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Abstract

Background: Sub-Saharan Africa continues to account for the highest regional maternal mortality ratio (MMR) in
the world, at just under 550 maternal deaths per 100,000 live births in 2015, compared to a global rate of 216 deaths.
Spatial inequalities in access to life-saving maternal and newborn health (MNH) services persist within sub-Saharan Africa,
however, with varied improvement over the past two decades. While previous research within the East African
Community (EAC) region has examined utilisation of MNH care as an emergent property of geographic accessibility, no
research has examined how these spatial inequalities have evolved over time at similar spatial scales.

Methods: Here, we analysed temporal trends of spatial inequalities in utilisation of antenatal care (ANC), skilled birth
attendance (SBA), and postnatal care (PNC) among four East African countries. Specifically, we used Bayesian spatial
statistics to generate district-level estimates of these services for several time points using Demographic and Health
Surveys data in Kenya, Tanzania, Rwanda, and Uganda. We examined temporal trends of both absolute and relative
indices over time, including the absolute difference between estimates, as well as change in performance ratios of the
best-to-worst performing districts per country.

Results: Across all countries, we found the greatest spatial equality in ANC, while SBA and PNC tended to have greater
spatial variability. In particular, Rwanda represented the only country to consistently increase coverage and reduce
spatial inequalities across all services. Conversely, Tanzania had noticeable reductions in ANC coverage throughout
most of the country, with some areas experiencing as much as a 55% reduction. Encouragingly, however, we found
that performance gaps between districts have generally decreased or remained stably low across all countries,
suggesting countries are making improvements to reduce spatial inequalities in these services.

Conclusions: We found that while the region is generally making progress in reducing spatial gaps across districts,
improvement in PNC coverage has stagnated, and should be monitored closely over the coming decades. This study is
the first to report temporal trends in district-level estimates in MNH services across the EAC region, and these findings
establish an important baseline of evidence for the Sustainable Development Goal era.
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Background
Substantial progress has been made in reducing global
maternal mortality over the past three decades, and
while total coverage of maternal health services may
have increased over time, inequalities among those
utilising these services have persisted [1, 2]. Sub-Saharan
Africa continues to account for the highest regional
maternal mortality ratio (MMR) in the world, at just
under 550 maternal deaths per 100,000 live births in
2015, compared to a global rate of 216 deaths. Further,
only four countries achieved the 75% reduction (Cabo
Verde, Equatorial Guinea, Eritrea, and Rwanda) set out
by Millennium Development Goal (MDG) 5a [3]. These
ratios mask underlying heterogeneity, however, with
MMRs ranging from as low as 167 per 100,000 live
births in Southern Africa, to as high as 675 deaths per
100,000 live births in Western Africa in 2015 [3]. The
greatest reduction in MMR between 1990 and 2015
occurred within the Eastern Africa sub-region (as
defined by the United Nations’ (UN) MDG groupings),
with a 57% overall change and 3.4% average annual
change [4]. However, even within this sub-region, coun-
tries falling in the East African Community (EAC)
region (comprised in 2015 of Burundi, Kenya, Rwanda,
Tanzania, and Uganda, with the addition of South Sudan
in 2016) experienced varied improvement in preventing
maternal deaths over the past two decades, with Rwanda
representing the only country within the region to reach
the MDG 5a target.
Reducing health inequalities in low- and middle-income

countries has become an increasingly important and
quantifiable objective in the post-2015 Sustainable
Development Goals (SDG) agenda [5, 6]. While there has
been a renewed call for disaggregation of national level
indicators, much research in maternal and newborn health
(MNH) over the previous decades has focused on disag-
gregating health data by socioeconomic status such as
wealth quintile and education status [1, 4, 7]. The state of
a mother’s health depends not only on her education and
income, however, but also on where she lives and the
progress her country is making in addressing maternal
and newborn health issues [4]. Over the coming decades,
therefore, spatial and temporal disaggregation in addition
to this continued socioeconomic disaggregation will be
key to ensuring healthy lives and well-being for all across
all ages. By disaggregating data across spatial, temporal
and socioeconomic dimensions, health inequalities
amongst subgroups may be highlighted, as well as how
these inequalities have changed over time [4].
Preventing the deaths of mothers and newborns ultim-

