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Abstract

Millennium Development Goal 5 has not been universally achieved, particularly in sub-

Saharan Africa. Understanding whether maternal deaths occur during pregnancy, childbirth,

or puerperium is important to effectively plan maternal health programs and allocate

resources. Our main research objectives are to (1) describe the proportions and rates of

mortality for the antepartum, intrapartum, and postpartum periods; (2) document how these

trends vary by sub-region; and (3) investigate ecological correlations between these rates

and maternal care interventions. We used data from the Demographic and Health Survey

program, which comprises 84 surveys from 34 sub-Saharan African countries conducted

between 1990 and 2014. We calculated age-standardized maternal mortality rates and

time-specific maternal mortality rates and proportions, and we assessed correlations with

maternal care coverage. We found high levels of maternal mortality in all three periods.

Time-specific maternal mortality rates varied by country and region, with some showing an

orderly decline in all three periods and others exhibiting alarming increases in antepartum

and postpartum mortality. Ecological analysis showed that antenatal care coverage was sig-

nificantly associated with low antepartum mortality, whereas the presence of a skilled atten-

dant at childbirth was significantly associated with low postpartum mortality. In sub-Saharan

Africa, maternal deaths occur at high rates in all three risk periods, and vary substantially by

country and region. The provision of maternal care is a predictor of time-specific maternal

mortality. These results confirm the need for country-specific interventions during the contin-

uum of care to achieve the global commitment to eliminating preventable maternal mortality.

Introduction

In 2015, approximately 303,000 women died from complications of pregnancy and childbirth

[1]. Most deaths (99%) occurred in low and middle income countries, with sub-Saharan Africa

accounting for nearly two-thirds (66%) [1]. These statistics confirm that Millennium Develop-

ment Goal 5 (reducing the maternal mortality ratio by three-quarters between 1990 and 2015)

was not universally achieved, particularly in sub-Saharan Africa [2]. A renewed commitment
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to reducing maternal deaths was proposed in “The Global Strategy for Women’s, Children’s and

Adolescent’s Health,” which has a vision of ending preventable maternal mortality, and in Sus-

tainable Development Goal (SDG) 3, with a target 3.1 of reducing global maternal mortality to

fewer than 70 per 100,000 live births by 2030 [3]. Achieving SDG 3.1 and ending preventable

maternal mortality requires effective strategies and interventions to improve maternal health

and enhance the monitoring and understanding of mortality trends [4].

Understanding the timing and causes of maternal deaths is essential to reducing maternal

mortality, as it helps in planning health programs, setting priorities, and allocating resources

(particularly necessary in sub-Saharan Africa, which has limited resources and dysfunctional

health information systems). Unfortunately, accurate cause of death data—which is required

for the identification of maternal deaths and their timing- is lacking in sub-Saharan Africa as a

consequence of incomplete/non-existent vital registration systems. While there are myriad

hospital-based studies on the timing of maternal deaths in sub-Saharan Africa [5,6], these

studies are marred by selection bias and estimates that might not reflect the true maternal risk

in the general population [7]. Prospective population-based studies have been conducted in

several countries [8,9] to provide more accurate estimates; however, most were restricted to

specific areas and thus may not provide nationally representative estimates.

To consolidate global data on the timing of maternal deaths, Kassebaum et al. [10] modeled

the proportions of maternal deaths in four pregnancy-related periods using data from a sys-

tematic review of 142 studies and vital registration data. They found that, in 2013, nearly one-

quarter of deaths occurred in the antepartum period (before onset of labor), another quarter

occurred in the intrapartum and immediate postpartum periods (up to 24 hours after deliv-

ery), one-third occurred in the subacute and delayed postpartum periods (24 hours to 42 days

after delivery), and 12% occurred in the late postpartum period (43 days to 1 year after deliv-

ery). Although intrapartum deaths have decreased by more than 35% since 1990, the estimates

from sub-Saharan Africa showed fewer changes over time, and deaths in the postpartum

period were over half of all deaths in each region of Africa [10]. Say et al. [11] similarly identi-

fied the global causes of maternal mortality between 2003–2009 from vital registration and bib-

liographic data and found that 72.5% were direct obstetric and 27.5% were indirect obstetric

causes. Hemorrhage was the most common direct cause of maternal death globally (27%) and

in sub-Saharan Africa (24%), and more than two-thirds of these deaths occurred in the post-

partum period.

A continuum of maternal and newborn care during pregnancy, childbirth, and the postpar-

tum period is essential for maternal and neonatal health [12]. The World Health Organiza-

tion’s new guidelines on antenatal care (ANC) outline 49 evidence-based interventions to

improve pregnancy outcomes [13]. Furthermore, skilled attendance at birth and emergency

obstetric care have been promoted as strategies to reduce maternal mortality [14]. However,

these efforts have not been rigorously evaluated for their effects on maternal mortality. Indeed,

the role of skilled birth attendants in reducing maternal mortality was shown to be weak and

mainly based on quasi-experimental [15], observational [16], or historical studies [17], and the

efficacy of antenatal care in this regard has been questioned [18]. Although several ecological

analyses have identified receiving antenatal care and having skilled birth attendants at birth as

important determinants of maternal mortality in sub-Saharan African countries [16], none

determined associations between these determinants and the timing of death.

