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Abstract 

Current knowledge on mortality rates for stillbirths, early and late neonatal deaths and 

perinatal deaths in South Asia is dependent on statistically modelled estimates. There is very 

little information on the contribution of intrapartum complications and preterm births to 

stillbirths and mortality in the first month of life in rural Bangladesh. 

 

First, I systematically reviewed studies and performed a meta-analysis to obtain reliable 

estimates for the above mentioned mortality rates in South Asia.  Second, I examined the 

association between the presence of a programme increasing professional birth attendance, 

facility delivery and emergency care access  and reductions in  mortality levels in a 

retrospective cohort in Matlab, Bangladesh. Third, I examined the determinants of preterm 

birth and whether this programme was associated with preterm prevalence reduction. Fourth, 

I explored the contributions of intrapartum complications and preterm births to perinatal 

deaths in this cohort. 

The systematic review found that perinatal mortality levels were high in Afghanistan, 

Bangladesh, India, Nepal and Pakistan and low in Sri Lanka and Maldives. Stillbirths were 

underreported. The cohort study found that the presence of the Matlab Safe Motherhood 

Programme was strongly associated with greatly reduced stillbirths and very early (Day 0-2) 

neonatal deaths. This programme did not contribute to the neonatal mortality decline after 

Day 3 or to preterm birth trends. Preterm birth accounted for a third of stillbirths and deaths 

in the neonatal period. Against expectations, only two intrapartum complications 

(haemorrhage and multiple pregnancy) was associated with increased odds of perinatal 

mortality. Dystocia and hypertensive diseases of pregnancy showed no effect.  

Stillbirth and very early neonatal death reduction in Bangladesh can be achieved by improving 

access to facilities and emergency care. Focused antenatal care for women might possibly 

reduce preterm births but further research is needed to understand how the prevalence of 

preterm birth can be reduced.  

(300 words) 
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 Preface Chapter 1.

The knowledge on mortality rates for stillbirths, early and late neonatal deaths and perinatal 

deaths in South Asia is currently based on statistically modelled estimates. Information is 

scarce on the contribution of intrapartum complications and preterm births to stillbirths and to 

mortality during the first month of life in rural Bangladesh.  In this thesis, a systematic review 

of published studies provides information on the levels of above-mentioned mortality rates in 

eight South Asian countries (Afghanistan, Bangladesh, Bhutan, India, Nepal, Pakistan, Sri Lanka 

and Maldives). This thesis explores the contribution, if any, of a maternal, neonatal and child 

health programme (the Matlab Safe Motherhood Programme) to reductions in the levels of 

stillbirths, early neonatal deaths, late neonatal deaths and preterm births in rural Matlab in 

Bangladesh. 

 Matlab is divided into two areas, the Government service area and the ICDDR,B1 service area 

which are roughly similar in area, population and socio-demographic characteristics. The 

Government service area is serviced by government birthing facilities while the ICDDR,B 

service area has a  Matlab Safe Motherhood Programme which has established four delivery 

sub-centres and a hospital in addition to the government birthing facilities. Details of the 

Matlab and its Safe Motherhood Programme are elaborated in Chapter 3. 

 Structure of the thesis 1.1

The thesis begins with general background (Chapter 2) providing pertinent information on the 

research topic. The background chapter describes definitions encountered in the thesis and 

what is currently known about the global burden of stillbirths, early and late neonatal deaths 

and preterm deaths with special reference to South Asia. This is followed by a description of 

the issues involved in defining and measuring these types of mortalities and the risk factors 

that predispose towards these deaths. A conceptual framework is presented which postulates 

the links of these deaths to proximal and distal determinants. Complications during labour and 

delivery are presented and this is followed by their relationship with stillbirth, early neonatal 

and late neonatal mortality and the timing and relative burden of these mortality outcomes. 

                                                           
1
 ICDDR,B- International Centre for Diarrhoeal Disease Research, Bangladesh. It is an international health 

research organisation located in Bangladesh conducting public health and clinical research into 
maternal, neonatal and child health, diarrhoeal diseases, vaccines and translating research to policy and 
advocacy.  
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The chapter concludes with the rationale for this study which explores the contribution of this 

work to the body of current knowledge.  

Chapter 3 describes a systematic review of published studies conducted to calculate empirical 

rates for stillbirths, early neonatal deaths, late neonatal deaths and perinatal death rates for 

South Asia and its constituent countries.  

Chapter 4 describes a cohort study of the contribution of the Matlab Safe Motherhood 

Programme to changes in the levels and trends of mortality rates for stillbirths, early neonatal 

deaths, specific day-wise early neonatal deaths and late neonatal deaths. The chapter begins 

with background information on the programme, study area, its health facilities and its 

surveillance system. It then describes the background characteristics of two populations in 

Matlab, one with and one without the Matlab Safe Motherhood Programme. The trends in 

mortality rates over the study period are presented first followed by findings from the logistic 

regression analysis exploring the association between socio-demographic characteristics and 

each of the mortality outcomes. Any differences in mortality rates over time in the two areas 

are examined. 

Chapter 5 explores the determinants of preterm births in the Matlab study area. It also 

investigates the strength of association between gestational age and stillbirths, early and late 

neonatal deaths and the contribution of preterm births to these mortality outcomes in the 

study area. 

Chapter 6 explores the strength of association of effect of intrapartum (labour/delivery) 

complications on perinatal mortality in women in Matlab. 

The thesis ends with Chapter 7, which provides an overall discussion and conclusion to the 

body of work.  

 Summary of the thesis objectives 1.2

The overall aim of this study is to investigate the contribution of the Matlab Safe Motherhood 

Programme to reductions in stillbirths, early and late neonatal mortality and preterm births in 

a rural area of Bangladesh.  A summary of the thesis objectives is shown in Table 1.1.  
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Table 1.1: List of thesis objectives and their location in the thesis where these are presented 
and discussed. 

Overall Objective Specific Objectives Where presented 

1. To systematically 
review studies in order to 
obtain reliable estimates 
for the rates of stillbirths, 
early neonatal deaths, 
late neonatal deaths and 
perinatal deaths in South 
Asia 

1.1 To obtain summary estimates for the afore-mentioned 
mortality rates by calculating rates directly from data in 
published population-based studies for the South Asia region 
and at national levels for the 8 constituent countries 
(Afghanistan, Bangladesh, Bhutan, India, Nepal, Pakistan, Sri 
Lanka and Maldives)  

Chapter 3. Systematic 
review mortality rates 
by mortality outcome 
type (section 3.4.4) 

1.2 To compare the summary estimates obtained in the review 
with estimates available in the current literature. 

Chapter 3. Summary 
estimates in review 
compared to estimates 
in the literature  
(section 3.4.7) 

1.3 To obtain the ratio of rates of stillbirths to early neonatal 
deaths at the regional and national level for each of the eight 
countries of South Asia and for the whole of South Asia.  

Chapter 3. Ratios of 
stillbirth rate to early 
neonatal mortality rate 
(section 3.4.8) 

2. To examine the 
contribution of the 
Matlab Safe Motherhood 
Programme to the levels 
and trends in mortality 
for stillbirths, early 
neonatal deaths, early 
neonatal deaths 
disaggregated by day 
since birth and late 
neonatal deaths in two 
areas, one with and one 
without the Programme, 
in a rural cohort in 
Matlab, Bangladesh. 

2.1 To examine the levels and trends in the rates of stillbirths, 
early neonatal deaths, early neonatal deaths disaggregated by 
day since birth and late neonatal deaths in two areas of Matlab, 
Bangladesh during 1987-2009. 

Chapter 4. Trends in 
mortality outcomes 
(section 4.4.8). 

2.2 To examine the levels and trends in uptake of delivery care 
in the two areas of Matlab by: 
 
i. Type of birth attendant 
ii. Place of delivery 
iii. Mode of delivery. 

Chapter 4. Uptake in 
Professional Delivery 
Care (section 4.4.5) 

2.3 To examine the socio-demographic determinants of 
stillbirths, early neonatal deaths, specific day-wise early 
neonatal deaths and late neonatal deaths.  

Chapter 4. Trends in 
mortality outcomes 
(section 4.4.8) 

2.4 To examine if there are any differences in mortality rates 
over time in the two areas  and if so, whether the differences 
are explained by the socio-demographic changes taking place in 
Matlab over the study period . 

Chapter 4. Time Trends 
by Area (section  4.4.9) 
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Table 1.1(continued).  

Overall Objective Specific Objectives Where presented 

3. The overall objective is 
to examine the 
contribution of preterm 
births to stillbirths and 
neonatal deaths in a rural 
cohort in Matlab, 
Bangladesh during 2005-
2009. 

3.1 To examine the distribution of gestational age at birth and 
the distribution of preterm births in a rural cohort in Matlab, 
Bangladesh. 

Chapter 5. Description 
of study sample and 
Prevalence of  preterm 
births (Sections 5.4.1 
and 5.4.2) 

3.2 To examine the socio-demographic determinants of preterm 
births in Matlab.  

Chapter 5. Association 
between socio-
demographic 
characteristics and 
preterm births (Section 
5.4.4) 

3.3 To examine the association between gestational age and 
stillbirths, early neonatal deaths, specific day-wise early 
neonatal deaths and late neonatal deaths. 

Chapter 5. Association 
between gestational 
age and mortality  
(Section 5.4.6) 

3.4 To examine if there are any differences in preterm birth 
rates in the two areas over time and if so, whether the 
differences are explained by the socio-demographic changes 
taking place in Matlab over the study period. 

Chapter 5. Association 
between socio-
demographic 
characteristics and 
preterm births (Section 
5.4.4) 

3.5 To measure the contribution of preterm births to stillbirths, 
early neonatal deaths, specific day-wise early neonatal deaths 
and late neonatal deaths by calculating the population 
attributable risk percentage of preterm births for these 
mortality outcomes. 

Chapter 5. Percentage 
of mortality outcomes 
attributable to preterm 
births in Matlab  
(Section 5.4.6) 

4. To examine the 
contribution of 
intrapartum 
complications to perinatal 
deaths in a rural cohort in 
Matlab, Bangladesh. 

4.1 To examine perinatal mortality, socio-demographic 
characteristics and length of gestation by highest level of care 
accessed in a cohort of women in Matlab, Bangladesh 

Chapter 6. Description 
of sample (Section 
6.4.1) 

4.2 To examine perinatal mortality, delivery location and socio-
demographic characteristics by whether or not data on 
intrapartum complications are available in women who deliver 
at health facilities. 

Chapter 6. Results 
related to intrapartum 
complications (Section 
6.4.2) 

4.3 To examine the prevalence of intrapartum complications in 
women delivering at health facilities. 

Chapter 6. Results 
related to intrapartum 
complications (Section 
6.4.2) 

4.4 To examine the prevalence of intrapartum complications by 
delivery location, socio-demographic characteristics and 
preterm gestation in births for which any intrapartum 
complication was present or absent. 

Chapter 6. Results 
related to intrapartum 
complications (Section 
6.4.2) 

4.5 To examine the strength of association between intrapartum 
complications and perinatal deaths in women delivering at 
health facilities. 

Chapter 6. Results 
related to intrapartum 
complications (Section 
6.4.2) 
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 Study type 1.3

This thesis employs a multi-methods approach. Secondary analysis of data was used to obtain 

results for the majority of the thesis chapters. Chapter 3 involves the use of a systematic 

review and meta-analysis. Chapter 4, 5 and 6 are the secondary analyses of socio-demographic 

data, newborn mortality data from a retrospective cohort (1987-2009) collected by ICDDR,B’s 

Matlab Health and Demographic Surveillance System (HDSS)and intrapartum complication 

data from a previous Matlab study (Matlab Maternal Morbidity Study) of a retrospective 

cohort (2007-2008) Details on the data used are given separately in these chapters. 

 Student’s role in the study and background 1.4

Student’s role- 

I formulated the research questions for the study under guidance of my supervisor. I also 

liased with ICDDR,B colleagues in Dhaka and Matlab  to ensure data availability and permission  

for field visits and performed all analyses and interpretation under guidance of my supervisor 

and statistical advisor when necessary. A large proportion of the time of the PhD was spent in 

liaising with Bangladesh colleagues as information was sourced from different sources (Matlab 

socio-demographic records, Matlab birth records, Matlab Morbidity Study)   with which were 

in some cases partially complete for the time periods under study. Hence it was necessary to 

limit study periods to years in which data were available. I visited Dhaka and Matlab two times 

in the course of the PhD, and met and worked with data management officers, research 

investigators, heads of departments and hospital personnel to collect, amend and harmonize 

data and understand the background context of the data. Preparation of the data for analyses 

was complicated and time-consuming. For example, data coding for variables (e.g. birth 

attendant, place of delivery) changed when data was available over long periods of time (1987-

2009) and required harmonisation and frequent communication.  Extraction of information 

was often convoluted (e.g. gravidity and parity data were obtained from combinations of: 

number of sons dead/alive, number of daughters dead/alive, number of miscarriages and 

number of stillbirths). Identification numbers of women on admission data from Matlab 

hospital and sub-centre admission registers did not link with demographic records and so I 

used statistical methods of linking based on probability of a true match by STATA ‘reclink’ 

function. For my chapter on intrapartum complications, I required diagnoses from the hospital 

admission registers. However the available information on intrapartum complications in 

admission records datasets had not been updated using the more complete diagnoses in the 
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treatment records and so I abandoned this exercise. Intrapartum complication data was finally 

obtained from another study (Matlab Morbidity Study) and also required extensive 

communication to prepare for analysis. 

Background- 

I am Bengali and a Bangladeshi citizen fluent in the local language and I closely understand the 

culture, cultural barriers, issues of stigma and health seeking behaviour of the Matlab villagers 

as well as those of community health workers in Matlab. I obtained my medical degree from a 

tertiary level teaching hospital in Dhaka, Bangladesh. Following this, I worked in public health 

research for two years in projects taking place in Matlab and other rural areas conducted by 

ICDDR,B in Bangladesh. I have a thorough understanding of the workings of public and private 

rural hospitals and delivery centres, the Matlab research hospital and subcentres, as well as of 

the overall health governance and policy in Bangladesh. 

 

 Timeline of the PhD 1.5

A timeline depicting major events in the course of the PhD is shown in Figure 1.1. 

  

 Figure1.1: Timeline of the PhD 
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 Background  Chapter 2.

 Definitions 2.1

The WHO International Classification of Diseases, Tenth Revision (ICD-10) recommends 

stillbirths be defined as ‘the death of a foetus that has reached a birth weight of 1000g, or, if 

missing, a gestational age of 28 weeks, or, if missing, crown-to-heel length of 35cm’ (Figure 

2.1) (Cousens et al. 2011; Lawn et al. 2011; World Health Organization 2004a). For 

international comparison, WHO recommends this definition of 28 weeks’ gestation for 

stillbirths to account for any variability in registering births and deaths between 20 and 27 

weeks' gestation (WHO 2006). Early neonatal deaths are deaths in the first seven days of life 

while late neonatal deaths are deaths between the eighth and twenty-eighth days of life (Lawn 

et al. 2011; WHO 2006) (Figure 2). Perinatal deaths comprise stillbirths and early neonatal 

deaths (WHO 2006; Barfield 2011).  According to historical datasets, the ratio of stillbirth rate 

to early neonatal death rate in countries with high early neonatal death rate (>20 deaths/1000 

live births) is 1.2:1 (and might be possibly more than 1.2:1) if there is no underreporting of 

stillbirths (WHO 2006). 

Stillbirths are further categorized into antepartum (‘macerated’) stillbirths or intrapartum 

(‘fresh’) stillbirths. Antepartum stillbirths occur in-utero more than 12 hours before delivery 

and have evidence of foetal skin disintegration (Engmann et al. 2009; Lawn et al. 2005). 

Intrapartum deaths usually occur as a result of oxygen deprivation and injury during labour 

and delivery, have no evidence of skin disintegration and are not the result of congenital 

abnormalities (Engmann et al. 2009; Lawn et al. 2005).  

Preterm births are defined by WHO as all births before 37 completed weeks of gestation or 

fewer than 259 days since the first day of the woman’s last menstrual period (LMP) (World 

Health Organization 1977). Figure 2.2 shows the periods of time associated with preterm 

births, stillbirths and perinatal deaths. Depending on gestational age, preterm births are 

further divided into extremely preterm (<28 weeks), very preterm (28-<32 weeks) and 

moderate and late preterm (32-<37 weeks) (Blencowe et al. 2012). Preterm births can also be 

differentiated phenotypically into spontaneous preterm births (spontaneous onset of labour) 

and provider-initiated preterm births (induced labour or Caesarean sections) (Goldenberg et 

al. 2012; Blencowe et al. 2013). 
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Figure 2.1: The epidemiological time periods of preterm births, stillbirths, early neonatal 
deaths and late neonatal deaths. Definitions are from the International Classification of 
Diseases, (ICD-10). Source: Lawn et al. 2011 

 Burden 2.2

Despite three decades of global attention to child survival interventions (Rohde et al. 2008; 

Black et al. 2003) and two decades of attention to safe motherhood (Campbell & Graham 

2006; Rosenfield & Maine 1985) stillbirths, early neonatal deaths and late neonatal deaths are 

still at unacceptably high levels (Goldenberg et al. 2011; Lozano et al. 2011; Lawn et al. 2011; 

World Health Organization & UNICEF 2012). Stillbirths had no presence in the Millennium 

Development Goals (MDGs) or Global Burden of Disease assessments (United Nations Statistics 

Division 2008; Wang et al. 2014) and continue to be invisible in the post-2015 global 

development agenda (Lawn et al. 2014; United Nations 2013). Globally, attention has only very 
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recently focused on stillbirths (Lawn et al. 2011; Froen et al. 2011) and preterm births (Howson 

et al. 2012; Behrman & Butler 2007). 

MDG 4 is to reduce under-5 mortality by two-thirds between 1990 and 2015 (United Nations 

Statistics Division 2008). However, the smallest reduction in under-5 child deaths in developing 

countries has been in the rates of early neonatal death and stillbirths (Wang et al. 2014; 

Lozano et al. 2011; Darmstadt et al. 2003; Darmstadt et al. 2014; Lawn, Lee et al. 2009) (Figure 

2.1). Statistical estimates suggest that the reduction was smallest for stillbirths (1.1% annual 

decline during 1995-2009) (Lawn et al. 2011) compared to reductions in early and late 

neonatal mortality (1.7% and 2.7% annual declines over 1990-2011) (Lozano et al. 2011) in 

least developed countries. In the case of preterm births, recent information on time trends in 

countries with adequate data appears to suggest that preterm births increased between 1990 

and 2010 (Blencowe et al. 2012).  

With the end of the MDG era approaching, the Lancet Every Newborn series has set new goals 

for newborn health for 2035 for stillbirths and neonatal deaths (<10 stillbirths per 1000 total 

births and <10 neonatal deaths per 1000 live births) (Lawn et al. 2014). In order to achieve 

these rates, current rates of change need to double globally and more so in countries with the 

highest burden (Lawn et al. 2014; Lawn et al. 2011). 
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Figure 2.2: Time trends in early, late and post-neonatal mortality 2000-2008, showing lack of 
progress in reducing first-week deaths in least developed countries (shown by the dotted line). 
Source:   Lawn, Lee et al. 2009 

 In 2012, 2.9 million babies died within 28 days of birth while 1 million children did not survive 

their first day of life (Save the Children 2014). The main causes of neonatal deaths in 2012 

were preterm birth complications (1.0 million, 34%), intrapartum-related conditions (formerly 

called birth asphyxia; 0.7 million, 25%) and infections (mainly sepsis, meningitis and 

pneumonia; 0.6 million, 22%) (Lawn et al. 2014). Intrapartum complications in the labour and 

delivery period accounted for 1.2 million stillbirths, in addition to 0.7 million deaths of babies 

who were born at full-term (Lawn et al. 2014). 

 The most recent global estimates of perinatal mortality in 2004 showed that of the 5.9 million 

perinatal deaths, 98% of stillbirths and first week deaths took place in developing countries, 

where 90% of all babies are delivered (Ahman & Zupan 2007). The regions of South Asia and 

Africa saw the highest numbers and the highest rates of intrapartum deaths (Lawn, Lee et al. 

2009) and were also the areas where 60% of the annual 15 million preterm births took place, 

with Africa having the highest rates (Blencowe et al. 2013; Lawn et al. 2014). Half (51%) of all 

stillbirths occur in India, Pakistan, China, and Bangladesh, the country in which this doctoral 

research is set (Stanton et al. 2006). It is thought that partial reduction in preterm births can 

possibly be attained through the use of antenatal steroids (Bhutta et al. 2014) though these 

are still largely unavailable in the places where most preterm births occur. However, there has 

been recent controversy (Azad et al. 2014) regarding the use of antenatal steroids after a large 

study found harmful results with an additional 3.5 neonatal deaths in 1000 women treated 
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(Althabe et al. 2015). Intrapartum deaths, considered to be greatly related to place of delivery 

and care at delivery, might be avoided with improved access to essential obstetric care and 

adequate skilled care. However, high coverage and good quality of these services are also 

thought to be essential in achieving reductions (Lee et al. 2011; Yakoob et al. 2011; WHO 2006; 

Ronsmans et al. 2003). The evidence for such interventions and the reductions possible from 

these and others will be addressed later. Small for gestational age babies are also at risk of 

increased mortality, with 2.8 million babies born in 2010 (Katz et al. 2013a). However they are 

beyond the objectives and scope of this thesis. 

There is a general consensus on the conspicuous dearth of data, constituting a key research 

gap, in the evaluation of the impact of intervention packages on stillbirth and neonatal survival 

(Bhutta et al. 2009; Cousens et al. 2011). Lack of knowledge in this area has been observed 

particularly in regions where the highest burden exists (Bhutta et al. 2009; Haws et al. 2007). 

This is factually demonstrated by the finding that 3% of global stillbirth publications relate to 

low-income countries (LICs) where 90% of stillbirths occur (Froen et al. 2009). These are also 

areas with a scarcity of reliable data (Cousens et al. 2011) which underlines the need for good 

quality data and research leading to better assessment of the burden and possible approaches 

to address its reduction. 

 Global initiatives and programmes for newborn health: 2.3

Launched in 1987, the Safe Motherhood Initiative (Maine & Rosenfield 1999) advocated family 

planning, antenatal care, safe delivery, essential obstetric care, basic maternity care, primary 

health care and equity for women. Of these, essential obstetric care included actions that were 

and still are most effective in substantially reducing maternal deaths (Maine & Rosenfield 

1999). The Matlab Safe Motherhood Programme in Bangladesh, discussed in this thesis, 

(Chapter 4) was launched in Matlab in 1987 in response to this initiative. As maternal health 

and child health gradually merged for ease of distributing services and accessing the affected, 

new partnerships and initiatives emerged in the last decade, mobilising action worldwide for 

maternal and child health. These include the Gates Foundation-supported Saving Newborn 

Lives (SNL), the Child Health Epidemiology Reference Group (CHERG), the Every Woman Every 

Child initiative, followed in 2012 by the Born Too Soon movement and in 2013 by the WHO 

and UNICEF Every Newborn Action Plan (Darmstadt et al. 2014). Most recently, two of the five 

objectives of the Every Newborn Action Plan focus on a) investing in care around the time of 

labour, delivery and first days of life and b) improving  maternal and newborn care (Mason et 

al. 2014), themes that will be discussed throughout the thesis. 
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 Difficulty in estimating perinatal deaths in developing 2.4

countries 

The difficulty in quantifying the number of perinatal deaths in low and middle income 

countries (LMICs) starts from their invisibility in government agendas. This is evidenced by the 

absence of pregnancy loss data and in complexities in defining, measuring and classifying 

perinatal deaths (WHO 2006; Lawn, Yakoob et al. 2009; McClure et al. 2006; Smith & Fretts 

2007). It is further evidenced by the fact that areas with the highest risks, South Asia and sub-

Saharan Africa, have the least information available via population studies and health and 

demographic surveys (Cousens et al. 2011). Very few demographic surveillance sites in the 

developing world gather pregnancy loss data (Lawn  et al. 2010). 

 Issues of definition  2.4.1

Underestimation of stillbirths occurs due to different definitions being used in different 

countries and due to changes in definitions over time (Stanton et al. 2006; Kramer et al. 2002; 

Di Mario et al. 2007). In developed countries such as the USA, stillbirths have different 

definitions from the WHO definition and are based on birth weights from 350g to 1000g and 

on gestational ages which can range from 20 to 28 weeks (Lawn, Gravett, et al. 2010). Even the 

perinatal period of seven completed days can have two interpretations: day of birth plus six 

days and day of birth plus seven days, both of which are used (Bakketeig et al. 1984). 

Defining preterm births can also be problematic, as there are very high mortality risks at lower 

gestational ages and some risk still persists at 37-38 weeks, between the preterm and term 

births (Goldenberg et al. 2012; Kramer et al. 2012). The lower and higher cut-offs of 

gestational age for preterm birth are based on arbitrary weeks (20/22 weeks to 37 weeks) and 

evidence-based definitions of preterm births suggest different cut-offs (16 weeks 0 days and 

38 weeks 6 days) (Goldenberg et al. 2012; Kramer et al. 2012). The rationale for the lower cut-

off suggested by Karmer et al. 2012 is because of the reason that although most countries base 

their preterm birth rates on live births (usually excluding stillbirths) from 20 (or 22) weeks, 

aetiological risk factors (e.g. bacterial vaginosis and miscarriage) for births at 14-23 weeks do 

not differ from those of preterm births at 20-25 weeks. Hence, Kramer et al. 2012 suggests 

that second trimester births should be included as preterm births. Whether or not stillbirths 

should be included or excluded is another concern in determining prevalence rates for preterm 

births (Kramer et al. 2012) though both stillbirths and live births are required to understand 

the true public health burden of preterm births (Goldenberg et al. 2012) 
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The needs for standard definitions for reporting preterm births and for consistency in 

reporting pregnancy outcomes has been highlighted in the literature (Howson et al. 2012; 

Lawn, Gravett, et al. 2010).  When no lower age limit is set, this may result in live 

birth/stillbirth misclassification (Blencowe et al. 2013). As the ICD-10 encourages the inclusion 

of all live births, the lack of a lower limit can complicate matters, as in high-income countries 

(HICs) babies can survive at very low gestational ages (some HICs set this at 22 weeks) due to  

improved intensive neonatal care (Blencowe et al. 2013). In HICs, babies alive at 22 to 24 

weeks maybe considered viable while in LICs with poor resources and neonatal technology 

those born at <32 weeks may be perceived as non-viable births (Blencowe et al. 2013). This is 

seen from South Asia community studies with high overall preterm rates (14-20%) where few 

extremely preterm births (<28 weeks) are reported (2% of preterm births) compared to higher 

percentages (5.3%) reported in HICs. Additionally, upper gestational age limits maybe higher 

than standard cut-offs, up to 38 completed weeks (Blencowe et al. 2013).  

 Issues of ascertainment  2.4.2

There is also significant difficulty in ascertaining stillbirths and early neonatal deaths in births 

not attended by a health professional (Stanton et al. 2006). Even health professionals may 

have difficulty in distinguishing between a stillbirth and a very early neonatal death by failing 

to understand the very slight movement of the ribcage denoting the intake of breath after 

birth. This can happen when infants die soon after birth, particularly asphyxiated or 

neurologically depressed live-born infants (Kramer et al. 2002).  

There are also issues related to the correct ascertainment of preterm births. These relate to 

the method of gestational age assessment used (ultrasound, LMP, best obstetric estimate, 

fundal height and post-birth assessment) (Kramer et al. 2012). This is further discussed in 

Chapter 5. The perception of viability of a birth, may also result in an extremely preterm live 

birth being misclassified as a stillbirth (Sanders et al. 1998) and therefore not counted as a 

preterm births. Better case ascertainment for extremely preterm births (<28 weeks) is seen in 

HICs than in LICs where very low proportions of  extremely preterm births are reported 

(Howson et al. 2012).  

 Issues of non-recording 2.4.3

Data show that there is less recording of the death of babies if they die in the first hours after 

birth (Lawn, Lee et al. 2009) or if they are small in size (Lumbiganon et al. 1990). Non-recording 

of stillbirths is also seen (Stanton et al. 2006; Chen et al. 1998). This tendency of under-

reporting stillbirths (WHO 2006) is also seen in vital registration data in HICs where it is 
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estimated to be 20% or more (Lawn, Yakoob et al. 2009; Casterline 1989) and is noted in 

middle-income countries like Thailand  (Lumbiganon et al. 1990). Assessment of global DHS 

data showed the DHS pregnancy-calendar based stillbirth estimates to be 30% less than 

population-based studies (Stanton et al. 2006).  

The recording of preterm births may depend on the perception of viability, and socio-

economic factors. It has been well-documented that live preterm births as well as stillbirths, 

born closer to the lower gestational age threshold (16 to 28 weeks) are under-registered 

(Froen et al. 2009). In developing countries live preterm births may counted as stillbirths 

because of the perception of non-viability or in order to protect the mother from blame 

(Blencowe et al. 2013)  while maternity benefits, burial costs for a birth but not a miscarriage, 

and higher hospital fees for births compared to miscarriages may also contribute to under-

reporting (Lumley 2003). Extreme preterm births are also seen to be more underreported in 

South Asia than in developed countries (Blencowe et al. 2013). Moreover, some reports on 

preterm birth provide birth rates and numbers only in terms of live births and sometimes live 

singleton births (Blencowe et al. 2012; Lee et al. 2013;  Vogel et al. 2014). By excluding 

multiple births from the population at risk, (Vogel et al. 2014; Lee et al. 2013) information on 

preterm births resulting from multiple pregnancies can be lost (Blondel et al. 2006); while 

excluding stillbirths (Blencowe et al. 2012) results in loss of information on the preterm births 

that result from misclassification between stillbirths and (extremely preterm) live births 

(Blencowe et al. 2013; Kramer et al. 2002; Sanders et al. 1998). 

All preterm births (including multiple births and stillbirths) need to be counted in order to give 

a true understanding of the actual public health burden of preterm births (Goldenberg et al. 

2012; Blencowe et al. 2013). 

 Risk factors for perinatal deaths and preterm births 2.5

Empirical studies detailing risk factors for perinatal deaths, early neonatal deaths, stillbirths 

and preterm births have looked at proximal and distal factors. My conceptual framework 

(Figure 2.3) outlines the complex relationship between these factors as well as factors acting at 

community and individual level. 
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Figure 2.3: Conceptual framework showing the relationship between perinatal deaths and risk 
factors.*ANC=Antenatal care,**SBA=Skilled Birth Attendant, ***Bad Obstetric History= history of stillbirth, 

abortion, miscarriage, Caesarean section and obstructed labour. †IUGR= Intrauterine growth retardation. 
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Though many of the risk factors for perinatal deaths and preterm deaths overlap, they are 

discussed here separately for convenience. 

  Risk factors for perinatal deaths 2.5.1

The greatest risk for perinatal death is being born in a developing country (Say et al. 2006; 

Stanton et al. 2006; Smith & Fretts 2007). Studies have shown that lower socioeconomic status 

increases risks for perinatal deaths (Di Mario et al. 2007; Ronsmans et al. 2010; Cruz-Anguiano 

et al. 2004; Jammeh et al. 2010; Gazi et al. 1999). Women of higher socioeconomic status have 

greater access to health care, more deliveries with skilled birth attendants and more  

Caesarean sections than their poor counterparts (Achadi et al. 2007; Ronsmans et al. 2006).  

Poor, uneducated women are also more likely to have maternal risk factors linked to increased 

perinatal deaths such as severe anaemia (Mavalankar et al. 1991), poor nutrition (Mavalankar 

et al. 1991), short inter-pregnancy intervals (<6 months) (DaVanzo et al. 2007), higher parity 

(Gazi et al. 1999), poor obstetric history (Hutcheon & Platt 2008; Kramer et al. 2000) and 

greater extremities of maternal age (Fauveau et al. 1990). Within maternal risk factors, studies 

have suggested that intrapartum risk factors (e.g. obstructed labour, malpresentation) have 

stronger associations with perinatal death than those identified during pregnancy (e.g. 

anaemia, pre-eclampsia, antepartum vaginal bleeding), which in turn have stronger risk 

associations than pre-pregnancy factors (e.g. maternal age, parity, undesired pregnancy, no 

partner) (Lawn et al. 2005; Kusiako et al. 2000; Chalumeau et al. 2000; Vanneste et al. 2000).  

Perinatal risk factors such as low birth weight (Baqui et al. 2006; Lawn et al. 2005), preterm 

birth (Ngoc et al. 2006; Baqui et al. 2006), being small for gestational age (Katz et al. 2013b), 

birth asphyxia or birth injury (Lee et al. 2008; Baqui et al. 2006), multiple births (Cnattingius & 

Stephansson 2002), male sex (Engmann et al. 2009) and male sex of prior pregnancy (Nielsen 

et al. 2010)  also increase risks for early neonatal deaths and stillbirths. Infections contribute 

only 10-25% of stillbirths in HICs while in LICs, syphilis and malaria, where prevalent, and 

chorioamnionitis are considered major contributors to infection-related early stillbirths with 

the first two diseases causing 40% and 32% of early stillbirths respectively (Goldenberg et al. 

2010). Congenital abnormalities are thought to contribute to 5-15% of stillbirths (Lawn, 

Gravett, et al. 2010).  

The risk factors for late neonatal mortality are not discussed in detail here. However, briefly,  

poor maternal socio-economic conditions, poor maternal health and nutrition, early 

childbearing , frequent pregnancies, preterm births,  discarding colostrum, poor breastfeeding 
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and infections such as tetanus, meningitis, sepsis, pneumonia and diarrhoea are risk factors for 

deaths in the later part of the neonatal period (WHO 2006). 

In 2012 the causes of neonatal deaths as estimated from statistical models were: 

complications from preterm births (34%), intrapartum-related conditions (previously known as 

birth asphyxia), (25%) and infections (mainly pneumonia, sepsis and meningitis) (22%) (Lawn et 

al. 2014). This modelling exercise was based on WHO statistical estimates for 194 countries 

and used verbal autopsy data for high-mortality (under-five mortality rate >35/1000 live births) 

countries.  The models estimated that predominant causes for the early neonatal period were 

intrapartum-related conditions (29%) and preterm birth (40%) while infections (sepsis, 

pneumonia, tetanus and diarrhoea) dominated (44%) the late neonatal period followed by 

preterm births (21%). In the case of stillbirths, information on causes in high-burden countries 

(stillbirth rate>25/1000 births) was very limited and the results for the causes of intrapartum 

stillbirths came from a single unpublished verbal autopsy study in LAMB hospital in rural 

Bangladesh. These were: maternal complication (e.g. haemorrhage) identified (71%), other 

specific foetal condition (non-defined) (17%), foetal growth restriction or placental 

insufficiency, congenital anomaly (4%) and infection (2%) (Lawn, Lee et al. 2009). 

 Risk factors for preterm births 2.5.2

There is very little knowledge on the causes and mechanisms of preterm births (Howson et al. 

2013). Depending on the type of initiation, preterm births can be broadly divided into: (i) 

provider-initiated or non-spontaneous preterm births and (ii) spontaneous preterm births i.e. 

babies born as a result of preterm labour or preterm rupture of membranes.  

Provider-initiated preterm births can result from (a) medical induction or Caesarean section  

because of foetal or obstetric indications (Howson et al. 2012; Goldenberg et al. 2012) or from 

(b) delivery of what is considered a term baby due to errors in gestational age ascertainment 

(Mukhopadhaya & Arulkumaran 2007). The risk factors associated with spontaneous preterm 

births are poorly understood. Spontaneous preterm births constitute half (45-50%) of all 

preterm births and have unidentified aetiology (Menon 2008). These births are thought to 

result from multiple risk factors (described below) interacting through complex 

pathophysiological mechanisms to initiate preterm births (Menon 2008; Muglia & Katz 2010; 

Gravett et al. 2010). Infection may be responsible for up to 25% of spontaneous preterm births 

(Muglia & Katz 2010). Other risk factors (e.g. genetic factors, maternal age, undernutrition and 

diseases) are described later. 
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Globally, the proportion of preterm births from different causes varies between HICs and LICs 

(Muglia & Katz 2010). Secondary and tertiary-level facility studies in HICs suggest that the 

proportion of preterm births from preterm labour, rupture of membranes and provider-

initiation (40-45%, 25-40% and 30-35%) were different to the proportion in facility studies in 

Latin America and some LICs (70%, 16-21% and 11-15%) with LICs having a higher proportion 

of preterm labour and lower proportion of provider-initiated pre term births than HICs 

(Gravett et al. 2010; Blencowe et al. 2013). In another recent and very large facility-based 

WHO study of 14,551 preterm births in 22 LMICs, the distribution of spontaneous preterm 

births and provider-initiated preterm births was found to be 77% and 22.6% respectively in 

nine Asian countries (including India, Nepal and Sri Lanka) (Vogel et al. 2014). 

Maternal infections such as urinary tract infections, bacterial vaginosis, malaria, syphilis, and 

HIV have been found to be associated with greater risks of preterm births with the first three 

increasing risks by 1.2, 1.5 and 1.7 times (Vogel et al. 2014; Gravett et al. 2010). Cervical 

insufficiency brought on by cervical shortening as a result of ascending intrauterine infection 

and inflammatory processes also increases risks for preterm birth (Gravett et al. 2010).  

Pre-eclampsia and pre-gestational diabetes were also found to increase risks for preterm 

births by 1.4 and 1.3 times, respectively and these conditions can aggravate maternal 

complications and increase provider-initiated preterm birth (Vogel et al. 2014; Blencowe et al. 

2013). It is estimated that 15% to 25% of preterm deliveries are due to maternal and foetal 

complications. The main cause is thought to be hypertensive disease in pregnancy and severe 

intrauterine growth restriction (IUGR) that is associated with maternal hypertensive diseases 

(Tucker & McGuire 2004; Goldenberg et al. 2008). 

Maternal genetic factors also feature prominently in preterm births. Mothers who were born 

preterm were found to have a 1.5 times higher risk of preterm birth and mothers with 

previous preterm births were found to have a 2.5 times higher risk (Muglia & Katz 2010; 

Goldenberg et al. 2008). Previous poor reproductive history of cervical incompetence, abortion 

and Caesarean section can also increase risks for preterm birth (Di Renzo et al. 2011).   

Other maternal factors such as extremes of maternal age (<18 yrs and ≥35 yrs) increase 

preterm birth risks by 2.5 times and 1.1 times respectively (Tough et al. 2002; Hediger et al. 

1997; da Silva et al. 2003). Maternal undernutrition (BMI< 18.5 kg/m2) and overnutrition can 

increase preterm birth risks by 1.3 and 1.1 times, respectively (Han et al. 2011; Dean et al. 

2013). Increased risks are also seen for maternal stress and depression (Gravett et al. 2010), 
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excess physical labour and standing for long periods of time (Muglia & Katz 2010) and lifestyle 

factors such as smoking and alcohol and drug abuse (Dean et al. 2013; Requejo et al. 2013).  

Short birth or inter-pregnancy intervals appear to be associated with higher risks of 

spontaneous preterm births (Conde-Agudelo et al. 2006; Kozuki et al. 2013; Dean et al. 2013).  

In one meta-analysis of five cohort studies from LMICs, women with birth intervals of <18 

months were at 1.6 times greater risk of preterm births than those with birth intervals of 36-

<60 months (Kozuki et al. 2013). Another meta-analysis of eight cohort, cross-sectional and 

case-control studies from HICs and LMICs showed that inter-pregnancy intervals of <6 months 

were at 1.4 times greater risk than intervals of 18-23 months (Conde-Agudelo et al. 2006). 

Factors related to the foetus also increase risks for preterm births. Multiple pregnancy causing 

uterine over-distension, is an additional risk factor for preterm births and these pregnancies 

are at nearly 10 times more risk for preterm births than singleton births (Blondel et al. 2006; 

Goldenberg et al. 2008). The sex of the foetus is also a risk factor with male foetuses at higher 

risk of preterm birth and dying sooner than females born at the same gestational age (Kent et 

al. 2012; Brettell et al. 2008; Zeitlin 2002).  
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 Intrapartum complications 2.5.3

Intrapartum complications refer to the complications that take place during labour and 

delivery (Lawn et al. 2005). These include dystocia, haemorrhage and hypertensive diseases, 

multiple pregnancy, anaemia and infection and increase the odds of perinatal mortality with 

the magnitude of increased risk varying by the type of complication. The strength of evidence 

on the effect of intrapartum complications on perinatal outcomes is explored in detail in 

Chapter 6. 

 Intrapartum care 2.5.4

Intrapartum care is the care of a woman and her baby during the labour and delivery period. 

The aim is to provide skilled childbirth care2 and the use of basic and comprehensive 

emergency obstetric care (BEmOC and CEmOC)3 (Yakoob et al. 2011; Lee et al. 2011). These 

provisions are also discussed in detail later. 

The evidence for intrapartum care is discussed here. It is assumed that quality intrapartum 

care reduces perinatal mortality, but the evidence base is weak and relies mostly on a few 

studies. These are mainly observational studies and cluster-randomized control trials (RCTs), 

due to the ethical issues of randomly allocating care at the individual level. 

                                                           
2
 Skilled childbirth care is defined by WHO as care provided by “an accredited health professional – such 

as a midwife, doctor or nurse – who has been educated and trained to proficiency in the skills needed to 

manage normal (uncomplicated) pregnancies, childbirth and the immediate postnatal period, and in the 

identification, management and referral of complications in women and newborns.” (World Health 

Organization 2004b) 

 

3
 Basic emergency obstetric care (BEmOC) consists of 7 signal functions: parenteral antibiotics, 

parenteral oxytocics, parenteral anticonvulsants, manual removal of retained placenta, removal of 

retained products of conception by manual vacuum aspiration and assisted vaginal delivery. 

Comprehensive emergency obstetric care (CEmOC) consists of the previous 7 functions plus Caesarean 

section and blood transfusion.(World Health Organization 2004b) 
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Observational studies 

a) Ecologic studies:   

 An ecologic study by Goldenberg et al. (Goldenberg et al. 2007), which looked at the 

relationship between Caesarean sections (a component of CEmOC) and stillbirth rates, 

observed a decrease in stillbirths of 1.6/1000 births with each 1% increase in Caesarean 

section from 0 to 8%. Reduction declined after 8% for LICs having less than 15% Caesarean 

section rates. Another review by McClure et al. of 188 countries, supported this finding by 

showing that, in developing countries, intrapartum stillbirth rates showed a sharp decline 

when Caesarean sections increased from 0 to 10%, with little change after those levels 

(McClure et al. 2007). 

Maternal mortality and perinatal mortality share overlapping risk factors (Lawn, Lee et al. 

2009; Di Mario et al. 2007) such as absence of  skilled birth attendance (SBA). In a large review 

(Scott & Ronsmans 2009) nine out of ten ecologic studies showed a reduction in maternal 

mortality rate with an increasing proportion of births attended by a health professional and 

one study showed a linear relationship between the variables in developing countries only 

when the proportion of births with a health professional had reached 40%. As risk factors 

overlap, this suggests that perinatal mortality also declines with SBA. However, ecologic 

studies that observe associations at the population level do not necessarily represent the 

association that exists at the individual level. 

b) Before and after studies 

In developed countries, historical data suggest that a large decline in the proportion of 

intrapartum stillbirths is the result of better foetal monitoring, access to emergency obstetric 

care and willingness to perform Caesarean sections (Goldenberg et al. 2007). A Matlab, 

Bangladesh study (Ronsmans et al. 2008) assessed the decline in perinatal deaths over time 

after implementation of an intensive maternal and child health intervention programme. 

Faster declines in stillbirths and early neonatal deaths were seen in the intervention area than 

in the comparison area leading the authors to conclude that the programme had had an effect 

on accelerating the decline of perinatal deaths.  

c) Associations at individual-level 

A Matlab, Bangladesh observational study showed that stillbirth rates and early neonatal rates  

are highest in women seeking comprehensive obstetric care compared to those not seeking 

care at all (Ronsmans et al. 2010). This seemingly contradictory finding is also echoed for 
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maternal mortality in countries like Indonesia, Pakistan and Mexico where less than one-third 

of births are attended by health professionals (Scott & Ronsmans 2009; Ronsmans 2009; 

Midhet et al. 1998). The results may reflect the fact low uptake occurs because women only 

seek professional care when they are very ill and it is too late to prevent maternal deaths or 

that care in poor countries is inadequate or late (Scott & Ronsmans 2009). Maternal mortality 

is seen to fall with increased care only when at least three-quarters of the population seek 

care, a rate seen only in the wealthiest women (Ronsmans 2009) and this is likely to also be 

the case in perinatal deaths. 

d) Cohort studies: 

Within the context of the developed world two components of care, the place of delivery and 

the skill level of the provider have been observed to have an impact on risks of perinatal and 

neonatal death. A Netherlands cohort-study showed that low-risk women delivering at home 

with a midwife had significantly higher risks (RR- 2.33; 95% CI: 1.12-4.83) of intrapartum 

deaths than high-risk women delivering in hospital with an obstetrician (Evers et al. 2010).  A 

large meta-analysis of cohort studies (Wax et al. 2010) showed that planned home-births had 

double the odds  (OR-1.98; 95% CI:1.19-3.28; 12 studies) of neonatal deaths than planned 

hospital births and caused an extra death in every 900 births. However, there appeared to be 

no effect on perinatal deaths in this study (OR-0.95; 95% CI: 0.77-1.18). These findings serve to 

further highlight the risks faced by poor women in developing countries who deliver at home 

without skilled providers and the complexities involved in the relationship between care and 

perinatal deaths. 
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Cluster-randomized control trials 

One cluster-randomized control trial (cluster RCT) in rural Pakistan (Jokhio et al. 2005) in 1998-

1999 allocated traditional birth attendants trained in antenatal care, intrapartum care, delivery 

practices and complication referral to intervention sub-districts. Intervention area women 

were also given three pregnancy visits and had access to newly set-up outreach clinics staffed 

by obstetricians. This resulted in significant reductions in stillbirth, perinatal and late neonatal 

deaths (31%, 30% and 29% respectively). In another cluster RCT of community interventions 

conducted in rural Pakistan over two years from 2006 to 2008 (Bhutta et al. 2011), 

government community health workers (CHWs) linked with TBAs provided two antenatal care 

visits and a postnatal visit within 4 days of birth. They promoted antenatal and essential 

newborn care, maternal nutrition and rest, early exclusive breastfeeding, danger sign 

recognition, and provided oral antibiotics for pneumonia. Control villages received only 

promotional messages on antenatal care and newborn care from CHWs. Stillbirths, early 

neonatal and late neonatal mortality reduced by 21%, 14% and 17% respectively in the villages 

with the intervention compared to control villages. In another cluster RCT study in rural India 

between 2004 and 2005 (Kumar et al. 2008) intervention villages received essential new born 

care (birth preparedness, clean delivery and cord care, danger sign recognition, birth feeding 

promotion) from CHWs while control villages received the usual government care. Stillbirths, 

early neonatal and late neonatal death reductions of 35%, 41% and 68% respectively were 

seen in the intervention area compared to the control area.  

However, the results may be seen in a more critical light when it is borne in mind that the 

magnitude of effect from RCTs may not reflect the magnitude obtained in real-life situations. 

RCTs are not thought to be the most appropriate design when the intervention and the causal 

chain between the intervention and outcome are complex (Victora et al. 2004) as in the case of 

care and perinatal outcomes. 
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 Interventions suggested for the reduction of perinatal 2.6

mortality and preterm births  

The evidence for interventions at community and facility levels that can result in reduced 

perinatal and preterm births is discussed in detail in Chapters 4 and 5. Interventions have been 

briefly highlighted here according to those provided during the continuum of care. 

 Interventions in the preconception and antenatal period 2.6.1

These consist of: prevention of unintended and adolescent pregnancies; pregnancy spacing; 

optimisation of maternal weight and provision of micronutrients; screening and managing or 

immunisation for infections (bacterial vaginosis, tetanus, syphilis) and management of chronic 

diseases (diabetes and hypertension). For preterm births specifically, antenatal corticosteroids 

and antibiotics for premature rupture of membranes are suggested but these are unavailable 

or of very low coverage in LICs.  

  Interventions during labour and delivery 2.6.2

These consist of SBA and timely basic and comprehensive emergency care (BEmOC and 

CEmOC). 

 Interventions for immediate newborn care and postnatal care for 2.6.3

small and ill newborn babies  

These consist of: (a) immediate newborn care (delayed cord clamping, antiseptic cord-care, 

thermal care and vitamin K administration); (b) neonatal resuscitation and (c) prevention and 

management of infections and care for small and ill infants by antibiotics preventing 

pneumonia, sepsis and meningitis, extra thermal care (including kangaroo mother care (KMC)), 

topical emollient care and secondary and tertiary level hospital care. 

 Reaching mothers and neonates in greatest need 2.7

In order to achieve substantial reduction in stillbirths and perinatal deaths, poor and 

marginalized mothers and neonates need to be able to access good quality care. 

Reaching the mothers and neonates in the greatest need has been attempted through 

community-based delivery strategies, antenatal and postnatal visits by CHWs, community 

mobilisation and increasing demand for maternal and newborn services through women’s 

groups, inclusion of newborn services within integrated management of childhood illnesses 
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and financial incentives and vouchers for facility delivery (Bhutta et al. 2014). The first three 

strategies are discussed here in further detail.  

Community -based delivery platforms with linkages to referral health facilities in the locality 

can improve stillbirth, perinatal and neonatal survival through changes in household 

behaviours and practices such as: usage of clean delivery kits, increasing facility-birthing, early 

breastfeeding and care-seeking for newborn illnesses (Bhutta et al. 2014). 

CHWs have been shown to play an important role in improving birth outcomes and reducing 

neonatal mortality by (i) providing antenatal and postnatal visits which complement facility-

based care and (ii) improving family contact with health systems during critical times (Bhutta 

et al. 2014). Performance of these functions by these outreach workers has resulted in 

neonatal mortality reduction of up to 40% (Lassi et al. 2010). However, the effectiveness will 

depend on the actual services provided by the CHWs, along with appropriate frequency of 

visits and quality of services provided. 

In the community, initiatives by facilitator-led women’s groups to identify and prioritise 

maternal and newborn health issues, and develop strategies to address the issues, have had 

impacts on neonatal mortality.  A meta-analysis of women’s groups studies has shown that the 

groups have been linked to 23% reduction in neonatal mortality though non-reductions have 

been seen when coverage has been low (Prost et al. 2013). These groups can empower 

communities by changing household practices and increasing demand and planning for 

maternal and newborn care. 

 Contribution of the private health sector to delivery care 2.8

provision 

Though global and regional policies are focused mostly on the public sector, increasingly, 

women are delivering within the private health sector and this has become apparent in 

countries such as India, China and Sri-Lanka where increasing numbers of non-medically 

indicated provider-initiated preterm births (primarily due to Caesarean sections) are taking 

place (Darmstadt et al. 2014; Vogel et al. 2014). The number of women in developing countries 

to have Caesarean sections for a variety of reasons is also increasing (Muula 2007). 

Information on private health facilities and services is mostly unavailable in developing 

countries such as Bangladesh (Mridha et al. 2009) and this is an important consideration in 

understanding the effective measures in reduction of perinatal mortality. The most recent 
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Bangladesh DHS showed that 59.0% of all institutional births took place in private facilities 

(NIPORT et al. 2013) and details regarding these deliveries are largely unknown. 

 Timing of perinatal deaths 2.9

In 2012, 73% of global neonatal deaths occurred during the first week of life with 36% (1 

million) occurring on the first day of life (Save the Children 2013). Grouped  data from  47 DHS 

datasets suggested that early neonatal deaths vary in timing during the first week of life with 

25-45% occurring in the first 24 hours and three quarters of all neonatal deaths taking place in 

the first week (Lawn et al. 2005) (Figure 2.4). In the Nepal Sarlahi study (Figure 2.5) (Lawn et al. 

2009) and elsewhere (Baqui et al. 2006), this pattern is also seen with the majority of deaths 

occurring during the first 48 hours and almost all within the first week. While attention has 

been focused on the direct clinical causes and timings of these deaths, very little has been 

done on the risk factors during the continuum of mortality in the first month of life. The effect 

and pattern of risk factors, disaggregated by time since birth, on mortality outcomes in the 

first week of life has not been explored. It is also not known whether risk factors show the 

same effects on stillbirths as on early neonatal deaths. 

 

Recently a prospective study of maternal, foetal and neonatal deaths in 220,235 prospective-

enrolled women was undertaken in 106 communities in six LMIC countries (Argentina, 

Guatemala, India, Kenya, Pakistan and Zambia) (Saleem et al. 2014). Results from this study 

showed that most of the stillbirths (70%) were intrapartum, occurring at and around delivery. 

Deaths on the first, second and third to seventh days of life contributed to 34%, 14% and 28% 

respectively (76%) of all neonatal deaths. These findings highlight the need for better study 

and understanding of the differences, if any, in the risk factors for stillbirths and deaths in first 

month of life. 
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Figure 2.4: Daily risk of death during first month of life (based on analysis of 47 Demographic 
and Health Surveillance datasets from 1995–2003). Source: Lawn et al. 2005 

 

 

 

 
 
Figure 2.5:  The timing of intrapartum early neonatal deaths in rural Sarlahi, Nepal. 
 Source: Lawn, Lee et al. 2009 
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     Rationale for the thesis 2.10

There is little high-quality, population-based data for stillbirths and early neonatal deaths 

globally, even in developed countries (Stanton et al. 2006) and reliance on expert opinion 

drives much of the research on estimating reductions from interventions. The dearth of data 

on preterm births from LMICs has been highlighted recently with the first global and regional 

estimates for preterm births published as late as 2009 (Howson et al. 2013). Community 

surveys which are often self-reported can lack validity while relying only on hospital-based 

data may be misleading as most deliveries take place at home in many developing countries 

(Say et al. 2006). Statistically-modelled estimates at country level suggest that three South 

Asian countries (Bangladesh, India, Pakistan) have almost half of the world’s stillbirths, 

numerically most of the world’s 1.2 million labour and delivery related early neonatal deaths 

and the highest number of preterm births (Blencowe et al. 2013). However, there is a serious 

paucity of empirical evidence in the form of population-based, methodologically sound studies 

that (a) investigate the levels of perinatal deaths and preterm births and (b) explore the 

contribution of intrapartum complications and preterm births to perinatal deaths in South 

Asia. The few studies that are available globally and in South Asian countries do not assess the 

impact on stillbirth and early neonatal death separately and almost none examine the impact 

of labour complications alongside preterm births on perinatal mortality. There is also no 

knowledge available on the potential variability, if any, of the impact of complications and care 

on the early neonatal period by the day since birth. It is these gaps in knowledge that the 

following thesis aims to address. 
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  Systematic review of the rates of Chapter 3.
stillbirths, early neonatal deaths, late neonatal 
deaths and perinatal deaths in community-based 
studies in South Asia  

 Introduction 3.1

The global burden of stillbirths, early neonatal and late neonatal deaths and the difficulties 

related to the assessment of these deaths has been discussed previously (Chapter 2).  

Globally, the evidence base for empirical rates for these mortalities is weak (WHO, 2007). 

Mortality rate data from developing regions such as South Asia are mostly modelled (WHO, 

2007, Stanton et al., 2006). Estimates  in use for stillbirths (WHO, 2006b, Stanton et al., 2006, 

Cousens et al., 2011, Lawn et al., 2011, WHO, 2007) early neonatal (Lozano et al. 2011; Wang 

et al. 2014), late neonatal (Lozano et al. 2011; Wang et al. 2014) and  perinatal mortality(WHO, 

2006b, WHO, 2007) rely heavily on statistical models.  

 

Global estimates of early and late neonatal death rates for 2000 were produced by Lozano et 

al. by using complex models that utilized  vital registration data , surveillance systems and birth 

histories (Lozano et al., 2011). Stillbirth rates for the South Asian region (for 2009) and for 129 

countries (for 2008) by Cousens et al. and Lawn et al., respectively, used regression models. In 

these models there was input of national and sub-national data from vital registration (in 

countries where available), Demographic and Health Surveys (DHSs) and published studies 

(Cousens et al., 2011; Lawn et al., 2011). Stanton and colleagues produced country-specific 

stillbirth rates (for 2000) from (a)regression models which predicted rates in the absence of 

studies (Afghanistan, Bhutan, Maldives and Sri Lanka) and (b) from adjusted data sources 

where empirical observations from studies were adjusted using a regression model 

(Bangladesh, India, Nepal, and Pakistan) (Stanton et al., 2006).  The World Health Organization 

(WHO) published stillbirth, early neonatal and perinatal mortality rates for 2000 and 2004. 

These were produced from regression models with input of data from:  country-specific under-

five mortality rates that utilized DHS, national survey data and reports from the United Nations 

(UN) and World Health Organization, and stillbirth and early neonatal death ratios  predicted 

for the region (WHO, 2006a; WHO, 2007). The most recent data on early neonatal and late 

neonatal deaths for the year 2013 for the Global Burden of Disease Study 2013 (Wang et al. 
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2014) are based on rates obtained from statistically modelled estimates of under-five mortality 

rates in 188 countries. 

Epidemiologically, stillbirths are considered to equal or outnumber early neonatal deaths 

(WHO, 2006a) with high-income countries (HICs)  showing  ratios of stillbirth rates to early 

neonatal death rates (ranging from 1.7:1  to 1.9:1). Low-income countries (LICs) which usually 

have elevated early neonatal mortality (>20/1000 births), show a median ratio of 1.2:1 (WHO, 

2006a). This ratio of 1.2:1 is confirmed by historical vital registration data from countries 

transitioning from high to low mortality e.g. Denmark, England and Sweden. However, it may 

be possible that the real ratio is different where mortality is high, though this seems unlikely 

from historical precedence.  The WHO suggests that when data-poor, high-mortality countries 

show low ratios of 1 or below this may imply the presence of  stillbirth underreporting, which 

is of major concern (WHO, 2006a). Stanton and colleagues reported low ratios with only 5 of 

49 DHSs presenting ratios >1. Furthermore, they report the sub-Saharan regional ratio to be 

0.55, which is implausibly low, and, on the other hand, Moldova is reported to have a very high 

ratio of 3.2, suggesting misclassification between stillbirths and early neonatal deaths (Stanton 

et al., 2006, Lawn et al., 2010)   

To date, there is no body of work synthesizing empirical data on stillbirths, early neonatal, late 

neonatal and perinatal deaths for South Asian countries. In this chapter, I aim to better 

understand these mortality levels in South Asia by reviewing existing literature presenting 

population-based data in studies published from Jan 2000 to March 2012. I will produce 

summary mortality estimates using forest plots and document the methodology. I also aim to 

understand the level to which stillbirths are possibly underreported in: sub-national and 

national studies, the constituent countries and in South Asia.   
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 Objectives: 3.2

Overall Objective:  

To systematically review studies in order to obtain reliable estimates for the rates of stillbirths, 

early neonatal deaths, late neonatal deaths and perinatal deaths in South Asia.   

Specific Objectives: 

1. To obtain summary estimates for the above-mentioned mortality rates by calculating 

rates directly from data in published population-based studies. Rates will be calculated 

at regional level for the whole of South Asia and at national levels for the eight 

constituent countries (Afghanistan, Bangladesh, Bhutan, India, Nepal, Pakistan, Sri 

Lanka and Maldives).  

 

2. To compare the summary estimates obtained in the review with estimates available in 

the current literature. 

 
3. To obtain the ratios of stillbirth rates to early neonatal death rates at the regional and 

national level for each of the eight countries of South Asia and for the whole of South 

Asia. 

 Methods 3.3

 Search Strategy 3.3.1

Afghanistan, Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan and  Sri Lanka  are the eight 

countries comprising the UNICEF South Asia region that I included in this systematic review . I 

ran the search on MEDLINE, Global Health, EMBASE and Popline databases on 12th March 2012 

to identify studies published from 2000 until this date. Combinations of the following terms 

were adapted according to the search methodology of each database: perinatal mortality, 

stillbirth mortality, early neonatal mortality, late neonatal mortality, infant mortality, 

Afghanistan, Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan, Sri Lanka and South Asia. 

The full search strategy is shown elsewhere (Appendix IA). 

 

I searched Ovid Medline, Global health, Embase and Popline databases, the Measure DHS 

website and country-specific INDEPTH websites. INDEPTH is a global network of health and 
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demographic surveillance system (HDSS) field sites in Africa, Asia and Oceania producing 

longitudinal data.  I conducted searches in English, checked titles and abstracts returned by 

databases to ensure relevance of the articles and checked bibliographies of retained papers for 

further eligible studies. I obtained country-specific DHS (Demographic and Health Survey) 

reports published within my stipulated time period to obtain DHS data and excluded any 

publications using DHS data from the same reports in their analysis.  Of the available INDEPTH 

website data, only the Matlab site data was eligible but was excluded as the website provided 

information on neonatal, infant, and child mortality outcomes and not on stillbirth, early 

neonatal, late neonatal and perinatal mortality outcomes. The latter outcomes were available 

from eligible Matlab publications identified via the database searches.   

In order to obtain international published estimates of mortality rates for the countries of 

South Asia that I would compare my review rates to, I identified publications reporting data on 

global and regional mortality estimates during the database searches. I also searched for 

publications from: database auto-alerts, email-alerts from perinatal/newborn websites and 

bibliographies of publications. The mean years corresponding to the published rates were 

those that were stated in the publications.  

 Study Selection 3.3.2

At first, I screened titles and abstracts of studies against eligibility criteria (described later), and 

included studies provisionally if there was not enough information for acceptance. I then 

screened the full-texts of studies. I consulted the PRISMA (Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses) guidelines and  adapted their flow-diagram (Moher et 

al. 1999) to summarize my selection procedure. 

 Eligibility criteria 3.3.3

Inclusion criteria 

The inclusion criteria are as follows: 

Mortality outcome measures– stillbirths, early neonatal deaths, perinatal deaths and late 

neonatal death, regardless of study definitions.  

 

Multiple studies/DHS reports-more than one study or more than one DHS report from each 

country could be included provided that raw data (numerators and denominators) for 
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mortality rates were reported. Studies from the same time period could be included. If the 

same study population was reported in several publications, the publication reporting the 

most information on mortality outcomes was used. 

Study Design- cross-sectional, cohort, case-control or randomized control trial studies in South 

Asia reporting raw data for community-based estimates enabling mortality rate calculations of 

the mortality outcomes listed previously. 

Study populations-pregnancies/births within the study period or within a defined recall period 

(e.g. 5-year recall period prior to interview for the DHSs).  

 

Publication period- studies published from January 2000 till 12th March 2012. I chose the year 

2000 so as to include research published since the establishment of the Millennium 

Development Goals (September 2000). However it should be noted that in some cases where a 

journal article or report was published on or after January 2000, the actual study period in 

which the study data was collected could have been from a time-period before the year 2000. 

 

Languages- no restrictions placed on languages during database searches, however only 

articles published in English and Bengali were screened for the review.  

Exclusion criteria 

The exclusion criteria are as follows: 

Mathematical models- studies that reported rates from mathematical/statistical models and 

extrapolation of rates. 

 

Inappropriate study populations- 

a. Facility-based studies. 

b. Birth sub-groups (e.g. low-birth weight infants only) 

c. Pregnant women sub-groups with specific illnesses (e.g. chronic renal insufficiency or 

diabetes) 

d. Displaced/refugee South Asian populations or migrant populations of South Asian 

descent living outside South Asia. 
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Non-relevant mortality outcomes-Studies which measured mortality outcomes not of interest 

for the review (e.g. pooled neonatal deaths for the 1st month of life, deaths at 6 months, 

infant deaths, under-five deaths, etc.) or other outcomes (e.g. developmental milestones, 

weight, growth).  

 

Publications such as: reviews, letters or editorials, protocols and conference 

proceedings/abstracts which were not considered to yield complete information on the study. 

Only full-length, full-text studies were used. 

Published studies using DHS data- published studies reporting rates using DHS data (to avoid 

duplication of information as I calculated DHS rates myself from DHS report data). 

Duplicate source or overlapping time period-I selected studies reporting the largest number of 

outcomes if studies had duplicate data or overlapping time periods.  

Studies were not excluded because of small number (e.g. 20 or less) of deaths or high 

percentage (e.g. 20% or more) of missing data as this would exclude small but possibly 

relevant studies from the review. There were no guidelines available on the minimum number 

of outcomes in a study and while sample-size calculations do exist there is no guidance on 

minimum outcomes per study for meta-analyses. The number of outcomes and missing data 

were recorded for each study. 

 Data Extraction and Review Terminology 3.3.4

After data selection, I extracted study data using standardized data-extraction sheets in Excel 

(section 3.4.2). I consulted my supervisor (Professor Carine Ronsmans) only if I required a 

second opinion on study selection or on any complex data-extraction issue.  

 

For each study I extracted data on: study setting, study design, data collection period, study 

population, pregnancy and  birth ascertainment, gestational age assessment, death 

ascertainment, and definitions of types of mortality reported in the study (e.g. stillbirth, early 

neonatal death, late neonatal death etc.). I also extracted raw data for the numbers of deaths 

in each study (any or all of the following: stillbirths, early neonatal deaths, late neonatal deaths 

and perinatal deaths) and raw data for the corresponding denominators in order to calculate 

mortality rates. I calculated mortality rates, percentage followed-up or response rate and the 

mean year corresponding to the mortality rate. Even if the study reported their own rates and 
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even if these rates were adjusted for cluster-design or stratification, for my purpose, I 

calculated all the (unadjusted) rates myself.  The rationale for this decision was that, by this 

process all the rates calculated for all the studies in the review had pre-defined numerators 

(e.g. stillbirths) and denominators (e.g. total births or all stillbirths and live births) and hence 

consistency for the numerators and denominators and so for the rates (e.g. stillbirths per 1000 

total births)was ensured. If information was not available for a criterion, this was indicated in 

the appropriate cell. 

I decided that the study design was that which yielded the outcome rates- e.g. for a cohort 

study embedded in a randomized controlled trial, the study design would be ‘cohort study’ and 

not ‘randomized controlled trial’ as in Baqui et al. 2009 (Baqui et al., 2009). A study in which 

only one cross-sectional survey was conducted (e.g. National DHS) was considered to be a 

‘cross-sectional study’. I decided that there were two types of surveillance studies: (a) 

surveillances of births and mortality outcomes based on regular  repeated cross-sectional 

assessments (e.g. every 3 months) in the same population during the study period e.g. Bhutta 

et al. (2011) and (b) surveillances of births and deaths  where these outcomes were reported 

by informants over a set time period e.g. Manandhar et al. (2010). For studies where 

interventions were tested or evaluated, I considered the outcomes in the non-intervention 

arm as these rates were thought to be more representative of the general population.  

I calculated the follow-up/response percentage for my outcomes of interest irrespective of 

those reported by the study. I calculated loss to follow-up if reported separately for the control 

group/minimum-intervention group e.g. Manandhar et al. (2004) otherwise I calculated the 

overall loss in the study. 

Studies used different terms to describe the person ascertaining pregnancies, births, deaths, 

gestational age, and mortality outcomes. Most studies provided insufficient detail on the 

training, education and skills of CHWs or their equivalents to allow comparison of CHWs or 

equivalents across all studies.  I divided these workers into ‘government CHWs’ and ‘research 

CHWs’. I used ‘government CHW’ to describe CHWs employed and trained by the public sector 

(e.g. the Lady Health Workers (LHWs) of Pakistan or Angaanwadi workers of India). I used 

‘research CHW’ to describe workers who were recruited and trained by the study. Training 

duration and content was not usually described by studies.  Any study which did not specify 

whether data collection staff possessed qualifications equivalent to CHWs was described as 



Chapter 3 . Systematic Review 

 

 

59 

 

stated in the study text and distinguished by quotation marks e.g. ‘trained evaluation team 

member’ in  Kumar et al. (2008).  