ately requires delivery of timely and high quality service
packages and interventions across the continuum of
care, such as antenatal care, skilled birth attendance, and
postnatal care [8]. Previous studies have examined

temporal trends of child mortality [9] and health indica-
tors such as education [10] and child growth [11] at high
spatial resolutions, but fewer studies have examined
temporal trends in utilisation of key MNH services at
similar spatial resolutions. Victora and colleagues [12]
reported progress in maternal, newborn, and child
survival through the Millennium Development Goal era,
while more recently, child and maternal mortality
estimates have been systematically reported at the global,
regional and national scales [13, 14]. Assaf and Pullum
[7] further reported temporal trends in key MNH
services disaggregated by socioeconomic indicators such
as wealth and education; these studies, however, repre-
sent analysis performed at a provincial or national-level
spatial scale, and potentially mask important variation at
policy-relevant spatial scales, such as the district level.
Within the EAC region, previous research [15] has

examined utilisation of MNH services as an emergent
property of accessibility, highlighting high-resolution
inequalities in receiving care before, during, and after
delivery. While these inequalities have been spatially dis-
aggregated, no research has examined how these spatial
inequalities have evolved over time at similar spatial
scales. Further, estimates at a policy-meaningful level
such as the district level remain limited, as data collected
in-country tend to be limited by insufficient reporting,
sampling bias, or other methodological challenges. Esti-
mates of MNH service utilisation have historically relied
on household surveys such as the Demographic and
Health Surveys (DHS), but these are not typically repre-
sentative below the national or regional level due to
sample design (with some recent exceptions such as the
2015 Kenya DHS). This necessitates the use of spatial
statistics, such as small area estimation techniques and
geo-spatial modelling frameworks, to generate predictive
estimates at smaller spatial levels, but these approaches
also come with methodological considerations. Spatial
interpolation methods using a Bayesian framework are
one such application of predictive modelling, and repre-
sent an ideal opportunity to quantify uncertainty in esti-
mates through posterior distributions [16]. Briefly, a
Bayesian framework generates a distribution of possible
estimates, or posterior distribution, in which the “true”
value may lie, and allows for reporting of standard distri-
bution statistics, such as mean, median, standard devi-
ation, and credibility interval. This is particularly
valuable when reporting DHS data at a spatial scale dif-
ferent from that which the data were collected at, where
the range of uncertainty may vary in more rural, less
sampled areas [16, 17].
Here, this study examines how prevalence of antenatal

care (ANC), skilled birth attendance (SBA), and postna-
tal care (PNC) use has changed sub-nationally over time
within the EAC region, using both absolute and relative
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measures of inequality. Barros and Victora [5] argue that
reporting temporal trends of both absolute and relative
measures of inequalities is essential, as these measures
complement each other to provide a more comprehen-
sive reflection of change in inequality over time. This
paper therefore aims to generate estimates of ANC,
SBA, and PNC ranging between 1999 and 2015 at a
higher spatial resolution than has been previously
reported. We examine temporal trends of absolute indi-
ces by visualising the difference in these estimates
between the first and last time points available. We fur-
ther aim to examine temporal trends of relative indices
by quantifying how the gap between the best-to-worst
performing administrative units has changed over time,
as well as explore how the effect of space alone has
changed in predicting utilisation of these services.

Methods
Data
To explore sub-national change in ANC, SBA, and PNC
over time, we compiled data from DHS for Kenya,
Tanzania, Rwanda, and Uganda for several time points
available (see Table 1) using SAS version 9.4 software
[18]. To calculate estimates using DHS data at a spatial
area smaller than those which are reported through the
DHS program, information on spatial location of house-
hold surveys are necessary through global positioning
system (GPS) coordinates [16]. The DHS program pro-
vides this information for recent surveys at the cluster
(an aggregate of households) level, which is then dis-
placed to maintain participant confidentiality. To facili-
tate spatial interpolation, we therefore included only
standard DHS surveys in these analyses with corre-
sponding geo-located cluster data available. Of note, at
the time these analyses were performed, Burundi con-
tained a full DHS survey with associated GPS data for
only 1 year, and therefore was not included in our

