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Abstract of thesis 
Three babies are stillborn in the third trimester of pregnancy each week in New Zealand, a rate of 

2.4/1000 births. The 2016 Lancet stillbirth series highlighted differences in the rates of late stillbirth (≥28 

weeks’ gestation) between high-income countries, ranging from 1.7 to 8.8/1000 births, suggesting that a 

reduction in countries with higher rates is possible. The aim of this PhD thesis is to add to the existing 

knowledge on potentially modifiable risk factors for late stillbirth in New Zealand to assist in reducing this 

tragedy in the future.  

The Auckland Stillbirth Study, published in 2011, was the first to identify an association between maternal 

supine going-to-sleep position and late stillbirth. This provided an important stimulus for further studies 

on sleep position and stillbirth. We pooled the eligible studies into an individual participant data meta-

analysis, concluding that supine going-to-sleep position should be considered a contributing factor for 

late stillbirth in all pregnancies.   

We also hypothesised that supine going-to-sleep position may interact with other sleep factors to magnify 

the risk of stillbirth. Potential relationships were investigated in a secondary analysis. Sleep duration >9 

hours and daily daytime naps in the last month were found to be independently associated with increased 

risk of late stillbirth, however, sleep that was more restless than average was associated with reduced 

risk.  

To support the translation of our research into practice, women’s views on third trimester sleep were 

surveyed. Women reported that they could modify their going-to-sleep position. This suggested that a 

public awareness campaign on late pregnancy going-to-sleep position was feasible. Our New Zealand-

wide campaign commenced in 2018. 

As women’s involvement in stillbirth research is essential to achieve research outcomes, we also 

surveyed women’s views on participation. All women provided positive feedback. Understanding why 

late stillbirths occur may contribute to risk reduction. We asked the women who were stillbirth cases 

about their decision-making for post-mortem examination for their babies. Our findings of possible 

emotional benefits from the decision for a full post-mortem examination have now been incorporated into 

national perinatal post-mortem information. 

This thesis has added a New Zealand perspective to the existing literature on late stillbirth. It has 

identified novel factors that present new possibilities for further research and future reductions in the 

incidence of late stillbirth. 
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Chapter 1: Introduction 

1.1. Background  

Stillbirth, defined by the World Health Organisation as a baby born with no signs of life at or after 28 
weeks of pregnancy (WHO, 2016a), is a devastating outcome of pregnancy. These babies are stillborn 

at a viable gestation in high-income country settings, when women are visibly pregnant and a live baby 

is anticipated, further compounding the tragedy of pregnancy loss (Horton & Samarasekera, 2016). 
Stillbirth is a global health problem, with long-term psychosocial consequences for families and 

significant economic costs for health systems, communities, and nations (Flenady et al., 2016; Heazell 

et al., 2016). Prioritisation of stillbirth research, guidelines, accountability, and action, through 

governments and health care systems, can mitigate the extent of the problem. 

Despite great advances in the care of pregnant women and their babies in the past century, there are an 

estimated 2.6 million stillbirths ≥28 weeks’ gestation each year worldwide, a rate of 18.4/1000 births 

(Lawn et al., 2016; Blencowe et al., 2016). Major global risk factors for these stillbirths include factors 
related to maternal lifestyle and nutrition (e.g. obesity, hypertension, diabetes), infection (e.g. syphilis, 

malaria, human immunodeficiency virus), extremes of maternal age, pregnancy and childbirth 

complications (e.g. fetal growth restriction, fetal abnormalities, post-term pregnancies) (Lawn et al., 

2016). 

The worldwide variation in stillbirth rates (Blencowe et al., 2016) indicates that it is possible to identify 

and manage modifiable causes of these deaths. However, there has not been any meaningful decline in 

the global stillbirth rate over the past decade. Between 2000 and 2015, the global annual rate reduction 

for stillbirth was only half that of the reduction in mortality of children under the age of five (2% vs 3.9% 

annual rate reduction) (Lawn et al., 2016; de Bernis et al., 2016). This means the annual rate reduction 

in stillbirth must increase by more than 200% to achieve the World Health Organisation’s (UNICEF & 
WHO, 2014) recommended late stillbirth rate of ≤12/1000 births by 2030.  

More than 98% of stillbirths occur in low income countries and middle-income countries (Blencowe et al., 

2016). Yet, there are also differences in rates of stillbirth between high-income countries (HICs), ranging 
from 1.7/1000 to 8.8/1000 births (Flenady et al., 2016). Of 49 HICs surveyed in 2015 (Flenady et al., 

2016), New Zealand was in tenth place with a rate of 2.3/1000 births, and in 2017 these stillbirths account 

for around 70% of New Zealand perinatal mortality (PMMRC, 2018). This demonstrates a need to further 

reduce the New Zealand stillbirth rate towards the recommended goal for HICs of ≤2/1000 births by 2030 

(Flenady et al., 2016). 