  

Throughout this review I use ‘national’ studies to refer to studies that sample nationally from 

the entire population of the country e.g. the DHSs. ‘Sub-national’ studies refer to studies 

taking place in a country which do not involve sampling from the entire population of a 

country, but from a few households, villages, districts or several districts within a country. 

 

Any ‘deaths’ that I refer to in this review are stillbirths, early neonatal deaths, late neonatal or 

perinatal deaths.  

 Quality Assessment of Studies 3.3.5

I assessed study quality by obtaining the overall risk-of-bias for each study in the review using 

the component approach suggested by the Cochrane collaboration (Higgins and Green, 2011) 

which was also in line with the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) guidelines (Moher et al., 2009). I assessed the risk-of-bias (low, high and 

unclear) of the following component criteria for each study: (1) ascertainment of pregnancy (2) 

ascertainment of birth (3) ascertainment of death and (4) definitions of all mortality outcomes 

measured by the study. Another PhD student (Clara Calvert) reviewed 5 studies independently 

where risk-of-bias was ambiguous and any differences identified were reconciled after 

discussion. 

 

Risk-of-bias was categorized as low, high and unclear according to criteria shown in Table 3.1. 

In cases of ascertainment of pregnancies, births and deaths, importance was placed on 

whether the study design resulted in pregnancies, births and deaths being missed and hence  

could have led to rates being calculated which might not have represented the true rate in the 

population being studied. It was also important to note studies where definitions for mortality 

outcomes fulfilled basic criteria of conventional definitions (Chapter 2) and studies where 

definitions were inadequate or unclear.
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 Table 3.1: Risk-of-bias criteria  

Level of Risk Ascertainment of pregnancy Ascertainment of  birth Ascertainment of death Definitions of all mortality outcomes measured by the study 

Low risk 
 

 

A prospective or retrospective 
cohort study which follows 
pregnancies from early 
pregnancy and pregnancy 
identification is by valid and 
reported pregnancy 
identification methods (last 
menstrual period or LMP 
method, urine dip-stick test 
and ultrasound) 

 

 

Pregnancies identified 
previously are followed 
up until birth 

 

Pregnancies identified 
previously are followed up 
until death 

Overall risk-of-bias for definitions is low when all mortality 
outcomes have definitions considered to be at low risk-of-bias. 

 

 Low risk-of-bias definitions are:  
1. Stillbirth - Gestational age cut-off (weeks or days) is specified 
in the stillbirth definition 
2. Early neonatal death and late neonatal death- Numbers of 
days for deaths to occur in are specified as 7 or 8 completed 
days and as 28 or 29 completed days, respectively *.  
3. Perinatal death- Both the definitions of constituent deaths 
(stillbirth and early neonatal death) of perinatal death are at 
low risk-of-bias. 

High risk 
 

 

 A clinical record review; a 
cross-sectional study; or 
surveillance studies which are 
(a) based on repeated cross-
sectional assessments or 
(b)where pregnancies are 
ascertained by community 
members on an ad-hoc basis. 

 

 

Births reported or 
identified by: a clinical 
record review; a cross-
sectional study; or 
surveillance studies 
which are (a) based on 
repeated cross-sectional 
assessments or (b) 
where births are 
ascertained by 
community members on 
an ad-hoc basis. 

 

Deaths reported or identified 
by: a clinical record review; a 
cross-sectional study; or 
surveillance studies which are 
(a) based on repeated cross-
sectional assessments or (b) 
where deaths are ascertained 
by community members on 
an ad-hoc basis. 

Overall risk-of-bias for definitions is high when at least one 
mortality outcome has a definition considered to be at high 
risk-of-bias. 

 

 High risk-of-bias definitions are:  
1. Stillbirth - Gestational age cut-off (weeks or days) is not 
specified in the stillbirth definition 
2. Early neonatal death and late neonatal death - Numbers of 
days for deaths to occur in are not specified in the early 
neonatal death and late neonatal death definitions  
3. Perinatal death- Any or both the definitions of constituent 
deaths (stillbirth and early neonatal death) of PND are at high 
risk-of-bias 
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Level of Risk Ascertainment of pregnancy Ascertainment of  birth Ascertainment of death Definitions of all mortality outcomes measured by the study 

Unclear Risk 
 

 

Insufficient or no information 
on all or any of the following: 
ascertainment of pregnancy, 
person identifying pregnancy 
and pregnancy identification 
method.  

Insufficient or no 
information on all or any 
of the following: 
ascertainment of birth 
and person identifying  
birth 

Insufficient or no information 
on all or any of the following: 
ascertainment of death and 
person identifying death 

Overall risk-of-bias for definitions is unclear when there is: 

1. No definition for stillbirth, early neonatal death, late 
neonatal death or perinatal death  OR 

2. If perinatal death definition is available, any or both the 
definitions of constituent deaths (stillbirth and early neonatal 
death) of perinatal death are at unclear risk-of-bias. 

* Definitions for early and late neonatal deaths were those reported by each study  and so there were differing cut-off points for deaths to occur in. See 
Appendix IA and section 3.4.2 “Definitions of early, late and perinatal deaths”  for list of studies defining the number of completed days for early and late 
neonatal deaths to  occur in.

Table 3.1 (continued). 
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A study was considered at overall low risk-of-bias if all criteria were at low risk-of-bias. A study 

was considered to be at overall unclear risk-of-bias if any criterion was at unclear risk-of-bias.  

A study was at high risk-of-bias as long as there was no criterion at unclear risk-of-bias and if at 

least one criterion was at high-risk-of-bias. 

  

I considered ascertainment of pregnancies, births and deaths to be at high risk-of-bias if cross-

sectional assessments or surveillance systems were used. This was because, in these methods, 

women or community informants may forget to report, or conceal or choose not to report a 

pregnancy, birth or death  if revelation was taboo, if the birth outcome was socially 

undesirable or if the birth outcome was associated with shame/grief (Lawn,Yakoob et al. 2009; 

Haws et al. 2010). In rural Tanzania burial of late pregnancy loss is done secretly near the 

house by the woman or local healer while  an intrapartum stillbirth or early neonatal death 

with few signs of maturity is buried secretly in forest or bush by local men or a healer (Haws et 

al. 2010). In some cultures including those in South Asia, pregnancy disclosure is limited to 

one’s partner and one or two trusted females while suppressed grieving and mourning also 

increases the likelihood of concealment from researchers (Lawn, Yakoob et al. 2009). Hence in 

Bangladesh where pregnancy disclosure is considered taboo, I considered these studies less 

able to report the true rate of births or deaths. I did not consider a study with a short length of 

recall (e.g. 1 month) to be low-risk, since a short recall period was unlikely to increase 

reporting of concealed outcomes.  

 

I considered the provision of definitions to be an important factor in deciding the level of risk-

of-bias as clear cut-definitions provided by the study could possibly reduce misclassification 

between types of mortality outcomes compared to those that provided no or unclear 

definitions. 

  

I did not consider the completeness of data outcomes (percentage followed-up/ response rate) 

to be a vital quality criteria compared to the four criteria above. This was because DHS studies 

frequently report response rates of >98% but also depend on women’s recall. Cohort studies 

can also have known survival status for 95% of enrolled pregnancies, yet births can be 

reported by community informants who may underreport or misreport adverse outcomes if 

influenced by any of the social factors described before. Additionally DHS studies might 
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possibly be subject to bias with intentional misclassification of a mortality outcome as a 

stillbirth in order to avoid completion of extra questions required for a neonatal death. 

 Data Analysis 3.3.6

Mortality outcome definitions: 

Definitions for stillbirths, early neonatal deaths and late neonatal deaths were those reported 

by each study and I present these in the tables detailing study characteristics. I defined 

perinatal deaths as the sum of stillbirths and early neonatal deaths. The standard DHS 

definitions for mortality outcomes are shown below (Table 3.2) while any minor variations 

within each DHS are shown elsewhere (Table 3.9). As the DHS did not report a definition for 

late neonatal death, I defined this as shown in Table 3.2.  

Table 3.2: Demographic and health surveillance (DHS) definitions for birth and mortality 
outcomes 

Birth and mortality 
outcomes 

Demographic and Health Surveillance ( DHS) definition 

Stillbirth 
Pregnancy losses occurring after 7 completed months' of gestation 

Early neonatal death Deaths of live births within the first seven days of life. 

Perinatal death 
Stillbirths and early neonatal deaths 

Late neonatal death Neonatal deaths* excluding early neonatal deaths 

Births Stillbirths and live births 

*births in the first month of life (as reported by the studies) 

Mortality Rates:  

I defined and calculated my own mortality rates for all studies in the review as shown in Table 

3.3. Published mortality rates (if any were stated in studies) were not used.  I used rates, 

numerators and denominators that I defined apriori (Table 3.3) for all the eligible studies in 

order to maintain consistency throughout the analysis. 

 

Table 3.3: Formulas for the rates for stillbirths, early neonatal deaths, late neonatal deaths and 
perinatal deaths for all studies retained in the systematic review 

Name of rate Numerator Denominator Formula  

Stillbirth rate No. of stillbirths No. of births (live 
births + stillbirths) 

Stillbirth rate = (No. of stillbirths/ No. 
of births) × 1000 
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Early neonatal death 
rate 

No. of early neonatal 
deaths 

No. of live births Early neonatal death rate =(No. of 
early neonatal deaths/ No. of live 
births) × 1000 

Late neonatal death 
rate 

No. of late neonatal 
deaths 

No. of live births 
excluding early 
neonatal deaths 

Late neonatal death rate =(No. of late 
neonatal deaths/ No. of live births 
excluding early  neonatal deaths) × 
1000 

Perinatal death rate No. of perinatal  
deaths 

No. of births (live 
births + stillbirths) 

Perinatal death rate = (No. of  
perinatal deaths/ No. of births) × 1000 

 

 

I extracted numerators and denominators from the text, tables and/or flowcharts of eligible 

studies. I obtained the mean year corresponding to death rate for each study by obtaining the 

year corresponding to the mid-point of  the data collection period (prospective cohort studies) 

or of the time period during which the deaths occurred (cross-sectional studies and 

retrospective cohort studies).  

 

For each mortality outcome, I obtained rates for each individual study and I also pooled rates 

by national and sub-national studies for each country and for South Asia. The pooled review 

rates for each country were compared to mathematically modelled rates and adjusted rates 

from the literature which corresponded to a similar period of years. I obtained the overall 

mean year (e.g. 2001) corresponding to each summary mortality rate (e.g. summary stillbirth 

rate) in my review by calculating the mean of all the (mean) years corresponding to death 

rates for all studies of that outcome (e.g. all stillbirth studies).  

 

I created forest plots, pooled by country and for South Asia, from data extracted from retained 

studies using STATA 12.1v on the basis of meta-analysis of proportions and used a random 

effects model. From the forest plots I obtained: 95% confidence intervals, weights that each 

study contributed to the analysis, level of heterogeneity and pooled estimates for rates. I 

performed sub-group analyses for national and sub-national studies. With all the forest plots, I 

also ordered the studies on the basis of the mean year representative of the rate to see if 

there were any time trends in the rates obtained for a country or for South Asia but formal 

analytical methods such as the use of meta-regression to test for the effect of year on 

mortality rates were not used. I also checked to see if there was any difference between the 

mortality rates that I calculated compared to the mortality rates reported by the studies which 

adjusted for clustering or for the sampling strategy. I also noted if any rates were outliers 
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when compared to studies from the region. If any outlier rates were detected, they were not 

excluded as excluding studies with outlier rates introduces bias into the analysis (Higgins and 

Green, 2011). However, sensitivity analyses with and without outlier rates were conducted to 

see the effects of outlier rates on the overall rate. 

 

I assessed heterogeneity among the studies by using the I2 statistic  as well as the p-value of 

the chi-square test of heterogeneity as recommended by the Cochrane handbook for 

systematic reviews (Higgins et al., 2003, Higgins and Green, 2011). I considered cut-off values 

for I2 statistic interpretation according to Higgins and Green (2011) where: 0% to 40% 

heterogeneity is considered not important; 30% to 60% is considered moderate heterogeneity; 

50% to 90% is considered substantial heterogeneity and 75% to 100% is considered 

considerable heterogeneity. However, it should be noted that the ranges overlap and that the 

importance of the value of I2 is also dependent on the direction and magnitude of effects seen 

and also on the p-value obtained (Higgins & Green 2011).  

Since a random effects model is appropriate when heterogeneity exists among studies(Higgins 

& Green 2011), I used a random effects model for this review as the studies were considered 

to vary greatly within and between countries.  

 

I also obtained the ratios of stillbirth rates to early neonatal death rates for South Asia and its 

constituent countries from pooled rates obtained from: (a) sub-national and national studies 

(b) sub-national studies and (c) national studies. 
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 Results  3.4

 Search strategy results 3.4.1

The search strategy identified 10988 publications of which 5944 were duplicates and were 

discarded (Figure 3.1). The remaining 5044 publications were screened by title and abstract. Of 

these 5044 publications, 377 full-text articles were assessed for eligibility. The number of 

eligible publications retained was 59 and these yielded a total of 62 eligible studies for the 

review. Of the 59 publications, 47 were journal publications (representing 50 study 

populations) while 12 were National Demographic and Health Survey (DHS) reports 

(representing 12 nationally representative study populations) from Afghanistan, Bangladesh, 

India, Maldives, Nepal, Pakistan, and Sri Lanka. No studies could be identified for Bhutan. 
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*Articles may have been excluded for multiple reasons. **Full-text unavailable from journal websites, 

the British Library or after two email non-responses from publisher/author. ***62 studies obtained from 

59 publications 

Flowchart modified from the PRISMA flowchart from “Moher D, Liberati A, Tetzlaff J, Altman DG, for the 

PRISMA Group: Preferred reporting items for systematic reviews and meta-analyses: the PRISMA 

statement. MJ 2009, 339:b2535 ”  (Moher et al., 2009) 

 

Figure 3.1: Flowchart showing the flow of information through the different phases of the 
systematic review during the study selection process. 
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Records identified through databases 
search [Medline, Global Health, 

EMBASE & POPLINE] 
(n =10988) 

Duplicates removed 
(n = 5944) 

Records screened on 
titles and abstracts 

(n =  5044) 

Records excluded after title and 
abstract review 

(n = 4667) 

Full-text articles 
assessed for eligibility 

(n = 377 ) 

Full-text articles excluded: (n = 330)* 
93 - Inappropriate population 
(excluding     facility study) 
82- Inappropriate population (facility 
study) 
77 –Non-relevant outcome 
11 - Review 
13 - Use of DHS data 
14 - Duplicate source & overlapping      
period 
10 - Protocol 
8 - Letter/editorial 
16-Source not located** 

 

Published articles and published reports included 
in quantitative synthesis (meta-analysis) 

(n = 59) 

Demographic Health Surveillance 
Reports 
(n = 12) 

Eligible full-text articles  

(n = 47) 

Studies included in meta-analysis 
(n =62)*** 
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 Description of studies  3.4.2

The systematic review identified 62 studies of which there were 12 national studies and 50 

sub-national studies. Table 3.4 below summarises the majority of study characteristics of the 

studies eligible for the review. Study characteristics are tabulated in detail later (Tables 3.5-

3.9) 

Table 3.4: Summary table for characteristics of all studies from South Asia 

 

Afghanistan Bangladesh India Maldives Nepal Pakistan Sri 
Lanka 

South 
Asia* 

No. of studies 1 17 21 1 11 10 1 62 

Area of coverage  

Sub-national 0 13 20 0 8 9 0 50 

National 1 4 1 1 3 1 1 12 

Setting         

Urban 0 1 3 0 0 2 0 6 

Rural 0 12 14 0 8 4 0 38 

Mixed 1 4 4 1 3 4 1 18 

Study type 

Cohort 0 11 10 0 6 7 0 34 

Cross-sectional 1 5 9 1 3 2  1 23 

Surveillance 0 1 1 0 1 1 0 4 

Unclear 0 0 1 0 0 0 0 1 

Study population 

Live births and 
stillbirths 

1 15 21 1 10 10 1 59 

Live births only 0 2 0 0 1 0 0 3 

Loss to follow-up/ response rate 

Reported 1 13 13 1 9 8 1 46 

Not reported 0 4 8 0 2 2 0 16 

Mortality outcomes measured 

Stillbirth 1 15 20 1 9 10 1 57 

Early neonatal death 1 11 10 1 9 4 1 37 

Late neonatal death 1 9 6 1 6 4 1 28 

Perinatal death 1 9  11 1 7 5 1 35 

*No studies were obtained for Bhutan 

The country contributing the largest number of studies was India (21) followed by Bangladesh 

(17). The country-wise distribution of national and sub-national studies is shown in Table 3.5, 
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with Bangladesh and India having the greatest number of sub-national studies and Bangladesh 

and Nepal providing the highest number of national studies. The majority of studies (38/62) 

were from a rural or mostly rural setting, a third was from mixed areas and only six were from 

urban areas. One Pakistan study (Gustavson et al. 2005) reported an urban rate, a rural rate 

and a mixed setting rate.  

 Regarding study design, over half were cohort studies (34/62). Cross-sectional studies 

constituted around a third of all studies (23/62). There were also four surveillance studies, 

three of births and deaths reported by informants (Azad et al. 2010; Manandhar et al. 2010; 

Tripathy et al. 2010) and one based on repeated cross-sectional assessments (Bhutta, Soofi, et 

al. 2011). There was one study for which the study design was unclear but which could be  

possibly a retrospective record review (Sinha 2006). 

 Almost all studies (59/62) examined study populations of live births as well as stillbirths, with 

only 3 studies assessing live births exclusively (Arifeen et al., 2012, Baqui et al., 2009, Katz et 

al., 2003). Loss to follow-up was calculated for cohort studies and the response rate was 

calculated for cross-sectional studies. Loss to follow-up or the response rate was reported for 

three-fourths of all studies (Table 3.4). Out of all the studies the lowest response rate (70.0%) 

in a cross-sectional study was reported by Bamji et. al.(Bamji et al., 2008a) and the lowest 

percentage of the population followed up (57.7%) in a cohort study was reported by Niswade 

et al., 2011 (Tables 3.5-3.9). Only one study, Jehan et al., 2009, reported that the baseline 

characteristics for respondents lost to follow-up  were similar to those of respondents 

followed up. 

Almost all the sub-national and national studies reported stillbirths (57/62) while more than 

half  reported early neonatal deaths (37/62) and perinatal deaths (35/62) with late neonatal 

deaths reported the least (28/62). All 12 national studies provided information on stillbirths, 

early neonatal deaths, late neonatal deaths and perinatal deaths.  

The study characteristics of the eligible sub-national and national studies are described in 

Tables 3.5-3.8 and 3.9, respectively. The tables are stratified by risk-of-bias for each study and 

provide information on study setting, study population, method of ascertainment (of 

pregnancies, births and deaths), definitions (for stillbirths, early neonatal deaths and late 

neonatal deaths) and follow-up or response rate. The quality assessment of studies by 

categorising studies according to risk-of-bias is described later (Table 3.11). 
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All the deaths included in this review occurred during varying time periods ranging from 1975 

to 2010 (Tables 3.5-3.9). The mean year for each study corresponding to the calculated death 

rate(s) ranged from 1985 to 2008. 
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Table 3.5: Characteristics of sub-national studies from Bangladesh retained in the systematic review, reporting stillbirths, early neonatal deaths and late 
neonatal deaths. 

Author 
Publication 
Year 

Region  
(Time period 
corresponding 
to data) 
Setting 

Study Design   Study 
populati
on  

Ascertainment of pregnancy/ birth Ascertainment of 
death 

Definition Follow-
up/response 
(%)  Stillbirth Early 

neonatal 
death 

Late 
neonat
al 
death 

Studies at low risk-of-bias (2/13)        

Rahman et 
al. 2011 

Matlab sub-
district,  
Chandpur 
district 
(2005-06; 
2008-09) 
Rural 

Prospective 
cohort study of 
pregnancies to 
women in the 
study area. 

10107 
stillbirth
s and 
live 
births 

●Pregnancy: research CHW visits 
households monthly (two-monthly 
from 2007) and notes LMP date 
(additional urine spot test from 2007) 
●Birth: research CHW visits 
households monthly/two-monthly  

●Research CHW 
visits households 
monthly/two-
monthly 

Birth of a 
dead foetus 
after 28 
weeks of 
gestation  

Deaths 
within 7 
days of 
birth 

_ Not reported 

Ronsmans 
et al. 2008 

Matlab sub-
district,  
Chandpur 
district  
(1975-02) 
Rural 

Retrospective 
cohort of 
pregnant women 
residing in the 
study area  

97802 
stillbirth
s and 
live 
births 

●Pregnancy: research CHW visits 
households monthly and notes down 
LMP date 
●Birth: research CHW visits 
households monthly 

Research CHW 
visits households 
monthly  

Foetal death 
after 28 
weeks of 
gestation but 
before 
delivery of 
the head. 

Deaths in 
the first 7 
days of 
life 

Deaths 
during  
8-28 
days of 
life 

Not reported 

Studies at high risk-of-bias (3/13)        

Azad et al. 
2010 

Bogra,  
Faridpur and 
Moulavibazar 
districts  
(2005-07) 
Rural 

Surveillance 
study of births 
and deaths within 
an RCT 

15257 
stillbirth
s and 
live 
births 

●Birth: monthly reporting by 
traditional birth attendant and verified 
by interviewers. Recently delivered 
women also identify other births in the 
area. 
●GA assessment not reported  

●Monthly 
reporting by 
traditional birth 
attendant and 
verified by 
interviewers 

Foetal death 
after 28 
weeks of 
gestation but 
before 
delivery of 
the baby's 
head.  

Deaths 
within 0-
6  days of 
birth 

Deaths 
from 7- 
28  
days 
after 
birth 

Survival status 
obtained for 
82.0% of 
enrolled births 
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Table 3.6 (continued). 

Author 
Publication 
Year 

Region  
(Time period 
corresponding 
to data) 
Setting 

Study Design   Study 
populati
on  

Ascertainment of pregnancy/ birth Ascertainment of 
death 

Definition Follow-
up/response 
(%)  

Baqui et al. 
2009 

Beanibazar,  
Zakiganj and 
Kanaighat sub-
districts,  
Sylhet district 
(2004-05) 
Rural 

Prospective 
cohort of women 
aged 15-49 years 
becoming 
pregnant within 
RCT   

3392 live 
births 

●Pregnancy: research CHW visits 
households every 2 months  and notes 
LMP date 
●Birth: reported by community 
informants  

Research CHW 
visits on Days 1, 
3, 7 and on any 
one day between 
Days 29-35. 

_ Deaths 
within 6  
days of 
birth 

Deaths 
from 7- 
27  
days 
after 
birth 

●Survival status 
known for 
84.2% of 
enrolled 
pregnancies 
●Survival status 
known for 100% 
of enrolled live 
births. 

(Baqui et al. 
2008) 

Beanibazar,  
Zakiganj and 
Kanaighat sub-
districts,  
Sylhet district 
(2003-05) 
Rural 

Prospective 
cohort of women 
aged 15-49 years 
becoming 
pregnant within 
RCT   

15914 
stillbirth
s and 
live 
births 

●Pregnancy: research CHW visits 
households every 2 months and notes 
LMP date 
●Birth: reported by community 
informants   

Reported by 
community 
informants 

Foetal death  
with a GA of 
28 weeks or 
more on the 
basis of the 
LMP 

_ _ Survival status 
known for 
84.2% of 
enrolled 
pregnancies 

Studies at unclear risk-of-bias (10/13)        

(Mercer et 
al. 2006) 

12 sub-
districts, 12 
districts (not 
named)  
(2001-03) 
Rural 

Retrospective 
cohort study of 
pregnant married 
women aged 15-
49 years residing 
in the study area 

33615 
stillbirth
s and 
live 
births 

●Pregnancy: research CHW visits 
households every 2 months. PI method 
not reported 
●Birth: Birth and immunization records 

●Birth and 
immunization 
records 

No definition _ _ Not reported 
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Table 3.7 (continued). 

Author 
Publication 
Year 

Region  
(Time period 
corresponding 
to data) 
Setting 

Study Design   Study 
populati
on  

Ascertainment of pregnancy/ birth Ascertainment of 
death 

Definition Follow-
up/response 
(%)  

Bari et al. 
2002 

1 district each 
from Dhaka,  
Rajshahi,  
Chittagong 
and Khulna 
divisions  
(1992-93) 
Rural 

Prospective 
cohort study of 
pregnant women 
of less than 6 
weeks' pregnancy 

924 
stillbirth
s and 
live 
births 

●Pregnancy and birth: monthly home 
visits. 
●Pregnancy detection method unclear 
and person reporting births and 
pregnancies not reported 

●Monthly home 
visits (Person 
reporting deaths 
not reported) 

No definition Deaths 
within  7 
days of 
birth 

_ ●Survival status 
known for 
98.7% of 
enrolled 
pregnancies 
●Survival status 
known till 7 
days for 100% 
of live births. 

Osendarp 
et al. 2000 

Dhaka city,  
Dhaka district 
(1996) 
Urban 

Prospective 
cohort of women  
with 12 to 16 
weeks of 
pregnancy and 
with no serious 
medical condition 
within RCT 

232 
stillbirth
s and 
live 
births 

●Pregnancy and birth: unclear 
 (by 'an established PI system')  
●GA assessed by LMP date  

Unclear No definition. 
Includes 
infants who 
died shortly 
after birth 
(time not 
specified) 

_ _ ●Survival status 
known for 
80.0% of 
enrolled 
pregnancies 

(Arifeen et 
al. 2012) 

Beanibazar,  
Zakiganj and 
Kanaighat sub-
districts,  
Sylhet district 
(2007-09) 
Rural 

Prospective 
cohort of live 
births to married 
women within 
RCT* 

12022 
live 
births  

●Pregnancy: research CHW** visits 
households every 2 months and notes 
LMP*** date 
●Birth: reported by family informant 
and confirmed by research CHW 

●Research CHW 
visits on Days 1, 
3, 6, 9, 15 and 
also on any one 
day between 
Days 28-35. 

_ Deaths 
within 7 
days of 
birth 

Not 
report
ed 

Survival status 
till 28 days  
known for 
95.6% of live 
births 
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Table 3.8 (continued). 

Author 
Publication 
Year 

Region  
(Time period 
corresponding 
to data) 
Setting 

Study Design   Study 
populati
on  

Ascertainment of pregnancy/ birth Ascertainment of 
death 

Definition Follow-
up/response 
(%)  

(Darmstadt 
et al. 2010) 

Mirzapore 
sub-district,  
Tangail district  
(2004-06) 
Rural 

Cross-sectional 
study of women 
having at least 
one pregnancy 
outcome during 
2003-05 within 
RCT  

5350 
stillbirth
s and 
live 
births 

Women's recall Women's recall  No definition _ _ 87.8% of all 
eligible women 
responded 

(Rahman et 
al. 2010) 

Matlab sub-
district,  
Chandpur 
district  
(2002-04) 
Rural 

Prospective 
cohort of women 
with pregnancies 
less than 14 
weeks and no 
severe illness 
within RCT 

2561 
stillbirth
s and 
live 
births 

●Pregnancy: research CHW visits 
households monthly and PI by urine 
test (additionally confirmed by 
ultrasound-time not reported)  
●Birth: specially trained 'team' visit 
pregnant women monthly.  

●Specially 
trained 'team' 
visit monthly 

Birth of a 
dead foetus 
after 28 
weeks of 
gestation  

_ _ Survival status 
known for 
91.3% of 
enrolled 
pregnancies. 

(Sloan et al. 
2008)  

42 sub-sub-
districts,  
Dhaka and 
Sylhet 
divisions  
(Not reported) 
Rural 

Prospective 
cohort of births 
to pregnant 
women aged 12-
50 years within 
RCT  

2129 
stillbirth
s and 
live 
births 

●Pregnancy: research CHW visits 
households every 3 months. PI* 
method not reported. 
●Birth: Unclear  

Reported by 
research CHW 
(frequency of 
visit not 
reported) 

No definition Deaths in 
the first 7 
days of 
life 

Deaths 
during  
8-28 
days of  
life 

Survival status 
known for 
99.96% of 
enrolled births 
(pregnancies 
not reported) 
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Table 3.9 (continued). 

Author 
Publication 
Year 

Region  
(Time period 
corresponding 
to data) 
Setting 

Study Design   Study 
populati
on  

Ascertainment of pregnancy/ birth Ascertainment of 
death 

Definition Follow-
up/response 
(%)  

(Cherry et 
al. 2008) 

600 villages  in 
Dhaka,  
Barisal,  
Chittagong 
and Sylhet 
divisions  
(2001-03) 
Rural 

Prospective 
cohort of 
pregnant women 
living within 
study area 

30984 
stillbirth
s and 
live 
births 

●Pregnancy: female 'paramedics' visits 
households (frequency not reported). 
PI method not reported. 
●Birth: Unclear 

Unclear Neonates 
observed to 
breathe but 
failing to 
establish 
viable 
respiration  

_ _ Not reported 

*RCT-randomized controlled trial **CHW-community health worker ***LMP-last menstrual period †PI- pregnancy identification ‡GA-gestational age 
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Table 3.10: Characteristics of sub-national studies from India retained in the systematic review, reporting stillbirths, early neonatal deaths and late neonatal 
deaths. 

Author 
Publication 
Year 

Region  
(Time period 
corresponding to 
data) 
Setting 

Study Design   Study 
populatio
n  

Ascertainment of pregnancy/ birth Ascertainment of 
death 

Definition Follow-
up/response (%)  

Stillbirth Early 
neonata
l death 

Late 
neonat
al 
death 

Studies at high risk-of-bias (3/20)        

(More et al. 
2009) 

48 slums,  
Mumbai city 
(2005-06) 
Urban 

Cross-sectional 
study of births and 
deaths in 1 year 
(Oct 05- Sep 06) 
within RCT 

5687 
stillbirths 
and live 
births 

●Birth: reported by community 
informants. Verified by interviewer 
home visits (visit frequency not 
reported)  
●GA assessment not reported. 

●Reported by 
community 
informants. 
Verified by 
interviewer home 
visits (visit 
frequency not 
reported) 

Deaths after 22 
weeks of 
gestation and 
before birth. 

_ _ ●Survival status 
known till 28 
days for 84.7% of 
all births 

(Darmstadt 
et al. 2006) 

 2 districts,  Uttar 
Pradesh state  
(Not reported) 
Rural 

Cross-sectional 
study of births and 
deaths in ever-
married women 
aged 13-49 years in 
the two years 
preceding the 
study. 

13522 
stillbirths 
and live 
births 

●Women's recall ●Women's recall Births after 28 
weeks of 
gestation that 
failed to cry, 
move or breathe 

Deaths 
within 
0-6 days 
of birth 

Deaths 
within 
7-27 
days of 
birth 

 Survival status 
known for 86% of 
all eligible 
women's 
pregnancies 

(Nath et al. 
2004) 

Belgaum district 
(Not reported) 
Rural 

Cross-sectional  
study of births and 
deaths in married 
women residing in 
the study area 

320 
stillbirths 
and live 
births 

●Women's reproductive lifetime recall ●Women's 
reproductive 
lifetime recall 

Foetal losses 
after 28 weeks 
of gestation 

_ _ Not reported 
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Table 3.6 (continued). 

Studies at unclear risk-of-bias  (17/20)        

Author 
Publication 
Year 

Region  
(Time period 
corresponding to 
data) 
Setting 

Study Design   Study 
populatio
n  

Ascertainment of pregnancy/ birth Ascertainment of 
death 

Definition Follow-
up/response (%)  

Stillbirth Early 
neonata
l death 

Late 
neonat
al 
death 

(Manna et 
al. 2011)  

Darjeeling and 
Jalpaiguri districts 
(2007-08) 
Rural 

Cross-sectional 
study of married 
women aged 18-42 
years living in the 
study area  

4031 
stillbirths 
and live 
births 

●Women's recall (recall period  not 
reported) 

●Women's recall 
(recall period  not 
reported) 

_ _ _ Not reported 

(McClure et 
al. 2011) 
(India site) 

Nagpur city,    
Belgaum district 
and Orissa state 
(2005-10) 
Mixed 

Prospective cohort 
of pregnant women 
from 24-28 weeks 
of gestation 

72293 
stillbirths 
and live 
births 

●Pregnancy: Unclear. PI* method not 
reported. 
●Birth: reported by birth attendants 
(TBA**, family & health facility), 
community informants and registry 
administrators.  
●GA assessed by LMP date  

 ●reported by 
birth attendants 
(TBA, family & 
health facility), 
community 
informants and 
registry 
administrators.  

Gestation with 
no evident signs 
of life 
(breathing, 
crying, 
heartbeat, 
movement). 
Birth weight ≥ 
1000g 
(measured by 
scales/estimatio
n). 

_ _ Not reported 

(Niswade et 
al. 2011)  

 Ramtek 
subdistrict, 
Nagpur district 
(2006-07) 
Rural 

Prospective cohort 
of all pregnant 
women of tribal 
and non-tribal areas 
with high neonatal 
mortality levels  

562 
stillbirths 
and live 
births 

●Pregnancy: Unclear. Research CHWs 
visit households (visit frequency and PI 
method not reported)  
●Birth: reported by local government 
CHW or TBA. 

●Study research 
assistant visits at 
birth, Days 1, 7, 28 
and 2nd and 4th 
months.  

No definition. _ _ ●Survival status 
known for 57.7% 
of enrolled 
pregnancies. 
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Table 3.6 (continued). 

Author 
Publication 
Year 

Region  
(Time period 
corresponding to 
data) 
Setting 

Study Design   Study 
populatio
n  

Ascertainment of pregnancy/ birth Ascertainment of 
death 

Definition Follow-
up/response (%)  

Stillbirth Early 
neonata
l death 

Late 
neonat
al 
death 

(Tripathy et 
al. 2010) 

Saraikela 
Kharswan,  West 
Singhbhum and 
Keonjhar districts 
(2005-08) 
Rural 

Surveillance. 

Monthly cross-
sectional 
assessment of all 
births and newborn 
deaths to 15-49 
year old women 
during 2005-08 
within RCT***  

9089 
stillbirths 
and live 
births 

●Births: monthly reporting by 
community informants (TBA or active 
village member).Interviewer verifies 6 
weeks after delivery.  

●Monthly 
reporting by 
community 
informants (TBA or 
active village 
member).Intervie
wer verifies 6 
weeks after 
delivery.  

No definition. Deaths 
within 6  
days of 
birth 

Deaths 
within 
7-28  
days of 
birth 

●Survival status 
known till 28 
days for 98.2% of 
all births 

(Subramone
y et al. 
2010) 

Mumbai city 
(Not reported) 
Urban 

Prospective cohort 
of pregnant women 
of 3 to 7 months' 
gestation living in 
the study area 

924 
stillbirths 
and live 
births 

●Pregnancy: research CHW visits 
households (visit frequency not 
reported) (PI method not reported)  
●Birth: Unclear. 
●GA assessed by LMP date. Verified by 
medical records if available. 

●Unclear Newborn who 
did not breathe 
or show any 
other evidence 
of life at birth 
after 20 weeks 
of gestation. 

_ _ ●Survival status 
known for 79.2% 
of enrolled 
pregnancies. 

(Tielsch et 
al. 2009) 

2 districts,  Tamil 
Nadu   
(1998-2000) 
Rural 

Prospective cohort 
of pregnant women 
within RCT  

13294 
stillbirths 
and live 
births 

●Pregnancy: Unclear 
●Birth: reported by community 
informants. Verified by research CHW 
within 72h of delivery. 
●GA assessed by LMP date 

●Reported by 
community 
informants. 
Deaths (stillbirths) 
verified by 
research CHW 
within 72h of 
delivery. 

No definition _ _ ●Survival status 
known for 93.8% 
of enrolled 
pregnancies. 
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Table 3.6 (continued). 

Author 
Publication 
Year 

Region  
(Time period 
corresponding to 
data) 
Setting 

Study Design   Study 
populatio
n  

Ascertainment of pregnancy/ birth Ascertainment of 
death 

Definition Follow-
up/response (%)  

Stillbirth Early 
neonata
l death 

Late 
neonat
al 
death 

(Benjamin 
et al. 2009) 

Ludhiana district 
(2006-07) 
Mixed 

Prospective cohort 
of pregnant women 
in the study area 

1431 
stillbirths 
and live 
births 

●Pregnancy and birth: Unclear ●Unclear No definition No 
definitio
n 

_ ●Survival status 
known for 92.2% 
of enrolled 
pregnancies. 
●Survival status 
till 7 days known 
for 100% of 
births  

(George et 
al. 2009) 

Kaniyambadi 
subdistrict, 
Vellore district  
(1986-2005) 
Rural 

Prospective cohort 
of pregnancies, 
deliveries, births 
and deaths† in the 
study area 

49806 
stillbirths 
and live 
births 

●Pregnancy and birth: research CHW 
visits households weekly and notes 
LMP date. Verified by fortnightly nurse 
visits followed by fortnightly doctor 
visits. 

●Research CHW 
visits households 
weekly. Verified by 
fortnightly nurse 
visits followed by 
fortnightly doctor 
visits. 

GA between 20 
and 50 weeks of 
gestation or a 
birth weight ≥ 
400g. Birth 
weight 
measurement 
not reported. 

No 
definitio
n 

_ Not reported 

(Bamji et al. 
2008) 

Medak district 
(1998-2003) 
Rural 

Cross-sectional 
study of births and 
deaths in a 5 year 
period in the study 
area   

380 
stillbirths 
and live 
births 

●Women's recall ●Women's recall No definition _ _ 70% of all eligible 
women 
responded 
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Table 3.6 (continued). 

Author 
Publication 
Year 

Region  
(Time period 
corresponding to 
data) 
Setting 

Study Design   Study 
populatio
n  

Ascertainment of pregnancy/ birth Ascertainment of 
death 

Definition Follow-
up/response (%)  

Stillbirth Early 
neonata
l death 

Late 
neonat
al 
death 

(Kumar et 
al. 2008) 

Shivgarh village,  
Sultanpur district 
(2004-05) 
Rural 

Prospective cohort 
of pregnant women 
within RCT 

1143 
stillbirths 
and live 
births 

●Pregnancy: 'trained evaluation team' 
member visits households 3-monthly 
and notes LMP date. Reports by 
pregnant women and community 
informants. 
●Birth: Daily reports by community 
informants. Verified by 'trained 
evaluation team' in 2 home visits 
(during and after study period).  

●Daily reports by 
community 
informants. 
Verified by 
'trained evaluation 
team' in 2 home 
visits (during and 
after study 
period). 
Ascertainment 
unclear.  

Births after 190 
days from date 
of LMP that did 
not move, 
breathe or cry at 
birth 

Deaths 
within 
0-6  
days of 
birth 

Deaths 
within 
7-28  
days of 
birth 

●Survival status 
known for 98.9% 
of enrolled 
pregnancies. 
●Survival status 
known till 28 
days for 100% of 
live births 

(ICMR 
Young 
Infant Study 
Group 2008)  

 Andhra Pradesh,  
Orissa,  Bihar,  
Rajasthan and 
Maharashtra 
states  
(2002-03) 
Rural 

Cross-sectional  
study of births and 
deaths occurring in 
1 year in the study 
areas 

30473 
stillbirths 
and live 
births 

●Recall (person interviewed unclear) ●Recall (person 
interviewed 
unclear) 

No definition Deaths 
within 7 
days of 
birth  

Deaths 
within 
2nd to 
4th 
weeks 
of life. 

Not reported 

(Tielsch et 
al. 2007) 

2 sub-districts,  
Tamil Nadu state 
(1998-2001) 
Rural 

Prospective cohort 
of pregnant women 
within RCT 

13294 
stillbirths 
and live 
births 

●Pregnancy: Unclear. 
PI method not reported. 
●Birth: reported by community 
informants ('when birth occurs') 

●Reported by 
community 
informants 

No definition _ _ ●Survival status 
known for 99.1% 
of enrolled 
pregnancies. 

(Singh & 
Arora 2007) 

Chandigarh union 
territory 
(2004) 
Rural 

Prospective cohort 
of pregnant women 

216 
stillbirths 
and live 
births 

●Pregnancy: Unclear. Research CHW 
visits household monthly in 11.7% of 
pregnancies. No visits in remainder. PI 
method not reported. 
●Birth: Unclear 

●Unclear No definition _ _ ●Survival status 
known for 81.3% 
of enrolled 
pregnancies. 
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Table 3.6 (continued). 

Author 
Publication 
Year 

Region  
(Time period 
corresponding to 
data) 
Setting 

Study Design   Study 
populatio
n  

Ascertainment of pregnancy/ birth Ascertainment of 
death 

Definition Follow-
up/response (%)  

Stillbirth Early 
neonata
l death 

Late 
neonat
al 
death 

(Sinha 2006) Delhi city 
(1997-98) 
Urban 

Unclear. 
(Retrospective 
record review of 
pregnancies, births 
and deaths) 

799 
stillbirths 
and live 
births 

●Research CHWs register all 
pregnancies and births  but methods 
are unclear 

●Research CHWs 
register all deaths 
but methods are 
unclear 

No definition Deaths 
within 7 
days of 
birth  

_ Not reported 

(Ehrenstein 
et al. 2006) 

South 24- 
Parganas district 
(1995-96) 
Rural 

Cross-sectional 
study of births and 
deaths in married 
women aged 20-40 
years in a previous 
study and similar 
women of the 
household and 
neighbourhood  

558 
stillbirths 
and live 
births 

●Women's reproductive lifetime recall ●Women's 
reproductive 
lifetime recall 

No definition _ _ 99% of all eligible 
women 
responded 

(Bang et al. 
2002) 

10 districts, 
Maharashtra 
state 
(1998-2000) 
Mixed 

Cross-sectional 
study of births and 
deaths in 1999 (1 
year recall), 
prospective cohort 
of pregnancies 
(1999-2000) and 
three 4-mthly 
surveys(2000)   

9688 
stillbirths 
and live 
births 

●Pregnancy: Unclear. 
Research CHW visits households once 
in 6 months. PI and GA assessment 
methods not reported. 
● Birth: 1 year recall for household 
survey. CHW and TBA reports births to 
research CHW. Verified by research 
CHW supervisor visit (time not 
reported) 

●1 year recall for 
household survey. 
CHW and TBA 
reports births to 
research CHW. 
Verified by 
research CHW 
supervisor visit 
(time not 
reported) 

Foetal death 
after 28 weeks 
of gestation.  

Deaths 
within 7 
days of 
birth  

_ Not reported 
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Table 3.6 (continued). 

Author 
Publication 
Year 

Region  
(Time period 
corresponding to 
data) 
Setting 

Study Design   Study 
populatio
n  

Ascertainment of pregnancy/ birth Ascertainment of 
death 

Definition Follow-
up/response (%)  

Stillbirth Early 
neonata
l death 

Late 
neonat
al 
death 

(Bang et al. 
2001) 

Gadchiroli 
district,  
Maharashtra 
state  
(1995-96) 
Rural 

Prospective cohort 
of pregnant women 

584 
stillbirths 
and live 
births 

●Pregnancy: Unclear. Listing of 
pregnant women by research CHW 
(visit frequency not reported).PI and 
GA assessment by LMP date. 
Research CHW visits pregnant women 
thrice, every 1 month in third 
trimester. 
● Birth: Unclear .Research CHW 
attended labour and reported some 
births. Different male CHWs also 
'reported prospectively' and detected 
missed births in 6-monthly cross-
sectional surveys  

●Research CHW 
visited on Days 
1,2,3,5,7,14,21 
and 28. Different 
male CHWs also 
'reported 
prospectively' and 
detected missed 
deaths in 6-
monthly cross-
sectional surveys  

Delivery of a 
baby that 
showed no 
breathing, 
crying or 
muscular 
movements at 
birth. 
(≥28 weeks' 
gestation) 

Deaths 
within 
0-6 days 
of birth 

Deaths 
within 
7-27 
days of 
birth 

Not reported 

 
*PI- pregnancy identification **TBA- traditional birth attendant ***RCT-randomized controlled trial †deaths- refers to newborn deaths in this review 
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Table 3.11: Characteristics of sub-national studies from Nepal retained in the systematic review, reporting stillbirths, early neonatal deaths and late 
neonatal deaths. 

Author 
Publication 
Year 

Region  
(Time period 
corresponding 
to data) 
Setting 

Study Design   Study 
populatio
n  

Ascertainment of pregnancy/ birth Ascertainment of 
death 

Definition Follow-
up/response (%)  

Stillbirth Early 
neonata
l death 

Late 
neonata
l death 

Studies at low risk-of-bias (4/8)        

(Lee, 
Darmstadt, et 
al. 2009) 

Sarlahi district 
(1999-01) 
Rural 

Prospective 
cohort study  of 
women  likely to 
get pregnant 
within RCT 

4273 live 
births 
and 
stillbirths 

●Pregnancy: research CHW visits 
households 5-weekly, notes LMP date 
and provides urine test for women 
not menstruating for 30 days.  
● Birth: research CHW visits 
households fortnightly until 3 months 
after delivery. Verified by 
anthropometrist within 72h of 
delivery 

●Research CHW 
visits households 
fortnightly until 3 
months after 
delivery. Death 
verified by 
anthropometrist 
within 72h of 
delivery.  

GA† of 28 weeks 
or more 

_ _ ●Survival status 
known for 99.7% 
of enrolled 
pregnancies  

(Manandhar 
et al. 2004) 

24 sub-districts, 
Makwanpur 
district 
(2001-03) 
Rural 

Prospective 
cohort of married 
women aged 15-
49 years, likely to 
get pregnant and 
within RCT 

3303 live 
births 
and 
stillbirths 

●Pregnancy: research CHW visits 
households monthly and notes LMP 
date (considered pregnant if non-
menstruating for 3 months) 
●Birth: reported by research CHW at 
7 months of gestation and 1 month 
after delivery 

●reported by 
research CHW at 7 
months of 
gestation and 1 
month after 
delivery 

Foetal death 
after 28 weeks of 
gestation but 
before delivery of 
the head. 

Deaths 
within 7 
complet
ed days 
of birth. 

Deaths 
within 
7- 28 
complet
ed days 
of birth 

●Survival status 
known for 95.0% 
of enrolled 
pregnancies. 
●Survival status 
known till 1 
month for 100% 
of live births  

Christian et al.  
2003 

Sarlahi district 
(1999-2000) 
Rural 

Prospective 
cohort of  women 
of reproductive 
age likely to get 
pregnant and 
within RCT 

916 live 
births 
and 
stillbirths 

●Pregnancy: research CHW visits 
households 5-weekly, notes LMP date 
and provides urine test for women 
not menstruating for 30 days 
●Birth: research CHW visits 
households twice every week until 3 
months after delivery 

● Research CHW 
visits households 
twice every week 
until 3 months 
after delivery 

GA of 28 weeks 
or more 

Deaths 
within 
the first 
7 days 
of life. 

_ ●Survival status 
known for 99.9% 
of enrolled 
pregnancies. 
●Survival status 
known till 6 
months for 99.8% 
of live births  
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Table 3.7 (continued). 

Author 
Publication 
Year 

Region  
(Time period 
corresponding 
to data) 
Setting 

Study Design   Study 
populatio
n  

Ascertainment of pregnancy/ birth Ascertainment of 
death 

Definition Follow-
up/response (%)  

Stillbirth Early 
neonata
l death 

Late 
neonata
l death 

(Katz et al. 
2003) 

Sarlahi district 
(1994-97) 
Rural 

Prospective 
cohort of women 
of reproductive 
age within RCT 

15469 
live births 

●Pregnancy and birth:  research CHW 
visits households weekly and asks 
about menstruation in the past week 

●Research CHW 
visits households 
weekly and at 3 
months after 
delivery 
  

_ Deaths 
within 
the first 
7 days 
of life. 

Deaths 
within 
8-28 
days of 
birth 

●Survival status 
known till 6 
months for 92.6% 
of live births  

Studies at high risk-of-bias (1/8)        

(A. C. Lee, 
Mullany, et al. 
2011) 

Sarlahi district 
(2002-06) 
Rural 

Prospective 
cohort of women 
with 6 months of 
pregnancy within 
a RCT* 

24531 
live births 
and 
stillbirths 

●Pregnancy: research CHW** visits 
households monthly and notes 
LMP*** date 
●Birth: reported by family informants. 
Confirmed by research CHWs. 

● Reported by 
family informants. 
Confirmed by 
research CHWs by 
visits on Days 1, 
2,3,4,6,8,10,12,14,
21 and 28. 

Infant born 
without any signs 
of life (i.e. crying, 
breathing or 
movement) at or 
above 28 weeks' 
gestation 

Deaths 
in the 
first 
week of 
life 

_ ●Survival status 
known for 92.9% 
of enrolled 
pregnancies. 
●Survival status 
known till 28 days 
for 100% of live 
births  

Studies at unclear risk-of-bias (3/8)        

(Maskey et al. 
2011) 

Bara district 
(2003-05) 
Rural 

Cross-sectional 
study of  births 
and deaths from 
pregnant mother 
immunisation 
lists, research 
CHW- led 
pregnant women 
groups and peer 
memory (2 year 
recall) 

2025 live 
births 
and 
stillbirths 

●Women's recall   ●Women's recall   No definition No 
definitio
n 

_ Not reported 
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Table 3.7 (continued). 

Author 
Publication 
Year 

Region  
(Time period 
corresponding 
to data) 
Setting 

Study Design   Study 
populatio
n  

Ascertainment of pregnancy/ birth Ascertainment of 
death 

Definition Follow-
up/response (%)  

Stillbirth Early 
neonata
l death 

Late 
neonata
l death 

(Manandhar 
et al. 2010) 

Dhanusha 
district,  
Janakpur zone 
(2006-08) 
Rural 

●Surveillance of 
births and deaths 
occurring in 2 
years in the  study 
area  

25982 
live births 
and 
stillbirths 

●Birth: reported by community 
informants. Verified by research CHW 
visit 6 weeks after delivery. 

●Reported by 
community 
informants. 
Verified by 
research CHW 
visit 6 weeks after 
delivery. 

No definition No 
definitio
n 

No 
definitio
n 

Not reported 

(Katz et al. 
2008)  

Sarlahi district  
(1992-2000) 
Rural 

Prospective 
cohort study  of 
women likely to 
get pregnant 
within two RCTs 

10171 
live births 
and 
stillbirths 

●Pregnancy: research CHW visits 
households weekly (1st trial) and 5-
weekly (2nd trial), notes LMP date 
(both trials) and provides urine test 
(2nd trial) for women not 
menstruating for 30 days.  
● Birth: reported by research CHW in 
weekly visits (1st trial). Visit frequency 
unclear (2nd trial)  

●Reported by 
research CHW in 
weekly visits till 
birth, and at 3 
month and 6 
month (1st trial). 
Visit frequency 
unclear (2nd trial) 

Deliveries  where 
the infant did not 
move or cry after 
delivery after 28 
weeks of 
gestation 

_ _ ●Survival status 
known for 98.5% 
of enrolled 
pregnancies. 

*RCT- randomized controlled trial **CHW – community health worker***LMP-last menstrual period †GA- gestational age 
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Table 3.12: Characteristics of sub-national studies from Pakistan retained in the systematic review, reporting stillbirths, early neonatal deaths and late 
neonatal deaths. 

Author 
Publication 
Year 

Region  
(Time period 
corresponding to 
data) 
Setting 

Study Design   Study 
populatio
n  

Ascertainment of pregnancy/ 
birth 

Ascertainment of 
death 

Definition Follow-
up/response 
(%)  Stillbirth Early 

neonata
l death 

Late 
neonatal 
death 

Studies at unclear risk-of-bias  (9/9)        

(McClure et al. 
2011) 
(Pakistan site) 

Thatta district 
(2005-10) 
Rural 

Prospective cohort 
of women from 24-
28 weeks' gestation 

45765 
stillbirths 
and live 
births 

●Pregnancy: Unclear. PI* method 
not reported. 
●Birth: reported by birth 
attendants (TBA**, family & 
health facility), community 
informants and registry 
administrators.  
●GA*** measured by LMP† 
method   

 ●reported by birth 
attendants (TBA, 
family & health 
facility), community 
informants and 
registry 
administrators.  

Gestation in 
which no signs 
of life 
(breathing, 
crying, 
heartbeat, 
movement) are 
evident. Birth 
weight ≥ 1000g 
(measured by 
scales/estimatio
n). 

_ _ Not reported 

(Bhutta, Soofi, 
et al. 2011) 

Hala and Matiari 
subdistricts, Sindh 
province  
(2006-08) 
Rural 

3-monthly cross-
sectional 
assessments of 
births and deaths in 
preceding 3 months 
within RCT‡. 

11568 
stillbirths 
and live 
births 

Women's recall Women's recall No definition Deaths 
from 
Day 0-7 
of birth  

Deaths 
from Day 
8-28 of 
birth 

●Survival status 
known for 
98.6% of 
enrolled 
pregnancies. 
●Survival status 
known till 1 
month for 100% 
of live births  

 

 



Chapter 3 . Systematic Review 

 

 

87 

 

Table 3.8 (continued). 

Author 
Publication 
Year 

Region  
(Time period 
corresponding to 
data) 
Setting 

Study Design   Study 
populatio
n  

Ascertainment of pregnancy/ 
birth 

Ascertainment of 
death 

Definition Follow-
up/response 
(%)  Stillbirth Early 

neonata
l death 

Late 
neonatal 
death 

(Saleem et al. 
2010) 

Punjab, Sindh, 
Baluchistan and 
North West 
Frontier Province   
(1990-94) 
Mixed 

Cross-sectional 
study of women 
aged 15-52 years 
with minimum 1 
pregnancy during 
reproductive life. 

15099 
stillbirths 
and live 
births 

Women's reproductive lifetime 
recall. 

Women's 
reproductive 
lifetime recall. 

No definition (as 
reported by 
women) 

_ _ Not reported 

(Jehan et al. 
2009) 

Latifabad town, 
Hyderabad city 
(2003-05) 
Urban 

Prospective cohort 
of women aged ≥16 
years, of 20-26 
weeks' gestation, 
no serious medical 
condition and 
planning to deliver 
in the study area.  

1280 
stillbirths 
and live 
births 

●Pregnancy: Unclear. 
Government CHW  ̂ visits 
households (visit frequency not 
reported) 
●Birth: Reported by home birth 
attendants and health facilities.  
Confirmed by research physician 
and nurse visit within 48 h of 
delivery and on Day 28. 
●GA assessed by LMP date and 
ultrasound 

●Reported by home 
birth attendants 
and health facilities 
●Confirmed by 
research physician 
and nurse visit 
within 48 h of 
delivery and on Day 
28. 

Foetus born 
without a 
heartbeat, 
respiratory 
effort or 
movement or 
any other sign of 
life.   

Deaths 
of live 
born 
infants 
occurrin
g on or 
before 7 
days of 
age.  

Deaths 
from Day 
8 to 28.  

●Survival status 
known for 
94.0% of 
enrolled 
pregnancies. 
●Survival status 
known till 28 
days for 87.6% 
of live births  

Bhutta et al. 
2009 

Karachi city and  
Sindh district  
(Not reported) 
Mixed 

Prospective cohort 
study of women of 
≤16 weeks' 
gestation within  
RCT 

832 
stillbirths 
and live 
births 

●Pregnancy: by household 
census and fortnightly research 
CHW household visits. PI method 
not reported. 
●Birth: Research CHWs visit 
fortnightly and 'liase' with 
government CHWs and TBAs. 
●GA assessed by LMP date and 
ultrasound 

●Research CHWs 
visit fortnightly and 
on Days 7, 14 and 
28. 

GA: ≥28 weeks 

 

Deaths 
in the 
first 7 
days of 
life.  

Deaths 
within 8-
28 days 
of life.  

●Survival status 
known for 
84.4% of 
enrolled 
pregnancies. 
●Survival status 
known till 28 
days for 97.9% 
of live births  
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Table 3.8 (continued). 

Author 
Publication 
Year 

Region  
(Time period 
corresponding to 
data) 
Setting 

Study Design   Study 
populatio
n  

Ascertainment of pregnancy/ 
birth 

Ascertainment of 
death 

Definition Follow-
up/response 
(%)  Stillbirth Early 

neonata
l death 

Late 
neonatal 
death 

(Jokhio et al. 
2005) 

7 sub-districts, 
Sindh province  
(1998-99) 
Rural 

Prospective cohort 
study of pregnant 
women within RCT 

8989 
stillbirths 
and live 
births 

●Pregnancy and birth: 
government CHW visits 
households monthly  
● GA assessment unclear.  

●Government CHW 
visits households 
monthly 

Foetuses born 
after 6 months   
that never 
showed signs of 
life 

_ _ ●Survival status 
known for 
99.9% of 
enrolled 
pregnancies. 
●Survival status 
known till 42 
days for 100% 
of live births  

(Gustavson 
2005)a 

Lahore city   
(1984-86) 
Mixed 

Prospective cohort 
study of women 
with 5th months' 
pregnancies 

1512 
stillbirths 
and live 
births 

●Pregnancy and birth: Unclear. 
PI method not reported.  

●Unclear No definition _ _ ●Survival status 
unclear for 
enrolled 
pregnancies 
●Survival status 
known for 70% 
of births (all 
settings) till 12 
years of age. 

(Gustavson 
2005)b 

Lahore city  
(1984-86) 
Urban 

Prospective cohort 
study of women 
with 5th months' 
pregnancies 

1014 
stillbirths 
and live 
births 

●Pregnancy and birth: Unclear. 
PI method not reported.  

●Unclear No definition _ _ ●Survival status 
unclear for 
enrolled 
pregnancies 
●Survival status 
known for 70% 
of births (all 
settings) till 12 
years of age. 
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Table 3.8 (continued). 

Author 
Publication 
Year 

Region  
(Time period 
corresponding to 
data) 
Setting 

Study Design   Study 
populatio
n  

Ascertainment of pregnancy/ 
birth 

Ascertainment of 
death 

Definition Follow-
up/response 
(%)  Stillbirth Early 

neonata
l death 

Late 
neonatal 
death 

(Gustavson 
2005)c 

Lahore city 
(1984-86) 
Rural 

Prospective cohort 
study of women 
with 5th months' 
pregnancies 

498 
stillbirths 
and live 
births 

●Pregnancy and birth: Unclear. 
PI method not reported.  

●Unclear No definition _ _ ●Survival status 
unclear for 
enrolled 
pregnancies 
●Survival status 
known for 70% 
of births (all 
settings) till 12 
years of age. 

*PI-pregnancy identification **TBA- traditional birth attendant ***GA- gestational age †LMP- last menstrual period ‡RCT-randomized controlled trial  ̂CHW-community health worker 
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Table 3.13: Characteristics of national studies from South Asia retained in the systematic review, reporting stillbirths, early neonatal deaths and late 
neonatal deaths. 

Study  

Publication Year 

Setting, 
Country, (Time 
period 
corresponding 
to data) 

Study 
Design 

Study population  Ascertainment 
of pregnancy, 
birth and 
death 

Definition Response 
(%) 

Stillbirth Early 
neonatal 
death 

Late 
neonatal 
death 

Perinatal 
death 

Studies at high risk-of-bias (All)             

Afghanistan Mortality 
Survey 2010 
(2011)(Afghan Public 
Health Institute  Central 
Statistics et al. 2011) 

Urban and 
rural areas, 
Afghanistan 
(2005-10) 

Cross-
sectional 

Pregnancies of 7+ months' duration in all 
ever-married women of age 12-49 years 
in the total sample of the households 
who were usual residents or present in 
the house on the night before the survey 

Interviews 
based on 
women's recall  

Pregnancy 
losses 
occurring 
after 7 
completed 
months' of 
gestation 

Deaths of 
live births 
within the 
first 7 days 
of life. 

Neonatal 
deaths 
excluding 
early 
neonatal 
deaths 

Stillbirths 
and early 
neonatal 
deaths 

98.20% 

Bangladesh 
Demographic and Health 
Survey 2007 
(2009)(NIPORT et al. 
2009) 

Urban and 
rural areas, 
Bangladesh 
(2002-07) 

Cross-
sectional 

Pregnancies of 7+ months' duration in all 
ever-married women of age 10-49 years 
in the total sample of the households 
who were usual residents or present in 
the house on the night before the survey 

Interviews 
based on 
women's recall 

Foetal 
deaths in 
pregnancies 
lasting 
seven or 
more 
months 

Deaths at 
age 0-6 
days 
among live-
born 
children 

Neonatal 
deaths 
excluding 
early 
neonatal 
deaths 

Stillbirths 
and early 
neonatal 
deaths 

98.40% 

Bangladesh 
Demographic and Health 
Survey 2004 
(2005)(NIPORT et al. 
2005) 

Urban and 
rural areas, 
Bangladesh 
(1999-2004) 

Cross-
sectional 

Pregnancies of 7+ months' duration in all 
ever-married women of age 10-49 years 
in the total sample of the households 
who were usual residents or present in 
the house on the night before the survey 

Interviews 
based on 
women's recall 

Foetal 
deaths in 
pregnancies 
lasting 
seven or 
more 
months 

Deaths at 
age 0-6 
days 
among live-
born 
children 

Neonatal 
deaths 
excluding 
early 
neonatal 
deaths 

Stillbirths 
and early 
neonatal 
deaths 

98.60% 
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Table 3.9 (continued). 

Study  

Publication Year 

Setting, 
Country, (Time 
period 
corresponding 
to data) 

Study 
Design 

Study population  Ascertainment 
of pregnancy, 
birth and 
death 

Definition Response 
(%) 

Stillbirth Early 
neonatal 
death 

Late 
neonatal 
death 

Perinatal 
death 

Bangladesh 
Demographic and Health 
Survey 1999-2000 
(2001)(NIPORT et al. 
2001) 

Urban and 
rural areas, 
Bangladesh 
(1994-2000) 

Cross-
sectional 

Pregnancies of 7+ months' duration in all 
ever-married women of age 10-49 years 
in the total sample of the households 
who were usual residents or present in 
the house on the night before the survey 

Interviews 
based on 
women's recall 

Foetal deaths 
in 
pregnancies 
lasting seven 
or more 
months 

Deaths of 
live births 
at age 0 to 
7 days. 

Neonatal 
deaths 
excluding 
early 
neonatal 
deaths 

Stillbirths 
and early 
neonatal 
deaths 

96.90% 

Bangladesh Maternal 
Health Services and 
Maternal Mortality 
Survey 2001 
(2003)(NIPORT 2003) 

Urban and 
rural areas, 
Bangladesh 
(1996-2001) 

Cross-
sectional 

Pregnancies of 7+ months' duration in all 
ever-married women of age 13-49 years 
in the total sample of the households 
who were usual residents or present in 
the house on the night before the survey 

Interviews 
based on 
women's recall 

Foetal deaths 
in 
pregnancies 
lasting seven 
or more 
months 

Deaths of 
live births 
at age 0 to 
7 days. 

Neonatal 
deaths 
excluding 
early 
neonatal 
deaths 

Stillbirths 
and early 
neonatal 
deaths 

97.20% 

National Family Health 
Survey (NFHS-3), 2005-
2006: India 
(2007)(International 
Institute for Population 
Sciences IIPS & Macro 
2007) 

Urban and 
rural areas, 
India (2000-06) 

Cross-
sectional 

Pregnancies of 7+ months' duration in all 
ever-married women of age 15-49 years 
in the total sample of the households 
who were usual residents or present in 
the house on the night before the survey 

Interviews 
based on 
women's recall 

Foetal deaths 
in 
pregnancies 
lasting seven 
or more 
months 

Deaths at 
age 0-6 
days 
among live-
born 
children 

Neonatal 
deaths 
excluding 
early 
neonatal 
deaths 

Stillbirths 
and early 
neonatal 
deaths 

94.50% 

Maldives Demographic 
and Health Survey 2009 
(2010)(Macro. 2010) 

Urban and 
rural areas, 
Maldives 
(2004-09) 

Cross-
sectional 

Pregnancies of 7+ months' duration in all 
ever-married women of age 15-49 years 
in the total sample of the households 
who were usual residents or present in 
the house on the night before the survey 

Interviews 
based on 
women's recall 

Foetal deaths 
in 
pregnancies 
lasting seven 
or more 
months 

Deaths at 
age 0-6 
days 
among live-
born 
children 

Neonatal 
deaths 
excluding 
early 
neonatal 
deaths 

Stillbirths 
and early 
neonatal 
deaths 

85.30% 
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Table 3.9 (continued). 

Study  

Publication Year 

Setting, 
Country, (Time 
period 
corresponding 
to data) 

Study 
Design 

Study population  Ascertainment 
of pregnancy, 
birth and 
death 

Definition Response 
(%) 

Stillbirth Early 
neonatal 
death 

Late 
neonatal 
death 

Perinatal 
death 

Nepal Demographic and 
Health Survey 2001 
(2002)(Ministry of Health 
[Nepal]  and ORC Macro. 
2002) 

Urban and 
rural areas, 
Nepal (1996-
2001) 

Cross-
sectional 

Pregnancies of 7+ months' duration in all 
ever-married women of age 15-49 years 
in the total sample of the households 
who were usual residents or present in 
the house on the night before the survey 

Interviews 
based on 
women's recall 

Foetal deaths 
in 
pregnancies 
lasting seven 
or more 
months 

Deaths at 
age 0-6 
days 
among live-
born 
children 

Neonatal 
deaths 
excluding 
early 
neonatal 
deaths 

Stillbirths 
and early 
neonatal 
deaths 

98.20% 

Nepal Demographic and 
Health Survey 2006 
(2007) (Ministry of 
Health and Population 
(MOHP) [Nepal]  and 
Macro International Inc. 
2007) 

Urban and 
rural areas, 
Nepal (2001-
06) 

Cross-
sectional 

Pregnancies of 7+ months' duration in all 
ever-married women of age 15-49 years 
in the total sample of the households 
who were usual residents or present in 
the house on the night before the survey 

Interviews 
based on 
women's recall 

Foetal deaths 
in 
pregnancies 
lasting seven 
or more 
months 

Deaths at 
age 0-6 
days 
among live-
born 
children 

Neonatal 
deaths 
excluding 
early 
neonatal 
deaths 

Stillbirths 
and early 
neonatal 
deaths 

98.40% 

Nepal Demographic and 
Health Survey 2011 
(2012)(Ministry of Health 
and Population (MOHP) 
[Nepal]  and ICF 
International Inc. 2012) 

Urban and 
rural areas, 
Nepal (2006-
10) 

Cross-
sectional 

Pregnancies of 7+ months' duration in all 
ever-married women of age 15-49 years 
in the total sample of the households 
who were usual residents or present in 
the house on the night before the survey 

Interviews 
based on 
women's recall 

Foetal deaths 
in 
pregnancies 
lasting seven 
or more 
months 

Deaths at 
age 0-6 
days 
among live-
born 
children 

Neonatal 
deaths 
excluding 
early 
neonatal 
deaths 

Stillbirths 
and early 
neonatal 
deaths 

98.10% 

Pakistan Demographic 
and Health Survey 2006-
2007 (2008)(National 
Institute of Population 
Studies (NIPS)[Pakistan] 
& Macro International 
2008)  

Urban and 
rural areas, 
Pakistan 
(2001-07) 

Cross-
sectional 

Pregnancies of 7+ months' duration in all 
ever-married women of age 15-49 years 
in the total sample of the households 
who were usual residents or present in 
the house on the night before the survey 

Interviews 
based on 
women's recall 

Pregnancy 
losses 
occurring 
after 7 
completed 
months' of 
gestation 

Deaths of 
live births 
within the 
first 7 days 
of life. 

