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Introduction

The United Nation’s fourth and fifth Millennium Development Goals set targets for reducing child and maternal mortality
by 2015.1 Child survival has shown some improvement globally, but progress has been slow for maternal, perinatal and
neonatal health.2,3 Better monitoring and management of labour, delivery and the immediate postpartum period are
thought to be critical to reducing rates of maternal mortality and perinatal mortality (i.e. a stillbirth or early neonatal
death).2–6 Ensuring that labour and the first 24 hours postpartum are managed by a skilled care provider is one of the
keys to achieving this aim.4,5

There have been few rigorous studies of the effects on maternal or perinatal mortality of various levels and
configurations of skilled care or of the size of the effect on maternal or perinatal mortality that could be achieved by
such care.4,7–9 Ecological studies have shown that populations with a greater per cent of births attended by a skilled
professional also have higher maternal and perinatal mortality,9–12 but causal inferences cannot be robustly drawn.13

Few studies have assessed whether the use of a skilled provider reduces the risk of maternal or perinatal death for
individual women and their offspring.13,14

This paper examines whether skilled attendance around the time of birth is associated with the risk of maternal and
perinatal death for individual women and neonates. The Matlab study area in rural Bangladesh offers a unique
opportunity to examine this relationship because the uptake of skilled care at birth improved dramatically over the study
period and prospective surveillance through the International Centre for Diarrhoeal Disease Research, Bangladesh
(ICDDR,B) ensures high-quality data on maternal and perinatal mortality.15–17 By separating basic from comprehensive
obstetric care and by examining the outcomes for both mother and neonate, we provide insights into the nature of the
relationship between skilled birth attendance and health outcomes around the time of birth.

Methods

Study population

The study was conducted in Matlab, a rural area in Bangladesh, south-east of the capital Dhaka. In this predominantly
Muslim society, women are traditionally restricted from seeking care outside their home, although dramatic changes
occurred over the study period.18,19 The study took place in the ICDDR,B service area, which has a population of
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about 110 000.20

Safe motherhood programme

In 1987, a safe motherhood programme was introduced in the ICDDR,B surveillance area.15 The programme aimed to
increase the coverage of home births involving a skilled professional. Eight trained midwives were posted in the area,
and transport was provided for the women who were referred to a basic obstetric care facility in Matlab town, or to a
private or public comprehensive obstetric care facility in a town outside the ICDDR,B area. The midwives provided
antenatal care, basic obstetric care and neonatal care, including monitoring the progress of labour, drying and wrapping
the baby, placing the baby on the mother’s breast to facilitate immediate breastfeeding, providing antibiotic prophylaxis
for eye infections, and administering suction to clear the neonate’s airway when necessary. The home-birth strategy
continued until 1996, after which it was redesigned to be facility based.16 Between 1996 and 2001, all four health
centres were upgraded and equipped to perform basic obstetric care; home births with midwives were no longer
offered.16 In the health centres, midwives routinely used the partograph (a tool for assessing the progress of labour and
identifying when intervention is necessary) for delivery, actively managed the third stage of labour to prevent
postpartum haemorrhage, and administered sedatives for management of pre-eclampsia and eclampsia and antibiotics for
infection control. At the Matlab clinic during the same period, care was more advanced; it included magnesium sulfate
for pre-eclampsia and eclampsia, assisted deliveries, manual removal of the placenta and blood transfusion.

Data collection

We used multiple data sources collected by the ICDDR,B between 1987 and 2005; these included the routine health and
demographic surveillance system (HDSS), periodic censuses, special studies on maternal mortality, a geographic
information system and the safe motherhood programme.

The HDSS maintains data on all births, deaths, marriages and migrations since 1966, and each individual has a unique
identifier.20 From the HDSS we extracted data on all stillbirths and live births, birth order and maternal age. Information
on maternal deaths was available from studies that involved detailed verbal autopsies of all deaths in women of
reproductive age.15,16 Data on asset ownership and maternal education were obtained from the 1996 and 2005
censuses. Wealth was measured by an asset index.16 Linear distance from the health centre to the woman’s home was
obtained from the geographic information system.

Data on care seeking around the time of pregnancy termination, birth or death were obtained from programme records.
For each pregnancy, the midwives maintain a record (in the form of a card) of all visits performed. Between 1987 and
1993, this card was given only to women who had seen a midwife at any time during or after pregnancy. From 1996
onwards, community workers completed a card for all pregnant women in their area and, if contacted, the midwife
completed relevant sections. The cards included information on the place of birth, attendant at delivery and referral.
Service use information from the cards was supplemented by data available from registers kept in the Matlab clinic
(1987–2005) and by the midwives (1996–2005) and from a study on met need for life-saving surgery conducted
between 1990 and 2001.19 For maternal deaths, additional information on care seeking before death was available from
verbal autopsies.20

Definitions

Women were classified as having received basic obstetric care if the ICDDR,B midwife was present at any time during
pregnancy termination, labour, delivery or the immediate postpartum period, or near the time of death, whether or not
they actually assisted with the termination or birth. Similarly, women were classified as having received care from a
comprehensive obstetric care facility if they received care from private or public hospitals outside the ICDDR,B
surveillance area near the time of pregnancy termination, labour, delivery or the immediate postpartum period, or near
the time of death. For maternal mortality we repeated the analysis, restricting the sample to women who had given birth.