analyses. We further restricted these analyses to women
with births in the previous 5 years to generate estimates
of MNH services. Table 1 displays the DHS survey
characteristics, final sample size, and number of clusters
used in these analyses. We mapped cluster locations
using ArcGIS software [31] and drew corresponding
buffers of 2 km and 5 km around urban and rural loca-
tions (respectively) in order to minimize bias resulting
from DHS displacement protocols, in accordance with
DHS recommendations outlined by Burgert and col-
leagues [32].
Finally, to allow for temporal analysis of model out-

comes and spatial comparison, clusters at each survey
year available were spatially linked to the most recent
administrative II unit available for each country using
ArcGIS software. Briefly, administrative units are subna-
tional geographic areas used for administrative or polit-
ical purposes, such as districts, regions, counties and
states. In the United States, for example, administrative I
units correspond to the state level, while administrative
II units correspond to counties (with the exception of
two states). Because the word for these geographic areas
may vary substantially by country (ie, district, county,
borough, etc.), the administrative II unit level used in
these analyses is hereby referred to as the ‘district’
level for the purposes of this paper. We spatially
linked survey data to the most current district bound-
aries available for each country, as both DHS and
political boundaries in many of the study countries
have changed since 1999, preventing direct compari-
son of change over time. Further, by disaggregating
each country at a uniform district level, spatial com-
parisons across countries could be standardized.

Absolute indices of temporal change
We employed a Bayesian inference framework using the
Integrated Nested Laplace Approximation (INLA)
package [33] in R [34] to spatially interpolate coverage
estimates for ANC, SBA, and PNC at the district level
throughout our study countries. Specifically, we used the
Besag-York-Mollier (BYM-2) class of models within the
INLA package, which have been shown to be particularly
useful in mapping disease, as unstructured spatial effects
can be added to account for region-specific variation
[35, 36]. Our model was therefore defined as

logit pij
� �

¼ β0 þ β1xij þ β2xij…β5xij þ f spat admin j
� �

where logit(pij) represents the odds of a woman’s most
recent birth, i, in administrative unit, j, obtaining the
corresponding health service (SBA, ANC, and PNC); β0
+ β1xij + β2xij…β5xij represents the fixed effects of the
model as described below; and fspat(admin) represents
the structured spatial effect of administrative unit, j, as a

Table 1 DHS survey used in study analysis and characteristics

Country Citation Survey Year Survey Type Clusters Sample

Kenya [19] 2003 Standard DHS-IV 399 2969

[20] 2008/9 Standard DHS-V 397 3054

[21] 2014 Standard DHS-VII 1585 11,151

Rwanda [22] 2005 Standard DHS-V 462 4002

[23] 2010 Standard DHS-VI 492 4746

[24] 2014/15 Standard DHS-VII 492 4467

Tanzania [25] 1999 Standard DHS-IV 176 1504

[26] 2010 Standard DHS-VI 475 4019

[27] 2015/16 Standard DHS-VII 608 5288

Uganda [28] 2000/1 Standard DHS-IV 266 2790

[29] 2006 Standard DHS-V 336 3420

[30] 2011 Standard DHS-VI 400 3645
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combination of both the structured and unstructured
random effects, defined as

f spat admin j
� � ¼ f struc adminj

� �þ f unstruc admin j
� �

For these analyses, we assumed an uninformative prior
distribution on model parameters to allow the data to
drive model results, as no previous literature or data
exist at this level for each year to inform our expecta-
tions of the spatial distribution of model outcomes. By
assuming uninformative priors across all models at each
time point available, this allowed for better comparison
of model results. Similar approaches have been used
previously [17] with adolescent health indicators using
DHS data. The model outputs generated by this method
represent a posterior distribution of possible estimates
for each outcome at the district level. The mean of this
distribution can therefore be taken to represent a point
estimate for each geographic unit, while also allowing
for reporting of standard distribution statistics (such as
standard deviation and credibility intervals) which can
be used to represent uncertainty surrounding each esti-
mate. To visualize the absolute change over time among
these indicators, we compared estimates for each coun-
try between the first and last surveys available.
Binary model outcomes included SBA, ANC, and