Neonatal 
deaths 
excluding 
early 
neonatal 
deaths 

Stillbirths 
and early 
neonatal 
deaths 

95.00% 
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Table 3.9 (continued). 

Study  

Publication Year 

Setting, 
Country, (Time 
period 
corresponding 
to data) 

Study 
Design 

Study population  Ascertainment 
of pregnancy, 
birth and 
death 

Definition Response 
(%) 

Stillbirth Early 
neonatal 
death 

Late 
neonatal 
death 

Perinatal 
death 

Sri Lanka Demographic 
and Health Survey 2006-
2007 (2009)(Department 
of Census and Statistics 
(DCS) and Ministry of 
Healthcare and Nutrition 
(MOH). 2009) 

Urban and 
rural areas, Sri 
Lanka (2002-
06) 

Cross-
sectional 

Pregnancies of 7+ months' duration in all 
ever-married women of age 15-49 years 
in the total sample of the households 
who were usual residents or present in 
the house on the night before the survey 

Interviews 
based on 
women's recall 

Foetal deaths 
in 
pregnancies 
lasting seven 
or more 
months 

Deaths at 
age 0-6 
days 
among live-
born 
children 

Neonatal 
deaths 
excluding 
early 
neonatal 
deaths 

Stillbirths 
and early 
neonatal 
deaths 

97.50% 
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Ascertainment of pregnancies, births and deaths: 

In the majority of sub-national studies, pregnancies were ascertained by a research CHW 

visiting households and noting down the LMP (last menstrual period) date (Tables 3.5 to 3.8) 

while for national studies the number of completed months of pregnancy from women’s recall 

was reported (Table 3.9). Frequency of visits was reported for most studies. Births and deaths 

were usually reported by key informants (generally family informants or traditional birth 

attendants) in the community and were frequently confirmed by research community health 

workers on their planned post-delivery visits. Methods for ascertaining pregnancies, births, 

and deaths were unclear in some studies.  

Definitions of stillbirths and the ascertainment of gestational age: 

Almost half of all studies (24/57) reporting on stillbirths did not report definitions for stillbirths 

(See Appendix IA for study names).The definitions used for stillbirths varied across the studies 

(Tables 3.5 to 3.8) with the definition in one study (Osendarp et al., 2000) including ‘infants 

who died shortly after birth’ though the time period for this was not specified. 

Gestational age cut-offs were specified for half of all studies (31/57) and only in 18 of 45 sub-

national stillbirth studies (See Appendix IA for study names). Minimum birth weight limits were 

mentioned in the definitions of very few studies (3/57)(McClure et al., 2011) (McClure et al., 

2011)(George et al., 2009) and weight measurement/estimation was reported as used in 

gestational age assessment in only two studies (McClure et al., 2011), (McClure et al., 2011). 

Of the 18 sub-national studies that included gestational age as a criterion in their stillbirth 

definition, only 5 studies set the minimum gestational age earlier than 28 weeks. These were: 

20 weeks (Subramoney et al., 2010, George et al., 2009), 22 weeks (More et al., 2009), 6 

months  (Jokhio et al., 2005) and 190 days  (Kumar et al., 2008). The last two studies had cut-

offs that I assumed corresponded to ~ 26 and ~27 weeks, respectively. 
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 Definitions of early neonatal deaths, late neonatal deaths and perinatal 

deaths: 

Definitions for early and late neonatal deaths utilised differing numbers of days as cut-off 

points. The first day of birth was defined by studies as Day 0 or Day 1. The numbers of days 

that I describe below refer to number of completed days from birth for each study. 

Of the 37 studies which reported early neonatal deaths, only four (Maskey et al., 2011, 

Manandhar et al., 2010), (Benjamin et al., 2009),(George et al., 2009) did not report the 

definitions. All the national studies and the majority of sub-national studies (16/25) (See 

Appendix IA for study names) defined early neonatal deaths as deaths within seven days of 

birth, with some limiting deaths to within 6 completed  days of birth  (2/25)(Baqui et al. 2009; 

Tripathy et al. 2010) or 8 completed days (Bhutta et al., 2011).  

Of the 28 studies reporting late neonatal deaths, two sub-national studies did not report the 

definitions (Manandhar et al. 2010; Arifeen et al. 2012). Most of the sub-national studies 

reporting definitions (8/13) defined the late neonatal time period as 8-28 completed days after 

birth (See Appendix IA for study names). Variations of the time period were: 7-28 completed 

days (Tripathy et al. 2010; Kumar et al. 2008; Manandhar et al. 2004) and 2nd week to 4th week 

(ICMR Young Infant Study Group 2008). 

For each study, perinatal deaths were defined as the total of stillbirths and early neonatal 

deaths and the definitions for stillbirths and early neonatal deaths were those defined in each 

study. 

 Summary of results of study quality assessment: 3.4.3

Quality assessment is shown in detail for each study elsewhere (Appendix IB: Tables 1-4). Of 

the 62 studies in the systematic review, the numbers of studies at low, high and unclear risk of 

bias were: 4, 19 and 39, respectively. 

 

Of the 57 South Asian studies reporting on stillbirths, only 4 were considered to be at low risk 

for bias. Studies at low risk-of-bias were also few for studies on early neonatal deaths (4/36), 

late neonatal deaths (3/28) and perinatal deaths (4/35). Numbers of low risk-of-bias studies 

further reduced when these were stratified by country (Table 3.10).  

 



Chapter 3 . Systematic Review 

 

 

96 

 

For studies at high risk-of-bias, the most frequently observed reason for studies being at high 

risk-of-bias was that studies were cross-sectional in nature (fifteen studies). The second most 

common reason was that birth and death outcomes were reported by community informants 

(four studies).  

 

Almost half of all studies at unclear risk-of-bias were categorised as such because information 

on ascertainment of mortality outcomes was unclear or was not reported. The second and 

third most frequent reasons for studies being at unclear risk-of-bias were that: studies did not 

report definitions for outcomes, and that pregnancy identification methods were either not 

identified or reported. Only three studies were considered to be at unclear risk of bias because 

the person ascertaining the mortality outcomes was not specified. However, of these three 

studies(Rahman et al. 2010; Bari et al. 2002; Kumar et al. 2008), one additionally did not report 

the definition for stillbirth (Bari et al. 2002) while ascertainment of deaths was also unclear in 

another (Kumar et al. 2008). 

 

Table 3.14: Number of studies categorized as high risk-of-bias, low- risk-of-bias and unclear 
risk-of-bias for the countries of South Asia. 

  Studies for stillbirth rate Studies for early neonatal 
death rate 

Studies for late neonatal 
death rate 

Studies for perinatal death 
rate 

  Risk-of -bias Risk-of -bias Risk-of -bias Risk-of -bias 

  All  Low  High  Unclear  All  Low  High  Unclear  All  Low  High  Unclear  All  Low  High  Unclear  

Afghanistan 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 

Bangladesh 15 2 6 7 11 2 6 3 9 1 6 2 9 2 5 2 

India 20 0 3 17 10 0 3 7 6 0 3 3 11 0 8 3 

Maldives 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 

Nepal 9 2 4 3 8 2 4 2 6 2 3 1 7 2 3 2 

Pakistan 10 0 1 9 4 0 1 3 4 0 1 3 5 0 1 4 

Sri Lanka 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 

South Asia 57 4 19 34 36 4 17 15 28 3 16 9 35 4 20 11 
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 Mortality rates of the systematic review by outcome type: 3.4.4

Stillbirths 

The overall pooled stillbirth rate for South Asia (Figure 3.2) was 29.0/1000 births (95% CI: 25.6-

32.7). However, there was strong evidence of substantial heterogeneity between the studies 

(I2=98.8%, p<0.0001), suggesting that a pooled rate for South Asia does not capture the 

diversity of rates observed. The studies are ordered by the average year corresponding to the 

rate for each study from this forest plot no trends in reduction in rates over time are seen for 

South Asia. Formal analyses for trends in reduction (e.g. testing the significance of non-linear 

fits of the relationship between year and mortality rates) had not been performed.  Reduction 

in stillbirth rates over time was also not seen for any of the country-specific forest plots. 

Within each country heterogeneity between the studies was also very high ranging from I2  

values of 88.5% (Bangladesh) to 99.4% (Pakistan) (Appendix IB: Figures 1-7). 

There was almost no difference between the mortality rates (of any type of mortality 

outcome) that I calculated for studies and mortality rates presented by studies that adjusted 

for clustering or adjusted for the sampling strategy. For example, Kumar et al. 2008 presented 

the cluster-adjusted perinatal death rate of 113.2/1000 births which was not significantly 

different from the (non-adjusted) rate that I calculated of 114.6/1000 births (95%CI: 96.6-

136.0). In another example, the Bangladesh DHS 2007 survey reported an adjusted perinatal 

death rate of 55.0/1000 births while the corresponding (non-adjusted) rate that I calculated 

was 55.2/1000 births (95%CI: 49.7-61.4). The largest difference in rates was in the study by 

More et al. 2009 where the authors reported a stillbirth rate of 16.5/1000 births and I 

calculated a rate of 15.1/1000 births (95%CI: 12.24-18.68). 
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(Rates are shown on a logarithmic scale) 

 

Figure 3.2: Forest plot showing stillbirth rates for South Asia 

 

NOTE: Weights are from random effects analysis

.
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15.12 (12.24, 18.68)

34.15 (31.34, 37.21)

31.17 (28.35, 34.27)

22.22 (18.66, 26.46)

46.88 (28.26, 77.75)
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Early neonatal deaths: 

The pooled early neonatal mortality rate for South Asia (Figure 3.3) was found to be 28.5/1000 

live births (95% CI: 26.2-31.0) among highly heterogeneous studies (I2=95.5%). No trends in 

reduction of rate over time were seen for South Asia or constituent countries except possibly 

Bangladesh (Appendix IB: Figure 9). Within countries, study heterogeneity was also high, 

ranging from 42.5% (Nepal) to 93.4% (Bangladesh)(Appendix IB:  Figures 8-14). 

 

(Rates are shown on a logarithmic scale) 

 

Figure 3.3: Forest plot showing early neonatal death rate for South Asia 

NOTE: Weights are from random effects analysis
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Late neonatal deaths: 

The summary rate for late neonatal deaths for South Asia (Figure 3.4) was 11.3/1000 live births 

surviving at 1 week (95%CI: 9.55-13.4) but substantial heterogeneity was present between the 

studies (I2=97.0%, p<0.0001). Discernible trends over time were not observed from the forest 

plot for South Asia. However, rates appeared to decline over time for Bangladesh and Nepal 

(Appendix IB: Figures 16 and 19). Heterogeneity of studies within countries was high (Appendix 

IB: Figures 15-21). 

 

(Rates are shown on a logarithmic scale) 

 

NOTE: Weights are from random effects analysis
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Figure 3.4: Forest plot showing the late neonatal death rate for South Asia

Perinatal deaths: 

The pooled perinatal death rate in South Asia (Figure 3.5) of 56.6/1000 births (95% CI: 51.5-

62.3) was from highly heterogeneous studies (I2=99.0%, p<0.0001).Like the other mortality 

rates,  perinatal death rates showed no clear trend over time for the region or individual 

countries and the country-specific rates showed high heterogeneity between studies 

(Appendix IB: Figures 22-28)  

 

NOTE: Weights are from random effects analysis
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(Rates are shown on a logarithmic scale) 
 

Figure 3.5: Forest plot showing the perinatal death rate for South Asia 

Mortality rates for each outcome are shown in Figures 3.6 to 3.9 according to national, sub-

national and pooled rates for each country.  

From non-overlapping confidence levels in Figure 3.6 sub-national stillbirth rates appear 

statistically higher than national rates for India and Nepal. Pakistan conversely has an 

unusually high national rate (124.1/1000 births). Bangladesh’s national and sub-national rates 

are seen to be statistically similar. For Bangladesh, India, Nepal and Pakistan, high 

heterogeneity was found among sub-national studies for each country and within national 

studies for Bangladesh and Nepal (Appendix IB: Figures 1-7). 

 

Figure 3.6: National and sub-national stillbirth rates in countries of South Asia (1985-2008) 
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For the four countries with both national and subnational rates for early neonatal deaths, sub-

national rates were not significantly different from national rates (Figure 3.7) as suggested by 

overlapping CIs. For sub-national studies there was strong evidence for between-study 

heterogeneity for Bangladesh (I2 =95.6%), India (I2 = 98.5%) and Nepal (I2=78.7%) and moderate 

evidence of heterogeneity for Pakistan (I2 =42.4%) (Appendix IB: Figures 8-14). Among the 

national studies there was no evidence for between-study heterogeneity in case of Bangladesh 

and Nepal (Appendix IB: Figures 9 and 12). 

 

Figure 3.7: National and sub-national early neonatal death rates in countries of South Asia 
(1988-2008) 
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From Figure 3.8 it was seen that sub-national late neonatal death rates for Bangladesh, Nepal 

and Pakistan were not significantly different from their national rates (overlapping CIs) except 

for India which had a significantly higher sub-national rate. For all countries except India, sub-

national or national rates were not significantly different from the overall pooled country rate. 

Heterogeneity was significantly high for all countries among and between sub-national and 

national studies (except for Pakistan where I2 = 3.5% among sub-national studies) (Appendix IB: 

Figures 15-21). 

 

 

Figure 3.8: National and sub-national late neonatal death rates in countries of South Asia 
(1988-2008) 
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Differences between the high national and sub-national perinatal deaths rates were not 

significant for Bangladesh, Nepal and India) (Figure 3.9).Pakistan however, showed a very high 

national rate of 158.8/1000 births (95% CI: 151.3-166.6) significantly different from its sub-

national rate (Figure 3.12).High heterogeneity was again seen for all countries, within and 

between the national and sub-national studies (Appendix IB: Figures 22-28). 

 

Figure 3.9: National and sub-national perinatal death rates in countries of South Asia (1988-
2008) 

These high levels of heterogeneity in the review suggest that all the pooled rates at national, 
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Outlier rates: 
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from the two earlier Nepal DHSs and when compared to the sub-national rate (Appendix IB: 

Figure 46). Sensitivity analyses for Pakistan and Nepal performed with and without the 

relevant DHS did not result in any significant changes in the rates for the countries (Appendix 

IB: Figures 29-36 and 45-46). Additionally, removal of one or both DHSs did not affect pooled 

rates for South Asia (Appendix IB: Figures 37-44). 
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 Mortality Rates by Study Quality 3.4.5

Figures 3.10-3.13 show the rates for the four mortality outcomes stratified on levels of risk-of-

bias for the studies. In Figure 3.10 it can be seen that for Bangladesh and Nepal, the rates  

from low risk-of-bias studies (33.9 and 28.2/1000 births, respectively) were not significantly 

different from rates seen in high and unclear risk-of-bias studies (32.0 and 20.1/1000 births; 

30.1 and 27.4/1000 births). In India, which had no low risk-of bias studies, the rate for the high 

risk of bias studies (26.6/1000 births) was statistically similar to the rate for unclear risk-of-bias 

studies (29.1/1000 births). For Pakistan, the single high risk national study was extremely 

different from the studies that were at unclear risk-of-bias. Afghanistan, Maldives and Sri 

Lanka contributed only one study each and hence risk-of bias stratified rates are not 

meaningful for these countries. For the whole of South Asia, rates from low, high and unclear 

risk-of-bias studies are statistically similar to each other. The forest plots that provided these 

rates are shown elsewhere (Appendix IB:  Figures 47, 51, 55, 59 and 63). 

 

Figure 3.10: Stillbirth rates obtained from studies stratified on levels of risk-of-bias. 
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The stratification by study quality for studies reporting early neonatal deaths (Figure 3.11), 

revealed very similar patterns to those reported for stillbirth rates. As seen from overlapping 

confidence intervals, early neonatal death rates from low risk-of-bias studies (where available), 

high risk-of bias studies or unclear risk-of-bias studies, were not statistically different from 

each other. Forest plots which provided these rates are shown elsewhere (Appendix IB: Figures 

48, 52, 56, 60 and 64). 

 

Figure 3.11: Early neonatal death rates obtained from studies stratified on levels of risk-of-bias. 

This finding, where rates from studies stratified on levels of risk-of-bias do not differ 

statistically from each other was also seen for all countries in case of late neonatal death rates 
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study from Pakistan) (Figure 3.13).  
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Figure 3.12: Late neonatal death rates obtained from studies stratified on levels of risk-of-bias. 

 

 
 

Figure 3.13: Perinatal death rates obtained from studies stratified on levels of risk-of-bias. 
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 Comparison between countries: 3.4.6

Stillbirth rates: 

 

Figure 3.14: Country-wise pooled stillbirth rates in South Asia (1985-2008) 

The summary stillbirth rate for South Asia was 29.0/1000 births (95% CI: 25.7-32.7) (Figure 

3.14). Afghanistan, Bangladesh, India and Maldives had stillbirth rates of 20.6/1000 births, 

31.6/1000 births, 27.1/1000 births and 9.0/1000 births respectively. Nepal had a pooled rate 

of 24.3/1000 births while Pakistan had the highest rate of 43.6/1000 births. Sri Lanka had the 

lowest rate of 8.8/1000 births. From the overlapping confidence intervals seen, Bangladesh, 

India and Nepal showed high rates statistically similar to each other. By eyeballing confidence 

intervals,   the lower confidence interval of Pakistan overlapped with the upper CIs of Nepal, 

India and Bangladesh but it is possible that the rate for Pakistan was much higher than those 

from these three countries though this was not tested statistically. These four countries were 

the ones driving the high summary estimate for South Asia. Maldives and Sri Lanka had 

statistically similar low rates while Afghanistan’s rate was similar to that for Nepal. As rates 

were variable for the countries within South Asia, the presentation of pooled rates for each 

country is more meaningful than a pooled rate for South Asia.  
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Early neonatal death rates: 

Figure 3.15 shows the summary early neonatal death rates for South Asia. Afghanistan, 

Bangladesh and India had rates of 21.4/1000 live births, 30.9/1000 live births and 33.7/1000 

live births, respectively (Figure 3.15). Nepal had a rate of 26.4/1000 live births. As in the case 

of stillbirth rates, the highest early neonatal death rate (36.7/1000 live births, 95% CI: 32.9-

40.9) was seen in Pakistan while the lowest rate was seen in Sri Lanka (8.16/1000 live births, 

95% CI: 6.3-10.6). The latter rate was statistically similar to the rate in Maldives (9.37/1000 live 

births).  From eyeballing confidence intervals, Bangladesh, India and Pakistan possibly had 

similar high rates and though there is some overlap, Nepal’s rate was likely to be 

comparatively lower though this was not statistically tested. Afghanistan’s moderate rate did 

not appear similar to any other country’s rate. 

 

Figure 3.15: Country-wise pooled early neonatal death rates in South Asia (1988-2008) 
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Late neonatal death rates: 

 The pooled late neonatal death rates for Afghanistan, Bangladesh, Pakistan and Nepal are 

shown in Figure 3.16. The lowest summary late neonatal death rate (0.80/1000 live births 

surviving at 1 week) was obtained for the Maldives while the highest rate (14.6/1000 live 

births surviving at 1 week) was seen in India. Sri Lanka had the second lowest rate (2.3/ live 

births surviving at 1 week). Bangladesh, India, Nepal had similar high rates which did not 

appear different from one another from eyeballing confidence intervals while Afghanistan 

appeared to have a lower rate compared to Pakistan though these apparent differences were 

not statistically tested. The low rates for Maldives and Sri Lanka were statistically similar.  

 

Figure 3.16: Country-wise pooled late neonatal death rates in South Asia (1988-2008) 
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Perinatal death rates: 

Pooled perinatal death rates for Afghanistan, Bangladesh, India and Nepal were found to be 

41.6/1000 births, 63.7/1000 births, 59.6/1000 births and 46.9/1000 births, respectively (Figure 

3.17). The lowest pooled perinatal death rate was for Maldives at 18.3/1000 births (95% CI: 

14.5-23.1) while Sri Lanka had the second lowest rate of 16.9/1000 births. The highest 

perinatal death rate was seen in Pakistan (97.7/1000 births, 95% CI: 72.3-131.9).  

 

Figure 3.17: Country-wise pooled perinatal death rates in South Asia (1988-2008)* 
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 Summary estimates obtained in review compared to estimates in 3.4.7

literature:  

Data sources for comparison against review rates: 

During the search process, I identified six studies presenting country-specific  or regional  rates 

for my four mortality outcomes. These were: two reports by the WHO for the  year 2000 and 

2004 (WHO, 2006a) (WHO, 2007) using regression modelling (for stillbirth rates for 

Afghanistan, Bhutan, India and Sri Lanka) and DHS surveys (for early neonatal death rates and 

perinatal death rates). Four studies produced  rates for 2000, 2008 and 2009 from statistical 

models using empirical data from studies and surveys (Stanton et al., 2006, Lozano et al., 2011) 

(Lawn et al., 2011, Cousens et al., 2011). Of the six studies, only one provided estimates for 

late neonatal mortality(Lozano et al. 2011). The mortality rates and the years that these rates 

corresponded to, were those specified within the publications. In 2014, the Global Burden of 

Disease Study 2013 published modelled estimates of early and late neonatal death rates in 188 

countries for 2013 (Wang et al. 2014). These have not been included with the comparison 

rates, as the 2013 rates differed by a decade from the years that the systematic review rates 

represented. 

Stillbirth rates: 

Figure 3.18 depicts the summary stillbirth rates from the systematic review for each country. 

These corresponded to the median year of 2001 (rates between 1985-2008) for the countries 

of South Asia and are also pooled for the whole of South Asia. There was substantial variation 

noticed, as my rates did not appear to be uniformly higher or lower than the comparison rates.  

It was noticed that even the comparison rates were not consistently higher or lower than each 

other and sometimes differed substantially from each other even when they represented rates 

for the same year. For example, the  WHO rates (WHO, 2006a) and  Stanton et al., 2006 rates  

for the year 2000 for  Nepal (23/1000 births vs. 54.6/1000 births) and Pakistan (22/1000 births 

vs. 41.4/1000 births) are seen to differ greatly. The WHO 2000 rates are higher than the 

systematic review rates in case of Afghanistan, India and Maldives. The Stanton et al., 2006  

stillbirth rates are higher than the systematic review stillbirth rates across all the countries. 

The greatest difference between my review rate and that of published international rates is 

seen for Afghanistan. The absence of confidence intervals for the majority of the comparison 

rates makes it difficult to speculate on whether these differences were statistically significant 
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or not. However, it is to be noted that there is no order or pattern observed for the substantial 

variation exhibited among all rates. The Lawn et al., 2011 and Cousens et al., 2011 estimates 

were for the later years of 2008 and 2009, respectively, and hence comparisons were not 

drawn, though the rates have been shown (Figure 3.18).   
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Figure 3.18: Stillbirth rates for South Asia: empirical and estimated rates
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Early neonatal death rates: 

Overall, the pooled early neonatal death rates obtained from all the South Asian countries in 

the systematic review  which corresponded to the median year of 2002 (rates between 1988-

2008), appear to be largely similar to the published rates of international studies. However,  

Afghanistan and Maldives are the exceptions (Figure 3.19).  

 

Figure 3.19: Early neonatal death rates for South Asia: empirical and estimated rates 
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Late neonatal death rates: 

Late neonatal death rates obtained from my systematic review are also seen to be higher than 

the Lozano et al., 2011 estimates with the exception of Afghanistan and Maldives (Figure 3.20). 

The largest difference seen between the two sources was for India (review rate: 16.1/1000 live 

births excluding early neonatal deaths vs. Lozano et al., 2011 rate: 7.3/1000 live births 

excluding early neonatal deaths). The WHO estimates for 2000 and 2004 were not available for 

late neonatal deaths. 

 

Figure 3.20: Late neonatal death rates for South Asia: empirical and estimated rates 
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Perinatal death rates: 

The review rates for perinatal deaths were compared to the WHO estimates for 2000 and 2004 

(Figure 3.21). From the graph it can be seen that review rates appeared similar to both the 

WHO estimates for Bangladesh, India, Nepal and Sri Lanka. Review rates appeared noticeably 

lower in case of Afghanistan and Maldives and much higher in case of Pakistan. 

 

Figure 3.21: Perinatal death rates from South Asia: empirical and estimated rates 
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 Ratios of stillbirth rate to early neonatal mortality rate: 3.4.8

Table 3.12 shows the ratios for summary stillbirth rate to summary early neonatal death rate 

for each country.  The ratios obtained for each country (sub-national and national studies) 

range from the lowest value of 0.82 in India, to around a value of 1 for Afghanistan, 

Bangladesh, Maldives, Nepal and Sri Lanka, to the highest value of 1.17 in Pakistan. The WHO 

ratio of 1.2 implies non-underreporting of stillbirths. The WHO ratio of 0.6 or 0.8 (depending 

on country- see Note in Table 3.11) implies potentially high underreporting of stillbirths in this 

region assumed by the WHO to have early neonatal mortality rates above 20/1000 live births 

(WHO 2006).  The review ratios for underreporting of stillbirths are found to be within the 

WHO ratio range (0.8 to 1.2) for high underreporting and no underreporting.  

Table 3.15: Comparison of the ratios for stillbirth rate to early neonatal mortality rate 
according to different sources 

Country Ratio of stillbirth rate to early neonatal mortality rate 

Systematic review  

(sub-national and national 
studies) 

Systematic review  

(sub-national studies) 

Systematic review 
(national studies) 

Afghanistan 0.96 _ 0.96 

Bangladesh 1.05 1.06 1.00 

Bhutan _ _ _ 

India 0.82 0.83 0.64 

Maldives 0.96 _ 0.96 

Nepal 0.95 1.16 0.66 

Pakistan 1.19 1.17 3.14 

Sri Lanka 1.08 _ 1.08 

South Asia 1.01 1.03 0.83 

Note: The WHO suggests that Bangladesh, Bhutan, India, Maldives, Nepal have a ratio (of stillbirth rate 

to early neonatal mortality rate) of 0.8. Afghanistan and Pakistan have a WHO ratio of 0.6. There was no 

data provided by the WHO on a ratio for Sri Lanka. Source: Neonatal and Perinatal Mortality. Country, 

Regional and Global Estimates 2000. Geneva: World Health Organization. WHO 2006.  
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 Discussion 3.5

In this systematic review of 62 studies, I find that the rates of stillbirths, early neonatal deaths, 

late neonatal deaths and perinatal deaths are very high in South Asia. The rates from my 

systematic review are in the range of modelled and adjusted estimates reported in the 

literature and there is no definite pattern of review rates being consistently higher or lower 

than the comparison rates with the caveat that rates compared are not for exactly the same  

year, differing by a maximum of 2 years. The underreporting of stillbirths estimated by the 

review falls within the expected range of underreporting for the region. The quality of the 

studies  as obtained was generally poor with very few studies from South Asia were found to 

be at low-risk-of-bias, though this might have been due to using very stringent risk-of-bias 

criteria. 

 

Within South Asia mortality levels vary greatly by country. Bangladesh, India, Nepal and 

Pakistan showed consistently high levels for all mortality rates followed closely by Afghanistan.  

Sri Lanka and Maldives presented persistently low mortality rates. The highest and lowest 

rates for stillbirths, early neonatal deaths and perinatal deaths were found in Pakistan and Sri 

Lanka, respectively. Late neonatal deaths were the highest and lowest in India and Maldives, 

respectively. 

 

The comparison of perinatal mortality rates may be more informative than comparing 

countries on their stillbirth and early neonatal death rates. Pooling of stillbirths and early 

neonatal deaths into perinatal rates is epidemiologically valid, as risk factors for stillbirths and 

early neonatal deaths are thought to be the same (primarily poor intrapartum care and/or pre-

term birth)(Lawn et al. 2014) and as this overcomes the problem of misclassification between 

stillbirth and early neonatal deaths. Different causes and risk factors for late neonatal deaths 

(sepsis and infection)(Lawn et al. 2014) warrant comparisons to be made separately from 

perinatal deaths.  

 

In this review, I also looked at whether there was consistency between the rates obtained 

from national studies and sub-national studies. For all countries, except for India and Pakistan, 

the difference between national and sub-national rates did not reach significance at the 5% 

level, making national and sub-national rates consistent with each other. In India, I found that 

sub-national rates for stillbirths, late neonatal deaths and perinatal deaths were significantly 
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higher than the corresponding national rates. It was not clear why national and sub-national 

rates differed for India while this was not seen in other countries, except Pakistan. It could be 

speculated that India, a vast country with a variety of cultures is more heterogeneous than 

other countries. The national rate for India might possible mask a lot of regional variation 

which would not be expected for smaller, more homogenous countries such as the Maldives or 

Bangladesh. The available sub-national studies, limited by the number of studies and 

geographical scope were most probably not able to pick up on differences in rates across the 

whole of India. Hence this might have led to differences in rates for sub-national studies and 

the national study. Pakistan’s national rates for stillbirths and perinatal deaths were based on 

a single DHS study and were substantially higher than corresponding sub-national rates. This 

was unusual as DHSs are generally known to underreport rather than over-report stillbirths 

and hence the unusually high rates obtained from a DHS study with standardized procedures 

could not be explained.   

 

This chapter showed that high levels of heterogeneity were present between the countries in 

South Asia. Even after stratifying studies by country and by national and sub-national studies 

within countries, substantial heterogeneity was still observed within countries, and within 

national and sub-national studies in the countries. Heterogeneity between the countries of 

South Asia is expected because of differences in populations and cultures, different levels of 

progress with respect to health systems, different levels of government budgets allocated to 

and different types of policies aimed at reducing stillbirth and neonatal deaths. Heterogeneity 

may arise within countries because of dissimilarities in the quality and availability of antenatal, 

delivery, postnatal services and maternal and child health services. Sociocultural differences 

may also be present within countries regarding contraception, childbearing, delivery practices, 

family size, age at first birth and these could lead to differences in mortality levels. 

Heterogeneity may also be present within the national studies of a country because even 

where methodology (e.g. for the DHS) is standardized, the time periods assessed are different 

and the populations assessed also change over time. The heterogeneity seen within sub-

national studies in a country is expected as it reflects differences in regions, study populations, 

time periods, and study design and methodology.  It is also possible that poor quality of studies 

could result in heterogeneity as populations that are very similar and have very similar 

mortality rates might be reported as having very different rates by studies differing in quality. 

This might happen because of the differences between good-quality and poor-quality studies 
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in ascertaining pregnancies, births and deaths and in defining mortality outcomes of very 

similar populations. The overall high levels of heterogeneity indicate that these pooled 

country-specific rates and the pooled rates obtained for South Asia have to be interpreted with 

caution.  

 

This systematic review might have possible limitations. 

1) Studies might have been missed in this review. However as (a) the most recently 

recommended guidelines (PRISMA) for conducting systematic reviews were followed (b) the 

review process was rigorous, explicit, reproducible and prospectively defined, and search 

terms were predetermined and as (c) all available sources were explored, it is unlikely that 

studies were missed. 

 

2)  It is also possible that the risk-of-bias assessment for the studies was not ideal, with 

the quality criteria for low risk-of-bias studies too stringent. This might have resulted in few 

studies (4/62) that were at low risk-of-bias.  It might also be possible that this quality 

assessment exercise was unable to capture the true quality of the studies. The quality of 

studies might have not been assessed fully, as certain aspects of studies could not be assessed 

due to lack of or poor quality of information. These were: qualifications of the person 

ascertaining outcomes, possible misclassification between stillbirths and early neonatal 

deaths, issues related to reporting outcomes and sampling issues. Many studies did not report 

or only partially reported education, skills and the training of the person involved in 

ascertaining pregnancies, births,  types of deaths and gestational ages and so  it was difficult to 

assess studies in terms of qualifications of personnel involved in data collection. Of the three 

studies (3/62) which did not provide clear information on the person ascertaining pregnancies, 

births and deaths (Rahman et al. 2010; Bari et al. 2002; Kumar et al. 2008) only one study 

(Rahman et al. 2010) was considered to be at unclear-risk-of bias solely because of this reason. 

In light of studies from the region it was likely the persons in these three studies were  

equivalent to CHWs. Ignoring the identity of the person ascertaining outcomes  would have 

resulted in only one unclear-risk study  (Rahman et al. 2010) becoming  low-risk. This change is 

seen to have no effect on the rate likely to be affected (i.e. stillbirth rate in low risk-of-bias 

studies from Bangladesh). Possible misclassification between stillbirths and early neonatal 

deaths could result from: (a) largely unskilled birth attendants (TBAs, relatives, and mothers) in 

these studies being unable to differentiate between the two types of deaths when reporting to 
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CHWs or (b) possible benefits for the mother or the avoidance of stigma or blame for the birth 

attendant or mother. Poor study definitions are  likely to have increased misclassification 

between early pregnancy loss and stillbirths, and between early and late neonatal deaths. In 

the review only half of all stillbirth studies defined stillbirths (24/57) with few studies which 

specified the minimum birth weight (3/57) in the definition or which measured/estimated 

birth weights (2/57). However, any quality assessment is subjective. By selecting 

ascertainment methods of pregnancies, births, deaths and definitions to represent the 

completeness of numerator and denominator which I considered to be the most vital 

determinants of rate, I expected that the most important determinants of rate had been 

included in this quality assessment. As quality assessment is a subjective process, a sample of 

studies which I considered to be ambiguous for quality was assessed by another reviewer and 

any differences were reconciled.  Since the results from the quality assessment of the studies 

showed that the rates did not differ between low, high or unclear risk-of-bias studies, this 

suggested that the overall quality of all the studies was likely to be poor and unlikely to be all 

of acceptable quality because of poor ascertainment of pregnancies, births and deaths and 

unclear definitions obtained in many of the studies. 

 

3) A potential weakness likely to have very little effect was the decision to not exclude 

studies on the basis of minimal number (e.g. 20) of outcomes (stillbirth, early neonatal deaths, 

perinatal deaths) or minimal cut-off (e.g. 20%) for missing data. This was decided as no 

international guidelines could be found recommending restriction of studies based on a 

minimum number of outcomes and because exclusion would have reduced the already low 

number of relevant South Asian studies. Of the 6 international studies(Cousens et al., 2011, 

Lawn et al., 2011, Lozano et al., 2011, Stanton et al., 2006, WHO, 2006a, WHO, 2007) only two 

studies (Lawn et al., 2011, Cousens et al., 2011) restricted studies to a minimum of 10 

outcomes. However, no reasons for restriction were provided by the two studies.  

 

4) My systematic review rates were not cluster-adjusted or adjusted for the sampling 

strategy of the study as were some rates presented by some individual studies. However, as 

there was very little difference between my rates and the rates published by the studies, this 

difference was unlikely to affect national, sub-national or country estimates. 
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5) Underreporting of stillbirths, which could not be controlled, was present in the studies, 

as evidenced from the review ratios for stillbirth rate to early neonatal death rate (SBR:ENMR). 

However, the ratios were within the range of the WHO country-specific values obtained when 

highest (0.6-0.8) and lowest (1.2) levels of underreporting of stillbirths are assumed. Stillbirth 

underreporting  was expected, as  earlier deaths such as miscarriages and stillbirths are 

underreported more than early neonatal or infant deaths (Lawn et al., 2010, WHO, 2006a). 

Underreporting may also result from data-collection methods, with evidence that 

Demographic and Health Survey (DHS) data can underreport stillbirths by around 30% 

compared to population based-studies (Stanton et al., 2006). 

 

6) Formal testing of the trends of the reduction in mortality rates over time was not 

performed. This could be done by performing specific analyses (e.g. using meta-regression 

method with STATA, possibly separating the data by year within each study and by testing the 

significance of non-linear fits of the relationship between year and mortality).However the 

number of studies with many years of data was low. Formal statistical assessment of the 

difference between mortality rates could be performed instead of eyeballing confidence 

intervals, which may overlap by chance.  

There were several strengths of the systematic review. 

1) The systematic review was comprehensive, encompassing all community based studies 

from South Asia that reported numerators and denominators for stillbirths, early neonatal 

deaths, late neonatal deaths and/or perinatal deaths published from 2000. It is unlikely that 

any relevant studies were missed. All the search terms were clearly specified, and abstracts 

were available in English for a few non-English studies though none were eligible. 

 

2)  Community representativeness was rigorously maintained by identifying and 

excluding all facility-based studies. 

 

3)  Rates were calculated from numerators and denominators and according to 

predetermined definitions to maintain consistency throughout the analysis.  
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4) Additionally, the quality assessment of studies was adopted from recommendations of 

the Cochrane collaboration and PRISMA statement with rates stratified according to risk-of-

bias for each study.  

 

From this review, the urgent need for more empirical studies of good quality with strict 

definitions of outcomes and rigorous methodology on assessing mortality levels was 

highlighted, especially for countries of South Asia with the greatest burdens. There are two 

major recommendations from this review.  

 

1) Recommendations for sub-national studies: 
 
Though cohort studies provide good estimates of mortality rates when conducted well, these 

are expensive and also non-representative due to their small scale. The recommendations for 

cohort studies focus less on conducting more studies and more on improving studies already 

planned. Recommendations are to:  

 

(i) Ensure that the ascertainment of pregnancies, births and deaths enables the capture of all 

pregnancies, births and deaths for proper assessment of mortality rates. This can be achieved 

through registering all pregnant women early in their pregnancy with valid and reported 

methods of pregnancy identification (last menstrual period method, urine dip-stick test and 

ultrasound) and following them up through their pregnancy till birth or death.  

 

(ii) Use better definitions for stillbirths early and late neonatal deaths, which involves reporting 

gestational age cut-off values and if possible birth weight for stillbirths and specifying the 

number of completed days in which early and late neonatal deaths take place. 

(iii)In case of cross-sectional studies and surveillance studies the ad-hoc reporting of birth or 

outcomes by community informants is to be strongly discouraged, with preference for CHWs 

using women’s recall of birth and death outcomes. 

 

2) Recommendations for national studies: 
 
The routine reporting of all pregnancies, births and deaths (vital registration) for LICs would be 

ideal. However, as many women in these countries still do not deliver in facilities and as births 

go mostly unregistered, this might be currently unfeasible in the short-term. In the absence of 

vital registration for LICs, the national DHSs provide estimates that are representative for the 
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whole country. It is very difficult to improve the quality of DHS mortality rates, which from 

their very design suffer from the effects of recall bias, heaping of deaths on certain days 

corresponding to complete weeks, months or years and the secreting of undesirable birth and 

mortality outcomes. Though the underreporting of stillbirths in DHS studies is very difficult to 

improve and hampers the measurement of country-representative stillbirth rates, it is likely 

that the rates for early and late neonatal deaths are better at estimating the burden at 

country-level because of possibly less under-reporting due to the lower stigma associated with 

the death of a live born baby. However misclassification between stillbirths and early neonatal 

deaths and early and late neonatal deaths is always of concern. There is no information on the 

extent to which women conceal very early neonatal or late neonatal deaths. The 

recommendation from this review for DHS studies is that despite the shortcomings mentioned 

above, DHS data should continue to be collected and used as a source of valuable country-

representative mortality rates in LICs lacking vital registration. 

Pakistan, Bangladesh and India are three of the five countries that account for more than half 

global stillbirths (1.8 million)and neonatal deaths  (2.4 million)(Lawn et al., 2011). While there 

are overall reductions in under-five mortality, the proportion of neonatal deaths has actually 

increased from 36% to 40% in the last decade (Countdownto2015).  Stillbirths and early 

neonatal mortality are the most difficult to reduce in under-five deaths (Save the Children 

2013; Darmstadt et al. 2014; Wang et al. 2014; J. Lawn , Lee et al. 2009). This review highlights 

the burden of high stillbirths and early neonatal death rates in these countries as well as in 

Nepal and Afghanistan. Underreporting of stillbirths is seen in these countries and the very 

recent separation of stillbirths from perinatal mortality is seen from the low visibility of these 

deaths in national systems of enumeration and reporting. The mortality rates in my review of 

population-based studies provide more representative estimates for South Asia and its 

countries than those available from statistical models. Recommendations described above for 

national and sub-national studies will improve the monitoring and assessment of these deaths 

in the South Asian countries that bear the greatest burden.  
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  The Contribution of the Safe Chapter 4.
Motherhood Programme to Stillbirths, Early 
Neonatal Deaths and Late Neonatal Deaths in 
Matlab  

 Introduction 4.1

The global burden of stillbirth, perinatal and neonatal mortality has been discussed before 

(Chapter 2). The reduction of perinatal deaths and preterm births is a complex, multi-faceted 

problem and suggestions for reductions involve multi-disciplinary interventions at global, 

country and grassroots levels. Reduction strategies including improvements in education and 

inequity, involvement of policy leaders and community stakeholders, improvement in quality 

of health services and increased demand from mothers and newborns have been discussed 

elsewhere in the literature (Dickson et al. 2014; Knippenberg et al. 2005; Lawn et al. 2013).  

This introduction will describe evidence-based interventions which are currently thought to 

reduce mortality and fall within the continuum of care for girls, pregnant mothers and 

newborns (Mason et al. 2014).  

 
The most recent systematic review of interventions which are effective at reducing stillbirths 

and neonatal mortality during the antepartum, intrapartum and post-natal period was 

conducted for the Lancet Every Newborn series by Bhutta et al. 2014. This review identified 

available systematic reviews and conducted new reviews for some interventions (hygienic 

practices including use of clean birth kits and the cessation of smoking, alcohol and drug use in 

pregnancy). The review built on five evidence reviews of effective interventions on stillbirths 

and neonatal mortality in the Lancet (Bhutta et al. 2013; Bhutta et al. 2011; Darmstadt et al. 

2005; Bhutta et al. 2008; Jones et al. 2003). Prior to that, reviews assessing the effect of 

different intervention packages on stillbirth and neonatal mortality had been descriptive and 

could not provide an overall estimate of reduction due to the scarcity of studies (Bhutta et al., 

2009; Darmstadt et al., 2005; Haws et al., 2007; Schiffman et al., 2010). The reviews included 

in Bhutta et al 2014 covered the effect of interventions on stillbirths, perinatal and neonatal 

mortality and the interventions and outcomes are described separately for each review. 

Information on the effect of interventions on stillbirth or perinatal deaths in LMICs was 

provided by an earlier Lancet review (Darmstadt et al. 2005) if not covered by the Bhutta et al. 

review. The latter review noted that facility-based interventions were more likely to improve 

survival than community-based care though the former were more costly. The Every Newborn 
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review (Bhutta et al. 2014) estimated that the maximum number of stillbirths could be averted 

by care during labour and delivery, including complication management  (70%  stillbirths 

averted) followed by enhanced antenatal care (ANC) focused on detection of complications 

(10%). A greater reduction in neonatal deaths was estimated to be achieved by intrapartum 

interventions for obstetric complications (41% reduction) than by care of small and ill neonates 

(30%) care of healthy neonates (12%) and essential newborn care (10%). However, as seen 

below, the evidence base for these interventions comprises a few studies of variable quality. 

  

Interventions administered during the continuum of care that are considered to reduce 

stillbirth and neonatal mortality include: (1) preconception and ANC interventions  (2) skilled 

birth attendance and basic and emergency obstetric care, (3) essential newborn care and care 

for small and ill neonates (Bhutta et al. 2014; Lawn et al. 2013; Darmstadt et al. 2005; Bhutta 

et al. 2012; World Health Organization & UNICEF 2013). Evidence for these interventions is 

described below: 

  

(1) Interventions in the preconception and antenatal period include: nutritional and 

micronutrient supplementation, anti-tetanus immunisation, antibiotics for maternal infections 

during pregnancy and detection of possible risk factors and pregnancy complications. A 

systematic review (Imdad 2012) evaluated the effect of studies providing balanced energy 

protein supplementation (protein <25% of total energy) compared to routine diet or no 

intervention. Studies included: randomized controlled trials (RCTs), quasi-randomised studies 

and before-and-after designs in low and high income countries (LICs and HICs) and 16 studies 

were eligible. The meta-analysis results showed a 38% reduction in stillbirths (RR-0.62; 95%CI: 

0.40-0.98; 4 studies) though the effect was non-significant for neonatal mortality (RR-0.63; 

95%CI: 0.37-1.06; 3 studies). The quality of evidence for both outcomes according to GRADE 

criteria (GRADE 2014) was reported as ‘low’.  

 

A recent review of iron supplementation (Peña-Rosas et al. 2012) of 43 RCTs from LICs and 

HICs showed that daily oral supplementation (iron dose: 9-90 mg) versus placebo or no iron 

had no effect on neonatal mortality (RR-0.90; 95%CI: 0.68-1.19; 4 studies). The quality of 

studies was ‘low’. The non-significant effect of iron supplementation was supported in an 

earlier review (Darmstadt et al. 2005) where meta-analysis of five community based iron 

supplementation programmes in LICs  showed no effect on stillbirth and neonatal deaths.  A 

systematic review showed that folic acid supplementation reduced neural tube defects by up 
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to 62% (95% CI: 49%-71%) and this was based on one RCT and three cohort studies in HICs and 

MICs (Blencowe et al. 2010). There was no effect of iron combined with folic acid on neonatal 

mortality (RR-0.81;95%CI:0.81-1.30; 1 study) (Bhutta et al. 2014) and no effect of folic acid on 

stillbirth reduction (RR-0.78; 95%CI:0.34-1.78; 3 studies) (Darmstadt et al. 2005). 

 

A meta-analysis of one RCT and one cohort study (Blencowe, Lawn, et al. 2010) showed that 

tetanus toxoid immunisation, when given as two doses in pregnant women, reduced neonatal 

deaths by 62% (RR-0.38;95%CI:0.27-0.55;1 study). The studies were from LMICs and the 

evidence was reported to be of ‘moderate’ quality. An earlier review of studies using tetanus 

toxoid in pre-pregnant and pregnant women in Bangladesh and India found significant 

reductions of 44% in stillbirths (1 study) and 33-58% in neonatal deaths (3 studies) (Darmstadt 

et al. 2005). 

  

A systematic review (Brocklehurst et al. 2013) of 21 RCTs from LMICs and HICs estimated the 

effect of antibiotics, prescribed for bacterial vaginosis, on perinatal mortality and observed no 

effect (RR-0.71;95%CI: 0.36-1.39; 4 studies). Syphilis screening and management resulted in a 

great reduction in stillbirths (95%CI: 66-90%; 8 studies) and perinatal deaths (95%CI: 35-51%;2 

studies) in areas where syphilis was prevalent (Blencowe et al. 2011). 

 

Reviewers in the Bhutta et al. 2014 study suggested that the quality of studies was low to 

moderate for the interventions and few eligible studies were from LICs. The Darmstadt et al. 

2005 reviewers noted that their study lacked large trials, was based on a few efficacy trials and 

that only ten trials targeting interventions for neonatal survival were from LICs or MICs. Hence 

evidence for these interventions is based on a few studies. 

 

Early studies and recent evaluations show low quality of evidence for screening for women 

with high risk maternal characteristics (e.g. extremes of age or parity, short stature, poor 

obstetric history) to predict complicated pregnancies (Lee, Lawn, et al. 2009). Focused ANC is 

warranted for conditions associated with increased perinatal or maternal death (>3 times 

increased risk) such as young primiparous mothers (<16 years), malpresentation, and 

pregnancy complications (e.g. late pregnancy vaginal bleeding, hypertensive disorders and 

severe anaemia) (Lee, Lawn, et al. 2009; Dean et al. 2013). ANC, by increasing detection and 

treatment of maternal risk factors (including chronic diseases such as diabetes and 

hypertension) and possible pregnancy complications can avert intrapartum stillbirth and early 
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neonatal deaths (Lee et al. 2009; Dean et al. 2013). ANC is also an opportunity to promote 

skilled attendance at delivery, breast feeding, early post-natal care and optimal pregnancy 

spacing (Partnership for MNCH 2006)   

 

 (2) Skilled birth attendance (SBA) and basic and comprehensive emergency obstetric care 

(BEmOC and CEmOC) (Chapter 2), are considered to have substantial effects on stillbirths and 

neonatal mortality during the continuum of care.  

 

Two parallel systematic reviews and meta-analyses by Yakoob et al. 2011 and Lee et al. 2011 

tried to measure the impact of SBA, BEmOC and CEmOC on stillbirths and perinatal mortality, 

respectively.  Studies included RCTs, quasi-randomised studies, other intervention studies (e.g. 

before-after), and observational studies. Interventions included skilled attendance by midwife, 

doctor or nurse, as defined by WHO (World Health Organization 2004b)(Chapter 2) and 

BEmOC and CEmOC as defined earlier (Chapter 2). Outcomes considered were stillbirths, early 

neonatal deaths and perinatal deaths.  

Results from the Yakoob et al. 2011 meta-analysis to assess the effect of improved SBA on 

stillbirths showed a reduction of 23% (95% CI: 15% to 31%) based on two before-and-after 

studies without control groups that compared two time periods (Ibrahim et al. 1992) 

(Ronsmans et al. 2008). One of these studies in rural Sudan (Ibrahim et al. 1992) upgraded the 

skills and resources of village midwives (who collected  pregnancy, delivery and newborn event 

data) in the middle of the 3-year study period. Upgrading consisted of: setting up weekly 

midwife-led ANC clinics, midwife-led referral systems to hospitals and midwife involvement in 

primary health care. A 25% stillbirth reduction was observed for the third year relative to the 

first two years (which had similar rates). In the second study in Matlab, Bangladesh (Ronsmans 

et al. 2008) SBA improved between 1975 and 2001. Improvements in this time period involved 

distribution of safe delivery kits to women, coverage of homebirths with trained midwives 

initiated from 1987 till 1996 (including free transport to referral facilities from 1987 onwards), 

and from 1996 onwards, facility-based strategy for deliveries. Midwives provided ANC, and 

basic obstetric and newborn care. During the study period, SBA increased from 0% to 27% 

while stillbirths were reduced by 24%. 

The Lee et al. meta-analysis for early neonatal and perinatal outcomes found four eligible  

studies including those above and two more in rural Java, Indonesia and rural China in which 

community midwives (Ronsmans et al. 2008; Alisjahbana et al. 1995; Yan 1989; Ibrahim et al. 
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1992) or village doctors (Yan 1989) were trained in intrapartum monitoring and management 

with links to referral facilities. These were all before-after-studies which compared earlier time 

periods to later time periods. In the 1983-1986 rural China study (Yan et al., 1989), village 

doctors and midwives were trained to identify risk (blood pressure assessment), managed risks 

(external cephalic version) or referred mothers to a county hospital where the neonatal ward 

had been improved and reached up to 96% of pregnant women. In the 1992-1993 Java study 

village midwives and physicians were trained on danger signs, case management for 

pregnancy, labour, delivery, post-partum care and newborn care. Traditional birth attendants 

(TBAs) were also trained for pregnancy complication detection and referral.  The Lee et al. 

2011 meta-analysis showed that improved community-based skilled attendance reduced early 

neonatal mortality by 13% (95%CI: 3%-21%) and perinatal mortality by 12% (95%CI: 5%-18%). 

The quality of evidence was judged by the reviewers to be of ‘moderate’ quality, mainly 

because before-and-after study designs were used.  

In order to assess the effect of emergency obstetric care on stillbirths, early neonatal deaths 

and perinatal deaths, Lee et al. 2011 included studies that tested the effect of emergency 

obstetric care packages on stillbirth and perinatal mortality. Emergency obstetric care was 

described as childbirth care packages using BEmOC/CEmOC or studies reporting the major 

functions of these two types of care. Studies included quasi-experimental, case-control, 

before-and-after, historical and cross-sectional studies and RCTs with standard practice as the 

comparison group. However, the review authors reported that the nine eligible studies were of 

low quality and heterogeneous in terms of the interventions included in BEmOC and CEmOC, 

making them unsuitable for meta-analysis. Hence expert opinion obtained via a Delphi panel of 

21 experts for Lee et al. 2011 and of 27 experts for Yakoob et al. 2011 estimated that BEmOC 

and CEmOC could result in possible stillbirth reduction of 45% and 75%, respectively (Yakoob 

et al. 2011). Reductions in intrapartum neonatal deaths due to BEmOC and CEmOC  were 40% 

and 85%, respectively (Lee et al. 2011). However, these reductions were based on the 

assumption that universal coverage (99%) of BEmOC and CEmOC services was available. 

Whether expert opinion is a valid method to ascertain the magnitude of mortality reductions 

associated with interventions is uncertain.  

 

A  Matlab study in rural Bangladesh (Ronsmans et al. 2010) assessed the impact of BEmOC and 

CEmOC care compared to no trained care on stillbirths and early neonatal deaths.  This study 

obtained data from a health and demographic surveillance system running since 1961 and 

observed that skilled care at birth increased from 5.2% to 52.6% between 1987 and 2005. As 
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more women sought SBA, perinatal mortality rates decreased significantly over time (from 

1987-1991 to 2002-2005) in women receiving BEmOC (stillbirths: 41.7 vs. 22.8/1000 births; 

early neonatal deaths: 39.1 vs. 27.7/1000 live births). This was also seen in the same period for 

women receiving CEmOC (stillbirths: 13.8 vs. 7.6/1000 births; early neonatal deaths: 83.8 vs. 

33.9/1000 live births), suggesting that increasing uptake of BEmOC and CEmOC contributed to 

reductions in stillbirth and perinatal mortality. The effect of Caesarean section rates on 

stillbirth reduction was discussed earlier (Chapter 2).  

 

(3) Essential newborn care consists of clean delivery and cord-cutting, neonatal resuscitation,  

warmth, breastfeeding, and proximity and access to the mother (UNICEF 2004). Care for small 

and ill neonates involves neonatal resuscitation, prevention of hypothermia (wrapping and 

kangaroo mother care), skin emollient therapy, recognition and management of neonatal 

infections (pneumonia and sepsis) and respiratory distress management (Bhutta et al. 2014).  

 

In a systematic review (Blencowe et al. 2011) of the effect of clean birth practices on neonatal 

mortality, the very low quality of studies reviewed resulted in the authors obtaining estimates 

from a 30-member Delphi expert panel. Clean practices included hand washing, clean delivery 

surface, clean perineum, clean cord cutting, and skin and cord care. The Delphi estimates 

suggested that clean practices could result in 15% fewer neonatal deaths (IQR: 10-20%) at 

home and 27% fewer deaths (IQR: 24-34%) in facilities.  In a systematic review, delayed cord 

clamping showed no effect on neonatal mortality in term neonates  (McDonald et al. 2013). A 

Cochrane review of 34 RCTs in LICs and HICs on the effect of umbilical antiseptics (Imdad et al. 

2013) showed that neonatal mortality was reduced by 23% (95%CI: 6-37%) and supported 

their use in community and primary care facilities in LICs. 

 

A meta-analysis of three prospective cohort studies in LMICs (Debes et al. 2013) not included 

in the Bhutta 2014 review, showed that early (within 24 hrs of birth) exclusive breastfeeding 

was linked to 44% reduction in neonatal mortality (95%CI: 22-57%). The quality of the studies 

was reported as moderate. The review also reported that early or late initiation did not change 

mortality risk in exclusively breastfed children. 

  

Bhutta et al. 2014 conducted a systematic review of the effect of delayed bathing, head 

covering or skin-to-skin on neonatal mortality, but no studies on effect on mortality were 

obtained. Therefore a Delphi panel of 26 experts was formed which suggested that the three 
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thermal practices could avert 20% (IQR: 15-25%) of neonatal deaths due to preterm 

complications. A  Cochrane systematic review (Conde-Agudelo et al. 2011) and meta-analysis 

of seven RCTs in LICs and HICs compared kangaroo mother care (KMC) to usual hospital care in 

low birth weight (LBW) babies. Skin-to-skin contact between mothers and babies is the main 

component of KMC. Meta-analysis results showed that mortality at discharge from the hospital 

or at 40-41 weeks of life was 40% lower (95%CI:7 -61%) for babies who received KMC than 

those receiving conventional neonatal care. The review supported the use of KMC in LBW 

babies in resource-limited settings. In another meta-analysis (Salam et al. 2013) of three RCTs 

from LICs, skin emollient use (sunflower, coconut, soybean or mineral oil) was associated with 

a 27% (95%CI: 6-44%) reduction of neonatal mortality in preterm babies if applied within 96 

hours of birth and for at least a week. 

 

Bhutta et al. 2014 conducted a systematic review of studies assessing the effect of   immediate 

newborn assessment and basic resuscitation on stillbirth, perinatal and neonatal mortality. The 

interventions were implemented by lay-workers within communities and outreach home-

based packages. Studies included RCTs, quasi-experimental studies and observational studies. 

Community-based neonatal resuscitation was found to reduce perinatal mortality by 11% 

(95%CI: 2%-20%; 5 studies), early neonatal mortality by 15% (95%CI: 6%-24%; 7 studies) and 

neonatal mortality by 26% (95%CI: 8%-41%; 4 studies). Effects on stillbirths (6 studies), and 

late neonatal mortality (4 studies) were non-significant. Facility-based neonatal resuscitation, 

on the other hand, was found to reduce neonatal mortality by 30% (RR-0.70; 95%CI: 0.59-

0.84). The last finding was from a  meta-analysis (Lee et al. 2011) of three studies in India, 

Bulgaria and Zambia which examined the effect of resuscitation training on intrapartum-

related neonatal deaths in hospitals and delivery centres in urban areas. 

 

A systematic review (Zaidi et al. 2011) assessed the effects of oral or injectable antibiotics for 

pneumonia or sepsis at home or at first-level facilities. Studies included were RCTs, studies 

with non-randomized concurrent controls and observational studies with no control group.   

Antibiotics were those administered for pneumonia or sepsis in the community and 

pneumonia or sepsis was defined by the authors of the studies. A meta-analysis of four non-

randomized, concurrent control trials in India, Pakistan, Nepal and Tanzania which assessed 

oral antibiotics for pneumonia found a 25% reduction in neonatal mortality (RR-

0.75;95%CI:0.64-0.89) for pneumonia. No studies were found for the effect of oral antibiotics 

on sepsis. In two community-based studies (one RCT and one observational study) (Baqui et al. 
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2008; Bang et al. 1999) injectable antibiotics as part of community-based neonatal care 

packages resulted in significant neonatal mortality reductions of 44% and 34%, but the 

interpretation of the results is difficult as the reductions are the effect of multiple co-

interventions. 

 

In other studies not included in the above review, postnatal home visits have also been 

associated with neonatal mortality reduction. These visits, delivered in rural Bangladesh by 

community health visitors (Baqui et al. 2009) within the first two days of life have also been 

found to reduce neonatal mortality by 67% compared to no visits, if given on the first day of 

life, by 60% if given on the second day of life, but no effect if given later. The visits consisted of 

essential newborn care messages, assessment of illness and referral to higher facilities based 

on a WHO algorithm and provision of gentamicin and penicillin injections to ill neonates if 

referral was refused. A study in rural India by Bang et al. (Bang et al. 2005) observed 

tremendous reductions in early neonatal mortality (64%) and late neonatal mortality (80%)  in 

the intervention area relative to the comparison area over a 10-year period when village 

health workers visited homes. They diagnosed newborn illness by algorithms, followed by use 

of oral and injectable antibiotics. Impact of postnatal visits in similar settings may depend on 

content, quality and coverage of interventions included. 

 

The Bhutta et al. 2014 review also included high-tech interventions (ventilation and lung 

surfactants) that reduced mortality from respiratory distress, but these have not been 

described here because they are not relevant to the setting studied here. 

 

Studies looking at interventions impacting survival along the entire continuum of neonatal 

survival are few, as noted in my systematic review (Chapter 3) and as highlighted in 

international reviews on the topic (Haws et al. 2007; Lassi et al. 2010; Kerber et al. 2007). 

Additionally, no research was found to provide information on whether the effect of 

interventions was the same for all days in the first week of life or whether the effect varied by 

day since birth within the early neonatal period. It was surprising to note that there was no 

research on the  difference of effects for different types of interventions, though it is 

acknowledged that causes of death are different in this period, with early deaths resulting 

more from birth asphyxia and later deaths resulting more from sepsis or pneumonia (Baqui et 

al. 2006; Engmann et al. 2012).  
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This paucity of studies was again seen in a recent Cochrane review (Lassi et al. 2010) which 

evaluated the effect of packages  of community-based interventions, rather than single 

interventions, on mortality outcomes. Outcomes were: stillbirths, early and late neonatal 

deaths, perinatal deaths and maternal deaths. Studies included were community-based RCTs 

or quasi-RCTs in rural areas of LICs including Bangladesh, India, Nepal and Pakistan. Study 

intervention packages were those which included routine newborn care and additional training 

of outreach workers (CHWs, facilitators or TBAs) during pregnancy, delivery and the post-

partum period. The additional training was training other than that usually received from 

governments or NGOs and usually comprised a combination of: antenatal, delivery and 

postnatal care; essential newborn care; management and referral of sick babies; behaviour 

change communication and community mobilisation. In this review intervention packages 

consisting of community mobilization and antenatal and postnatal home visits by community 

health workers resulted in a 25% (95%CI: 15-33 %) reduction in stillbirths, 19% (95% CI: 6-31%) 

reduction in early neonatal deaths and 26% (95% CI: 7-40%) reduction in late neonatal deaths. 

Perinatal mortality was reduced by 28% (95%CI: 12- 41%). Results for the four outcomes were 

based on meta-analyses from four studies (Kumar et al. 2008; Bhutta et al. 2008; Bhutta et al. 

2011; Jokhio et al. 2005). Meta-analysis of three studies (Azad et al. 2010; Manandhar et al. 

2004; Tripathy et al. 2011) showed  that community support groups or women’s groups 

resulted in early neonatal death reduction (24%; 95%CI: 2-42%) though effects were non-

significant for stillbirths, perinatal and late neonatal deaths. However, a recent meta-analysis 

of seven women’s groups studies suggested that effects on stillbirths were non-significant 

while reductions in perinatal and early and late neonatal mortality were significant (24%, 24% 

and 25%) (Prost et al. 2013). 

 It should be noted that the Lassi et al. review evaluated the effect of packages that 

differed greatly in terms of the interventions used, the training of outreach workers and 

timings and durations of the intervention. Hence the meta-analysis results of   different 

interventions grouped as one intervention (e.g. intervention packages consisting of community 

mobilization and antenatal and postnatal home visits by community health workers) should be 

interpreted with caution.  

 

In summary, the available evidence on interventions resulting in reduction of stillbirth and 

perinatal mortality relies on very few studies, mostly of low to moderate quality and also on 

Delphi estimates from panels of experts. The complex issues in understanding and defining 

intervention packages and their impact on specific mortality outcomes suggests that there is 
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an urgent need for quality implementation research in countries where the majority of the 

deaths occur. The following cohort study in Matlab, rural Bangladesh, will address gaps in the 

research by comparing and tracking mortality outcomes over two decades to see the impact of 

a safe motherhood intervention package on stillbirths and newborn survival. The mortality 

outcomes over the continuum of newborn survival (stillbirth and early neonatal death, 

disaggregated by day since birth, and late neonatal death) will be explored to compare the 

effects of a Safe Motherhood intervention package on survival during the continuum of early 

life. This study will address the knowledge gap as to whether the effect of the Matlab Safe 

Motherhood Programme on mortality is unchanged throughout the early neonatal period or 

whether it is varies by day since birth in the first seven days of life. The presence of a 

comparison area in addition to the intervention area, both covered by Matlab’s long-term 

demographic surveillance system, enables us to assess trends in socio-demographic factors 

and care-seeking patterns. This will help us to better understand and measure the effect of 

interventions on survival during the earliest period life when stillbirths and newborn mortality 

occur, in an area with one of the greatest global burdens of such deaths. 
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 Objectives 4.2

Overall Objective 

The overall objective is to examine the contribution of the Matlab Safe Motherhood 

Programme to the levels and trends in mortality for stillbirths, early neonatal deaths, early 

neonatal deaths (disaggregated by day since birth) and late neonatal deaths in a rural cohort in 

Matlab, Bangladesh. 

Specific Objectives 

1) To examine levels and trends in the rates of stillbirths, early neonatal deaths, early 

neonatal deaths (disaggregated by day since birth) and late neonatal deaths in two areas of a 

rural cohort in Matlab, Bangladesh from 1987-2009.  One of the two areas has the Matlab Safe 

Motherhood Programme. 

2) To examine the levels and trends in uptake of delivery care in the two areas of Matlab 

by: 

i. Type of birth attendant 

ii. Place of delivery 

iii. Mode of delivery 

3) To examine the socio-demographic determinants of stillbirths, early neonatal deaths 

(disaggregated by day since birth) and late neonatal deaths. The socio-demographic 

determinants to be examined will be: 

i. Time period 

ii. Area of residence 

iii. Maternal formal education 

iv. Household asset quintile 

v. Religion 

vi. Maternal age 

vii. Gravidity 

  

4) To examine if there are differences in mortality rates over time in the two areas and if 

so, whether the differences are explained by the socio-demographic changes taking place in 

Matlab over the study period or by the presence of the Safe Motherhood Programme. 
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 Methods 4.3

 Study design:  4.3.1

This is a retrospective cohort study of all women living in the ICDDR,B (International Centre for 

Diarrhoeal Disease Research, Bangladesh) and the Government service areas in Matlab,  who 

had pregnancies ending in a live birth or a stillbirth between January 1987 and December 

2009.  

 The Matlab Health and Demographic Surveillance System (HDSS) 4.3.2

The research organization, ICDDR,B, has been operating a health and demographic surveillance 

system (HDSS) in the rural sub-district of Matlab since 1966. The Matlab study area comprises 

two halves which are similar in geographical terrain and population. One half (ICDDR,B service 

area) has received extensive maternal, child health and family planning services since 1977 

from  ICDDR,B in addition to government health and family planning services. The other half 

(Government service area) receives only government services (Figure 4.1). These services are 

described in sections 4.3.4-4.3.6. 
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Figure 4.1: Maps showing a) ICDDR,B and the Government service areas which constitute the 
Health and Demographic Surveillance (HDSS) area of Matlab, Bangladesh and b) the location of 
Matlab relative to Narayanganj town and the capital, Dhaka, places women from Matlab and 
Chandpur  travel to in order to access high-level care (Images: ICDDR,B and Google Maps) 
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 Study area and population: 4.3.3

Matlab, located 55 km southeast of the capital Dhaka, is within Bangladesh’s Chandpur district. 

Predominantly an agricultural area, the sub-district is typical of many rural and riverine-deltaic 

areas of Bangladesh (Figure 4.2). 

The mid-year population for 2009 in the surveillance area was 223,285 with similar numbers of 

residents living in the ICDDR,B (114230) and Government (109055) service areas (ICDDRB 

2011). The surveillance area covers 142 villages (184 km2) and has a high population density 

(~1200 individuals/km2)(Bos 2004).  

Nearly 90% of the population is Muslim. The next largest minority group comprises Hindus. 

Principal occupations are rice cultivation, fish-farming and fishing. 

The educational status of women in Matlab has changed considerably over time. The 

percentage of pregnant women with one or more years of schooling increased from 31% in 

1976-80 to 73% in 2001-2005 in the ICDDR,B service area, with a corresponding increase of  

27% to 72% in the Government area (Chowdhury et al. 2007).  

BRAC (Bangladesh Rural Advancement Committee), an NGO, initiated micro-credit 

programmes in both areas in 1992 and access to these and other NGO programmes is equal in 

both areas. (Ahmed et al. 2001).  

