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Abstract
To assess social inequalities in the use of antenatal care (ANC), facility based delivery

(FBD), and modern contraception (MC) in two contrasting groups of countries in sub-

Saharan Africa divided based on their progress towards maternal mortality reduction. Six

countries were included in this study. Three countries (Ethiopia, Madagascar, and Uganda)

had<350 MMR in 2010 with>4.5% average annual reduction rate while another three

(Cameroon, Zambia, and Zimbabwe) had>550 MMR in 2010 with only<1.5% average an-

nual reduction rate. All of these countries had at least three rounds of Demographic and

Health Surveys (DHS) before 2012. We measured rate ratios and differences, as well as rel-

ative and absolute concentration indices in order to examine within-country geographical

and wealth-based inequalities in the utilization of ANC, FBD, and MC. In the countries

which have made sufficient progress (i.e. Ethiopia, Madagascar, and Uganda), ANC use in-

creased by 8.7, 9.3 and 5.7 percent, respectively, while the utilization of FBD increased by

4.7, 0.7 and 20.2 percent, respectively, over the last decade. By contrast, utilization of these

services either plateaued or decreased in countries which did not make progress towards

reducing maternal mortality, with the exception of Cameroon. Utilization of MC increased in

all six countries but remained very low, with a high of 40.5% in Zimbabwe and low of 16.1%

in Cameroon as of 2011. In general, relative measures of inequalities were found to have

declined overtime in countries making progress towards reducing maternal mortality. In

countries with insufficient progress towards maternal mortality reduction, these indicators

remained stagnant or increased. Absolute measures for geographical and wealth-based in-

equalities remained high invariably in all six countries. The increasing trend in the utilization

of maternal care services was found to concur with a steady decline in maternal mortality.

Relative inequality declined overtime in countries which made progress towards reducing

maternal mortality.
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Introduction
Sub-Saharan Africa (SSA) has the highest maternal mortality ratio in the world and account
for more than half of maternal death worldwide [1]. Despite major progress towards reducing
maternal mortality over the last decade, it is unlikely that many countries in the world, in-
cluding the SSA region, will be able to achieve their Millennium Development Goal of 75%
decrease in maternal mortality by 2015 [2,3]. Several countries in SSA experience civil war
and social conflict that jeopardize overall development and social stability. Others are
relatively conflict free, but are still lagging behind their desired progress in terms of
health indicators.

Lack of access to health care services for pregnancy and delivery are among the main rea-
sons for high maternal and neonatal mortality rates worldwide [4,5]. Maternal care services re-
main important indicators for monitoring the progress of maternal outcomes, including
maternal mortality. Antenatal care, delivery at health facilities with skilled professionals, and
postnatal care reinforce the timely management and treatment of complications to reduce ma-
ternal deaths. In spite of the importance of facility based delivery in preventing maternal death,
a larger proportion of women give birth outside of health facilities without any skilled atten-
dance [6,7]. Antenatal care is one of the pillars of the Safe Motherhood Initiative, and helps
provide interventions that are necessary for healthy pregnancy outcomes [8,9]. Receiving ante-
natal care at least four times, as recommended by the WHO, increases the likelihood of receiv-
ing effective health promotion and preventive maternal health interventions during antenatal
visits [2,10,11]. Family planning is another important indicator of the Safe Motherhood Initia-
tive to reduce maternal death in developing countries [10]. Basic and comprehensive emergen-
cy obstetric services are recommended as lifesaving interventions for pregnant women [12,13].
It is important to assess whether the utilization of these key services is equitable across coun-
tries, and by geographic and socioeconomic strata within them.