PNC, while fixed model effects included urban/rural
residence, education status, wealth quintile, maternal
age, and parity, which have been defined in previous
literature as important predictors of MNH services [15,
37, 38]. To maintain comparability across countries, we
defined skilled birth attendance as births attended by a
doctor, nurse, or auxiliary midwife for the most recent
birth available. Antenatal care was defined amongst the
most recent birth as 4+ antenatal care visits, while post-
natal care was defined as a maternal check-up within 48
h of the most recent delivery by a health professional
(doctor, nurse, or auxiliary midwife). For deliveries
occurring at a health facility, we assumed postnatal care
was provided by a health professional (as defined above)
unless otherwise specified by the data. Lastly, we report
model fit through the Deviance Information Criterion
(DIC) values, which provide a measure of
goodness-of-fit for Bayesian models, while adjusting for
model complexity and effective number of parameters,
with smaller DIC values representing better fitting
models [39].

Relative indices of temporal change
We examined relative indices of temporal change by
quantifying the ratio between best-versus-worst mod-
elled estimates among districts, with larger values repre-
senting increased gaps in coverage between districts, and
smaller values nearing one representing decreasing

spatial inequality. We further examined the temporal
trend of spatial effects by reporting univariate logistic
odds ratio (OR) using the ‘lme4’ package in R software
[40] for each outcome and time point available. Similar
approaches have been used by researchers at the DHS
program [7] to temporally examine socioeconomic
inequalities such as wealth in MNH. These analyses have
reported coefficients for the richest quintiles as com-
pared to the poorest, with values overlapping zero repre-
senting no statistically significant difference in services
as predicted by wealth. We similarly report coefficients
for DHS region with the best-performing (or highest
coverage) for each outcome, as compared to the
worst-performing (or lowest coverage) region, represent-
ing temporal trends in spatial inequalities divorced of
modelled estimates. Specifically, we defined coverage as
the proportion of women in the sample accessing a
given service—for example, 90% of women reporting
skilled attendance at birth would correspond to 90%
coverage for this indicator. DHS regions used for refer-
ence and coefficients reported are outlined in Table A-1
(see Additional file 1: Appendix). More information on
region boundaries used by the DHS can be found at
spatialdata.dhsprogram.com/boundaries. In these
analyses, values overlapping zero represent no significant
effect of space in predicting odds of MNH outcome use,
while increasing values represent a greater effect of
space alone in predicting service utilisation.

Validation
To validate model performance, we employed an
out-of-sample validation technique, where 25% of the
data were removed for validation purposes, while the
remaining 75% were used for model training. We report
standard validation statistics, including mean absolute
error (MAE), mean square error (MSE), and pseudo-R2.
Previous studies [16, 41] have employed similar statistics
when interpolating surfaces using DHS data, and repre-
sent information on model precision, model bias, and
variance explained, respectively.

Results
Absolute indices of temporal change
Figure 1 a-d show modelled prevalence estimates of
skilled birth attendance (i), antenatal care (ii), and post-
natal care (iii) at the district level, and corresponding
absolute change over time in these estimates between
the first and last time points available. For absolute
change over time, areas in blue indicate an increasing
prevalence estimates between the first and last time
points, while areas in white represent a small, but
increasing change over time, and areas in red indicate
decreasing prevalence estimates over time. The corre-
sponding absolute change estimates for each districts are
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labelled and ordered increasingly in Figure A.1a-d (see
Additional file 1: Appendix), to facilitate visualisation of
greatest to least improvement for each district
Rwanda (Fig. 1c) represented the only country with