To reduce maternal mortality in sub-Saharan Africa, investigating the timing of maternal

deaths and the associations of maternal care with the timing of death is important. Although

data from nationally representative surveys on the timing of maternal deaths have been avail-

able for many years, they have not been fully analyzed to inform actions in the SDG era. Thus,

we present crucial results from a database of sibling histories drawn from 84 surveys in 34 sub-
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Saharan African countries. Our main research objectives are to (1) describe the proportions

and rates of mortality for the antepartum, intrapartum, and postpartum periods; (2) document

the trends in these rates and how they vary by sub-region; and (3) investigate the ecological

correlations between these rates and maternal health care interventions.

Data andmethods

Data source

We used data from Demographic and Health Surveys (DHS), which are national household

surveys focusing on providing data on demographic and health issues in women of reproduc-

tive age (15–49 years). Data are collected from eligible women using a “woman’s question-

naire” to elicit information on these areas. Women are also asked to provide antenatal care

and childbirth data about pregnancies that resulted in a live birth in the five years before the

interview. The reference period was 3 years prior to the interview for some surveys conducted

in the 1990s. A subset of these surveys contains a “Maternal Mortality Module” (i.e., sibling

history), wherein respondents list every sibling born to their own mother and their survival

status, sex, current age (if alive), and age and year of death (or years since death) if dead. For

the deaths of sisters aged 15–50, additional questions are asked about the timing of death rela-

tive to pregnancy. Our analysis is based on data from 1990 to 2014 in 84 standard DHS [19]

with a maternal mortality module from 34 sub-Saharan African countries (Annex 1). We

divided countries into four regions—East, Central, South, andWest—to provide a clearer pic-

ture of levels and trends.

Estimating maternal mortality

Using survey data from the 84 DHS, maternal mortality was calculated as follows. First, age-

specific maternal mortality rates (MMRates) were obtained by dividing the number of female

sibling deaths (during pregnancy, childbirth, or two months postpartum) by the correspond-

ing woman-years of exposure (WYE) in each age group. The overall MMRate (i.e., maternal

deaths per 1,000 WYE for women aged 15–49) was then standardized using the 1990 United

Nations (UN) age distribution of women aged 15–49 in sub-Saharan Africa [20]. We also esti-

mated the proportions of maternal deaths and maternal mortality rates according to the timing

of death (antepartum, intrapartum, and postpartum). All mortality indicators were estimated

for the five-year period preceding the survey. Confidence intervals were estimated using boot-

strapping. We employed the standard DHS approach for excluding respondents from the anal-

ysis and weighted data for female siblings using DHS sample weights.

Associations between maternal care and maternal mortality

To investigate correlations between time-specific maternal mortality and maternal health care,

we used DHS data on the number and timing of antenatal care visits as well as the presence of

skilled birth attendants during childbirth. Skilled birth attendants were defined as medically

trained and licensed personnel, including doctors, nurses, midwives, and auxiliary health per-

sonnel (or their professional equivalent in certain countries). We calculated the percentage of

women who had 4 or more antenatal visits for their last birth and the percentage of women

with births in the last five years who had their first antenatal care visit for their last birth in the

first trimester (< 4 months). We also calculated the percentage of women whose childbirth

was assisted by a skilled attendant during their last birth in the five years preceding the

interview.
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This analysis was based on each country’s most recent survey. Log-linear models were used

to determine the relationship between use of antenatal care and antepartum, intrapartum, and

postpartum mortality at the country level. A separate model was then fitted for each mortality

rate. The predictors in each model were the percentage of women with 4 or more antenatal vis-

its, the percentage of women with a skilled attendant at birth, gross national income (GNI),

total fertility rate (TFR), and the percentage of women who had attended secondary school or

higher. The World Bank publishes the annual GNI converted into international dollars using

the purchasing power parity rates. We used the World Bank’s GNI per capita based on pur-

chasing power parity [21]. For each country, linear interpolation was applied to the annual

estimates to obtain an estimate for the midpoint of the 5 years preceding the survey. Informa-

tion on the highest level of education attained or completed by women aged 15–49 was

obtained from DHS data. The TFR is the average number of live births a woman would have if

she were subject throughout her reproductive years (ages 15–49) to the current age-specific

fertility rates. The TFR was calculated using DHS household data by adding the age-specific

fertility rates (ASFRs) for the age groups of 15–19 to 45–49 years and then multiplying that

value by five. The ASFRs were calculated by dividing the number of births in the 5 years pre-

ceding the survey to women in the corresponding age group at birth by the WYE for that age

group. The regression coefficients, robust standard errors, and 95% confidence intervals are

reported. STATA version 14 (StataCorp, College Station, Texas, USA) was used to analyze the

data.

