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Abstract

Introduction: A perinatal death refers to fetal or neonatal death, combined to calculate the peri-
natal mortality rate. High perinatal mortality rates indicate unmet public health needs and also
deficiencies in clinical care provision. The death of a child around the time of birth has profound
effects on parents and families. Increasing attention is being paid to reducing these deaths.
Epidemiological analyses aid in the identification and monitoring of prevention strategies.

Objectives: This chapter provides an overview of the epidemiology of fetal and neonatal
death globally including numbers, rates, causes, and risk factors and highlights issues that
limit the utility of perinatal mortality as a measure of health and quality of care including
classification systems to assign causes of perinatal deaths.

Key Points: An estimated 2.9 million neonatal deaths and 2.6 million late gestation stillbirths
(after 28 weeks of gestation) occur globally each year. These numbers almost double when
using the definitions of stillbirths and neonatal deaths of high-income countries (i.e., from
20 weeks of gestation). The vast majority of these deaths occur in low- and middle-income
countries and are avoidable. Since 1990, the global neonatal death rate has decreased by 37 %,
from 33 to 21 deaths per 1,000 livebirths; however, this is slower than the 50 % reduction in
deaths in the postneonatal period up to the age of 5. The decline in the stillbirth rate has been
slower: an estimated 14.5 % reduction from 22.1 to 18.9/1,000 (1995-2009). Wide variation in
rates exists within and across countries. The majority of deaths occur in the 24 h around the
time of birth, where increased access to quality obstetric and newborn care could halve these
deaths. The lack of data on numbers and causes of death plagues prevention efforts. Further, the
use of numerous disparate classification systems makes interpretation of causes of perinatal
deaths difficult. However, placental pathology (including abruption and insufficiency) often
associated with growth restriction is clearly a major contributor to stillbirth globally, in addition
to low-income settings, hypertensive disorders, and infection in some regions. The proportion
of unexplained stillbirth varies widely across reported studies. The causes of neonatal deaths
have been more consistently reported and are largely due to complications of preterm birth,
intrapartum-related events, and infections. Intrapartum factors have been reported as causal in
40 % of perinatal deaths in low-income country settings. Women living in disadvantage have
much higher rates of stillbirths and neonatal deaths than their counterparts. Clinical audits
consistently show that a high proportion of perinatal deaths are potentially avoidable.

Conclusions: Stillbirth and neonatal death rates are widely used as an indicator of the health
of communities and the quality and safety of obstetric and newborn care. While low- and
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middle-income countries bear the majority of the burden, slow progress in reducing neonatal
deaths and, more prominently, stillbirths is a worldwide problem. Improvements in the living
standards for disadvantaged women, including education and employment opportunities and
access to quality care, are imperative to address the disparity in outcomes across all settings.
Epidemiological methods applied to perinatal data can assist in understanding where to focus
attention. However, the paucity of high-quality data limits such analyses, posing a significant
challenge to prevention of perinatal deaths. More effective data systems are needed, including
a global classification system.
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factors

The perinatal period (commonly defined as the phase sur-
rounding the time of birth, from the 20th week of gestation to
the 28th day of newborn life) [1] is the most vulnerable period
in the life. The risk of dying on the day of birth exceeds that
of any other average day of life until the 92nd year [2].

A perinatal death refers to fetal or neonatal death, com-
bined to calculate the perinatal mortality rate (PMR). While
the term “fetal death” is most accurate, the term “stillbirth”
is preferred by parents and the community [3]; the terms are
often used synonymously. The death of a child around the
time of birth is highly contradictive to the “natural order” of
life and has profound effects on parents and families, which
often suffer significant disruption to relationships and sub-
stantial economic burden [4].

According to the World Health Organization (WHO), the
perinatal mortality rate provides a “general measure of the
health environment during the earliest stages of life”” and can
also be used as “a measure of action in relation to health
policy and health service interventions” [5].

This chapter provides an overview of the epidemiology of
fetal and neonatal death. It presents rates, causes, and risk
factors and also a summary of contemporary classification
systems to assign causes of perinatal deaths. While stillbirth
and neonatal death are both closely linked with maternal
health [6], important etiologic differences exist and success-
ful preventive efforts must draw on specific data for each of
these two groups. The stillbirth rate reflects the general
health of women and the quality of obstetric care, and while
this is also true for neonatal deaths, neonatal practices play a
critical role in the survival of newborns [6]. Therefore, in this
chapter, stillbirth and neonatal death will be presented sepa-
rately where data permit.

Definitions

Stillbirth is defined by WHO as “death prior to the complete
expulsion or extraction from its mother of a product of con-
ception...the fetus does not breathe or show any other

evidence of life, such as beating of the heart, pulsation of the
umbilical cord, or definite movement of voluntary muscles.”
A birthweight of 500 g or more, 22 or more completed weeks
of gestation, or a body length of 25 cm or more is used to
define stillbirth. For international comparisons, WHO rec-
ommends reporting of stillbirths with birthweight of 1,000 g
or more, 28 weeks of gestation or more, or a body length of
35 cm or more. A number of high-income countries (HIC)
use a lower gestational age and birthweight cutoff. The still-
birth rate is expressed as the number of stillbirths per 1,000
births.

Neonatal death is the death of a live born baby within the
first 28 days of life. It can also be divided into: early neonatal
death within the first 7 days of life and late neonatal death
after 7 days until 28th day of life. The neonatal mortality rate
is the number of deaths per 1,000 live births (Fig. 6.1).

Perinatal mortality refers to stillbirth plus early neonatal
deaths (deaths at 7 days or less). The perinatal mortality rate
is the number of stillbirths plus early neonatal deaths per
1,000 births. This rate is especially useful in settings where
it may be difficult to distinguish a late stillbirth from an early
neonatal death. The definition of neonatal death includes
deaths up to 28 days of life in HIC and also some of the
lower-income countries.

Data Quality Issues

Definitions for stillbirth, perinatal, and neonatal data vary
widely. Even among HIC, at least 20 different definitions
have been reported recently [8]. Differences in application of
gestational age and birthweight cutoffs are a common source
of this variation. Birthweight is often prioritized over gesta-
tional age in defining stillbirth because it is more widely
available, especially in low-resource settings, and reliably
reported. However, this may result in substantial underre-
porting of stillbirths [9]. In low- and middle-income coun-
tries (LMIC), whether early neonatal deaths alone or both
late and early neonatal deaths are reported varies depending
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Fig. 6.1 Defining stillbirth and neonatal death. Defining stillbirths, neonatal deaths, and associated pregnancy outcomes for international
comparison. Definitions from ICD, tenth revision. /CD International Classification of Diseases (Reprinted by permission from Lawn et al. [7])

on data availability. Additionally, misclassification of early
neonatal deaths as stillbirths is an important issue that is
closely linked to practices and perceptions around viability
and the obstetric care available within some settings. Finally,
the different practices for inclusion of medical terminations
of pregnancy also may result in important variation in peri-
natal mortality rates.

While vital statistics are generally a good source of births
and deaths in HIC, 40 % of the world’s births do not have a
birth certificate and around one-third are in regions with
inadequate vital registration coverage. In such settings,
estimates of numbers and rates are modeled based on sur-
veys such as national census and household surveys [10,
11]. Due to limited resources, surveys are infrequently con-
ducted (every 5-10 years), and with the added problem of
recall bias, these data are extremely limiting for identifying
areas for prevention. Depending on the level of missing
data, confidence intervals can vary widely. For example, the
stillbirth rate estimate for Afghanistan is 24.9 per 1,000 total
births, giving 38,000 stillbirths with a range from 24,000 to
72,000 [11].

Due to the often complex nature of perinatal deaths, accu-
rate ascertainment of cause and contributing factors of peri-
natal deaths is best achieved by perinatal audit committees
made up of clinical experts following detailed investigation
of the death [12]. However, in many regions of the world,
this is not possible and death certificate data are relied upon.

However, these data are notoriously inaccurate [13]. For
example, the Australian Bureau of Statistics reports stillbirth
as “undetermined” in up to 70 % of stillbirths [14], whereas
following comprehensive investigation and review by audit
committees, this proportion may be reduced by 65 % [15].
While training of clinicians in completion of death certifi-
cates may improve the quality of these data, the inherent
issue of lack of information about the case at the time of
completion of death certificates will always limit their value
for perinatal deaths. Additionally, in some LMIC settings,
death certificates are required for live births but not still-
births, an important gap in information.