The United Nations report on ‘Trends in Maternal Mortality 2005–2010’ categorizes the
countries based on their progress towards MDG 5 targets from 1900 to 2010 [2]. One impor-
tant feature of this report is that it demonstrates progress by providing the average annual per-
centage change in maternal mortality ratio (MMR) between 1990 and 2010, and categorizes
the countries as being ‘on track’, ‘making progress’, ‘insufficient progress’ or ‘no progress’
made over time. We identified six countries from the SSA region based on the WHO report on
maternal mortality. Three of these countries viz. Ethiopia, Madagascar, and Uganda had<350
MMR in 2010, made sufficient progress towards achieving their MDG 5 targets, maintained an
average annual reduction rate of>4.5, and had available Demographic and Health Surveys
(DHS) data for 2010 or 2011. The other three countries viz. Cameroon, Zambia and Zimbabwe
had>550 MMR in 2010, made insufficient or no progress towards achieving their MDG 5 tar-
gets, maintained an average annual reduction rate of<1.5, and had DHS data available for
2010 or 2011.

Two research questions were addressed in this study: how three key maternal health indica-
tors (antenatal care, delivery at health facilities and use modern contraception) were utilized in
the better performing countries and poor performing countries in SSA against the backdrop of
MMR status over time?, and whether there were geographic and wealth-based inequalities in
the utilization of these services in these countries? We hypothesize that utilization of maternal
care services is higher and more equitable by urban-rural and wealth based gradients in better
performing countries compared to poor performing countries. We undertook comparative
analyses of utilization of antenatal care, delivery at health facilities and modern contraception
in six selected countries in general and separately by urban-rural and wealth quintiles to assess
inequalities in the utilization of these services.
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Materials and Methods
Data collected from the Demographic and Health Surveys in six SSA countries were used in
this study. DHS surveys are cross-sectional, comparable and nationally representative surveys
of household samples that collect information on various health and demographic issues in-
cluding sections on maternal and child health, fertility and family planning from selected low-
and-middle-income countries (LMICs) [14]. We used three rounds of the latest DHS surveys
available between 1994 and 2011 in six selected countries and labelled them as Group A: Ethio-
pia (ET), Madagascar (MD), and Uganda (UG); and Group B: Cameroon (CM), Zambia (ZM),
and Zimbabwe (ZW). This grouping was conducted based on the data presented in the report
‘Trends in Maternal Mortality 2005–2010’ published jointly by the WHO and other UN orga-
nizations, which categorizes countries based on their progress towards meeting MDG 5 targets
from 1990 to 2010. Table 1 presents the survey year and sample size for all DHSs included in
the study.

Measures
The primary outcome variables of interest in the study were antenatal care (ANC), facility
based delivery (FBD) and use of modern contraceptives (MC). DHS used information from
mothers (aged 15–49) who had live births in the five years preceding the survey to measure
ANC and FBD. As per the WHO's recommendation, we calculated ANC as having a minimum
of four prenatal care visits during their pregnancy. FBD is defined as giving birth at a health fa-
cility such as a public or private hospital, community health center or private clinic. MC was
examined for women (aged 15–49 years) who reported active use of a modern method of con-
traception, such as the oral pill, intrauterine device, condom, female or male sterilization, im-
plant or injectable. Two key exploratory variables used in this study to analyse inequalities in
the utilization of maternal and reproductive care services (i.e., ANC, FBD and MC). These vari-
ables are place of residence (rural-urban) and household wealth index. Using a method sug-
gested by Filmer and Pritchett, [15] the DHS constructs the wealth index based on available
information about households asset ownership, and housing and environmental conditions
[16]. The MMR remains as the centre of interest of this study and the six countries were

Table 1. Countries, survey year and sample size for all DHS included in the study.

Countries
(Group A)

Survey
Year

Sample size/
HH

Sample size/Women
Aged 15–49

Countries
(Groups B)

Survey
Year

Sample size/
HH

Sample size/Women
Aged 15–49

Ethiopia (ET) Cameroon (CM)

2000 14072 15367 1998 4697 5501

2005 13721 14070 2004 10462 10656

2011 16702 16515 2011 14214 15426

Madagascar (MD) Zambia (ZM)

1997 7171 7060 1996 7286 8021

2003/04 8420 7949 2001/02 7126 7658

2008/09 17857 17375 2007 7164 7146

Uganda (UG) Zimbabwe (ZW)

2000/01 7885 7246 1999 6369 5907

2006 8870 8531 2005/06 9285 8907

2011 9033 8674 2010/11 9756 9171

HH = household.

doi:10.1371/journal.pone.0120922.t001
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selected based on their performance in achieving their target to reduce maternal mortality.
MMR refers to the number of women who die during pregnancy or within 42 days of delivery
per 100,000 live births. MMR is a regression modeled estimate developed by the WHO, UNI-
CEF, UNFPA and the World Bank. MMR is estimated using information on fertility, birth at-
tendants, and HIV prevalence [2].