Results

Mortality indicators by timing of maternal death

All respondents and their reported siblings for each survey are displayed in Annex 3. Table 1

shows the age-standardized mortality rates and proportions of all maternal deaths for the ante-

partum, intrapartum, and postpartum periods for the most recent surveys. The MMRates ran-

ged from 0.14 (0.08, 0.21) per 1000 WYE in South Africa in 1998 to 2.54 (2.06, 3.04) in the

Central African Republic (CAR) in 1994–1995. Antepartum mortality ranged from 0.08 (95%

CI: 0.03, 0.15) per 1000WYE in South Africa to 0.77 (0.53, 1.03) in Sierra Leone; intrapartum

mortality ranged from zero in Sao Tome and Principe to 1.33 (0.92, 1.74) in the CAR; and

postpartum mortality ranged from 0.04 (0.00. 0.12) in Comoros to 0.78 (0.50, 1.12) in Lesotho.

In 14, 11, and 9 of the 34 countries, the highest proportions of maternal deaths were in the

postpartum, antepartum, and intrapartum periods, respectively.

In most countries, maternal deaths occurred mainly in the antepartum and postpartum

periods; however, there were notable variations in the distributions of the timing of death

within and among sub-Saharan African regions (Fig 1). In East Africa, postpartum deaths

constituted the highest proportion of maternal deaths (median = 0.39, interquartile range

[IQR]: 0.25–0.43) followed by antepartum (median = 0.34, IQR: 0.29–0.41) and intrapartum

deaths (median = 0.27, IQR: 0.24–0.35). In Central Africa, the proportions of antepartum

(median = 0.42, IQR: 0.27–0.42) and intrapartum deaths (median = 0.34, IQR: 0.21–0.47) were

higher than the proportion of postpartum deaths (median = 0.26, IQR: 0.13–0.37). In South

Africa, the proportion of antepartum deaths (median = 0.46, IQR: 0.35–0.53) was highest, fol-

lowed by the proportions of postpartum (median = 0.39, IQR: 0.32–0.51) and intrapartum

deaths (median = 0.14, IQR: 0.09–0.19). However, in West Africa, the highest proportion

was for intrapartum deaths (median = 0.36, IQR: 0.20–0.39), followed by postpartum

(median = 0.34, IQR: 0.29–0.38) and antepartum deaths (median = 0.32, IQR: 0.26–0.39). The

proportions of antepartum, intrapartum, and postpartum deaths and age-standardized mater-

nal mortality rates and their confidence intervals for all countries are listed in Annex 4.

Timing of maternal death in sub-Saharan Africa
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Trends in the timing of maternal mortality indicators

Fig 2 illustrates the trends in antepartum, intrapartum, and postpartum mortality rates for

all countries in each sub-Saharan African region. We observed a decrease in antepartum

Table 1. Percentages and age-standardized rates (per 1000 woman-years of exposure) of maternal mortality by
timing of death (antepartum, intrapartum and postpartum) for the five years preceding the survey.