A maternal death was defined as the death of a woman while pregnant or within 90 days of pregnancy termination,
irrespective of pregnancy duration or termination method. A stillbirth was defined as a death of a fetus after 28 weeks’
gestation but before delivery of the baby’s head. An early neonatal death was defined as the death of a live born infant
within one week (seven complete days) after birth. Perinatal deaths included stillbirths and early neonatal deaths.

Data analysis
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Denominators for the maternal mortality ratio, stillbirth rate and early neonatal mortality rate included all pregnancies, all
births and all live births, respectively, between 1987 and 2005. Multiple births were recorded as a single pregnancy, and
the outcome was considered a perinatal death if one or more of the neonates was stillborn or died within one week of
birth. We estimated odds ratios (ORs) by logistic regression, using Stata version 10 (Stata Corporation, College Station,
TX, USA). We present crude and adjusted ORs, adjusted for year of birth, distance to basic obstetric facility, asset
quintile, maternal education, maternal age and birth order. For stillbirths and early neonatal mortality, we adjusted the
analysis for clustering of births in one woman. We also examined whether the relationship between skilled care and
mortality changed over time by introducing an interaction term between skilled care and time of pregnancy termination
or birth.

Results

The study sample consisted of 59 165 pregnancies, 173 maternal deaths, 1661 stillbirths and 1418 early neonatal deaths
between 1987 and 2005. The stillbirth rate (3074 per 100 000 births) and early neonatal mortality rate (2707 per 100 000
live births) were much higher than the maternal mortality ratio (292 per 100 000 pregnancies). Nearly two-thirds of the
women who died (63.0%) did so after giving birth, and more than one-third (41.3%) of those who gave birth and died
had a perinatal death (stillbirth in 30.3% and early neonatal death in 11.0%).

Uptake of skilled care at birth increased dramatically over the study period, from 5.2% in 1987 to 52.6% in 2005
(Fig. 1). Most contacts with a skilled professional were at the basic obstetric care level, but birth in a comprehensive
obstetric care facility also increased considerably over the study period, from 0.5% in 1987 to 11.7% in 2005. The
proportion of women who sought care from a comprehensive obstetric care facility without prior contact at the basic
obstetric care level also increased significantly, from 35.3% in 1987 to 71.3% in 2005 (P = 0.002).

Fig. 1. Trend in seeking basic and comprehensive obstetric care among women in the ICDDR,B
service area, Matlab, Bangladesh, 1987–2005

The proportion of women seeking skilled care around the time of pregnancy termination, birth or death was much
higher among those who suffered a maternal death than among those who experienced a perinatal death. More than half
(57.8%) of the women who died had sought care from a skilled professional (37.0% from a comprehensive obstetric
care facility and 20.8% from a basic obstetric care facility only), compared to only one-third (33.7%) of women who
experienced a perinatal death (13.3% from a comprehensive obstetric care facility and 20.5% from a basic obstetric
care facility only). The proportions seeking care were higher for women who had a stillbirth (37.3%) than for women
who experienced an early neonatal death (29.6%) (P = 0.000) and differed somewhat by cause of maternal death
(Fig. 2). Skilled care seeking before death was lowest among women dying after a pregnancy termination (45.0%) or
injury (43.5%), and highest among those dying from indirect causes (71.7%) (P = 0.073) (Fig. 2).

Fig. 2. Care seeking and maternal death, stillbirth or early neonatal death, Matlab, Bangladesh, 1987–
2005

As shown in Table 1, maternal mortality was remarkably low among women who did not seek skilled care (160 per
100 000 pregnancies) but was extremely high among those seeking care from a comprehensive obstetric care facility
(2188 per 100 000 pregnancies; crude OR: 13.97 (95% CI: 9.97–19.59)). Stillbirth and early neonatal death rates also
varied depending on where care was sought, although the gap between those seeking care from a comprehensive
obstetric care facility and those not seeking skilled care was relatively small (OR: 5.07 for stillbirths and 2.08 for early
neonatal deaths). These patterns became more pronounced after adjusting the analysis for year of birth, distance to
basic obstetric facility, asset quintile, maternal education, maternal age and birth order (Table 1). Restricting the analysis
of maternal mortality to women who died after giving birth did not change the findings (crude OR: 1.96; 95% CI: 1.19–
3.23 for women seeking basic obstetric care; crude OR: 13.66; 95% CI: 8.92–20.93 for women seeking comprehensive
obstetric care).