exclusively increasing prevalence over time amongst all
three services, with as much as 85% increases in SBA for
some districts and nearing universal coverage for both
SBA and PNC. While more moderate gains were seen
for antenatal care, every area within the country saw
increases in prevalence, ranging to as high as a 60%
increase. Equally encouraging, the greatest increases for
Kenya (Fig. 1a) were primarily localized within the
eastern region of Kenya, which has historically shown
higher levels of wealth inequality and more adverse
maternal health outcomes as compared to the rest of the
country, particularly in the northern parts of the region
[7]. Increases in this area were also seen amongst skilled
birth attendance and postnatal care, however these were
comparatively more conservative increases.
Conversely, Tanzania (Fig. 1b) had noticeable reduc-

tions in coverage throughout most of the country in util-
isation of 4+ antenatal care visits, with some areas
experiencing as much as a 55% reduction. This trend
was predominantly driven by high coverage in ANC in
1999, which were substantially reduced in the 2010 and
2015 DHS surveys. This trend however, did not hold for
skilled birth attendance and postnatal care, with much
of the country experiencing improvement amongst these
services. While Uganda (Fig. 1d) experienced improve-
ment in skilled birth attendance over time, it experi-
enced equally substantial decreases or little to no
improvement in antenatal care and postnatal care in
Northern and central Uganda. Similar to Tanzania, these
trends were predominantly driven by high estimates dur-
ing the 2000 DHS, decreasing with the 2006 and 2011
surveys.
Model outcomes, estimates and fit are outlined in

Table A-2 (see Additional file 1: Appendix). Figure 2
compares model fits across outcomes by country, as
measured by the DIC. Of note, the y-axis for DIC values
varies by country, as these values should not be com-
pared between countries. In general, SBA and PNC
models tended to perform better as compared to ANC
models, with the exception of the most recent models in
Uganda, where models all performed similarly. DIC
values also tended to increase over time, possibly due to
increasing sample size (see Table 1), with the exception
of Rwanda. Models in Rwanda tended to perform

Fig. 1 Predicted prevalence and absolute change in i) skilled birth
attendance (blue), ii) 4+ antenatal care visits (green), and iii)
postnatal check-up within 48 h (red) among administrative II units,
among DHS data in a) Kenya, 2003–2014 b) Tanzania, 1999–2015, c)
Rwanda, 2005–2014, and d) Uganda, 2000–2011
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similarly in 2010, but had more variability in 2005 and
2014. However, this variability only ranged between 30
points, similar to models in other countries.

Relative indices of temporal change
Figure 3 shows performance ratios of each outcome,
reflecting the relative gap within countries between the
district with the highest-versus-lowest prevalence esti-
mates over time. Values closer to one therefore represent
spatial homogeneity in coverage, while higher values
represent more disparate gaps within countries amongst

services. Across all countries, the lowest ratios tended to
be among ANC, with the exception of Rwanda, while
SBA and PNC tended to have greater ratios between the
highest and lowest district estimates, suggesting greater
spatial heterogeneity. Generally, ratios have typically
decreased or remained stably low over time across all
countries.
Historically, Rwanda had relatively small ratios which

decreased over time, while Kenya had the highest
inequalities in SBA, these were substantially reduced
over time. Tanzania equally experienced reductions in

Fig. 2 DIC values for skilled birth attendance (blue), 4+ antenatal care visits (green), and postnatal care (red) models, by country, DHS
data, 1999–2015
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Fig. 3 Ratio of modelled best-to-worst performing administrative II units over time for skilled birth attendance (blue), 4+ antenatal care visits
(green), and postnatal care (red), by country, DHS data, 1999–2015
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SBA and PNC, but saw little to no change in ANC over
time as it was already relatively low. Uganda also saw
substantial improvement in reducing disparities over
time for SBA and PNC (despite an increasing ratio for
the year 2005), nearly halving the SBA ratio from 25 to
12 within the span of a decade. Regardless, the most
recent ratios in Kenya and Tanzania across service util-
isation still remained around 5, meaning the best per-
forming region of the country had coverage about
5-times higher than the corresponding lowest region.
Further, while Uganda saw improvement across services,
ratios amongst SBA and PNC still represent the highest
ratios across the region, suggesting there is still need for
further improvement.
Lastly, Fig. 4 shows results of the unadjusted logistic

