsh DR, Hammamy D. World Health Organization/
United Nations Children's Fund joint statement on integrated community
case management: an equity-focused strategy to improve access to
essential treatment services for children. Am J Trop Med Hyg. 2012;87:6–10.

14. Gwatkin DR. Trends in health inequalities in developing countries. Lancet
Global Health. 2017;5:E371–2.

15. Zollner C, De Allegri M, Louis VR, Ye M, Sie A, Tiendrebeogo J, Jahn A,
Muller O. Insecticide-treated mosquito nets in rural Burkina Faso:
assessment of coverage and equity in the wake of a universal distribution
campaign. Health Policy Plan. 2015;30:171–80.

16. Bonner K, Mwita A, McElroy P, Omari S, Mzava A, Lengeler C, Kaspar N,
Nathan R, Ngegba J, Mtung'e R, Brown N. Design, implementation and
evaluation of a national campaign to distribute nine million free LLINs to
children under five years of age in Tanzania. Malar J. 2011;10:73.

17. Mbachu CO, Onwujekwe OE, Uzochukwu BSC, Uchegbu E, Oranuba J, Ilika AL.
Examining equity in access to long-lasting insecticide nets and artemisinin-based
combination therapy in Anambra state, Nigeria. BMC Public Health. 2012;12:315.

18. Ntuku HM, Ruckstuhl L, Julo-Reminiac JE, Umesumbu SE, Bokota A, Tshefu
AK, Lengeler C. Long-lasting insecticidal net (LLIN) ownership, use and cost
of implementation after a mass distribution campaign in Kasai Occidental
Province, Democratic Republic of Congo. Malar J. 2017;16:22.

19. Ruyange MM, Condo J, Karema C, Binagwaho A, Rukundo A, Muyirukazi Y.
Factors associated with the non-use of insecticide-treated nets in Rwandan
children. Malar J. 2016;15:355.

20. Barat L, Palmer N, Basu S, Worral E, Hanson K, Mills A. Do malaria control
interventions reach the poor? A view through the equity lens. Am J Trop
Med Hyg. 2004;71:174–8.

21. Hill J, Hoyt J, van Eijk AM, D'Mello-Guyett L, ter Kuile FO, Steketee R, Smith
H, Webster J. Factors affecting the delivery, access, and use of interventions
to prevent malaria in pregnancy in sub-Saharan Africa: a systematic review
and meta-analysis. PLoS Med. 2013;10(7):e1001488.

22. Victora CG, Barros AJ, Axelson H, Bhutta ZA, Chopra M, Franca GV, Kerber K,
Kirkwood BR, Newby H, Ronsmans C, Boerma JT. How changes in coverage
affect equity in maternal and child health interventions in 35 Countdown to
2015 countries: an analysis of national surveys. Lancet. 2012;380:1149–56.

23. Taylor C, Florey L, Ye Y. Equity trends in ownership of insecticide-treated nets
in 19 sub-Saharan African countries. Bull World Health Organ. 2017;95:322–32.

24. Taylor C, Florey L, Yazoume Y. Increasing equity of insecticide-treated net
ownership in sub-Saharan Africa from 2003 to 2014. In: DHS Analytic
Studies, vol. 52. Rockville: ICF International; 2015.

Galactionova et al. BMC Medicine  (2017) 15:185 Page 10 of 11

dx.doi.org/10.1186/s12916-017-0948-8
dx.doi.org/10.1186/s12916-017-0948-8
dx.doi.org/10.1186/s12916-017-0948-8
dx.doi.org/10.1186/s12916-017-0948-8
dx.doi.org/10.1186/s12916-017-0948-8
https://www.theglobalfund.org/en/overview/


25. Cotter C, Sturrock HJW, Hsiang MS. The changing epidemiology of malaria
elimination: new strategies for new challenges. Lancet. 2013;382(9895):900–11.

26. Gwatkin DR. How much would poor people gain from faster progress towards
the Millennium Development Goals for health? Lancet. 2005;365:813–7.

27. Snow RW, Okiro EA, Gething PW, Atun R, Hay SI. Equity and adequacy of
international donor assistance for global malaria control: an analysis of
populations at risk and external funding commitments. Lancet. 2010;376:1409–16.

28. Rodriguez DC, Whiteside A, Bennett S. Political commitment for vulnerable
populations during donor transition. Bull World Health Organ. 2017;95:121–7.

29. World Health Organization. Handbook on health inequality monitoring: with
a special focus on low- and middle-income countries. Geneva: WHO; 2013.