Country Year Maternal Deaths MMRate Antepartum Intrapartum Postpartum

% Rate % Rate % Rate

East Africa

Burundi 2010 64 0.87 32.5 0.26 24.3 0.20 43.2 0.41

Comoros 2012 16 0.31 44.4 0.15 39.5 0.12 16.1 0.04

Ethiopia 2011 128 0.94 39.0 0.35 37.1 0.35 23.9 0.24

Kenya 2008–09 61 0.75 35.8 0.28 25.4 0.20 38.8 0.27

Madagascar 2008–09 136 0.92 44.8 0.41 31.3 0.29 23.9 0.22

Malawi 2010 223 1.30 22.7 0.31 48.6 0.62 28.7 0.36

Mozambique 2011 88 0.90 64.8 0.60 9.7 0.09 25.5 0.22

Rwanda 2010 91 0.72 25.0 0.17 31.4 0.24 43.6 0.31

Tanzania 2010 81 0.85 30.6 0.27 25.1 0.22 44.3 0.37

Uganda 2011 64 0.79 30.9 0.24 27.5 0.20 41.6 0.34

Zambia 2007 75 1.18 31.2 0.34 24.5 0.33 44.3 0.50

Zimbabwe 2010–11 113 1.36 38.3 0.51 20.3 0.28 41.4 0.57

Central Africa

CAR 1994–95 120 2.54 23.1 0.55 51.3 1.33 25.5 0.67

Cameroon 2011 177 1.30 41.9 0.54 21.9 0.27 36.2 0.49

Chad 2004 111 2.25 27.8 0.60 43.3 0.96 28.9 0.69

Congo (Brazzaville) 2011–12 66 0.71 39.8 0.30 49.9 0.34 10.3 0.07

CDR 2013–14 300 1.77 41.9 0.75 34.6 0.61 23.5 0.41

Gabon 2012 23 0.38 57.0 0.24 28.7 0.09 14.3 0.05

Sao Tome and Principe 2008–09 5 0.23 47.6 0.09 0.0 0.00 52.4 0.13

South Africa

Lesotho 2009–10 77 1.29 25.6 0.34 12.9 0.17 61.6 0.78

Namibia 2013 29 0.37 49.1 0.18 25.4 0.08 25.5 0.11

South Africa 1998 13 0.14 56.5 0.08 6.0 0.01 37.5 0.05

Swaziland 2006–07 43 0.99 43.4 0.43 14.5 0.14 42.2 0.42

West Africa

Benin 2006 114 0.75 31.3 0.24 35.4 0.27 33.3 0.24

Burkina Faso 2010 95 0.65 27.0 0.16 22.1 0.13 50.9 0.35

Cote d’Ivoire 2011–12 88 1.08 28.2 0.28 38.4 0.42 33.5 0.38

Guinea 2012 84 1.33 32.9 0.42 32.9 0.45 34.1 0.45

Liberia 2013 142 1.81 31.1 0.57 40.8 0.71 28.1 0.53

Mali 2012–13 61 0.79 36.6 0.30 32.4 0.26 31.0 0.23

Niger 2012 156 1.59 45.0 0.71 18.5 0.30 36.6 0.58

Nigeria 2013 343 1.17 42.9 0.52 37.2 0.42 20.0 0.24

Senegal 2010–11 111 0.76 26.9 0.19 36.5 0.28 36.6 0.29

Sierra Leone 2013 217 2.17 35.1 0.77 43.6 0.95 21.4 0.45

Togo 1998 58 0.77 42.2 0.30 16.0 0.11 41.8 0.36

Abbreviations: MMRate, maternal mortality rate

The maternal mortality rate is measured as maternal deaths per 1,000 woman-years of exposure.

https://doi.org/10.1371/journal.pone.0189416.t001
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mortality in East Africa, while Central African countries showed a substantial decrease in

intrapartum mortality and, to a lesser extent, antepartum and postpartum mortality. Con-

versely, South Africa showed an increasing trend in intrapartum and postpartum mortality

andWest Africa showed an increase in antepartum and intrapartum mortality.

Maternal health care coverage

The proportions of women making at least one antenatal care visit and four or more antenatal

care visits for the last live birth in the five years before the interview and the proportion of

women who used a skilled birth attendant for their last birth are shown in Annex 5. Fig 3

shows the proportions of women with at least one or at least four antenatal care visits and who

had used a skilled attendant in each region of sub-Saharan Africa. Antenatal coverage was gen-

erally high in all regions (median = 0.90, IQR: 0.84–0.94). The proportion of women with at

least four visits was highest in South Africa, followed by Central, West, and East Africa. A simi-

lar pattern was observed for the presence of skilled birth attendants.

Fig 1. Timing of maternal death (antepartum, intrapartum and postpartum) by sub-Saharan African region.

https://doi.org/10.1371/journal.pone.0189416.g001
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Maternal health care and timing of maternal death

Fig 4 presents the associations between the timing of death and antenatal care and the presence

of skilled attendants at childbirth. The results presented in Table 2 display the coefficients and

95% confidence intervals from the ecological log-linear models evaluating the association of

antenatal care and skilled birth attendants with antepartum, intrapartum, and postpartum

mortality rates. We found that antenatal care was significantly associated with lower antepar-

tum mortality. Skilled birth attendants were not associated with intrapartum mortality but

were associated with lower postpartum mortality.

Discussion

Our analysis of DHS from 1990 to 2014 for 34 countries provides new evidence on the levels

and trends in the timing of maternal death in sub-Saharan Africa. High levels of maternal mor-

tality were shown during the three periods. The results also show that time-specific maternal

mortality rates differed widely by country and region; in some, we observed an orderly decline

in mortality for all three periods, while in others, alarming increases were observed. Further-

more, the ecological analysis revealed that antenatal care was significantly associated with

lower antepartum mortality, while skilled birth attendants were associated with lower postpar-

tum mortality.

Fig 2. Trends in timing of maternal death (antepartum, intrapartum and postpartummortality rates) by sub-Saharan African
region.

https://doi.org/10.1371/journal.pone.0189416.g002
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The main causes of maternal deaths can be divided by when they occur. The main reasons

for deaths in the antepartum period include ectopic pregnancy, abortion and antepartum hem-

orrhage as well as hypertensive disorders that continue throughout labor and the early puerpe-

rium; those in the intrapartum period include complications of obstructed labor, hemorrhage

and other childbirth complications; and those in the postpartum period include hemorrhage

and sepsis. Indirect causes, such as HIV, malaria and pre-existing medical conditions, are also

important and account for approximately 29% of maternal deaths in sub-Saharan Africa [22].

As in a recent DHS assessment of maternal mortality data [23], we observed high maternal

mortality in all three periods, including the antepartum period, and often the three periods

were equally important. However, we observed substantial heterogeneity among countries,

with occasional departures from this pattern in countries where intrapartum or postpartum

mortality dominated, for example, CAR in 1994–95 and Cote d’Ivoire in 2011–12. Antepartum

mortality was higher than would be expected from previous studies, in which maternal deaths

are commonly reported as occurring in the intrapartum or postpartum periods [10]. Similarly,

hospital-based studies conducted in sub-Saharan Africa report increased risks during those

periods [5,6] (these studies, however, have their limitations, as noted in the introduction) [7].