odds ratio, plotting coefficients of the DHS region with
the highest corresponding coverage as compared to the
region with the lowest coverage as reference. Positive,
significant coefficients imply a statistically significant
effect of space exists, while estimates spanning zero
imply no significant difference across regions in likeli-
hood of utilising SBA, ANC, or PNC. Historically,
Rwanda saw high levels of inequality in utilising MNH
services by space, but univariate logistic odds results
suggest the effect of space has been substantially
reduced over the decades, representing the country with
the lowest odds ratios across services amongst the most
recent survey. Of note, the odds of obtaining PNC in
2010 was negative, implying odds in the best performing
regions were actually reduced as compared to the worst
performing region. Kenya further saw decreasing ORs
over time for both ANC and PNC, but saw little
improvement for SBA, with Nairobi having 2 to 3 times
higher odds of utilising skilled birth attendance over
time as compared to the North Eastern region. Despite
this improvement, Kenya’s ORs remain amongst the
highest across the region, in combination with Tanzania.
In contrast to Rwanda and Kenya’s decreasing trends

in ORs, Tanzania and Uganda had substantial variability
in ORs over time. Encouragingly, the effect of space is
relatively low in Uganda amongst ANC and PNC, but
has increased over time for SBA. However, the odds of
obtaining SBA amongst the DHS region with the high-
est SBA coverage versus the lowest was just over 1 in
2011, representing the lowest coefficient for SBA out-
side of Rwanda. Tanzania also saw an increasing effect
of space over time for PNC, and further has high ORs
along with Kenya.

Model validation
Model validation results are show in Table 2. Generally,
model fit was greatest for all services in Kenya, ranging
from 88.4% variance explained for ANC in 2008 to as
high as 99.7% in 2014 for SBA and PNC. Model fit was

poorest for ANC in Uganda, with psudeo-R2 estimates
of 0.138 and 0.239 for ANC in 2006 and 2014. In
general, model fit was poorest for ANC for all years and
countries, with the exception of Rwanda after 2010.
Model precision and bias were predominantly uniform
across countries, but was worst among Uganda models,
potentially contributing to the low explained variance.

Discussion
The vast majority of maternal deaths can be prevented
through routine health services, such as antenatal care
and skilled birth attendance, or treated through timely
interventions and prevention [42]. Within developing
countries, however, the use of key life-saving interven-
tions can be limited and inequitably distributed, and
varies by country-specific contextual issues, such as
funding and organization of health care or social and
cultural issues [43]. Continuing MDG progress in pre-
venting maternal deaths and achieving SDG targets of
“ensuring healthy lives and promoting well-being for all
at all ages” [6] will require more resolved spatial, tem-
poral, and demographic information to identify and
monitor persistent health inequalities. Examining tem-
poral change in spatial inequalities of maternal health
service use, however, requires reporting of both absolute
and relative indices, as such measures often interact with
each other synergistically and therefore require joint
interpretation [5].
Here, we found that Rwanda was the only country to

make substantial progress in both absolute and relative
measures, increasing coverage amongst all services and
reducing relative inequalities. Importantly, Rwanda had
historically low relative inequality in service coverage
(Fig. 3), suggesting that the increases in service coverage
seen in Rwanda over the decades were experienced in
spatially equitable manner, with most of the country
improving together. These results are in line with previ-
ous findings, given that Rwanda was the only country in
the region to achieve the MDG target 5a (reduce MMR
by 75% between 1990 and 2015) [3]. After experiencing
a devastating genocide in the mid-90s, Rwanda radically
re-developed their health system, aimed at: 1) coordinat-
ing policy with external donors and government aid; 2)
implementation of national-level health insurance; and,
3) introduction of a performance-based pay system for
health workers [44]. This commitment to improving
health across the country translated into a nearly 78%
reduction in MMR throughout the MDG era, as well as
a substantial reduction in under-5 mortality [9], and
may contribute to the findings outlined in this study.
We found that Uganda has experienced both absolute