High-quality investigation including autopsy and placen-
tal histopathology is important in accurately determining the
cause of perinatal deaths. In HIC, while placental pathology
is generally regularly performed, autopsy rates are variable
and low rates of 30—40 % are commonplace. Barriers to
autopsy consent have been addressed in detail elsewhere
(Chap. 1). However, in HIC these would appear to be largely
surmountable as evidenced by some regions achieving a rate
of 70 % or more. In low-resource settings, access to such
diagnostics is often not possible. To establish the cause of
perinatal deaths in community-based settings in low-income
country (LIC) settings, verbal autopsies (VA) (which are
interviews with either caregivers or family of the deceased)
have been used [10]. Furthermore, the lack of a skilled birth
attendant at delivery often means the most basic information
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Table 6.1 Advantages and disadvantages of different data sources for studies of perinatal mortality

Advantages

Disadvantages

National statistics routine data
collections

Large numbers

Limited amount of information. Cause of death data
largely meaningless (as described in the next
section). Possible under-ascertainment of deaths.
Lack of quality control on information

National surveys using data specially
collected over a defined period of time

Improved quality of data. Ability to
classify deaths in a standard way. Large
amount of information available for
analysis

Relatively small numbers of deaths unless the
sample is extended, as in the First British Perinatal
Mortality Survey [26] or the Jamaican study [27]

Ongoing area-based maternity
information

Quality control is possible, especially if
organized so that research clerks abstract
the information using well-formulated
rules, with referral to consultant medical

High cost; relatively small numbers

staff in cases of difficulty

Hospital-based statistics As above

As in above. In addition, the data are
epidemiologically uninterpretable unless the
hospital serves the whole of a geographical
population. Otherwise it is essential to ascertain
also the outcome of pregnancy in all women
resident in the referral area but delivered outside the
hospital

Prospective studies

death occurring

Surveys starting in pregnancy or even
before have the benefit of greater accuracy
in determining features relating to the
mother and the pregnancy prior to the

High cost; relatively small numbers

Adapted from Chapter 9 Jean Golding Keeling’s Fetal and Neonatal Pathology 4th Edition [18]

is not available (e.g., weight or gestation), so establishing
cause of death remains problematic.

Epidemiological Principles and Challenges
in Perinatal Mortality

Epidemiology is the science that studies the patterns, causes,
and effects of health and disease conditions in defined popula-
tions. Epidemiological (observational) studies are the corner-
stone of public health and inform policy decisions and
evidence-based practice largely by identifying risk factors for
disease and targets for preventive healthcare [16]. While
observational studies will generally yield only low-quality evi-
dence, extremely large and consistent estimates of the magni-
tude of an effect increase confidence about the results [17].
Satisfactory analyses of perinatal data require a clear
understanding of what is being measured, whether the com-
parisons are valid (comparing like with like) and if the con-
clusion takes into account the limitations of the data [18].
Often perinatal mortality is compared across health services
to assess the quality of care. However, the difficulty of ade-
quately controlling for differences in population characteris-
tics (often due to referral patterns) is problematic. When
interpreting results of such analyses, a careful look at the
factors that were considered as potential confounders and the
possible effect of “residual confounding” is essential. The

public health burden of a risk factor to stillbirths and neona-
tal deaths is often quantified using the population attributable
fraction/risk (PAF/PAR), the proportional reduction in these
deaths that would occur if exposure to a risk factor were
removed.

Capturing data on associated risk factors such as geo-
graphical location and socioeconomic status, to allow disag-
gregation of perinatal mortality data, enables programs to
improve resource allocation and monitoring [19]. Perinatal
mortality rates are often presented using time trends and may
incorporate quasi-experimental before-and-after study
designs and/or time series analyses to examine whether an
intervention demonstrated benefit. The problem is that many
factors change over time including characteristics of the pop-
ulation and other practices and these need to be taken into
account.

There are a number of methods of data capture for perina-
tal mortality studies each with advantages and disadvan-
tages. Demographic surveillance (the process of continuous
registration of demographic events, in a geographically
defined population) is used to enable more in-depth analyses.
An example is the INDEPTH network, the largest network of
demographic surveillance sites, mainly in Africa, monitoring
people at household level [20]. Some countries have imple-
mented large-scale clinical audit programs in perinatal mor-
tality to more effectively “close the audit loop,” e.g., South
Africa [21], the UK [22], the Netherlands [23], and New
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Zealand [24]. Other initiatives aimed at upscaling effective
perinatal audit and practice improvement through criterion-
based data collection systems are emerging [25]. Advantages
and disadvantages of commonly used approaches were pre-
viously described by Jean Golding and are summarized in
Table 6.1 [18].

Numbers, Rates, and Trends

Recent papers from Lawn et al. [6, 7] provided a comprehen-
sive summary of the global stillbirth and neonatal death. The
key epidemiological aspects of these papers are summarized
in this section of the chapter.

The most recent global estimates show that the neonatal
death rate is 21/1,000 and the stillbirth rate (after 28 weeks
of gestation) is 18.9/1,000. These rates equate to around 2.9
million neonatal deaths and 2.6 million late gestation still-
births (after 28 weeks of gestation) each year [6]. However,
these numbers are likely to be a gross underestimate. The
uncertainty range for stillbirth estimates indicates that up to
3.8 million stillbirths may occur annually, and applying the
definition used across most HIC settings, the figure could
reach over 6 million.

The vast majority of stillbirths and neonatal deaths (over
98 %) occur in LMIC and almost half occur during labor or
shortly after the birth [6]. More than 60 % of neonatal deaths
occur across five countries: India, Nigeria, Pakistan, China,
and Democratic Republic of Congo. These countries also
account for the majority of stillbirths and maternal deaths
(Fig. 6.2). Almost one-half of stillbirths occur intrapartum
(after the onset of labor). More than 70 % of all neonatal
deaths occur during the first week of life, with almost 40 %
on the day of birth [6].

Wide variation in rates exists across and within countries
for both late gestation stillbirth and neonatal death rates.
Late gestation stillbirth rates vary from 2/1,000 births in
Finland to more than 40/1,000 total births in Nigeria and
Pakistan [6]. The neonatal death rate ranges from 1/1,000 in
Japan to 49/1,000 in Sierra Leone [6].

In HIC, the neonatal death rates are around 3-4/1,000
livebirths [28, 29]. Due to varying definitions, stillbirth rates
are difficult to compare across HIC. In the USA [29] and
Australia [28], which use similar definitions (from 20 weeks),
stillbirth rates are 6.1 and 7.8/1,000 births respectively. Even
when using the WHO definition of late gestation stillbirth,
significant variation in rates can be seen across HIC suggest-
ing that further improvement is possible and needed [30]
(Fig. 6.3). For example, in 2009, the late gestation stillbirth
rate was 2/1,000 in Finland and Singapore compared with
3.5/100 in the UK [7]. Indigenous women and others living
in disadvantage in HIC have around double the rates of still-
birth and neonatal deaths as their counterparts [24, 31].

Are Stillbirth and Neonatal Death Rates
Improving?

As observed through the United Nations’ Millennium
Development Goal (MDG) 4 to reduce child death and
MDGS5 to reduce maternal deaths, the health of women and
children has clearly improved. From 1990 to 2012, the
annual rate reduction for maternal deaths was 2.6 % and
under five child mortality 3.4 %. However, the reduction in
neonatal deaths has been much slower (2.0 %) and slower
again for stillbirths (1.0 %) [6]. This is especially true for
LMIC, which have shown only minimal reductions in some
countries.