 

The commercial and administrative centre of the surveillance area is Matlab Bazaar which 

houses the Matlab Health Research Centre (MHRC), ICDDR,B’s Matlab headquarters. The main 

ICDDR,B headquarters are in Dhaka. The MHRC contains the ICDDR,B Hospital, a 30-bed 

maternity hospital (designated ‘H’ in Figure 4.1) and the demographic and health surveillance 

system offices.  
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Figure 4.2: Images of the villages in the Matlab study area. (Photographs: Suchismita Roy) 

 Family planning and fertility rates in Matlab 4.3.4

Government family planning services, which provide free contraceptives, have been 

operational in Matlab since 1975 and this, alongside early pregnancy terminations by vacuum 

aspiration, has resulted in declining fertility levels. Intensification of service provision in the 

ICDDR,B area from 1978 has resulted in a steeper decline in fertility rates in the ICDDR,B 

service area than the Government service area (Rahman et al. 2001) (Figure 4.3). Details of 

family-planning services in the two areas are noted elsewhere (Appendix II). Fertility rates 

relevant for our study period are from 1987 onwards, and differences in rates between the  
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ICDDR,B  (4.2 live births /woman)and Government (5. 3 live births /woman) service areas had 

almost ceased to exist by 2005 (2.7 and 2.8 live births/woman, respectively) (Chowdhury et al. 

2009). 

 

Figure 4.3: Trends in the number of live births per woman (total fertility rate) in the ICDDR,B 
and Government service areas in Matlab (1978-2009)  

Source: HDSS Annual Reports and Matlab Demographic Workbook, version July-2009-v2) 

 Public and private sector health facilities in Matlab and beyond:  4.3.5

Inside the Government service area of the Matlab surveillance area, maternity care services at 

the 31-bed government sub-district health complex ( Matlab Upazila/Thana Health Complex) 

are accessible to residents of both areas(Rahman et al. 2011). This facility is staffed by 9-10 

physicians for serving a population of 200,000 people and basic emergency obstetric care is 

available. The lowest level of governmental health facility is the sub-sub- district health facility 

(sub-district or Union Health and Family Welfare Centre) which serves 20,000 people via a 

paramedic trained in midwifery  and a health assistant and provides antenatal care, delivery 

services as well as family planning and child care/immunisation services (National Encyclopedia 

of Bangladesh 2014) (Rahman et al. 2011). 

The only trained delivery attendants inside the surveillance area are the ICDDR,B’s 

midwives/paramedics and corresponding government service providers and the only private 

hospital is the 30-bed ICDDR, B hospital (Chowdhury et al. 2006). 
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Chandpur Town is located a 40 minutes’ drive south of Matlab. Two government hospitals 

there (Chandpur District Hospital -150 beds; and Chandpur Maternal and Child Welfare Centre-

13 beds) provide Caesarean sections and blood transfusions. Private care in Chandpur Town 

dramatically increased after 2004 and now 26 private hospitals and clinics provide varying 

degrees of delivery services (Huda et al. 2012; Anwar et al. 2004). Women also deliver in 

Narayanganj Town health facilities, north of Matlab (Ronsmans et al. 1997; A. Rahman et al. 

2009) and some travel to Dhaka, and elsewhere for high-level care and delivery (Figure 4.1). 

 ICDDR,B’s  Matlab Maternal and Child Health Services: 4.3.6

From 1982, in addition to its intensified family planning, half of the ICDDR,B service area was 

provided with free maternal and neonatal services such as: tetanus and measles 

immunisations, and simple antenatal screening. These services were provided by community 

health workers (CHRWs) from the locality during fortnightly household visits (Phillips et al. 

1982; Chowdhury et al. 2007).  By 1986, these services were rolled out to the entire ICDDR,B 

service area and included full immunization services for children and pregnant women, oral 

rehydration therapy, vitamin-A doses, nutrition education and acute respiratory infection 

treatment (Ronsmans et al. 2008). 

In 1987, a Safe Motherhood Programme was piloted in the ICDDR,B area to increase  skilled 

birth attendance at home-births as nearly all births took place at home. The ICDDR,B hospital 

was established in Matlab Town with four fixed-site health centres (‘sub-centres’) located 

within the ICDDR,B service area providing free services(Figures 4.4-4.5). A midwife and 

paramedic (both trained) were posted in two sub-centres, on call 24 hours a day ,to provide 

antenatal, delivery and postnatal care at home-births. Training included treatment of minor 

pregnancy and delivery complications, performing normal delivery and referral of serious 

patients to the ICDDR,B  hospital (Ronsmans et al. 1997; Fauveau et al. 1991;  Fauveau et al. 

1990).  Free transfers 24 hours a day to the ICDDR,B Hospital or to higher-level Chandpur 

facilities (40 minutes’ journey) were  available by ambulance or speedboat (Chowdhury et al. 

2007; Huda et al. 2012). 

In 1990, midwives and paramedics were posted to the two remaining sub-centres and the 

programme was expanded to the entire ICDDR,B service area. During our study period (1987-

2009) the four sub-centres provided coverage to 23,000-28,000 people with 90% of all women 

living within 3 kilometres of a sub-centre (Chowdhury et al. 2006). In 1996, the home-birth 

strategy was replaced with a facility-birth strategy whereby midwives only delivered babies in 

upgraded sub-centres(Ronsmans et al. 2010; Chowdhury et al. 2009). 
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In mid- 2007, a new programme called the MNCH  (Maternal Neonatal and Child Health) 

package was added to the Safe Motherhood Programme which strengthened existing 

interventions and added new ones to complete a continuum of care from pregnancy to the 

post-partum stage (Pervin et al. 2012; Rahman et al. 2011). Among the interventions 

strengthened were ANC visits, skilled obstetric care at birth, essential newborn care and 

referral for complications, while new interventions included antibiotics for premature rupture 

of membrane, corticosteroids for women at risk of preterm birth, pregnancy and post-partum 

home visits and birth-preparedness (Details of ANC visits and other services: Appendix II: 

Tables 1-2).  
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Figure 4.4: ICDDR,B subcentre. From top to bottom: i)a rickshaw-van to transport women from 
home to sub-centres ii)sub-centre building  iii) paramedic attending a mother and baby iv) 
midwife providing ANC and v)delivery-room in the sub-centre (Photographs: Suchismita Roy) 
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Figure 4.5: ICDDR,B Matlab hospital. From top to bottom i)ambulance for transport to higher 
referral facilities ii) ICDDR,B Matlab hospital building iii)nurse-midwife checking foetal heart 
rate iv) delivery-room v) cut-out representing cervical dilatation and vi) 1 day-old baby 
(Photographs: Suchismita Roy) 
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From 1987 midwives have maintained a record (kept as a card) of all pregnancy and post-

delivery visits for each ICDDR,B service area pregnancy. Initially, cards were only provided for 

women who were seen by midwives but in 1993 the system was extended to all women 

identified as pregnant by CHRWs. CHRWs confirmed pregnancies if two consecutive periods 

were missed or after 2007, by positive urine dipstick test. The cards included information on 

past obstetric history, ANC, labour/delivery, pregnancy outcome, newborn condition and 

postnatal care with additional pictorial messages on pregnancy danger-signs and nutrition 

from 1996 (Figure 4.6).  

 

Figure 4.6: Pictorial messages on cards received by pregnant women 

Maternal and newborn services provided at home, sub-centres and the ICDDR,B hospital have 

changed over the study period (1987-2009). 

Services at home and subcentre: 

From 1987 to 1996, when trained midwives attended home births they provided antenatal and 

basic obstetric and newborn care, progress-monitoring of labour, drying/wrapping of the baby, 

placing baby on mother’s breast for breastfeeding facilitation, antibiotic eye prophylaxis and 

application of suction when necessary (Ronsmans et al. 2008). They also organized referral and 
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accompanied patients to ICDDR,B hospital if necessary and visited home-birthing women 

within 48 hours of delivery (Fauveau.V 1994). Between 1996 and 2001 as home-births with 

trained midwives were stopped and the facility-birthing strategy started, the ICDDR,B 

subcentres were upgraded to provide basic obstetric ,antenatal and postnatal care 

(Chowdhury et al. 2006). The services provided till 2009 included: ANC, post-natal care, 

ultrasonography (from 2001) (Neufeld et al. 2009), active management of the third stage of 

labour by oxytocis, normal delivery, initial treatment of complications (e.g. antibiotics for 

infection, saline infusion for haemorrhage and sedatives for pre-eclampsia and eclampsia), 

oxygen via mask,  newborn resuscitation by CPR (cardio pulmonary resuscitation) and Ambu-

bag (Huda et al. 2012). Newborns with complications were given initial emergency treatment, 

including antibiotics, and were referred to the ICDDR,B hospital. From 2007 (when the MNCH 

programme was introduced) more services were added: routine ultrasonogram and 

deworming, maternal and newborn infection prevention protocols, referral of preterm/small 

babies to ICDDR,B hospital for kangaroo mother care, early detection and referral of maternal 

and newborn complications  and extra visits for preterm babies (Rahman et al. 2011).  

Services at ICDDR,B hospital: 

From 1987 the newly established ICDDR,B hospital offered basic obstetric and newborn care 

and in addition to conducting normal delivery, the following services were recorded 

(Fauveau.V 1994): early administration of anti-eclampsia drugs (not specified), stimulation of 

labour for prolonged labour, external or internal version for breech deliveries, uterine 

evacuation for retained placenta, vaginal packing for cervical tear, stitching for vaginal tear, 

fluids for haemorrhagic shock and antibiotics for infection prevention. Newborn interventions 

included early clearing of the airways, warming, early colostrum feeding and simple 

resuscitation procedures.  More recently, from 1996 -2009, the ICDDR,B hospital has provided 

all the services provided at the sub-centres in addition to more intensive management and 

treatment of complications. These procedures include:  magnesium sulphate administration 

for pre-eclampsia/eclampsia, assisted vaginal delivery by vacuum extraction, manual removal 

of placenta and removal of retained products of conception from the uterus, (Ronsmans et al. 

2010; Huda et al. 2012) qualifying it as a basic emergency obstetric care (BEmOC) facility. 

Patients with complications requiring surgery (Caesarean sections and hysterectomies) and 

blood transfusion are transferred free to Chandpur facilities.  Simple laboratory tests if 

needed, are conducted free of cost at the Matlab ICDDR,B hospital. 
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 Data sources: 4.3.7

Health and demographic surveillance data collected by the ICDDR, B from 1987- 2009 were 

analysed for the retrospective cohort study.  

 

Figure 4.7: ICDDR,B community health research worker recording information from a pregnant 
woman during a routine home visit.(Photograph: Suchismita Roy) 

Vital events and census information: 

The Matlab Health and Demographic Surveillance System (HDSS) has collected vital events 

data in both areas since 1966 and conducted three socio-economic censuses. Details are 

presented below. 

 Vital Events Data: 

The Demographic Surveillance System has been continuously recording vital events in the 

ICDDR,B and Government service areas since 1966.  

Female CHRWs visit households in their designated villages to record pregnancy outcomes (live 

births, stillbirth, abortions and miscarriages), deaths, migration (into and out of the 

surveillance area), marriages and divorces and changes in head of household (Figure 4.7). 
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These household visits occurred fortnightly from 1966-1996, monthly from 1997 onwards and 

every two months from 2007 onwards. Senior male health assistants accompany CHRWs every 

two months on their visits to verify data collected. CHRWs are local married women, usually 

employed for many years, considered to be trustworthy and in a good position to obtain 

reliable intimate pregnancy outcomes information (Rahman et al. 2009). There are 61 and 30 

CHRWs in the ICDDR,B and Government servicer areas, respectively. The number of 

households visited daily by each CHRW  varies by each service area (ICDDR,B: 20-25 vs. 

Government: 50-55) (Razzaque & Streatfield 1998) because of health services provided in the 

ICDDR,B service area (Ronsmans et al. 2008).  

ICDDR,B provides each household with a Family Register which is updated manually by the 

CHRW if there are any changes in the composition of the family. Additional information on 

vital events is recorded on specialized forms (birth, death, migration, marriage, divorce, 

change of household head) during interviews with household members on joint visits by the 

CHRW and her senior health assistant. Illegitimate pregnancies are very rare in Matlab and are 

a sensitive issue so although these births are recorded, due to privacy concerns they are 

removed from the final datasets given to ICDDRB staff researchers or external researchers for 

purposes of analyses. 

Census Data: 

Information for the three censuses (1982, 1996 and 2005) was recorded by CHRWs on: 

occupation (maternal and paternal), religion (maternal and paternal), education (maternal and 

paternal), contraception (maternal and paternal), and household assets. ICDDR,B generated 

household asset scores corresponding to asset quintiles (poorest quintile=asset score 1 and 

richest quintile= asset score 5) at each of the three censuses based on: materials for roof, 

floor, wall of dwelling, type of latrine, land owned, electricity supply, ownership of radio, 

television, cow, etc. (Chowdhury et al. 2007).   

Data for pregnancy outcomes, early and late neonatal deaths  

Information on pregnancy outcomes (live birth, stillbirth, abortion and miscarriage), multiple 

births and date of birth were obtained from the birth form and the date of death from a death 

form. Unique ID numbers of the women, men and live children were used to link socio-

demographic, health and pregnancy information for analysis (Razzaque & Streatfield 1998).  
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Data for delivery care: delivery location, birth attendant and mode of delivery 

Information on delivery location and mode of delivery was available and recorded on the birth 

forms from 2002 and 2004. The type of birth attendant was recorded from 1987 to 2009 but 

there is no information for 1999-2001 as data collection was halted for this period. 

The different categories for these delivery care characteristics are listed later (section 4.3.10) 

 Data structure 4.3.8

 The Matlab HDSS recorded the information for each pregnancy outcome with its 

corresponding retrospective reproductive history in birth files. This history consists of number 

of: living daughters/sons, dead daughters/sons and foetal losses (stillbirths and 

spontaneous/induced abortions). A Matlab woman with two live births, one stillbirth and one 

abortion would therefore have four records in the birth file, each bearing her unique ID 

number.  

 Data Quality: 4.3.9

The Matlab surveillance data is generally thought to be of reasonably high quality (Chowdhury 

et al. 2007; Ronsmans et al. 2010).There are several reasons for this. 

Pregnancy is ascertained on each visit by the same familiar CHRW. The prospective recording 

of pregnancy and pregnancy outcomes on these regular visits by recording the last menstrual 

period date with confirmation by three periods missed (pre- 2007) or urine-dipstick (2007 

onwards) makes it less likely that pregnancies and outcomes are missed as all pregnancies are 

tracked from identification to miscarriage/abortion or delivery unlike e.g. key informant 

surveillance systems. As key informants depend on women notifying them if they are pregnant 

or have had a favourable/unfavourable pregnancy outcome, pregnancies and outcomes may 

be missed if women (and their families) choose to conceal the pregnancy itself and its outcome 

from key informants and other people living in the same community. Stillbirth under-reporting 

is also less likely because pregnancies are recorded and tracked from the start (pregnancy 

confirmation). Misclassification between stillbirths and early neonatal deaths because of errors 

in women’s self-reports may still occur in both the ICDDR,B and Government service areas. 

ICDDR,B CHRWs try to limit this by explaining ICDDR,B definitions for stillbirths and live births 

to mothers before recording the answers. 

Fortnightly (till the end of 1996), monthly (from 1997) and two-monthly (from 2007) recording 

of deaths reduces recall bias for dates of death. There is no misclassification between early and 
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late neonatal deaths as this is calculated by researchers from birth and death dates. These 

birth and death dates are recorded during CHWR visits with accuracy and completion checked 

during random household visits by CHRW supervisors and data quality checks described below. 

If women were unable to report delivery locations to CHRWs (e.g. unconscious or severely ill 

during transfer) another household member was allowed to answer. If place of delivery was 

not on the form, the name was recorded for later coding by ICDDR,B staff. Researchers coded 

facilities into public/private facilities with support from ICDDR,B staff to avoid misclassification 

in these categories by women. 

Misclassification caused by women being unable to differentiate between their birth 

attendants is possible as providers rarely introduce themselves to birthing women and women 

do not regularly seek care outside the home. During the study period birth attendants in the 

ICDDR,B service area consisted of TBAs or trained midwives at home births (till end of 1995) 

and trained nurse-midwives and doctors in facilities. So ICDDR,B service women might have 

misclassified these categories of birth attendants. For the Government service area there were 

no designated trained midwives for home deliveries and so misclassification could have 

occurred between TBAs, nurse-midwives and doctors. However it was likely that 

misclassification was non-differential as ICDDR,B and Government service area women 

probably misclassified birth attendants to the same extent. 

Data collected by CHRWs are subject to regular, random checks by a quality control team from 

Dhaka visiting households. The data are also checked fortnightly by CHRW supervisors. 

Computerised data-entry in Matlab has automated checks for range and inconsistency, while 

consistency checks are made with the longitudinal data already collected (Razzaque & 

Streatfield 2002). 

 Definitions: 4.3.10

Definitions for Pregnancy and Mortality Outcomes 

The following definitions of pregnancy outcomes are from the ICDDR,B  field worker’s 

instruction manuals in the local language, Bengali.  

 

Stillbirth – The production of a lifeless foetus after seven completed months of gestation 

(Note: CHRWs do not always confirm seven months’ gestation though they are required to do 

so. The instruction manual does not explain how this duration is to be calculated) 
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Live birth - The complete expulsion or extraction from the mother of a baby, irrespective of 

the duration of the pregnancy, which, after such separation, breathes or shows any other 

evidence of life, such as beating of the heart, pulsation of the umbilical cord, or definite 

movement of the voluntary muscles, whether or not the umbilical cord has been cut or the 

placenta is attached. Each product of such a birth is considered live born.  

Abortion - The expulsion of a dead foetus from the time a woman is known to be pregnant 

until seven completed months of gestation. An abortion may be involuntary in which case it is 

described as ‘spontaneous’(also known as a miscarriage) or deliberate in which case it is 

known as ‘induced’.  

Birth- Indicates a live birth or stillbirth. 

Delivery- Process of birthing. Also refers to the event irrespective of the number of newborn 

(e.g. in the case of a twin pregnancy, one delivery may consist of two babies) 

Where no Matlab definitions were available, I have defined outcomes as given below. 

Neonatal deaths - Deaths within the first 28 days of life. 

Day 0 Deaths – Deaths occurring on the day of birth. 

Day 1-2 Deaths - Deaths occurring in the second and third days of life.  

Day 3-6 Deaths - Deaths occurring in the fourth to seventh days of life. 

Early neonatal deaths - Deaths within the first full seven days of life.  

Late Neonatal Deaths - Deaths occurring in the eighth to twenty-eighth days of life.  

Since only the date of death was noted on the birth forms and not the actual time of death or 

delivery, the age of a child at death (obtained from subtracting date of death from date of 

birth) could cover a range of hours as shown in Table 4.1. 

Table 4.1: Possible range of hours that newborns might have been alive prior to death. 

Death  Difference between death date and 

birth date(day/s) 

Possible range of hours that the 

newborn might have been alive prior 

to death 

Day 0  0 0 min - 23 h 59 min (24 h) 

Day 1-2  1 to ≤ 2 1 min - 47 h 59 min (48 h) 

Day 3-6  3 to ≤ 6 48 h - 167 h 59 min (168 h) 

Early Neonatal 0 to ≤ 6 0 min - 167 h 59 min (168 h) 

Late Neonatal  >6 to ≤ 27 168 h - 671 h 59 min (672 h) 
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Definitions and Categories for Birth Attendants 

Categories: 

1. Doctor 

2. Nurse/Midwife/ Paramedic  

3. Traditional birth attendant/Other 

4. Unknown attendants 

Note: If more than one birth attendant present at a birth, the most highly trained person was 

considered to be the birth attendant  

Definitions: 

I have constructed my own definitions for the categories of birth attendants and for the 

CHRWs, unless referenced otherwise. 

Skilled Birth Attendant- doctor, nurse, nurse/midwife or paramedic who conducts the 

delivery of a baby.  

Doctors- specialists in gynaecology and obstetrics or general physicians  

Nurse-midwives/midwives- health professional who has completed 10 years of 

schooling, 3 years of nursing training and 1 year midwifery training. Provides antenatal 

and postnatal care, basic emergency obstetric care, newborn resuscitation, menstrual 

regulation, abortion care and family planning services (Mridha et al. 2009).   

 

Paramedic:  

Family Welfare Visitor (FWV): female government health professional with 10 years of 

schooling and 18 months of training on maternal and child health, family planning and 

contraception. Provides antenatal and postnatal care and a few basic emergency 

obstetric care services: intravenous antibiotic/oxytocin administration and basic 

neonatal resuscitation. Can also provide: menstrual regulation, abortion care and 

family planning services including intra-uterine device (IUD) insertion and  injectable 

contraceptives (Mridha et al. 2009). 

The Lady Family Planning Visitor (LFPV): Matlab equivalent of FWV with the same 

schooling and training. Has an additional 6-week ICDDR,B training. Provides the same 

services as a FWV and is posted in ICDDR,B sub-centres (Mridha et al. 2009). 

Non-Professional  Birth Attendant- traditional birth attendant (trained or untrained), 

unlicensed/‘quack’ doctor, traditional healer (kabiraj, hakim or spiritual healer) or pregnant 
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woman, her relatives or neighbours irrespective of whether or not they conduct deliveries as a 

means of livelihood.  

Traditional Birth Attendant (TBA)- A person who assists the mother during childbirth 

and who initially acquired her skills by delivering babies herself or by working with 

other traditional birth attendants (World Health Organization 1978). Most TBAs in 

Bangladesh and Matlab are older, usually illiterate women and some may have 

received training from the government (Ronsmans et al. 1997).  

Definition for Community Health Research Worker 

Community Health Research Worker (CHRW)-  A married woman  living  in a surveillance area 

village with at least eight years of schooling, prior or current experience of contraception 

usage and at least one child. She has eight weeks ICDDR,B training to perform regular 

household visits, record vital events and to additionally provide maternal and child services if 

operating in the ICDDR,B service area (Nag 1992; Fauveau.V 1994). 

Definitions and Categories for Delivery Location 

Categories: 

1. Home - of the pregnant woman or her relative  

2. Public Facilities  

3. Private Facilities 

4. ICDDR,B Facilities  

Definitions: I have constructed my own definitions for the categories of delivery locations. 

Home- of the pregnant woman or her relative. Deliveries in transit were also considered to be 

home deliveries. 

Public Health Facilities - Owned and administered by the government. These include: District 

hospitals, District Maternity and Child Welfare Centres, Sub-district (Thana/Upazila) Health 

Complexes, Sub-sub-district (Union) Health and Family Welfare Centres. 

Private Health Facilities -Owned and administered by one or more private individuals, or 

private businesses. Depending on the facility, these may offer different levels of maternal and 

child health services. NGO-run hospitals, clinics and health centres are included. 
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ICDDR,B Health Facilities- Owned and administered by ICDDR,B. These include ICDDR,B 

hospital and sub-centres. Though technically private health facilities, these have been 

categorized separately. 

  Definitions and categories for Mode of Delivery 4.3.11

Categories: 

1. Vaginal delivery  

2. Caesarean section 

3. Instrumental delivery (forceps delivery and/or suction-cup vacuum delivery) 

Definitions: I have constructed my own definitions for the categories of mode of delivery. 

Vaginal delivery - all non-Caesarean deliveries and all non-instrumental deliveries of Matlab 

mothers. 

Caesarean section - delivery of a baby through a surgical incision made in the mother’s 

abdomen and uterus. 

Instrumental delivery - birth that requires use of forceps or vacuum extraction by a suction 

cap in order to complete delivery of the baby. 

 Definitions and Categories for Socio-Demographic Characteristics 4.3.12

Definitions: I have constructed my own definitions for socio-demographic characteristics. 

Year - Any calendar year from 1987-2009 in which a pregnant woman in the Matlab study area 

has had a pregnancy outcome (live birth, stillbirth, miscarriage or abortion). 

Area of Residence - One of two areas in the Matlab surveillance area where the pregnant 

woman resides: Government service area and the ICDDR,B service area 

Maternal Formal Education (Year) - Number of years of formal education received by the 

mother in a secular institution: 0 (reference), 1-5 years, 6-10 years, 11-16 years, Unknown. The 

ICDDR,B and I consider education in religious institutes to be equivalent to 0 years formal 

education. 

Household Asset Score/Quintile - ICDDR,B generated an asset quintile for a household each 

time a socio-economic census was conducted (1982, 1996, and 2005).  The lowest quintile 

(asset score-1) represented the poorest households and the highest quintile (asset score-5) 

represented the least poor households. When assigning mother’s household asset quintile to a 
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delivery, I used the census closest in time to the delivery date (e.g. a delivery on 10th Jan 2008 

would have the 2005 census asset quintile and not the 1996 census asset quintile). 

 

Maternal Age - the age of the mother at the time of having a live birth, stillbirth, miscarriage 

or abortion: <20 years, 20-29 years , 30-39 years and 40+ years. 

Gravidity - Number of times a woman has been pregnant irrespective of the duration and 

outcome of the pregnancy, including her current or index pregnancy at the time of pregnancy 

confirmation: 1, 2-3, 4-6 and 7+. 

 Analysis: 4.3.13

Description of sample  

I included live births and stillbirths to women registered in the Matlab surveillance area from 

1987 to 2009.  I excluded abortions (spontaneous and induced) and infants aged 28 days or 

less who migrated out of the surveillance area during 1987-2009.  I performed analyses where 

the unit of analysis was a delivery and not a birth.  

Choice of denominators 

Conventionally, stillbirth, early neonatal death and late neonatal death outcomes are analysed 

among all births (Bhutta, Soofi, et al. 2011; Ellis et al. 2011; More et al. 2009; George et al. 

2009; Bang et al. 1999) and not deliveries. Ronsmans et al. further restricted their analysis to 

singleton births in Matlab (Ronsmans et al. 2008).  

I based mortality rates on deliveries rather than births as the focus of this thesis is on 

deliveries, the care obtained during deliveries as well as the complications experienced during 

delivery. I dealt with multiple births by assigning one birth outcome for each delivery. In case 

of multiple births with different birth outcomes, I assigned outcomes in the following 

hierarchical order: stillbirth, early neonatal death, late neonatal death and live birth (Tables 4.2 

and 4.3).
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Table 4.2: Combinations of birth outcomes in 1442 deliveries of twins in Matlab (1987-2009) 

Combinations of Birth Outcomes in Deliveries of Twins Birth Outcome Assigned 

Both infants alive at 1 month Live birth 

1 infant alive at 1 month + 1 Stillbirth Stillbirth 

1 infant alive at 1 month + 1 Early Neonatal Death Early Neonatal Death 

1 infant alive at 1 month + 1 Late Neonatal Death Late Neonatal Death 

2 Stillbirths Stillbirth 

1 Stillbirth+ 1 Early Neonatal Death Stillbirth 

1 Stillbirth + 1 Late Neonatal Death Stillbirth 

2 Early Neonatal Deaths Early Neonatal Death 

1 Early Neonatal Death + 1 Late Neonatal Death Early Neonatal Death 

 

Table 4.3: Combinations of birth outcomes in 18 deliveries of triplets in Matlab (1987-2009) 

Combinations of Birth Outcomes in Deliveries of Triplets Birth Outcome Assigned 

All three infants alive at 1 month Live birth 

2 infants alive at 1 month + 1 Stillbirth Stillbirth 

2 infants alive at 1 month + 1 Early Neonatal Death Early Neonatal Death 

2 infants alive at 1 month + 1 Late Neonatal Death Late Neonatal Death 

1 infant alive at 1 month + 1 Early Neonatal Death + 1 Stillbirth Stillbirth 

1 infant alive at 1 month + 1 Early Neonatal Death + 1 Late Neonatal Death Early Neonatal Death 

3 Stillbirths Stillbirth 

2 Stillbirths + 1 Early Neonatal Death Stillbirth 

1 Stillbirth + 2 Early Neonatal Deaths  Stillbirth 

3 Early Neonatal Deaths Early Neonatal Death 

1 Early Neonatal death + 2 Late Neonatal Deaths Early Neonatal Death 

3 Late Neonatal Deaths Late Neonatal Death 

 

I calculated the six mortality rates by dividing the number of deaths by the population initially 

at risk and multiplied the result by 1000 (Table 4.4). Although epidemiologically these 

mortality rates are risks, as they do not take into account person-time, I have designated them 

as rates in accordance with the convention followed in the stillbirth and neonatal literature 

(Stanton et al. 2006; Ahman & Zupan 2007; Cousens, Blencowe et al. 2011). Though the 

denominators for the mortality rates are deliveries (Table 4.4), in later analyses, I will use the 

word ‘births’ instead of ‘deliveries’ for ease of use in indicating denominators. 
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Table 4.4: Numerators and denominators for calculation of death rates 

Rate Numerator (No. of 
deaths) 

Denominator (Population at risk) 

Stillbirth  Stillbirths All deliveries 

Early Neonatal Death  Early Neonatal Deaths  All deliveries with a live birth 

Day 0 Death Day 0 Deaths All deliveries with a live birth 

Day 1-2 Death  Day 1-2 Deaths All deliveries with a baby alive at Day 1 

Day 3-6 Death  Day 3-6 Deaths All deliveries with a baby alive at Day 3 

Late Neonatal Death  Late Neonatal Deaths All deliveries with a baby alive at Day 7 

  

Statistical Analysis  

Univariate Analysis 

I performed statistical analyses using STATA version 12 (StataCorp. 2011) and tabulated and 

produced frequency analyses for all variables. 

I checked the degree and distribution of missing data for each variable. I excluded deliveries 

with ≤10 missing observations from the analysis (e.g. if eight deliveries had missing 

information on religion, they were removed) and grouped  >10 missing observations in the 

‘unknown’ category (e.g. if 30 deliveries had missing information on maternal education these 

deliveries were categorised as ‘unknown’ for maternal education).  

Bivariate Analysis: 

To examine whether the choice of study population (i.e. deliveries rather than births or 

singleton births) might have affected mortality rates, I compared the rates of stillbirths, early 

neonatal deaths and late neonatal deaths for all deliveries, all births and all singleton births 

over time.  

I plotted trends over time in the number of deliveries and mortality rates for the ICDDR,B and 

the Government service areas separately. I also presented trends in socio-demographic 

characteristics (maternal formal education, household asset quintile, religion, maternal age 

and gravidity) over time. I used time as a linear continuous variable in the analyses I performed 

to see if socio-demographic variables changed over time. I used linear regression to obtain 

estimates of annual slopes (coefficients) for change in  the mean years of maternal education, 

mean years of maternal age  and gravidity for each area (all of which were continuous 

variables). I also obtained the p-value for interaction between time and area by including the 

interaction term in the linear regression model. I used  the stata ‘lincom’ command to obtain 

95% confidence intervals. I also performed a logistic regression for the categorical variable of  
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religion and an ordered logistic regression for the ordered categorical variable  of household 

asset quintile to obtain annual change in odds ratios over the study period for the two areas. I 

also added an interaction term between time and area within the model to see if the changes 

were different in the two areas over time . If interaction was not significant at the 0.05 

significance level, I presented a single odds ratio for the socio-demographic variable. 

To understand whether birth attendant types varied by delivery locations in the two areas, I 

cross-tabulated birth attendants and delivery locations.  As traditional birth attendants to not 

generally deliver women in facilities in Bangladesh, if a facility birth attendant was identified as 

a TBA I recoded the attendant as a nurse. I also produced time trends for percentages of 

Caesarean sections and instrumental deliveries in the two areas. 

I obtained crude associations between each of the outcomes and socio-demographic 

exposures using logistic regression. I adjusted for clustering of deliveries in any one woman 

(executed by the ‘xtlogit’ command) as children born to the same mother over the study might 

have similar exposures and outcomes compared to children born to different mothers.   

Multivariate Analysis 

In the multivariate analysis, I used a statistical-based approach by building logistic regression 

models to obtain adjusted odds ratios. I selected the socio-demographic factors listed above , 

and then built logistic regression models using the backward-step selection method  (Kirkwood 

& Sterne 2003). I fitted the logistic regression model for each mortality outcome with all the 

exposure variables. I omitted each variable in turn and recorded the p-value for each likelihood 

ratio test for the full model and the model with the omitted variable. Next, I omitted the 

variable with the highest likelihood ratio test p-value (≥ threshold significance value of 0.2) and 

fitted a new model with the remaining exposure variables. I repeated the procedure to find the 

next variable to be omitted from the model and repeated the steps until the p-value for the 

omission of each variable was <0.2. I used the p-value threshold of 0.2, as advised by Kirkwood 

and Sterne, instead of the traditional threshold for statistical significance of 0.05.  

I explored whether the area of residence (ICDDR,B service area or Government service area) 

modified the effect of time on the outcomes by adding an interaction term for time and area 

of residence. 
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 Results: 4.4

 Description of study sample: 4.4.1

Initially the study covered records of 152,496 pregnancies, 132,030 live births and 4,470 

stillbirths between 1987 and 2009 (Table 4.5). There were 3,852 early neonatal deaths and 

1,360 late neonatal deaths. The number of Day 0, Day 1-2 and Day 3-6 deaths were 1589, 1395 

and 868, respectively.  

Only 478 infants (0.35% of all births) ≤28 days old had migrated out of the Matlab surveillance 

area in the 23 years of the study. They were excluded from the analysis alongside abortions 

#and miscarriages. 

Table 4.5: Distribution of pregnancy outcomes in Matlab (1987-2009) 

Pregnancy Outcome Number Percent (%) 

Abortion 6,241 4.09 

Miscarriage 9,755 6.40 

Stillbirth 4,470 2.93 

Live birth 132,030 86.58 

Total 152,496 100 

 

Figure 4.8 shows the distribution of stillbirths and neonatal deaths by day since birth in all 

births in Matlab. Stillbirths constituted 46% of all deaths occurring from 7 months of 

pregnancy till 28 days of life. Early neonatal deaths contributed 30% of all deaths in this period 

while late neonatal deaths contributed only 18%.  
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Figure 4.8: Stillbirths and neonatal deaths (by day since birth) in all births in Matlab (1987-
2009) 

 Multiple Births and Pregnancy Outcomes: 4.4.2

Multiple births (twins and triplets) represented 2.15% of all births and 1.06% of all deliveries in 

Matlab (Table 4.6).  

Table 4.6: Distribution of singleton and multiple births among all births and among all 
deliveries in Matlab (1987-2009) 

  All Births All Deliveries 

  Number Percent Number Percent 

Singletons  133,109 97.87 133,109 98.93 

Twins 2,848 2.09 1,424 1.06 

Triplets 54 0.04 18 0.01 

Total 136,011 100 134,551 100 

The distribution of pregnancy outcomes in all deliveries with multiple births is shown in Tables 

4.7 and 4.8. In about half (55.3%) of twin deliveries both babies were alive at the end of their 

first month (Table 4.7). All three babies survived their first month in only 5.6% of all triplet 

deliveries. The remainder of the babies in twin and triplet deliveries were stillborn, 

experienced early neonatal death, late neonatal deaths or a combination of all three death 

outcomes (Tables 4.7 and 4.8).   
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Table 4.7: Combinations of birth outcomes in 1424 deliveries of twins in Matlab (1987-2009) 

Combinations of Birth Outcomes in Deliveries of 
Twins 

N=1424 Percentage 
(%) of N  

Birth Outcome 
Assigned 

Both infants alive at 1 month 787 55.3 Live birth 

1 infant alive at 1 month + 1 Stillbirth 134 9.4 Stillbirth 

1 infant alive at 1 month + 1 Early Neonatal Death 119 8.4 Early Neonatal Death 

1 infant alive at 1 month + 1 Late Neonatal Death 54 3.8 Late Neonatal Death 

2 Stillbirths 41 2.9 Stillbirth 

1 Stillbirth+ 1 Early Neonatal Death 48 3.4 Stillbirth 

1 Stillbirth + 1 Late Neonatal Death 9 0.6 Stillbirth 

2 Early Neonatal Deaths 180 12.6 Early Neonatal Death 

1 Early Neonatal Death + 1 Late Neonatal Death 32 2.2 Early Neonatal Death 

 

Table 4.8: Combinations of birth outcomes in 18 deliveries of triplets in Matlab (1987-2009) 

Combinations of Birth Outcomes in Deliveries of 
Triplets 

N=18 Percentage 
(%) of N 

Birth Outcome 
Assigned 

All three infants alive at 1 month 1 5.6 Live birth 

2 infants alive at 1 month + 1 Stillbirth 2 11.1 Stillbirth 

2 infants alive at 1 month + 1 Early Neonatal Death 2 11.1 Early Neonatal Death 

2 infants alive at 1 month + 1 Late Neonatal Death 1 5.6 Late Neonatal Death 

1 infant alive at 1 month + 1 Early Neonatal Death + 
1 Stillbirth 

2 11.1 Stillbirth 

1 infant alive at 1 month + 1 Early Neonatal Death + 
1 Late Neonatal Death 

1 5.6 Early Neonatal Death 

3 Stillbirths 1 5.6 Stillbirth 

2 Stillbirths + 1 Early Neonatal Death 1 5.6 Stillbirth 

1 Stillbirth + 2 Early Neonatal Deaths  1 5.6 Stillbirth 

3 Early Neonatal Deaths 4 22.2 Early Neonatal Death 

1 Early Neonatal death + 2 Late Neonatal Deaths 1 5.6 Early Neonatal Death 

3 Late Neonatal Deaths 1 5.6 Late Neonatal Death 

Table 4.9 shows the frequencies with which stillbirths, early neonatal deaths and late neonatal 

deaths occur deliveries with multiple (twin and triplet) and singleton births. For all three 

mortality outcomes, the percentages of deaths are highest in triplets, lower in twins and 

lowest in singletons.
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Table 4.9: Distribution of stillbirths, early neonatal deaths and late neonatal deaths in 134, 551 
deliveries with singleton and multiple births in Matlab (1987-2009) 

 Delivery  

 Singleton % (n) Twin % (n) Triplet % (n) Total % (n) 

Stillbirth 3.15 (4187) 16.29 (232) 27.78 (5) 3.29 (4424) 

Early Neonatal 
Death 

2.46 (3272) 17.98 (256) 38.89 (7) 2.63 (3535) 

Late Neonatal Death 0.89 (1189) 3.65 (52) 11.11 (2) 0.92 (1243) 

  

I used Figures 4.9, 4.10 and 4.11 to explore differences, if any, in mortality rates and trends 

when analysis was done on all deliveries versus all births or all singleton births. No differences 

in trends were seen for any outcomes.  Rates did not differ substantially except for early 

neonatal death rates, which were slightly lower for all deliveries were compared to all births 

(Figure 4.10). These graphs indicate that an analysis based on all deliveries instead of all births 

should not greatly bias results in terms of magnitude or trends, except for a possible slight 

underestimation of early neonatal death rates.  

 
Figure 4.9: Stillbirth Rates from All Deliveries, All Births and All Singleton Births in Matlab, 
1987-2009 
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Figure 4.10:  Early Neonatal Death Rates from All Births, All Deliveries, and All Singletons in 
Matlab, 1987-2009 

 

Figure 4.11: Late Neonatal Death Rates from All Births, All Deliveries, and All Singletons in 
Matlab, 1987-2009 

 

0
5

1
0

1
5

2
0

2
5

3
0

3
5

4
0

E
a
rl

y
 N

e
o
n

a
ta

l 
D

e
a
th

s
/1

0
0

0
 L

iv
e

 (
B

ir
th

s
/D

e
liv

e
ri
e

s
/S

in
g
le

to
n
 B

ir
th

s
)

1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009

Year of Birth

Deliveries Births Singletons

0
5

1
0

1
5

2
0

2
5

3
0

L
a

te
 N

e
o
n

a
ta

l 
D

e
a
th

s
/1

0
0

0
 L

iv
e

 (
B

ir
th

s
/D

e
liv

e
ri
e

s
/S

in
g
le

to
n
 B

ir
th

s
) 

a
liv

e
 o

n
 D

a
y
 7

1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009

Year of Birth

Deliveries Births Singletons



Chapter 4. The Matlab Safe Motherhood Programme 

167 

 

  Final Sample Size and Denominators 4.4.3

The final sample consists of 134,551 deliveries, 4424 stillbirths, 3535 early neonatal deaths and 

1243 late neonatal deaths. There were 1462, 1262, and 811 Day 0, Day 1 to 2 and Day 3 to 6 

deaths respectively. Eight deliveries which had missing religion information (including seven 

with missing maternal education information) were excluded from the analysis.
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 Area-wise Deliveries over time: 4.4.4

Figures 4.12 and 4.13 show the annual number of deliveries for the ICDDR,B  and Government 

service areas in Matlab. Between 1987 and 2009, the ICDDR,B service area (Figure 4.12) had a 

lower number of annual deliveries than the Government service area (Figure 4.13). From 2005 

annual deliveries appeared to decrease in the Government area though they appeared stable 

in the ICDDR,B area.   

 

Figure 4.12: Trends in all deliveries in ICDDR,B  Service Area in Matlab (1987-2009) 

 

Figure 4.13: Trends in all deliveries in the Government service area in Matlab (1987-2009) 
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 Uptake in Professional Delivery Care:  4.4.5

In 1987, most women in both the ICDDR,B and the Government service areas gave birth at 

home with a traditional birth attendant (Figures 4.14 and 4.15). No births were attended by a 

health professional in either area in 1987. However, by 2009, skilled birth attendance was 

82.6% in the ICDDR,B service area compared to 37.8% in the Government service area. In 

2009, traditional birth attendants were conducting most of the deliveries (58.4%) in the 

Government service area while this had decreased to only 17.4% of deliveries in ICDDR,B 

service area.  

 

*the HDSS did not collect data on skilled birth attendance during 1999-2001 

Figure 4.14: Trends in deliveries with birth attendants in ICDDR,B Service  Area, Matlab (1987-
2009) 

 
 

*the HDSS did not collect data on skilled birth attendance during 1999-2001 

Figure 4.15: Trends in deliveries with birth attendants in Government service area, Matlab 
(1987-2009)
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Tables 4.10 and 4.11 show the distribution of birth attendants by delivery location in the two 

areas from 2002-2009. In both areas, most births in the public sector and in the ICDDR,B area 

were attended by nurses or paramedics while most births in the private sector were attended 

by doctors.  There were 222 deliveries in ICDDR,B facilities which were to women of the 

Government service area (Table 4.11) suggesting that Government service area women 

occasionally approach ICDDR,B facilities for delivery and are not turned away. As in 63.5% of 

these 222 deliveries the most highly skilled birth attendant was a doctor in ICDDR,B facilities 

(where usually nurses/paramedics  perform most of the deliveries), it is probable that these 

Government service area women had severe urgent complications requiring a doctor in 

addition to a nurse/paramedic. 

Table 4.10: Distribution of birth attendants according to delivery location in ICDDR,B service 
area in Matlab (2002-2009) 

   Delivery Location 

    Health Facility   

Birth Attendant Home                   
No. of 
deliveries 
(%) 

Public         
No. of 
deliveries 
(%) 

Private        
No. of 
deliveries 
(%)  

ICDDR,B          
No. of 
deliveries 
(%) 

All                        
No. of 
deliveries (%) 

Traditional Birth Attendant  8669 (84.6) 0 (0) 0 (0) 0 (0) 8669 (40.3) 

Nurse/Midwife/ Paramedic 200 (1.95) 1311 (69.8) 320 (20.1) 7422 (95.5) 9253 (43.1) 

Doctor 1373 (13.4) 567 (30.2) 1276 (80.0) 350 (4.5) 3566 (16.6) 

All 10242 (100) 1878 (100) 1596 (100) 7772 (100) 21488 (100) 

 

Table 4.11: Distribution of birth attendants according to delivery location in the Government 
service area, Matlab (2002-2009) 

  Delivery Location 

    Health Facility   

Birth Attendant Home                 
No. of 
deliveries 
(%) 

Public          
No. of 
deliveries 
(%) 

Private     
No. of 
deliveries 
(%)  

ICDDR,B          
No. of 
deliveries 
(%) 

All                        
No. of 
deliveries 
(%) 

Traditional Birth Attendant  16474 (90.6) 0 (0) 0 (0) 0 (0) 16472 (77.6) 

Nurse/Midwife/ Paramedic 355  (2.0) 1207 (63.2) 276 (30.7) 81 (36.5) 1919 (9.04) 

Doctor 1347 (7.4) 702 (36.8) 642 (69.9) 141 (63.5) 2832 (13.3) 

All 18174 (100) 1909 (100) 918 (100) 222 (100) 21223 (100) 
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From Figures 4.16 and 4.17 it can be seen that from 2002-2009 the increase in facility 

deliveries was higher in the ICDDR,B service area  (32% to 77% ) than in the Government 

service area (10% to 25%). The majority of ICDDR,B service area births (55%) in 2009 were in 

ICDDR,B facilities followed by increasing deliveries in  private facilities in both areas from 2004. 

 

Figure 4.16: Trends in deliveries according to  delivery location in ICDDR,B Service Area, Matlab 
(2002-2009) 

 

 

Figure 4.17: Trends in deliveries according to  delivery location in Government service area, 
Matlab (2002-2009) 
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 Trends in Caesarean Sections and Instrumental Deliveries: 4.4.6

Figures 4.18 and 4.19 show the uptake of Caesarean sections and instrumental delivery in the 

two areas during 2004-2009. The two areas saw rapid increases in Caesarean sections during 

this period from 6.1% to 17.6% in the ICDDR,B service area compared to a slower increase 

from 3.4% to 11.7%  in the Government service area. Instrumental deliveries which were very 

low in both areas, (but higher in the ICDDR,B service area) declined and almost stopped as 

Caesarean sections increased.  

 

Figure 4.18: Trends in Caesarean deliveries and instrumental deliveries in ICDDR,B Service 
Area, Matlab (2004-2009) 

 

Figure 4.19: Trends in Caesarean deliveries and instrumental deliveries in Government service 
area, Matlab (2004-2009)
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 Changes in demographic and socio-economic status over time in the 4.4.7

two areas: 

The Matlab area has seen improvements in demographic and socio-economic indicators over 

the study period. Figure 4.20 shows the changes taking place in the ICDDR,B and Government 

service areas. 

Maternal education increased dramatically over time for both areas (Figure 4.20a) rising from 

1987 levels of 1.5 and 1.8  mean years of maternal education in the Government and ICDDRB 

service areas respectively, to corresponding  levels of  6.0 and 6.4 years in 2009. The estimated 

slopes (Figure 4.20a) show annual increases in mean years of maternal education in each area 

(Government service area: 0.227 per year vs. ICDDRB area: 0.220 per year). The statistically 

significant interaction between time and area (p=0.006) confirmed that the increase was 

marginally higher in the Government service area than in the ICDDRB service area. 

The mean maternal age did not change dramatically over 1987-2009 in either area (Figure 

4.20b). There was an annual decline of only 0.006yr (95%CI: -0.005 to -0.007) in the 

Government service area compared to an annual increase of 0.082yr (95%CI: 0.054 to 0.109) 

and the changes were different for the two areas (p= 0.002). 

The mean gravidity was seen to decrease significantly in women of both areas over 1987-2009 

(Figure 4.20c). In 1987 women were more frequently pregnant (Government service area: 4.1 

times; ICDDRB service area: 3.6 times) than in 2009 (2.5 and 2.3 times, respectively). Levels of 

higher gravidity were always greater in the Government service area (p<0.001).   

In case of religion, the annual odds of being Hindu reduced slowly over time (OR=0.984, 95%CI: 

0.982 – 0.987) in both areas (Figure 4.20d) but the decline over time did not differ by area 

(p=0.185). 

Households in both areas appeared to be getting richer over time, but the annual increase in 

wealth was small (Figure 4.20e).The odds of an annual increase in one household asset quintile 

was 0.9% (OR: 1.009; 95%CI:  1.007-1.011) and this was the same for both areas (p=0.245). 

In terms of socio-demographic characteristics, differences for some characteristics between 

the two areas were found to be highly statistically significant (p<0.001). Though a large study 

population can result in even minor differences having high statistical significance, it is unlikely 

that this is the case for Matlab as the differences observed are large.  
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Figure 4.20: Changes in socio-demographic characteristics in the Government and ICDDR,B service areas over time (1987-2009) 
a.              b.

  
c.              d. 
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Figure 4.20 (continued) 
e. 
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 Trends in outcomes over the study-period 4.4.8

Trends in stillbirth rates, early neonatal death rates and late neonatal death rates by 

intervention area during 1987-2009 are shown in Tables 4.12- 4.13 and Figures 4.15-4.20. The 

overall rates for stillbirths, early neonatal deaths and late neonatal deaths in the Matlab 

surveillance area in this period were 32.7/1000 births, 27.5/1000 live births and 10.0/1000 

babies alive at Day 7. Rates for Day 0 deaths, Day 1 to 2 deaths and Day 3 to 6 deaths were 

11.3/1000 live births, 9.8/1000 babies alive at Day 1 and 6.4/1000 babies alive at Day 3, 

respectively. Perinatal deaths rates are shown elsewhere (Appendix II: Table 3). 

Table 4.122:  Year-wise stillbirth rates, early neonatal death rates and late neonatal death 
rates in ICDDR,B service area and Government service area,  Matlab (1987-2009) 

 ICDDR,B Service Area Government service area  

Year of Birth Stillbirth 

Ratea (n) 

Early 

Neonatal 

Death Rateb 

(n) 

Late 

Neonatal 

Death 

Ratec (n) 

Stillbirth 

Ratea (n) 

Early 

Neonatal 

Death 

Rateb (n) 

Late 

Neonatal 

Death 

Ratec (n) 

 

1987 36.9 (121) 28.8 (91) 11.4 (35) 41.2 (170) 30.8 (122) 20.0 (72) 

 1988 38.0 (115) 29.6 (86) 9.54 (27) 28.5 (121) 34.2(141) 21.1 (84) 

 1989 29.1 (82) 29.3 (80) 10.9 (29) 29.9 (115) 30.3 (113) 20.1 (73) 

 1990 35.5 (101) 32.4 (89) 12.4 (33) 33.7 (135) 31.8 (123) 17.1 (64) 

 1991 34.6 (89) 30.2 (75) 15.3 (37) 37.3 (131) 36.4 (123) 22.0 (72) 

 1992 32.7 (83) 36.7 (90) 9.7 (23)  38.6 (131) 33.4 (109) 14.9 (47) 

 1993 35.0 (89) 29.4 (72) 10.5 (24) 44.8 (145) 41.7 (129) 14.2 (44) 

 1994 32.5(86) 25.0 (64) 9.6 (23) 42.1 (137)  35.6 (111) 15.6 ( 47) 

 1995 27.2 (70) 19.5 (49) 6.1 (15) 39.7 (123) 35.0 (104) 12.5 (36) 

 1996 33.9 (79) 28.5 (64) 8.7 (19) 29.0 (86) 29.9 (86) 10.7 (28) 

 1997 32.7 (81)   24.2 (58) 7.3 (17) 36.8 (111) 34.8 (101) 15.3 (43) 

 1998 26.3 (72) 25.9 (69) 8.1 (21) 36.5 (118) 27.3  (85) 11.2 (34) 

 1999 28.7 (74) 21.5 (54) 1.2 (3) 42.0 (127) 28.6 (83) 6.0 (17) 

 2000 33.8 (91) 23.5 (61) 6.7 (17) 28.4 (90) 33.1 (102) 8.7 (26) 

 2001 34.8 (101) 18.9 (53) 4.2 (12) 31.6 (98) 29.7 (89) 10.6 (31) 

 2002 28.6 (82) 26.9 (75) 5.2 (14) 35.1 (102) 28.5 (80) 7.3 (20) 

 2003 20.3 (60) 24.6 (71) 6.0 (17) 42.1 (123) 26.5 (74) 4.8 (13) 

 2004 27.0 (75) 22.6 (61) 4.9 (13) 35.0 (100) 25.7 (71) 6.3 (17) 

 2005 27.0 (71) 20.7 (53) 4.0  (10) 29.5 (78) 28.5 (73) 5.6 (14) 

 2006 28.9 (76) 19.2 (49) 4.4 (11) 32.9 (85) 23.2 (58) 4.6 (11) 

 2007 24.2  (62) 16.8 (42) 1.6 (4) 36.9 (96) 22.8 (57) 3.9 (10) 

 2008 19.6 (52) 12.7 (33) 2.3 (6) 32.1 (79) 21.8 (52) 3.8 (9) 

 2009 16.0 (39) 11.7 (28) 3.4 (8) 31.5 (72) 27.1 (60) 4.6 (10) 

 Overall  29.8(1851) 24.2(1467) 7.45(420) 35.5(2573) 30.7(2146) 12.6(823)  

aper 1000 births. Number of births in each area in every year is 2200+.   
   bper 1000 live births. Number of live births in each area in every year is 2100+. 

  cper 1000 babies alive at Day 7. Number of babies alive at Day 7 in each area in every year is 2100+. 
 

 



Chapter 4. The Matlab Safe Motherhood Programme 

177 

 

Table 4.133:  Year-wise Day 0 death rates, Day 1 to 2 death rates and Day 3 to 6 death rates in 
ICDDR,B service area and Government service area,  Matlab (1987-2009) 

 ICDDR,B Service Area Government service area   

Year of Birth Day 0 Ratea 

(No.) 

Day 1 to 2 

Death Rateb 

(No.) 

Day 3 to 6 

Death Ratec 

(No.) 

Day 0 Death 

Ratea (No.) 

Day 1 to 2 

Death Rateb 

(No.) 

Day 3 to 6 

Death 

Ratec 

(No.) 

  

1987 9.5 (30) 13.1 (41) 6.5 (20) 7.1 (28) 10.4 (41) 13.4 (52) 

  1988 12.0 (35) 9.7 (28) 6.3 (18) 12.4 (51) 10.6 (43) 10.9 (44) 

  1989 11.0 (30) 10.0 (38)  8.2 (22) 10.2 (38) 10.3 (38) 10.1 (37) 

  1990 12.4 (34) 10.0 (27) 8.9 (24) 13.4 (52) 8.1 (31) 9.8 (37) 

  1991 12.9 (32) 9.0 (22) 8.6 (21) 12.7 (43) 11.7(39) 12.1 (40) 

  1992 15.1 (37) 12.8 (31) 8.4 (20) 11.6 (38) 13.0 (42) 7.5 (24) 

  1993 12.2 (30) 10.7 (26) 5.8 (14) 16.5 (51) 16.4 (50) 8.7 (26) 

  1994 7.4 (19) 10.2 (26) 6.8 (17) 12.2 (38) 14.3 (44) 8.6 (26) 

  1995 7.8 (20) 5.6 (14) 5.3 (13) 13.1 (39) 11.6 (34) 9.7 (28) 

  1996 12.9 (29) 10.3 (23) 4.6 (10) 9.7 (28) 11.6 (33) 8.5 (24) 

  1997 9.6 (23) 9.7 (23) 4.3 (10) 13.4 (39) 12.9 (37) 8.1 (23) 

  1998 10.1 (27) 8.7 (23) 6.5 (17) 13.2 (41) 9.8 (30) 4.3 (13) 

  1999 12.8 (32) 6.9 (17) 2.0 (5) 13.8 (40) 11.5 (33) 3.2  (9) 

  2000 12.7 (33) 6.6 (17) 4.3 (11) 14.3 (44) 12.2 (37) 6.0 (18) 

  2001 9.6 (27) 4.0 (11) 5.1 (14) 12.0 (36) 10.5 (31) 6.8 (20) 

  2002 11.5 (32) 9.4 (26) 5.5 ( 15) 12.1 (34) 10.8 (30) 4.4 (12) 

  2003 9.0 (26) 10.1 (29) 4.2 (12) 13.9 (39) 9.8 (27) 2.2  (6) 

  2004 11.9 (32) 8.2 (22) 2.6 (7) 10.1 (28) 8.1 (22) 6.6 (18) 

  2005 7.0 (18) 8.7 (22) 4.8 ( 12) 13.6 (35) 11.1 (28) 3.6 (9) 

  2006 9.0 (23) 7.1 (18) 2.8 (7) 9.6 (24) 10.1 (25) 3.7 (9) 

  2007 6.4 (16) 7.2 (18) 2.4 (6) 13.2 (33) 5.7 (14) 4.1 (10) 

  2008 7.0 (18) 3.5 (9) 1.9 (5) 8.0 (19) 8.9 (21) 4.7 (11) 

  2009 5.4 (13) 4.2 (10) 2.1 (5) 12.7 (28) 10.1 (22) 4.6 (10) 

       Overall 10.2 (616) 8.6(510) 5.2(305) 12.1(846) 10.9(752) 7.4(506)   

aper 1000 babies alive at Day 1. Number of babies alive at Day 1 in each area in every year is 2100+.   
   bper 1000 babies alive at Day 3. Number of babies alive at Day 3 in each area in every year is 2100+. 

  cper 1000 babies alive at Day 7. Number of babies alive at Day 7 in each area in every year is 2100+. 
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Trends in stillbirths over time are shown in Figure 4.21 and Table 4.14. Rates were seen to be 

lower in the ICDDR,B service area than the Government service area. Stillbirths declined with 

increasing levels of formal education.  

Stillbirths declined by 1% annually (95% CI: 1% -2%) over the entire area from 1987-2009 and 

the overall stillbirth rate in the ICDDR,B area was significantly lower than that in the 

Government area (29.8/1000 births vs. 35.5/1000 births; p<0.0001). Adjustment for socio-

demographic variables did not lead to any changes in the time-trends or the area differentials. 

   

Figure 4.21: Trends in stillbirth rates in all deliveries in Matlab, 1987-2009 
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Table 4.144: Stillbirths according to time, area and socio-demographic characteristics of 
women in Matlab (1987-2009) 

Socio-demographic 
characteristics 

Number of 
births                         
(Number of 
stillbirths) 

Stillbirths  
per 1000 
deliveries 

Crude ORs
a
     

(95 % CI) 
 P-
values 
(Wald 
test) 

Adjusted ORs 
a b 

 (95 % CI) 
 P-values 
(Wald 
test) 

              Year of Birth _ _ 0.99 (0.98-0.99) <0.0001 0.99 (0.98-0.99)  <0.0001 
                                   Area of Residence       
ICDDR,B Service Area  62071 (1851) 29.82 0.82 (0.77-0.88) <0.0001 0.84 (0.78-0.90) <0.0001 
Government service 
area (Reference) 

72480 (2573) 35.50 1.00 _ 1.00 _ 

       Maternal formal 
education 
(completed years) 

      

0 (Reference) 57538 (2071) 35.99 1.00 _ 1.00 _ 
1-5 34701 (1119) 32.25 0.89 (0.82-0.97) 0.007 0.94 (0.86-1.02) 0.164 
6-10 35672 (1046) 29.32 0.80 (0.74-0.87) <0.0001 0.87 (0.79-0.95) 0.003 
11-16 3011 (83) 27.57 0.75 (0.59-0.95) 0.018 0.76 (0.60-0.98) 0.031 
Unknown 3629 (105) 28.93 0.79 (0.63-0.98) 0.032 0.85 (0.68-1.07) 0.163 
       Household asset 
quintile 

      

Most poor 
(Reference) 

22484 (778) 34.60 1.00  _ _ 

Very poor 24747 (837) 33.82 0.98 (0.88-1.09) 0.663 _ _ 
Poor 24276 (852) 35.10 1.03 (0.93-1.15) 0.557 _ _ 
Less poor 25964 (805) 31.00 0.90 (0.81-1.00) 0.053 _ _ 
Least poor 25664 (790) 30.78 0.89 (0.80-0.99) 0.038 _ _ 
Unknown 11416 (362) 31.71 0.92 (0.80-1.05) 0.205 _ _ 
       Religion        
Islam (Reference) 119205 ( 3900) 32.72 1.00  _ _ 
Hinduism/Other 15346 (524) 34.15 1.04 (0.94-1.15) 0.480 _ _ 
       Maternal Age       
<20 16171 (539) 33.33 1.16 (1.05-1.28) 0.003 0.90 (0.81-1.01) 0.072 
20- 29 (Reference) 82220 (2447) 29.76 1.00 _ 1.00 _ 
30-39 33235 (1236) 37.19 1.25 (1.16-1.35) <0.0001 1.34 (1.22-1.48) <0.0001 
40+ 2925 (202) 69.06 2.52 (2.14-2.97) <0.0001 2.39 (1.97-2.90) <0.0001 
       Gravidity       
1 35864 (1329) 37.06 1.44 (1.33-1.56) <0.0001 1.58 (1.44-1.72) <0.0001 
2-3 (Reference) 52950 (1419) 26.80 1.00 _ 1.00 _ 
4-6 34804 (1105) 31.75 1.16 (1.07-1.26) 0.001 0.96 (0.87-1.05) 0.364 
7+ 10933 (571) 52.23 1.97 (1.76-2.19) <0.0001 1.23 (1.07-1.42) 0.005 
       All 134551 (4424)      

      a
All odd ratios are adjusted for clustering of births to the same mother    

b
Adjusted for time period, area of residence, maternal education, maternal age and gravidity   
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Trends in early neonatal deaths over time are shown in Figure 4.22 and Table 4.15. Mortality 

rates were higher in the Government service area than the ICDDR,B service area and declined 

in both areas over time.  Maternal age and gravidity showed similar U-shaped relationships to 

early neonatal mortality, as seen for stillbirths, and higher maternal education was associated 

with a reduction in early neonatal mortality rates. 

There was an annual decline of 1% (95% CI: 1% -3%) in early neonatal deaths in Matlab with 

significantly lower rates in the intervention area than the Government service area (24.2/1000 

live births vs. 30.7/1000 live births; p<0.0001). 

 

Figure 4.22: Trends in early neonatal death rates in all deliveries in Matlab, 1987-2009 
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Table 4.155: Early neonatal deaths according to time, area and socio-demographic 
characteristics of women in Matlab (1987-2009) 

Socio-demographic 
characteristics 

Number of 
live births                        
(Number of 
early 
neonatal 
deaths) 

Early 
neonatal 
deaths  
per 1000 
live births 

Crude ORs
a 

     
(95 % CI) 

 P-values 
(Wald 
test) 

Adjusted ORs
a b               

(95 % CI) 
 P-
values 
(Wald 
test) 

   

Year of Birth  _ _ 0.98 (0.97-0.98) <0.0001 0.99 (0.97-0.99) <0.0001  
  

          Area of Residence        
  

ICDDR,B Service 
Area  

60220 (1467) 24.36 0.78 (0.73-0.84) <0.0001 0.80(0.74-0.86) <0.0001  
  

Government service 
area (Reference) 

69907 (2146) 30.70 1.00 _ 1.00 _  
  

          Maternal formal 
education 
(completed years) 

       

  

0 (Reference) 55467 (1706) 30.76 1.00 _ 1.00 _  
  

1-5 33582 (970)  28.88 0.93 (0.86-1.02) 0.116 0.97 (0.89-1.06) 0.501  
  

6-10 34626 (802) 23.16 0.74 (0.68-0.81) <0.0001 0.82 (0.74-0.92) <0.0001  
  

11-16 2928 (57) 19.47 0.62 (0.47-0.81) 0.001 0.79 (0.59-1.06) 0.118  
  

Unknown 3524 (78) 22.13 0.69 (0.54-0.88) 0.003 0.76 (0.59-0.98) 0.032  
  

          Household asset 
quintile 

       
  

Most poor 
(Reference) 

21706 (672) 30.96 1.00 _ 1.00 _  
  

Very poor 23910  (694) 29.03 0.94 (0.84-1.05) 0.281 0.94 (0.84-1.06) 0.304  
  

Poor 23424 (667) 28.48 0.92 (0.82-1.04) 0.172 0.93 (0.83-1.05) 0.236  
  

Less poor 25159 (684) 27.19 0.88 (0.99-0.81) 0.027 0.91 (0.81-1.02) 0.099  
  

Least poor 24874 (566) 22.75 0.73 (0.65-0.83) <0.0001 0.79 (0.69-0.89) <0.0001  
  

Unknown 11054 (330) 29.85 0.97 (0.85-1.12) 0.695 1.03 (0.89-1.18) 0.729  
  

          Religion         
  

Islam (Reference) 115305 
(3155) 

27.36 1.00  _ _  
  

Hinduism/Other 14822 (458) 30.90 1.13 (1.02-1.26) 0.021 _ _  
  

          Maternal Age        
  

<20 15632 (653) 34.89 1.73 (1.57-1.90) <0.0001 1.44 (1.29-1.60) <0.0001  
  

20- 29 (Reference) 79773 (2035) 22.10 1.00 _ 1.00 _  
  

30-39 31999 (822) 26.53 1.00 (0.91-1.08) 0.924 0.97 (0.87-1.08) 0.565  
  

40+ 2723 (103) 36.19 1.54 (1.24-1.90) <0.0001 1.29 (1.01-1.64) 0.042  
  

          Gravidity        
  

1 34535 (1205) 41.77 1.65 (1.52-1.80) <0.0001 1.50 (1.36-1.65) <0.0001  
  

2-3 (Reference) 51531 (1139) 25.51 1.00 _ 1.00 _  
  

4-6 33699 (894) 25.69 1.16 (1.28-1.00) 0.001 1.11  (1.28-1.22) 0.058  
  

7+ 10362 (375) 37.83 1.60 (1.41-1.82) <0.0001 1.35 (1.15-1.59) <0.0001  
  

          All 130127 
(3535) 

      
  

         a
All odd ratios are adjusted for clustering of births to the same mother 

      b
Adjusted for time period, area of residence, maternal education, household asset quintile, maternal age, previous 

live births and gravidity  
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From the late neonatal death trends shown in Figure 4.23 and Table 4.16, it can be seen that 

these deaths declined greatly in both areas during the study period.  

Late neonatal deaths saw a relatively large decline of 6% per year (95% CI: 5%-7%) in Matlab. 

The lower rate of 7.5/1000 babies alive at Day 7 in the ICDDR,B area was statistically different 

(p<0.0001) from the rate of 12.6/1000 babies alive at Day 7 in the Government service area. 

Adjustment for socio-demographic variables did not alter annual decline or area differentials. 

 

 

Figure 4.23: Trends in Late Neonatal Death Rates by Area in Matlab, 1987-2009 
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Table 4.166: Late neonatal deaths according to time, area and socio-demographic 
characteristics of women in Matlab (1987-2009) 

Socio-demographic 
characteristics 

Number of 
babies alive at 
Day 7                         
(Number of late 
neonatal 
deaths) 

Late 
neonatal 
deaths  
per 1000 
babies 
alive at 
Day 7 

Crude ORs
a
     

(95 % CI) 
 P-values 
(Wald 
test) 

Adjusted ORs
a b 

(95 % CI) 
 P-
values 
(Wald 
test) 

Year of Birth _ _ 0.93 (0.92-0.93) <0.0001 0.94 (0.93-0.95) <0.0001 
       Area of Residence      

 ICDDR,B Service Area  58753 (438) 7.45 0.59 (0.52-0.66) <0.0001 0.62 (0.55-0.70) <0.0001 
Government service 
area (Reference) 

67761 (856) 12.63 1.00 _ 1.00 

        Maternal formal 
education 
(completed years) 

     

 0 (Reference) 53761 (713) 13.26 1.00 _ 1.00 _ 
1-5 32612 (330) 10.12 0.76 (0.66-0.87) <0.0001 0.91 (0.79-1.04) 0.175 
6-10 33824 (202) 5.97 0.44 (0.38-0.52) <0.0001 0.67 (0.55-0.80) <0.0001 
11-16 2871 (6) 2.09 0.16 (0.07-0.35) <0.0001 0.26 (0.12-0.60) 0.001 
Unknown 3446 (43) 12.48 0.94 (0.68-1.29) 0.704 0.98 (0.71-1.35) 0.905 
       Household asset 
quintile 

     

 Most poor 
(Reference) 

21034 (279) 13.26 1.00 _ 1.00 
_ 

Very poor 23216 (267) 11.50 0.87 (0.73-1.03) 0.098 0.87 (0.73-1.04) 0.121 
Poor 22757 (247) 10.85 0.82 (0.69-0.98) 0.026 0.85 (0.71-1.01) 0.071 
Less poor 24475 (202) 8.25 0.62 (0.52-0.75) <0.0001 0.67 (0.56-0.81) <0.0001 
Least poor 24308 (190) 7.82 0.59 (0.49-0.71) <0.0001 0.70 (0.57-0.85) <0.0001 
Unknown 10724 (109) 10.16 0.77 (0.61-0.96) 0.020 0.83 (0.66-1.04) 0.105 
       Religion       

 Islam (Reference) 112150 (1127) 10.05 1.00 _ _ _ 
Hinduism/Other 14364 (167) 11.63 1.16 (0.98-1.37)  0.082 _ _ 
       Maternal Age      

 <20 14979 (211) 14.09 1.47 (1.26-1.72) <0.0001 _ _ 
20- 29 (Reference) 77738 (756) 9.72 1.00 _ _ _ 
30-39 31177 (296) 9.49 0.97 (0.84-1.11) 0.642 _ _ 
40+ 2620 (31) 11.83 1.21 (0.84-1.75) 0.308 _ _ 
       Gravidity      

 1 33330 (422) 12.66 1.61 (1.40-1.85) <0.0001 1.78 (1.55-2.05) <0.0001 
2-3 (Reference) 50392 (403) 8.00 1.00 _ 1.00 _ 
4-6 32805 (318) 9.69 1.20 (1.03-1.39) 0.020 0.97 (0.83-1.13) 0.690 
7+ 9987 (151) 15.12 1.87 (1.54-2.26) <0.0001 1.21 (0.99-1.48) 0.056 
       All 126514 (1243)      

     a
All odd ratios are adjusted for clustering of births to the same mother 

    b
Adjusted for time period, area of residence, maternal education, household asset quintile, and gravidity 
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Figure 4.24 and Table 4.17 show trends for Day 0 deaths. Day 0 rates in both areas are largely 

unchanged over the years. Household asset quintile was significantly associated with 

decreased Day 0 death rates but only at the highest asset quintile. 