Statistical Analysis
We calculated utilization of three maternal and reproductive health measures (ANC, FBD and
MC) for each of the six selected countries as whole, for rural and urban areas and for two ex-
treme wealth quintiles for three DHS surveys to present as proportions. Then, to measure abso-
lute and relative differences between urban and rural areas in the terms of utilization of
maternal and reproductive health care, we used rate ratios (RRur = Rurban�Rrural) and rate dif-
ferences (RDur = Rurban-Rrural), respectively. We also measured the rate ratios of the highest vs.
lowest wealth quintile (RRhl = Rhighest quintile� Rlowest quintile.), as well as the difference between
the ratios of the highest and lowest wealth quintile (RDhl = Rhighest quintile- Rlowest quintile) to cal-
culate socioeconomic inequalities in maternal and reproductive health care. Additionally, we
used relative and absolute measures of the concentration index to quantify socioeconomic in-
equalities in ANC, FBD and MC. The relative concentration index (RC) was measured with
reference to the relative concentration curve. The relative concentration curve requires the
plotting of the cumulative population of individuals, ranked in ascending order of socioeco-
nomic status (such as household wealth) on its x-axis, against the cumulative percentage of the
health variable of interest on its y-axis. The concentration curve enables us to make statements
such as “10% of ANC was used by the poorest 20% of the population”. The RC is defined as
twice the area between the relative concentration curve and the diagonal line representing “the
line of perfect equality”. If the relative concentration curve lies below (above) the line of perfect
equality, the RC takes a negative (positive) value and means that the health variable is concen-
trated among wealthier individuals [17]. The value of RC ranges from -1 to 1, with a score of
zero indicating “no disparity”. We can also generalize the concentration curve in such a way
that it becomes sensitive to changes in the population mean of the health variable (μ), and
therefore reflects absolute differences in health outcomes across socioeconomic groups. The
generalized concentration curve is the relative concentration curve multiplied by the health
variable μ. The absolute concentration index (AC) is twice the area between the line of perfect
equality and the generalized concentration curve. AC is calculated as μ×RC and ranges from -μ
to μ, with zero indicating “perfect equality” [18]. The RC and AC indices were calculated using
the “convenient regression” approach suggested by Kakwani et al. (1997). Moreover, as the out-
come variables of interest in our study (i.e. ANC, FBD and MC) are binary, we applied Wag-
staff’s correction [19] to the measurement of RC and AC (i.e. multiplying the RC by 1/1-μ). We
used a method suggested by Altman and Bland [20] to examine the significance of differences
in the values of RRur, RDur, RRhl, RDhl, RC and AC between the first and last surveys at the
p-value = 0.05 level with 95% confidence intervals.

Results

Maternal Mortality Ratio in selected countries
There were two different trends in the MMR across the six selected SSA countries over the peri-
od between 1990 and 2010 (Fig. 1). The MMR declined in Ethiopia, Madagascar and Uganda
over the last two decades whereas the MMR increased or plateaued during the same period in
Zimbabwe, Zambia and Cameroon. Ethiopia witnessed a more dramatic decline in maternal
mortality over this time period, with an MMR of 950/per 100,000 live births in 1990 and
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350/per 100,000 live births in 2010. By contrast, the MMR in Zimbabwe increased from 470/
per 100,000 deaths in 1990 to 570/per 100,000 deaths in 2010.