In HIC, with marked reductions in perinatal mortality
rates seen in the early 1940s and 1950s, stillbirth now makes
up the majority (around 70 %) of perinatal deaths with the
majority of deaths (90 %) occurring in utero before the onset
of labor. While neonatal death rates have continued to decline
slowly in HIC [28, 29], stillbirth rates have shown little or no
reduction over recent times [29]. Recent data from Australia
has shown an increase in overall stillbirth rates, which is con-
fined to the lower gestational age groups (<25 weeks) [28].
Others have shown that increases in stillbirth rates in HIC are
due to increases in termination of pregnancy with associated
reductions of live births with congenital abnormalities [32].
The rates of stillbirth for indigenous women in Australia
have shown some improvement over recent times [31], but
the gap between indigenous and non-indigenous women
remains wide. Despite the low rates in comparison to LMIC,
stillbirth remains a significant public health problem in these
settings, exceeding deaths from sudden infant death syn-
drome (SIDS) by a factor of 10, but receiving much less pub-
lic health attention.

Classification of Stillbirth and Neonatal Death

Accurate and consistent classification of cause and major
contributing factors for stillbirth and neonatal death is the
cornerstone of effective prevention strategies to reduce these
deaths. According to Whitfield, the goal of classification of
perinatal deaths is “to identify deficiencies in the provision
of care, to focus attention where improvements are already
possible and to indicate where new developments or knowl-
edge may be expected to lead to further advances” [33].
Suboptimal classification systems may lead to a loss of
important information and contribute to a high proportion of
unexplained deaths [34], thereby diminishing the potential
for prevention. Due to inadequacies of the WHO International
Classification of Disease (ICD) system for both stillbirth and
neonatal deaths, clinicians and researchers have been consid-
ering ways of classifying these deaths for more than two
decades [35]. More than 35 systems have reportedly been
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Fig.6.2 Stillbirth and neonatal death rates by country. (a) Stillbirth
rates by country in 2009 (Reprinted by permission from Lawn et al.
[7]). (b) Neonatal death rates by country in 2009 (Reprinted from
http://journals.plos.org/plosmedicine/article?id=10.1371/journal.
pmed.1001080# © 2011 World Health Organization; licensee

developed for stillbirth and perinatal mortality alone [36]. A
recent review of systems in current use revealed that the
number of new or major modifications of systems has

Public Library of Science (PLoS)). This is an open access article in
the spirit of the Public Library of Science (PLoS) principles for
open access http://www.plos.org/oa/, without any waiver of WHO’s
privileges and immunities under international law, convention, or
agreement

increased over the past decade [8]. The use of disparate sys-
tems renders meaningful comparisons across and within
countries virtually impossible. The most commonly reported
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and recently published new systems (since 2009) are briefly
summarized here:

Many contemporary systems are based on those devel-
oped in the UK and subsequent modifications throughout the
mid to late 1900s. Of note is the clinicopathological system
developed by Sir Dugald Baird and colleagues in Aberdeen
[37], which focused on maternal/obstetric antecedent condi-
tions “to classify each death in accordance with the factor
which probably initiated the train of events ending in death.”
The other major system in this period was developed by
Wigglesworth [33]: a simple five-category pathophysiologi-
cal classification system for perinatal deaths developed to
provide more information on causes of neonatal deaths [33].
The Wigglesworth classification [33] is one of the most
widely used systems for classifying perinatal deaths, particu-
larly in LMIC [38-46].

Baird et al., using the Aberdeen system, showed the fol-
lowing distribution of causes of a series of perinatal deaths at
Aberdeen Maternity Hospital in 1938-1952 as: premature
(<5 1/2 1b), cause unknown (20 %); mature, cause unknown
(14 %); trauma, mechanical stress during labor (19 %); tox-
emia (10 %); antepartum hemorrhage (11 %); maternal dis-
ease (6 %); fetal deformity (15 %); and other causes (5 %). A
later modification by Cole et al. (Amended Aberdeen) [47]
included categories of serological incompatibility, infection
of the fetus or infant, and unclassified (where information
was inadequate). Subsequently, Whitfield et al. in 1986 [48]
amended this into a new 12-category system for stillbirths,
neonatal deaths, and postneonatal deaths that were prenatally
related, defining categories of unexplained intrauterine death

and fetal growth restriction groups (intrauterine growth
retardation) and inclusion of spontaneous preterm, hemo-
lytic disease, and infection groups and also differentiating
intrapartum asphyxia from birth trauma. More recently, rec-
ognizing the contribution of placental pathology in perinatal
death, the National Services Scotland further refined the
obstetric antecedent approach to include a category of spe-
cific placental pathology including eight subcategories [49].

Hey et al., in 1986, expanded on the Wigglesworth system
to develop fetal and neonatal factor classification [50] and
also a six-group Wigglesworth classification, adding an
“unclassified” group. The fetal and neonatal factor classifica-
tion was further developed to suit the modern neonatal care
settings in Australia and New Zealand, by Ross Haslam et al.
of the PSANZ [35] with subsequent amendments [12].

In LMIC settings, the most widely used system reporting
comprehensive global data on causes of neonatal deaths is
the simple five-category system refined by the Child Health
Epidemiology Reference Group (CHERG) [51, 52].

In 1998, Winbo et al. developed the Neonatal and Intrauterine
Death Classification according to Etiology (NICE) system [53]
for stillbirths and neonatal deaths based on the Amended
Aberdeen and Wigglesworth systems. This system was origi-
nally designed to identify the underlying cause of perinatal death
using a computer algorithm applied to registry data as a solution
to exhaustive work required by expert panels to review case
notes to assign cause of death. Recently, using the verbal autopsy
approach [54], the NICE system [53] has been used to classify
stillbirths [10, 55, 56] and also in combination with CHERG [51]
to identify causes of stillbirth and neonatal deaths [57].
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The use of an obstetric antecedent classification for still-
births and neonatal deaths and, in addition for neonatal
deaths, a neonatal system to identify a “final cause of neona-
tal death” [58] based on systems developed more than three
decades ago is a common approach today. Systems using the
approach include: Problem Identification Programme (PPIP)
used nationally in South Africa [21], Pakistan [59], and a
multicountry study in LMIC [60]; the Perinatal Society of
Australia and New Zealand (PSANZ) classification system
[12] used nationally in Australia and New Zealand and
regionally in Canada; Centre for Maternal and Child Health
Enquiries (CMACE) in the UK [22]; and the Scottish
Obstetric and Paediatric classification [61].

A number of new systems have emerged over recent times
with more detailed categories and a greater focus on placen-
tal pathology including: the Stockholm classification of still-
birth [62] currently used across the Stockholm region;
INCODE (Initial Causes of Fetal Death) [63] classification
for stillbirths developed specifically for the Stillbirth
Collaborative Research Network (SCRN) of the National
Institutes of Child Health and Human Development
(NICHD); Tulip for perinatal deaths [64] developed and used
in a network of hospitals across the Netherlands; and Codac
(Causes of death and associated conditions) [9] for stillbirths
and neonatal deaths, which uses an electronic tool to aid
classification and recently implemented for national audit in
the UK [65]. The ReCoDe (relevant condition at death) sys-
tem [66] used in regions in the UK, and also in some centers
in LMIC settings, aims to identify relevant conditions for
stillbirth as opposed to causes and thereby reducing the
requirement for laboratory evidence. Other published sys-
tems include that used by the Wisconsin Stillbirth Service
Program (WiSSP) [67] (a referral program to define causes
of stillbirth using a comprehensive protocol focusing on con-
genital abnormalities).

Important Features of a Good Classification
System

A recent Delphi study of experts identified characteristics of
a quality global perinatal classification system [8] to assist in
identifying a system that may be suitable as a global solu-
tion. However, a review of systems in use since 1995 revealed
that no individual system met these characteristics [8]. The
major characteristics are discussed here and summarized in
Table 6.2 [7, 9, 22, 26, 33, 35, 37, 47, 48, 50, 51, 53, 57,
62-64, 66-72].

While it is important to analyze the causes of perinatal
death according to its components of stillbirth and neonatal
death [73], a system specifically designed to incorporate
both groups enables interpretation of differences across
regions arising from variation in definition, reporting, and

registration practices for perinatal deaths. Many systems in
current use either have a focus on obstetric (maternal/fetal
conditions) (for use in both stillbirths and neonatal deaths) or
neonatal conditions only. Some use these two approaches in
tandem. However, this can be cumbersome and challenging
to interpret.