Day 0 deaths declined by 1% (95% CI: 0%-1%) though this was not significant. Death rates were 

significantly lower in the ICDDR,B service area than the Government service area (10.2/1000 

live births vs. 12.1/1000 live births; p=0.004). 

 

Figure 4.24: Trends in Day 0 death rates by area in Matlab, 1987-2009 
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Table 4.177: Day 0 deaths according to time, area and socio-demographic characteristics of 
women in Matlab (1987-2009) 

Socio-demographic 
characteristics 

Number of 
live births                         
(Number of 
Day 0  
deaths) 

Day 0 
deaths  
per 1000 
live births 

Crude ORs
a
       

(95 % CI) 
 P-
values 
(Wald 
test) 

Adjusted ORs 
a b 

(95 % CI) 
 P-values 
(Wald 
test) 

Year of Birth  _ _ 0.99 (0.98-1.00) 0.022 0.99 (0.99-1.00) 0.092 
       Area of Residence       
       ICDDR,B Service Area 
(Reference) 

60220 (616) 10.23 0.84 (0.75-0.94) 
0.002 

0.85 (0.76-0.95) 0.004 

Government service 
area (Reference) 

69907 (846) 12.10 1.00 _ 1.00 _ 

       Maternal formal 
education (completed 
years) 

      

0 (Reference) 55467 (654) 11.79 1.00 _ _ _ 
1-5 33582 (396) 11.79 0.99 (0.87-1.14) 0.927 _ _ 
6-10 34626 (361) 10.43 0.88 (0.77-1.01) 0.068 _ _ 
11-16 2928 (23) 7.86 0.65 (0.43-1.01) 0.054 _ _ 
Unknown 3524 (28) 7.95 0.66 (0.45-0.99) 0.044 _ _ 
       Household asset 
quintile 

      

Most poor (Reference) 21706 (288) 13.27 1.00 _ 1.00 _ 
Very poor 23910 (269) 11.25 0.85 (0.71-1.01) 0.057 0.84 (0.70-1.00) 0.049 
Poor 23424 (269) 11.48 0.87 (0.73-1.03) 0.112 0.86  (0.72-

1.02) 
0.081 

Less poor 25159 (278) 11.05 0.83 (0.70- 0.99) 0.038 0.82 (0.69-0.98) 0.025 
Least poor 24874 (234) 9.41 0.71 (0.59-0.85) <0.0001 0.70 (0.59-0.84) <0.0001 
Unknown 11054 (124) 11.22 0.84 (0.68-1.05) 0.122 0.85 (0.68-1.06) 0.157 
       Religion        
Islam (Reference) 115305 

(1283) 
11.13 1.00 _ _ _ 

Hinduism/Other 14822 9(179) 12.08 1.08 (0.91-1.28) 0.365 _ _ 
       Maternal Age       
<20 15632 (294) 18.81 1.94 (1.68-2.23) <0.0001 1.67 (1.42-1.97) <0.0001 
20- 29 (Reference) 79773 (803) 10.07 1.00 _ 1.00 _ 
30-39 31999 (326) 10.19 1.01 (0.88-1.15) 0.920 0.94 (0.79-1.11) 0.46 
40+ 2723 (39) 14.32 1.46 (1.04-2.04) 0.029 1.23 (0.84-1.80) 0.28 
       Gravidity       
1 34535 (506) 14.65 1.70 (1.49-1.94) <0.0001 1.42 (1.22-1.64) <0.0001 
2-3 (Reference) 51531 (457) 8.87     
4-6 33699 (361) 10.71 1.18 (1.02-1.36) 0.021 1.20 (1.03-1.41) 0.02 
7+ 10362 (138) 13.32 1.46 (1.20 -1.79) <0.0001 1.42 (1.10-1.82) 0.01 
       All 130127 

(1462) 
     

    a
All odd ratios are adjusted for clustering of births to the same mother 

   b
Adjusted for time period, area of residence, household asset quintile, maternal age and gravidity 
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Day 1-2 death trends (Figure 4.25 and Table 4.18) showed decline over the study period.  

Day 1-2 deaths declined significantly by 2% per year (95% CI: 1% to 3%) and rates were 

significantly higher in the ICDDR, B service area. Adjustment for the socio-demographic 

confounders could not explain the differential rates in the two areas. 

 

Figure 4.25: Trends in Day 1 to 2 neonatal death rates by area in Matlab, 1987-2009 
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Table 4.188: Day 1 to 2 deaths according to time, area and socio-demographic characteristics 
of women in Matlab (1987-2009) 

Socio-demographic 
characteristics 

Number of 
babies alive 
on Day 1                        
(Number of 
Day 1-2 
deaths) 

Day 1-2 
deaths  
per 
1000 
babies 
alive on 
Day 1  

Crude ORs
a
          

(95 % CI) 
 P-
values 
(Wald 
test) 

Adjusted ORs 
a b      

(95 % CI) 
 P-values 
(Wald 
test) 

Year of Birth _ _ 0.98 (0.97-0.99) <0.0001 0.98 (0.97-0.99) <0.0001 
       Area of Residence       
ICDDR,B Service Area 
(Reference) 

59604 (510) 8.56 0.78 (0.70-0.88) <0.0001 0.80 (0.71-0.90) <0.0001 

Government service area 
(Reference) 

69061 (752) 10.89 1.00 _ 1.00 _ 

       Maternal formal 
education (completed 
years) 

      

0 (Reference) 54813 (574) 10.47 1.00 _   
1-5 33186 (349) 10.52 1.01 (0.88-1.15) 0.949 _ _ 
6-10 34265 (287) 8.38 0.80 (0.69-0.92) <0.0001 _ _ 
11-16 2905 (22) 7.57 0.72 (0.47-1.11) 0.137 _ _ 
Unknown 3496 (30) 8.58 0.80 (0.55-1.17) 0.244 _ _ 
       Household asset quintile       
Most poor (Reference) 21418 (223) 10.41 1.00 _ 1.00 _ 
Very poor 23641 (261) 11.04 1.06 (0.89-1.28) 0.503 1.06 (0.88-1.27) 0.560 
Poor 23155 (235) 10.15 0.98 (0.81-1.18) 0.801 0.97 (0.80-1.17) 0.715 
Less poor 24881 (231) 9.28 0.89 (0.74-1.08) 0.231 0.88 (0.73-1.06) 0.183 
Least poor 24640 (188) 7.63 0.73 (0.60-0.89) <0.0001 0.73 (0.60-0.89) <0.0001 
Unknown 10930 (124) 11.34 1.10 (0.88-1.37) 0.416 1.14 (0.91-1.43) 0.250 
       Religion        
Islam (Reference) 114022 

(1115) 
9.78 1.00 _ _ _ 

Hinduism/Other 14643 (147) 10.04 1.03 (0.86-1.23) 0.759 _ _ 
       Maternal Age       
<20 15338 (222) 14.47 1.68 (1.44-1.96) <0.0001 1.34 (1.12-1.59) 0.001 
20- 29 (Reference) 78970 (694) 8.79 1.00 _ 1.00 _ 
30-39 31673 (312) 9.85 1.12 (0.98-1.28) 0.103 1.11 (0.93-1.32) 0.243 
40+ 2684 (34) 12.67 1.46 (1.03-2.08) 0.034 1.28 (0.86-1.91) 0.219 
       Gravidity       
1 34029 (437) 12.84 1.79 (1.55-2.06) <0.0001 1.67 (1.43-1.95) <0.0001 
2-3 (Reference) 51074 (373) 7.30 1.00 _ 1.00 _ 
4-6 33338 (321) 9.63 1.31 (1.12-1.52) <0.0001 1.20 (1.01-1.42) 0.035 
7+ 10224 (131) 12.81 1.74 (1.42-2.14) <0.0001 1.41 (1.08-1.82) 0.010 
       All 128665 

(1262) 
     

  
 

 
a
All odd ratios are adjusted for clustering of births to the same mother  

 
 

b
Adjusted for time period, area of residence, household asset quintile, maternal age and gravidity  
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From Figure 4.26 and Table 4.19, Day 3-6 death trends declined in both areas and rates were 

found to be significantly greater in the Government service area.  

Day 3-6 death rates declined by 6% per year (95% CI: 5%-7%) in Matlab and rates were again 

significantly lower in the ICDDR,B area than the Government service area. 

 

Figure 4.26: Trends in Day 3 to 6 neonatal death rates by area in Matlab, 1987-2009 
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Table 4.19: Day 3 to 6 deaths according to time, area and socio-demographic characteristics of 
women in Matlab (1987-2009) 

Socio-demographic 
characteristics 

Number of 
babies alive on 
Day 3                       
(Number of Day 
3-6 deaths) 

Day 3-6 
deaths  
per 
1000 
babies 
alive on 
Day 3 

Crude ORs
a
        

(95 % CI) 
 P-values 
(Wald 
test) 

Adjusted ORs 
a b    

(95 % CI) 
 P-values 
(Wald 
test) 

Year of Birth _ _ 0.94 (0.93-0.95) <0.0001 0.94 (0.93-0.95) <0.0001 
 

Area of Residence       
ICDDR,B Service Area  59094 (305) 5.16 0.78 (0.70-0.88) <0.0001 0.70 (0.60-0.81) <0.0001 
Government service area 
(Reference) 

68309 (506) 7.41 1.00 _ 1.00 _ 

       Maternal formal 
education (completed 
years) 

      

0 (Reference) 54239 (440) 8.11 1.00 _ 1.00 _ 
1-5 32837 (200) 6.09 0.75 (0.63-0.89) 0.001 0.83 (0.69-0.99) 0.035 
6-10 33978 (141) 4.15 0.51 (0.42-0.61) <0.0001 0.62 (0.50-0.77) <0.0001 
11-16 2883 (11) 3.82 0.47 (0.26-0.85) 0.013 0.64 (0.34-1.18) 0.150 
Unknown 3466 (19) 5.48 0.67 (0.42-1.07) 0.097 0.69 (0.43-1.10) 0.119 
       Household asset quintile       
Most poor (Reference) 21195 (152) 7.17 1.00 _ 1.00 _ 
Very poor 23380 (147) 6.29 0.88 (0.70-1.11) 0.271 _ _ 
Poor 22920 (148) 6.46 0.90 (0.72-1.14) 0.384 _ _ 
Less poor 24650 (156) 6.33 0.89 (0.71-1.11) 0.290 _ _ 
Least poor 24452 (132) 5.40 0.75 (0.60-0.95) 0.019 _ _ 
Unknown 10806 (76) 7.03 0.99 (0.75-1.30) 0.917 _ _ 
       Religion        
Islam (Reference) 112907 (690) 6.11 1.00 _ 1.00 _ 
Hinduism/Other 14496 (121) 8.35 1.37 (1.13-1.67) 0.002 1.33 (1.09-1.63) 0.005 
       Maternal Age       
<20 15116 (131) 8.67 1.39 (1.15-1.69) 0.001 1.19 (0.95-1.48) 0.135 
20- 29 (Reference) 78276 (491) 6.27 1.00 _ 1.00 _ 
30-39 31361 (160) 5.10 0.81 (0.68-0.97) 0.021 0.86 (0.69-1.08) 0.206 
40+ 2650 (29) 10.94 1.76 (1.20-2.57) 0.004 1.53 (0.97-2.42) 0.066 
       Gravidity       
1 33592  (262) 7.80 1.44 (1.21-1.71) <0.0001 1.44 (1.19-1.75) <0.0001 
2-3 (Reference) 50701 (277) 5.46 1.00 _ 1.00 _ 
4-6 33017 (186) 5.63 1.02 (0.85-1.23) 0.823 0.91 (0.74-1.12) 0.375 
7+ 10093 (86) 8.52 1.55 (1.22-1.99) <0.0001 1.10 (0.79-1.53) 0.562 
       All 127403 (811)      
 

   a
All odd ratios are adjusted for clustering of births to the same mother 

   b
Adjusted for time period, area of residence, maternal education, religion,  maternal age and gravidity 
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Tables 4.20 and 4.21 summarise the reductions in different mortality outcomes in the two 

areas over the 23 years of the study. Stillbirths declined by 46% 4(95%CI: 34%-66%) between 

1987 and 2009 in the ICDDR,B service area compared to no decline in the Government service 

area. The 57% decline in early neonatal deaths in the ICDDR,B service area was significantly 

greater than the 28% seen in the Government service area. The large declines in late neonatal 

deaths, 81% and 79% in the ICDDR,B and Government service areas respectively, were similar 

for both areas.  

Table 4.190: Reduction in stillbirths, early neonatal deaths and late neonatal deaths in the 
ICDDR,B and Government service areas in Matlab (1987-2009) 

Year of birth Area of residence 

 ICDDR,B Service Area   Government Service Area 

Crude OR (95% CI) p-value Crude OR (95% CI) p-value 

Stillbirths  

1987-1990 1.00 _ 1.00 _ 

1991-1994 0.96 (0.82-1.11) 0.558 1.24 (1.09-1.41) 0.001 

1995-1998 0.84 (0.71-0.98) 0.028 1.06 (0.93-1.22) 0.336 

1999-2002 0.89 (0.76-1.03) 0.123 1.03 (0.89-1.17) 0.724 

2003-2006 0.71 (0.60-0.83) <0.0001 1.05 (0.91-1.21) 0.483 

2007-2009 0.54 (0.45-0.66) <0.0001 1.00 (0.84-1.17) 0.974 

Early neonatal deaths  

1987-1990 1.00 _ 1.00 _ 

1991-1994 0.99 (0.84-1.17) 0.907 1.15 (1.01-1.32) 0.034 

1995-1998 0.79 (0.66-0.94) 0.007 0.98 (0.85-1.13) 0.813 

1999-2002 0.73 (0.61-0.87) <0.0001 0.93 (0.80-1.07) 0.288 

2003-2006 0.70 (0.58-0.83) <0.0001 0.79 (0.68-0.93) 0.003 

2007-2009 0.43 (0.34-0.54) <0.0001 0.72 (0.60-0.87) <0.0001 

Late neonatal deaths  

1987-1990 1.00 _ 1.00 _ 

1991-1994 1.02 (0.80-1.32) 0.842 0.84 (0.71-1.01) 0.063 

1995-1998 0.65 (0.49-0.87) 0.004 0.61 (0.51-0.76) <0.0001 

1999-2002 0.40 (0.29-0.56) <0.0001 0.40 (0.32-0.50) <0.0001 

2003-2006 0.44 (0.32-0.61) <0.0001 0.25 (0.19-0.34) <0.0001 

2007-2009 0.19 (0.11-0.32) <0.0001 0.21 (0.15-0.31) <0.0001 

 

 

 

                                                           
4
 Due to the large sample size and relatively rare outcomes the odds ratios approximates a percentage 

(%) reduction (i.e. approximates the relative risk) even though it shows the percentage (%) reduction in 
the odds of the outcome. 
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Day 0 deaths declined by 46% (95% CI: 24%-61%) between 1987 and 2009 in the ICDDR,B area 

while they remained unchanged in the government service area. The 55% reduction in Day 1 to 

2 deaths in the ICDDR,B service area was significant compared to the non-significant decline of 

18% (crude OR: 0.82; 95%CI: 0.60-1.11) in the Government service area. The large reductions 

of 72% and 60% in Day 3 to 6 deaths in the two areas were not significantly different. 

Table 4.201: Reduction in Day 0 deaths, Day 1 to 2 deaths and Day 3 to 6 deaths in the ICDDR,B 
and Government service areas in Matlab (1987-2009) 

Year of birth Area of residence  

ICDDR,B Service Area  Government Service Area 

Crude OR (95% CI) p-value Crude OR (95% CI) p-value 

Day 0 deaths  

1987-1990 1.00 _ 1.00 _ 

1991-1994 1.05 (0.81-1.36) 0.704 1.22 (0.98-1.52) 0.073 

1995-1998 0.88 (0.67-1.16) 0.368 1.13 (0.90-1.42) 0.282 

1999-2002 1.02 (0.79-1.32) 0.881 1.20 (0.96-1.43) 0.110 

2003-2006 0.81 (0.61-1.06) 0.120 1.08 (0.84-1.37) 0.539 

2007-2009 0.54 (0.39-0.76) <0.0001 1.02 (0.77-1.34) 0.889 

Day 1 to 2 deaths  

1987-1990 1.00 _ 1.00 _ 

1991-1994 0.99 (0.76-1.29) 0.932 1.41 (1.12-1.75) 0.073 

1995-1998 0.79 (0.60-1.04) 0.098 1.16 (0.91-1.47) 0.282 

1999-2002 0.62 (0.46-0.83) 0.001 1.14 (0.90-1.44) 0.110 

2003-2006 0.79 (0.60-1.04) 0.092 0.98 (0.76-1.27) 0.539 

2007-2009 0.45 (0.31-0.66) 0 0.82 (0.60-1.11) 0.889 

Day 3 to 6 deaths  

1987-1990 1.00 _ 1.00 _ 

1991-1994 0.97 (0.71-1.35) 0.873 0.84 (0.66-1.06) 0.139 

1995-1998 0.68 (0.48-0.97) 0.036 0.68 (0.53-0.89) 0.004 

1999-2002 0.56 (0.40-0.81) 0.002 0.46 (0.34-0.62) <0.0001 

2003-2006 0.47 (0.31-0.69) <0.0001 0.36 (0.26-0.51) <0.0001 

2007-2009 0.28 (0.16-0.48) <0.0001 0.40 (0.27-0.59) <0.0001 
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 Time Trends by Area  4.4.9

Interactions between time and area were significant for stillbirths and early neonatal deaths, 

but not for late neonatal deaths (Table 4.22). When early neonatal deaths were disaggregated 

by day since birth, interactions between time and area were significant for Day 0 deaths and 

Day 1-2 deaths but not for Day 3-6 deaths. 

Stillbirths declined by 2% per year in the ICDDR,B area (95% CI: 1% - 3%) but not in the 

Government service area.  

Early neonatal deaths also declined, by 3% per year in the ICDDR,B area (95% CI: 3% - 4%) 

compared to 2% per year in the Government service area (95% CI: 1% - 2%) and the decline 

was faster for the ICDDR,B service area.  

For late neonatal deaths the 6% decline in the ICDDR,B area (95% CI: 4% to 7%) and the 7% 

decline in the Government  area (95% CI: 6% -8%) were not statistically different (p=0.243). 

In case of disaggregated early neonatal deaths, Day 0 deaths declined 2% annually in the 

intervention area (95% CI: 1%-3%) with no decline seen in the comparison area. 

The annual decline of 3% in the ICDDR,B area (95% CI: 2%- 4%) for Day 1-2 deaths was faster 

than that of 1% in the Government service area (95% CI: 0% -2%).   

Day 3-6 deaths declined swiftly and significantly in both the ICDDR,B (6%; 95% CI: 3%-7%) and 

Government (4%; 95% CI: 3%-6% ) service areas but the speed of decline was the same 

(p=0.573) for both areas. 
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Table 4.212: Annual trends in stillbirths, early neonatal deaths, late neonatal deaths, Day 0 
deaths, Day 1 to 2 deaths and Day 3 to 6 deaths in ICDDR,B and Government service areas, 
Matlab (1987-2009) 

 Crude odds 
ratio      
(95% CI) 

P-value 
(Wald Test) 

Adjusted odds 
ratio 
(95% CI) 

P-value 
(Wald 
Test) 

P-value for 
interaction 
between 
time and 
area of 
residence 

 
Stillbirth trend per year

1 
     

ICDDR,B Service Area 0.98 (0.97-0.98) <0.0001 0.98 (0.97-0.99) <0.0001 
<0.0001 

Government service area 1.00 (0.99-1.00) 0.236 1.00 (0.99-1.00) 0.386 
       
Early neonatal death trend per 
year

2 

    

 

ICDDR,B Service Area 0.97 (0.95-0.98) <0.0001 0.97 (0.96-0.97) <0.0001 
0.007 

Government service area 0.98 (0.98-0.99) <0.0001 0.99 (0.98-0.99) 0.002 
      
      Late neonatal death trend per 
year 

3 
    

 
ICDDR,B Service Area 0.93 (0.92-0.95) <0.0001 0.94 (0.93-0.96) <0.0001 

0.243 
Government service area 0.92 (0.91-0.93) <0.0001 0.93 (0.92-0.94) <0.0001 
       
Day 0 death trend per year

4
  

    
 

ICDDR,B Service Area 0.98 (0.97-0.99) 0.001 0.98 (0.97-0.99) 0.005 
0.005 

Government service area 1.00 (0.99-1.01) 0.843 1.00 (0.99-1.01) 0.707 
       
Day 1 to 2 death trend per 
year

5
  

    

 

ICDDR,B Service Area 0.97 (0.96-0.98) <0.0001 0.97 (0.96-0.98) <0.0001 
0.014 

Government service area 0.99 (0.98-1.00) 0.077 0.99 (0.98-1.00) 0.085 
       
Day 3 to 6 death trend per 
year

6
 

    

 

ICDDR,B Service Area 0.95 (0.93-0.96) <0.0001 0.95 (0.93-0.97) <0.0001 
0.573 

Government service area 0.94 (0.93-0.96) <0.0001 0.96 (0.94-0.97) <0.0001 
      

      Adjusted for: 
1
 maternal education, maternal age and gravidity; 

2
maternal education, household asset quintile, 

maternal age and gravidity; 
3
maternal education, asset quintile and gravidity; 

4
household asset quintile, maternal 

age, and gravidity; 
5
household asset quintile, maternal age and gravidity; and 

6
maternal education, religion, 

maternal age and gravidity. 
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 Discussion 4.5

This study reported very high rates for stillbirths (32.7 /1000 births), early (27.5 /1000 live 

births) and late neonatal deaths (10.0/1000 babies alive at Day 7) over the last 23 years but 

stillbirths and neonatal deaths have been declining dramatically. Stillbirths, early and late 

neonatal deaths declined by 46%, 57% and 81%, respectively, over 23 years in the study area. 

Large reductions in deaths on the first day (46%) and on the second and third days (55%) after 

birth were also seen during this period. The patterns of decline for stillbirths and very early 

(Day 0-2 deaths) neonatal deaths are different from patterns for deaths occurring 3 to 6 days 

after birth and late neonatal mortality.  Stillbirths and Day 0 deaths declined annually in the 

ICDDR,B service area compared to no decline in the Government service area. Day 1 to 2 

deaths declined in both areas but the decline was faster in the ICDDR,B service area than the 

Government service area. The decline seen for Day 3-6 deaths and late neonatal deaths was 

much steeper than that for stillbirths and very early neonatal deaths but there was no 

difference between the two areas. The results did not change after demographic and socio-

economic factors changes were taken into consideration.  

The differential decline in stillbirths and very early (Day 0-2 deaths) neonatal deaths in the 

intervention and Government service areas suggests that the Safe Motherhood Programme 

may have contributed to the decline. The programme may have contributed in a number of 

ways, including (1) improved intrapartum care and increased access to intrapartum care, and 

(2) greater coverage of and better quality of ANC. 

(1) Findings from studies in Matlab on causes of neonatal deaths show that birth asphyxia is 

the single largest cause of death in the early neonatal period while sepsis/meningitis is the 

single largest cause for the late neonatal period (Chowdhury et al. 2010;  Ronsmans et al. 

2008; Chowdhury et al. 2005). The progression in causes of deaths from birth asphyxia to 

sepsis/pneumonia by day since birth is also seen in a community-based study in rural India 

(Baqui et al. 2006). This rural study also found that 87% of all stillbirths were fresh and that 

most of the first day deaths were due to birth asphyxia or complications of preterm delivery 

(Baqui et al. 2006). Since birth asphyxia is associated with poor intrapartum delivery care and 

poor newborn care ( Lawn, Lee et al. 2009) it is plausible that the Matlab Safe Motherhood 

Programme contributed to the decline in stillbirths and very early (Day 0-2 deaths) neonatal 

deaths by increasing trained birth attendance, health facility deliveries and Caesarean sections. 

This is supported by a recent Matlab study by Rahman and colleagues (Rahman et al. 2011) 

which reported a decline in birth asphyxia and infection-related deaths  after strengthening of 
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the Matlab Safe Motherhood Programme. A quick and efficient referral system is also 

invaluable in getting women to specific care when needed (Lee, Lawn, et al. 2009). 

Intrapartum care in ICDDR,B facilities consisted of skilled obstetric care at birth, essential and 

emergency newborn care, case management of newborn complications and referral to higher 

facilities for maternal and newborn complications with free transport.  

(2) The increased coverage and better quality of ANC in the ICDDR,B service area may also 

explain the differentials seen. In Matlab the increase in coverage of antenatal care visits (≥3) 

between 2002-2009 was greater in the ICDDR,B service area (40% to 81%) than the 

Government service area (16% to 27%) (Pervin et al. 2012). The quality of ANC in the ICDDR,B 

service area was possibly better as an earlier study showed doubled odds of perinatal 

mortality for 0 or 1 ANC visit compared to 3+ visits in the ICDDR,B service area whereas a non-

significant effect was shown in the Government service area (Pervin et al. 2012). The ICDDR,B 

ANC benefited from elements absent in the Government ANC namely: (1) specific guidelines 

for components within the ANC package (2) foundational and refresher training for providers 

including a manual (3) counselling on interventions including danger signs (4) linkages between 

community and facilities to improve referrals for complications and (5) regular monitoring, 

evaluation and supervision of services offered (Pervin et al. 2012). Additionally, government 

facilities lacked routine ultrasound examination, risk tracking, protocols on preterm and post-

term delivery management and newborn thermal care provision (Rahman et al. 2011). 

Studies in Matlab and elsewhere (Chowdhury et al. 2010; Ronsmans et al. 2008; Chowdhury et 

al. 2005; Baqui et al. 2006), have shown that Day 3-6 and late neonatal deaths are largely due 

to sepsis, meningitis and pneumonia (Lawn, Lee et al. 2009). These infections can be managed 

through oral and injectable antibiotics administered as soon as the disease is detected. 

Community-based pneumonia/sepsis management by antibiotics, ideally through frequent and 

regular post-partum home visits, can avert up to 35% of neonatal mortality and has been 

recommended as an evidence-based and cost-effective intervention to reduce neonatal deaths 

(Darmstadt et al. 2005)   

The dramatic decline in neonatal mortality after 4 days of life, with no difference between the 

intervention and comparison areas, suggests that the Safe Motherhood Programme did not 

contribute to these later deaths and that they might be explained by other interventions (e.g. 

antibiotics and oral rehydration salts) in Matlab, described later. 
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In the ICDDR,B service area postpartum home visits at 0, 3, 7 and 28 days were introduced in 

mid- 2007, reaching high coverage (81.8%) by 2008-2009 ( Rahman et al. 2011). Post-partum 

visits promoted exclusive breastfeeding, cord and skin care and extra care for preterm and low 

birthweight infants (referral to the kangaroo mother care unit with thermal protection, skin-to-

skin care, frequent breastfeeding advice, and monitoring follow-up visits to the kangaroo 

mother care unit). Visits also promoted facility-based care for babies, care-seeking and danger 

sign recognition. There were no post-partum home visits in the Government service area 

during the study period (personal communication, Anisur Rahman). However, the presence of 

these visits in the ICDDR,B service area and absence in the Government service area is unlikely 

to have affected late neonatal mortality reduction. Significant reductions in Day 3 to 6 and late 

neonatal deaths were seen in both areas from 1995-1998 onwards, prior to initiation of post-

partum visits in the ICDDR,B service area and reductions were no different in the two areas in 

the period 2007-2009. It is possible that the ICDDR,B home visits did not result in a greater 

reduction of mortality as the home visits  did not include administration of injectable 

antibiotics to ill babies. These were given to ill babies and babies whose parents refused 

referral in the post-partum home visits of two studies in the Gadchiroli district of India and in 

the Sylhet district of Bangladesh which showed reductions in neonatal mortality (Bang et al. 

2005; Baqui et al. 2009). 

The most likely explanation for the non-differential decline in Day 3-6 and late neonatal deaths 

is the wide availability of antibiotics, oral rehydration salts, and other medicines dispensed 

from village-level pharmacies and village doctors in both areas (Ronsmans et al. 2008). The 

earlier decline in early and late neonatal deaths during the 1980s in Matlab was linked to 

reductions in neonatal tetanus (Fauveau et al. 1990) supporting the role of maternal 

immunisation in neonatal mortality reduction (Darmstadt et al. 2005). 

Though balanced protein energy supplementation is found to reduce perinatal mortality, a 

large study in Matlab showed that prenatal food and multiple micronutrient supplementation 

had no effect on infant development and stillbirths, early neonatal deaths and late neonatal 

deaths (Tofail et al. 2008; Ronsmans et al. 2009) This was supported by two systematic reviews 

(Haider et al. 2011; Ronsmans et al. 2009). Malaria, STIs and HIV/AIDs, infections linked to 

perinatal mortality, are very uncommon in Matlab (Hawkes et al. 2002) 

The associations between socio demographic determinants and stillbirths and neonatal 

mortality were consistent with patterns seen in the literature for: year of birth and area of 

residence (Ronsmans et al. 2008; Rahman et al. 2007), extremes of maternal age (Marston & 
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Cleland 2004) gravidity (Rahman et al. 2007), religion and household asset quintile (Ronsmans 

et al. 2008; Kusiako et al. 2000). Adjustment for socio-demographic variables did not alter the 

time trends and area differentials for mortality. This suggests that the area-wise trends and 

differences could not be explained by changes in these characteristics over time. It was 

surprising that changes in maternal education did not explain part of the trends over time, 

given that education increased dramatically over time and is an independent predictor of 

stillbirths and early mortality in previous studies(Olsen & Madsen 1999; Stephansson 2001) as 

well as in mine where it is also an independent predictor for late neonatal mortality. 

The strengths of this study include: prospective ascertainment of pregnancies and their 

outcomes, a large sample of 134,551 births, adjustment for a large number of confounders and 

very small loss to follow-up for a cohort study of such duration and size (0.99%) (Appendix II: 

Table 4). There were several possible limitations, however, including (1) residual confounding 

(2) inability of the asset score to detect change in wealth over time (3) stillbirth and Day 0 

death misclassification (4) missing data and (5) birth attendant misclassification. 

The quasi-experimental study design assumes that the two areas are similar in core 

characteristics except for the intervention under study. I adjusted the analysis for important 

socio-demographic variables, but some residual confounding may still have occurred. For 

example, short (≤6 months) and long (>6 years) inter-birth intervals negatively impact 

stillbirths and neonatal mortality (Yakoob et al. 2009; Conde-Agudelo et al. 2006; Dean et al. 

2013). Two Matlab studies showed that between 1982 and 2002, births in the Government 

service area occurred after shorter birth intervals (<15 months) than in the ICDDR,B service 

area (DaVanzo et al. 2004; Chowdhury et al. 2009). However, a Matlab study that assessed 

trends of stillbirths, early neonatal and late neonatal mortality showed that adjustment for 

preceding birth intervals in addition to the socio-demographic factors present in this study did 

not result in any changes in the trends (Ronsmans et al. 2008). Although I have tried to adjust 

for as many confounders as possible, the possibility of residual confounding cannot be ruled 

out and hence it is possible that the different trends between the two areas are due to 

inherent differences between the two areas rather than to the intervention.  

The asset score used in this study could not detect changes in wealth over time. This is because 

socio-economic quintiles were obtained from previously computed quintiles based on 

household assets at the time of each of the three censuses. Hence though each pregnancy was 

linked to the most relevant census quintile, within each of the three censuses, the population 

was always divided into five equal groups and so relative change in wealth over time for a 
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household could not be determined.  An earlier Matlab study (Chowdhury et al. 2007) which 

used principal component analysis to generate asset scores and allowed for changes in asset 

variables (e.g. latrine type, material of walls and roof, ownership of lamp/ watch/ bicycle/ 

boat/ cow, remittance etc.) with each pregnancy, showed a dramatic decline in poverty. The 

poorest households declined from 33% in 1976-1980 to only 1% by 2001-2005. However, 

female education is a valid proxy for maternal wealth in Bangladesh (Pitchforth et al. 2007), 

and since adjustment for education did not change the results, it is unlikely that being able to 

measure actual wealth increase would have changed the results. 

Any misclassification between stillbirths and Day 0 deaths is likely to affect the overall levels of 

mortality, but since it is non-differential in the two areas, it is unlikely to affect the magnitude 

of the odds ratios.  

The low-level missing data present for maternal education (2.7%) and asset quintiles (8.5%) 

were retained in ‘unknown’ categories to avoid creating selection bias and corresponding rates 

and odds ratios were presented.  

Where possible, misclassification of birth attendant type because of women’s self-reports 

were recoded. Any residual misclassification is likely to be non-differential in the two areas and 

hence unlikely to bias the results.  

The study suggests that the Safe Motherhood Programme, with its strengthening of antenatal 

and delivery care, may have contributed to a fall in stillbirths (46%), Day 0 and Day 2-3 deaths 

(46% and 55%). These results are consistent with those reported in the literature. 

In an earlier Matlab study (Ronsmans et al. 2008) stillbirths, early and late neonatal deaths 

declined by 24% , 39% and 73% over 28 years (1975-2002) in the ICDDR,B service area; these 

figures are consistent with the declines seen in my study. A recent Matlab paper (Rahman et 

al. 2011) also suggested that the Safe Motherhood Programme had reduced perinatal 

mortality; however, the focus was on perinatal mortality and the strengthened programme 

after 2007 (Rahman et al. 2011). Results showed that perinatal mortality was significantly 

lower (36%) in the ICDDR,B service area in 2008-2009 compared to 2005-2006, and that the 

corresponding 12% decline in the Government service area was non-significant. The authors, 

surprised to note that skin-to-skin contact did not reduce very preterm and/or low-birth 

weight related neonatal deaths, suggested that the contact given was not sufficient to prevent 

these deaths. Decline in perinatal mortality was attributed to greater care-seeking behaviour 

and increased quality of care at the Matlab sub-centres and Matlab hospital.  



Chapter 4. The Matlab Safe Motherhood Programme 

199 

 

Other studies from South Asia that compared community-based intervention packages with 

control or usual care showed reductions in stillbirth and perinatal outcomes. Reductions in 

stillbirths, early and late neonatal deaths in the ICDDR,B service area compared to the 

Government service area in my study were 46%, 29% and 2% respectively. A Cochrane 

systematic review (Lassi et al. 2010) provided meta-analysis results of effects of community 

based interventions on perinatal mortality (Chapter 2). The magnitude of reductions in Matlab 

was consistent with the corresponding reductions of 25%, 19% and 26% seen in the Cochrane 

review. Three studies in the meta-analysis (Bhutta et al. 2011; Kumar et al. 2008; Jokhio et al. 

2005) with interventions most similar to the Matlab study interventions have been described 

earlier (Chapter 2, section 2.5.4). The reductions for stillbirths, early neonatal and late 

neonatal mortality in these studies were 21%, 14% and 17% (Bhutta et al. 2011), 35%, 41% and 

68% (Kumar et al. 2008) and 31%, 30% and 29% (Jokhio et al. 2005). 

  Overall, the decline in mortality observed in these three studies in the region 

supports the findings seen in Matlab. However, it should be noted that my Matlab study 

differed from these studies as the decline in late neonatal mortality (89% and 79% in the 

ICDDR,B and Government service areas respectively over the study time period) was much 

greater than the declines seen in the three studies above (17%, 68% and 29%).  

The decline observed in Matlab is also supported by literature described earlier on the effect 

of SBA, BEmOC and CEmOC on stillbirths and perinatal mortality (Yakoob et al. 2011; Lee et al. 

2011).   

Stillbirth, early and late neonatal death rates in the Government service area are consistent 

with national rates, those seen in the region and other studies conducted in Bangladesh. The 

Bangladesh Demographic and Health Survey (DHS) 2007 rates for 2002-2007 for stillbirths and 

early neonatal mortality in rural areas were 30.6/1000 births and 28.9/1000 live births (NIPORT 

2009) which correspond to rates obtained for the Government service area during the same 

period, 35.2/1000 births and 25.9/1000 live births, respectively. The national DHS late 

neonatal mortality rate of 7.6/1000 babies alive at Day 7 was similar to the Government 

service area rate of 5.1/1000 babies alive at Day 7. Azad and colleagues (2010) reported 

stillbirth, early neonatal death and late neonatal death rates of 34.1/1000 births, 29.5/1000 

live births and 8.3/1000 live births respectively in 2005-2007 in three rural districts of 

Bangladesh which corresponded to the Government service area rates obtained for the 2005-

2007 time period. Rates were also consistent with other rural studies in Bangladesh 
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(Chowdhury et al. 2005; Ronsmans et al. 2008) and were similar to those obtained in Pakistan 

by Bhutta et al. 2011 and in India by Tripathy et al. 2010.  

It has been suggested that findings obtained in Matlab in a research-sensitized population are 

less generalizable to developing countries with non-sensitized populations. However, though 

the ICDDR,B service area showed a facility delivery rate of 76.6% in 2009, the Government 

service area had a facility delivery rate of 24.6% in 2009 which is very similar to Bangladesh’s 

national rate of 23% in 2010. This has been achieved to an extent by the ICDDR,B strictly  

ensuring that the Government service area people use their own services and facilities to 

prevent ‘cross- contamination’ by usage of the ICDDR,B services and facilities. The Matlab area 

is still representative of rural Bangladesh geographically and culturally, and the socio-

demographic and delivery trends in its Government area closely follow that of the rest of the 

country.  

The study findings suggest that the indicators for perinatal mortality might be revisited. 

Stillbirths, Day 0 and Day 1-2 deaths appear to respond similarly to antenatal detection of risk 

factors, essential obstetric and newborn care and to referral and emergency care, while Day 3-

6 and late neonatal deaths appear to respond to interventions involving care-seeking and 

improved management of newborn illness. Studies in Bangladesh and other developing 

countries are needed to see if these patterns are also observed elsewhere.  

This study has two implications for the organisation of care for women and neonates in 

Bangladesh and other low income countries. First, the Matlab Safe Motherhood Programme 

shows how investment in comprehensive antenatal and professional delivery care can impact 

on stillbirths and very early neonatal mortality. The government of Bangladesh has provided 

basic delivery centres (Rahman et al. 2011) similar to ICDDR,B sub-centres and encourages 

ANC visits and SBA at delivery. The ANC visits and SBA programmes at government and private 

facilities should be further strengthened by evidence-based practices, improved monitoring of 

the programs, set protocols for improved management of maternal and newborn 

complications and strengthened referral linkages to higher facilities.  

Second, this study also showed that a dramatic decline in late neonatal deaths can be achieved 

when formal post-partum visits are absent but antibiotics and oral rehydration salts are 

available close to the woman’s home. Informal care providers such as drug-retailers and  

unqualified/semi-qualified village doctors play an important role in providing treatment for 

newborn illness  (Ahmed & Hossain 2006; Mahmood et al. 2010; Ronsmans et al. 1996). 
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Government training of informal care providers on common neonatal illness recognition, 

primary treatment and referral to facilities could increase the contribution of these partners in 

reducing late neonatal mortality.  
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 The Contribution of Preterm Births to Chapter 5.
Stillbirths, Early Neonatal Deaths and Late 
Neonatal Deaths in Matlab 

 Introduction 5.1

Preterm birth is the biggest cause of neonatal death and the second biggest cause of death 

after infectious diseases (pneumonia, diarrhoea and malaria) in children under 5 years 

(Darmstadt et al. 2014; Blencowe et al. 2013; Liu et al. 2012). Direct contributory factors for 

neonatal deaths in 2010 were: pre-term birth complications (1.08 million), intrapartum 

complications (0.7 million) and sepsis or meningitis (0.4 million) (Liu et al. 2012; Blencowe et 

al. 2013). Preterm babies  are at a higher risk of dying from infections, and so, indirectly 

preterm births resulted in 0.83 million neonatal deaths in 2010 (Liu et al. 2012; Blencowe et al. 

2013; Lawn et al. 2005). In 2010, 1 in 10 babies worldwide was born preterm (before 37 weeks 

of gestation) resulting in 15 million global preterm births, 60% of which were in South Asia and 

sub-Saharan Africa (Blencowe et al. 2012).  India, Pakistan and Bangladesh have the first, 

fourth and seventh highest numbers of preterm births (3.5M, 0.8M and 0.4M) globally 

(Blencowe et al. 2012). The highest  prevalences  are also seen in South-eastern Asia and  

South Asia (13.5 % and 13.3%) followed by sub-Saharan Africa (12.3%) while a prevalence of 

8.6% is seen in developed countries (Blencowe et al. 2012). Currently preterm complications 

result in 1 million neonatal deaths annually (Lawn et al. 2013). The UN-led Every Woman Every 

Child initiative aims to halve preterm-related neonatal deaths between 2010 and 2025 (Lawn 

et al. 2013) while the 2014 WHO and UNICEF Every Newborn Action Plan (Mason et al. 2014) 

lists the care of small and ill neonates in its five-point action plan and strongly encourages 

recording and tracking of preterm birth rates.  Most preterm births occur at 32 to 36 weeks of 

gestation (84%) (Blencowe et al. 2013).  

 

In Bangladesh, although preterm birth prevalence was not reported nationally, 11.3% of  

neonatal deaths were considered to be due to preterm birth (from physicians’ review of verbal 

autopsy data) while 17.7% of babies born were reported by mothers as ‘very small’ or ‘smaller 

than average’ at birth (NIPORT et al. 2013). Other studies from Bangladesh present preterm 

birth rates from 14.0% to 22.3% (Shah et al. 2014; Baqui et al. 2013; Kusiako et al. 2000; 

Blencowe et al. 2012) with a rate of 14.8% seen in Matlab in recent years (Rahman et al. 2011). 
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These figures attest to the high burden and the need to reduce preterm births in Bangladesh 

and Matlab, the site where the research for this chapter is based. 

Preterm births are defined by WHO as any birth before 37 completed weeks of gestation or 

fewer than 259 days since the first day of the woman’s last menstrual period (LMP) (World 

Health Organization 1977). Preterm births are divided into: extremely pre-term (<28 weeks), 

very pre-term (28 to <32 weeks), moderate pre-term (32 to <34 weeks) and late pre-term (34 

to <37 weeks) births (Figure 5.1) (Blencowe et al. 2012; Katz et al. 2013a). 

Figure 5.1 shows the timing for the different categories of preterm births in relation to the 40+ 

week pregnancy period, and to the definitions for early (≥ 22 weeks) and late (>28 weeks) 

stillbirths (Blencowe et al. 2012). There are definitional and measurement issues associated 

with the variation in cut-offs of lower limits for preterm births (20-28 weeks) and stillbirths 

(18-28 weeks and even 16-28 weeks (Froen et al. 2009)) and because of differences in 

perceptions of viability for preterm births in low-income and high-income countries (LICs and 

HICs) (Figure 1). These were discussed in detail earlier in Chapter 2.  
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*Source: Blencowe et al 2012. National, regional, and worldwide estimates of preterm birth rates in the 

year 2010 with time trends since 1990 for selected countries: a systematic analysis and 

implications. Lancet.2012;10:2162–2172 

 

Figure 5.1: An overview of the definitions and the variable cut-offs applied to preterm births in 
relation to pregnancy and stillbirths.*Source: (Blencowe et al. 2012) 
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The dearth of knowledge on the causes and mechanisms of preterm births, and the 

information available on possible contributory risk factors for preterm births were discussed 

earlier (Chapter 2). 

It is thought that three-quarters of preterm deaths (32 to 36 weeks) could be prevented by 

basic essential newborn care without the need for neonatal intensive care (Blencowe et al. 

2013; Lawn et al. 2013; Morken 2012). Because of the large numbers of preterm babies at 34-

36 weeks among preterm babies, these babies are likely to have the greatest public health 

impact and are of importance in planning interventions such as Kangaroo Mother Care (KMC), 

essential newborn care and care of the moderate preterm baby (Blencowe et al. 2013). 

However, the evidence for these interventions is only based on a few studies. 

The most recent evidence for the effect of interventions on preterm births has been presented 

by the Lancet Every Newborn series review (Bhutta et al. 2014) described earlier (Chapter 4) 

which identified systematic reviews to evaluate the effect of interventions on preterm births,  

stillbirths, perinatal and neonatal mortality. This review suggested that some interventions 

might be effective at preventing preterm births or deaths from preterm birth. These were: (i) 

antibiotics for lower genital tract infections (ii) maternal calcium supplements for hypertension 

(iii) low-dose aspirin in pregnant women (iv) antenatal corticosteroids and (v) care of the 

preterm baby including KMC. The reviews discussed here are included in the Bhutta et al. 

review unless specified otherwise. 

(i) A Cochrane review (Swadpanich et al. 2008) evaluated the effect of lower genital tract 

infection screening and management on preterm births and low birth weight. Infections 

included bacterial vaginosis, trichomonas and candidiasis. Routine antibiotics were 

administered before 20 weeks’ pregnancy. Only one non-hospital based RCT from antenatal 

clinics in Austria was eligible and showed a 45% reduction (95%CI: 25-61%) in preterm births. 

This study was reported to be of ‘high’ quality. Another Cochrane review of nine RCTs from 

HICs and LMICs (Thinkhamrop et al. 2002) found that administering prophylactic antibiotics 

during the second and third trimester of pregnancy versus no treatment or placebo had no 

effect on preterm delivery (RR-0.96; 95%CI: 0.7- 1.33; 6 studies). It did, however, reduce the 

risk of preterm pre-labour rupture of membranes (pPROM). The quality of the studies was 

considered ‘satisfactory’ but authors suggested that the sample size in one sub-group of 

women in the preterm birth sample might not have been large enough to demonstrate 

differences. Possible reasons why antibiotics might not prevent preterm births  are that 

antibiotics may not effectively treat or prevent chorioamnionitis and that other factors (diet , 
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smoking and genetic variations in inflammatory responses) might affect risks of infection-

related preterm birth regardless of antibiotic usage (Iams et al. 2008)  

(ii)A systematic review on the effect of balanced protein energy supplementation on birth 

outcomes in countries in HICs and LMICs  showed no effect  on the risk of preterm birth  (RR-

0.96; 95%CI: 0.80-1.16; 6 studies) (Imdad & Bhutta 2012b).  Another review by the same 

authors   of maternal calcium supplementation for hypertension (Imdad & Bhutta 2012a) 

showed a 34% (95%CI:3-40%; 11 studies) reduction in preterm births in 15 RCTs from HICs and 

LMICs when calcium supplements (0.5-2g/day) were taken till delivery. The methodological 

quality of the studies was not reported. 

(iii) In the Bhutta et al. study a Cochrane review and meta-analysis of RCTs (Duley et al. 2007) 

showed that anti-platelet drugs (low-dose aspirin with or without other antiplatelet drugs) 

given to women at risk of pre-eclampsia reduced preterm birth reduction of 8% (95%CI: 3-12%; 

29 studies). The authors reported that the quality of the studies varied from ‘poor’ to ‘high’. 

(iv) In HICs antenatal steroids have been given to women at risk of preterm labour to 

accelerate foetal lung maturity since the 1990s (Roberts & Dalziel 2006) but this is not routine 

practice in LICs where only 5-10% of eligible mothers receive treatment (Requejo et al. 2013). 

Though the Bhutta et al. 2014 review could not identify any reviews or studies assessing the 

effect of steroids on preterm birth itself, 44 studies in several reviews, including one Cochrane 

review (Roberts & Dalziel 2006), assessed the effect on neonatal morbidity and mortality of 

giving antenatal steroids to mothers at risk of preterm labour. Neonatal mortality among 

preterm babies (<36 weeks) was reduced by 31% (95%CI: 19 -42%) in the Cochrane review of 

18 studies, 14 of which were in HICs.  The control group in HICs was routine care (ventilation 

and surfactant) while in LICs it was little or no medical care. Studies were reported to be of 

‘high’ quality and antenatal steroids were recommended for scale-up in LICs. 

 
Another review (Cousens et al. 2010), which updated a previous Cochrane review, identified 18 

RCTs, mostly from HICs, which evaluated  antibiotic usage (given alone or combined with 

antenatal steroids and surfactant) for premature preterm rupture of membranes (pPROM). 

Although a non-significant reduction of 10% in neonatal mortality (RR-0.9; 95%CI: 0.7-1.1; 15 

studies) was observed, significant reductions in respiratory distress (12%) and post-natal 

infection (39%) were seen.  Studies were of ‘low’ quality for neonatal mortality reduction and 

‘low to moderate’ for morbidity. In LICs where other interventions (steroids, surfactants, 

ventilation and antibiotic therapy) are limited, antibiotics for pPROM could be useful.  
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(v) In a 2004 review, Bhutta et al. 2014 found little evidence for the effectiveness of hospital-

based care packages for care of ill or preterm infants in high, middle and low income countries 

as the focus is on trials for single interventions. However, the authors conducted a Delphi 

consultation of 27 experts which suggested that packages of secondary level hospital (KMC, 

warmth, feeding/fluids, oxygen and management of infections/jaundice) and tertiary level 

hospital care (surfactant, positive airway pressure and ventilation) could prevent 70% and 90%  

respectively of preterm-related deaths. However, it is not known whether expert opinion 

consensus is a valid measure of evidence of an intervention. A Cochrane systematic review 

(Conde-Agudelo et al. 2011) and meta-analysis of seven RCTs in LICs and HICs described earlier 

(Chapter 4) found 40% (95%CI:7-61%) lower mortality at discharge or at 40-41 weeks for LBW 

babies receiving KMC than those receiving conventional care.  In another review (Lawn et al. 

2010) that assumed that babies <2000g were preterm (~ 32-34 weeks gestation), and where 

KMC was started within a week of birth, meta-analysis results from three RCTs in hospitals in 

Colombia, India and Ethiopia showed that KMC was associated with 51% reduced neonatal 

mortality (95%CI:18-72%; 3 studies) in these preterm births compared to conventional care 

(incubator or more limited care). Although both these reviews supported the use of KMC in 

LBW babies in resource-limited settings, it was acknowledged that this type of care was not 

available at scaled-up levels in LICs. 

 An earlier report on preterm births, The Born Too Soon report (Howson et al. 2012) suggested 

interventions for the preconception period, and for the pregnancy and labour period that 

could possibly reduce preterm births. In the preconception period interventions suggested 

were: prevention of adolescent and unintended pregnancies, optimal birth-spacing, 

optimization of pre-pregnancy weight, nutrition promotion and micronutrient 

supplementation, rubella vaccination and screening/management of mental health issues, STIs 

and chronic diseases (diabetes, hypertension and anaemia). Interventions suggested for the 

pregnancy period were: basic antenatal care packages for all women which included treatment 

of infections (e.g. tuberculosis, malaria, bacterial vaginosis and  bacteraemia); screening of 

women at risk of preterm births, including those with previous preterm births, multiple 

pregnancies, cervical anomalies and pregnancy disorders (e.g. diabetes, hypertension, 

bleeding); maternal calcium supplementation for hypertension; vaginal progesterone; 

maternal antenatal corticosteroids; and antibiotics for pPROM. For women who were in 

preterm labour, the use of tocolytic drugs (which inhibit uterine contractions) was suggested. 

However the absence or very low use of antenatal corticosteroids, vaginal progesterone, 



Chapter 5. Preterm births in Matlab 

208 

 

cervical cerclage and tocolytics in LICs was acknowledged along with the paucity of research on 

the effect of these interventions within packages (Howson et al. 2012).However though 

interventions are  recommended, the evidence of the effect of specific interventions (e.g.  

antenatal corticosteroids, progesterone, tocolytics and cervical cerclage)  and prenatal care in 

low-risk and high-risk women on reducing the risk of preterm births  is mixed and highlights 

the need for further studies (Iams et al. 2008). 

Interventions suggested by the United Nations to reduce preterm birth mortality involve four 

high impact low-coverage commodities: antenatal corticosteroids, chlorhexidine cord care, 

resuscitation devices and injectable antibiotics (Lawn et al. 2013). These are currently 

unavailable at scaled-up levels  and the current levels are not considered to be effective in LICs 

(Lawn et al. 2013). Moreover, as mentioned earlier (section 2.2) antenatal corticosteroids are 

controversial (Azad et al. 2014) and when given to women at risk of preterm births, have 

resulted in increased risk of neonatal deaths (Althabe et al. 2015). 

Information on the prevalence of preterm births in Bangladesh is drawn from very few studies 

and includes modelled estimates. The evidence from available studies is described here. In the 

majority of these studies stillbirths are excluded and preterm birth status of these stillbirths is 

unknown. 

 

The most recent national, regional and country estimates for preterm births were obtained for 

2010 by a number of research institutes including WHO (Blencowe et al. 2012). The preterm 

birth prevalence estimate for Bangladesh for 2010 was estimated at 14.0% of live births. This 

figure was obtained from a statistical model based on preterm birth data from three published 

studies (Kusiako et al. 2000; Arifeen et al. 2000; Klemm et al. 2008) and one unpublished study 

from Bangladesh, which are described further below.  

  

The most recent estimate from a study using empirical data was from an RCT which took place 

between 2007 and 2009 in three districts of rural Sylhet and compared two regimens of 

umbilical cord cleansing in women receiving maternal and newborn interventions (Shah et al. 

2014). The preterm (≥28 and <37 completed weeks) birth prevalence was found to be 22.3% 

among the 32,126 live births in the study (including multiple births) for whom LMP dates were 

known. Gestational age was prospectively ascertained by women’s recall of LMP date in 2-

monthly home visits. Stillbirths were excluded from the study. 
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In an earlier population and earlier time period (2004-2005) in the same study area as Shah et 

al. (2014), an RCT provided maternal and newborn interventions (Baqui et al. 2013).This study 

estimated the burden of preterm births (≥28 and <37 completed weeks) among 10,585 live 

births including multiple births in one of the RCT intervention arms which received 

interventions at home. Gestational age was prospectively ascertained as in Shah et al. (2014) 

The preterm prevalence of 19.4% for 2004-2005 excluded stillbirths and so might not be 

considered representative of the total population at risk for preterm birth. 

 

Another randomised controlled trial (Klemm et al. 2008) compared newborn vitamin A 

supplements versus placebo in rural areas of northwest Bangladesh and found a preterm birth 

(<37 weeks) prevalence of 23.3% for 2005 among all the 15937 live births in the trial. In this 

study gestational age was assessed prospectively by LMP date recall in 5 weekly home visits to 

identify pregnant women (twins were included).  

 

A Matlab retrospective cohort study (Kusiako et al. 2000) investigated the role of labour 

complications in perinatal deaths and preterm births (≥28  and <37 completed weeks or <259 

days), between 1987 and 1993, in an area covered by a Safe Motherhood (maternity care) 

Programme. Gestational age was determined prospectively from women recalling LMP dates 

in routine monthly home visits by CHWs. Preterm birth prevalence was found to be 20.0% 

among 3865 births (live births and stillbirths) between 1987-1993 in the study. In this study, 

analyses performed with and without twins did not alter the findings. Preterm birth prevalence 

was also found to be similar in women delivering at home and those delivering with a midwife. 

 

Another prospective cohort study between 1993 and 1995 which studied infant growth 

patterns in urban slums in Dhaka city (Arifeen et al. 2000), obtained a preterm (<37 completed 

weeks) birth prevalence of 16.8% for 1994 among the 1654 singleton live births enrolled into 

the study. Gestational age was assessed for the majority of live births by the LMP method and 

by newborn examination for the remainder (15%).  

 

A preterm birth prevalence of 8.7% for 2006 in a rural area in Parbatipur sub-district in 

Northern Bangladesh was reported by Blencowe et al. (2012) from unpublished data (Day, 

LAMB hospital). Information on gestational age assessment method and whether or not 

stillbirths or multiple births were included was not given. 
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Although the national Demographic and Health Survey of Bangladesh (BDHS 2011) did not 

report preterm birth prevalence from gestational age assessment, women self-ascertained 

that for the 5 years preceding the survey, 17.7% of babies born were ‘very small’ or ‘smaller 

than average’ at birth (NIPORT 2013). However self-ascertainment of size at birth cannot be 

considered a valid estimate of preterm birth and ‘small size’ at birth may also be seen because 

of intrauterine growth retardation of term babies.  

 

The evidence for prevalence for preterm births in Bangladesh was obtained from a few sub-

national studies where the denominator in the vast majority of the prevalence estimates 

excludes stillbirths. National estimates are from statistical models or self-ascertainment by 

women. This suggests that further work is necessary in the measurement of true preterm birth 

prevalence in Bangladesh which includes all prospectively ascertained pregnancies and births 

and takes into account stillbirths as well as live births. 

The relationship between lower gestational age at birth and increased mortality has been 

documented before (Katz et al. 2013a; Kramer 2000; Copper et al. 1993). However, there is 

very little information on whether the relationship between gestational age and mortality is 

similar for stillbirths, early and late neonatal deaths and within the early neonatal time period 

for a single population. The higher mortality seen in preterm babies arises from the fact that 

preterm babies are more likely than term babies to develop serious and deadly complications 

such as respiratory distress syndrome, brain haemorrhage, necrotizing enterocolitis (severe 

infection of the bowels). Pre-term babies often have poorer immunity, leading to episodes of 

pneumonia, sepsis and meningitis (Fraser et al. 2004; Behrman & Butler 2007; Saigal & Doyle 

2008). In low-resource countries, such as Bangladesh, where intensive care units are scarce 

and access is limited, better access to basic essential newborn care coupled with early 

identification and immediate treatment with appropriate drugs is needed to prevent these 

deaths.  

The measurement of preterm births is complex for many reasons: variations in definitions of 

preterm birth, stillbirth/preterm birth misclassification, inclusion of stillbirths and multiple 

pregnancies and gestational age assessment (Blencowe et al. 2013). All issues except 

gestational age assessment have been discussed before (Chapter 2). 

Variations in gestational age can occur because of multiple methods of assessment: early first 

trimester ultrasound (gold standard), uterine fundal height, LMP date method (most widely 

used), birth weight as a surrogate for gestational age (preterm birth is equivalent to birth 
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weight ≤ 2500g), newborn examination (from skin texture, wrist flexion and other signs) and 

best obstetric estimate (based on combination of LMP date method, fundal height 

measurement and ultrasound (Engle 2004)). LMP-based gestational ages can be relatively 

imprecise because of (i) variation of the menstrual cycle (ii) conception occurring up to several 

days after ovulation and not on the same day as assumed by this method and (iii) error in 

recalling LMP date (Kramer et al. 2012). Ultrasound based gestational ages are 2-3 days shorter 

than LMP-based ages (corresponding to ovulation on Day 16-17 vs. Day 14) and yield higher 

rates of preterm births (Kramer et al. 2012; Yang et al. 2002). Ultrasound itself is not an error-

free method as, together with errors from insufficient standardization and quality control of 

the operators, it assumes that all foetuses with the same measurements are of the same 

gestational age and so does not account for growth differences between foetuses (Kramer et 

al. 2012; Morin et al. 2005). These methods can all lead to differences in gestational age 

(Kramer et al. 2012) and therefore in the numbers of births recorded as preterm. 

The determinants of preterm births for LICs are not well known, and very few studies have 

quantified preterm birth burden in these countries with accurate gestational age 

measurements and even fewer with time trend data (Howson et al. 2012; Beck et al. 2010; 

Chang et al. 2013). Little information is available on the effect of preterm births on stillbirths 

and on the continnuum of mortality outcomes in the neonatal period. There is an urgent global 

need for research on the effect of packages of effective interventions on preterm births. Few 

interventions effective for preterm birth reduction are used in LICs and the evidence for most 

interventions used in LICs and HICs is based on a few studies. Recent recommendations include 

calls for high quality research on understanding reasons for low coverage and the adaptation 

of effective strategies for reducing preterm births (Lawn et al. 2013; Behrman & Butler 2007). 

This study has access to a large sample of population based data with good prospective 

measurement of LMP date for the last 5 years. Demographic surveillance sites with recording 

of background characteristics and pregnancy registration are important data sources for 

preterm births and stillbirths (Lawn et al. 2010).  Matlab is one of the few INDEPTH sites 

recording stillbirths (Lawn et al. 2010). This study with its Safe Motherhood Programme 

operating alongside an adjacent area of government services provides important opportunities 

to explore the burden of, and  context-specific trends in, preterm birth prevalence in rural 

Bangladesh.  
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 Objectives 5.2

Overall Objective 

The overall objective is to examine the contribution of preterm births to stillbirths and 

neonatal deaths in a rural cohort in Matlab, Bangladesh between 2005 and 2009. 

Specific Objectives 

1) To examine the distribution of gestational age at birth and the distribution of preterm 

births in a rural cohort in Matlab, Bangladesh. 

 

2) To examine the socio-demographic determinants of preterm births in Matlab. The 

socio-demographic determinants to be examined will be: 

viii. Year of birth 

ix. Area of residence 

x. Maternal formal education 

xi. Household asset quintile 

xii. Religion 

xiii. Maternal age 

xiv. Gravidity 

 

3) To examine the association between gestational age and stillbirths, early neonatal 

deaths, specific day-wise early neonatal deaths and late neonatal deaths.  

 

4) To examine whether there are any differences in preterm birth rates in the two areas 

(with and without the Safe Motherhood Programme) over time and if so, whether the 

differences are explained by the socio-demographic changes taking place in Matlab 

over the study period. 

 

5) To measure the contribution of preterm births to stillbirths, early neonatal deaths, 

specific day-wise early neonatal deaths and late neonatal deaths by calculating the 

population attributable risk percentage of preterm births for these mortality 

outcomes. 
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 Methods 5.3

 Study design 5.3.1

This is a retrospective cohort study of all women living in the ICDDR,B service area and the 

Government service area in rural Matlab, Bangladesh who had pregnancies ending in a live 

birth or a stillbirth between 1st January 2005 and 31st December 2009.  

 Data sources, collection and quality: 5.3.2

The Matlab Demographic and health surveillance programme has been described extensively 

in Chapter 4 (section 4.3).  

Information on the data source, collection and data quality for the LMP date (which will be 

used to measure gestational age) has not been covered in Chapter 4 and hence this is detailed 

here. 

 Definitions and categorization of variables: 5.3.3

LMP date 

The LMP (last menstrual period) date is the first day of the last menstrual period as reported 

by the mother to the CHRW (community health research worker) on her monthly/bimonthly 

visit to the woman’s home. The LMP date has been routinely collected from all women in both 

the ICDDR,B and Government service areas since 2005 in monthly CHRW home visits. Before 

2005 LMP date collection was absent in the Government service area and not routinely 

collected during CHRW visits in the ICDDR,B service area. Since 2007 these home visits have 

taken place every two months. CHRWs asked women if they had menstruated since the last 

visit and if so, they were asked to recall the date of the first day of the last menstrual period 

which was noted down. A woman was considered to be pregnant if she reported a non-

menstruation period of 6-weeks to the CHRW and from 2007 (ICDDR,B service  area) and 2010 

(Government service area) pregnancies were confirmed by CHRWs performing on-site urine 

strip-tests.   

Gestational age and gestational age categories 

I calculated gestational age in days by deducting the date of birth from the date of the last 

menstrual period and dividing by 7 to obtain the gestational age at birth in weeks. Gestational 

ages that were improbable (0-21 weeks and 46-94 weeks; section 5.4.1) were considered to be 

outliers and removed from the final sample.  I decided that the range for probable gestational 
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age was from 22- 45 weeks. I chose the 22-week cut-off to include extremely preterm 

stillbirths and live births and to exclude early foetal losses which are considered to occur until 

the widely accepted upper limit of 21 completed weeks. I set the upper gestational age limit as 

45 weeks because, according to Mongelli et al., 99% of all births calculated by LMP are 

delivered by 44 weeks and 5 days (45 weeks) while 99% of all pregnancies dated by 

ultrasonography are delivered by 42 weeks and 2 days (Mongelli et al. 1996). As I use LMP 

dating in my study, a 45-week upper limit would ensure inclusion of all births.  

Preterm births 

I considered preterm births to be those occurring at a gestational age of 22 to 36 completed 

weeks, i.e. less than 259 days. This was based on preterm birth definitions according to WHO 

and current usage in scientific and clinical research (World Health Organization 2013; 

Blencowe et al. 2012; Howson et al. 2012; Lawn, Gravett, et al. 2010). The terminology used 

(Blencowe et al. 2012; Howson et al. 2012; Katz et al. 2013a) for various gestational age groups 

is shown below in Table 5.1. 

Table 5.1: Birth categories according to gestational age group (weeks) 

Birth type Gestational age group (weeks) 

Extremely preterm  22-27 

Very preterm 28-31 

Moderate preterm 32-33 

Late preterm 34-36 

Term 37-41 

Post-term 42-45 

I considered preterm birth prevalence to be: 

Preterm birth prevalence = 
𝒕𝒉𝒆 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒑𝒓𝒆 𝒕𝒆𝒓𝒎 𝒃𝒊𝒓𝒕𝒉𝒔

𝒂𝒍𝒍  𝒔𝒕𝒊𝒍𝒍𝒃𝒊𝒓𝒕𝒉𝒔 𝒂𝒏𝒅 𝒍𝒊𝒗𝒆𝒃𝒊𝒓𝒕𝒉𝒔 (𝟐𝟐 𝒘𝒆𝒆𝒌𝒔 𝒐𝒏𝒘𝒂𝒓𝒅𝒔)
 × 𝟏𝟎𝟎 

 Birth outcomes and mortality outcomes 

I consider birth outcomes to mean live births and stillbirths. I consider mortality outcomes to 

include stillbirths, early neonatal deaths, late neonatal deaths and day-wise early neonatal 

deaths (Day 0, Day 1 to 2 and Day 3 to 6 deaths). 