30. Burgert CR, Bradley SEK, Eckert E, Arnold F. Improving estimates of
insecticide-treated mosquito net coverage from household surveys: using
geographic coordinates to account for endemicity and seasonality. In: DHS
Analytical Studies, vol. 32. Calverton: ICF International; 2012.

31. Demographic and Health Surveys. http://www.measuredhs.com/. Accessed
11 Oct 2017.

32. Florey L. Measures of malaria parasitemia prevalence in national surveys:
agreement between rapid diagnostic testing and microscopy. In: DHS
Analytical Studies No 43. Rockville: ICF International; 2014.

33. Malaria Atlas Project. http://www.map.ox.ac.uk/map/. Accessed 11 Oct 2017.
34. Bennett A, Bisanzio D, Yukich JO, Mappin B, Fergus CA, Lynch M, Cibulskis RE,

Bhatt S, Weiss DJ, Cameron E, et al. Population coverage of artemisinin-based
combination treatment in children younger than 5 years with fever and
Plasmodium falciparum infection in Africa, 2003-2015: a modelling study using
data from national surveys. Lancet Global Health. 2017;5:E418–27.

35. Population Estimates and Projections, World Bank Group. https://data.worldbank.
org/data-catalog/population-projection-tables. Accessed 15 Mar 2017.

36. World Health Organization. Guidelines for treatment of malaria. 2nd ed.
Geneva: WHO; 2010.

37. Galactionova K, Tediosi F, de Savigny D, Smith T, Tanner M. Effective
coverage and systems effectiveness for malaria case management in sub-
Saharan African countries. PLoS One. 2015;10(5):e0127818.

38. Rutstein S, Johnson K. The DHS Wealth Index. In: DHS Comparative Reports,
vol. 6. Calverton: ORC Macro; 2004.

39. Tusting LS, Rek JC, Arinaitwe E, Staedke SG, Kamya MR, Bottomley C,
Johnson D, Lines J, Dorsey G, Lindsay SW. Measuring socioeconomic
inequalities in relation to malaria risk: a comparison of metrics in rural
Uganda. Am J Trop Med Hygiene. 2016;94:650–8.

40. Mwageni E, Masanja H, Juma Z, Momburi D, Mkilindi Y, Mbuya C, Kasale H, Reid
G, de Savigny D. Socio-economic status and health inequalities in rural Tanzania:
Evidence from the Rufiji demographic surveillance system. In: Network I, editor.
Measuring Health Equity in Small Areas Findings from Demographic Surveillance
Systems. Aldershot: Ashgate Publishing Ltd; 2005. p. 19–32.

41. O’Donnell O, van Doorslaer E, Wagstaff A, Lindelow M. Analyzing health
equity using household survey data : a guide to techniques and their
implementation. Washington, DC: World Bank Group; 2007.

42. O'Donnell O, O'Neill S, van Ourti T, Walsh B. conindex: Estimation of
concentration indices. Stata J. 2016;16:112–38.

43. World Health Organization. State of inequality: reproductive, maternal,
newborn, and child health. Geneva: WHO; 2015.

44. Roll Back Malaria. Household Survey Indicators for Malaria Control. 2013.
http://www.malariasurveys.org/documents/
Household%20Survey%20Indicators%20for%20Malaria%20Control.pdf.

45. The DHS Program. Publications. http://www.dhsprogram.com/publications/
index.cfm. Accessed 11 Oct 2017.

46. StataCorp. Stata Statistical Software: Release 14. College Station: StataCorp LP; 2015.
47. Bhatt S, Weiss D, Cameron E, Bisanzio D, Mappin B, Dalrymple U, Battle K, Moyes

C, Henry A, Eckhoff P, et al. The effect of malaria control on Plasmodium
falciparum in Africa between 2000 and 2015. Nature. 2015;526:207–11.

48. Wagstaff A, Bredenkamp C, Buisman LR. Progress on global health goals: are
the poor being left behind? World Bank Res Obs. 2014;29:137–62.

49. Suzuki E, Sharan M, Bos E. Poverty and health monitoring report. In: Lutalo
M, editor. Health, Nutrition and Population (HNP) Discussion Paper.
Washington, DC: The International Bank for Reconstruction and
Development/The World Bank; 2012.

50. Rasanathan K, Diaz T. Research on health equity in the SDG era: the urgent
need for greater focus on implementation. Int J Equity Health. 2016;15:202.

51. World Health Organization. Malaria Vaccine: WHO Position Paper - January
2016. In Weekly Epidemiological Record. pp. 33-52. http://www.who.int/wer/
2016/wer9104/en/. Accessed 11 Oct 2017.