and relative improvement over time in SBA across most
of the country, while improvement in PNC and ANC
lagged, particularly in the northern region. Previous
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Fig. 4 Unadjusted odds ratio of skilled birth attendance (blue), 4+ antenatal care visits (green), and postnatal care (red) over time, with worst
performing DHS region as reference, DHS data, 1999–2015
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studies [45] have similarly found poor outcomes in
under-five mortality in this area, attributing the trend
partly to the nearly two decades of armed conflict in the
region which disrupted health systems and impacted the
socio-economic stability across the region. Other studies
[46] have found that while skilled attendance is high,
other key MNH metrics such as vaccine coverage lag,
and suggest that quality of care in Uganda is insufficient,
resulting in delayed emergency treatment and insuffi-
cient supplies. Further studies [47] have found minimal
increases over time in MNH indicators requiring
multiple contacts with the health system, such as 4+
antenatal care visits, consistent with our findings. This
suggests that while Uganda has rapidly increased the
number and scale of maternal health interventions
across the country, some areas (particularly in the north-
ern regions) have historically and systematically lagged
behind and require more deliberate efforts and
focused interventions to further close the gap in
MNH inequalities [45].

In Tanzania, we found a notable absolute decrease in
coverage of 4+ antenatal care visits between 1999 and
2010, with little change through 2015. Regardless, north-
ern and north-eastern Tanzania experienced a relative
reduction over time across all services, suggesting the
possibility that these areas are being left behind in
improving access to or utilisation of maternal health ser-
vices. Tanzania achieved MDG targets for child survival,
and while previous studies [48] have noted that geo-
graphic inequalities in access to primary care at child-
birth have been reduced, inequalities persist in actual
hospital-based deliveries and antenatal care. Our find-
ings are in line with these studies [49] suggesting mater-
nal survival has lagged behind due to low coverage of
maternal health services, with rural women bearing a
disproportionate burden of risk. Examining potential
bottlenecks to explain these patterns, Armstrong et al.
[49] suggested that Tanzania must make progress in all
four “benchmarks” of quality health systems, as the
country experienced low density of health workers, poor
availability of supplies at health facilities, and low levels
of health financing, particularly in the Lake and Western
districts. Despite this, we found ratios between districts
generally decreased slightly, suggesting some progress is
being made in reducing inequalities. Further, we found
the odds of region alone in predicting SBA substantially
declined and is remaining relatively stable with ANC,
yet is noticeably increasing for PNC. These findings sug-
gest that geographic inequalities in coverage of SBA are
being reduced within country, but coverage in ANC and
PNC must be followed closely and prioritized over the
coming decades.
Finally, we found that Kenya experienced substantial

improvement in absolute change of 4+ ANC visits over
time, particularly with the eastern districts, but coverage
in SBA and PNC decreased, particularly in the northern
districts. We further found that while relative inequal-
ities between districts are reducing across services, they
still remain high compared to the rest of the region.
Across the country, we also found that urban areas
experienced substantially higher odds of obtaining MNH
services (and particularly skilled birth attendance) as
compared to rural areas, in line with previous research
[7]. Nguhiu et al. similarly found that while overall
coverage of MNH interventions has steadily increased
over time and maternal inequities decreased within
Kenya, coverage of individual interventions including
antenatal care and skilled birth attendance remained
stubbornly low and inequitable, with ANC experiencing
the most inequitable coverage [2]. They suggest that
increased overall coverage may be linked to increasing
per capita health expenditure within the country, as well
as urbanization and expansion of lower level health facil-
ities over the decades, but propose that interventions