Fig 3. Antenatal and childbirth care by sub-Saharan African region.

https://doi.org/10.1371/journal.pone.0189416.g003
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Fig 4. Timing of maternal death (antepartum, intrapartum and postpartummortality rates) versus antenatal care
and childbirth. (A) Antepartum mortality vs. number of ANC (antenatal care) visits; (B) Intrapartum vs. skilled
attendant at birth; (C) Postpartummortality vs. skilled attendant at birth.

https://doi.org/10.1371/journal.pone.0189416.g004
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Several population-based studies have estimated the proportion of antepartum deaths to

markedly differ by country, ranging from as low as 4.7% in Sudan [24] to as high as 31.5% in

Nigeria [8]. Additionally, several population-based studies showed a higher mortality rate

soon after childbirth that declined sharply over subsequent weeks [9,25].

The high antepartum mortality and the heterogeneity among countries and regions in the

distribution of timing of maternal deaths may be a reflection of the true population distribu-

tion of underlying causes, but it might also be a result of inaccurate data, the inclusion of inci-

dental deaths or the variation in the proportion of deaths attributable to abortion. In their

assessment of DHS maternal mortality data, Ahmed et al. found that the distribution of timing

of maternal death was similar across surveys from the same country and across different recall

periods in the same survey [23]. However, a record linkage study in Senegal showed that infor-

mation on sibling survival often suffered from reporting errors, particularly omitting deceased

or emigrated sisters and underestimating the age at death of sisters who had died at older ages

[26]. Thus, the respondents’ ability to provide an accurate survival history, especially those

with little contact with their sisters at the time of their deaths, is a cause of concern. Addition-

ally, accurate reporting of the timing of death may be problematic around the time of child-

birth, and perceptions might vary on how the deaths should be classified. For example, a sister

dying from an antepartum hemorrhage could be reported as a “death during pregnancy” as

much as a “death during childbirth.” Differences in the proportions of incidental deaths

included might also influence the distribution of the timing of death. Finally, abortion-related

deaths (which are normally classified as antepartum deaths) are difficult to measure and esti-

mate [27], and variations in the proportion of such deaths are also likely to be a factor.

In line with previous studies on the general global trends in maternal mortality, including

sub-Saharan Africa, we observed widely differing trends across countries and regions [2,10].

We observed an orderly decline in all rates in Central and East Africa but increases in intrapar-

tum and postpartum rates in South Africa and antepartum and intrapartum rates in West

Africa. Although we cannot provide explanations for these trends, general declines in maternal

mortality have been explained by correlates such as fertility, educational attainment, and

income; increases have been explained by HIV epidemics [10]. How these correlates influence

maternal deaths in each period requires further investigation. Furthermore, international

assistance should focus on countries in South andWest Africa, where mortality remains high.

Table 2. Coefficients, standard errors and 95% confidence intervals for predictors of timing of maternal death (antepartum, intrapartum and postpartummortality
rates).

Timing of Maternal Death Predictors Coefficient 95% Confidence Intervals

Antepartummortality 4+ ANC visits -0.87 -1.65 -0.10

TFR 0.21 0.06 0.36

Education 1.35 0.56 2.13

log GNI -0.35 -0.58 -0.12

Intrapartum mortality SBA -0.82 -2.08 0.425

TFR -0.10 -0.38 0.185

Education 0.32 -1.62 2.259

log GNI -1.00 -1.72 -0.286

Postpartum mortality SBA -0.95 -1.80 -0.09

TFR 0.01 -0.18 0.20

Education 0.84 -0.43 2.11

log GNI -0.39 -0.67 -0.11

Abbreviations: ANC, antenatal care; SBA, skilled birth attendant; TFR, total fertility rate; GNI, gross national income

https://doi.org/10.1371/journal.pone.0189416.t002
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Countries with high antenatal care coverage had lower antepartum mortality. Although a

recent systematic review reported that fewer but more goal-oriented antenatal visits had no

impact on maternal mortality, the quality of the reviewed studies suffered from design limita-

tions and imprecision due to studies being underpowered [18]. Another important finding is

that antenatal care is measured in terms of frequency of visits, which provides no information

on the content, quality, timing, or access to visits. Thus, a more comprehensive measurement

of ANC is recommended [28,29].

The presence of a skilled attendant at childbirth was linked with lower postpartum but not

intrapartum mortality. Given that the immediate postpartum period is linked clinically to

events occurring during labor and childbirth, we expect that the benefits of labor and child-

birth interventions, such as the presence of skilled birth attendants, would extend into the

postpartum period. The effects were not visible in the intrapartum period because it is rela-

tively short, and it is more challenging to provide adequate care during this period, particularly

in the many sub-Saharan African countries with poor health systems and human resources

shortages, which constrain the availability of emergency obstetric care [30]. Improving the

skills and number of skilled birth attendants and implementing a health care human resources

management system are necessary to reduce maternal mortality in these countries. Meanwhile,

based on current evidence, maternal care should be integrated into community settings—for

instance, community health workers could effectively deliver interventions to reduce maternal

morbidity and possibly mortality [31].