Trends in the utilization of ANC, FBD and MC services
The utilization of ANC increased in the three countries with sufficient progress towards their
MDG 5 target (Fig. 2). The difference in the proportions of ANC use between the first and
third surveys suggested 8.7, 9.3 and 5.7 percent increases in Ethiopia, Madagascar and Uganda,
respectively (Table 2). With the exception of Uganda, where the proportion of ANC use in-
creased from 39.2 to 46.6 percent over time in rural areas only, the utilization of ANC increased
in both rural and urban regions in countries with satisfactory progress towards their MDG 5
goals. The utilization of FBD increased over time in both rural and urban areas in Ethiopia as
well as in Uganda. The utilization of FBD did not change over time in Madagascar. Results also
indicated that modern contraceptive use increased by 14, 15.7 and 4.2 percent over time in
Ethiopia, Madagascar and Uganda, respectively. Among countries with insufficient progress
towards their MDG 5 targets, only Cameroon showed increased utilization of maternal and re-
productive health care. Although the uptake of modern contraceptive methods increased by
13.3 and 4.9 percent in Zambia and Zimbabwe over time, the utilization of ANC declined in
these countries. Furthermore, in Zimbabwe, the utilization of FBD declined from 75 percent in
1999 to 65 percent in 2010/11.

Inequalities in the utilization of ANC, FBD and MC services
The calculated RRur and RDur suggested marked relative and absolute urban-rural disparities
between the utilization of ANC, FBD and MC in all countries (see Table 2). As for the urban-
rural inequality, Ethiopia made considerable reduction in relative disparities in ANC use be-
tween the first and third surveys, a 55 percent reduction in the value of the RRur. While relative
and absolute urban-rural inequalities in the utilization of ANC and FBD increased in Madagas-
car over time, the RRur and RDur suggest a decline in geographical differences in ANC and
FBD in Uganda. Among countries with insufficient reduction in maternal care, Zambia wit-
nessed a decrease in urban-rural differences in terms of utilization of all measures of maternal
and reproductive health services (see the significant declines in the values of the estimated RRur

and RDur for ANC, FBD and MC between the first and third surveys for Zambia in Table 2). In

Fig 1. Maternal mortality ratio (per 100,000 live births) in selected SSA countries: 1990–2010.

doi:10.1371/journal.pone.0120922.g001
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Fig 2. Proportion of antenatal care (ANC), facility based delivery (FBD) andmodern contraceptive use
(MC) in selected countries.

doi:10.1371/journal.pone.0120922.g002
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contrast, geographical differences in the absolute utilization of ANC in Cameroon increased by
0.069 (CI = 0.021 to 0.117) points and absolute and relative utilization of FBD in Zimbabwe
widened over time by 0.139 (CI = 0.062 to 0.216) and 0.042 (CI = 0.002 to 0.082)
points, respectively.

Based on the results of the rich-to-poor ratios (RRhl) and absolute differences between the
richest and poorest quintiles (RDhl), it is evident that wealthier mothers utilized more ANC,
FBD and MC in all countries (Table 3). The calculated RRhl and RDhl demonstrated huge vari-
ations in disparities of maternal and reproductive health care between mothers in the wealthi-
est and poorest quintiles across all the countries. According to the RDhl, the absolute
inequalities in the utilization of ANC and FBD widened in all countries over time except for in
Zambia, where the absolute gaps in ANC and FBD use decreased between the first and last sur-
veys by 0.201 (CI = -0.264 to -0.138) and 0.075 (CI = -0.115 to -0.035) points, respectively. The
rich-poor ratios in the utilization of FBD and/or ANC also increased in Madagascar, Camer-
oon and Zimbabwe. In contrast to Madagascar, Zambia and Zimbabwe, the absolute and rela-
tive inequalities in MC use between women in the wealthiest and poorest quintiles increased
over time Uganda by 0.124 (0.083 to 0.165) points and 1.28 (0.71 to 1.85) points, accordingly.