The value of any death classification system is closely
aligned with its ability to identify the underlying cause of
death but also to retain important information relating to the
death. To identify specific areas to focus prevention, identi-
fying an underlying cause is needed. ICD-10 defines the
underlying cause as “the disease or condition that triggered
the chain of events leading to the death.” However, assigning
a single cause is often challenging due to the complexity of
the clinical situation within which the fetus, and often also
the newborn, dies [33]. The presence of certain conditions
commonly represents a continuum of risk of stillbirth from
weak to convincing evidence of a causal link. Take the exam-
ple of a cord complication and a late gestation stillbirth at
one end of the spectrum to limb entanglement, congestion,
and fetal thrombotic vasculopathy in the placenta at the other
(Fig. 6.4 [74]).

To assist users in assigning an underlying cause, and to
enhance validity of cause of death data, instructions and
rules are required. Some systems employ a strict hierarchy
[53, 66] where a primary condition is assigned according to
the order in the list of categories, those higher up the list tak-
ing precedence. This approach is believed to also enhance
ease of use of the system, particularly when competing con-
ditions are present. However, others [9] debate that applica-
tion of a strict hierarchy results in erroneous data in some
circumstances, due to forced classification of less important
factors that are listed higher up [75]. Some systems use a
partial hierarchical approach classifying terminations of
pregnancy [9] and major congenital abnormalities [35] above
other conditions as a rule. The ReCoDe system includes the
category of fetal growth restriction (FGR) high up in the
hierarchy. In a recent study, Ego et al. [75] showed that by
modifying the ReCoDe hierarchy by making the FGR cate-
gory, the penultimate category changed the proportion of
stillbirths classified as FGR from 38 % to 14 %, in favor of
other related conditions. While ReCoDe does not follow the
rules for underlying cause [76], it does enable cross tabula-
tion with associated factors to gain further information as to
the etiology of the FGR.

The utility of classification systems lies in the extent to
which useful information about the death is conserved [9]. In
one study, testing six contemporary systems across seven
countries (including two LMIC), the Wigglesworth and
Amended Aberdeen systems scored lower than the other sys-
tems in the ability to retain important information about still-
birth. Codac received the highest score followed by
PSANZ-PDC and ReCoDe and then Tulip. Wigglesworth
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Table 6.2 Characteristics of major contemporary classification systems for stillbirth and neonatal deaths

Intended for stillbirth
and neonatal deaths,

Countries using

and are Number of Uses ICD system to determine
Name of system distinguishable? Modified from categories per level | codes Country developed | causes of death
Aberdeen [37] No n/a 8 No UK-Scotland Nigeria
perinatal deaths
Amended (modified) | No Aberdeen (as per 10/19 No UK Northern Ireland,
Aberdeen [47] perinatal deaths Baird and Thomson Netherlands, UK
1969 modification) Pakistan with
[69] further
modifications
Wigglesworth [33] No n/a 5 (some use 6 No UK UK. Nepal,
perinatal deaths categories adding Nigeria, Pakistan,
“unclassifiable) Bangladesh,
Ireland, Turkey,
Thailand
ICE (International No Wigglesworth 8 Yes UK-Scotland Tanzania, USA,
Collaborative Effort) | perinatal deaths Canada, Scotland
[70] with modifications
expanding the
categories
Fetal and Neonatal No Based on the Butler | 11/18 No UK Belgium, Northern
Factors (F&NF) [50] | perinatal deaths and Bonham [26] Ireland, Brazil, UK
Aberdeen
amendments and
Wigglesworth
Perinatal Problems Partially through O: Aberdeen 0O: 12/68 “Based South Africa South Africa
Identification use of tandem Whitfield [48] N: 7/50 in ICD” (national)
Program (PPIP) systems amendment NICHD research
Obstetric and N: F&NF network across
Neonatal 2012 Plus early versions LIC communities,
of PPIP from 1990s Pakistan
Perinatal Society of | Partially through O: Aberdeen O:7/37/28/23 No Australia and PSANZ-PDC
Australia and New use of tandem Whitfield [48] N: 11/67/62 New Zealand Australia, New
Zealand Perinatal systems amendment Chan Zealand (national),
Death (PSANZ- [35] Vietnam
PDC)/Neonatal N: F&NF, Chan PSANZ-NDC
Death Classification 2004 Canada
(PSANZ-NDC)
CMACE Maternal Partially through O: CESDI 0:13/20 No UK UK, also used in
and Fetal and use of tandem Northern Ireland N: 10/10 Pakistan with
Neonatal systems 2001 [71] (from modifications
Classifications 2008 Aberdeen and
[22] Wigglesworth)
N: F&NF
Scottish Obstetric Partially through O: Amended 0O: 11/26; Yes UK-Scotland UK-Scotland
and Pediatric use of tandem Aberdeen N:9/25
Classification 2011 systems CESDI
National Services N: F&N Factors
[72]
Manandhar [57] Partially through O: NICE with VA 0:7 No Nepal Nepal
use of tandem rules by Anker N:7
systems et al. 1999
N: CHERG
NICE (Neonatal and | Partially: includes n/a 13 Yes Sweden India, Tanzania,

Intrauterine Death
Classification
according to
Etiology) [53]

a category for
neonatal conditions

Pakistan, Nepal;
modified and used
with verbal
autopsy data in
these LMIC

(continued)
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Table 6.2 (continued)

Intended for stillbirth
and neonatal deaths, Countries using
and are Number of Uses ICD system to determine
Name of system distinguishable? Modified from categories per level | codes Country developed | causes of death
ReCoDe (Relevant No n/a 9/37 No UK UK, Italy,
Condition at Death) | stillbirths Moldova, Portugal,
[66] Nigeria
Tested in France
using a different
hierarchies for
FGR
Tulip [64] No n/a 6/30/12 No Netherlands Netherlands
perinatal deaths
Stockholm No n/a 17/8 No Sweden Sweden
classification of stillbirths
stillbirth 2008 [62]
Codac (Causes of Yes n/a 10/94/577 Yes Norway Norway; 2014
death and associated MBRRACE-UK
conditions) [9]
INCODE (Initial No n/a 7/46/143/30 No USA US research
Causes of Fetal stillbirths network
Death) [63]
Child Health No Bangladesh 7 No International Global estimates
Epidemiology neonatal deaths Demographic and with modifications
Reference Group Health Survey by Black et al. and
(CHERG) 2009 [51] 2004; VA others. Used with
approaches [68] VA data in
NICE and Uganda, Vietnam,
Wigglesworth Nepal, Burkina
Faso with
modifications.
Bangladesh
national reports
continue to use
similar system
WiSSP Wisconsin No WiSSP 1994 [9] 6/52 specific No USA USA —regional
Stillbirth Service stillbirths causes presented referral
2011 [67]
Consistent No n/a 3/15 Yes n/a Used to present a
classification for stillbirths global picture of
causes of stillbirth causes in The
[7] Lancet’s stillbirth
series

Tandem systems: Use of an obstetric antecedent and, in addition for neonatal deaths, a neonatal system to identify the final causes of neonatal death
O obstetric antecedent classification, N neonatal classification, MBRRACE Mothers and Babies: Reducing Risk through Audits and Confidential
Enquiries, www.npeu.ox.ac.uk/mbrrace-uk, CESDI Confidential Enquiry into Stillbirths and Deaths in Infancy, CMACE Centre for Maternal and
Child Enquiries, VA verbal autopsy

and Aberdeen also resulted in a higher proportion of unex-
plained stillbirths (44 % and 50 %, respectively). In this
study, important information sources differed significantly
by setting—a factor of the level of investigation performed—
e.g., no autopsies were performed in the LMIC group.
Maternal and also fetal history was the most frequently
reported source of important information in both settings,
highlighting the importance of this fundamental part of the
investigation protocol. Placental histology and perinatal
postmortem examination were important sources of informa-
tion, consistent with findings of others [34] (Fig. 6.5).

Inclusion of a placental category in a classification system
is essential. While some argue that in less well-resourced set-
tings, a placental category is not appropriate due to lack of
the availability of histopathology services, using a clinically
oriented system in South Africa, Robert Pattinson reported
that placenta/placental bed pathology accounted for 23 % of
perinatal deaths by combining the categories of placental
abruption, preeclampsia, and eclampsia, thus showing that a
placental category is relevant to non-HIC settings [77].