Population attributable risk percent 

The population attributable risk percent (PAR%) of preterm births is the percentage of deaths  

in the Matlab study population that is attributable to babies being born preterm (and 

potentially could be eliminated if preterm births were eliminated). 
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This is calculated by: 

Population attributable risk percent (PAR%) =
𝑎𝑂𝑅−1

𝑎𝑂𝑅+
1

𝑃𝑒
−1

𝑥100  

where,  

aOR (adjusted odds ratio) is the odds of death in preterm births (exposed individuals) 

divided by the odds of death in term babies (unexposed individuals) adjusted for 

confounders. 

Pe  is the proportion of preterm birth among the population at risk. This is different for 

different mortality outcomes: for example to calculate the PAR% of preterm births among 

early neonatal deaths, I used the proportion of preterm births among all live births, as live 

births are the exposed population. The different Pe appropriate for the different mortality 

outcomes is shown in Table 5.2 below. 

Table 5.2:  The different proportion of preterm births among population at risk (Pe) for 
calculation of population attributable risk percentage of preterm births for all mortality 
outcomes in Matlab. 

Mortality outcome Population at risk of preterm 
birth 

Proportion of population exposed, Pe 

(proportion of preterm births among 
population at risk) 

   

Stillbirths Births (stillbirths and live births) preterm births, n / births, n 

Early neonatal deaths Live births preterm births, n / live births, n 

Late neonatal deaths Babies alive at Day 7                         preterm births, n / babies alive at Day 7 , n 

Day 0 deaths Live births preterm births, n / live births, n 

Day 1 to 2 deaths Babies alive at Day 1                       preterm births, n / babies alive at Day 1 , n 
Day 3 to 6 deaths Babies alive at Day 3                         preterm births, n / babies alive at Day 3 , n 

 

 Data Analysis: 5.3.4

The study included live births and stillbirths from 1st January 2005 to 31st Dec 2009 to women 

registered in the Matlab surveillance area. The dataset I used for this analysis is a sub-set of 

the 1987-2009 birth dataset used earlier (Chapter 4). The unit of analysis for this study was 

deliveries rather than births as detailed in section 4.3.13. All exposures and outcomes were as 

defined in Chapter 4.  

I tabulated birth outcomes and mortality outcomes for all births by gestational age.  
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I provided graphical presentations for: the annual preterm birth prevalence from 2005 to 2009 

for the ICDDR,B  and Government service areas, the overall prevalence in the two areas, and 

the preterm birth prevalence found from other Bangladesh studies. 

I calculated odds ratios for the association between socio-demographic exposures and preterm 

births using logistic regression. I adjusted for birth clustering by using a random effects logistic 

regression model, as children born to the same mother during the study time period were 

likely to have similar exposure and outcomes compared to children of other mothers. I 

presented crude and adjusted odds ratios. I also used logistic regression to examine the 

association between preterm births and six mortality outcomes. I assessed for confounders as 

described in Chapter 4. I did not adjust for multiple hypotheses testing in my analyses but do 

acknowledge that with many statistical significance tests there is the risk of false positive 

significances just by chance and so was wary of over-interpreting borderline significant results. 

I plotted the strength of association found between preterm births and mortality outcomes in 

Matlab with other estimates found in the literature. 

I tested for interaction between year of birth and area of birth to see whether trends over time 

for preterm births varied by area. Interaction was tested by modelling time as a) a categorical 

variable and b) as a continuous variable in the logistic regression models. 

Finally, I calculated the population attributable risk percentage of preterm birth for the six 

mortality outcomes. 
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 Results 5.4

 Description of study sample 5.4.1

There were 25,438 births between 2005 and 2009 in Matlab. Gestational age was missing for 

54 births (0.21% of all births). Of the 25,384 births of known gestational age, very few had 

births with unrealistic outlier gestational ages (0-21 weeks and 46-99 weeks) (112 [0.44%] and 

234 [0.92%], respectively). The final sample consisted of 25,038 births ranging from 22 to 45 

weeks (Figure 5.2). Median and mean gestational ages were 39.4 weeks and 39.0 weeks, 

respectively. 

 

 
             *Gestational ages were missing for 54 births  

Figure 5.2: The distribution of gestational ages in Matlab (2005-2009) for 25,384 births of 
known gestational age* 
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 Prevalence of preterm births  5.4.2

There were 3855 preterm births (22 – 36 weeks) in Matlab between 2005 and 2009. Preterm 

birth prevalence was 15.5% among all births. The largest contribution to preterm births was 

from late preterm births (68.5%) (Table 5.3), while moderate preterm and very preterm 

contributed a quarter of the total (17.3% and 11.2% respectively) and extremely preterm 

births were rare (3.0%).  

Table 5.3 : Distribution of births and preterm births according to gestational age groups in 
25038 births in Matlab (2005-2009) 

 Gestational age group 
(weeks) 

Number (n) Prevalence (%)* 

Births 

Extremely preterm  22-27 115 0.46 

Very preterm 28-31 431 1.72 

Moderate preterm 32-33 667 2.66 

Late preterm 34-36 2,642 10.55 

Term 37-41 19,105 76.3 

Post-term 42-45 2,078 8.3 

Total 22-45 25,038 100 

Preterm births 

Extremely preterm  22-27 115 3.0 

Very preterm 28-31 431 11.2 

Moderate preterm 32-33 667 17.3 

Late preterm 34-36 2,642 68.5 

Total 22-36 3,855 100.0 

*may not add up to 100 because of rounding 

 Preterm birth prevalence over time 5.4.3

Overall the prevalence of preterm births declined from 17.0% in 2005 to 13.8% in 2009 (3.2% 

reduction). In the Government service area prevalence reduced from 17.4% to 14.8%  (2.6% 

reduction), while in the ICDDR,B service area the reduction was from 16.6% to 12.8% (3.8% 

reduction) (Figure 5.3). The largest decline was found among late preterm births in both areas 

(Figure 5.4). 
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Figure 5.3: Annual prevalence for preterm births (n=3855) in 25038 births in the Government 
service area and the ICDDR,B service area in Matlab (2005-2009). 

 

Figure 5.4: Annual prevalence for preterm births by gestational age group for preterm births 
(n=3855) in 25,038 births in the Government service area and the ICDDR,B service area in 
Matlab (2005-2009) 
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 Association between socio-demographic characteristics and preterm 5.4.4

births  

Table 5.4 shows the prevalence of preterm births among socio-demographic categories, as 

well as crude and adjusted odds ratios of the association between preterm births and socio-

demographic factors.  

 

 Overall, preterm births declined over time but not uniformly. In 2006 the odds of preterm 

births were no lower than in 2005 (adjusted OR-1.01; 95% CI: 0.79-1.09) and although a 

decline in preterm births was observed in 2007 compared to 2005 (adjusted OR-0.90; 95%CI: 

0.78-0.99) this 10% reduction in odds was not significant. In 2008 and 2009, odds of preterm 

births were 29% and 33% lower than in 2005 (adjusted ORs: 0.71; 95%CI: 0.63-0.81 and 0.67; 

95%CI: 0.68-0.88) and the results were highly statistically significant (p values <0.0001) 

suggesting that most of the reduction occurred in the latter years of the study.  

 

Preterm rates were lower in the ICDDR,B service area than the Government service area (14.6 

/100 births vs. 16.2/100 births) and this difference was significant (adjusted OR-0.91; 

95%CI:0.85-0.99, p=0.03)  

 

 Preterm births decreased dramatically with increasing levels of formal education, from 20.0% 

in women with 0 years of schooling to 10.3% in women with 11-16 years of schooling 

(p<0.0001). Similarly, preterm birth prevalence also decreased with increased household asset 

quintiles declining from 20.5% in the most poor quintile to 11.9% in the least poor quintile 

(p<0.0001). 

After adjusting for socio-demographic variables, no change was seen in the odds ratios over 

time.   

I tested an interaction between area of birth and time, using time as a continuous variable 

(Table 5.5) and as a categorical variable (Table 5.6). Table 5.5 shows that the annual decline in 

preterm births was rapid in both areas (declining by 11% and 7% per year in the ICDDR,B and  

Government service areas respectively), and the interaction between time and area was non-

significant (likelihood ratio test  p=0.214) providing no evidence that the pace of decline was 

different in the two areas. From Table 5.6 it can be seen that the yearly trends in preterm birth 

decline reached significance only from 2008 onwards. This decline was seen in the 

Government area as well as the ICDDR,B service area and there was no difference in the 

magnitude of decline between the two areas (likelihood ratio test p=0.554) (Table 5.6). 
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Table 5.4: Preterm births (22 to 36 completed weeks’ gestational age at birth) according to 
time, area and socio-demographic characteristics of women in 25,038 births in Matlab (2005-
2009). 

Socio-demographic 
characteristics 

Number of births 
(Number of 
preterm births) 

Preterm births 
per 100 births 

Crude ORs
a
     

(95 % CI) 
 P-values (Wald 
test) 

Adjusted ORs
a b 

 
(95 % CI) 

 P-values (Wald 
test) 

Year of Birth       

2005 4240 (869) 17.0 1.00 _ 1.00 _ 

2006 4270 (889) 17.2 1.02 (0.90-1.14) 0.803 1.01 (0.79-1.09) 0.910 

2007 4249 (789) 15.7 0.89 (0.79-1.01) 0.062 0.90  (0.78-
0.99) 

0.068 

2008 4387 (662) 13.1 0.71 (0.63-0.80) <0.0001 0.71 (0.63-0.81) <0.0001 

2009 4038 (646) 13.8 0.76 (0.67-0.86) <0.0001 0.67 (0.58-0.88) <0.0001 

Area of Residence      

ICDDR,B Service Area  12693 (1853) 14.6 0.87 (0.81-0.94) 0.001 0.91 (0.85-0.99) 0.032 

Government Service 
Area (Reference) 

12345 (2002) 16.2 1.00 _ 1.00 _ 

Maternal formal education (completed years)    

0 (Reference) 4712 (944) 20.0 1.00 _ 1.00 _ 

1-5 6375 (1085) 17.0 0.79 (0.71-0.89) <0.0001 0.93 (0.83-1.04) 0.221 

6-10 12862 (1698) 13.2 0.57 (0.51-0.63) <0.0001 0.83 (0.74-0.93) 0.002 

11-16 1037 (107) 10.3 0.42 (0.33-0.53) <0.0001 0.67 (0.52-0.86) 0.002 

Unknown 52 (21) 40.4 3.19 (1.63-6.27) 0.001 1.82 (0.92-3.59) 0.084 

Household asset quintile      

Most poor 
(Reference) 

3606 (740) 20.5 1.00 _ 1.00 _ 

Very poor 4221 (729) 17.3 0.79 (0.69-0.90) <0.0001 0.84 (0.74-0.96) 0.009 

Poor 4336 (694) 16.0 0.70 (0.62-0.81) <0.0001 0.80 (0.70-0.92) 0.001 

Less poor 4950 (666) 13.5 0.57 (0.50-0.65) <0.0001 0.67 (0.59-0.77) <0.0001 

Least poor 5475 (649) 11.9 0.48 (0.42-0.55) <0.0001 0.61 (0.52-0.70) <0.0001 

Unknown 2450 (377) 15.4 0.67 (0.58-0.79) <0.0001 0.85 (0.72-0.99) 0.051 

Religion        

Islam (Reference) 22388 (3500) 15.6 1.00  1.00 _ 

Hinduism/Other 2650 (355) 13.4 0.82 (0.72-0.93) 0.003 0.81 (0.71-0.93) 0.002 

Maternal Age       

<20 3314 (463) 14.0 1.00 (0.89-1.13) 0.992000 1.12(0.98-1.28) 0.098 

20- 29 (Reference) 14993 (2087) 13.9 1.00 _ 1.00 _ 

30-39 6221 (1141) 18.3 1.44 (1.32-1.58) <0.0001 1.11 (1.00-1.24) 0.052 

40+ 510 (164) 32.2 3.41 (2.71-4.31) <0.0001 2.04 (1.58-2.63) <0.0001 

Gravidity       

1 8048 (1019) 14.6 0.84 (0.77-0.93) <0.0001 0.87 (0.78-0.97) 0.015 

2-3 (Reference) 11348 (1654) 12.7 1.00 _ 1.00 _ 

4-6 4996 (987) 19.8 1.51 (1.35-1.64) <0.0001 1.21 (1.08-1.36) 0.001 

7+ 646 (195) 30.2 2.86 (2.39-3.62) <0.0001 1.76 (1.39-2.23) <0.0001 

All 25038 (3855) 15.4     
aAll odds ratios are adjusted for clustering of births to the same mother 
bAdjusted for year of birth, area of residence, maternal education, asset quintile, religion, maternal age and gravidity 
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Table 5.5: Annual trends in preterm births in the ICDDR,B and Government service areas in 
Matlab (2005-2009). 

 

Crude odds ratio  
(95% CI) 

p-value  
(Wald test) 

Adjusted odds 
ratio*  
(95% CI) 

p-value  
(Wald test) 

p-value for 
interaction 
between time and 
area of residence  

Annual trend of preterm 
births (2005-2009) 

     

ICDDR,B service area 0.89 (0.85-0.93) <0.0001 0.90 (0.86-0.93) <0.0001 
0.214 

Government service area 0.93 (0.89-0.96) <0.0001 0.93 (0.89-0.96) <0.0001 

*adjusted for: maternal education, household asset quintile, religion, maternal age and gravidity 

 
Table 5.6: Yearly trends in preterm births in the ICDDR,B and Government service areas in 
Matlab (2005-2009). 

 Crude odds ratio  
(95% CI) 

p-value  
(Wald test) 

Adjusted odds 
ratio*  
(95% CI) 

p-value  
(Wald test) 

p-value for 
interaction 
between time 
and area of 
residence  

Yearly trend of preterm 
births  

     

2005 (reference year)     

0.554 

ICDDR,B service area 1.00 _ 1.00 _ 

Government service area 1.00 _ 1.00 _ 

2006     
ICDDR,B service area 0.99 (0.83-1.17) 0.879 0.99 (0.84-1.17) 0.918 

Government service area 1.02 (0.87-1.20) 0.775 1.01 (0.86-1.18) 0.92 

2007     

ICDDR,B service area 0.87 (0.73-1.03) 0.102 0.88 (0.74-1.05) 0.144 

Government service area 0.89 (0.76-1.05) 0.157 0.89 (0.76-1.04) 0.149 

2008     

ICDDR,B service area 0.63 (0.52-0.76) <0.0001 0.64 (0.53-0.77) <0.0001 

Government service area 0.78 (0.66-0.92) 0.003 0.78 (0.66-0.92) 0.003 

2009     

ICDDR,B service area 0.70 (0.58-0.84) <0.0001 0.72 (0.60-0.86) <0.0001 

Government service area 0.78 (0.66-0.92) 0.003 0.78 (0.66-0.93) 0.005 

*adjusted for: maternal education, household asset quintile, religion, maternal age and gravidity  
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 Gestational age and mortality outcomes 5.4.5

Mortality rates according to gestational week are shown in Tables 5.7 and 5.8. Early 

gestational ages of 22 to 25 weeks have very few births and deaths, and the rates at these 

gestational ages have to be interpreted with caution. 

Table 5.7:  Rates for stillbirths, early neonatal deaths and late neonatal deaths according to 
each gestational week at birth in 25,038 births, 24, 339 live births and 23, 849 babies alive at 
Day 7 in Matlab (2005-2009) 

 Stillbirth rate Early neonatal death rate Late neonatal death rate 

Gestational 
age 
(weeks) 

No. of 
deaths 

No. of 
births 

Rate per 
1000 
births 

No. of 
deaths 

No. of  
live 
births 

Rate per 
1000 live 
births 

No. of 
deaths 

No. of 
babies 
alive at 
Day 7 

Rate per 
1000 
babies 
alive at 
Day 7 

22 0 6 0.0 1 6 166.7 0 5 0.0 

23 0 10 0.0 3 10 300.0 0 7 0.0 

24 0 11 0.0 2 11 181.8 0 9 0.0 

25 4 20 200.0 10 16 625.0 1 6 166.7 

26 3 35 85.7 15 32 468.8 2 17 117.6 

27 6 33 181.8 9 27 333.3 1 18 55.6 

28 10 53 188.7 17 43 395.3 1 26 38.5 

29 11 70 157.1 16 59 271.2 2 43 46.5 

30 7 97 72.2 14 90 155.6 4 76 52.6 

31 21 174 120.7 22 153 143.8 2 131 15.3 

32 30 261 114.9 18 231 77.9 8 213 37.6 

33 34 377 90.2 10 343 29.2 6 333 18.0 

34 24 572 42.0 20 548 36.5 5 528 9.5 

35 46 853 53.9 25 807 31.0 7 782 9.0 

36 51 1,283 39.8 19 1,232 15.4 5 1213 4.1 

37 68 2,228 30.5 36 2,160 16.7 7 2124 3.3 

38 72 3,927 18.3 48 3,855 12.5 12 3807 3.2 

39 88 5,233 16.8 49 5,145 9.5 9 5096 1.8 

40 91 4,958 18.4 71 4,867 14.6 10 4796 2.1 

41 59 2,759 21.4 43 2,700 15.9 8 2657 3.0 

42 37 1,111 33.3 21 1,074 19.6 1 1053 0.9 

43 16 523 30.6 10 507 19.7 0 497 0.0 

44 11 273 40.3 5 262 19.1 1 257 3.9 

45 10 171 58.5 6 161 37.3 1 155 6.5 

All 699 25,038 27.9 490 24,339 20.1 93 23849 3.9 
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Table 5.8: Rates for Day 0 deaths, Day 1 to 2 deaths and Day 3 to 6 deaths according to each 
gestational week at birth in 24,339 live births, 24,117 babies alive at Day 1 and 23,932 babies 
alive at Day 3 in Matlab (2005-2009) 

  Day 0 death rate Day 1 to 2 death rate Day 3 to 6 death rate 

Gestational 

age 

(weeks) 

No. of 

deaths 

No. of 

live 

births 

Rate per 

1000 

live 

births 

No. of 

deaths 

No. of babies 

alive at Day 1 

Rate/1000 

babies 

alive at 

Day 1 

No. of 

deaths 

No. of 

babies 

alive at 

Day 3 

Rate/1000 

babies 

alive at 

Day 3 

22 1 6 166.7 0 5 0.0 0 5 0.0 

23 1 10 100.0 2 9 222.2 0 7 0.0 

24 1 11 90.9 0 10 0.0 1 10 100.0 

25 7 16 437.5 1 9 111.1 2 8 250.0 

26 11 32 343.8 2 21 95.2 2 19 105.3 

27 2 27 74.1 5 25 200.0 2 20 100.0 

28 10 43 232.6 5 33 151.5 2 28 71.4 

29 7 59 118.6 7 52 134.6 2 45 44.4 

30 5 90 55.6 8 85 94.1 1 77 13.0 

31 10 153 65.4 8 143 55.9 4 135 29.6 

32 12 231 51.9 5 219 22.8 1 214 4.7 

33 4 343 11.7 3 339 8.8 3 336 8.9 

34 12 548 21.9 5 536 9.3 3 531 5.6 

35 11 807 13.6 10 796 12.6 4 786 5.1 

36 8 1232 6.5 4 1224 3.3 7 1220 5.7 

37 13 2160 6.0 17 2147 7.9 6 2130 2.8 

38 17 3855 4.4 21 3838 5.5 10 3817 2.6 

39 23 5145 4.5 17 5122 3.3 9 5105 1.8 

40 31 4867 6.4 29 4836 6.0 11 4807 2.3 

41 19 2700 7.0 18 2681 6.7 6 2663 2.3 

42 8 1074 7.4 10 1066 9.4 3 1056 2.8 

43 5 507 9.9 3 502 6.0 2 499 4.0 

44 1 262 3.8 2 261 7.7 2 259 7.7 

45 3 161 18.6 3 158 19.0 0 155 0.0 

All 222 24339 9.1 185 24117 7.7 83 23932 3.5 
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Figures 5.5 and 5.6 show the mortality rates for stillbirths, early neonatal deaths and late 

neonatal deaths by each gestational week at birth while Figures 5.7 and 5.8 show these 

mortality rates by gestational age groups.  

Shorter gestational age at birth (from 25 weeks onward) was associated with higher mortality 

for all outcomes. Mortality rates at lower gestational age (25 weeks of gestation) were higher 

for early neonatal deaths (625 per 1000 live births at 25 weeks) than stillbirths and late 

neonatal deaths (200 per 1000 births and 167 per 1000 babies alive at Day 7) (Figure 5.5).  

Deaths in the first day of life were particularly high at 438 per 1000 babies alive at Day 1 at 25 

weeks (Figure 5.6).  

When gestational ages were grouped (Figures 5.7 and 5.8) the same pattern was seen with 

mortality rates decreasing with longer gestational ages.  Among all mortality outcomes the 

highest rates were seen for early neonatal deaths (453 per 1000 live births) at 25-27 weeks 

while stillbirth and late neonatal death rates (148 per 1000 births and 98 per 1000 babies alive 

at Day 7) were also highest for children in the lowest gestational age group. First day death 

rates (267 per 1000 babies alive at Day 1) were also greatest at 25-27 weeks.  The rates, 

numerators and denominator have been tabulated and shown elsewhere (Appendix III: Tables 

2 and 3). 
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Figure 5.5: Mortality rates (25 weeks onwards) for stillbirths, early neonatal deaths and late neonatal deaths by gestational week at birth in Matlab (2005-
2009) 
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Figure 5.6: Mortality rates (25 weeks onwards) for Day 0 deaths, Day 1 to 2 deaths and Day 3 to 6 deaths by gestational week at birth in Matlab (2005-2009) 
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Figure 5.7: Mortality rates (25 weeks onwards) for stillbirths, early neonatal deaths and late neonatal deaths by gestational age group (weeks) at birth in 
Matlab (2005-2009)
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Figure 5.8: Mortality rates (25 weeks onwards) for Day 0 deaths, Day 1 to 2 deaths and Day 3 to 6 deaths by gestational age group (weeks) at birth in Matlab 
(2005-2009)
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 Association between gestational age and mortality   5.4.6

Table 5.9 shows the relationship between mortality outcomes and gestational age in Matlab 

from 2005-2009. Figure 5.9 shows the adjusted odds ratios plotted for all mortality outcomes.  

 Stillbirths were strongly associated with gestational age. The odds ratios did not change after 

adjusting for socio-demographic exposures. The strengths of association of socio-demographic 

characteristics with stillbirths and other mortality outcomes were similar to that observed 

earlier in Chapter 4 and hence are not shown here. 

Early neonatal death rates declined dramatically with increasing gestational age and this 

remained significant for all gestational age groups even after adjustment for time, socio-

demographic factors of area of residence and gravidity. Odds of dying in the first week of life 

were almost 49 times higher for babies with a gestational age of 22-27 weeks at birth than 37-

41 weeks at birth (OR= 48.68 , 95% CI:28.07-84.40, p<0.0001).  

This relationship of gestational age with mortality was also seen for late neonatal deaths, 

though not as strongly. Even so, odds of late neonatal death were 14 times higher at 22-27 

weeks than 37-41 weeks (OR= 14.31, p<0.0001).  

Among all mortality outcomes, low gestational age affected Day 0 deaths the most. Babies of 

22-27 weeks gestational age had 53 times greater odds of death on their first day than babies 

who were born at term. Day 1 to 2 deaths and Day 3 to 6 deaths showed similar but less strong 

relationships with gestational age as with the other mortality outcomes.  
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Table 5.9 : Mortality outcomes according to gestational age and socio-demographic 
characteristics of women in Matlab (2005-2009). 

Gestational age 
(weeks) 

Denominator  
(No. of mortality 
outcomes)                          

Mortality per 
1000 
denominator 

Crude ORs
a
     (95 

% CI) 
 P-values (Wald 
test) 

Adjusted ORs
a b 

 (95 
% CI) 

 P-values (Wald 
test) 

Stillbirths 

22-27 115 (13) 113.0 7.31 (3.68-14.54) <0.0001 7.31 (3.59-14.91) <0.0001 

28-31 431 (54) 125.3 8.85 (6.10-12.86) <0.0001 8.85 (5.99-13.07) <0.0001 

32-33 667 (61) 91.5 5.82 (4.17-8.13) <0.0001 5.61 (3.97-7.93) <0.0001 

34-36 2642 (119) 45.0 2.49 (1.97-3.14) <0.0001 2.39 (1.88-3.04) <0.0001 

37-41 19105 (378) 19.8 1.00 _ 1.00 _ 

42-45 2078 (74) 35.6 1.91 (1.45-2.51) <0.0001 1.86 (1.41-2.46) <0.0001 

All 25038 (699) 27.92     

Early neonatal deaths 

22-27 102 (40) 392.2 40.85 (27.22-
61.31) 

<0.0001 48.68 (28.07-84.40) <0.0001 

28-31 377 (73) 193.6 15.60 (11.80-
20.67) 

<0.0001 16.42 (11.69-23.08) <0.0001 

32-33 606 (26) 42.9 3.10 (2.05-4.68) <0.0001 3.06 (2.01-4.67) <0.0001 

34-36 2523 (62) 24.6 1.84 (1.39-2.43) <0.0001 1.82 (1.37-2.42) <0.0001 

37-41 18727 (247) 13.2 1.00 _ 1.00 _ 

42-45 2004 (42) 21.0 1.58 (1.13-2.19) 0.007 1.53 (1.09-2.13) 0.013 

All 24339 (490) 20.1   

  Late neonatal deaths  

22-27 62 (4) 64.5 14.93 (5.28-42.1) <0.0001 14.31 (5.04-40.61) <0.0001 

28-31 304 (11) 36.2 10.85 (5.58-21.09) <0.0001 10.44 (5.34-20.42) <0.0001 

32-33 580 (12) 20.7 7.59 (4.00-14.39) <0.0001 7.20 (3.77-13.74) <0.0001 

34-36 2461 (17) 6.9 2.68 (1.54-4.69) 0.001 2.62 (1.50-4.60) 0.001 

37-41 18480 (46) 2.5 1.00 _ 1.00 _ 

42-45 1962 (3) 1.5 0.60 (0.19-1.93) 0.390 0.59 (0.18-1.90) 0.380 

All 23849 (93) 3.9    

 Day 0 deaths 

22-27 102 (23) 225.5 46.13 (28.08-
75.78) 

<0.0001 53.81 (27.17-106.53) <0.0001 

28-31 377 (34) 90.2 15.80 (10.59-
23.58) 

<0.0001 16.38 (10.50-25.57) <0.0001 

32-33 606 (15) 24.8 4.24 (2.46-7.34) <0.0001 4.28 (2.45-7.48) <0.0001 

34-36 2523 (30) 11.9 2.12 (1.41-3.19) <0.0001 2.12 (1.41-3.21) <0.0001 

37-41 18727 (103) 5.5 1.00 _ 1.00 _ 

42-45 2004 (17) 8.5 1.52 (0.91-2.55) 0.11 1.49 (0.89-2.49) 0.134 

All 24339 (222) 9.1   

  Day 1 to 2 deaths 

22-27 79 (10) 126.6 18.49 (8.87-38.50) <0.0001 20.31 (9.20-44.8) <0.0001 

28-31 343 (30) 87.5 14.41 (9.05-22.9) <0.0001 14.29 (8.58-23.80) <0.0001 

32-33 591  (6) 10.2 1.70 (0.74-3.90) 0.212 1.59 (0.68-3.69) 0.283 

34-36 2493 (19) 7.6 1.35 (0.82-2.21) 0.234 1.29 (0.96-2.67) 0.311 

37-41 18624 (102) 5.5 1.00 _ 1.00 _ 

42-45 1987 (18) 9.1 1.63 (0.98-2.70) 0.058 1.60 (0.96-2.67) 0.07 

All 24117 (185) 7.7    
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Gestational age 
(weeks) 

Denominator  
(No. of mortality 
outcomes)                          

Mortality per 
1000 
denominator 

Crude ORsa     (95 
% CI) 

 P-values (Wald 
test) 

Adjusted ORsa b  (95 
% CI) 

 P-values (Wald 
test) 

Day 3 to 6 deaths 

22-27 69 (7) 101.4 29.42 (12.92-
66.96) 

<0.0001 31.24 (13.54-72.01) <0.0001 

28-31 313 (9) 28.8 9.68 (4.68-20.01) <0.0001 10.65 (5.12-22.15) <0.0001 

32-33 585 (5) 8.5 3.42 (1.35-8.69) 0.009 3.61 (1.42-9.21) 0.007 

34-36 2474 (13) 5.3 2.24 (1.40-4.19) 0.011 2.32 (1.25-4.35) 0.008 

37-41 18522 (42) 2.3 1.00 _ 1.00 _ 

42-45 1969 (7) 3.6 1.53 (0.69-3.42) 0.295 1.51 (0.68-3.36) 0.317 

All 23932 (83) 3.5    

 
aAll odd ratios are adjusted for clustering of births to the same mother 

bAdjusted for: stillbirths-gestational age, year of birth, area of residence, maternal education,  maternal age and gravidity; early 

neonatal deaths-gestational age, year of birth, area of residence and gravidity; late neonatal deaths-gestational age and gravidity; 

day 0, day 1 to 2 and day 3 to 6 deaths-gestational age, area of residence, maternal age and gravidity. 

 

 

Figure 5.9: Adjusted odds ratios for mortality outcomes by gestational age group (weeks) at 
birth in Matlab (2005-2009). 
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Figure 5.10 compares preterm birth rates in Matlab between 2005 and 2009 with rates 

obtained from Bangladeshi studies (Kusiako et al. 2000; Arifeen et al. 2000; Klemm et al. 2008) 

included in the global and national estimations of preterm births by Blencowe et al. 2012. 

Details of these and other published (Baqui et al. 2013; Shah et al. 2014) and unpublished (Day 

et al., LAMB hospital) Bangladesh studies have been discussed earlier in this chapter (see 

Introduction). Rates from these studies and those estimated by Blencowe et al. 2012 for 2010 

ranged from 8.7% to 23.3% and the rates obtained from my study fell within this range. 

However, a time trend could not be detected from these rates, suggesting that preterm births 

were declining in Bangladesh.  

The comparison of the strength of association between preterm birth and early neonatal 

mortality by weeks of gestational age for Matlab with published estimates by  (Katz et al. 

2013a) for Asia, Sub-Saharan Africa and Latin America is shown in Figure 5.11. These published 

estimates for early and late neonatal death outcomes are based on 20 datasets from these 

regions and estimates for Asia are based on datasets from Bangladesh, India, Nepal, Pakistan, 

Philippines and Thailand. The adjusted odds estimates for early neonatal deaths in Matlab 

(2005-2009) are consistent with the adjusted estimates for Asia (adjusted for land ownership, 

occupation, maternal and paternal education, maternal age and gravidity in the Katz et al. 

2013 study). Figure 5.12 shows the comparison for late neonatal deaths and the Matlab results 

are also consistent with results for Asia. 
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Graph adapted from Blencowe et al. 2012, “National, regional, and worldwide estimates of preterm birth rates in 

the year 2010 with time trends since 1990 for selected countries: a systematic analysis and implications” Lancet, 

Vol. 379, pp. 2162–2172. Note: In order to be consistent with Blencowe et al. 2012 estimates, Matlab estimates 

(thesis results) used in this graph have been converted to rate per 100 live births from rate per 100 births used 

elsewhere in the thesis. 

Figure 5.10: Comparison of Matlab preterm birth rates with rates from other Bangladesh 
studies. 
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Graph adapted from Katz J. et al. 2013, “Mortality risk in preterm and small-for-gestational-age infants in low-

income and middle-income countries: a pooled country analysis”, Lancet, Vol. 382:9890, pp 417-25.  

*Note: Matlab data for 28-31 weeks and 37-41 weeks, were used for gestational age groups of <32 weeks and ≥37 

weeks in this graph. The Matlab data were representative for 2005-2009 while the Katz et al. 2013 study estimates 

were representative for 1982-2008. Katz et al. 2013 and the Matlab study presented relative risks and odds ratios, 

respectively. 

Figure 5.11: Comparison of strength of association between preterm birth and early neonatal 
mortality by gestational age groups (weeks) for Matlab, Bangladesh with published estimates 
for Asia, Sub-Saharan Africa and Latin America. 
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Graph adapted from Katz J. et al. 2013, “Mortality risk in preterm and small-for-gestational-age infants in low-

income and middle-income countries: a pooled country analysis”, Lancet, Vol. 382:9890, pp 417-25.  

*Note: Matlab data for 28-31 weeks and 37-41 weeks, were used for gestational age groups of <32 weeks and ≥37 

weeks in this graph. The Matlab data were representative for 2005-2009 while the Katz et al. 2013 study estimates 

were representative for 1982-2008. Katz et al. and the Matlab study presented relative risks and odds ratios, 

respectively. 

Figure 5.12: Comparison of strength of association between preterm birth and late neonatal 
mortality by gestational age groups (weeks) for Matlab, Bangladesh with published estimates 
for Asia, Sub-Saharan Africa and Latin America. 
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Table 5.10 shows the population attributable risk percentage of preterm births for each 

mortality outcome. Approximately 30% of mortality was attributable to preterm births, 

regardless of age at death. Extremely preterm births are responsible for between 2.8% of 

stillbirths and 18.1% of Day 0 deaths. Very preterm births are responsible for between 10.7% 

of late neonatal deaths and 19.3% of early neonatal deaths. Moderate and late preterm births 

are responsible for 13.1% and 14.3%, respectively, of late neonatal deaths.  

Table 5.10: Percentage of mortality outcomes attributable to preterm births in Matlab (2005-
2009) 

 Population attributable risk percent (PAR%) 

 Preterm   
(22-36 weeks) 

Extremely 
preterm 
(22-27 weeks) 

Very preterm  
(28-31 weeks) 

Moderate 
preterm  
(32-33 
weeks) 

 Late preterm 
(34-36 weeks) 

Stillbirths 29.7 2.8 11.9 10.9 12.8 
 

Early neonatal 
deaths 
 

32.0 16.7 19.3 4.9 7.8 
 

Late neonatal 
deaths 
 

34.0 3.3 10.7 13.1 14.3 
 

Day 0 deaths 
 

37.1 18.1 19.2 7.6 10.4 

Day 1 to 2 deaths 
 

23.2 5.9 15.9 1.4 2.9 

Day 3 to 6 deaths 
 

31.6 8.0 11.2 6.0 12.0 
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 Discussion: 5.5

This study found that the preterm birth prevalence is high in rural Bangladesh: 15.5% of all 

births are preterm with 10.6% and 2.7% late and moderately preterm, respectively. Very 

preterm births and extremely preterm births are rare (1.7% and 0.5% of births).  Women who 

are the least educated, poorest, oldest and have had the greatest number of pregnancies have 

the highest prevalence of preterm birth. The differentials were particularly strong for maternal 

education where the risk of preterm birth for the most educated women was half that of 

women with no education.  Preterm births are associated with very high rates of stillbirths and 

neonatal mortality. The population attributable risk percent for preterm births is around 30% 

for stillbirths, early and late neonatal deaths and is highest (37%) in Day 0 deaths. 

The preterm birth prevalences of 13.8% (2009) to 17.0% (2005) seen in my study are 

consistent with those reported in previous Bangladesh studies (8.6 to 23.3%) and the WHO 

estimates for Bangladesh and South Asia (14.0% and 13.3%) described earlier 

(Introduction).The proportions of late and moderate preterm births (68.5% and 17.3% 

respectively) in my study are also the same as proportions found in the two rural Sylhet studies 

described earlier [69.6% and 17.1% (Baqui et al. 2013); 55.1% and 31.8% (Shah et al. 2014)]. 

The proportions in my study are also in line with the combined value for late and moderate 

preterm births reported from the global meta-analysis of data points from 41 countries 

(84.3%) (Blencowe et al. 2012).  

 

Maternal education had a dramatic effect on preterm birth prevalence. Prevalence was halved 

from 20.0/100 births in women with no education to 10.3/100 births in women with 11-16 

years of education. When adjusted for other factors, this corresponded to a 33% reduction 

(58% reduction when unadjusted) in preterm births for the highest-educated women 

compared to uneducated women. This effect is consistent with that found elsewhere in 

Bangladesh and in Pakistan. In the Sylhet study described earlier (Shah et al. 2014) women 

with 5 or more years of schooling had a 27% reduction in preterm births compared to those 

with  0-4 years of schooling. In a prospective cohort study in Karachi, Pakistan (Shaikh et al. 

2011) women with ten or more years education had preterm prevalence of 9.8/100 births 

compared to 15.0/100 births in women with no or ‘some’ schooling (where ‘some’ schooling  

was undefined). In this study, women with higher education levels were seen to have 39% less 

preterm births though this reduction was not significant. 
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A number of factors might contribute to the strong association between preterm birth and 

maternal education. Women with secondary education may be more likely to access antenatal 

care, space their births, optimize their pre-pregnancy weight, identify and manage risk factors 

(e.g. by using antibiotics for infections and anti-hypertensives for hypertensive diseases of 

pregnancy) and access better care during labour (Dean et al. 2013). The strong association 

seen between education and prematurity prevalence in Matlab could be partly explained by 

educated women (i) accessing ANC more often, (ii) increasing their birth-spacing or because of 

(iii) information bias.  (i) In both areas of Matlab, percentages of antenatal care visits (0-1, 2 

and 3+ visits) increased significantly with rising levels of maternal education (Pervin et al. 

2012).(ii) In Matlab more than half of all births (58.2%) following short birth intervals (24-35 

weeks) were seen to occur in women with no education (DaVanzo et al. 2004). One of the 

major global recommendations for reducing preterm birth prevalence (Howson et al. 2012) 

includes providing antenatal care services for all women (screening for infectious diseases, 

correction of weight, birth preparedness) and for women at risk of preterm birth (by 

anticipating and managing  previous and  current  pregnancy disorders e.g. hypertension, 

bleeding and multiple pregnancy).(iii)  It is also possible that educated women reported their 

LMP dates differently from uneducated women but it is unlikely that this reporting error was 

present as a study in the USA showed that women reported their LMP dates accurately 

regardless of education level (high-school, some post high-school education and at least a 

college degree) (Wegienka & Baird 2005). However as the lowest level of education in the USA 

study was high school education (12 years of education), the effect of no education on 

recalling LMP dates accurately is not known. 

 
The lowest socioeconomic status was associated with the highest risk of preterm birth in my 

study, an association also seen in England between 1994 and 2003 where mothers in the most 

deprived decile had a very preterm prevalence of 16.4/1000 births compared to 8.5/1000 

births in the least deprived decile (Smith et al. 2007). However after adjusting for other socio-

demographic factors such as education in Matlab, there appeared to be no significant effect of 

increased wealth on preterm birth reduction. Absence of effect was seen in all but the poorest 

wealth quintile.  

 

The U-shaped relationship found between maternal age and preterm birth prevalence 

corresponds to similar findings in previous studies (Fraser et al. 1995; Hediger et al. 1997; da 

Silva et al. 2003; Tough et al. 2002). Extremes in gravidity are seen to increase preterm birth 

risks significantly in this population after adjustment for socio-demographic factors and this is 
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also seen elsewhere (López & Bréart 2013). However, a large meta-analysis for the relationship 

between parity and preterm births suggested that residual confounding (e.g. poor access to 

care, financial instability, or high fertility at the end of the reproductive period) and not 

biological mechanisms are predominantly responsible for the relationship (Kozuki  et al. 2013). 

In my study, however, adjustment for wealth, age and other demographic factors only 

attenuated the risks for preterm births associated with high gravidity.  

 

The prevalence of preterm birth fell in Matlab from 2005 to 2009 (17.0% to 13.8%), both in the 

Government (17.4% to 14.8%) and the ICDDR, B service areas (16.6% to 12.8%).  

The odds ratios for yearly decline in preterm births did not change after adjusting for socio-

demographic characteristics over time, suggesting that changing socio-demographic 

characteristics were not responsible for the decline. The pace of decline was similar in both 

areas. Possible reasons for the decline are discussed later.     

 
The rates for stillbirths and neonatal mortality declined monotonically with longer gestational 

age, whatever the time since birth. These findings are consistent with what has been found in 

the region and elsewhere for stillbirths (Ngoc et al. 2006; Smith 2001), early neonatal mortality 

(Ngoc et al. 2006; Katz et al. 2003), perinatal mortality (Kusiako et al. 2000), late neonatal 

mortality (Katz et al. 2003)and neonatal mortality (Smith 2001; Mohangoo et al. 2011; Baqui et 

al. 2013). 

 

My findings suggest that a third of stillbirths (29.7%), early neonatal deaths (32.0%), and late 

neonatal deaths (34.0%) are attributable to prematurity. Assuming that the association 

between preterm birth and mortality is causal, a third of neonatal deaths could be eliminated 

if preterm births could be prevented. Causality is plausible, because according to the criteria 

for causality (Lucas & McMichael 2005) prematurity precedes mortality, is related to mortality 

by a biological gradient (or dose-response), the strength of association (odds ratio) with 

mortality is high, findings are consistent with those of  previous studies in the region and 

elsewhere (Liu et al. 2012; Baqui et al. 2013; Kusiako et al. 2000) and analogous studies of LBW 

with mortality have shown similar effects (Yasmin et al. 2001; Copper et al. 1993). My findings 

are consistent with those found in other studies from Matlab (27.3% of perinatal deaths during 

1987-1993) and Sylhet (33% of neonatal deaths during 2004-2005) (Kusiako et al. 2000; Baqui 

et al. 2013).  The 2011 Bangladesh DHS reported that only 11.3% of neonatal deaths were 

attributable to preterm birth, but this is likely to be an underestimate as preterm birth was 
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ascertained by verbal autopsy of dead babies instead of by gestational age measurement for 

all babies (NIPORT et al. 2013). 

 

This study has a number of unique strengths, including the large sample of stillbirths and live 

births, preterm births, and early and late neonatal deaths. First, the large sample size ensures 

that there was enough power to test the study associations. Second, data were prospectively 

collected and loss to follow up was low. The main reason for loss to follow-up in Matlab is out-

migration (Rahman et al. 2013) and during 2005-2009, 10.5/1000 females of all ages in Matlab 

migrated out (Appendix  III: Table 4), roughly corresponding to a loss-to follow up of 1.05% 

which is likely to be even lower for pregnant women. This loss to follow-up is extremely small 

for a cohort study and unlikely to introduce bias. Third, there were very few births with missing 

LMP dates (0.21%) while births with missing socio-demographic characteristics (household 

asset quintile-9.8% and maternal education-0.21%) were retained as unknown categories in 

the analysis. Fourth, the analytic sample included the total population at risk of preterm births 

(i.e. stillbirths and live births) and hence the results represented the total population and not 

just a subset of live births. Lastly, the study was community based, thereby providing estimates 

of the prevalence of preterm births and the associations of gestational age with mortality that 

are representative of a population.  

 

The study has a number of limitations, including (1) gestational age measurement method (2) 

misclassification between stillbirths and early neonatal deaths (3) exclusion of births with 

extremes of gestational age and (4) residual confounding. 

  

First, gestational age was measured by LMP dating. As women recalled LMP dates during one- 

or two-monthly visits during pregnancy, recall bias for LMP date is likely to be lower than when 

it is checked during or after birth. LMP dating may underestimate preterm births compared to 

ultrasonography dating (Mongelli et al. 1996). LMP dating underestimated ultrasound-based 

gestational ages by only one day in a tertiary hospital in Bangladesh (Rosenberg et al. 2009). It 

is therefore possible that the preterm prevalence of 15.5% is an underestimate of the actual 

burden of prematurity, but as recall bias for LMP dates is likely to be low, the effect of this on 

the prevalence reported is likely to be small. A very recent study in Matlab which compared 

gestational ages assessed by reported LMP dates and by ultrasound during 2008-2010 found a 

very high correlation for the two methods (Anisur Rahman, manuscript in preparation), 
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suggesting that the gestational ages measured by LMP dates were not likely to be very 

different from those measured by ultrasound. 

 

 Second, I expect some misclassification between stillbirths and early neonatal death because 

the majority of these births are at home with traditional birth attendants and differentiation is 

difficult (Chapter 4). However, this misclassification is likely to be non-differential for preterm 

and term infants and so unlikely to affect the results.  

Third, the number of births with extremely large or small gestational ages was very small 

(1.36%) and excluding these births from the analysis was unlikely to introduce bias. 

 

Fourth, residual confounding might not have been adjusted for. Factors not included in the 

analysis included maternal body mass index (BMI) (Kosa et al. 2011) and anaemia (Zhang et al. 

2009), maternal and foetal complications (Lawn, Lee et al. 2009), and short inter-pregnancy 

intervals (Smith et al. 2003; DeFranco et al. 2007) which are associated with increased risk of 

preterm births (outcome) and also independently associated with the  socio-demographic 

variables (exposure) analysed here (Hossain et al. 2012; Ahmed et al. 2003; Wandabwa 2004; 

Centers for Disease Control and Prevention 1998). Adjustment for these factors could have 

possibly attenuated the strength of association seen between socio-demographic factors and 

preterm births but was unlikely to have any effect on preterm birth prevalence. Inter-

pregnancy interval and BMI by gestational age were not calculated or analysed because of 

time limitations in the PhD. The next chapter explores the role of maternal complications in 

relation to preterm births, stillbirths and neonatal mortality. 

The majority of preterm births in South Asia, Bangladesh and this study are moderate to late 

preterm (Beck et al. 2010; Blencowe et al. 2012; Baqui et al. 2013) and these births do not 

need expensive intensive care units for survival (Morken 2012). However the 

recommendations for reduction of preterm births often include antenatal corticosteroids, 

vaginal progesterone and tocolytics which are unavailable or have very low coverage in LICs. 

In my study, the reduction of preterm births in both areas from 2005-2009 appears to be 

driven by the reduction of late preterm births, suggesting that these pregnancies are possibly 

being extended by a few weeks and reaching term status. It is possible that the change in LMP 

ascertainment over the study period of 2005-2009 (one month recall during 2001-2006 and 

two month recall from 2007 onwards) might have resulted in changes in gestational age over 

the time period which might have resulted in the  sharp decline observed from 2008.  Increase  
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in LMP recall periods have resulted in women tending to report the LMP date before the actual 

LMP date in a US study (Wegienka & Baird 2005) when different  recall periods were compared 

( 0-<1 weeks, 1-<2 weeks,  2- <3 weeks and 3 weeks or longer, where the maximum period was  

56 days). This might have led to gestational ages in Matlab being overestimated after mid-2007 

resulting in the reduction seen in preterm births in both areas from 2008. 

 Matlab has seen an increase in ANC uptake over the study period in both the areas. Uptake of 

three or more antenatal care visits increased during the period 2005-2009 in both areas (from 

40% to 81% in the ICDDR,B service area and from 16% to 27% in the Government service area) 

(Pervin et al. 2012) and this is consistent with increases in ANC uptake seen nationally. In the 

most recent (2011) national DHS 67.9% of women had at least one ANC visit (26% with 4 or 

more visits) compared to 63% (22% with 4 or more visits) for the 2007 DHS (NIPORT et al. 

2013; NIPORT et al. 2009). It is possible that by identifying and treating mothers at greater risk 

of pre-term birth, the increased antenatal care uptake in both areas of Matlab is partly 

responsible for the reduction in preterm births by delaying preterm labour.  The Sylhet study 

described earlier supports this suggestion and  shows that at least one ANC visit versus none 

was associated with a 25% reduction in preterm births (95%CI: 22-28%) (Shah et al. 2014). It is 

also possible that improved ANC visits resulted in knock-on effects of better awareness of 

complications and care-seeking for these when necessary, enabling prompt management of 

complications. There were increases in the percentages of women with education between 

2005 and 2009; however, it is unlikely that the change was sufficiently substantial to result in 

less closely-spaced pregnancies which might have reduced the number of preterm births.  Girls 

who finish their education are likely to have fewer adolescent pregnancies which result in 

preterm births  (World Health Organization 2011b) though this is unlikely to be the case in 

Matlab. In Matlab, the number of births to young mothers (<20 years or less) did not change 

between 2005 (13.3%) and 2009 (13.0%) (Data not shown). Though I was not able to assess the 

reduction (if any) over time of maternal undernutrition in Matlab, it has been estimated that 

the number of chronic energy deficient (BMI <18.5 kg/m2) non-pregnant mothers of children 

below 5 years decreased from 35.5% in 2005 in rural Bangladesh to 25.5% in 2010 (Helen 

Keller International 2005; Helen Keller International 2010). It is possible that improvement in 

maternal BMI in Matlab contributed to the decline in preterm births. The Sylhet study also 

supported this possibility by showing almost 1.5 times greater preterm birth risks in the 

thinnest women (mid upper arm circumference<21.4 cm) than the least thin women. However 

it should be noted that  a systematic review and meta-analysis  described earlier on balanced 
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protein energy supplementation in pregnancy on preterm births showed no effect on risks of 

preterm births (Imdad & Bhutta 2012b).  

 

 The reduction from 2008 in preterm births in both areas may be because of improvements in 

ANC, nutrition, education and better care-seeking, but why this would result in preterm 

reduction after 2008 is unknown. It might be speculated that certain antibiotics, drugs or 

services became more accessible from that point (though there is no information on this) or, 

analogous to the threshold effect of caesarean section on reduction of stillbirths discussed 

earlier (Chapter 4), levels of antenatal care, nutrition or education may have reached coverage 

levels from which preterm reductions were apparent. It is uncertain whether the 

improvements in the factors described above could have resulted in the decline seen in 

preterm births in both areas from 2007 onwards. 

 

The previous chapter showed that the Safe Motherhood Programme resulted in great 

reductions in stillbirth and very early neonatal mortality while it showed no effect on the 

reduction of preterm births. When initially launched, the Matlab Safe Motherhood Programme 

was not designed to reduce preterm births or preterm-related deaths. Strengthening of the 

programme in 2007 attempted to implement evidence-based interventions such as antibiotics 

for pPROM and injectable antenatal corticosteroid treatment for women at risk of preterm 

labour or in preterm labour. KMC was also provided for preterm babies. These interventions 

were  part of an effort to reduce perinatal and preterm deaths and improve survival for 

preterm  babies (Chapter 4-Appendix II: Table 1) (Rahman et al. 2011). The coverage of these 

additional interventions in the Matlab ICDDR,B service area was unknown for the study period 

and it is not known whether providers routinely implemented these interventions in women at 

risk of preterm birth. It is possible that in Matlab, antibiotics for pPROM or antenatal 

corticosteroids were not used or were not used in a manner to result in greater preterm 

reduction in the ICDDR,B service area. However, there is no data available to assess drug 

usage.  Additionally, skin-to-skin care in the 6-bed KMC unit was found to be insufficient to 

reduce mortality in preterm babies (Rahman et al. 2011). Reduction in preterm births was only 

seen from 2008 onwards and was evident in both areas. The results for the interaction 

between time and area of residence showed that there was no effect of the Safe Motherhood 

Programme on preterm birth reduction between 2005 and 2007. In summary, there was no 

evidence of improved services from 2007 onwards, so the decline in preterm births in both 
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areas after 2007 is largely unexplained by improvement of services and might be a result of 

change in the recall period of LMP date after mid-2007.  

It is possible that greater gains in preterm birth reduction could be achieved through antenatal 

corticosteroids, antibiotics for pPROM, tocolytic agents, vaginal progesterone and other HIC 

interventions mentioned at the beginning of this chapter. However only a few of these 

preventative interventions (antibiotics for pPROM and antenatal corticosteroids) have been 

recommended for scale-up in LICs and further research on uptake, delivery and context-

specific reasons for low coverage is necessary before policy recommendations for scaling up in 

LICs can be made (Bhutta et al. 2014; Lawn et al. 2013).  

Prevention of preterm birth is primarily understood to be a knowledge-gap for both LICs and 

HICs while ensuring survival of preterm babies is an action-gap that LICs need to bridge (Lawn 

et al. 2013).  

The reduction in mortality for babies already born preterm is  thought to be possible to 

achieve through optimization of newborn survival techniques such as essential newborn care, 

resuscitation, breastfeeding, preventing hypothermia, kangaroo mother care and community-

based management of preterm babies with pneumonia (Darmstadt et al. 2005; Lawn et al. 

2013). 

From my study there was no indication that the presence of the Safe Motherhood Programme 

resulted in the reduction of preterm birth prevalence in the ICDDR,B service area in Matlab 

through the increased uptake of ANC and emergency obstetric care.  Hence it is not possible to 

make recommendations on the reduction of preterm birth prevalence based on the findings of 

this study. Until interventions effective in reducing the prevalence of preterm births are 

available, the reduction of mortality in preterm babies should be possibly focused on in 

Matlab. Reduction in preterm-related newborn mortality can be effected through the 

interventions recommended in the literature for newborn survival through newborn care, 

thermal and feeding support, and management of illnesses (Darmstadt et al. 2014). Currently, 

these activities must be emphasized at all levels of care, in order to reduce the burden of 

preterm-related mortality in Bangladesh and other LICs. 
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 The impact of intrapartum Chapter 6.
complications on perinatal mortality  

 Introduction: 6.1

The effect of labour and delivery complications, known as intrapartum complications, on 

increased neonatal mortality has recently become highly visible globally and calls have been 

made for this burden to be addressed (Bhutta et al. 2014; Lawn et al. 2014).  

It has been suggested that at least 15% of pregnant women around the world are likely  to 

develop serious and sudden obstetric complications during birth, and that these women 

require access to good quality obstetric care to ensure survival for themselves and their child 

(World Health Organization 2009; United Nations Children’s Fund 1997). However there has 

been no  validation for this number or evidence  available  that  supports the widespread use 

of this number except for the prevalence of obstetric complications found by an Indian study 

(Bang et al. 2004). Statistical models estimate that globally, a quarter (1.2 million) of stillbirths 

and one-fourth (0.9 million) of  early neonatal deaths, mostly in South Asia, may be due to 

unspecified labour and delivery events ( Lawn et al. 2005; Lawn, Lee et al. 2009) but the true 

contribution of intrapartum complications to perinatal and neonatal mortality has not been 

established. This information is immensely important for public health programmes designed 

to manage and treat intrapartum complications and thus reduce perinatal and neonatal 

mortality. 

Current research on newborn intrapartum deaths is scarce. Most information on the number 

of deaths from intrapartum complications has relied on statistical models generated by  Lawn 

et al. 2005. The authors calculated intrapartum neonatal death numbers by multiplying the 

proportion of neonatal deaths related to intrapartum events (predicted from regression 

models for countries without vital registration data) with WHO estimates for neonatal death 

numbers. Intrapartum stillbirth numbers were obtained by multiplying intrapartum stillbirth 

rates (from eligible studies) with country-wise WHO live-birth estimates for 2000 (Lawn et al. 

2005). The authors did not provide estimates for early neonatal deaths. The evidence for the 

strength of association between intrapartum complications with perinatal or neonatal 

mortality is scarce with the bulk of the evidence in low-income countries (LICs) provided by 

just a few studies (Lawn et al. 2005; Lawn, Lee et al. 2009; Rudan et al. 2005). There are no 

reviews (including Cochrane) or meta-analyses on the effect of different types of intrapartum 

complications on perinatal or neonatal mortality in LICs. The only systematic review and meta-
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analysis is on studies from high-income countries (HICs) (Flenady et al. 2011). This review 

explored the role of a few intrapartum complications on stillbirths and this too was based on 

very few studies for each complication examined.  

I searched the available literature to obtain studies that investigated the association between 

intrapartum complications and perinatal mortality. I reviewed studies previously obtained for 

the systematic review (Chapter 3) in South Asia, snowballed’ studies from the bibliography of 

relevant studies and searched online for studies. I searched Google scholar and PubMed with 

combinations of broad search terms e.g. “labour complications”, “intrapartum complications”, 

“perinatal mortality” and with and without “developing countries” or “low-income countries”. 

Perinatal outcomes included perinatal deaths, stillbirths and early neonatal deaths. As the 

focus of this chapter is an LIC, HIC studies were not searched for specifically and were 

represented by one HIC review. Only studies that presented effect estimates (odds ratios or 

risk ratios) were included.  Studies published before 2000 or in a language other than English 

were not included.  

 

I obtained nine studies (Tables 6.1 and 6.2). Study characteristics, definitions of intrapartum 

complications and strength of association reported in the studies were tabulated for six 

population-based studies (Tables 6.1-6.1 D) and three facility-based studies (Tables 6.2 -6.2 D). 

Among the six population-based studies, three were from Bangladesh (Kusiako et al. 2000; 

Cherry et al. 2008; Bari et al. 2002) including a previous Matlab study (Kusiako et al. 2000), one 

was from India, one was from six West African countries (Burkina Faso, Ivory Coast, Mali, 

Mauritania, Niger and Senegal) (Chalumeau et al. 2000), and one review was from 5 HICs 

(Australia, Canada, Netherlands, the UK and the USA) (Flenady et al. 2011).   

 

Overall, from the nine studies reviewed, two large studies provided strong evidence for the 

association of intrapartum complications with perinatal mortality and the studies were located 

in HICs (Flenady et al. 2011) or a mixture of high, middle and low-income countries (Vogel et 

al. 2014). Few studies provided strong evidence from LICs. 

 

Of the six population-based studies, five were cohort studies, with three prospective studies  

(Bari et al. 2002; Chalumeau et al. 2000; Bang et al. 2004)  and two retrospective studies 

(Kusiako et al. 2000; Cherry et al. 2008). The sixth was a review of population-based  studies 

(including cross-sectional, retrospective and prospective cohort and case-control studies) 

(Flenady et al. 2011). Of the five cohort studies, the three prospective studies (Bari et al. 2002; 
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Chalumeau et al. 2000; Bang et al. 2004) were designed to collect data for study purposes 

while the two retrospective studies (Kusiako et al. 2000; Cherry et al. 2008) used previously 

collected data obtained for  routine purposes. The mortality outcome of interest in three 

studies was perinatal deaths (Kusiako et al. 2000; Chalumeau et al. 2000; Bari et al. 2002) in 

two it was stillbirths (Cherry et al. 2008; Flenady et al. 2011) and in one both stillbirth and 

perinatal deaths (Bang et al. 2004) . 

 

Ascertainment of pregnancy, births and deaths was mostly from household visits, though this 

was unclear in one Bangladesh study (Cherry et al. 2008) and in the India study (Bang et al. 

2004). Ascertainment of pregnancy, births and deaths was very good for the HIC review on 

stillbirths (Flenady et al. 2011).   

 

Ascertainment of intrapartum complications varied substantially. Kusiako et al. relied on 

hospital and midwifery records (Kusiako et al. 2000) while Chalumeau et al. used hospital 

records (four-fifths of births)  as well as women’s self-reports for the home births (less than a 

fifth of all births) (Chalumeau et al. 2000). In one systematic review, eligible studies used 

national birth databases, birth and perinatal registries and linked hospital records (Flenady et 

al. 2011). The Bang et al. study used complications as observed by community health workers 

at home during labour and delivery, though it was unclear how complications were 

ascertained in the hospital births (5.1%)(Bang et al. 2004). Bari et al. 2012 used women’s self-

reported intrapartum complications for all births (Bari et al. 2002). The method of 

ascertainment of complications in the retrospective Cherry et al. study was unclear (possibly 

from interviews)(Cherry et al. 2008).  

 

From the population-based studies, strong evidence was found for the association of dystocia 

with perinatal mortality (Table 6.1 C). Prolonged labour increased the odds of perinatal 

mortality several fold in all studies, apart from two (Bari et al. 2002; Bang et al. 2004). 

Obstructed labour increased the odds greatly (up to 24 times) in the previous Matlab study. 

Breech and non-breech malpresentation were only reported in the Matlab study but the high 

odds ratios reported were consistent with those reported for non-cephalic malpresentation in 

West Africa (Chalumeau et al. 2000) and for all types of malpresentation in India (Bang et al. 

2004). Hypertensive diseases of pregnancy, particularly eclampsia, were also associated with 

several-fold increases in mortality (between 1.3 times and 6.4 times) in four studies. The 

Matlab study and the Bari et al. study  found haemorrhage to have no effect on perinatal 
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mortality, though the West African study (Chalumeau et al. 2000) and one Bangladesh 

study(Cherry et al. 2008) reported high odds ratios. Infection was not investigated in any of the 

population-based studies. Multiple pregnancies, explored in only two studies, showed four to 

five-fold increases in the odds of mortality. Anaemia, explored in only the Matlab study, was 

not associated with perinatal mortality, although the diagnosis was clinical and not from blood 

haemoglobin tests. 

 

In interpreting the results of the above studies, the role of information bias, selection bias, and 

adjustment for confounders must be considered. Information bias may affect the strength of 

association presented. For studies with self-reported complications, ascertainment of 

complications occurred after birth, hence women remembered their complications differently 

depending on whether the child was stillborn, died soon after birth or was alive at the time of 

the interview; this led to overestimated odds ratios between intrapartum complications in 

cases of poor survival outcomes. For some studies (e.g. those using hospital records) it was not 

possible to verify whether intrapartum complications were noted before or after the 

occurrence of stillbirth or early neonatal death. If complications were noted prior to the death, 

then misclassification of complications would be non-differential but non-differentiality of this 

exposure would not necessarily lead to an underestimate of the odds ratio, as non-

differentiality,  in addition with other factors can lead to an overestimate of the odds ratio or 

the same odds ratio as well (Jurek et al. 2005). If misclassification was differential, i.e. 

complications recalled differently for a stillbirth than for a live birth, the odds ratios obtained 

would be overestimates of the true strength of association. Misclassification of outcomes is 

also possible. If health providers or mothers considered a child as a stillbirth instead of a live 

birth because the mother experienced complications during birth, this would have led to 

overestimates of odds ratios for intrapartum stillbirths.  

 

Selection bias might have also affected the studies reviewed but is unlikely to have affected 

results greatly. Of the 5 population-based studies, the Matlab study population might not have 

been representative as it excluded women not seen by a midwife and those delivering in cities 

outside the research area. However, as perinatal mortality rates which could be calculated for 

included and excluded woman did not differ between the two groups  and as loss to follow-up 

was very also low, the odds ratios were probably representative of women in the study area. 

The low loss to follow-up in most studies made any selection bias unlikely.  
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Regarding adjustment for confounders, care needs to be taken in separating factors that truly 

confound the association between intrapartum complications and perinatal mortality, factors 

that may be on the causal pathway, and factors that are risk factors for perinatal mortality but 

do not confound the association between intrapartum complications and perinatal mortality. 

Socio-demographic characteristics, preterm gestation, and delivery location may confound the 

association as these are associated with the exposure (labour complications) and are risk 

factors for the outcome (perinatal mortality). On the other hand, foetal complications such as 

foetal distress (e.g. meconium-staining of liquor), foetal hypoxia or birth asphyxia, (Kaye 2003; 

Buchmann & Pattinson 2006; Ellis et al. 2000), umbilical cord compression and cord prolapse 

(Royal College of Obstetricians and Gynaecologists 2008; Hofmeyr & Lawrie 2012) may be on 

the causal pathway between labour complications (e.g. prolonged or obstructed labour, 

breech or other malpresentation) and perinatal mortality. Disorders of the amniotic fluid and 

membranes e.g. polyhydramnios and ruptured membranes (Royal College of Obstetricians and 

Gynaecologists 2006; US National Library of Medicine 2014) could also be on the causal 

pathway between certain labour complications (e.g. infection or  multiple pregnancy)  and 

perinatal mortality. In the association between a specific intrapartum complication and 

perinatal mortality, whether or not another labour complication acts as a confounder or as an 

intermediate variable present on the causal pathway, depends on the labour complication 

being studied. For example, in the relationship between dystocia and perinatal mortality, 

multiple pregnancy is a confounder as it is associated with dystocia (having twins increases risk 

of dystocia) while also being a risk factor for perinatal mortality independent of dystocia (twins 

are at higher risk of perinatal death than singletons). In the relationship between multiple 

pregnancy and perinatal mortality, however, dystocia is on the causal pathway from multiple 

pregnancy to perinatal mortality (twins can lead to dystocia leading to perinatal death) but 

here dystocia is not associated with multiple pregnancy (i.e. having dystocia does not result in 

twins). In another example, haemorrhage has no role in the relationship between hypertensive 

diseases of pregnancy and perinatal mortality as it is not associated with hypertensive diseases 

of pregnancy nor is it on the causal pathway between hypertensive diseases and perinatal 

mortality. More details on this are presented in the Methods section (Table 6.3).  

 

In the studies reviewed, adjustment was variable (Tables 6.1 C-6.1 D). Most studies adjusted 

for socio-demographic characteristics. Only the Matlab study adjusted for other labour 

complications and preterm gestation, but not for delivery location. The Matlab study may also 

have over-adjusted for antepartum pre-eclampsia and per-vaginal bleeding, which were 
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already present as intrapartum complications. Vogel et al. adjusted for foetal presentation as a 

confounder for all maternal labour complications but did not adjust for other labour 

complications. The Chalumeau et al. study was unable to assess eclampsia and pre-eclampsia 

(proteinuria results were inaccurate), and preterm gestation and hence unable to adjust for 

these factors (Chalumeau et al. 2000).  As adjustment was different for different studies, I 

compared studies on the basis of crude odds ratios.  
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Table 6.1: Study characteristics of population-based studies investigating the strength of association between intrapartum complications and perinatal 
mortality 

Study Region 
(Time period)  
Setting 

Study design Study 
population 

Mortality 
outcome(s) 
studied 

Definitions of mortality 
outcome(s) 

Ascertainment of pregnancy/ birth/death Ascertainment of 
intrapartum complications 

(Kusiako et al. 
2000) 

Matlab sub-
district,  
Bangladesh 
(1987-1993) 
Rural 

Retrospective 
cohort study of all 
women seen by a 
midwife  
antenatally and 
during childbirth 
for births after 28 
weeks of gestation 

3865 stillbirths 
and live births 

Perinatal 
deaths 

Death of a foetus after 28 
weeks' gestation or of a 
neonate during the first 
seven days of life. 

●Pregnancy: research CHW visits households   
monthly and notes down LMP date 
●Birth: research CHW visits households monthly 
●Death: as for 'Birth' 

From midwife records and  
hospital records 

(Chalumeau et 
al. 2000) 

Neighbourhoods 
in capital cities 
of Burkina Faso, 
Ivory Coast, 
Mali, 
Mauritania, 
Niger and two 
towns and one 
city in Senegal 
(1994-1996) 
Urban 

Prospective cohort 
study of all 
pregnant women 
living in defined 
study areas 

19870 stillbirths 
and live births 

Perinatal 
deaths 

Not reported. Reference 
to missing vital status on 
7th day of life for 2.3% 
births. 

●Pregnancy: social workers, midwives, and nurses 
visit households to identify pregnancies (non-
reported method) and within the second trimester, 
around 8 months of pregnancy, at delivery and 
before 60 days post-delivery.  
●Birth and death: from questionnaires filled daily 
by midwives in wards for hospital births and from 
interview with the mother and relatives for home 
deliveries. 

Questionnaires filled daily 
by midwives in wards for 
hospital births and from 
interview with the mother 
and relatives within a few 
days of birth for home 
deliveries. 