Table 1. Maternal mortality, stillbirth and early neonatal mortality, in rates and absolute figures, and corresponding odds
ratios for highest level of care at pregnancy termination, birth or death, Matlab, Bangladesh, 1987–2005 [html 4kb]

The associations between maternal mortality and early neonatal mortality and care seeking around pregnancy
termination, birth or death differed by year of birth (interaction between care seeking and year of birth: P = 0.0642 for
maternal mortality and 0.0520 for early neonatal deaths), although there was no interaction between care seeking and
stillbirths (P = 0.3186). In the period 1987–91, when few women sought skilled care around the time of labour and
delivery, mortality among those seeking care from a comprehensive obstetric care facility was extremely high (maternal
mortality 7263 per 100 000 pregnancies and early neonatal mortality 8389 per 100 000 live births) (Table 2, Table 3,
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Fig. 3). As more women sought care at these facilities, mortality among those seeking care from a comprehensive
obstetric care facility gradually declined, but it was still high in the later years of the programme (maternal mortality 653
per 100 000 pregnancies and early neonatal mortality 3398 per 100 000 live births) (Table 2, Table 3). In 2002–2005,
there were low levels of maternal mortality (68 per 100 000 pregnancies) among women giving birth at home without a
skilled professional, but stillbirths and early neonatal mortality remained high (stillbirths 1766 per 100 000 births; early
neonatal mortality 2101 per 100 000 live births) (Table 4, Table 3).

Table 2. Maternal mortality by year of birth and highest level of care at pregnancy termination, birth or death, Matlab,
Bangladesh, 1987–2005 [html 4kb] 

Table 3. Early neonatal mortality by year of birth and highest level of care at pregnancy termination, birth or death,
Matlab, Bangladesh, 1987–2005 [html 4kb]

Fig. 3. Maternal mortality, stillbirths and early neonatal mortality by year and by care seeking
patterns, Matlab, Bangladesh, 1987–2005

Table 4. Stillbirths by year of birth and highest level of care at pregnancy termination, birth or death, Matlab,
Bangladesh, 1987–2005 [html 4kb]

Discussion

In this study, maternal and perinatal mortality were higher among women seeking skilled obstetric care around the time
of pregnancy termination, birth or death than among women who did not seek such care. Mortality among those
seeking care was particularly high in the early years of the safe motherhood programme, when few women sought
skilled obstetric care. At that time, 7% of the women who sought care from a hospital died, and 21% had a stillbirth or
lost their child within seven days of birth. As uptake of skilled obstetric care increased, more women and neonates
survived, though maternal and perinatal mortality remained high among those seeking care from a hospital.

The high levels of maternal or perinatal mortality among those receiving skilled care is perhaps not surprising in settings
where few births are managed by a skilled birth attendant. Similar patterns of high maternal mortality among those
seeking care were seen in Nepal and Indonesia, where births involving a skilled birth attendant were only 8% and 33%,
respectively.14,21 When uptake of skilled birth attendance or comprehensive obstetric care is low, women will only seek
skilled care when they are ill, and they may do so too late for a midwife or doctor to be able to save the lives of the
mothers or neonates. As coverage increases, more women who are less at risk will seek care; thus, average mortality in
those seeking care will decrease.

Lack of timely and adequate care once women reach the health facility may also explain the high mortality among those
seeking skilled obstetric care. In the last five years of the programme, when more than half of women sought care from
a skilled professional, maternal mortality among those seeking care from hospitals was still over 600 per 100 000
pregnancies and more than 10% of the women lost their baby. This suggests that they may have received substandard
care. Little is known about the quality of obstetric care in hospitals in Bangladesh, but there is some evidence of
substandard care within public facilities.22,23 There are substantial constraints on human resources, and some staffing
positions may be left unfilled. The costs of care to patients are high; patients invariably have to buy some medicines –
particularly for obstetric surgery – and evidence-based practices, such as the use of magnesium sulfate or the
partograph, are far from universal. The quality of care in private hospitals is not known, even though an increasing
share of comprehensive obstetric care is covered by the private sector.24