52. Hosseinpoor AR, Bergen N, Schlotheuber A, Gacic-Dobo M, Hansen PM,
Senouci K, Boerma T, Barros AJD. State of inequality in diphtheria-tetanus-
pertussis immunisation coverage in low-income and middle-income
countries: a multicountry study of household health surveys. Lancet Glob
Health. 2016;4:e617–26.

53. Tugwell P, de Savigny D, Hawker G, Robinson V. Applying clinical
epidemiological methods to health equity: the equity effectiveness loop. Br
Med J. 2006;332:358–61.

54. Houweling TA, Kunst AE, Mackenbach JP. Measuring health inequality
among children in developing countries: does the choice of the indicator of
economic status matter? Int J Equity Health. 2003;2:8.

55. Tusting LS, Willey B, Lucas H, Thompson J, Kafy HT, Smith R, Lindsay SW.
Socioeconomic development as an intervention against malaria: a
systematic review and meta-analysis. Lancet. 2013;382:963–72.

56. Woolhouse MEJ, Dye C, Etard JF, Smith T, Charlwood JD, Garnett GP, Hagan
P, Hii JLK, Ndhlovu PD, Quinnell RJ, et al. Heterogeneities in the
transmission of infectious agents: Implications for the design of control
programs. Proc Natl Acad Sci U S A. 1997;94:338–42.

57. Bousema T, Griffin JT, Sauerwein RW, Smith DL, Churcher TS, Takken W,
Ghani A, Drakeley C, Gosling R. Hitting hotspots: spatial targeting of malaria
for control and elimination. PLoS Med. 2012;9(1):e1001165.

58. Bejon P, Williams TN, Nyundo C, Hay SI, Benz D, Gething PW, Otiende M,
Peshu J, Bashraheil M, Greenhouse B, et al. A micro-epidemiological analysis
of febrile malaria in Coastal Kenya showing hotspots within hotspots. Elife.
2014;3:e02130.

59. Keinberger S, Hagenlocher M. Spatial-explicit modeling of social
vulnerability to malaria in East Africa. Int J Health Geogr. 2014;13:29.

60. Tatem AJ, Gething PW, Pezzulo C, Weiss DJ, Bhatt S. Final Report:
Development of High-Resolution Gridded Poverty Surfaces. In: Development
of High-Resolution Gridded Poverty Surfaces. 2014.

61. Steele JE, Sundsoy PR, Pezzulo C, Alegana VA, Bird TJ, Blumenstock J,
Bjelland J, Engo-Monsen K, de Montjoye YA, Iqbal AM, et al. Mapping
poverty using mobile phone and satellite data. J R Soc Interface. 2017;
14(127). doi:10.1098/rsif.2016.0690.

62. Bosco C, Alegana V, Bird T, Pezzulo C, Bengtsson L, Sorichetta A, Steele J,
Hornby G, Ruktanonchai C, Ruktanonchai N, et al. Exploring the high-
resolution mapping of gender-disaggregated development indicators. J R
Soc Interface. 2017;14(129). doi:10.1098/rsif.2016.0825.

63. World Health Organization. Global Technical Strategy for Malaria 2016–2030.
Geneva: WHO; 2015.

64. World Health Organization on behalf of the Roll Back Malaria Partnership
Secretariat 2015. Action and Investment to Defeat Malaria 2016–2030. For a
Malaria-Free World. Geneva: WHO; 2015

65. Sustainable Development Goals: 17 Goals to Transform our World. http://
www.un.org/sustainabledevelopment/sustainable-development-goals/.
Accessed 11 Oct 2017.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Galactionova et al. BMC Medicine  (2017) 15:185 Page 11 of 11

http://www.measuredhs.com/
http://www.map.ox.ac.uk/map/
https://data.worldbank.org/data-catalog/population-projection-tables
https://data.worldbank.org/data-catalog/population-projection-tables
http://www.dhsprogram.com/publications/index.cfm
http://www.dhsprogram.com/publications/index.cfm
http://www.who.int/wer/2016/wer9104/en/
http://www.who.int/wer/2016/wer9104/en/
http://dx.doi.org/10.1098/rsif.2016.0690
http://dx.doi.org/10.1098/rsif.2016.0825
http://www.un.org/sustainabledevelopment/sustainable-development-goals/
http://www.un.org/sustainabledevelopment/sustainable-development-goals/

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data sources
	Outcomes
	Socioeconomic status stratifier
	Statistical analysis

	Results
	Discussion
	Conclusions
	Additional files
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