(Bari et al. 
2002) 

1 district each 
from Dhaka,  
Rajshahi,  
Chittagong and 
Khulna divisions, 
Bangladesh 
(1992-93) 
Rural 

Prospective cohort 
study of pregnant 
women of less 
than 6 weeks' 
pregnancy 

924 stillbirths 
and live births 

Perinatal 
deaths 

SB*: No definition 
END**: Deaths within  7 
days of birth 

●Pregnancy and birth: monthly home visits (role of 
visitor not reported). 
●Pregnancy detection method unclear and role of 
person reporting births and pregnancies not 
reported 
●Death-post-partum visit within one month of 
birth 

Interview with mother 
during  home visit 
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Study Region 
(Time period)  
Setting 

Study design Study 
population 

Mortality 
outcome(s) 
studied 

Definitions of mortality 
outcome(s) 

Ascertainment of pregnancy/ birth/death Ascertainment of 
intrapartum complications 

Bang et al. 
2004 

39 villages in 
Gadchiroli 
district,  
Maharashtra 
state, India 
(1995-1996) 
Rural 

Prospective cohort 
of pregnant 
women in study 
area 

772 stillbirths 
and live births 

Perinatal 
deaths and 
stillbirths 

PND***: stillbirths and 
deaths within 0-6 days 
SB: Delivery of a baby 
that showed no 
breathing, crying or 
muscular movements at 
birth. 
(≥28 weeks' gestation) 

●Pregnancy: Unclear. Listing of pregnant women 
by research CHW (visit frequency not reported) and 
asked about LMP date. Research CHW visits 
pregnant women thrice, every 1 month in third 
trimester. 
● Birth: Unclear. Research CHW attended labour 
when called by mother and reported some births. 
Different male CHWs also 'reported prospectively' 
and detected missed births in 6-monthly cross-
sectional surveys. 
●Death: Research CHW visited on Days 
2,3,5,7,14,21 and 28. Deaths also detected by 
different male CHWs as for 'Birth' above. 

From observational 
records made by CHW 
during delivery by  
traditional birth 
attendants. For hospital 
births (5.1%)  
ascertainment was unclear 
as "partly observed by 
CHW" 

(Cherry et al. 
2008) 

600 villages  in 
Dhaka,  Barisal,  
Chittagong and 
Sylhet divisions, 
Bangladesh 
(2001-03) 
Rural 

Retrospective 
cohort study of 
pregnant women 
living within study 
area 

30984 stillbirths 
and live births 

Stillbirths Neonates observed to 
breathe but failing to 
establish viable 
respiration 

●Pregnancy: female 'paramedic' visits households 
(frequency not reported).  
●Birth: Unclear (possibly interview) 
●Death: Unclear (possibly interview) 

Unclear (possibly 
interview) 

(Flenady et al. 
2011) 

Australia, 
Canada, 
Netherlands, UK 
and USA 
(1998-2009) 
Urban and rural. 

Systematic review 
of 96 population-
based studies 
(including cross-
sectional, 
retrospective and 
prospective cohort 
and case-control 
studies), 
addressing risk 
factors for 
stillbirths  

 96 study 
populations of 
mothers  with 
risk factors 
(demographic, 
lifestyle related, 
medical 
conditions and 
pregnancy 
complications) 
for stillbirths 

Stillbirths Study stillbirth definitions 
included gestation of 20 
weeks or more, or a birth 
weight of at least 400g  

●Pregnancy, birth and death: from national 
databases, birth and perinatal registries and linked 
birth/death/ maternal data and hospital records 

From national databases, 
birth and perinatal 
registries and linked 
birth/death/maternal data 
and hospital records 
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*SB- stillbirth **END- early neonatal death ***PND- perinatal death 

 

Table 6.1 A: Definitions of intrapartum complications in population-based studies investigating the strength of association between intrapartum 
complications (dystocia and hypertensive diseases of pregnancy) and perinatal mortality 

Study Intrapartum complications 

Dystocia Hypertensive diseases of pregnancy 

Prolonged 
labour 

Obstructed 
labour 

Malpresentation Pre-eclampsia Eclampsia Other  All 

Breech  Non-
breech  

Non-cephalic  All  

Kusiako et al. 
2000 

Not defined Not defined Yes Not 
defined 

_ _ Diastolic blood 
pressure≥ 90 
mmHg with 
moderate-to-
severe tibial 
oedema or 
proteinuria 

Not defined _ No 

Chalumeau et 
al. 2000 

Labour length> 
12 hr 

_ _ _ Brow, face, 
compound , 
shoulder and 
breech 
presentations 

_ Clinical diagnosis Clinical 
diagnosis 

Diastolic blood 
pressure 
≥90mmHg  

Yes 

Bari et al. 2002 Not defined Not defined _ _ _ _ _ _ _ _ 

Bang et al. 2004 Labour length> 
24 hr from the 
onset of mild 
pains to the 
birth of the 
baby 

_ _ _ _ Face, 
shoulder, 
hand, leg or 
breech 
presentation 

_ _ _ _ 

Cherry  et al. 
2008 

Not defined _ _ _ _ _ _ _ _ _ 
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Flenady et al. 
2011 

_ _ _ _ _ _ Not defined Not defined Not defined _ 

 

Table 6.1 B: Definitions of intrapartum complications in population-based studies investigating the strength of association between intrapartum 
complications (haemorrhage, infection, multiple pregnancy and anaemia) and perinatal mortality 

Study Intrapartum complications 

Haemorrhage Infection Multiple 
pregnancy 

Anaemia Grouped 
intrapartum 
complications 

Placenta 
praevia 

Placental 
abruption 

Placenta accreta/ 
increta/percreta 

Ruptured 
uterus 

Other 
haemorrhage 

All  

Kusiako et al. 
2000 

_ _ _ _ _ Not 
defined 

_ Yes Clinical 
diagnosis 

Yes 

Chalumeau et 
al. 2000 

_ _ _ _ _ _ _ _ _ No 

Bari et al. 
2002 

_ _ _ _ _ Not 
defined 

_ _ _ No 

Bang et al. 
2004 

_ _ _ _ _ _ _ _ _ No 

Cherry  et al. 
2008 

_ _ _ _ _ Not 
defined 

_ Yes _ No 

Flenady et al. 
2011 

_ Not defined _ _ _ _ _ _ _ _ 
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Table 6.1 C: The strength of association between intrapartum complications (dystocia and hypertensive diseases of pregnancy) and perinatal mortality in 
population-based studies investigating this relationship. 

Study 
 

Confounders adjusted for Intrapartum complications (crude OR and adjusted OR)~ 

Dystocia  Hypertensive diseases of pregnancy 

Prolonged 
labour  

Obstructed 
labour 

Malpresentation Pre-
eclampsia 

Eclampsia Other  All 

Breech  Non-
breech  

Non-
cephalic  

All  

Kusiako et 
al. 2000 

Maternal age, parity, poor obstetric 
history, anthropometric 
measurements, pregnancy signs and 
symptoms (anaemia, pre-eclampsia, 
fever, jaundice and vaginal bleeding), 
gestational length, complications 
during labour.  

3.5 [2.6-4.8] 
2.5   [1.8-3.7] 

23.8 [6.7-
85.0] 
26.4   [6.6-
105.0] 

9.6 [6.4-
14.7] 
8.3   [5.3-
13.2] 

17.0 [8.3-
33.5]  
16.6   
[7.6-36.1] 

_ _ 2.5 [1.7-3.7] 
_ 

6.4 [3.0-
13.8] 
7.9 [3.3-
18.8] 

_ _ 

Chalumeau 
et al. 2000 

Socio-economic status, poor obstetric 
history, anthropometric factors, 
other complications 

2.1 [1.7-2.4] 
2.6 [1.7-4.0] 
  

_ _ _ 6.2 [4.8-
7.8] 
4.8 [3.5-
6.5] 

_ _ _ 5.5 [4.1-
7.3] 
2.6 [1.7-
4.0] 

_ 

Bari et al. 
2002 

Maternal age, socio-economic status, 
parity, history of anaemia, delivery 
mode, delivery location, birth 
attendant type, special food intake 
during pregnancy,  colostrum 
provision (for END), antenatal 
haemorrhage, labour complications. 

NR †  
1.5 [0.6-3.5] 

NR  
0.9 [0.4-1.9] 

_ _ _ _ _ _ _ _ 
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Study 
 

Confounders adjusted for Intrapartum complications (crude OR and adjusted OR)~ 

Dystocia  Hypertensive diseases of pregnancy 

Prolonged 
labour  

Obstructed 
labour 

Malpresentation Pre-
eclampsia 

Eclampsia Other  All 

Breech  Non-
breech  

Non-
cephalic  

All  

Bang et al. 
2004 

None PND*: 1.0 
[0.4-2.6] 
 
SB**: 1.7 
[0.5-5.6] 

_ _ _ _ PND: 8.7 
[4.8-
15.7] 
 
SB: 10.9 
[4.5-
26.9] 

_ _ _ _ 

Cherry  et 
al. 2008 

Maternal age, socio-economic status, 
parity, infant sex, multiple pregnancy, 
gestational length, history of 
stillbirth, delivery  place and  birth 
weight (visual estimation). 

11.9 [9.8-
14.4] 
6.5 [5.0-8.4] 

_ _ _ _ _ _ _ _ _ 

Flenady et 
al. 2011 

Age, smoking, parity, race, medical 
conditions, infant sex, and antenatal 
care 

_ _ _ _ _ _ NR 
1.6 [1.1-2.2] 
 
(meta-
analysis of 3 
studies) 

NR 
2.2 [1.5-3.2] 
 
(single 
study- study 
not 
identified) 

NR  
1.3 [1.1-
1.6] 
 
(meta-
analysis of 
4 studies) 

_ 

*PND- perinatal deaths **SB- stillbirths ~Except for Bang et al. 2004 which reports relative risks (RR) †NR=Not Reported 
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Table 6.1 D: The strength of association between intrapartum complications (haemorrhage, infection, multiple pregnancy and anaemia) and perinatal 
mortality in population-based studies investigating this relationship. 

Study Intrapartum complications (crude OR and adjusted OR)~ 

Haemorrhage Infection Multiple 
pregnancy 

Anaemia Grouped 
intrapartum 
complications 

Placenta 
praevia 

Placental 
abruption 

Placenta 
accreta/ 
increta/percreta 

Ruptured 
uterus 

Other  All  

Kusiako et al. 
2000 

_ _ _ _ _ 1.4 [0.8-
2.3]  
 _ 

_ 3.7 [2.0-6.8] 
 _ 

1.7 [0.9-3.1] 
 _ 

_ 
5.36 [4.1-7.1] 

Chalumeau et 
al. 2000 

_ _ _ _ _ 13.0 [9.3-
18.2] 
4.7 [2.7-8.0] 

_ _ _ _ 

Bari et al. 2002 _ _ _ _ _ NR† 
0.7 [0.2-2.1] 

_ _ _ _ 

Bang et al. 2004 _ _ _ _ _ _ _ _ _ _ 

Cherry  et al. 
2008 

_ _ _ _ _ 11.5 [8.2-
16.1] 
1.7 [1.2-2.7] 

_ 5.2 [3.2-8.4] 
3.0 [1.7-5.7]  

_ _ 

Flenady et al. 
2011 

_ 15.4 [NR†] 

18.9 [16.9-
20.8] 
(single study) 

_ _ _ _ _ _ _ _ 

†NR=Not Reported 
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All three facility-based studies were cross-sectional (Table 6.2). Studies took place at a rural 

district hospital in Kenya (Weiner et al. 2003), two rural hospitals in the Gambia which 

provided comprehensive obstetric care (Jammeh et al. 2010) and at secondary and tertiary 

hospitals which performed Caesarean sections in 29 countries (Vogel et al. 2014). Of the three 

facility studies, data were collected specifically for study purposes for only one study (Weiner 

et al. 2003), while the other two obtained data from routine hospital records (Jammeh et al. 

2010) and from a previous WHO study exploring maternal deaths and mothers who almost 

died (Vogel et al. 2014). Only the Vogel et al. study provided definitions for all the 

complications that were examined (Tables 6.2 A-6.2 B). It was not clear whether complications 

were recorded before or after outcomes and so differential misclassification of complications 

could have occurred. More adverse complications could be noted for stillbirths compared to 

live births, for example, and this might have resulted in elevation of odds ratios observed.   

 

Intrapartum complications increased perinatal mortality odds. Among hypertensive disorders, 

pre-eclampsia increased odds of perinatal mortality by 3 to 4 times (Weiner et al. 2003; J P 

Vogel et al. 2014) while eclampsia increased them by 11 to 13 times (Weiner et al. 2003; J P 

Vogel et al. 2014). Combined haemorrhagic disorders resulted in a 24-fold increase in odds of 

perinatal mortality (Weiner et al. 2003) while the Vogel et al. study showed that ruptured 

uterus, placental abruption, placenta praevia and deformities of the placenta resulted in a 78-

fold to four-fold increase (Table 6.2 C).  Infection was only assessed by the Vogel et al. study 

and was associated with elevated mortality in both stillbirths (ORs ranging from 1.2-5.3) and 

early neonatal deaths (ORs ranging from 4.4-7.0). Anaemia increased the odds of perinatal 

mortality from two-fold (Weiner et al. 2003) to almost eight-fold (Vogel et al. 2014). Generally, 

facility-based studies tended to report higher magnitudes for strength of association between 

intrapartum complications and perinatal mortality than population-based studies.  

 

From the very few studies reviewed, intrapartum complications appear to increase perinatal 

mortality while the magnitude varies, depending on the type of complication. Dystocia and 

haemorrhage were found to have the highest magnitude of effect, though hypertensive 

diseases of pregnancy were also found to elevate perinatal mortality. Increases in perinatal 

mortality were seen for multiple pregnancies, and the effects of anaemia and infection also 

suggested an increase. However, even the HIC systematic review is based on only a few studies 

for each complication (three for pre-eclampsia and one each for eclampsia and placental 

abruption) and complication definitions or criteria are not provided in the review. In LIC cases, 
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the evidence comes from a few studies, including those where ascertainment of pregnancy, 

birth, deaths and intrapartum complications is unreliable or of poor quality, and complications 

are mostly undefined. Furthermore, definitional issues, described later, also need to be taken 

into consideration.  From the literature available, there appears to be an association between 

different intrapartum complications and perinatal mortality, but the evidence for this, 

particularly from LICs, is not strong and is based on very few studies. 
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Table 6.2: Study characteristics of facility-based studies investigating the strength of association between intrapartum complications and perinatal 
mortality  

Study  Region 
(Time period)  
Setting 

Study design Study population Mortality 
outcome(s) 
studied 

Definitions of 
mortality outcome(s) 

Ascertainment of 
pregnancy/ 
birth/death 

Ascertainment 
of intrapartum 
complications 

(Weiner et al. 
2003) 

District hospital in Kilifi 
district, 
Kenya 
[1996-1997] 
Rural 

Cross-sectional study of 
women who gave birth at 
the hospital 

910 stillbirths and 
live births 

Perinatal deaths Stillbirths (no further 
details) and deaths in 
the first week of life  

●Pregnancy, birth and 
death: from hospital 
records 

From hospital 
records 

(Jammeh et al. 
2010) 

2 rural hospitals with 
comprehensive obstetric 
care in North and South 
Bank regions, The 
Gambia 
(July-2008 to Dec 2008) 
Rural 

Retrospective cross-
sectional  study of all 
women giving birth in the 
hospital at or after 28 
weeks of gestation  

1519 stillbirths 
and live births 

Stillbirths Death of an infant in 
the uterus at ≥28 
weeks of gestation or 
≥ 1000 g. 

●Pregnancy, birth and 
death: from hospital 
records 

From hospital 
records 

(J P Vogel et al. 
2014) 

359 secondary and 
tertiary facilities which 
deliver >1000 deliveries 
per year and perform 
Caesarean sections in 29 
countries  
(2010-2011) 
Capital cities and 
provinces 
Urban and rural 

Cross-sectional facility-
based study of all women 
giving birth and those 
who died or almost died 
('near miss') from 
pregnancy and delivery 
complications (including  
abortion or ectopic 
pregnancy)  

308392 stillbirths 
and live births 

Stillbirths 
Early neonatal 
deaths 

SB: foetal death of 
birth weight ≥ 1000g, 
or if birth weight 
unknown, at ≥ 28 
weeks of gestation. 
 
END: neonatal death: 
death of a live born 
neonate by discharge/ 
day 7 of life. 

●Pregnancy, birth and 
death: at discharge 
from the hospital from 
records filled by 
medical staff 

From hospital 
records 

*SB- stillbirth  **END-early neonatal death  
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Table 6.2  A: Definitions of intrapartum complications in facility-based studies investigating the strength of association between intrapartum complications 
(dystocia and hypertensive diseases of pregnancy) and perinatal mortality 

Study Intrapartum complications 

Dystocia Hypertensive diseases of pregnancy 

Prolonged 
labour 

Obstructed 
labour 

Malpresentation Pre-eclampsia Eclampsia Other  All 

Breech  Non-breech  Non-cephalic  All  

Weiner et al. 
2003 

Not defined Not defined _ _ _ Yes Not defined Not defined _ _ 

Jammeh et al. 
2010 

Not defined Not defined _ _ _ _ Not defined Not defined _ _ 

Vogel et al. 
2014 

_ _ _ _ _ _ Hypertension (blood 
pressure greater 
than 140/90mmHg) 
associated with 
proteinuria in 
women previously 
normotensive. 

Convulsions and/or 
coma unrelated to 
other cerebral 
conditions in women 
with signs and 
symptoms of pre-
eclampsia. Seizures 
are of grand mal 
type and may first 
appear before 
labour, during 
labour, or up to 48 
hours postpartum.  

Blood 
pressure 
greater than 
140/90, 
diagnosed 
prior to the 
onset of 
pregnancy or 
before the 
20th week of 
gestation.  

No 
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Table 6.2  B: Definitions of intrapartum complications in facility-based studies investigating the strength of association between intrapartum complications 
(haemorrhage, infection, multiple pregnancy and anaemia) and perinatal mortality. 

Study Intrapartum complications 

Haemorrhage Infection Multiple 
pregnancy 

Anaemia Grouped 
intrapartum 
complications 

Placenta 
praevia 

Placental 
abruption 

Placenta 
accreta/ 
increta/percreta 

Ruptured 
uterus 

Other 
haemorrhage 

All  

Weiner et 
al. 2003 

_ _ _ _ _ Antepartum 
haemorrhage and/or 
placental abruption. 
Placenta praevia 
excluded 

_ _ _ Yes 

Jammeh 
et al. 2010 

Not defined Not 
defined 

_ _ _ _ _ _ Haemoglobin 
level <9g/dl 

Yes 

Vogel et 
al. 2014 

Low 
implantation 
of the 
placenta, 
where it is 
partially or 
completely 
placed over 
the internal 
ostium of the 
uterus  

Premature 
separation 
of the 
placenta  

Abnormally 
adherent 
placenta with 
variable degrees 
of myometrium 
penetration 

Breach of 
the 
myometrial 
wall which 
may be 
complete or 
incomplete 

Haemorrhage 
primarily 
caused by an 
obstetric 
condition and 
not 
classifiable 

No Pyelonephritis 
(bacterial infection 
of one or both 
kidneys), sepsis 
(bacterial/ fungal 
infection) with 
tachycardia and 
hypotension. 
Pneumonia, 
peritonitis, post- 
operative 
abdominal 
infections.  

_ Haemoglobin 
level <7mg 
per dl 

No 
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Table 6.2  C: The strength of association between intrapartum complications (dystocia and hypertensive diseases of pregnancy) and perinatal mortality in 
facility-based studies investigating this relationship. 

Study Confounders adjusted 
for 

Intrapartum complications (crude OR and adjusted OR) 

Dystocia  Hypertensive diseases of pregnancy 

Prolonged 
labour  

Obstructed 
labour 

Malpresentation Pre-
eclampsia 

Eclampsia Other  All 

Breech  Non-
breech  

Non-
cephalic  

All  

Weiner et al. 
2003 

Gravidity, previous 
stillbirths, education, 
antenatal care visits, 
haemoglobin and body 
mass index  

2.7 [1.6-4.8] 
see ~ 

Same as for 
prolonged 
labour 

_ _ _ _ 
~7.9 [3.9-
15.9] 

3.3 [1.7-6.5] 
see ~~ 

13.0 [4.1-
41.2] 
see ~~ 

_ _ 
~~1.9 
[0.8-4.9] 

Jammeh et 
al. 2010 

Maternal age, parity, 
area of residence, 
referred or not, 
antenatal care, delivery 
mode, partograph use, 
multiple pregnancy and 
birth weight 

_ _ _ _ _ _ _ _ _ _ 

Vogel et al. 
2014 

Maternal age, marital 
status, maternal 
education, number of 
previous births, number 
of previous Caesarean 
sections, foetal 
presentation, congenital 
malformation, infant sex,  
gestational age, facility 
level and country  

_ _ _ _ _ _ SB*: 
3.6 [NR†] 
2.3 [1.8.-2.8] 
 
END**: 
3.9 [NR] 
1.7[1.4-2.2] 

SB: 
12.0 [NR] 
3.3 [2.3-4.6] 
 
 
END: 
11.5 [NR] 
4.8 [3.2-6.2] 

SB: 
3.2 [NR] 
1.3 [1.0.-
1.7] 
 
 
END: 
3.8 [NR] 
0.9 [0.5-
1.6] 

_ 
_ 

†NR=Not Reported *SB- stillbirth **END-early neonatal death 
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Table 6.2  D: The strength of association between intrapartum complications (haemorrhage, infection, multiple pregnancy and anaemia) and perinatal 
mortality in facility-based studies investigating this relationship. 

Study Intrapartum complications (crude OR and adjusted OR) 

Haemorrhage Infection Multiple 
pregnancy 

Anaemia Grouped 
intrapartum 
complications 

Placenta 
praevia 

Placental 
abruption 

Placenta accreta/ 
increta/percreta 

Ruptured 
uterus 

Other  All  

Weiner et al. 
2003 

_ _ _ _ _ 24.3 [6.2-
94.2] 
61.9 [14.0-
274.2] 

_ _ 2.2 [1.1-4.3] 
1.0 [0.4-2.7] 

_ 

Jammeh et al. 
2010 

_ _ _ _ _  _ _ _ 11.7 [8.6-16.1] 
6.7 [3.8-11.6] 

Vogel et al. 
2014 

SB*: 
5.4 [NR†] 
1.2 [0.8-1.8] 
 
 
END**: 
5.8 [NR] 
1.2 [0.8-1.6] 

SB: 
33.2 [NR] 
12.4 [8.2-
18.8] 
 
END: 
3.8 [NR] 
0.9 [0.5-1.6] 

SB: 
3.2 [NR] 
1.3 [1.0.-1.7] 
 
END: 
15.2 [NR] 
4.0 [2.7-5.9] 

SB: 
78.3 [NR] 
45.3 [23.2-
88.2] 
 
END: 
10.7 [NR] 
4.2 [1.9-9.5] 

SB: 
5.8 [NR] 
1.5 
[0.9.-
2.57] 
 
END: 
5.4 [NR] 
3.2 [1.8-
9.5] 

_ 
_ 

Pyelonephritis: 
SB: 
1.3 [NR] 
 1.2 [0.2-9.1] 
 
END: 
4.4 [NR] 
1.7 [0.9-3.0] 
 
Other/sepsis: 
SB: 
5.3 [NR] 
2.7 [1.9.-4.0] 
 
END: 
7.0 [NR] 
2.3 [1.3-4.0] 

_ SB: 
7.7 [NR] 
2.6 [2.2-3.1] 
 
END: 
4.0 [NR] 
1.4 [1.1-1.8] 

_ 

†NR=Not Reported *SB- stillbirth **END-early neonatal death 
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Available studies have been hampered by the absence of standardized definitions for 

intrapartum complications. This is described below. 

There is no standard conceptualisation or definition of intrapartum complications. First, while 

it is understood that intrapartum complications consist of labour and childbirth complications 

(Lawn, Lee et al. 2009), it is not clear whether these refer only to maternal obstetric or also to 

foetal complications. Recent papers related to intrapartum complications and mortality 

reduction do not clarify this issue (Bhutta et al. 2014; Lawn et al. 2014; Lee et al. 2011; Yakoob 

et al. 2011). Among the studies tabulated above (Tables 6.1-6.2) most involve only maternal 

complications (Vogel et al. 2014; Kusiako et al. 2000; Weiner et al. 2003). Weiner et al.(2003), 

listed foetal abnormalities under intrapartum complications. Recent recommendations suggest 

that foetal congenital abnormalities should be excluded from deaths related to intrapartum 

events (Lawn, Lee et al. 2009), possibly because these deaths are not results of adverse 

intrapartum events. 

Second, within the broad categories of maternal and foetal complications, there is no 

consensus on which conditions qualify as maternal or foetal complications. For example, 

malpresentation, e.g. breech or transverse lie, can be considered either a poor positioning of 

the foetus leading to adverse foetal outcomes (foetal complication) or a condition endangering 

a safe vaginal delivery (maternal complication). The International Classification of Diseases 

(Tenth Revision) (World Health Organization 2004a) considers malpresentation to be a 

pregnancy and childbirth complication, but no further clarification is presented.  

Third, the definitions of specific complications have been variable. For example, intrapartum 

haemorrhage has been defined as ‘intrapartum haemorrhage’(Kusiako et al. 2000) and also as 

‘antepartum haemorrhage’(Weiner et al. 2003). Vogel et al., in the WHO multi-country study, 

have defined haemorrhage as related to specific complications (e.g. ‘placenta praevia’, 

'placental abruption’) (Vogel et al. 2014).  Prolonged labour definitions have also been 

inconsistent with the WHO  definitions that suggested durations of more than 8 and 12 hours 

for the first and second stages of labour, respectively (World Health Organization 2008). The 

studies used the terms ‘prolonged labour’(Kusiako et al. 2000),  ‘labour length >12 hrs’ 

(Chalumeau et al. 2000) and labour length >24 hrs (Bang et al. 2004)  with no clarification on 

the stage of labour. The confusion caused by the inconsistent terminology and lack of 

specificity regarding maternal complication definitions has also been highlighted elsewhere 

(Koblinsky et al. 2012; Prual et al. 2000) 
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Fourth, maternal medical conditions (e.g. anaemia, malaria, tuberculosis, diabetes etc.) while 

not essentially obstetric complications, may complicate delivery (Koblinsky et al. 2012) and 

impact on perinatal survival (Vogel et al. 2014; Kusiako et al. 2000; Loto & Awowole 2012; 

Macintosh et al. 2006; Lumbiganon et al. 2014). However there is no consensus on whether 

these conditions constitute intrapartum complications. Vogel et al. (2014)considered anaemia 

to be a maternal complication while others categorised it as an antepartum factor (Lawn, Lee 

et al. 2009; Kusiako et al. 2000).   

 

Evidence for the association between intrapartum complications and perinatal mortality is 

based on studies that suffer from definitional issues as well as methodological issues. The 

strength of association from LICs relies on very few well-conducted studies. My study in 

Matlab allows the exploration of all major intrapartum complications that take place during 

deliveries at rural facilities in Bangladesh, in a cohort with good follow-up. This rural 

population also has data on preterm gestation and socio-demographic characteristics, all 

obtained from a routine demographic and health surveillance system, which has been running 

in the community for half a century. This study, which has access to intrapartum complications 

diagnosed by hospital staff, presents a unique and timely research opportunity to explore the 

effect of intrapartum complications on perinatal mortality in a poor rural community in 

Bangladesh, where women increasingly deliver in health facilities.
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 Objectives: 6.2

Overall Objective 

The overall objective is to examine the contribution of intrapartum complications to perinatal 

deaths in a rural cohort in Matlab, Bangladesh. 

Specific Objectives 

1) To examine perinatal mortality, socio-demographic characteristics and length of 

gestation by highest level of care accessed in a cohort of women in Matlab, 

Bangladesh. 

2) To examine perinatal mortality, delivery location and socio-demographic 

characteristics by whether or not data on intrapartum complications are available in 

women who deliver at health facilities. 

3) To examine the prevalence of intrapartum complications in women delivering at 

health facilities. 

4) To examine the prevalence of intrapartum complications by delivery location, socio-

demographic characteristics and preterm gestation in births for which any intrapartum 

complication was present or absent. 

5) To examine the strength of association between intrapartum complications and 

perinatal deaths in women delivering at health facilities.  
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 Methods: 6.3

 Study design 6.3.1

This is a retrospective cohort study of all women living in the ICDDR,B service area in Matlab, 

Bangladesh, who have had pregnancies ending in a live birth or a stillbirth between 1st January 

2007 and 31st December 2008.  

 Data sources, collection and quality: 6.3.2

I described the Matlab demographic and health surveillance programme (HDSS) and 

definitions for socio-demographic variables previously in Chapter 4 (section 4.3). I also defined 

preterm births and categorised gestational age into groups including an ‘unknown’ group as 

described earlier in Chapter 5. As in preceding chapters, all deliveries were termed ‘births’ 

irrespective of single or multiple birth outcomes.  

The recording procedure for antepartum complications in the ICDDR,B hospital underwent an 

administrative change in mid-2007 (onset of the MNCH programme described in Chapter 4) 

and not all the information recorded in the antenatal care records was fully entered into 

datasets. This information included proteinuria results and blood pressure measurements (for 

diagnosis of preeclampsia) as well as blood sugar measurements (for diabetes). As complete 

information on antepartum complications was unavailable at the time of this study, I was 

unable to measure the impact on perinatal mortality. 

I obtained data on intrapartum complications from a study (Matlab Maternal Morbidity Study) 

by (Huda et al. 2012) which investigated intrapartum complications in the ICDDR,B service area 

among women delivering in Matlab and Chandpur hospitals during 2007-2008.  In this study, 

community health workers made home-visits to all the ICDDR,B service area women who 

delivered between 2007-2008 to ask about stillbirths or early neonatal death, and about the 

facilities visited before, during and after delivery. This information was independent of data 

recorded during routine HDSS surveillance. Using this information, a physician conducted 

record-reviews of all admissions of these women during labour or up to 42 days postpartum in 

the following hospitals: the Matlab ICDDR,B hospital, one public Matlab hospital, and two 

public and 26 private hospitals in Chandpur. Information on complications was not available 

for women delivering outside Matlab and Chandpur. Information was extracted from 

admission registers, as well as individual patient records, where available. A maximum of two 

facility visits for each woman was recorded in this study. The complications were those 
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recorded by health professionals in the relevant facility and were further coded according to 

the International Classification of Diseases (Tenth version) (World Health Organization 2010)    

Mortality outcomes:  

I obtained information on stillbirths and early neonatal deaths, as defined in Chapter 4. The 

sample of births was too small, however, to enable mortality outcomes to be broken down 

into stillbirths and early neonatal deaths. Perinatal mortality was, therefore, the only mortality 

outcome that I used in my study. 

Where births recorded in the Huda et al. 2012 study did not link with the HDSS dataset, I 

obtained mortality outcomes from community health worker home visits and facility records.  

Intrapartum complications: 

I defined intrapartum complications as those detected during the time of labour and delivery. I 

only examined maternal complications (including anaemia and multiple pregnancy) as the 

focus of this study is on the impact of maternal labour complications on perinatal mortality. I 

considered foetal complications and disorders of the amniotic fluid and membranes to be on 

the causal pathway between labour complications and perinatal mortality. I excluded 

information on post-partum complications (including cervical or perineal tear, post-partum 

haemorrhage and puerperal sepsis) as these were not temporally related to mortality. I also 

did not consider mode of delivery (including Caesarean section) as an intrapartum 

complication, as it lies on the causal pathway between intrapartum complications and 

perinatal mortality. Congenital anomalies (e.g. anencephaly) were not included in intrapartum 

complications in order to be consistent with a recent recommendation (Lawn, Lee et al. 2009). 

 Information on complications in the Huda et al. 2012 study dataset (Huda et al. 2012) was 

available under ‘initial diagnoses’, ‘final diagnoses’ and ‘indications for surgery/any major 

obstetric interventions’. I extracted data on complications from: (i) the ‘final diagnoses’ and (ii) 

‘the indications for surgery/any major obstetric interventions’ (i.e. emergency or elective 

Caesarean section, hysterectomy, hysterotomy, laparotomy, craniotomy or symphysiotomy). I 

used ‘final diagnoses’ as this detected greater numbers of complications than ‘initial 

diagnoses’ and as I considered final diagnoses to provide better information on the 

complication.  

 

The Huda et al. 2012 study entered standardized information on complications under ‘final 

diagnosis’ and ‘indication for surgery’, including a standardised text variable as well as the ICD 
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code. Their dataset allowed for up to five diagnoses for the ‘final diagnosis’ and the 

‘indications for surgery’. The Huda et al. 2012 study code plan is shown in Appendix IV. The 

dataset contained information on a maximum of two records per woman if the woman had 

made two hospital visits. As data on the hospital’s name was unavailable for the second visit, it 

was not known if women with two records had visited two different hospitals or had visited 

the same hospital twice.  

 

I grouped complications as shown below, with any Huda et al. 2012 dataset text presented in 

quotation marks. Information on anaemia was obtained from haemoglobin levels, where 

available, and on multiple pregnancy from the HDSS information.   

Any intrapartum complication - diagnosis of any of the intrapartum complications listed 

below. 

Dystocia - diagnosis of any of: cephalo-pelvic disproportion, malpresentation, obstructed 

labour or prolonged labour. 

Cephalo-pelvic disproportion : “cephalo-pelvic disproportion (CPD)”, “big baby” or 

“floating head (high head)”. 

Malpresentation: 

Non-breech malpresentation: “malpresentation, unspecified”, 

“malpresentation, unstable lie”, “compound presentation/ occipitoposterior” 

or “transverse or oblique lie”. 

Breech malpresentation: “breech presentation” or “spontaneous breech 

delivery”. 

Obstructed labour: “obstructed labour due to malposition & malpresentation of 

foetus”, “obstructed labour due to malposition & malpresentation, unspecified”, 

“obstructed labour due to unusually large foetus”, “obstructed labour, unspecified” or 

“ruptured uterus during labour”. 

Prolonged labour: “prolonged labour, prolonged 1st stage of labour” or “prolonged 

labour, prolonged 2nd stage of labour”. 

 

Hypertensive diseases of pregnancy: diagnosis of any or a combination of:  eclampsia, pre-

eclampsia or other hypertensive diseases of pregnancy 

 

Eclampsia: “eclampsia”  
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Pre-eclampsia: “pre-eclampsia”  

 

Other hypertensive disorders of pregnancy: “pregnancy induced hypertension (PIH)” 

or “unspecified maternal hypertension (HTN)” 

Haemorrhage: “placenta praevia”, “placenta accrete or malformation of placenta”, 

“antepartum haemorrhage, unspecified” or “obstetric shock”. 

Infection:“chorioamnionitis”, “urinary tract infection in pregnancy (UTI)” or “septicaemia 

during labour”  

Anaemia: includes moderate and severe anaemia. Mild anaemia is excluded. Anaemia is 

measured by haemoglobin levels and defined as haemoglobin levels of <10 g/dl.  

 

Multiple pregnancy: as identified from HDSS data (twins or triplets).  

 

Definition of prevalence for intrapartum complication: 

 

Prevalence of intrapartum complication= 
the number of births with the complication

all  stillbirths and livebirths
 × 100 

 

The denominator contains births with non-realistic gestational ages of <22 weeks and >50 

weeks which I categorised under ‘unknown’ preterm births.  These were not excluded from the 

analysis as I did not wish to further reduce the small sample of births available for analysis. 

 

Missing data: 

My study assumed that data missing for a certain complication (e.g. “placenta praevia”) in a 

birth obtained from “final diagnosis” or “indication of surgery” was equivalent to the absence 

of that particular complication, provided the woman had some other information on 

complication recorded in the dataset (e.g. “pregnancy-induced hypertension” or “single 

spontaneous vertex delivery”). This is because it is common practice in Bangladeshi hospitals 

to record only the complications present in a birth and not the complications that are absent. 

Births with missing data on haemoglobin level were assumed to be unknown because the large 

majority of births had no information. Where data on multiple pregnancy were missing the 
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birth was considered to be singleton. Births with missing gestational age data were categorised 

as ‘unknown’.  

Delivery location: 

Deliveries taking place en route to any health facility where deliveries were conducted were 

considered to be home deliveries. Delivery locations (from lowest to highest level of care) are 

listed below: 

1. Home 

2. ICDDR,B sub-centre 

3. ICDDR,B  Matlab hospital 

4. Matlab and Chandpur hospitals 

These included: 

a. Matlab sub-district (Thana/Upazila) hospital (only public hospital in Matlab; 31 

bed; conducts uncomplicated vaginal deliveries) 

b. Chandpur Maternal and Child Welfare Centre (public hospital; 10 bed;  

conducts Caesarean sections) 

c. Chandpur District Hospital (public hospital in Chandpur; 200 bed;  conducts 

Caesarean sections) 

d. Chandpur district hospitals and clinics-at least 26 (private hospitals; majority 

conduct Caesarean sections) 

5. Hospitals beyond Chandpur  

These included: 

a. Narayanganj District Hospital (public hospital; 200 bed; conducts Caesarean 

sections) and Narayanganj Town hospitals and clinics (public and private 

hospitals) 

b. Dhaka City hospitals and clinics (public and private hospitals)
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 Analysis: 6.3.3

I linked all HDSS records and intrapartum complication records by unique identifiers consisting 

of the mother’s registration number and the delivery date.  

I used different samples for (i) analyses related to the description of the initial sample and (ii) 

analyses relating to intrapartum complications. 

Analyses relating to the description of the initial sample   

To examine the percentage distribution of births at different delivery locations, I used the 

sample of births to women in the ICDDR,B service area during 2007-2008 from the Huda et al. 

2012 study. I then presented perinatal mortality rates by delivery location and obtained 95% 

confidence intervals (obtained by the prtesti command in Stata) to explore whether there was 

any statistically significant difference in perinatal mortality rates by delivery location.  I also 

assessed whether the distribution of socio-demographic characteristics of women and 

occurrence of preterm gestation differed significantly by place of delivery, using a chi-square 

test. In this analysis, the sample consisted of fewer births than the analysis by delivery 

location, as it contained only births for which HDSS socio-demographic characteristics were 

available.  

Analyses relating to intrapartum complications 

For this analysis, my initial sample consisted of births taking place at the Matlab ICDDR,B 

hospital and the hospitals at Matlab and Chandpur since these were the only sites for which 

information on complications were collected by Huda et al. I divided births into 1) those where 

data were available for intrapartum complications and 2) those where data were unavailable 

for intrapartum complications. Data were considered available if records were available for 

these births at the hospitals.  

I checked if there were any biases between births with available and unavailable intrapartum 

complication data.  I assessed whether perinatal mortality rates differed significantly by data 

availability by using 95% confidence intervals (obtained by the prtesti command in Stata) and 

used chi-square tests to assess whether delivery location, socio-demographic characteristics 

and preterm gestation differed significantly by data availability. The sample for the latter 

analysis consisted only of births for which HDSS socio-demographic characteristics and 

preterm gestation were known.  
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Multiple imputation of data for births with missing information on preterm gestation (17 of 

4317 births, 0.4% births) and socio-demographic characteristics (500 of 4817 births, 10.4% 

births) which could have provided a larger sample size was not performed due to time 

restrictions in the PhD. 

I assessed perinatal mortality rates among emergency Caesarean section deliveries, comparing 

births with and without intrapartum complications. This analysis was done because births by 

emergency Caesarean section but with no intrapartum complications could potentially be 

births with complications for which intrapartum complications had not been noted. I also 

compared perinatal death rates in births with and without a history of previous Caesarean 

sections because Caesarean section births could potentially have similar complications to the 

preceding Caesarean section birth. In order to explore the quality of recording of complications 

by hospitals, I explored perinatal mortality rates in births with and without foetal distress (a 

foetal and not maternal obstetric complication) to check if perinatal mortality was significantly 

higher, as would be expected, in births with foetal distress.  

I explored the prevalence of intrapartum complications, whether present as a single 

complication or as multiple complications. I also obtained the prevalence of births with a single 

complication and with two, three and four complications occurring in a birth, for all the births, 

and presented the most common combinations of complications.  

 I assessed the percentage of women who had two hospital visits for the same pregnancy. 

I presented the prevalence of intrapartum complications according to delivery location, socio-

demographic characteristics and pre-term gestation. 

I used a random-effects logistic regression model to account for the clustering of births to one 

mother (using the ‘xtlogit’ command with the‘re’ option in Stata) and obtained crude and 

adjusted odds ratios for the association between intrapartum complications and perinatal 

mortality, as well as that between preterm gestation and perinatal mortality. I obtained 

adjusted odds ratios for (a) the relationship between any intrapartum complications and 

perinatal mortality and for (b) ‘grouped’ intrapartum complications and perinatal mortality. 

For (b) adjusted odds ratios were obtained for ‘groups’ of similar complications: dystocia, 

hypertensive diseases of pregnancy, haemorrhage, infection, multiple pregnancy and anaemia. 

The aim of the grouping was to reduce misclassification between complications with similar 

presentation in the absence of set definition criteria in the hospitals (i.e. prolonged labour and 
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obstructed labour were grouped together under ‘dystocia’, and eclampsia and pre-eclampsia 

were grouped under ‘hypertensive diseases of pregnancy’).   

For (a), I considered delivery location, socio-demographic characteristics and preterm 

gestation to be potential confounders and adjusted for these in my logistic regression model 

for adjusted odds ratios. For (b), in addition to the confounders mentioned in (a), other labour 

complications could act as confounders or could be present on the causal pathway between 

the complication studied and perinatal mortality. This depended on which particular ‘grouped’ 

labour complication was acting as the exposure, as shown in Table 6.3. In the adjusted analysis 

for each group of complications, I adjusted for another intrapartum complication if I 

considered it to be a confounder. I did not adjust for it if I thought it was on the causal 

pathway (Table 6.3) on the basis of my clinical knowledge. If I did not consider a group of 

complications to be confounded by other intrapartum complications, I adjusted only for the 

confounders mentioned in (a).
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Table 6.3: Labour complications as possible confounders or possibly present on the causal 
pathway in the association between particular labour complications and perinatal mortality 

Exposure  Other labour complication likely to be a confounder* Outcome 

Dystocia  Multiple pregnancy Perinatal mortality 

Infection Dystocia Perinatal mortality 

Anaemia Haemorrhage Perinatal mortality 

   
Exposure  Other labour complication likely to be on causal pathway  Outcome 

Dystocia  Infection Perinatal mortality 

Multiple pregnancy Dystocia Perinatal mortality 

Haemorrhage Anaemia Perinatal mortality 

*The confounder remained in the final regression model (for obtaining the adjusted odds ratio) only if it achieved a 
likelihood ratio test p-value of ≤0.2 in the final model 

For both (a) and (b) I used a backward stepwise selection method to obtain the final adjusted 

model for obtaining adjusted odds ratios, retaining only the variables that achieved a 

likelihood ratio test p-value of ≤0.2 in the final model, as described in detail earlier (Chapter 4 

section 4.3.13).   
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 Results: 6.4

 Description of sample 6.4.1

There were 5486 pregnancies in the ICDDR,B service area between 2007-2008, of which 669 

ended in abortions or miscarriages. Exclusion of the latter resulted in a total of 4817 births. 

Perinatal mortality outcomes were known for all births while HDSS data on socio-demographic 

characteristics were available for 4317 (89.6%) births.   

The place of delivery for the initial sample of 4817 births is shown in Table 6.4. The majority of 

births were at health facilities (62.5%) with just over a third (37.5%) taking place at home. One 

third of births (29.2%) were at the ICDDRB Matlab Hospital and 5% were at hospitals outside 

Chandpur. 

Table 6.4: Delivery locations for 4817 Matlab births (2007-2008) 

Delivery location No. of births (%) 

Home 1807 (37.5) 

ICDDRB subcentres 689 (14.3) 

ICDDRB Matlab Hospital 1408 (29.2) 

Hospitals in Matlab and Chandpur* 686* (14.2) 

Hospitals beyond Chandpur 227 (4.7) 

Total 4817 (100) 

*Of the 686 births, 29 took place at a Matlab government hospital (Matlab Thana Health Complex) while the 
remaining births took place in Chandpur facilities. 
 

Table 6.5 shows that perinatal mortality rates increased, with higher levels of health facilities. 

The lowest perinatal mortality rate was observed in the ICDDR,B subcentre (21.8 deaths/ 1000 

births; 95%CI: 10.9-32.7) while the highest perinatal death rate was seen in hospitals beyond 

Chandpur (88.1/1000 births; 95% CI: 51.2-125.0). Perinatal mortality rates at the Matlab and 

Chandpur Hospitals (53.9/1000 births; 95%CI: 37.0-70.8) were higher than those at the 

ICDDR,B  Matlab hospital (38.4/1000 births; 95% CI:35.8-40.9) though there was no statistically 

significant difference (p=0.101).  

Table 6.5: Perinatal mortality according to delivery location (highest level of care reached) in 
4817 Matlab births (2007-2008) 

Delivery location No. of births  
(No. of  perinatal deaths)  

Perinatal mortality rate 
(per 1000 births) 

Home 1807 (57) 31.5 (23.5-39.6) 

ICDDRB subcentre 689 (15) 21.8 (10.9-32.7) 

ICDDRB Matlab Hospital 1408 (54) 38.4 (35.8-40.9) 

Matlab and Chandpur Hospitals 686 (37) 53.9 (37.0-70.8) 

Hospitals beyond Chandpur 227 (20) 88.1 (51.2-125.0) 

All 4817 (183) 38.0 (32.6-43.4) 
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Table 6.6 shows the distribution of socio-demographic characteristics of women giving birth 

and the occurrence of preterm gestation by delivery location. Women delivering in hospitals 

beyond Chandpur were the most educated, wealthiest and had the least number of 

pregnancies while women delivering at home were the poorest, least educated and had the 

highest number of pregnancies.  Preterm births were more common in women delivering in 

hospitals beyond Chandpur and in those delivering at home compared to other locations.  

Table 6.6: Socio-demographic characteristics of women and preterm gestation according to 
delivery-location in 4317 Matlab births (2007-2008)* 

Socio-demographic 
characteristic 

Location of delivery Chi-squared test p-
value   Home 

n (%) 
ICDDR,B 
subcentres 
n (%) 

ICDDR,B 
Matlab 
Hospital 
n (%) 

Hospitals 
in Matlab 
and 
Chandpur 
n (%) 

Hospitals 
beyond 
Chandpur 
n (%) 
 

Maternal formal education (completed years) 

0 369 
(23.3) 

108 (16.6) 164 
(12.7) 

66 (11.2) 10 (5.4) p<0.0001 

1-5 491 
(30.7) 

159 (24.5) 291 
(22.5) 

73 (12.4) 20 (10.8) 

6-10 710 
(44.3) 

371 (57.2) 773 
(59.8) 

379 
(64.5) 

109 
(58.9) 

11-16 31 (1.9) 11 (1.7) 63 (4.8) 70 (11.9) 46 (24.9) 

Unknown 1 (0.06) 0 (0) 2 (0.2) 0 (0) 0 (0) 

Household asset quintile 

Most poor 327  
(20.4) 

79 (12.2) 136 
(10.5) 

41 (7.0) 6 (3.2) p<0.0001 

Very poor 305 
(19.1) 

119 (18.3) 175 
(13.5) 

73 (12.4) 15 (8.1) 

Poor 316 
(19.7) 

113 (17.4) 213 
(16.5) 

88 (15.0) 21 (11.4) 

Less poor 260 
(16.2) 

156 (24.1) 220 
(17.0) 

100 
(17.0) 

36 (19.5) 

Least poor 221 
(13.8) 

125 (19.3) 354 
(27.4) 

221 
(37.6) 

80 (43.2) 

Unknown 173 
(10.8) 

57 (8.8) 195 
(15.1) 

65 (11.1) 27 (14.6) 

Religion  

Islam  1395 
(87.1) 

536 (82.6) 1169 
(83.0) 

502 
(85.4) 

145 
(78.4) 

p<0.0001 

Hinduism/ Other 207 
(12.9) 

113 (17.4) 124 (9.6) 86 (14.6) 40 (21.6) 

Maternal Age       

<20 205 
(12.8) 

97 (15.0) 198 
(15.3) 

96 (16.3) 27 (14.6) p<0.0001 

20- 29 912 
(56.9) 

385 (59.3) 788 
(60.9) 

345 
(58.7) 

101 
(54.6) 

30-39 451 
(28.2) 

160 (24.7) 285 
(22.0) 

140 
(23.8)  

49 (26.5) 

40+ 34 (2.1) 7 (1.1) 22 (1.7) 7 (1.2) 8 (4.3) 

Gravidity       

1 841 
(52.5) 

316(48.7) 627 
(48.5) 

232 
(39.5) 

85 (46.0) p<0.0001 



Chapter 6. Intrapartum Complications in Matlab 

280 

 

Socio-demographic 
characteristic 

Location of delivery Chi-squared test p-
value   Home 

n (%) 
ICDDR,B 
subcentres 
n (%) 

ICDDR,B 
Matlab 
Hospital 
n (%) 

Hospitals 
in Matlab 
and 
Chandpur 
n (%) 

Hospitals 
beyond 
Chandpur 
n (%) 
 

2-3 375 
(23.4) 

215 (33.1) 434 
(33.1) 

266 
(45.2) 

72 (38.9) 

4-6 340 
(21.2) 

107 (16.5) 216 
(15.7) 

84 (14.3) 26 (14.1) 

7+ 46 (2.9) 11 (1.7) 16 (1.2) 6 (1.1) 2 (1.1) 

Preterm birth (22 to 37 
weeks gestational age) 

      

Yes 249 
(15.5) 

66 (10.2) 134 
(10.4) 

62 (10.5) 39 (21.1) p<0.0001 

No  1348 
(84.1) 

581 (89.5) 1152 
(89.1) 

523 
(88.9) 

146 
(78.9) 

Unknown 5 (0.3) 2 (0.3) 7 (0.5) 3 (0.5) 0 (0) 

Total (4317) 1602 
(100) 

649 (100) 1293 
(100) 

588 (100) 185 (100)  

*Socio-demographic and pre-term gestation information was not available for 500 of 4817 births 
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 Results related to intrapartum complications: 6.4.2

Of the 4817 births covered in this study, 2094 births took place at the ICDDR,B  Matlab hospital 

or the Matlab and Chandpur hospitals included in the Huda et al. 2012 study. 

Births taking place at the Matlab ICDDR,B hospital and Matlab and Chandpur hospitals had a 

perinatal mortality rate (43.5 deaths/ 1000 births; 95% CI: 34.7-52.2) similar to that of the 

4817 births taking place in the ICDDR,B service area (38.0 deaths/ 1000 births; 95% CI: 32.6-

43.4). Among the 2094 births, information on any intrapartum complication was available for 

1927 births (92.0%) (Table 6.7). 

Perinatal mortality rates were much higher in births with no available intrapartum 

complication data (89.8 deaths/ 1000 births; 95% CI: 46.5-133.1) than births with available 

data (39.4 deaths/ 1000 births; 95%CI: 30.6-48.1) but the difference was not statistically 

significant (Table 6.7). 

  
Table 6.7:  Perinatal mortality by data availability for intrapartum complications in 2094 Matlab 
births (2007-2008) 

 Data on any intrapartum complication p-value 

 Available Unavailable 

 No. of births 
(No. of  
perinatal 
deaths)  

Rate per 1000 
births (95% CI) 

No. of births (No. of  
perinatal deaths)  

Rate per 1000 
births (95% CI) 

Perinatal 
mortality rate 

1927 (76) 39.4 (30.6-
48.1) 

167 (15) 89.8 (46.5-
133.1) 

0.062 

 

Table 6.8 shows the data availability for births at the ICDDR,B Matlab hospital (93.9%) and at 

the Matlab and Chandpur hospitals (88.2%). 

 
Table 6.8:  Data availability on intrapartum complications according to delivery location in 
2094 Matlab births (2007-2008) 

  
  
  

Data on any intrapartum complication 

Available Unavailable All 

No. of births (% of total 
births) 

No. of births (% of total 
births) 

No. of births (% of total 
births) 

Delivery location 

ICDDRB Matlab Hospital 1322 (93.9) 86 (6.1) 1408 (100) 

Matlab and Chandpur 
Hospitals 

605 (88.2) 81 (11.8) 686 (100) 

*Percentage of 2094 births. Percentages may not add up to 100 because of rounding. 
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Socio-demographic characteristics of mothers or preterm births were not significantly different 

for births with available or unavailable intrapartum complication data (all chi-squared test p-

values >0.05) (Table 6.9).   

 
Table 6.9:  Socio-demographic characteristics and preterm gestation by data availability on 
intrapartum complications in 1881 Matlab births (2007-2008)† 

Socio-demographic 
characteristic 

Data on any intrapartum complication Chi-squared test p-
value   Available 

No. of births (%)* 
Unavailable 
No. of births (%)* 

Maternal formal education (completed years)  

0 220 (12.6) 10 (7.7) 0.443 

1-5 340 (19.4) 24 (18.5) 

6-10 1068 (61.0) 84 (64.6) 

11-16 121 (6.9) 12 (9.2) 

Unknown 2 (0.1) 0 (0) 

Household asset quintile  

Most poor 164 (9.4) 13 (10.0) 0.941 

Very poor 232 (13.3) 16 (12.3) 

Poor 276 (15.8) 25 (19.2) 

Less poor 299 (17.1) 21 (16.2) 

Least poor 537 (30.7) 38 (29.2) 

Unknown 243 (13.9) 17 (13.1) 

Religion   

Islam  1562 (89.2) 109 (83.9) 0.061 

Hinduism/ Other 189 (11.0) 21 (16) 

Maternal Age  

<20 273 (15.6) 21 (16.2) 0.484 

20- 29 1056 (60.3) 77 (59.2) 

30-39 393 (22.4) 32 (24.6) 

40+ 29 (1.7) 0 (0) 

Gravidity  

1 646 (36.9) 54 (41.5) 0.443 

2-3 804 (45.9) 55 (42.3) 

4-6 279 (15.9) 21 (16.2) 

7+ 22 (1.3) 0 (0) 

Preterm birth (22 to 37 weeks gestational age)  

No 1558 (89.0) 117 (90.0) 0.78 

Yes 183 (10.5) 13 (10.0) 

Unknown 10 (0.6) 0 (0) 

Total (1881) 1751 (100.0) 130 (100.0) 

*percentages may not add up to 100 because of rounding 
†information on socio-demographic characteristics and preterm birth not available in 213 of 2094 births. 
 

Regarding missing data, of the births with intrapartum complication data (1927 births), 

information on perinatal outcomes was missing for 176 births (8.7%) but information for all 



Chapter 6. Intrapartum Complications in Matlab 

283 

 

these missing outcomes was provided from the Huda et al. 2012 study.  Missing data on 

intrapartum complications was very high ranging from a minimum 45.0% for anaemia to 93.6% 

for prolonged labour, and to a maximum of 98.6% for haemorrhage and the complication was 

assumed to be absent in these cases. Information missing on anaemia  for 868 births (45.0%) 

and was categorized as ‘unknown’. Information on multiple pregnancy was missing for 23 

births (1.2%) and these births were considered to be singletons. Preterm birth information was 

missing for 186 births (9.7%) and these were categorized as ‘unknown’. 

 

The majority of the 1927 births had only one facility visit (87.6%) while there were two facility 

visits per birth for 239 births (12.4%). 

 

Table 6.10 shows the list of complications that I consider as intrapartum complications and 

those that I exclude. The table also shows the exact textual description of conditions recorded 

by investigators under ‘final diagnosis’ and ‘indication of surgery’ in the Huda et al. 2012 study. 

Among the 1927 births with intrapartum complication data, a quarter were found to have had 

any of the intrapartum complications listed (24.3/100 births).  

 

The most common intrapartum complication was dystocia (13.2/100 births) followed by 

anaemia (5.7/100 births) and hypertensive diseases of pregnancy (4.4/100 births) (Table 6.10). 

Within dystocia, prolonged labour was seen most commonly (6.4%) followed by obstructed 

labour (3.8%) and malpresentation (2.3%). Infection and haemorrhage during labour and 

delivery were seen in 1.7% and 1.4% of births while multiple pregnancy was found in 1.2% of 

births. Preterm births constituted 9.5% of all births in this sample. Foetal distress and cord 

around the neck were observed in 7.7% and 6.3% of births, respectively. Caesarean sections 

and emergency Caesarean sections took place in 20.8% and 14.3% of all births.  
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Table 6.10:  Prevalence of intrapartum complications, preterm birth and other complications 
for 1927 births delivered at the Matlab ICDDR,B hospital and Matlab and Chandpur hospitals 
(2007-2008). 

 No. of births with 
complication/condition 
present, N 

Prevalence† 
(per 100 
births) 

Intrapartum complications   

Any intrapartum complication 469 ^ 24.3 

Dystocia * 255 * 13.2 

         Cephalo-pelvic disproportion (as a single or multiple complication) 32 1.7 

         Cephalo-pelvic disproportion (CPD) 25 1.3 
         Big Baby  4 0.2 

         Floating head(high head) 3 0.2 

         Malpresentation (as a single or multiple complication) 53 2.8 

                             Non-breech malpresentation 23 1.2 

                             Malpresentation, unspecified 1 0.1 

                             Malpresentation, unstable lie 8 0.4 

                             Compound presentation/ occipitoposterior 5 0.3 

                              Transverse or oblique lie 9 0.5 

                              Breech malpresentation ~ 30 ~ 1.6 

                              Breech presentation 27 1.4 

                              Spontaneous breech delivery 7 0.4 

          Obstructed labour (as a single or multiple complication) 73 3.8 

          Obstructed labour due to malposition & malpresentation of foetus 3 0.2 

          Obstructed labour due to malposition & malpresentation, 
unspecified 

7 0.4 

          Obstructed labour due to unusually large foetus 2 0.1 

          Obstructed labour, unspecified 58 3.0 
          Ruptured uterus during labour 3 0.2 

          Prolonged labour (as a single or multiple complication) 124 6.4 

          Prolonged labour, prolonged 1st stage of labour 109 5.7 

          Prolonged labour, prolonged 2nd stage of labour 15 0.8 

   

Hypertensive diseases of pregnancy * 84 * 4.4 

            Eclampsia 8 0.4 

            Pre-eclampsia (as a single or multiple complication) 37 1.9 

           Other hypertensive disorder (as a single or multiple complication) 45 2.3 

           Pregnancy induced hypertension (PIH) 8 0.4 

           Unspecified maternal hypertension (HTN) 37 1.9 

   Haemorrhage 27 1.4 

Placenta praevia 14 0.7 

Placenta accreta/Malformation of placenta 1 0.1 

Antepartum haemorrhage, unspecified 10 0.5 

Obstetric shock 2 0.1 

   Infection 33 1.7 

Chorioamnionitis 2 0.1 

Urinary tract infection in pregnancy (UTI) 30 1.6 

Septicaemia during labour 1 0.1 
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 No. of births with 
complication/condition 
present, N 

Prevalence† 
(per 100 
births) 

   

Twin pregnancy (not used to determine multiple pregnancy) 20 1.0 

Multiple delivery,   Multiple delivery, all spontaneous (not used to 
determine multiple pregnancy) 

7 0.4 

   

Anaemia (not extracted from ‘final diagnosis/indication of surgery’- 
extracted from haemoglobin level  <10 g/dl) 

109 5.7 

Multiple Pregnancy (not extracted from ‘final diagnosis/indication of 
surgery’- extracted from HDSS information) 
 

23 1.2 

Conditions considered not to be intrapartum complications   

Preterm birth    

Premature delivery (not used to determine preterm birth) 35 1.8 

Preterm births (not extracted from ‘final diagnosis/indication of surgery’-
extracted from HDSS information) 

183 9.5 

Foetal distress 148 7.7 

Foetal distress 144 7.5 

Foetal distress due to meconium in amniotic fluid 4 0.2 

   H/O Caesarean section  43 2.2 

H/O Previous C/S 39 2.0 

Failed trial of labour, unspecified 4 0.2 

 

  

Delivery by emergency Caesarean section 275 14.3 

Caesarean section (emergency AND elective) for current delivery  (not 
extracted from ‘final diagnosis/indication of surgery’- from specific 
question) 

401 20.8 

 

  

Delivery by Caesarean hysterectomy 3 0.2 

Single delivery by C/S,   Delivery by elective C/S 43 2.2 

   Cord complication,    Cord prolapse 5 0.3 

Cord around the neck (non-threatening condition) 122 6.3 

   Puerperal sepsis (infection occurs after delivery) 1 0.1 

Polyhydramnios 5 0.3 

Disorders of amniotic fluid &membrane 58 3.0 

Other unspecified disorder of amniotic fluid & membrane (leaking 
membrane) 

183 9.5 

Premature rupture of membrane 155 8.0 

Maternal distress during labour & delivery, FTP, IUGR, LP, LA Pain, Bandl’s 
ring, V.V.F (full term pregnancy, intrauterine growth retardation, lumbar 
pain, lower abdominal pain, Bandl's ring, vesico-vaginal fistula) 

1634 84.8 

Single spontaneous delivery,   Spontaneous  vertex delivery 1302 67.6 

Spontaneous  delivery, unspecified 11 0.6 

   IUD 30 1.6 

Anencephaly 3 0.2 

Post-dated/post term 480 24.9 

Cervical tear 6 0.3 

Perineal tear,     1st degree 156 8.1 
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 No. of births with 
complication/condition 
present, N 

Prevalence† 
(per 100 
births) 

Perineal tear,     2nd degree 30 1.6 

Perineal tear,     3rd degree 4 0.2 

Perineal tear, unspecified (Laceration) 23 1.2 

   PPH (postpartum haemorrhage),retained placenta NOS(not otherwise 
specified) 

7 0.4 

PPH (postpartum haemorrhage) unspecified 4 0.2 

Retained placenta without haemorrhage 2 0.1 

   Diabetes mellitus in pregnancy, unspecified 1 0.1 

† Prevalence was calculated in 1927 births. 
^ The sum of births with any complication (469) is less than the sum of constituent complications (539) of dystocia, 
hypertensive diseases of pregnancy, haemorrhage, infection, anaemia and multiple pregnancy because births with 
any complication, by definition, include the presence of one or more constituent complications. 
*Constituent complications under broad categories of complications (e.g. dystocia or hypertensive diseases of 
pregnancy) may add up to more than the category total as the broad category is defined as the presence of any one 
(and at least one in case of multiple complications) constituent complication. For example, there are 255 cases of 
dystocia but a total of 282 cases of constituent complications (cephalo-pelvic disproportion, malpresentation, 
obstructed labour, and prolonged labour). Within these 282 cases, 22 cases are combinations of complications 
constituting dystocia (i.e. cephalo-pelvic disproportion and prolonged labour-10, obstructed labour and prolonged 
labour-9, cephalo pelvic disproportion and obstructed labour-2 and malpresentation and obstructed labour-1). In 
case of hypertensive diseases of pregnancy, the category total of 84 is less than the 94 constituent complications 
(eclampsia, pre-eclampsia and other hypertensive disorder).The 94 cases also  include one combination case (pre-
eclampsia and other hypertensive disorder). 
~There are 30 cases of breech malpresentation as four of the 27 cases of breech presentation were also recorded as 
having spontaneous breech delivery. 
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Table 6.11 shows the distribution of single and multiple intrapartum complications in births 

with data on intrapartum complications. A single complication was experienced in 18.6% of all 

births, while two and three intrapartum complications were much less frequent (5.7% and 

0.9% respectively) and no cases of four  complications were found. Among births with single 

complications, the most common complication was dystocia, with prolonged labour the 

commonest complication constituting dystocia. Dystocia was present in over half (53.9%) of all 

births with a single complication, followed by anaemia (20.0%) and hypertensive diseases of 

pregnancy (12.2%).  The most frequently observed combinations for two complications were 

cephalo-pelvic disproportion and prolonged labour (10 cases), followed by obstructed labour 

and prolonged labour (9 cases) and seven cases each of anaemia combined with either: 

prolonged labour, pre-eclampsia or other hypertensive disorders. Frequently observed 

combinations for three complications were: cephalo-pelvic disproportion, prolonged labour 

and obstructed labour (2 cases); cephalo-pelvic disproportion, prolonged labour and anaemia 

(2 cases) and prolonged labour, anaemia and other hypertensive disorders (2 cases). 

 
Table 6.11: The distribution of births with single and multiple intrapartum complications in 
1927 Matlab births (2007-2008) 

 Births with 
available 
intrapartum 
complicatio
n data  
N (%) 

No 
complicatio
n 
N (%) 

Any (at least 
one) 
complicatio
n 
N (%) 

One 
complicatio
n 
N (%) 

Two  
complication
s 
N (%) 

Three  
complication
s 
N (%) 

Four  
complication
s 
N (%) 

Intrapartum 
complicatio
n 

1927 (100) 1458 (75.7) 469 (24.3) 359 (18.6) 110 (5.7) 18 (0.9) 0 (0.0) 

 

The prevalence of intrapartum complications (Table 6.12) differed by delivery location, with at 

least one being experienced in half of all births (49.3/100 births; 95%CI: 45.2-53.2) delivered at 

Matlab and Chandpur hospitals compared to significantly fewer at the ICDDR,B Matlab hospital 

(12.9/100 births; 95%CI: 11.1-14.7). 

The prevalence of intrapartum complications did not vary overall by socio-demographic 

characteristics. Unexpectedly, intrapartum complication prevalence appeared higher in 

Hindus, though the reason for this was not known. The lack of significant differences in 

intrapartum complication prevalence in older women could possibly be due to small numbers 

of these women.  Prevalence was higher in births that were preterm, with 31 out of 100 

experiencing an intrapartum complication (31.1/100 births; 95% 22.4-37.9) compared to 23 

out of 100 term births (23.3/100 births; 95% CI: 21.2-25.4) and the difference was significant 

(p=0.004).
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Table 6.12: The prevalence of intrapartum complications by delivery location, socio-
demographic characteristics and preterm gestation in 1927 Matlab births (2007-2008). 

 
 Births for which any intrapartum complication was present 

or absent 
p-value 

No. of births  
(No. of births with 
complication) 

Prevalence per 100 births 
(95% CI) 

Delivery location    

ICDDR,B Matlab Hospital 1322 (171) 12.9 (11.1-14.7) <0.0001 

Hospitals in Matlab and Chandpur 605 (298) 49.3 (45.2-53.2) 

Maternal formal education 
(completed years) 

   

0 220 (55) 25.0 (19.2-30.7) 0.489 

1-5 340 (83) 24.4  (19.8-29.0) 

6-10 1068 (256) 23.9  (21.4-26.5) 

11-16 121 (30) 24.8  (17.1-32.4) 

Unknown 178 (45) 25.3  (18.9-31.8) 

Household asset quintile    

Most poor 164 (40) 24.4 (17.8-31.0) 0.904 

Very poor 232 (53) 22.8 (17.4-28.2) 

Poor 276 (72) 26.1 (20.9-31.3) 

Less poor 299 (76) 25.4 (20.4-30.3) 

Least poor 537 (134) 24.9 (21.1-28.6) 

Unknown 419 (94) 22.4 (18.4-26.4) 

Religion     

Islam  1562 (362) 23.2 (21.0-25.2) 0.003 

Hinduism/ Other 189 (62) 32.8 (26.1-39.5) 

Unknown 176 (45) 25.6 (19.1-32.0) 

Maternal Age    

<20 273 (63) 23.1 (18.1-28.1) 0.483 

20- 29 1056 (252) 23.9 (21.3-26.4) 

30-39 393 (99) 25.2 (20.9-29.5) 

40+ 29 (10) 34.5 (17.2-51.8) 

Unknown 176 (45) 25.6 (19.1-32.0) 

Gravidity    

1 646 (169) 26.2 (22.8-29.6) 0.369 

2-3 804 (183) 22.8 (19.9-25.6) 

4-6 279 (64) 22.9 (18.0-27.9) 

7+ 22 (8) 36.4 (16.3-56.4) 

Unknown 176 (45) 25.6 (19.1-32.0) 

Preterm birth (22 to 37 weeks 
gestational age) 

   

No 1558 (363) 23.3 (21.2-25.4) 0.004 

Yes 183 (57) 31.1 (24.4-37.9) 

Unknown 186 (49) 26.3 (20.0-32.7) 

Total  1927 (469) 24.3 (22.4-26.2)  
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Table 6.13 shows the crude odds ratios obtained for intrapartum complications and perinatal 

mortality. The presence of any intrapartum complication increased the odds of a perinatal 

death by 1.76 (crude OR-1.76; 95% CI: 1.08-2.84). Surprisingly, among all intrapartum 

complications, only haemorrhage and multiple pregnancy were associated with significantly 

increased odds of perinatal mortality (crude OR-9.28; 95%CI: 3.80-22.7 and crude OR-5.36 

95%CI: 1.99-14.46, respectively). Dystocia (OR-1.37; 95%CI: 0.74-2.53) and hypertensive 

diseases of pregnancy (crude OR-0.89; 95%CI: 0.28-2.91) did not appear to increase the odds 

of perinatal deaths.  Within dystocia, cephalo-pelvic disproportion, malpresentation and 

obstructed labour were associated with increased perinatal mortality (by 2.6 times, 1.5 and 1.5 

times respectively), but prolonged labour had no effect (crude OR-1.02 ; 95%CI: 0.41-2.59). 