Our study included a large number of surveys from different countries across sub-Saha-

ran African regions. Using standardized mortality rates enabled comparisons across coun-

tries. The availability of data on timing-specific mortality and maternal care in the same

country’s surveys enabled the assessment of the association between these factors. However,

this study has several limitations. First, the quality of the timing of death data—collected

through sibling histories—and the likelihood of misreporting errors are of concern. Inter-

views with families who were living with the woman at the time of her death might provide

more accurate information about the timing. Second, the lack of consistency among studies

in how the risk periods are defined makes direct comparisons to our results difficult, partic-

ularly around the time of labor. For instance, some studies use the cut-off of “before the end

of pregnancy” for the antepartum period, which includes women who die in labor and who

did not deliver, while others used “before the onset of labor.” For the intrapartum period,

some studies combined the immediate or early postpartum period (first 24 hours postpar-

tum) with the intrapartum period. Fourth, information on numerous determinants of

maternal mortality is not collected by the DHS sibling histories, which precludes conducting

a more in depth analysis of factors associated with maternal deaths. Finally, the association

between maternal care and time-specific maternal mortality was based on an ecological anal-

ysis; therefore, the results cannot be interpreted as causal and conclusions cannot be applied

to individual women.

Conclusion

Maternal mortality in sub-Saharan Africa is high, with substantial mortality during all three

risk periods, including the antepartum period. Time-specific maternal mortality showed a gen-

eral decline in all three periods but alarming increases in intrapartum and postpartum rates in

South Africa and antepartum and intrapartum rates in West Africa. There is substantial het-

erogeneity among countries and regions in the levels and trends of time-specific mortality.

The receipt of maternal health care may be an important determinant of the timing of mater-

nal deaths.
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There is an obvious need for better data on why maternal deaths occur. Sibling histories aid

in filling the gap left by incomplete civil registration systems but further research is needed to

investigate the use of new data collection tools like verbal autopsy instruments that might help

better ascertain the number and causes of maternal death. In addition, the continuous invest-

ment in the strengthening of vital registration systems is essential.

Acknowledgments

The Authors would like to acknowledge the feedback provided by Dr Lale Say and Professor

Zoe Matthews.

Author Contributions

Conceptualization: Leena Merdad, Mohamed M. Ali.

Formal analysis: Leena Merdad.

Methodology: Leena Merdad, Mohamed M. Ali.

Writing – original draft: Leena Merdad.

Writing – review & editing:Mohamed M. Ali.

References
1. WHO, UNICEF, UNFPA,World Bank Group, United Nations Population Division. Trends in maternal

mortality: 1990 to 2015. Estimates byWHO, UNICEF, UNFPA,World Bank Group and the United
Nations Population Division; 2015 [cited 15 December 2015] [Internet]. Geneva: World Health Organi-
zation. http://apps.who.int/iris/bitstream/10665/194254/1/9789241565141_eng.pdf?ua=1.

2. HoganMC, Foreman KJ, Naghavi M, Ahn SY, Wang M, Makela SM, et al. Maternal mortality for 181
countries, 1980–2008: a systematic analysis of progress towards Millennium Development Goal 5. Lan-
cet. 2010; 375: 1609–1623. PMID: 20382417

3. WHO. The global strategy for women’s, children’s and adolescents’ health (2016–2030); 2015 [cited 15
April 2016] [Internet]. Italy: EveryWoman Every Child. http://who.int/life-course/partners/global-
strategy/globalstrategyreport2016-2030-lowres.pdf?ua=1.

4. WHO. Strategies toward ending preventable maternal mortlaity (EPMM); 2015 [cited 15 April 2016]
[Internet]. Geneva: World Health Organization. http://apps.who.int/iris/bitstream/10665/153544/1/
9789241508483_eng.pdf?ua=1.

5. Okusanya BO, Aigere EO, Abe A, Ibrahim HM, Salawu RA. Maternal deaths: initial report of an on-
going monitoring of maternal deaths at the Federal Medical Centre Katsina, Northwest Nigeria. J Matern
Fetal Neonatal Med. 2013; 26: 885–888. https://doi.org/10.3109/14767058.2013.765851 PMID:
23311885

6. Menendez C, Romagosa C, Ismail MR, Carrilho C, Saute F, Osman N, et al. An autopsy study of mater-
nal mortality in Mozambique: the contribution of infectious diseases. PLoSMed. 2008; 5: e44. https://
doi.org/10.1371/journal.pmed.0050044 PMID: 18288887

7. GrahamWJ, Ahmed S, Stanton C, Abou-Zahr C, Campbell OM. Measuring maternal mortality: an over-
view of opportunities and options for developing countries. BMCMed. 2008; 6: 12. https://doi.org/10.
1186/1741-7015-6-12 PMID: 18503716

8. Oye-Adeniran BA, Odeyemi KA, Gbadegesin A, Ekanem EE, Osilaja OK, Akin-Adenekan O, et al. The
use of the sisterhoodmethod for estimating maternal mortality ratio in Lagos state, Nigeria. J Obstet
Gynaecol. 2011; 31: 315–319. https://doi.org/10.3109/01443615.2011.561381 PMID: 21534753

9. Hoj L, da Silva D, Hedegaard K, Sandstrom A, Aaby P. Maternal mortality: only 42 days? BJOG. 2003;
110: 995–1000. PMID: 14592584