The slow pace of change in stillbirth rates has been attributed in part to a lack of global consensus in the 

definition of stillbirth, and inconsistencies in the collection of data, investigation of causes, and 

classifications (Horton & Samarasekera, 2016). The stigma and parental blame and shame associated 

with stillbirth (Horton & Samarasekera, 2016; Burden et al., 2016; Pollock et al., 2019) are also 

considered contributing factors, with silencing of bereaved parents and marginalisation of their loss. In 
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turn, this inhibits public awareness and results in stillbirth being a low priority for health funding and 

research. Indeed, the ‘Every Woman Every Child’s 2017 Progress Report on the Global Strategy for 

Women’s, Children’s and Adolescents’ Health’ (Every Woman Every Child and Partnership for Maternal, 

2017) outlines a lack of governmental commitment to stillbirth. At the same time, it is encouraging that 

the lack of commitment to stillbirth prevention has been highlighted in the report. 

Commitment towards reducing stillbirth has been gathering momentum in recent years, with publication 

of a Lancet Stillbirth Series in 2011 and 2016, and the goal setting for global stillbirth rates by the United 

Nations Children's Fund (UNICEF) and WHO, ‘Every Newborn: An action plan to end preventable deaths’ 

in 2014 (UNICEF & WHO, 2014). The calculated triple return on investment in stillbirth prevention 
(Heazell et al., 2016; Frøen et al., 2016) through the economic and psychosocial value to families, 

communities, and nations, from babies’ lives saved is an impelling driver. This has led to increased 

urgency for research into pragmatic, low cost, accessible, and easily implemented interventions to 

reduce the burden of stillbirth as a key health priority. 

Recommendations from the 2016 Lancet Stillbirth Series provided specific priority action points to 

change the global trend for stillbirths (de Bernis et al., 2016) (Table 1). These include involving women, 

families, and communities in stillbirth research; development and implementation of culturally appropriate 

protocols for respectful care after stillbirth; addressing knowledge gaps in stillbirth prevention through 

prioritisation of stillbirth research; building evidence through increased investment in the translation and 

implementation of research, and prioritising research that serves communities that carry the highest 
burden of stillbirth. 

Priority actions from 2016 Lancet Stillbirth Series 

1. Intentional leadership  

2. Increased voice, especially among women  

3. Implementation of integrated interventions commensurate with investment  

4. Indicators to measure impact and monitor progress  

5. Investigation of crucial knowledge gaps    
 

Table 1: Lancet Stillbirth Series priority actions to change the global trend for stillbirths 

Adapted from Copyright (2016), with permission from Elsevier 
 

Using the Australian definition of ≥20 weeks of pregnancy and including terminations of pregnancy 

(Australian Institute of Health and Welfare, 2019), the New Zealand stillbirth rate was 7.0/1000 births  

(PMMRC, 2019a), and this is comparable to that of Australia at 6.7/1000 births (Australian Institute of 

Health and Welfare, 2019). Using the United Kingdom definition, which includes stillbirths from 24 weeks’ 

gestation (PMMRC, 2016), the New Zealand stillbirth rate of 3.3/1000 births was also comparable to that 
of the United Kingdom at 3.9/1000 births (Draper et al., 2018). However, the Australian Institute of Health 

and Welfare (2019) reported that from 1997 to 2016, the overall Australian stillbirth rate has had minimal 

change. The fourth MBRRACE United Kingdom Perinatal Mortality Surveillance Report (Draper et al., 

2018) similarly reported that the United Kingdom stillbirth rate remained relatively static following a period 

of reduction from 2013 to 2015. Meanwhile, in New Zealand, since 2007 when the PMMRC started 
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collecting data, there has been a statistically significant decrease in the rate of stillbirths (PMMRC, 

2019a). 

This includes a significant reduction in the New Zealand late stillbirth rate ≥28 weeks’ gestation, reducing 

from 3.2/1000 births in 2007 to 2.4/1000 in 2017 (PMMRC, 2018) (Figure 1). The Perinatal and Maternal 

Mortality Review Committee (PMMRC, 2017) reported several possible explanations for the reduction, 

these included: a reduction in birth in women <20 years of age, reduced rates of smoking among 

pregnant women, reduction in births ≥40 weeks, the requirement for review and reporting of all perinatal 

deaths, increased education around the risks, identification and management of pregnancies with 

suspected growth impaired babies, and the implementation of the Maternity Quality and Safety 
Programme in each district health region.  

Figure 1: New Zealand perinatal related mortalities/1000 births, using the international definition 
stillbirth ≥28 weeks’ gestation, 2007-2017 

Reproduced from PMMRC (2018), permission not required for use 

A further contributory factor postulated by the PMMRC, was that women may have received information 

from the existing pregnancy sleep studies (Stacey et al., 2011a; Gordon et al., 2015; McCowan et al., 

2017) which suggested that left side going-to-sleep position was associated with reduced risk of late 

stillbirth compared with the supine position, and therefore modified their going-to-sleep position. 

However, these individual studies had not been sufficiently large to definitively answer the questions 

about the relationship between women’s late pregnancy sleep practices and the risk of stillbirth 

Furthermore there was no data about maternal sleep knowledge and practices in communities with an 
increased risk of stillbirth. 