Moreover, the results demonstrated significant rich-poor disparities in the consumption of
maternal health services in all six countries (see positive values of the RC and AC indices in
Table 3). According to the RC and AC indices, while over time absolute and relative wealth-
based inequalities in ANC and FBD use decreased in Zambia, such disparities increased in
Madagascar, Uganda and Cameroon. The estimated values of RC and AC indices in Zimbabwe
also indicated that wealth-based inequities in the utilization of ANC increased by 0.097 (0.034
to 0.16) points and 0.063 (0.018 to 0.108) points, accordingly. Wealth-based inequalities in the
utilization of reproductive health care decreased in Madagascar, and in the three countries
with insufficient progress towards their MDG 5 targets. In Ethiopia, while absolute wealth-
based inequalities in the utilization of maternal and reproductive health care increased between
the first and last surveys, relative wealth-based inequalities in ANC and MC use decreased
over time.

Discussion
The results of this study showed that coverage of ANC and FBD has steadily increased over the
last decade in countries that have made progress towards reducing maternal mortality (Ethio-
pia, Madagascar, and Uganda). By contrast, with the exception of Cameroon, utilization of
those services in countries which have not made sufficient progress towards reducing maternal
mortality either plateaued or decreased. In general, relative measures of inequality, such as rate
ratios and relative concentration index, demonstrated a decline in inequalities of the utilization
of maternal care in countries which have made satisfactory progress towards reducing maternal
mortality. At the same time, these indicators suggested sustained or even increased trends in
inequalities in countries with insufficient progress towards reducing maternal mortality. Abso-
lute measures for geographical and wealth-based inequalities, however, remained invariably
high in all six countries.

An increase in the proportion of women who received ANC and FBD over time concurred
with a steady decline in maternal mortality. This finding was remarkable since these two mea-
sures are considered to be crucial in reducing maternal mortality [4,21]. Similar findings have
been reported in some other countries, and the declining trend in maternal mortality ratios
suggests that the uptake of maternity care services could have a strong impact on MMR reduc-
tion [22,23]. Uptake of ANC and FBD services may contribute to identifying and addressing
life-threatening maternal conditions which lead to maternal mortality [8]. Increase in uptake
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of ANC, FBD and MC services in both rural and urban areas but more pragmatically in rural
areas in countries made sufficient progress towards reducing maternal mortality is a reflection
in reduction of relative inequality.

Direct causes of maternal mortality are haemorrhages, hypertensive disorders, sepsis, ob-
structed labour, and complications from unsafe abortions. However, use of contraception re-
mains as one of the primary interventions for the prevention of maternal mortality
[10,11,21,24]. Use of modern contraceptives was found to be very low in all six countries in-
cluded in this study. According to the 2011 survey, the highest was reported at 40.5% in Zimba-
bwe and the lowest at 16.1% in Cameroon. The highest changes were chiefly observed in
Ethiopia and Madagascar; two countries which have made sufficient progress towards achieve
the MDG 5 targets: their utilization of MC increased by 14% and 16%, respectively. Neverthe-
less, in order to make further improvement in meeting maternal mortality targets, all of the
studied countries need to make further boosts to family planning campaigns. A very low rate of
contraceptive use has been observed in Cameroon, only 16.1 percent as of 2011 DHS survey.
Apparently no progress has been made in contraceptive use rates during last decade even
though the country has made some progress in the utilization of ANC and FBD rates compared
to Zambia and Zimbabwe. Role of HIV epidemic and poor nutritional status among women
may have contributed in high maternal mortality in SSA countries including Zambia and Zim-
babwe [25–27].

Many barriers to the access of maternal health and reproductive health services have been
identified in LMICs, including the African context. These factors included affordability of ser-
vices, availability of services, distance to the services, lack of transportation, sociocultural fac-
tors and the lack of knowledge [24,28–31]. ‘The three delays model’ provided a conceptual
framework of the factors influencing access to appropriate care in obstetric emergencies [32].