A system should result in a low proportion of cases clas-
sified as “other” and unexplained cases. However, a system


http://www.npeu.ox.ac.uk/mbrrace-uk

6 Epidemiology of Fetal and Neonatal Death

151

Fig. 6.4 The continuum of risk Case 1 Case 2 Case 3
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et al. [74]. Scenario courtesy of death death. death.
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that classifies associated conditions as causal factors, to
reduce the proportion of unexplained, is also limiting.
Unexplained death must be differentiated from those cases
where insufficient information was available to enable clas-
sification. A definition of unexplained stillbirth has been pro-
posed for only cases that have been fully investigated (i.e.,
autopsy, placental pathology) [9], but this has not been
adopted. The reported proportion of unexplained stillbirths
varies widely across systems and is dependent on alternate
categories to classify unexplained cases. Korteweg et al.
[78], in a review of eight systems, reported that one system
[50] had no stillbirths classified as “unclassifiable” or
“unknown”; however, 88 % were classified as “asphyxia
antepartum,” which is not a cause of death but a clinical con-
dition due to an underlying cause of death. Similarly, while
the use of ReCoDe [66] results in a low proportion of
“unclassified” stillbirths (15 %), as many as 40 % are classi-
fied as “fetal growth restriction,” thus limiting the opportu-
nity for identifying the underlying cause of the growth
restriction. Systems acknowledging the contribution of pla-

cental pathology result in lower proportion of unexplained
death, e.g., Tulip, Codac, and the Stockholm system. The
level of investigation also contributes to proportion of cases
that remain unexplained. An understanding of the level of
data used to assign the causes of death for each case is help-
ful to interpret the reported causes of death and also assists in
identify areas for practice improvement in investigation of
these deaths. Some systems clearly identify where insuffi-
cient information is available to assign a cause using an
“unclassifiable” category [9] and some systems come part
way to this requirement by including the level of certainty,
e.g., probable and possible causes [62, 63].

A classification system must produce valid data and there-
fore reliability (good inter- and intra-rater agreement) is
critical. Unfortunately, there is a lack of high-quality studies
testing systems. However, in one study, the Aberdeen and
Wigglesworth classifications, when applied to stillbirths,
showed poor inter-rater agreement (kappas of 0.35 and 0.25,
respectively) [34]. In this study, Tulip performed best with a
kappa of 0.74 indicating good agreement, and PSANZ-
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Fig. 6.6 Reported causes of
perinatal deaths in a teaching
hospital in Nepal, according to
Wigglesworth, n=921 (Adapted
from Shrestha et al. [79])

Perinatal Death Classification (PDC), Codac, and ReCoDe
had fair to good agreement. The Wigglesworth system,
applied to perinatal deaths, has been shown to have good
agreement in LMIC settings. Efforts to improve agreement
in classifying stillbirths and neonatal deaths are needed.

In order to reduce the global burden of stillbirth and neo-
natal death, classification systems must be suitable for use in
LMIC where information is often very limited and major
causes of death may vary from those in HIC. However, very
few systems have been created specifically for use in LMIC
settings. While Wigglesworth has been the most commonly
used system in LMIC, testing has shown it to be inferior to
other systems for classifying stillbirths [34]. CHERG was
developed specifically to accommodate neonatal deaths in
LMIC, and, while developed in HIC, ReCoDe [66] and
Codac [9] were designed to accommodate stillbirths and
perinatal deaths, respectively, in LMIC as well as HIC.

Causes of Stillbirth and Neonatal Death

With numerous disparate systems and poor-quality input
data, gaining an accurate global picture of causes of stillbirth
and neonatal death is not currently possible. A selection of
recently reported studies is presented here to gain some
understanding of the commonly reported conditions.

Causes of Perinatal Deaths in Low-Income
Settings

In low-resource settings, examining perinatal death, which
may have common pathways, has been one approach. For
example, one study in a teaching hospital in Nepal using
Wigglesworth system highlights the information that can be

M Class I: Normally formed
macerated stillbirths

M Class Il: Deaths due to
congenital anomalies

¥ Class Ill: Conditions
associated with
immaturity

M Class IV: Asphyxial
conditions developing in
labor

Class V: Specific
conditions, eg: sepsis

obtained using a very simple system [79]. In this study of
921 perinatal deaths, the distribution across the five catego-
ries were: normally formed macerated stillbirth (i.e., pre-
sumed antepartum) 49 %, congenital abnormality 10 %,
conditions associated with immaturity 12 %, asphyxial con-
ditions developing in labor 17 %, and other specific condi-
tions (e.g., sepsis) 12 %. While helpful, the lack of specificity
of these categories limits focused strategies to prevent these
deaths (Fig. 6.6 [79]).

Causes of Stillbirth

This section presents the findings of reports over the period
2009-2014 including the largest population-based studies
(or hospital-based reports if population-based studies were
not available) across a range of settings, with high and low
stillbirth rates.

Regions with High Stillbirth Rates

Causes of stillbirth reported in four studies (three of which
were hospital based) from countries with high stillbirth rates
using different systems are shown in Fig. 6.7 [10, 21, 56, 80].
The stillbirth rate across the countries ranged from 19.5 to
40/1,000 births. The major causes, which varied in propor-
tions across the studies, were: abruption ranging from 24 %
to 13 %, hypertension 31-13 %, and intrapartum factors
(usually described as hypoxia, obstructed labor) 8-2 %. The
categories of maternal conditions ranged from 13 % to 3 %
and for congenital abnormality 12-2 %. Less consistently
reported were categories of spontaneous preterm birth rang-
ing from 5 % to 2 % and complications of multiple preg-
nancy (one study only) 2 %. Using ReCoDe, one study in
India identified placental causes in 13 % of stillbirth; how-
ever, this category was largely made up of abruption. The
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Fig. 6.7 Reported causes of stillbirth from selected studies in regions with high stillbirth rates. Note: a, b, and d are hospital-based studies and ¢
is national (Sources: a, [56]; b, [10]; ¢, [21]; d, [80]. SB rate: stillbirth rate 28 weeks of gestation or more)

proportion of unexplained stillbirth varied from 36 % to
10 % as did FGR ranging from 10 % to 2 %. One study iden-
tified stillbirths attributed to infection with a low proportion
(4 %) reported compared with other studies, which may
reflect the lack of diagnostic evaluations available in these
settings but also variation in population and approach to
classification.

In another study, within a research framework, verbal
autopsy was used to identify causes in 134 stillbirths across
38 community settings in regions with some of the highest
stillbirth rates (up to 46/1,000). A different pattern was
shown with 37 % of stillbirths due to infection [60]. This
study also reported 10 % of stillbirths as a result of abrup-
tion, 14 % due to prolonged/obstructed labor and malpre-
sentation, 7 % as a result of accident, 6 % cord prolapse/
complication; 12 % other conditions (including hypertension

and multiple pregnancy); and 12 % a low proportion of
unexplained (although this may have been due to operator
bias in the research setting in which the study was per-
formed). The high proportion of stillbirths due to infection
in this study is consistent with other studies in LIC with the
main organisms responsible being the Gram-negative organ-
isms (Klebsiella pneumonia, Escherichia coli) and also
syphilis, malaria [81], and human immunodeficiency virus
(HIV) in some regions.

All these studies reported a low proportion of stillbirth
attributed to intrapartum events. However, a study in Tanzania
(with a high perinatal death rate) showed that 43 % of peri-
natal deaths were due to intrapartum complications [82]. The
classification of stillbirth as antepartum, or potentially ame-
nable to interventions at antenatal care, versus intrapartum,
or those that require improved obstetric care, is a basic
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Fig. 6.8 Causes and associated
conditions in high-income
countries, using the Codac system
(Reprinted with permission from
Flenady et al. [30])
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classification that can inform public health interventions.
Most studies suggest that about half of stillbirths in LIC
occur intrapartum.