Within hypertensive diseases of pregnancy, eclampsia elevated crude odds ratios for these 

deaths 3.5 times (crude OR-3.51; 95%CI: 0.43-28.91).  Surprisingly pre-eclampsia was 

protective for mortality (crude OR-0.67; 95% CI: 0.09-4.97) but the confidence interval was 

wide and includes 1. Infection (crude OR- 0.76; 95%CI: 0.11-5.63) and anaemia (crude OR-0.94; 

95%CI: 0.33-2.67) were not found to be associated with perinatal mortality. Preterm births, as 

expected, increased the odds for perinatal deaths significantly (by five times) (crude OR- 4.80; 

95%CI: 2.77-8.32, p<0.0001). The relationship between delivery location and perinatal 

mortality was significant in the crude analysis, with births at higher levels of care associated 

with greater perinatal mortality (crude OR-1.72; 95% CI: 1.07-2.73, p=0.023)(data not shown in 

the table). 

 
Table 6.13: Strength of association (crude odds ratio) between intrapartum complications and 
perinatal mortality in 1927 births in Matlab (2007-2008) 

 No. of 
births 
(No. of 
perinatal 
deaths) 

Perinatal 
death 
rate (per 
1000 
births) 

Crude odds ratio 
a
 (95% CI) 

 P-value 
(Wald 
test) 

Any intrapartum complication     

Absent (Reference) 1458 (49) 33.6 1.00  

Present 469 (27) 57.6 1.76 (1.08-2.84) 0.022 

Dystocia     

Absent (Reference) 1672 (63) 37.7 1.00  

Present 255 (13) 51.0 1.37 (0.74-2.53) 0.311 

         Cephalo-pelvic disproportion     

         Absent (Reference) 1895 (73) 38.5 1.00  

         Present 32(3) 93.8 2.58 (0.77-8.67) 0.125 

         Malpresentation     

          Absent (Reference) 1874 (73) 39.0 1.00  

          Present 53(3) 56.6 1.48 (0.45-4.86) 0.518 
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                              Breech malpresentation     

                              Absent (Reference) 1897 (75) 39.5 1.00  

                              Present 30 (1) 33.3 0.84 (0.11-6.24) 0.863 

                             Other malpresentation     

                             Absent (Reference) 1904 (74) 38.9 1.00  

                             Present 23 (2) 87.0 2.35 (0.54-
10.23) 

0.253 

         Obstructed labour     

        Absent (Reference) 1854 (72) 38.8 1.00  

        Present 73 (4) 54.8 1.43 (0.51-4.04) 0.494 

        Prolonged labour     

        Absent (Reference) 1803 (71) 39.4 1.00  

        Present 124 (5) 40.3 1.02 (0.41-2.59) 0.958 

Hypertensive diseases of pregnancy     

Absent (Reference) 1843 (73) 39.6 1.00  

Present 84 (3) 35.7 0.89 (0.28-2.91) 0.858 

            Eclampsia     

            Absent (Reference) 1919 (75) 39.1 1.00  

            Present 8 (1) 125.0 3.51  (0.43-
28.91) 

0.243 

            Pre-eclampsia     

            Absent (Reference) 1890 (75) 39.7 1.00  

            Present 37 (1) 27.0 0.67 (0.09-4.97) 0.697 

           Other hypertensive disorder     

           Absent (Reference) 1882 (74) 39.3 1.00  

           Present 45 (2) 44.4 1.13 (0.27-4.78) 0.862 

Haemorrhage     

Absent (Reference) 1900 (69) 36.3 1.00  

Present 27 (7) 259.3 9.28 (3.80-22.7) <0.0001 

Infection      

Absent (Reference) 1894 (75) 39.6 1.00  

Present 33 (1) 30.3 0.76 (0.11-5.63) 0.786 

Multiple pregnancy     

Absent (Reference) 1898 (75) 37.4 1.00  

Present 29 (1) 172.4 5.36 (1.99-
14.46) 

0.001 

Anaemia      

Absent (Reference) 950 (37) 38.9 1.00  

Present 109 (4) 36.7 0.94 (0.33-2.67) 0.908 

Unknown 868 (35) 40.3 1.04 (0.33-2.67) 0.881 

Preterm birth (22 to 37 weeks of gestation)     

Absent (Reference) 1558 (41) 26.3 1.00  

Present 183 (21) 114.8 4.80 (2.77-8.32) <0.0001 

Unknown 186 (14) 75.3 3.01 (1.61-5.64) 0.001 

Total  1927 (76) 39.4   
a 

Adjusted for clustering of births to one mother 
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Adjusted odds ratios for the strength of association of intrapartum complications with 

perinatal mortality are shown in Table 6.14. The strength of association between any 

intrapartum complication in a birth and perinatal deaths lessened from the crude odds ratio of 

1.76 (95%CI: 1.08-2.84) to an adjusted value of 1.41 (95%CI: 0.82-2.41). Effect estimates for 

haemorrhage and multiple pregnancy were attenuated but remained significant (adjusted OR- 

6.88; 95% CI: 2.67-17.72 and adjusted OR- 3.60; 95%CI: 1.25-10.30, respectively). The non-

significant effects of dystocia, hypertensive diseases of pregnancy, infection and anaemia 

changed very little after adjustment was made for the confounders that remained relevant in 

the final adjusted models for each specific complication. The adjusted odds ratio for the effect 

of preterm gestation on mortality declined but remained statistically significant (adjusted OR- 

3.60; 95%CI: 2.00-6.48). There was no effect of delivery location on mortality, after adjustment 

for confounders (adjusted OR-1.38; 95%CI: 0.38-2.31).  

 
Table 6.14: Strength of association (crude and adjusted odds ratios) between intrapartum 
complications and perinatal mortality in 1927 births in Matlab (2007-2008) 

 No. of 
births 
(No. of 
perinatal 
deaths) 

Perinatal 
death 
rate (per 
1000 
births) 

Crude 
odds 
ratio 

a
 

(95% 
CI) 

 P-value 
(Wald test) 

Confounders 
that are 
adjusted for in 
the final 
adjusted model 
b
 

Adjusted 
odds 
ratio 

a  

(95% CI) 

 P-value 
(Wald 
test) 

Any intrapartum complication 

Absent 
(Reference) 

1458 (49) 33.6 1.00 _ Delivery 
location, asset 
quintile and 
preterm births 

1.00 _ 

Present 469 (27) 57.6 1.76 
(1.08-
2.84) 

0.022 1.41 
(0.82-
2.41) 

0.212 

Dystocia 

Absent 
(Reference) 

1672 (63) 37.7 1.00 _ Preterm births, 
multiple 
pregnancy and 
asset quintile 

1.00 _ 

Present 255 (13) 51.0 1.37 
(0.74-
2.53) 

0.311 1.46 
(0.72-
2.98) 

0.298 

Hypertensive diseases of pregnancy 

Absent 
(Reference) 

1843 (73) 39.6 1.00 _ Preterm births 
and  asset 
quintile 

1.00 _ 

Present 84 (3) 35.7 0.89 
(0.28-
2.91) 

0.858 0.79 
(0.24-
2.63)

 
 

0.697 

Haemorrhage 

Absent 
(Reference) 

1900 (69) 36.3 1.00 _ Preterm births 
and  asset 
quintile 

1.00 _ 

Present 27 (7) 259.3 9.28 
(3.80-
22.71) 

<0.0001 6.31 
(2.45-
16.25) 

<0.0001 

Infection 

Absent 
(Reference) 

1894 (75) 39.6 1.00 _ Preterm births 
and  asset 

1.00 _ 
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 No. of 
births 
(No. of 
perinatal 
deaths) 

Perinatal 
death 
rate (per 
1000 
births) 

Crude 
odds 
ratio 

a
 

(95% 
CI) 

 P-value 
(Wald test) 

Confounders 
that are 
adjusted for in 
the final 
adjusted model 
b
 

Adjusted 
odds 
ratio 

a  

(95% CI) 

 P-value 
(Wald 
test) 

Present 33 (1) 30.3 0.76 
(0.11-
5.63) 

0.786 quintile 0.87 
(0.11-
6.59) 

0.891 

Multiple pregnancy 

Absent 
(Reference) 

1898 (75) 37.4 1.00 _ Preterm births 
and  asset 
quintile 

1.00 _ 

Present 29 (1) 172.4 5.36 
(1.99-
14.46) 

0.001 3.60 
(1.25-
10.30) 

0.017 

Anaemia  

Absent 
(Reference) 

950 (37) 38.9 1.00 _ Preterm births, 
haemorrhage, 
and  asset 
quintile 

1.00 _ 

Present 109 (4) 36.7 0.94 
(0.33-
2.67) 

0.908 0.74(0.25-
2.19) 

0.586 

Unknown 868 (35) 40.3 1.04 
(0.33-
2.67) 

0.881 0.96 
(0.58-
1.55) 

0.861 

Preterm birth (22 to 37 weeks of gestation) 

Absent 
(Reference) 

1558 (41) 26.3 1.00 _ Haemorrhage, 
any intrapartum 
complication 
and  asset 
quintile 

1.00 _ 

Present 183 (21) 114.8 4.80 
(2.77-
8.32) 

<0.0001 4.40 
(2.53-
7.73) 

<0.0001 

Unknown 186 (14) 75.3 3.01 
(1.61-
5.64) 

0.001 1.73 
(0.80-
3.75) 

0.16 

Total  1927 (76) 39.4      
a 

Adjusted for clustering of births to one mother 
b
 Confounders adjusted for in the final adjusted model include only those variables that do not exceed a likelihood 

ratio test value of 0.2 on elimination during the construction of a backward stepwise regression model.  
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From Table 6.15, it was found that perinatal mortality rates were much higher in Caesarean 

section births with intrapartum complications (36.7 deaths per 1000 births; 95%CI: 11.7-61.6) 

compared to Caesarean section births without (10.9 deaths per 1000 births; 95% CI: 4.1-26.0), 

though the difference was not statistically significant (p=0.099). 

Table 6.15: Perinatal mortality rates in non-Caesarean section births and Caesarean section 
births with and without intrapartum complications in 1927 births in Matlab (2007-2008). 

  Caesarean section 

No Yes 

Intrapartum complications 

No Yes 

Number of births (No. of 
perinatal deaths)  

1526 (66) 183 (2) 218 (8) 

Perinatal deaths per 1000 
births (95% CI) 

43.3 (33.1-53.5) 10.9 (4.1-26.0) 36.7 (11.7-61.6) 
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Results (Table 6.16) suggested that women who had Caesarean sections had a lower perinatal 

mortality rate (24.9 deaths/1000 births) than women who did not (43.3 deaths /1000 births) 

but the difference was not significant. Perinatal mortality rates were higher in non-emergency 

(31.8 deaths per 1000 births; 95%CI: 1.1-62.3) than in emergency Caesareans sections (21.8 

per 1000 births; 95% CI: 4.6-39.1) though the difference between the two groups was not 

statistically significant. 

 Table 6.16: Perinatal mortality rates in non-Caesarean section and Caesarean section births as 

well as in emergency Caesarean section and non-emergency Caesarean section births in 1927 

births in Matlab (2007-2008) 

    Caesarean section p-value 

No Yes 

Number of births (No. of perinatal deaths)  1526 (66) 401 (10) 
0.094  

Perinatal deaths per 1000 births (95% CI) 43.3 (33.1-53.5) 24.9 (9.6-40.2) 

  
  
  

Emergency Caesarean section p-value 

No Yes 

Number of births (No. of perinatal deaths)    126 (4) 275 (6) 0.554 

Perinatal deaths per 1000 births (95% CI)   31.8 (1.1-62.3) 21.8 (4.6-39.1) 

 

As there were no perinatal deaths in the 43 births with a history of Caesarean section, a 

perinatal mortality rate could not be calculated and hence it was not possible to compare rates 

for births with and without prior Caesarean sections. Surprisingly, there was no statistical 

difference between perinatal mortality rates in births with foetal distress (47.3/1000 births; 

95%CI: 13.0-81.5) and without (38.8 /1000 births; 95%CI: 29.8-47.8) (p=0.402). Perinatal 

mortality rates were much higher in these births with cord complications than in those without 

complications (800/1000 births; 95%CI: 283.5-994.9 vs. 37.4/1000 births; 95%CI; 29.4-46.4; p 

<0.001) but as there were only five cases of cord complications, caution should be exercised in 

drawing conclusions based on these comparisons.
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 Discussion: 6.5

I found that, against expectations, only two intrapartum complications (haemorrhage and 

multiple pregnancy) were associated with increases in odds of perinatal mortality, while 

dystocia and hypertensive diseases of pregnancy had no effect on mortality. 

 

Comparison with studies from my literature review suggests that the results from some 

complications are comparable, while others are different. The strength of association for 

haemorrhage (crudeOR-9.28 ; 95%CI: 3.8-22.7) was consistent with findings from studies from 

Bangladesh (Cherry et al. 2008) West Africa (Chalumeau et al. 2000), Kenya(Weiner et al. 

2003), and HICs (Flenady et al. 2011; Vogel et al. 2014).The increased odds of perinatal deaths 

in twins seen in my study (crude OR-5.36; 95%CI: 2.0-14.5) was also consistent with the four-

fold increase in odds ratios seen in the previous Matlab study by Kusiako et al. (crude OR- 3.7; 

95%CI: 2.0-6.8)  and the five-fold increase seen in another Bangladesh study (Cherry et al. 

2008), the only other studies which measured the effect of multiple pregnancy as an 

intrapartum complication. 

 

In my study, dystocia was not found to be associated with perinatal mortality either in the 

crude (crude OR-1.37; 95%CI: 0.74-2.53) or adjusted analysis (crude OR-1.48; 95%CI: 0.78-

2.78). This is inconsistent with the findings from the studies that I reviewed. It is particularly 

inconsistent with the earlier Matlab study, where prolonged labour-(crude OR- 3.5 ; 95%CI: 

2.6-4.8), obstructed labour (crude OR- 23.8; 95%CI: 6.7-85.0), breech presentation (crude OR -

9.6; 95% CI: 6.4-14.7), and other abnormal presentations (crude OR-17.0; 95% CI: 8.3-33.5) 

were associated significantly with perinatal mortality. 

  

I also found no association between infection and perinatal mortality (crude OR-0.76; 

95%CI:0.11-5.63). This is  partially consistent with the findings from the WHO facility-based 

study, which showed no effect of kidney infection on stillbirths and early neonatal deaths 

(crude ORs  1.3 and 4.4 respectively; 95%CIs: not reported) but an effect for other infections 

including sepsis (crude ORs  5.4 and 3.2 respectively;  95%CIs:not reported) (Vogel et al. 2014)  

The Chalumeau et al. study reported that intrapartum fever >38oC increased perinatal 

mortality by 2.6 times (95%CI: 1.4-5.0). My study defined infection as urinary tract infection 

and septicaemia during labour, which is not consistent with the definitions used by Vogel et al. 

and Chalumeau et al. 
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Contrary to expectations, I found that hypertensive diseases of pregnancy (crude OR- 0.89; 

95%CI: 0.28-2.91) did not increase the odds of perinatal mortality significantly in my study. 

Other studies contradicted these findings with the previous Matlab study showing elevated 

odds of perinatal mortality for pre-eclampsia (crude OR-2.5; 95% CI: 1.7-3.7) and eclampsia 

(crude OR-6.4; 95%CI: 3.0-13.8) as did Vogel et al. (four-fold increase for pre-eclampsia and 

twelve-fold increase for eclampsia), Chalumeau et al. (six-fold increase for all hypertensive 

diseases) and to a lesser extent Flenady et al. (one and a half-fold increase for pre-eclampsia 

and two-fold increase for eclampsia). Only Weiner et al. reported non-association between all 

hypertensive  diseases of pregnancy and perinatal mortality (Weiner et al. 2003)  

 

Lastly, anaemia had no effect on perinatal deaths (crude OR-0.9; 95%CI: 0.3-2.7). This was also 

seen in the Matlab population-based study, but severe anaemia increased the odds of fresh 

stillbirths and early neonatal deaths in the WHO facility study  and the Kenya facility-based 

study (Weiner et al. 2003). 

 

There are some possible explanations as to why some of my findings are consistent with what 

has been found in the literature while others are not. Issues to consider include: the sample 

size and power, the role of selection bias (including study characteristics), and information bias 

(misclassification of exposure). 

 

First, my sample of births excluded the poorest, least educated women delivering at home and 

at subcentres and the richest and most educated women delivering at hospitals beyond 

Matlab and Chandpur (56.5% of all births). Hence complications were missing for more than 

half the women in Matlab. The women in my sample were at mid-levels of socio-economic 

status, education levels and perinatal mortality rates compared to the women at the extremes 

of these measures who were excluded. The exclusion of births from higher level facilities, 

which had higher perinatal mortality, may have led to an exclusion of the most severe 

complications. In the absence of uniform definitions and criteria for severity of complications 

in the delivery locations of my study, births with the most severe forms of complications are 

likely to be seen at higher level facilities than in my sample. This small sample size of women 

would explain why the odds ratios obtained in my study show either no associations or 

underestimated odds ratios (with very low strength of associations and very wide confidence 

intervals) for the relationship between (possibly) less severe complications and perinatal 
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mortality.  Moreover it is very likely that the small number of cases for each complication and 

small number of perinatal deaths  was insufficient  to obtain odds ratios nearing the true odds 

ratios. However, sample size of the number of women and number of births with 

complications was not within my control as I used all of the data on intrapartum complications 

that was available from the Morbidity Study. An example of small numbers is seen for 

hypertensive diseases of pregnancy (OR-0.89 ; 95%CI: 0.28-2.91) which had 1843 negative 

cases and 84 positive cases the latter  of which had only  three perinatal deaths.  This is 

possibly the reason for the non-association seen between an intrapartum complication such as 

hypertensive diseases of pregnancy and perinatal mortality in my study which does not 

correspond to the high odds ratios from the literature discussed earlier. Small sample sizes 

could be responsible for the non-association seen and the wide confidence interval in dystocia 

(233 positive cases and only 13 perinatal deaths) and infection (33 positive cases and only one 

perinatal death) where a non-association was seen. The very small number of perinatal deaths 

for the complications means that there is a lack of power as even observing one or more extra 

perinatal deaths  could have resulted  in odds ratios that would have varied from my study 

odds ratios. Hence the small sample sizes affect the validity of my results. However, this 

cannot adequately explain why strong associations for perinatal mortality were found for 

haemorrhage (seven perinatal deaths) and multiple pregnancy (one death) and not for other 

complications.   

 

Second, misclassification of exposure is a major concern in this study. Data on intrapartum 

complications were missing from 45.0% for anaemia to over 90% for other complications (e.g. 

93.6% for prolonged labour and 98.6% for haemorrhage) and may have affected the validity of 

the results. Data for some intrapartum complications were missing for over 90% of births, and 

women with missing data may have been wrongly considered to have no complications. The 

treatment of missing data i.e. the assumption that those without data didn't have a 

complication might have also biased the results as described below. There are two possible 

hospital scenarios. 

1) Owing to the standard clinical practice of doctors and nurses recording only the 

complications (e.g ‘haemorrhage during delivery’) on hospital treatment sheets of a patient and 

not recording the absence of complications (e.g. ‘absence of haemorrhage during delivery’) I 

assumed that where intrapartum complications were blank or ‘missing’, they were absent. It is 

possible this assumption may not create a major bias in the results as this selective recording is 

standard clinical practice and so the odds ratios for the association between labour 
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complications and perinatal mortality obtained using this assumption will not deviate much 

from the true odds ratios. 

2) However, it is also possible that a birth without any recorded complication (i.e. delivery 

treatment record is 'blank') did not have it recorded (data 'missing') because 

the treatment record during a complicated birth was not filled in emergency situations or 

because tools to assess the complication (e.g. the partograph) were not applied.  In this case  

misclassification of exposure is likely and will have been differential as complicated births were 

less likely to have their complications recorded. This second scenario is likely to have happened 

for these hospitals where data recording is not of priority. 

 In my study as I have made an assumption that those without data didn't have a complication, 

considering that possibly many births with complications did not have their complications 

recorded means that it is likely that my results are biased. My study results are biased in that 

they show low, underestimated odds ratios and non-associations compared to the high and 

significant true odds ratios for the association between that labour complication and perinatal 

mortality seen in all studies. 

 

Data may be more likely to be missing for women with complications because complicated 

births were not recorded in emergency situations or because tools to assess the complication 

(e.g. the partograph) were not applied. Complications may also have been misclassified 

because the definitions were not standardised in hospital records. Data recording was not a 

priority in these hospitals. This high percentage of missing data assumed to be non-

complications coupled with the small sample size of women with complications having 

perinatal deaths could result in an under-powered analysis resulting in the non-associations 

seen. The reason for the association seen for haemorrhage, but not for other complications 

might be that haemorrhage was better identified than other complications (e.g. dystocia and 

hypertensive diseases of pregnancy). Haemorrhage is easier to identify visually (blood visible 

or not) while dystocia (including cephalopelvic disproportion, malpresentation, obstructed and 

prolonged labour) requires skilled physical examination coupled with progress monitoring by 

partograph. Identification of hypertensive diseases of pregnancy requires measurements of 

blood pressure, tests for proteinuria and understanding of hyperreflexia. This might explain 

why haemorrhage was seen to increase odds of perinatal mortality by nine times (crude OR-

9.28; 95% CI: 3.80-22.71) while hypertensive diseases of pregnancy (crude OR- 0.89; 95%CI: 

0.28-2.91) were not seen to increase the odds of perinatal mortality significantly. It is possible 

that adverse outcomes influenced the recording of complications (differential 
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misclassification), as there is no information on whether details of labour complications were 

completed before or after the birth and, in this case, the odds ratios seen would be 

overestimates. However, the majority of non-association results seen suggest that this is 

unlikely to have occurred to a great extent. The near-completeness of information on twins 

(from the HDSS) meant that misclassification was unlikely to be an issue in the case of multiple 

pregnancy and perinatal mortality. 

 

Third, misclassification of outcome may have occurred.  Information on perinatal mortality was 

nearly complete however, so there is almost no chance of misclassification between perinatal 

death and a live baby after 7 days due to any assumption in my study.  

 

The rates for perinatal mortality were not different for births with and without foetal distress, 

supporting the possibility of widespread misclassifications in intrapartum complications. 

 

The small sample sizes of 1927 births and very low numbers of perinatal deaths for specific 

complications has probably resulted in the wide confidence intervals seen for the low strength 

of associations obtained for the relatively rare outcome of perinatal mortality.  

 

It is possible that there was incomplete adjustment for confounders in this study. Adjustment 

was performed for socio-demographic characteristics, delivery location, preterm gestation and 

additionally for other intrapartum complications in the case of specific intrapartum 

complications, but some conditions were not adjusted for. It was not possible to adjust for 

maternal malnutrition, even though the previous Matlab study that measured malnutrition 

found no effect on perinatal mortality, while non-adjustment for diseases such as diabetes (4% 

in Matlab women and representative of rural levels of 4-13%)(Islam & Alam 2009) is unlikely to 

have affected the study results. However, it is possible with the small sample sizes of the 

specific intrapartum complications and perinatal deaths for those complications that the study 

was too under-powered to allow for the above adjustments made to the analysis. 

 

It is possible that the literature review might have missed relevant studies presenting different 

or similar odds ratios to those obtained in my study, thus adversely affecting the comparison 

of literature study findings with my study. 
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Labour complications can be difficult to identify and diagnose, even in HICs (Nystedt & 

Hildingsson 2014) where guidelines and evidence based-recommendations are often not 

followed clinically (Janakiraman & Ecker 2010). The correct diagnosis of obstetric 

complications (e.g. prolonged labour) requires substantial clinical skill and not all providers 

interpret clinical signs in the same way. Though the partograph has been introduced to 

standardise the diagnosis of (and actions for managing) prolonged labour, it is not often used 

(Pirkle et al. 2012) or is used incorrectly (World Health Organization 1994; Burkhalter et al. 

2006). In a large study conducted in public-sector health facilities in two of Bangladesh’s seven 

administrative divisions (Anwar et al. 2009), evidence-based practices were rarely used; 

partograph use was reported in less than a third of facilities in a high-performing division 

compared to 5% facilities in a low-performing division. One study which explored the issues 

arising with prolonged labour in three hospitals in Sweden (Nystedt & Hildingsson 2014) 

reported that diverse opinions on definitions among midwives and obstetricians and different 

guidelines at different hospitals, resulted in different interventions. It is quite likely that this 

scenario also occurs in LICs. The Swedish study also suggested that improved clinical skills were 

required for identifying and classifying prolonged labour (Nystedt & Hildingsson 2014). Hence 

the lack of a standard definition followed consistently by all hospitals and the difference in 

opinions on the definitions among providers suggests that misclassification between 

complications such as prolonged labour and obstructed labour (which have similar 

presentations clinically) is also possible. In LIC rural hospital settings definitional issues may be 

compounded by poor quality of services (Koblinsky et al. 2006) and poor retention of well-

trained staff (Lehmann et al. 2008). In the Bangladesh study above (Anwar et al. 2009) on 

unannounced visits, only a third of doctors and half of nurses were present at their posts in the 

low-performing division compared to 60% and 100% presence in the high performing division. 

General doctors were also found in obstetrician posts and this was more in the low-performing 

division. Difficulty in clinical diagnosis and lack of appropriate clinical staff, equipment (e.g. 

dip-stick for measuring proteinuria in pre-eclampsia) and training (e.g. partograph use) which 

can prevent correct diagnosis, may lead to misclassification of intrapartum complications in 

hospital settings including those in my study. 

  

The presence of diagnostic errors in hospitals in developing countries has also been highlighted 

in the literature. The WHO conducted a study of 15,584 records in 26 hospitals (oversampling 

large teaching hospitals and urban hospitals) in eight low-income and transitional countries in 

Africa and the Middle East (Wilson et al. 2012). It was found that 20% of unintended injury in 
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patients (defined as temporary or permanent disability, death or prolonged stay at a hospital 

as a result of healthcare management) was because of diagnostic error. Diagnostic error was 

described as improper diagnosis, non-timely diagnosis or failure to make a correct diagnosis 

from the information given. Hence it is possible that diagnostic errors in labour complications 

were also present in these rural hospitals in Matlab and Chandpur. However, as missing data 

on complications ranged from 45% to >90% for individual complications, the effect is more 

likely due to the fact that an assumption of no  complication was made for the majority of 

cases and less for improper diagnosis. 

 

The completeness of medical records is also of concern in developing countries (Pirkle et al. 

2012) and attempts have been made to improve the situation by introducing training manuals 

for improving medical record keeping (WHO Regional Office for the Western Pacific 2006; 

International Records Management Trust 1999). An intervention study in a rural Ethiopian 

hospital assessed the accessibility and completeness of patient records before and after an 

intervention to improve patient registration and record management (Wong & Bradley 2009). 

This study found that post-intervention, completeness of available medical records increased 

from 6.5% (2 records/ 31 records) to 45.7% (16 records/35 records) (p<0.01). In this study 

though completeness of records was defined as the overall availability of registration number, 

patient information, physician note, nursing note, medication and investigative reports (if 

ordered), it is likely that diagnostic fields filled by physicians and nurses (notes) could be poorly 

filled in or unavailable and that this scenario was also possible in the rural hospitals in our 

study. This study also noted that it was difficult to convince medical staff to address recording 

issues during the pressing concerns of a cholera epidemic or during power cuts. The hospitals 

in my study, like the vast majority in Bangladesh, do not consider data-recording to be a 

priority activity and the Ethiopian study supports the possibility that data-recording is unlikely 

to be of high-priority during emergency situations.  

 

WHO have also called attention to the poor quality of health facility data in developing 

countries. Health facility data are often the primary source of data at district level and are  

commonly used as cause of death data(World Health Organization 2011a). The poor quality of 

data from maternity registers and general hospital records (World Health Organization 2011a) 

was a result of poor use of standardized definitions based on ICD (World Health Organization 

2010). 
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My study showed that the prevalence of labour complications was 24.3%. In the Kusiako et al.  

Matlab study of 1987-1993, the prevalence of labour complications was lower, at 12.0%, 

(Kusiako 2000). This substantial difference may be possibly explained by: (1) different time 

periods for the study (2) different samples of women and (3) different ascertainment of 

complications. (1) As these two studies (and the Huda et al. 2012 study), are the only studies in 

Matlab to ascertain prevalence of complications, it is not possible to understand if prevalence 

of complications in Matlab is rising over time or declining. However, in Matlab the percentage 

of stillbirths and early neonatal deaths receiving comprehensive emergency obstetric care 

increased from 2.2% and 2.0%, respectively, in 1987-1991 to 9.3% and 8.8% in 2002-2005 

(Ronsmans et al. 2010). In 2007-2008 facility births were higher (62.3%) in my study compared 

to 1987-1993 when facility births were presumably lower than the earliest record in 2002 

(33.3%). This suggests that over time, more complicated births have been reaching facilities 

and hence the higher prevalence might represent more complications being diagnosed. (2) The 

samples of women are different in these studies, with deliveries outside Matlab ICDDR,B 

facilities in higher-level facilities also included in my study. Hence it is possible that inclusion of 

higher-level facilities and correspondingly older Matlab women, with more preterm births, 

might have resulted in a higher prevalence of complications than for women delivering at 

home or at the ICDDR,B facilities in the Kusiako study who might have been at lower risk of 

complications. This is supported by my study finding which showed lower perinatal mortality 

rates in women delivering at home and Matlab facilities than for those delivering at higher 

facilities. (3) It is very possible that ascertainment of complications in the two studies was 

different, as neither study provided hospital staff and midwives with criteria for identifying 

complications that would enable standardization across each study. However, as differences in 

complication definitions between the two studies could not be assessed, it is not possible to 

speculate on whether this resulted in the difference in prevalence seen. 

 

I compared the prevalence of complications in my study with that reported in the Disease 

Control Priorities (DCP)(Filippi et al.-In Press) report on global levels of maternal obstetric 

complications. No clear patterns were seen, as my study prevalences were not consistently 

higher or lower than those in the DCP report. The prevalences for haemorrhage and severe 

anaemia were similar to the global prevalences reported in the DCP while those for dystocia 

and hypertensive disorders were higher  and lower,  as seen below. The prevalences for 

obstructed labour (3.8%) and prolonged labour and obstructed labour together (10.2%) in my 

study were higher than those (1.9% and 8.7% respectively) obtained in an unpublished 
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systematic review of 16 population-based studies by Adler et al. The reason for this could not 

be speculated on because the methods have not been published. Global prevalences for pre-

eclampsia and eclampsia from a systematic review of 129 studies in 40 countries worldwide, 

(Abalos et al. 2013) were  5.5% (95% CI: 1.9-10.9) and 1.1% (95% CI: 1.0-1.3 ) for the WHO 

SEARO region; both these values are higher than the results (1.9% and 0.4%) obtained for my 

study. However as Bangladesh was excluded from the 40 countries and as statistical modelling 

was done for data-deficient regions (including Bangladesh) it is possible that the prevalence 

obtained does not reflect that in Bangladesh. According to a systematic review by  (Cresswell 

et al. 2013), prevalence for placenta praevia was found to be 0.5% worldwide and 0.8% in Asia 

(from six Asian studies excluding Bangladesh) and this was comparable to the 0.7% I obtained 

in my study. In this review, the authors found that geographical difference was the only study 

characteristic found to have significant influence on prevalence, with higher prevalence in 

Asian women possibly because of pelvic structure, higher prematurity rates and shorter 

gestational period. This might possibly explain the similar prevalence in my study. Prevalence 

of severe anaemia globally (0.9%), obtained from 257 population-based datasets from 107 

countries (Stevens et al. 2013) was similar to that in my study (0.8%), and the prevalence in 

Southern Asia was also statistically similar (1.2%; 95%: 0.4-2.7).The authors defined severe 

anaemia as blood haemoglobin levels <7g/dl similar to my study and hence it is plausible that 

my findings correspond to the levels for South Asia. As only post-partum infection prevalence 

was reported in the DCP, this could not be compared with intrapartum infection prevalence in 

my study. Only Vogel et al. measured intrapartum infection in my literature review but the 

prevalence was unreported. The global prevalence of labour complications has been presented 

as 15% by WHO and UNFPA (United Nations Fund for Population Activities 2014) and this 

figure has been seen only in one Indian study by  Bang et al. 2004 (17.7%; 95%CI: 15.0-20.4) 

though this included post-partum complications. If complications are considered mutually 

exclusive, prevalence may be as high as 31% (Filippi et al.- In Press). My prevalence for all 

labour complications of 24.3%, where complications are considered mutually exclusive, is 

between these two values of 15% and 31%. 

 

This study identified issues as factors that affected assessment of the relationship between 

intrapartum complications and perinatal mortality: 1) lack of standardisation of obstetric 

diagnoses and (2) poor record keeping. However, there are potential solutions to these issues 

which are presented below. 
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(1) Standardisation of diagnoses can be addressed by ensuring national and local clinical 

guidelines set criteria for complications based on ICD (World Health Organization 2011a; 

World Health Organization 2014). Implementation of these guidelines could be improved by 

including physicians in their design and review, while hospital accreditation alongside 

performance-based remuneration for both public and private facilities is also known to 

improve quality of services (Peabody et al. 2006). (2) Training manuals for improving record-

keeping in developing countries are available (WHO Regional Office for the Western Pacific 

2006; International Records Management Trust 1999) and content can be customised for use 

in particular settings. In the Ethiopian study discussed earlier (Wong & Bradley 2009), a simple, 

custom-made computer database managed patient information while standardized medical 

records, standardized processes for file recording and filing, and staff training and supervision 

which emphasised the need for  full completion of forms greatly improved record-keeping. 

Electronic devices such as personal digital assistants and mobile phones  have also been found 

to be effective interventions in improving poor record keeping (Pirkle et al. 2012).  

Strong governance and political will at hospital and policy level are needed to ensure that 

improvements occur at all levels. This would help in addressing the need for good quality data 

that could be used to calculate the burden of intrapartum complications and the steps 

required in the management of such complications to reduce perinatal mortality. 
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 Discussion Chapter 7.

The main objective of this thesis was to gain a better understanding of the burden, trends and 

determinants of perinatal and neonatal deaths, as well as preterm births taking place in 

Bangladesh and South Asia. In particular it assessed the effect of the Matlab Safe Motherhood 

Programme on these outcomes in Matlab, Bangladesh. The main findings can be summarised 

in terms of four broad areas: (1) the burden of stillbirths, early neonatal deaths, late neonatal 

deaths and preterm births, (2) trends over time of stillbirths, early neonatal deaths, late 

neonatal deaths and preterm births, (3) the contribution of the Safe Motherhood Programme 

to stillbirths, early neonatal deaths, late neonatal deaths and preterm births and (4) 

implications for measurement of deaths in the neonatal period (especially in the early 

neonatal period) and the recording of intrapartum complications. A summary of the findings 

by thesis chapters and objectives is shown in Table 7.1 (Appendix V).  

 

1. Burden of stillbirths, early neonatal deaths,  late neonatal deaths 

and preterm births 

 
The systematic review of population-based studies in South Asia found that mortality rates for 

stillbirths, early neonatal, late neonatal and perinatal deaths were very high in South Asia but 

were not uniformly high across all the seven countries. Perinatal mortality rates were high in 

Afghanistan (41.6 per 1000 births), Bangladesh (63.7 per 1000 births), India (59.6 per 1000 

births), Nepal (46.9 per 1000 births) and Pakistan (97.7 per 1000 births) but relatively low in 

Maldives (18.3 per 1000 births) and Sri Lanka (16.9 per 1000 births). The perinatal death rate 

for Bangladesh places it alongside other South Asian countries with high perinatal mortality 

rates. This is the first systematic review of population-based studies in South Asia. All previous 

estimates for the different mortality outcomes for the countries of South Asia were obtained 

from statistical models (WHO, 2006a) (WHO, 2007)(Stanton et al., 2006, Lozano et al., 2011) 

(Lawn et al., 2011, Cousens et al., 2011). These modelled estimates of mortality rates were not 

consistently higher or lower than each other and sometimes differed substantially from each 

other even when they presented rates for the same year. For example, the WHO rates (WHO, 

2006a) and Stanton et al., 2006 rates for the year 2000 for Nepal (23/1000 births vs. 54.6/1000 

births) and Pakistan (22/1000 births vs. 41.4/1000 births) are very different. The pooled 

estimates from my systematic review were within the range found by modelled estimates in 
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the literature and confirmed the high rates of stillbirth, early neonatal and late neonatal 

mortality in the countries of South Asia.  

 

The perinatal and neonatal mortality rates obtained in Matlab were consistent with rates 

reported from other studies in the country. The stillbirth rate in Matlab between 2002 and 

2007 (35.2/1000 births) was very similar to Bangladesh’s national rate reported in the 2007 

DHS, covering 2002-2007 (30.6/1000 births) (NIPORT 2009). Similarly, early neonatal mortality 

rates (25.9/1000 live births in Matlab versus 28.9/1000 live births nationally) and late neonatal 

mortality rates (5.1/1000 babies alive at Day 7 in Matlab vs. 7.6/1000 babies alive at Day 7) 

were consistent with national rates. Government service area rates in 2005-2007 were also 

similar to those seen for the same time period in another Bangladesh study by Azad and 

colleagues where stillbirth, early neonatal death and late neonatal death rates were 34.1/1000 

births, 29.5/1000 live births and 8.3/1000 live births respectively in 2005-2007. The Matlab 

Government service area is also similar to other areas in rural Bangladesh (Bangladesh DHS 

2007) in terms of the percentage of health facility births (12.4% in Matlab versus 10.5% in rural 

areas, between 2002 and 2007), education of women (6 years of schooling or more) (46.8% in 

Matlab versus 32.8% in rural areas, between 2002 and 2007) and fertility (total fertility rate of 

2.8% in Matlab versus 2.8% in rural areas, between 2002 and 2007). Percentages for two or 

more antenatal visits in Matlab and rural Bangladesh were 48.7% and 39.4%, respectively, for 

the same time period (NIPORT 2009; Pervin et al., 2012). The percentage of births in Matlab 

and rural Bangladesh (Bangladesh DHS 2007) delivered by a medically trained provider (14.6% 

in Matlab versus 13.2% in rural Bangladesh, between 2002 and 2007) and by Caesarean 

section (5.6% in Matlab between 2004 and 2007 versus 5.4% in rural areas between 2002 and 

2007) were also similar. The findings from Matlab can therefore be considered representative 

of rural Bangladesh. 

 

The preterm birth prevalence in Matlab was high, ranging from 17.0% in 2005 to 13.8% in 

2009. These rates were consistent with those reported in earlier Bangladesh studies (14.1% to 

23.3%) conducted in rural areas (Baqui et al., 2013; Klemm et al., 2008; Kusiako et al. 2000; 

Shah et al., 2014) and an urban slum (Arifeen et al. 2000) and with recent preterm prevalences 

(17.1% in 2005-2006 and 14.8% in 2008-2009) reported in Matlab (Rahman et al. 2011). The 

burden of preterm births was also comparable to modelled estimates for prevalence produced 

by WHO and other research institutions for 2010 for Bangladesh and South Asia (14.0% and 

13.3%, respectively) (Blencowe et al. 2012). An unpublished study from Northern Bangladesh 
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(Day et al., LAMB hospital) included by Blencowe et al., 2012 reported  a preterm prevalence 

of 8.6%. Hence, compared to published studies, the preterm birth prevalence observed in 

Matlab can be considered representative of rural Bangladesh. The Bangladesh DHS of 2011 

(NIPORT 2013) did not report preterm birth prevalence. However, women self-ascertained that 

for the 5 years preceding the survey, 17.7% of babies born were ‘very small’ or ‘smaller than 

average’ at birth (NIPORT 2013), though it should be noted that self-reported size at birth is 

not a valid estimate of preterm birth and that term babies with intrauterine growth 

retardation may also be ‘very small’ at birth.    

 

2. Trends in stillbirths, early neonatal deaths,  late neonatal deaths 

and preterm births  

 
There was no evidence from the systematic review that declines in rates of stillbirth, early and 

late neonatal death or perinatal death took place over time in South Asia or within its 

constituent countries. Declining trends were not seen even within the sub-national or national 

studies within each country.  However, it was not possible to conclude that there was no 

decline in mortality rates within countries, as the systematic review was not designed to assess 

such trends over time. Within each country, the studies varied greatly, representing different 

sites, time periods, populations and study methodologies making comparison between rates 

over time difficult.  

 

My study in Matlab shows evidence of clear trends in the reduction of mortality in the 

perinatal and neonatal periods over time. In the Matlab Government service area, annual 

declines in early (1%; 95%CI: 1% - 2%) and late neonatal death rates (7%; 95%CI: 6%-8%) were 

seen between 1987 and 2009, though no reduction was observed for the rates of stillbirth. In 

the ICDDR, B service area stillbirths showed an annual decline of 2% (95% CI: 1% - 3%) and 

there was a sharp annual decline in early (3%; 95%CI: 3% - 4%) and late neonatal death rates 

(6%; 95% CI: 4% to 7%). Within the early neonatal period, very early (Day 0-2) neonatal deaths 

declined only in the ICDDR,B service area while the declines seen in late early (Day 3-6) 

neonatal deaths were  similar in both areas. The reductions in the Government service area, 

corresponded to an overall reduction of 28% and 79% between 1987 and 2009 in early and 

late neonatal mortality respectively. Information from Bangladesh’s five DHS studies for 1995 

to 2011 suggested that the declines seen for stillbirth, early and late neonatal mortality did not 

reach significance. Stillbirth mortality was 28.5/1000 births (95%CI: 24.8-32.8) in the 2000 DHS 
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and 25.7/1000 births (95%CI: 21.7-28.2) in the 2011 DHS. Early neonatal mortality was 

30.6/1000 live births (95% CI: 26.7-35.0) in the 2000 DHS and 25.0/1000 live births (95% CI: 

21.8-28.3) in the 2011 DHS. Late neonatal mortality rates for the corresponding DHSs were 

11.0/1000 births surviving at 1 week (95%CI: 8.8-13.8) and 7.8/1000 births surviving at 1 week 

(95%CI: 5.9-9.6). This suggests that while the decline seen in the Matlab Government service 

area is significant, the decline over time for national DHS rates did not reach significance. 

Facility delivery rates and caesarean section rates for the Government service area and 

Bangladesh are very comparable between 2002 and 2009, as discussed before (Chapter 4) 

(NIPORT et al. 2005) (NIPORT et al. 2009)(NIPORT et al., 2013).  

 

Preterm birth prevalences in Matlab declined from 17.0% in 2005 to 13.8% in 2009. The most 

recent modelled estimate for preterm prevalence by Blencowe et al. in Bangladesh for 2010 

(14.0%) and preterm prevalences from earlier Bangladesh studies (8.6%-23.3%) (Arifeen et al., 

2000; Klemm et al., 2008; Kusiako et al., 2000, Day et al., LAMB Hospital Bangladesh) 

suggested there was no decline in preterm births in Bangladesh from 1990 to 2010 (Blencowe 

et al. 2012). Preterm birth prevalences (19.4% and 22.3%) from studies published more 

recently than the earlier rates do not suggest that preterm births are declining in Bangladesh 

(Shah et al. 2014; Baqui et al. 2013). In Matlab, the sudden sharp declines seen since 2008 in 

both the ICDDR,B and Government service areas are unexplained, and the effect may be due 

to bias. The increase in recall period from one-month to two-months after mid-2007 in both 

areas of Matlab may have resulted in overestimation of gestational age after mid-2007 

resulting in the sudden declines in preterm births seen from 2008. Increase in the recall period 

for last menstrual period (LMP) dates may have resulted in women tending to report the LMP 

date before the actual LMP date. The decline seen in both areas is possibly a result of 

information bias.  

   

3. Contribution of the Safe Motherhood Programme to  stillbirths, 

early neonatal deaths, late neonatal deaths and preterm births  

 
The Matlab Safe Motherhood Programme was found to have contributed to the reduction in 

stillbirths and very early (Day 0-Day 2) neonatal deaths but not to late early neonatal deaths 

(Day 3-6) or late neonatal deaths. Stillbirths and very early (Day 0 and Day 1-2 deaths) neonatal 

deaths declined faster in the ICDDR,B service area (2%, 2% and 3% per year respectively) than 

in the Government service area (0%, 0% and 1% per year respectively). The declines in the 
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ICDDR,B and Government service areas for Day 3-6 deaths (6% vs. 4%) and late neonatal 

deaths (6% vs. 7%) were much steeper than those for stillbirths and very early neonatal deaths 

but there was no difference between the two areas. This suggests that the Matlab Safe 

Motherhood Programme was not responsible for the decline seen for Day 3-6 deaths and late 

neonatal deaths.  

 

Core elements of the Matlab Safe Motherhood Programme may have contributed to the 

decline in stillbirths and very early neonatal deaths (Day 0-2). These include: increasing 

antenatal care (ANC) access (evidenced by the increase in the number of ANC visits); skilled 

birth attendance (SBA) by trained midwives in the sub-centres and nurse-midwives and 

doctors in the Matlab hospital; and timely access to emergency obstetric care and referral to 

higher facilities. Matlab ANC included: assessment and correction of pre-pregnancy weight, 

routine blood and urine tests for diabetes and hypertension, anaemia detection and iron folic 

acid supplementation, management of infections and chronic diseases, detection of pregnancy 

complications and information on obstetric and newborn danger signs to women. ANC, by 

increasing detection and treatment of maternal risk factors (including chronic diseases such as 

diabetes and hypertension) and possible pregnancy complications is known to avert 

intrapartum stillbirth and early neonatal deaths (Lee et al. 2009; Dean et al. 2013). 

Delivery by a medically trained provider and provision of basic and emergency comprehensive 

care  have been shown to reduce stillbirths and early neonatal deaths (Yakoob et al. 2011;  

Lee, Cousens, Darmstadt, et al. 2011). The midwives and doctors in Matlab were trained in: 

active management of the third stage of labour using oxytocis; initial treatment of 

complications (sedatives and magnesium sulphate for eclampsia, saline infusion for 

haemorrhage and antibiotics for infection); stitching and vaginal packing for cervical and 

vaginal tears; external and internal version for breech deliveries; manual removal of placenta 

and removal of retained placenta. They additionally referred women with obstetric 

complications to facilities which provided free specialised obstetric care and caesarean 

sections (with free transportation to the facility). The ICDDR,B service area, with its Safe 

Motherhood Programme, saw: an increase in the uptake of ANC (three or more visits) from 

40% to 81%  between 2005 and 2009, an increase in health facility deliveries from 32% to 77% 

between 2002 and 2009 and an increase in Caesarean sections from 6.1% to 17.6% between 

2004 and 2009.   

The effect of Matlab’s Safe Motherhood Programme on reducing stillbirths and early neonatal 

deaths is supported by the literature. A review showed that training community midwives, 
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village doctors and physicians in pregnancy complication detection, intrapartum monitoring, 

delivery, postpartum care and referral reduces perinatal mortality and early mortality (Lee et 

al. 2011). Historical evidence from the UK and USA showed that shifts to facility deliveries from 

home deliveries and delivery by skilled birth attendants such as midwives, nurses and doctors 

during 1940-1970 resulted in a 50% reduction in neonatal mortality (Lawn et al. 2013).  

Historical datasets also showed that intrapartum stillbirths declined with increased access to 

emergency obstetric care including Caesarean sections (Goldenberg et al. 2007).  

 

The Matlab Safe Motherhood Programme had no effect on declining preterm birth 

prevalences, suggesting that the increases in ANC, SBA and access to emergency care, which 

contributed to declines in stillbirths and early neonatal mortality, did not prevent preterm 

births. Preterm birth prevalence was lower in the ICDDR,B service area (14.6/100 births; 

95%CI: 14.0-15.2) than the Government service area (16.2/100 births; 95%: 15.6-16.9) over the 

study period, but annual trends for the two areas did not show a greater magnitude of decline 

for the ICDDR,B service area. Preterm birth prevalence was halved in the most educated 

women (10.3/100 births) compared to women with no education (20.0/100 births). This large 

reduction in preterm births could possibly have been mediated by education in three ways.  

First, maternal infections, pre-eclampsia, pre-gestational diabetes, maternal under-nutrition 

and excess physical labour increase risks of preterm births (section 2.5.2). Thus, as educated 

women access more antenatal care than uneducated women in Matlab and elsewhere (Dean 

et al. 2013) (Pervin et al. 2012), detection and management of these conditions could have 

resulted in a lower preterm birth prevalence. However, the Matlab Safe Motherhood 

Programme shows that increasing ANC did not result in the reduction of preterm births and so 

it is doubtful that the difference in prevalence is due to increased ANC uptake. 

Second, educated women have longer intervals between births than uneducated women as 

seen previously in Matlab (DaVanzo et al. 2004) and the increased birth-spacing could have 

resulted in reduced risks for preterm births (section 2.5.2). Third, it is possible that educated 

women report their LMP dates differently from uneducated women and the reduction is a 

result of information bias. A US study showed that women report their dates accurately 

regardless of education level (Wegienka & Baird 2005). The lowest level of education in the 

study was high-school education (12 years of education) and the effect of no education on 

recall of LMP dates is not known. Hence the effect of information bias cannot be ruled out. 

ANC is a global  recommendation for reducing preterm birth prevalence and improving 

outcomes for women at risk of preterm birth (Howson et al., 2012) and is thought to work 
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through: screening of infections, correction of weight , improvement of birth preparedness 

and through management of hypertension, bleeding and multiple pregnancies. However, 

evidence from reviews of studies on the specific interventions included in ANC visits suggests 

that many of these procedures, though recommended, do not actually result in the prevention 

of preterm births but do reduce stillbirth and early neonatal mortality (Bhutta et al., 2014; 

Iams et al., 2008). Only one study from Bangladesh described earlier (Shah et al. 2014) 

(Chapter 5) suggested that one ANC visit versus none resulted in a 14% reduction of preterm 

birth risk (95% CI:10-17%). However, a minimum of four ANC visits is recommended by WHO 

for ensuring the full-life saving potential for women and their children (Partnership for MNCH 

2006) and so further studies might be required to understand the effect of one ANC visit on 

preterm birth reduction. The findings from Matlab do not seem to suggest that improvements 

in ANC visit frequency and quality (discussed in section 4.5) prevent preterm births and hence 

the recommendation for improved ANC is unlikely to reduce the number of preterm births. 

However preterm birth research is a relatively new research area in LICs and current studies 

focus on estimating the prevalence over short periods of time (e.g. 2 years). Studies 

conducting long-term tracking of preterm births over time alongside improvements in ANC in 

the country and region might be warranted.  

 

My study did not assess the role of specific interventions that could possibly prevent preterm 

births (e.g. antibiotics for pPROM or tocolytic drugs to suppress labour contractions) (Requejo 

et al. 2013). The current literature suggests that using antibiotics for pPROM to delay the onset 

of labour by 48 hours and prevent newborn infections and using antenatal corticosteroids to 

prevent respiratory distress can reduce preterm-related mortality (Bhutta et al. 2014; Requejo 

et al. 2013). However the stagnant and high preterm birth prevalence between 1990 and 2010 

in the USA and UK (Blencowe et al. 2012) where these drugs were available and used, suggests 

they may not be the answer to reducing preterm births. It is possible that any decline seen in 

preterm births in HICs is counteracted by steadily increasing rates of preterm births from non-

essential Caesarean sections and multiple pregnancies from in-vitro procedures (Blencowe et 

al. 2012; Gyamfi et al., 2011). However, there is a lack of evidence on whether this is the case. 

LICs are different from HICs in that most preterm births result from spontaneous preterm 

labour (70% in LICs vs, 40% in HICs) and fewer are provider-initiated (11-16% in LICs vs 30-45% 

or up to 57% in HICs) (Gravett et al. 2010; Gyamfi et al., 2011). The limitations of the evidence 

on preventative interventions in LICs have resulted in calls for epidemiological research 

(Requejo et al. 2013). In Matlab, although antenatal corticosteroids and antibiotics for pPROM 
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have been included in the list of ANC services since 2007, their actual use and coverage has not 

been assessed and is unknown. Kangaroo mother care (KMC) in Matlab was not found to 

reduce preterm-related mortality in the small number of preterm babies admitted to the 6-

bed KMC unit. The study authors suggested that the skin-to skin care provided was insufficient 

(Rahman et al. 2011). Until effective interventions in the prevention of preterm births are 

introduced, current efforts in Matlab might focus on improving the survival of preterm babies 

through the interventions for newborn survival recommended in the literature (resuscitation, 

thermal care, breastfeeding and illness management). 

  

My findings did not show that the presence of intrapartum complication increased the odds of 

perinatal deaths other than haemorrhage and multiple births. Though this was unexpected 

given that the Safe Motherhood Programme is thought to have contributed to a reduction in 

perinatal mortality through better intrapartum care, the poor data quality is most probably 

responsible for the non-associations seen.  Intrapartum complications were found to be 

present in a quarter of all births. WHO and UNFPA estimate that the prevalence of intrapartum 

complications to be 15% (United Nations Fund for Population Activities 2014) whereas the 

newest edition of Disease Control Priorities puts the figure at 31% (Filippi et al., 2014, in Press). 

Prevalences for specific intrapartum complications in my study were consistent with 

systematic review rates for placenta praevia and severe anaemia (Cresswell, Ronsmans, 

Calvert & Filippi, 2013) (Stevens et al. 2013) while those for hypertensive diseases and 

obstructed labour were lower and higher, respectively (Abalos et al., 2013) (Adler et al., 

unpublished). My study suggested that intrapartum complications were possibly misclassified 

due to lack of standardized definitions and poor record keeping and also that issues of small 

sample sizes and missing data contributed to the results seen. However, the finding that 

possibly a quarter of births in Matlab had intrapartum complications, supports the ongoing 

Safe Motherhood Programme strategy of reducing intrapartum stillbirths and perinatal deaths 

by identifying, managing and treating complications arising during the intrapartum period.  

 

The Safe Motherhood Programme improved ANC services, upgraded health centres for 

delivery, posted trained midwives in the health centres who provide free antenatal and 

intrapartum care, provided the Matlab ICDDR,B hospital staffed with doctors and nurse-

midwives and provided free transport to hospitals. It may be challenging to implement a 

similar strategy in other rural areas of Bangladesh, even though there are delivery centres 

similar to ICDDR,B subcentres and ICDDR,B hospital. At the sub-sub-district (or ‘union’) level 
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government delivery centres (Union Health and Family Welfare Centres) are staffed by one 

nurse-midwife for 20,000 people and offer ANC care, family planning, child care and delivery 

services. The ICDDR,B subcentres, staffed by a trained midwife and a paramedic, cover a 

similar population and perform similar services (Rahman et al. 2011). At the sub-district (or 

‘upazila’ level) government hospitals (Upazila Health Complex) are 31-bedded, have 9-10 

physicians, 11 nurses and cater for a population of 200, 000 people. This corresponds to the 

Matlab ICDDR,B 50–bed hospital staffed by 6 physicians and 9 nurses (Personal 

Communication- J.Pervin). 

 

However, unlike the ICDDR,B service area, Government service area health facilities lack 

specific guidelines for components of ANC, foundational and refresher training for providers, 

counselling on evidence–based interventions and good linkages to referral facilities (Rahman 

et al. 2011). Although the public health facilities of Matlab, Chandpur and Bangladesh are 

required to provide ANC, delivery and caesarean sections free of charge, women and their 

families sometimes need to make additional unauthorized payments to access services or 

medicines and the availability of medication and health providers in public-sector health 

facilities is not always assured (Mridha et al., 2009). Additionally, transportation to referral 

facilities requires out-of-pocket payment from the families. Absenteeism, staff vacancies and 

appointment of general doctors to consultant obstetrician posts were found in public health 

facilities (Anwar et al.,  2009). In 1993, nurses and doctors in sub-district hospitals were not 

found to be sufficiently trained in EmOC (GHWA WHO, 2008). The government training of 

skilled birth attendants at the union level and doctors and nurses at the sub-district level in 

emergency obstetric care reached only 60% of target levels between 2001 and 2007 while 

attrition rates of 35% were seen for these trained health professionals (GHWA WHO, 2008). 

The supervision of staff in Matlab’s public health facilities is also inadequate with frequent 

absences of supervisors and staff (Personal communication- J. Pervin).  Conversely, in Matlab 

ICDDR,B facilities all providers are trained in EmOC, with monthly supervision of sub-centre 

midwives at the sub-centres by doctors, and daily supervision of nurse-midwives by doctors at 

the ICDDR,B hospital. Staff are rapidly replaced when there are vacancies and attrition is very 

low with the four sub-centre midwives completing between 7 and 25 years of service. There is 

ongoing training throughout the year with week-long refresher courses in safe delivery 

practices and essential newborn care and resuscitation.    
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4. Measurement of deaths in the early neonatal period and the 

recording of intrapartum complications 

  
My findings question the current distinction between early and late neonatal deaths. My 

results suggest that stillbirths and very early neonatal deaths (Day 0-2 deaths) are similar from 

an epidemiological point of view as they respond to antenatal care, SBA and emergency 

obstetric care. Late early neonatal deaths (Day 3-6) and late neonatal deaths are different from 

these early deaths. The breakdown of the early neonatal period into very early and late early 

neonatal deaths is a better method of categorising deaths that are epidemiologically similar. 

My results also question whether late early neonatal deaths should be included in assessments 

of the effects of programmes aimed at reducing perinatal mortality.  

 

Mortality rates for stillbirths and neonatal mortality are reported in the current literature as 

pooled estimates for South Asia (WHO, 2006a) (WHO, 2007) (Stanton et al., 2006) (Lawn et al., 

2011) (Cousens et al., 2011). My systematic review showed that pooling of rates for South Asia 

is simplistic, as the countries in the region vary greatly in terms of the mortality levels seen. As 

very low rates for all these mortality outcomes are seen in Sri Lanka and Maldives compared to 

the higher rates in Afghanistan, Bangladesh, India, Nepal and Pakistan, I suggest a new regional 

breakdown for South Asia, namely, South Asian Low Mortality Countries and South Asian High 

Mortality Countries. This breakdown should reflect the separation of low and high mortality 

rate countries in South Asia in future reports of regional mortality rate estimates.  

 

In the case of the study on intrapartum complications, it was noted that there was poor 

recording of intrapartum complications in hospitals of Matlab and Chandpur, probably due to 

lack of standardisation of obstetric diagnoses and poor record keeping. The Safe Motherhood 

Programme showed reductions in stillbirths and Day 0-2 deaths resulting from improvements 

in ANC, SBA and emergency obstetric care, reductions that would be unlikely to be achieved if 

clinical skills were indeed poor. Improving the quality of record keeping in public and private 

clinics and hospitals in Matlab and Chandpur is important. Standardisation of diagnoses can be 

addressed by ensuring that national and local clinical guidelines set criteria for complications 

based on the International Classification of Diseases (ICD; version 10) (WHO, 2011; WHO 2014) 

while the WHO training manual for improved record keeping can be customized for local use 

(WHO Regional Office for the Western Pacific 2006; International Records Management Trust 

1999). Poor medical record keeping can result from (a) incomplete charting due to lack of 
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documentation of required information (e.g. laboratory results), illegible handwriting or 

inaccurate information, as well as (b) poor archiving where records are missing or irretrievable.  

This can be improved by: standardization of medical records, standardized file recording and 

filing systems. In addition simple, low-cost electronic devices such as mobile phones and 

personal digital assistants linked to simple customized computer databases can be used to 

record data electronically (Wong & Bradley 2009) (Pirkle et al., 2012). Though electronic 

recording may be difficult to implement, standardization of physical medical records and 

improved filing are feasible in the hospitals and clinics of Matlab and Chandpur. 

Recommendations can also be taken from the literature which suggests that record keeping 

can improve if training is provided to all clinical staff, if hospital leaders review the quality of 

records kept to maintain accountability, and if the link between accurate record keeping and 

assessment of quality of care and epidemiology is stressed (Pirkle et al., 2012) .  
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Conclusion 
 

Results from this thesis suggest that levels of stillbirths and mortality in the first month of life 

are still very high in most of the countries of South Asia and in Matlab, Bangladesh. However, 

the thesis also finds that a programme that encourages ANC visits, increases SBA and increases 

access to emergency obstetric and neonatal care with an efficient referral system in place can 

reduce stillbirths and very early neonatal mortality without the need for complex, high-tech 

interventions. There is also evidence that dramatic reductions in neonatal mortality from Day 3 

to Day 27 can be achieved despite the absence of formal post-partum visits if oral rehydration 

salts, antibiotics, and other drugs are available near the woman’s home. The reduction of 

preterm birth rates is challenging and until interventions for prevention of these births are 

introduced, it is more feasible to focus on reducing deaths in preterm babies. Great reductions 

in stillbirths and newborn mortality are achievable in rural areas of Bangladesh without the 

need for complicated, high-tech care. However, substantial and long-term investments in SBA, 

emergency obstetric and neonatal care and treatment and management of ill neonatal need to 

be made before these reductions are seen all over Bangladesh and in LICs with high stillbirth 

and neonatal mortality. 

 

Recommendations: 
 

Policy recommendations: 

 This thesis reinforces messages found in the literature (Bhutta et al. 2014; Lawn et al. 

2013) that investment in ANC, SBA, emergency obstetric and newborn care and 

referral systems can greatly reduce stillbirths and early neonatal mortality.  

 

 Improvement of ANC and intrapartum care at government facilities might be achieved 

through: provision of specific guidelines, foundational and refresher training in ANC; 

emergency obstetric and newborn care and reduction of absenteeism through 

accountability. Enhanced links with, and free access to, referral facilities are also 

recommended. Although this will require good governance and substantial 

investment, the results from the Matlab Safe Motherhood Programme show that large 

reductions in stillbirth and early neonatal mortality are possible.  

 

 When mortality levels for South Asia are reported, the levels should not be presented 

for the whole of South Asia but should be reported separately for South Asian Low 

Mortality Countries and South Asian High Mortality Countries. 
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 The reduction of preterm births is a challenge. Until effective interventions for 

prevention are found, the most feasible recommendation would be to reduce deaths 

from preterm-related conditions by improving the management of babies currently 

born preterm. This would involve following the recommendations for neonatal survival 

by ensuring that all preterm babies have access to good quality emergency neonatal 

care, thermal care and feeding, and that neonatal illnesses are managed promptly and 

effectively.   

 

 The lack of international consensus on the lower limit of preterm births observed 

during the PhD suggests the need for the identification of an international lower limit 

for preterm births. This lower cut-off should take into account the difference in 

perceptions of viability of life in HICs and LICs by medical personnel, the difference in 

epidemiological and clinical cut-offs (16 weeks vs. 20/22 weeks), and also take into 

account the lower limits of gestational age for stillbirths and miscarriages. 

 

Research Recommendations: 

 

 There is extreme paucity of research on interventions that reduce the occurrence of 

preterm births in LICs and HICs. More research on interventions reducing preterm 

births is urgently needed as well as research on the delivery and uptake of these 

interventions by rural health facilities and rural women in LICs.  

 

 Further research is needed on improving and evaluating the coverage of kangaroo 

mother care, as well as evaluating the effect of antibiotics for pPROM on preterm 

prevalence and preterm-related mortality in Matlab.  

 

 Further studies from the country and other LICs are needed to validate the finding 

from this PhD that early neonatal period (Day 0-2) deaths are similar to stillbirths 

responding similarly to improved skilled birth attendance and emergency obstetric and 

newborn care, while reduction in late early neonatal period (Day 3-6) and late 

neonatal deaths is achievable via better access to drugs and oral rehydration salts. 

 

 Further research on the trends in yearly reductions in mortality rates over time in 

studies from South Asia could be performed by using formal analytical methods. These 

methods could include: meta-regression in STATA to test for effect of year on the 

mortality rate, separation of the data by year within each study to obtain multiple data 

points and by testing the significance of non-linear fits of the relationship between 

year and mortality. However, as only a few studies took place over a number of years 

the number of studies available for this research would be low. Difference between 

mortality rates in the systematic review had been assessed by eyeballing confidence 

intervals, which may overlap by chance and so formal statistical methods of 

comparison of rates could be performed. 
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 There is need for qualitative research on quality of care processes and mechanisms 

such as why data collection on intrapartum complications is poor in rural health 

facilities of LICs. There is also need for research on methods which will improve the 

quality of record-keeping in these facilities.  

 

 Further research with a much larger sample size of births with and without 

complications and with and without perinatal death outcomes is needed in Matlab to 

properly assess the association between intrapartum complications and perinatal 

mortality. Since data was missing for the analysis on intrapartum complications, until 

better methods of record-keeping are utilised, multiple imputation is a research 

recommendation for studies in countries where intrapartum data, socio-demographic 

variables and preterm gestation status is missing from records. This can provide an 

understanding of the effect of intrapartum complications on preterm births and 

mortality in the first month of life in rural hospital scenarios of developing countries. 

 

 My study on the Matlab Safe Motherhood programme’s contribution on newborn 

mortality was an observational study and the study design considered appropriate as it 

followed up the participants for rare mortality outcomes over a long time period and 

had very low loss-to-follow up. However, residual bias could be present as it is difficult 

to control for all confounding.  Recommendations for study designs for future studies 

are given below. The Matlab Safe motherhood programme is not a real-life 

programme in that it has much greater quality control, more money and more 

supervision. More implementation research would be needed to assess whether a 

programme similar to the Matlab Safe Motherhood programme implemented by the 

government might be effective. In this case, a quasi-experimental study design similar 

to the Matlab study (but at larger scale) could be used or a cluster RCT study design 

could be used with the cluster unit depending on the unit at which the government 

may need to implement a scale-up (possibly at the government deli very centres at the 

sub-sub-district or ‘union’ level or at the sub-district level or ‘upazila’ level). 

 

 Health economics research (e.g. cost-benefits analysis) is required to understand 

whether financial investment on improving and upgrading existing health facilities 

provides cost-effective returns in terms of reduction of deaths and better health 

outcomes. The cost of the Matlab Safe Motherhood programme was not assessed in 

my study and a cost-effectiveness analysis would be important if the findings from 

Matlab are to be replicated in high-burden areas in Bangladesh and in other countries. 

Investment areas could possibly include improvements in:  addition of evidence-based 

antenatal care components; training and refresher training on emergency obstetric 

and newborn care of health personnel; better availability and retention of health 

personnel; and improved referral systems between higher and lower level health 

facilities. 

 

 Qualitative research could also help in the adaptation of the Matlab Safe Motherhood 

programme elsewhere.  There is no information on the factors allowing Matlab 
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women to overcome cultural barriers that are considered to prevent women from 

giving birth in health facilities in Bangladesh. Qualitative research into midwives’ 

attitudes towards women could also be undertaken. A greater understanding of these 

issues could help in scaling up the programme in Bangladesh and elsewhere. 
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