Our findings demonstrated that pregnant women in urban areas used more ANC, FBD and
MC services in all countries. Ethiopia has the highest level of relative inequalities in the utiliza-
tion of these services, but the country has nevertheless achieved considerable reduction in
urban-rural disparities, thus making progress towards reducing maternal mortality. However,
it needs to be noted here that Ethiopia had the lowest initial utilization rates of ANC, FBD and
MC among the six countries, providing sufficient room for improvement comparatively.
Wealth-based inequalities as measured on an absolute scale suggested that wealthier mothers
utilized more ANC, FBD and MC in all countries. These findings support the existing litera-
ture, which also shows evidence for substantial inequalities in the use of reproductive and ma-
ternal health in terms of wealth and rural-urban settings in various African and Asian
countries [7,8,33–38]. Explaining wealth-based inequality in accessing maternal and reproduc-
tive care services is complex, because many factors, such as cost versus affordability, distance
and availability of services, sociocultural factors, and demand for services must be considered
[37,39,40]. Lack of affordability can be seen as a factor that explains rich-poor inequalities for
ANC, FBD and MC services [39,40]. Demand for services influenced by cultural factors nega-
tively affect poorer women to seek care maternal and reproductive health services, this may be
because they are less educated, they prefer to delivery at home, do not want to see a male doctor
[41,42] Urban-rural differentials in maternal care utilization could be explained by the concen-
tration of health infrastructure and better quality services in urban areas [43,44].

To handle inequality in the utilization of maternal health services, strategies that encompass
both demand and supply side interventions, especially to reach those living in remote areas or
with limited resources, are a necessity. Such interventions should go beyond any targeted inter-
vention for maternal health to accommodate a broader development agenda, including human
capital development. For example, investment in female education may have contributed in re-
duction of maternal mortality in countries like Ethiopia and Bangladesh [5,45]. Ethiopia has
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put an additional three million children in school than in 2000 through rural school construc-
tion programmes. In Bangladesh, girls' enrolment in primary school is 92.3% [45]. Free or sub-
sidized maternal care, as in the cases of Ghana, Burkina Faso [46], voucher schemes in Uganda,
Cambodia, and Bangladesh [47–49], transport interventions in Malawi and Burundi, [50,51]
are remarkable. Lessons learned from implementation of these highly applauded interventions
must be contextualised to increase the use of maternal care services, and to address the dispari-
ties in the accessing maternal care services in SSA countries in order to achieve their targets in
reduction of maternal mortality.

There are a few limitations to this study. First, the three DHS surveys for the six countries
may not have been strictly comparable because they were conducted across a range of different
years, from 1996 to 2011. However, the total duration that the three surveys refer to remain
more or less similar, around 10 years. Second, there was a recall period of utilization of care
ranging from four to six years between the surveys, but the wealth index was constructed on
data from the survey year. Nevertheless, current measures of wealth index can be an acceptable
proxy of immediately past years since household wealth is a relatively stable attribute that does
not change in the short term. Third, the inclusion of other important indicators to maternal
care, in particular emergency obstetric care (EmOC), would have been highly relevant in order
to provide a degree of comparability with the MMR status of the countries. However, informa-
tion on EmOC is not readily available, except for caesarean section delivery. We did not ana-
lyze inequalities in the utilization of caesarean sections because the available samples were
insufficient for conducting statistical inference [12]. We have selected the six countries based
on certain criteria, one of them being the availability of DHS survey data for multiple rounds;
hence, caution is needed to interpret and generalize the study's findings.

Conclusion
This study has pointed out the importance of key maternal care services and related socioeco-
nomic and geographic inequality against the backdrop of maternal mortality status in six SSA
countries. The findings revealed persistent inequalities in the use of three key maternal health
services, favouring wealthy and urban women. Relative inequality by wealth and rural-urban
residence decreased over time in countries making progress towards reducing maternal mortal-
ity, but it was not the case in countries made insufficient progress. Although our findings
highlighted the importance of disparities in maternal care services on MMR in the selected
countries, it should be noted that other factors such as governance, socioeconomic, infrastruc-
tural and environmental conditions play an important role in reduction of disparities and
hence MMR in each country [37,42,43]. Thus, the findings presented in this paper should be
the subject of further research in order to establish a causal relationship between the utilization
of care and maternal mortality. As we strive for universal health coverage, future health policies
and interventions must be strengthened to increase the use of maternal care services, and be
more able to address the disparities in the utilization of maternal care, especially for those who
are poor and live in rural areas in SSA countries. It is through this kind of action that these
countries can hope to achieve the MDG targets and beyond.
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