Regions with Low Stillbirth Rates

Results from a multicountry study across high-income coun-
try settings using the Codac system [30] showed the follow-
ing major causes of 617 stillbirths (22 weeks of gestation or
500 g): placental pathology identified as a cause in 30 % of
stillbirths and implicated in 60 % of cases overall, infection
12 %, cord complications 9 % as causative and a further 8 %
as contributory, maternal medical disorders 7 % as caused
and as contributing factors in 24 % of cases (most frequent
conditions were hypertensive disorders and diabetes), intra-
partum events 3 % (overall, 9 % of stillbirths occurred intra-
partum, but the causes had antepartum origin for most), and

congenital anomalies identified as causal in 6 % and con-
tributory in another 5 %. Fetal maternal hemorrhage, which
has been reported to cause 5-14 % of stillbirths, was only
detected in 2 % of cases (Fig. 6.8).

Despite thorough investigation, 11 % were unexplained
and a further 19 % were classified as unknown due to insuf-
ficient investigation. Classification in Codac does not allow
FGR as a cause of death; however, it was found to be a con-
tributing factor in 11 % of stillbirths. The low rates of infec-
tion and fetal maternal hemorrhage compared to other studies
may be due to inadequate investigation in this cohort; autopsy
and placental examinations were undertaken in 45 % and
73 % of cases, respectively.

Causes of stillbirth in another four population-based
studies from HIC using different systems revealed marked
variation in the contribution of conditions (Fig. 6.9) [6, 22,
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Fig. 6.9 Reported causes of stillbirth from selected studies in regions
with low stillbirth rates. The stillbirth rates 28 weeks of gestation or
more per 1,000 births in 2012 were as follows: (a) and (d) the UK 3.4;
(b) Australia 2.8; (¢) Scotland 3; (e) Sweden 2.7. Rates are taken from

28, 49, 66, 72, 83]. Although the stillbirth rates were simi-
lar, differences in investigation levels and possible differ-
ences in population characteristics may account for this
variation. However, a more likely reason for the variation is
differences in the classification systems used; one system
(ReCoDe) aims to identify relevant conditions as opposed
to causes using a hierarchy [66] and conditions varied
across the systems. Despite this, a number of common con-
ditions were evident, albeit with varying reported contribu-
tions, as follows: placental conditions ranging from 40 % to
9 %; congenital abnormality 22—-10 %; infection 22-3 %;
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multiple pregnancy. All the studies are population based (Sources: a,
[66]: b, [28]; ¢, [22]; d, [83]; e, [49, 72])

and fetal growth restriction from 43 % to 0.8 %. Other
reported conditions with less variability across these stud-
ies were: cord complications (variously defined) ranging
from 9 % to 2 %, maternal hypertensive disorders from
0.8 % to 6 %, and maternal diabetes from 2.8 % to 1 %.
Stillbirths as a result of intrapartum events made up a small
proportion of stillbirths 3.4-0.7 %. In two studies, twin-
twin transfusion syndrome was reported to cause 3 % and
1 % of stillbirths, and in two well-investigated cohorts of
stillbirths, feto-maternal transfusion was reported in 5 %
[84] and 3 % [83].
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The proportion of unexplained, or unknown, ranged from
11 % [72] to 28 % [85] across these studies. The impact of
the level of investigation on this variation is difficult to
assess. Three studies with high rates of autopsy (95-100 %)
and placental histopathology (70-100 %) reported low but
varying proportions of unexplained stillbirth: 12 %, 23 %,
and 24 %. Applying the Scottish system to a large cohort of
singleton stillbirth in Scotland, 11 % were unexplained with
alower autopsy rate (58 %) but comparable rates of placental
pathology of 97 %, pointing to the importance of placental
examination for stillbirths.

In a multisite research study in the USA using a new sys-
tem (INCODE) [84], following a full examination of the
baby (including autopsy and placental pathology), a proba-
ble cause was found in 60 % of stillbirths and more than one
probable or possible cause was found in 31 % of cases; 24 %
remained unexplained. The main conditions were similar to
those reported in the aforementioned cohort studies as fol-
lows: obstetric complications 29 % (including abruption
7 %, complications of multiple gestation 6 %), placental
abnormalities 24 %, fetal genetic/structural abnormalities in
14 %, infection in 13 %, umbilical cord abnormalities 10 %,
hypertensive disorders 9 %, and maternal medical complica-
tions 8 % (data not shown). The scenarios of preterm labor,
preterm premature rupture of membranes, and cervical insuf-
ficiency, often in combination with chorioamnionitis, were
implicated in 15 % of stillbirths, which is similar to results
when using the Codac system (often leading to intrapartum
death) [30] and the PSANZ-PDC system in Australia [86].

Differing approaches to classifying plays an important
role in the reported causes of death. For example, the
PSANZ-PDC system, which prioritizes classification of con-
genital abnormality over any other condition, results in
almost double the proportion of these conditions compared
with other systems. Similarly, the hierarchical ReCoDe sys-
tem results in a much higher proportion of FGR as it is high
in the list of conditions (43 % versus 4 % for the next highest
reported frequency). In another hospital-based study in the
Netherlands [78], the Tulip system (when applied to a well-
investigated cohort of stillbirths) resulted in a low proportion
of stillbirths assigned to infection and unexplained, which
may have been due to a shift to the category of placental
conditions that were reported to cause 64 % of stillbirths.

Differences According to Gestation
Depending on definition used, about half of all stillbirths
occur at less than 28 weeks in HIC. Causes of stillbirth differ

by gestational age. Infection-related stillbirth has been shown
to be more frequent in pregnancies at early gestations. In the
aforementioned Codac study [30], infections contributed to
6 % of stillbirths at 28 weeks of gestation or more and to
15 % of stillbirths at less than 28 weeks in most cases in sce-
narios of chorioamnionitis and preterm prelabor rupture of
membranes (PPROM), often leading to intrapartum deaths.
However, other studies have shown that infection plays an
important role in term and post-term pregnancies [83].

Causes of Neonatal Deaths Globally

The major causes of neonatal deaths globally were reported
recently in The Lancet’s newborn series [6] (Fig. 6.10). In
2012, complications from preterm birth (36 %), intrapartum-
related conditions (23 %), and infections (23 %) were the
main causes of neonatal deaths globally. The main infections
were sepsis, meningitis, and pneumonia. In the early neona-
tal period, two major categories made up the majority (70 %)
of deaths: intrapartum-related conditions (almost one-third)
and preterm birth (40 %). Infections were responsible for
half of the late neonatal deaths. The cause-specific risk varies
substantially across regions by the neonatal mortality rates.
Regions with a higher neonatal mortality rate have a higher
proportion of deaths from infection, which are largely pre-
ventable, compared with regions of lower mortality where
causes relate to preterm birth and congenital abnormalities.
Preterm birth is a major contributor to neonatal death world-
wide with increasing rates in most countries [88].

Neonatal Deaths in Low Mortality Settings

A regional report from Australia provides a detailed break-
down of causes of neonatal deaths, with the majority of neo-
natal deaths relating to extreme prematurity (deaths in
nonviable or marginally viable infants) and complications of
prematurity in those admitted for intensive care and congeni-
tal abnormality [86] (Fig. 6.11).

Disparity

Differences in patterns of perinatal death are evident by
ethic/racial background. A recent study in Australia [31]
reported the gap in stillbirth rates between indigenous and
non-indigenous women is closing, but indigenous women
continue to be at increased risk due to a number of poten-

»

Fig. 6.10 Causes of neonatal death globally. Cause of death distri-
bution for the neonatal period, and by the early (<7 days) and late
(7-28 days) neonatal periods, for 194 countries in 2012 and (b)
variation in cause-specific neonatal mortality rates (NMRs) by

>

level of NMR in 2012, showing risk difference by cause of death
compared with the lowest mortality group (NMR<5) (Reprinted
with permission from Lawn et al. [6]). Based on data from: Oza
et al. [87])
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Fig. 6.11 Causes of neonatal death using PSANZ neonatal death classification, Queensland, Australia 2009-2011, n=694 (Adapted from [86].
$The remaining subcategories have been added and are included in “others”. BW birthweight)

tially preventable conditions. Major conditions contributing
to the disparity were maternal conditions (diabetes), perina-
tal infection, spontaneous preterm birth, hypertension, fetal
growth restriction, and antepartum hemorrhage. Among
indigenous women, regional and remote locations are
increased risk factors compared with urban location. While
reductions were shown in the rates of stillbirth at preterm
gestations, no reduction was seen for term stillbirths [31]. In
a recent US study, a higher proportion of stillbirths in non-
Hispanic black women compared with non-Hispanic white
and Hispanic women are associated with obstetric complica-
tions and infections. Stillbirths occurring intrapartum and
early in gestation were more common in non-Hispanic black
women [84]. Women living in rural regions of the world have
higher rates of adverse pregnancy outcome [7].