Most stillbirths and early neonatal deaths occurred at home, without a skilled birth attendant. Since many such deaths
are experienced by apparently healthy women, this raises important questions about how to best organize care for
mothers, to ensure perinatal survival. The causes of stillbirths are largely unknown, while early neonatal deaths are
mostly related to birth asphyxia, premature birth and low birth weight.3,6,9,17 Stillbirth and early neonatal mortality rates
are falling in Matlab, but there is little evidence that this is related to the safe motherhood programme.17 Lack of
antenatal care may be associated with stillbirths, although it is not clear which antenatal interventions are effective in
preventing such deaths in a community setting.8 Although it seems plausible that nutritional interventions would be
effective in reducing perinatal mortality in malnourished populations, robust studies of the effect of such interventions
are lacking.8 Interventions known to be effective, such as malaria prophylaxis or treatment of maternal syphilis, do not
apply to the population in Matlab because there is no malaria and the prevalence of sexually transmitted infections is
low.25 Prevention of early neonatal deaths and stillbirths clearly represents an important area for research.
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Observational data are susceptible to bias. However, the demographic surveillance data we used are likely to be accurate
because of in-built rigorous supervision to ensure data quality. Stillbirths are notoriously difficult to quantify26 and thus
may have been underreported; however, the prospective ascertainment of pregnancies (discussed below) will have
helped to limit the underreporting. The rates of stillbirth, early and late neonatal death also match those reported in the
region.6 We are confident that the study identified most pregnancy-related deaths because pregnancies are ascertained
prospectively in Matlab and the families of all deceased women of reproductive age are interviewed; thus, few
pregnancies are missed.15,16

We may have missed some data on women who gave birth in health facilities, particularly if the facility was far away
from the surveillance area. In addition, not all private and public hospitals provided comprehensive obstetric care,
particularly in the early years of the safe motherhood programme. Blood transfusion and Caesarean sections may be
unavailable in some hospitals, and this may in part explain the high mortality rate seen. Moreover, private facilities often
refuse to accept patients who are in a critical condition and instead refer them to public facilities, thereby further
delaying care.

Lastly, the ICDDR,B services receive greater funding and supervision than parallel government services; thus, the
findings may not be generalizable. However, a recent review of the literature found little evidence that giving birth with a
skilled birth attendant reduces a woman’s risk of dying.27 In fact, in settings where access to care is low, birth with a
skilled attendant appears to be associated with an increased risk of death, largely because the sickest women seek
professional care.

ICDDR,B midwives were trained and equipped to use parenteral antibiotics, oxytocic drugs and sedatives for eclampsia;
they were also trained to manually remove the placenta or retained products. Vacuum extraction was only performed in
the large health centre in Matlab town. The quality of the actual care provided, however, is not known. Midwives found
it difficult to perform adequately when care was given in the women’s home,28 and it is plausible that the shift to
facility-based care may have resulted in improvements in the quality of care. The declining trends in maternal mortality
among those seeking care from midwives supports this view.

We were unable to empirically verify the hypothesis that sicker women self-select into giving birth with a skilled birth
attendant or in a health facility. Studies examining near-miss morbidity have shown that, in poor countries, most near-
miss cases arrive at a health facility in a critical state, suggesting that the decision to seek skilled care is often made too
late.29,30 One way to gain information about the self-selection process may be to examine the proportion of near-miss
cases admitted in a critical state in relation to the proportion of births attended by a skilled professional. Furthermore,
comparing maternal mortality among those planning to give birth with a skilled birth attendant (the so-called “booked
women”)31 and those giving birth without a skilled attendant may account, at least in part, for the self-selection of
women with medical problems into the group seeking skilled obstetric care. However, such data were not available to
us.

The concurrent analysis of maternal and perinatal mortality has several advantages. First, it corroborates the fact that
unborn infants and neonates are always at greater risk of dying than pregnant women or women who have just given
birth, and that the combined burden of maternal and perinatal mortality is extremely high in Matlab, Bangladesh. Overall,
5% of pregnancies resulted in either the mother or the neonate dying, although this proportion declined over time (from
6% in 1987–91 to 4% in 2002–05; data not shown). Second, monitoring the mother and the neonate in a health facility
for at least 24 hours after birth – as has been recommended for maternal health4 – will benefit both the mother and the
neonate, provided the skilled birth attendants are knowledgeable and skilled in early neonatal care. Third, the concurrent
analysis of maternal and perinatal mortality draws attention to the important role of antenatal care, which may be
overlooked if only maternal outcomes are examined.4

Mothers and their neonates are at greatest risk of death in late pregnancy, during childbirth and within the first 24 hours
after birth. Offspring of mothers who die are also at greatest risk of stillbirth and early neonatal death and need to be
managed by a skilled health professional in a health facility. Many women with life-threatening conditions seek
professional care from a health facility, even when skilled-care seeking for birth is low.2 On the other hand, women
whose babies died often do not seek skilled obstetric care. Thus, to achieve a healthy outcome for both mothers and
neonates, efforts to ensure timely access to adequate emergency obstetric care will have to be supported by early
detection and management of problems during pregnancy.
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