Table 2 Model validation results

MSE MAE Psuedo -R2 MSE MAE Psuedo -R2

Kenya Tanzania

2003 1999

SBA 0.0022 0.0344 0.949 SBA 0.0099 0.076 0.876

ANC 0.002 0.0337 0.925 ANC 0.0164 0.101 0.544

PNC 0.0019 0.0286 0.960 PNC 0.0098 0.0763 0.855

2008 2010

SBA 0.0013 0.027 0.973 SBA 0.0049 0.0501 0.929

ANC 0.0021 0.0357 0.884 ANC 0.0067 0.0580 0.796

PNC 0.0017 0.030 0.967 PNC 0.0041 0.0455 0.938

2014 2015

SBA 0.00009 0.0073 0.997 SBA 0.0043 0.0441 0.901

ANC 0.0001 0.0095 0.987 ANC 0.006 0.055 0.787

PNC 0.00008 0.0072 0.997 PNC 0.004 0.0376 0.925

Rwanda Uganda

2005 2000

SBA 0.005 0.0538 0.80 SBA 0.024 0.115 0.656

ANC 0.003 0.0404 0.475 ANC 0.04 0.151 0.529

PNC 0.0043 0.0517 0.816 PNC 0.035 0.140 0.702

2010 2006

SBA 0.002 0.033 0.887 SBA 0.030 0.127 0.657

ANC 0.001 0.0300 0.905 ANC 0.054 0.173 0.138

PNC 0.001 0.0326 0.877 PNC 0.028 0.124 0.684

2014 2011

SBA 0.0008 0.024 0.704 SBA 0.025 0.119 0.678

ANC 0.0023 0.0365 0.795 ANC 0.050 0.171 0.239

PNC 0.0010 0.0270 0.738 PNC 0.033 0.136 0.534
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directed at those services lagging behind should be
accordingly prioritised over the coming decades.

Limitations
As this work primarily utilises estimates generated using
statistical inference, it is subject to several limitations,
including survey and sampling errors inherent to DHS data.
Particular to spatial interpolation at levels below the DHS
region, these data were collected using methods representa-
tive at geographic units which are different from the mea-
sures we report, potentially resulting in model uncertainty
and errors. However, the DHS program endorses use of
geospatial interpolation methods such as Bayesian infer-
ence, particularly because of the ability to quantify this
uncertainty in posterior distribution estimates [16]. The
DHS data is also subject to temporal biases, as it is col-
lected at varying intervals between countries, and informa-
tion on maternal services are collected for up to 5 years
previous. This represents a potential time lag in temporal
analyses, and the trends reported here may not represent
the current picture of MNH service utilisation in these
countries. Further, with some of the countries used in these
analyses, the most recent DHS available is upwards of 5
years old, representing an important avenue for future ana-
lyses to continue to examine these trends using more
recent data. Lastly, the actual hospital or health facility used
for the services used was not included in these analyses, as
the DHS does not report this information. This could
potentially bias model results, as the hospital or health facil-
ity may be outside of the respondent’s surveyed district.
Actual health facility used should be included in future
research if available, as well as cross-border movement.
While the scope of this paper is to report temporal

trends in spatial inequalities of MNH service use over
time, future work should aim to explain why these
patterns are occurring to potentially offer insight into
policy interventions aimed at maintaining progress to
ensure no populations are left behind in accessing MNH
services. Future research should examine factors at sev-
eral socio-ecological levels, including the individual, cul-
tural, and national level, as well as quality of care
provided. Spatial context such as travel time to health
facilities and actual health facilities used should also be
taken into account [50].

Conclusions
This study is the first to report model-based estimates at
the district level for several time points across the EAC
region, as well as report temporal trends in both abso-
lute and relative measures of spatial inequalities. We
found that relative inequality between districts have gen-
erally decreased or remained stably low over time across
all countries, suggesting improvements are being made
to reduce the gap between the geographic areas with the

highest and lowest coverage in services. We further found
that Rwanda in particular was successful in reducing rela-
tive inequalities over time, as well as increasing absolute
coverage across all MNH services. Despite this progress, we
found that relative measures of spatial inequalities across
the region indicate that the effect of space is becoming
more prominent over the decades among PNC in particu-
lar, suggesting a worrying trend that should be monitored
closely throughout the SDG era and examined further with
new sources of DHS data or other household surveys.
These analyses demonstrate how the use of spatial and

temporal disaggregation methods can be used to moni-
tor the evolution of health inequalities over the SDG
period. Our results highlight the need for continued dis-
aggregation of these data over time, which will be key in
improving health amongst all populations across the
East African Community. Lastly, in-country uptake and
adoption of GIS-enabled analytics facilitating concurrent
temporal and spatial analysis of socio-economic, envir-
onmental and health systems level determinants will be
key to development of precise policy actions for address-
ing areas with intractable health challenges and ensuring
that SDG health targets are met by 2030.
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