Contributing Factors

The major contributors to adverse pregnancy outcome glob-
ally are presented in Table 6.3 [51]. The contributing factors
(risk factors) for stillbirths in HIC were recently comprehen-
sively reported in The Lancet [89] and are summarized here,
with additional reports from LMIC-country research.

Maternal Demographic Factors

Lower socioeconomic status (SES) is universally associated
with an increased risk of stillbirth and neonatal death. SES is
interrelated with other socioeconomic factors such as educa-
tion, employment, income, and marital status. Lower



6 Epidemiology of Fetal and Neonatal Death

159

Table 6.3 Major risk factors for adverse pregnancy outcome

Adjusted odds ratio®
Life-cycle factors
Maternal age (years)
<18 1.1-23
>35 1.3-2.0
Maternal size
Height <150 cm 1.3-4.8
Pre-pregnancy weight <47 kg 1.1-24
Parity
Primigravida 1.3-2.2
Parity >6 1.4-1.5
Poor obstetric history (previous perinatal 1.6-3.5
death or instrumental delivery)
Antenatal factors
Multiple pregnancy 2.0-6.8
Hypertensive disorders
Preeclampsia 1.7-3.7
Eclampsia 2.9-13.7
Bleeding per vagina after 8th month 3.4-5.7
Maternal jaundice 2.0-7.9
Maternal anemia (PCV <0.21) 1.94.2
Maternal anemia (PCV <33 %) NS in 4 studies
Maternal malaria (blood test positive) 2.2-3.5°
Syphilis (perinatal death) 1.7-5.8
HIV (infant death) 7.2
Intrapartum factors
Malpresentation
Breech 6.4-14.7
Others 8.3-33.5
Obstructed labor/dystocia 6.7-84.9
Prolonged second stage 2.6-4.8
Maternal fever during labor (>38 °C) 9.7-10.2
Rupture of membranes >24 h 1.8-6.7
Meconium-stained liquor 11.5

Reprinted with permission from Table 3, Lawn et al. [51]

PCYV packed cell volume, NS not significant

?0dds ratios included are from population-based studies adjusting for
major confounders (parity and socioeconomic status) and significantly
associated with intrapartum stillbirth or neonatal death or perinatal
death unless given as NS in more than one study

"Risk for low birthweight not mortality

educational attainment itself is an important socioeconomic
marker associated with stillbirth and neonatal death across a
diverse range of settings [90]. In high-income country set-
tings, low education (usually defined as <10 or <8 years)
carries an approximate 70 % increase in the odds of stillbirth.
Population attributable risk (PAR) for low education and
stillbirth has been estimated at 5 % in HIC overall as high as
50 % in LMIC [91].

The association of race and ethnic background in adverse
pregnancy outcome is well established in HIC. In the USA,

black race is independently associated with stillbirth and neo-
natal deaths. In Australia, population estimates show that
indigenous women have around twice the rate of stillbirth and
neonatal death of non-indigenous women. However, when
controlling for maternal and medical factors, Australian indig-
enous status was shown not to be independently associated
with stillbirth, highlighting the avoidability of these deaths.
Disparity in stillbirths and neonatal deaths between the richest
and poorest population across HIC persists [24, 92]. Similarly,
data from sub-Saharan Africa and countries in south Asia
reveal consistently higher neonatal death rates for the poorest
families [93]. Other ethnic minorities are also at increased risk
in both HIC [94] and LMIC [90].

Inadequate antenatal care (defined as either late or low
attendance) is associated with stillbirth in both HIC [89, 95]
and LMIC [90], with a three- to sevenfold increase in the
odds compared to those with adequate antenatal care.
Important disparity continues to exist with women from dis-
advantaged backgrounds having poorer antenatal care atten-
dance [90]. Globally, families living in rural areas, where
there is limited access to appropriate healthcare, have an
increased risk of adverse outcome [7]. The highest neonatal
death rates occur in regions with low coverage of skilled
birth attendance and institutional delivery [93]. A study in
Canada [96] found a 40 % increased risk of stillbirth in iso-
lated rural areas.

While advanced maternal age is associated with higher
rates of obesity, acquired medical conditions such as diabe-
tes, infertility, the use of reproductive technologies, and mul-
tiple gestations [97], it also is an important independent risk
factor for stillbirth. In HIC, a 70 % increase in the odds of
stillbirth has been shown for women of 35 years or older and
a doubling of the odds for women over 40. In LMIC settings,
a doubling of the odds of stillbirth for women over 35 and a
fivefold increase for women over 40 have been reported [90].
The risk of stillbirth increases with gestational age [98], and
for women of advanced age, the risk is more evident in late
gestation [99, 100]. In HIC settings, young maternal age
(<20 years) does not appear to be an independent risk factor
for stillbirth; however, extremely younger age groups in the
USA have been shown to carry an increased risk. In LMIC,
young maternal age also is a contributor to stillbirth and neo-
natal death [90].

Primiparity is associated with a similar increase in the
odds of stillbirth across high-, low-, and middle-income set-
tings ranging from around a 30 % to 60 % increase [89, 90].
PAR for stillbirths attributed to primiparity in HIC has been
estimated at around 15 %, highlighting its importance as a
contributor to stillbirth. In LMIC and HIC, multiparty of five
or more births carries increased odds of stillbirth [89, 90] and
other adverse pregnancy [93]. With very low prevalence in
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HIC, grand multiparity makes a very small contribution to
stillbirth rates. However, in some populations, multiparity
may play a bigger role due to higher prevalence. In HIC, the
number of women delaying childbearing is rising, increasing
the proportion of primiparous women of advanced age.
Although few studies have rigorously addressed the interac-
tion of these two factors, stillbirth risk in older primiparous
women (i.e., >35 years) may be two to fourfold higher than
their counterparts [89].

The association between interpregnancy interval and
adverse outcome in a HIC setting is unclear. Although a
30 % increase in the odds of stillbirth was associated with an
interval of 3 years or more compared with 1 to less than
3 years in one study [101], another study showed a 50 %
increase for an interval of 6 years or more compared with
3-5 years [102]. In some LMIC an unmet need for family
planning is a contributor to adverse outcome.

Maternal Weight and Nutrition

Obesity is a major potentially avoidable risk factor to stillbirth
in HIC and emerging risk factor in poorer settings, with
increased access to caloric dense but nutrient poor food.
Maternal pre-pregnancy overweight and obesity (combined
body mass index [BMI] 25-30 and >30, respectively) are
associated with stillbirth. In HIC, BMI of 25-30 has been
associated with a 30 % increase in the odds for stillbirth, BMI
>30 a 60 % increase, and BMI >40 a more than twofold
increase in the odds for stillbirth. PAR for maternal overweight
and obesity in HIC is estimated at 12 %. With higher preva-
lence, PAR for indigenous Australian and Canadian women
and for African American women is estimated at 20 %, 25 %,
and 23 %, respectively. In one study, women who gain three or
more units in BMI (independent of whether they were over-
weight in the first pregnancy) between the first and second
pregnancies had a 60 % increase in the odds of stillbirth. The
effect was stronger for term than for preterm births, suggesting
a relationship between BMI and placental function. In LMIC,
maternal underweight and poor nutrition leading to anemia
increase the risk of stillbirth and neonatal death [93].

Smoking

Smoking has tremendous global impact on health and, in
pregnancy, appears causally associated with stillbirth [101].
In high-income countries, smoking during pregnancy has
been associated with a 40 % increase in the odds of stillbirth,
and with almost double the risk for heavy smoking (greater
than or equal to ten cigarettes per day). PAR for any smoking
was conservatively estimated at 8 %. Assuming the same
strength of association, with a much higher prevalence of

50-60 % [103], PAR for indigenous Australian and Canadian
women is estimated to be around 20 %[89]. Smoking cessa-
tion programs in pregnancy are the only intervention shown
to reduce preterm birth and low birthweight, but uptake into
practice is variable [104].