10. Kassebaum NJ, Bertozzi-Villa A, Coggeshall MS, Shackelford KA, Steiner C, Heuton KR, et al. Global,
regional, and national levels and causes of maternal mortality during 1990–2013: a systematic analysis
for the Global Burden of Disease Study 2013. Lancet. 2014; 384: 980–1004. https://doi.org/10.1016/
S0140-6736(14)60696-6 PMID: 24797575

Timing of maternal death in sub-Saharan Africa

PLOSONE | https://doi.org/10.1371/journal.pone.0189416 January 17, 2018 12 / 13

http://apps.who.int/iris/bitstream/10665/194254/1/9789241565141_eng.pdf?ua=1
http://www.ncbi.nlm.nih.gov/pubmed/20382417
http://who.int/life-course/partners/global-strategy/globalstrategyreport2016-2030-lowres.pdf?ua=1
http://who.int/life-course/partners/global-strategy/globalstrategyreport2016-2030-lowres.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/153544/1/9789241508483_eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/153544/1/9789241508483_eng.pdf?ua=1
https://doi.org/10.3109/14767058.2013.765851
http://www.ncbi.nlm.nih.gov/pubmed/23311885
https://doi.org/10.1371/journal.pmed.0050044
https://doi.org/10.1371/journal.pmed.0050044
http://www.ncbi.nlm.nih.gov/pubmed/18288887
https://doi.org/10.1186/1741-7015-6-12
https://doi.org/10.1186/1741-7015-6-12
http://www.ncbi.nlm.nih.gov/pubmed/18503716
https://doi.org/10.3109/01443615.2011.561381
http://www.ncbi.nlm.nih.gov/pubmed/21534753
http://www.ncbi.nlm.nih.gov/pubmed/14592584
https://doi.org/10.1016/S0140-6736(14)60696-6
https://doi.org/10.1016/S0140-6736(14)60696-6
http://www.ncbi.nlm.nih.gov/pubmed/24797575
https://doi.org/10.1371/journal.pone.0189416


11. Say L, Chou D, Gemmill A, Tuncalp O, Moller AB, Daniels J, et al. Global causes of maternal death: a
WHO systematic analysis. Lancet Glob Health. 2014; 2: e323–333. https://doi.org/10.1016/S2214-
109X(14)70227-X PMID: 25103301

12. Kerber KJ, de Graft-Johnson JE, Bhutta ZA, Okong P, Starrs A, Lawn JE. Continuum of care for mater-
nal, newborn, and child health: from slogan to service delivery. Lancet. 2007; 370: 1358–1369. https://
doi.org/10.1016/S0140-6736(07)61578-5 PMID: 17933651

13. WHO.WHO recommendations on antenatal care for a positive pregnancy experience; 2016 [cited 15
November 2016] [Internet]. Geneva: World Health Organization. http://apps.who.int/iris/bitstream/
10665/250796/1/9789241549912-eng.pdf?ua=1.

14. Campbell OM, GrahamWJ, Lancet Maternal Survival Series Steering Group. Strategies for reducing
maternal mortality: getting on with what works. Lancet. 2006; 368: 1284–1299. https://doi.org/10.1016/
S0140-6736(06)69381-1 PMID: 17027735

15. Maine D, Akalin MZ, Chakraborty J, de Francisco A, Strong M.Why did maternal mortality decline in
Matlab? Stud Fam Plann. 1996; 27: 179–187. PMID: 8875731

16. Scott S, Ronsmans C. The relationship between birth with a health professional and maternal mortality
in observational studies: a review of the literature. Trop Med Int Health. 2009; 14: 1523–1533. https://
doi.org/10.1111/j.1365-3156.2009.02402.x PMID: 19793070

17. De Brouwere V, Tonglet R, Van LerbergheW. Strategies for reducing maternal mortality in developing
countries: what can we learn from the history of the industrializedWest? Trop Med Int Health. 1998; 3:
771–782. PMID: 9809910

18. Dowswell T, Carroli G, Duley L, Gates S, Gulmezoglu AM, Khan-Neelofur D, et al. Alternative versus
standard packages of antenatal care for low-risk pregnancy. Cochrane Database Syst Rev. 2015;
2015: CD000934.

19. International I. DHS program: demographic and health surveys [cited 1 February 2015] [Internet]. Rock-
ville, MD: ICF International. http://www.dhsprogram.com.

20. United Nations, Department of Economic and Social Affairs, Population Division. World population pros-
pects: the 2015 revision; 2015 [cited [Internet]United Nations. http://esa.un.org/unpd/wpp/DataQuery.

21. Bank TW. GNI per capita, PPP (current international $); 2016 [cited [Internet]. Washington, DC: World
Bank. http://data.worldbank.org/indicator/NY.GNP.PCAP.PP.CD.