Alcohol, lllicit Drug Use

While the adverse effects of alcohol consumption on the
developing fetus are well accepted, there is a paucity of high-
quality data to assess its impact [105]. Meta-analysis of two
studies in HIC [106, 107] showed a small (10 %) increase in
the odds of stillbirth for low intake (one to three drinks per
week). One large study in the USA [106] showed the asso-
ciation was stronger for stillbirth <28 weeks of gestation
(80 % increase in the odds). However, the risk was isolated
to women with greater than five drinks per week. Based on a
prevalence of 50 % and 40 % increased risk, PAR for alcohol
could reach 17 %. Three or more episodes of binge drinking
in the first trimester have been associated with a 45 %
increase in the odds of stillbirth [107]. A doubling of the
odds of stillbirth has been reported for women using illicit
drugs in pregnancy. While good-quality prevalence data, is
lacking using a prevalence of 2.4 % [108], the PAR for still-
birth is estimated at 2 % in HIC. The contribution is higher in
poorer communities.

Birthweight and Preterm Birth

Both high birthweight and low birthweight are associated
with adverse pregnancy outcome [109]. Globally, low birth-
weight (<2,500 g) either due to preterm birth or small for ges-
tational age (SGA) or both is the major contributor for more
than 80 % of neonatal deaths and is also strongly linked with
later mortality and morbidity including adult-onset noncom-
municable diseases [6]. Prematurity alone is a major indirect
cause for neonatal death carrying a huge burden of disease
globally [88]. Of preterm births, those born less than 32 weeks
of gestation are at highest risk in the short and longer term.
Suboptimal fetal growth is also strongly associated with still-
birth. In HIC SGA <10 % is associated with a fourfold
increased risk of stillbirth with a PAR of 23 %.

Previous Obstetric History

Previous stillbirth is associated with around a threefold
increase in the odds of subsequent stillbirth in HIC and is
also an important risk factor in LMIC [90]. Women who have
a previous preterm SGA birth are at increased risk of still-
birth in a subsequent pregnancy with the risk increasing with
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decreasing gestational age of the previous birth ranging from
aOR of 3.4 for 32-36 weeks of gestation to aOR of 5 for less
than 32 weeks. Previous cesarean section has been shown to
be associated with a 30-50 % increase in the odds of still-
birth. While confounding due to the recurrence risk of medi-
cal conditions and pregnancy complications cannot be
excluded, this finding is concerning given the increasing
rates of cesarean births. Cesarean section may involve the
major blood vessels, including the uterine arteries and its
major branches, and this could affect perfusion of the uterus
in future pregnancies. Moreover, many stillbirths are thought
to be causally related to abnormal placentation, and previous
cesarean section is a known risk factor for other placentally
related complications, such as abruption.

Maternal Medical Conditions and Pregnancy
Complications

Maternal medical conditions and pregnancy complications
may be causal or contributory in perinatal deaths. Data from
HIC shows that while overall contribution of preexisting dia-
betes to stillbirths is small at the population level (PAR
3-5 %), it is one of the maternal medical conditions most
strongly associated with stillbirth. Despite modern obstet-
rics, diabetes is associated with a threefold increase in the
odds of stillbirth. Chronic/preexisting hypertension remains
an important contributor to adverse pregnancy outcome with
almost three times the odds of stillbirth in HIC [89].
Preeclampsia is associated with a 60 % increase in the odds
of stillbirth with a PAR of around 3 %. A threefold increase
in the odds has been reported for severe preeclampsia [110].
Pregnancy-induced hypertension (gestational hypertension)
is associated with a 30 % increase in the odds of stillbirth
[89]. A strong association with placental abruption and still-
birth is clear; the PAR for abruption is estimated at 15 %.
These conditions are also associated with preterm birth and
neonatal deaths and play a much bigger role in LMIC where
access to quality antenatal care is lacking. Multiple preg-
nancy is a strong risk factor independently associated with
stillbirth and neonatal death. Bateman et al. [111] in the USA
reported a sixfold increase in the odds of stillbirth, and an
Australian study [95] reported a threefold increase in odds
for twin or multiple pregnancies. Post-term pregnancy
(=42 weeks) is an independent risk factor for adverse preg-
nancy outcome.

Other Factors

The currently available data suggest that women conceiving
using assisted reproductive technology are likely to be at
increased risk of neonatal deaths through SGA and preterm

birth. The association of assisted reproductive technology
with stillbirth is unclear [112]. In LMIC, environmental and
indoor pollution has been shown to be associated with still-
birth [90]. No clear association with stillbirth and gender is
apparent [90]. While girls have a lower risk of neonatal death
than boys, they have a higher social risk in some countries
[6]. Consanguinity is a risk factor for stillbirth in some
regions and cultures [90].

Substandard Care

Studies have consistently shown that suboptimal antenatal
and obstetric care are frequently associated with stillbirths
and neonatal deaths, ranging from 10 to 60 % of cases [30].
The main reported factors relate to delayed recognition of
emerging clinical disorders and, if noted, an inadequate or
delayed response. Other factors include failure to use updated
best practice protocols, poor communication between staff,
inadequate antenatal care attendance, inadequate diabetes
management, and maternal smoking. Although intrapartum
stillbirths now make up a small proportion of late gestation
stillbirths in high-income countries, concerns have been
raised regarding the contribution of suboptimal care in these
cases. In South Africa, the PPIP [21] reported that almost
half of the deaths due to intrapartum asphyxia were probably
preventable with better fetal monitoring and use of the parto-
gram and the second stage of labor. Other factors included
inadequate facilities in spontaneous preterm labor and care
of the newborn, hypertension that was detected but not acted
upon, and lack of response to poor fetal movements. One of
the most commonly reported avoidable factors relating to
stillbirths is the failure to detect or act upon poor fetal growth
during antenatal care [113]. In LMIC, high fertility rates
coupled with low coverage of care and access to family plan-
ning are major contributors to stillbirth and neonatal death
[93]. Other avoidable deaths include those from infections
and intrapartum-associated disorder, which still account for
a high proportion of deaths, especially among the poorest
families, despite the availability of low-tech interventions.

Conclusion

In this chapter we have reported rates of perinatal death
globally, the vast majority occurring in low- and middle-
income countries where upscaling of known effective
interventions could avoid the majority of these deaths.
Conditions at birth and those arising in the early newborn
period account for almost 10 % of the global burden of
disease. The United Nations’ Millennium Development
Goal 4 (MDG 4) is to reduce the 1990 childhood mortal-
ity levels by two-thirds by the year 2015. As neonatal
deaths make up 44 % of all child deaths globally [6],
reducing neonatal deaths is paramount to achieving this
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target. The absence of stillbirth in the MDG has resulted
in a lack of focus on prevention of these deaths and slow
progress [6]. The reduction in neonatal death rates has
been slower than for child deaths and even slower for
stillbirths in both poor and well-resourced settings.
Placental pathology and fetal growth restriction are
important contributors to stillbirth and neonatal death.
Obesity is a major potentially avoidable risk factor to
stillbirth in high-income countries and emerging risk fac-
tor in poorer settings. Preterm birth is an important con-
tributor to neonatal deaths across all settings. The
epidemiological method can assess ways in which perina-
tal mortality rates are higher than expected and can inform
appropriate preventive strategies. However, poor-quality
data plague such analyses. Lack of registration of births
and deaths in low- and middle-income countries is a
major problem, and the numerous definitions used render
monitoring across and within countries problematic.
Further, suboptimal data systems pose a significant bar-
rier to monitoring interventions aimed at preventing peri-
natal deaths. High-quality investigation and audit are
needed to identify causes and contributing factors in peri-
natal deaths but this is often lacking. The reported causes
of stillbirth and neonatal death vary widely. With no sin-
gle classification system clearly superior, a new global
system is needed. The WHO is currently developing such
a system to address this current deficiency. This system
will align with the ICD 11 revision and follow procedures
used for the development and implementation of the
WHO ICD Maternal Mortality [76].
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