22. Bailey PE, Keyes E, Moran AC, Singh K, Chavane L, Chilundo B. The triple threat of pregnancy, HIV
infection and malaria: reported causes of maternal mortality in two nationwide health facility assess-
ments in Mozambique, 2007 and 2012. BMC Pregnancy Childbirth. 2015; 15: 293. https://doi.org/10.
1186/s12884-015-0725-7 PMID: 26552482

23. Saifuddin A, Li Q, Scrafford C, Pullum TW. An assessment of DHSmaternal mortality data and esti-
mates. DHSmethodological reports No.13. Rockville, Maryland, USA: ICF International.; 2014.

24. Mohammed AA, Elnour MH, Mohammed EE, Ahmed SA, Abdelfattah AI. Maternal mortality in Kassala
State—Eastern Sudan: community-based study using reproductive age mortality survey (RAMOS).
BMC Pregnancy Childbirth. 2011; 11: 102. https://doi.org/10.1186/1471-2393-11-102 PMID: 22171988

25. Bell JS, Ouedraogo M, Ganaba R, Sombie I, Byass P, Baggaley RF, et al. The epidemiology of preg-
nancy outcomes in rural Burkina Faso. Trop Med Int Health. 2008; 13 Suppl 1: 31–43.

26. Helleringer S, Pison G, Kante AM, Duthe G, Andro A. Reporting errors in siblings’ survival histories and
their impact on adult mortality estimates: results from a record linkage study in Senegal. Demography.
2014; 51: 387–411. https://doi.org/10.1007/s13524-013-0268-3 PMID: 24493063

27. Gerdts C, Vohra D, Ahern J. Measuring unsafe abortion-related mortality: a systematic review of the
existing methods. PLoS One. 2013; 8: e53346. https://doi.org/10.1371/journal.pone.0053346 PMID:
23341939

28. Hodgins S, D’Agostino A. The quality-coverage gap in antenatal care: toward better measurement of
effective coverage. Glob Health Sci Pract. 2014; 2: 173–181. https://doi.org/10.9745/GHSP-D-13-
00176 PMID: 25276575

29. Mbuagbaw LC, Gofin R. A newmeasurement for optimal antenatal care: determinants and outcomes in
Cameroon. Matern Child Health J. 2011; 15: 1427–1434. https://doi.org/10.1007/s10995-010-0707-3
PMID: 21057862

30. DogbaM, Fournier P. Human resources and the quality of emergency obstetric care in developing
countries: a systematic review of the literature. HumResour Health. 2009; 7: 7. https://doi.org/10.1186/
1478-4491-7-7 PMID: 19200353

31. Lassi ZS, Bhutta ZA. Community-based intervention packages for reducing maternal and neonatal mor-
bidity andmortality and improving neonatal outcomes. Cochrane Database Syst Rev. 2015; 2015:
CD007754.

Timing of maternal death in sub-Saharan Africa

PLOSONE | https://doi.org/10.1371/journal.pone.0189416 January 17, 2018 13 / 13

https://doi.org/10.1016/S2214-109X(14)70227-X
https://doi.org/10.1016/S2214-109X(14)70227-X
http://www.ncbi.nlm.nih.gov/pubmed/25103301
https://doi.org/10.1016/S0140-6736(07)61578-5
https://doi.org/10.1016/S0140-6736(07)61578-5
http://www.ncbi.nlm.nih.gov/pubmed/17933651
http://apps.who.int/iris/bitstream/10665/250796/1/9789241549912-eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/250796/1/9789241549912-eng.pdf?ua=1
https://doi.org/10.1016/S0140-6736(06)69381-1
https://doi.org/10.1016/S0140-6736(06)69381-1
http://www.ncbi.nlm.nih.gov/pubmed/17027735
http://www.ncbi.nlm.nih.gov/pubmed/8875731
https://doi.org/10.1111/j.1365-3156.2009.02402.x
https://doi.org/10.1111/j.1365-3156.2009.02402.x
http://www.ncbi.nlm.nih.gov/pubmed/19793070
http://www.ncbi.nlm.nih.gov/pubmed/9809910
http://www.dhsprogram.com
http://esa.un.org/unpd/wpp/DataQuery
http://data.worldbank.org/indicator/NY.GNP.PCAP.PP.CD
https://doi.org/10.1186/s12884-015-0725-7
https://doi.org/10.1186/s12884-015-0725-7
http://www.ncbi.nlm.nih.gov/pubmed/26552482
https://doi.org/10.1186/1471-2393-11-102
http://www.ncbi.nlm.nih.gov/pubmed/22171988
https://doi.org/10.1007/s13524-013-0268-3
http://www.ncbi.nlm.nih.gov/pubmed/24493063
https://doi.org/10.1371/journal.pone.0053346
http://www.ncbi.nlm.nih.gov/pubmed/23341939
https://doi.org/10.9745/GHSP-D-13-00176
https://doi.org/10.9745/GHSP-D-13-00176
http://www.ncbi.nlm.nih.gov/pubmed/25276575
https://doi.org/10.1007/s10995-010-0707-3
http://www.ncbi.nlm.nih.gov/pubmed/21057862
https://doi.org/10.1186/1478-4491-7-7
https://doi.org/10.1186/1478-4491-7-7
http://www.ncbi.nlm.nih.gov/pubmed/19200353
https://doi.org/10.1371/journal.pone.0189416