Participation of pregnant and bereaved women in stillbirth research is also an essential component of 
successful stillbirth reduction. However, there is limited evidence of women’s views of barriers and 

enablers to their participation in stillbirth research, and none to our knowledge from the perspective of 
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New Zealand women. What is more, there is only one New Zealand study that has explored women’s 

experience of their involvement in stillbirth research (Stacey et al., 2011b). This has resulted in stillbirth 

recruitment strategies and national recommendations to reduce the rate of stillbirth in New Zealand 

(PMMRC, 2018), that are based more on expert opinion, than on evidence.  

‘Unexplained’ stillbirth’ is the most common classification of stillbirths, both globally and in New Zealand 

(PMMRC, 2018; Reinebrant et al., 2017). Classification of stillbirth as unexplained is exacerbated by the 

relatively low uptake of optimal investigation after stillbirth in New Zealand (PMMRC, 2018), in particular 

the gold-standard post-mortem examination. The reasons for the low uptake are not well understood, 

considering post-mortem examination after stillbirth is free for parents in New Zealand. It is also reported 
that post-mortem is more likely to be declined by Māori and Pacific women (migrants from the Pacific 

region and their descendants), and women living in socioeconomic disadvantage, but the reasons why 

these women are more likely to decline is currently supposition (PMMRC, 2017). Research on women’s 

perspective of accepting or declining late stillbirth post-mortem in New Zealand will help fill this gap in 

knowledge. 

1.2. Aims of research  

The main aim of this thesis is a) to use the data collected internationally to explore the relationship 

between maternal sleep practices in the third trimester of pregnancy and risk of stillbirth and b) to use 
feedback from New Zealand research participants’ to address gaps in understanding of women’s views 

of third trimester sleep, stillbirth research, and late stillbirth post-mortem examination and to contribute 

to development of strategies that may reduce stillbirth. 

1.3. Structure of thesis  

The thesis begins with background chapters that introduce the topic of late stillbirth (chapter 1), overview 

of the literature on stillbirth (chapter 2), maternal late pregnancy sleep (chapter 3), and women’s views 

of late pregnancy sleep and stillbirth (chapter 4), to provide context to the research carried out in this 

thesis.  

The body of this thesis is based on five publications (chapters 5 to 9) that report on the research findings. 

The individual papers use data from three studies. Each paper details the individual methods used. 
- Part A: Risk factors for late stillbirth.  

Comprises two papers (chapters 5 and 6) from an individual participant data (IPD) meta-analysis. 
- Part B: Women’s views of late pregnancy sleep and stillbirth 

Contains an additional three papers, consisting of results from a web-based survey (chapter 7), and 

from qualitative data and a postal survey derived from the New Zealand-wide Multicentre Stillbirth 

Study (the MCSS) (chapters 8 and 9 respectively). 

At time of oral examination, four papers have been published in international peer-reviewed journals and 

the fifth is in press.  
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My role in the studies in this thesis 

Prior to commencing my PhD, I was the project coordinator for the MCSS, from 2011 to 2016. In this 

role, I directly contributed to the MCSS study design and coordinated recruitment, which later became 
one of the five participating studies in an IPD meta-analysis of maternal sleep position and stillbirth.  

During my PhD studies, I became a key member and coordinator of the Collaborative IPD of Going-to-

sleep and Stillbirth (CRIBSS) group, and had a major contribution to the two papers from an IPD meta-
analysis in Part A of this thesis. This included involvement in the conception and design of the IPD meta-

analysis, literature review, assistance with the funding and ethics applications, protocol development, 

data management plan, data collection, analysis, and interpretation, and drafting and finalising the two 

papers and responding to reviewers comments.  

In Part B of this thesis, I worked on all aspects of the three papers, which reported on data from two 

studies (a web-based survey, and qualitative data and a postal survey derived from the MCSS). My role 

included contributing to the conceptualisation and development of the survey questionnaires, literature 

review, assistance with the funding and ethics applications, protocol development, data management 

plan, recruitment and data collection, analysis and interpretation, and drafting and finalising the three 

published papers and responding to reviewers comments. 

Part A: Risk factors for late stillbirth 

The first paper, An individual participant data meta-analysis of maternal going-to-sleep position, 

interactions with fetal vulnerability, and the risk of late stillbirth (published in EClinicalMedicine by The 

Lancet in 2019), is the first individual participant data meta-analysis on maternal going-to-sleep position 

and late stillbirth, assembling all the available world-wide data on the topic. The meta-analysis was 
conducted as, although supine going-to-sleep position is associated with increased risk of late stillbirth 

(≥28 weeks’) in individual studies, it is unknown if the risk differs between going-to-sleep on the right or 

left side, and if some pregnancies are more vulnerable.  

The second paper, Associations between symptoms of sleep-disordered breathing and maternal sleep 

patterns with late stillbirth: findings from an individual participant data meta-analysis (published in PLoS 

ONE in 2020), investigates the relationship between self-reported symptoms of sleep-disordered 

breathing and maternal sleep patterns (‘any’ snoring, habitual snoring ≥3 nights per week, the Berlin 

Questionnaire, sleep quality, sleep duration, restless sleep, daytime sleepiness, and daytime naps) and 

late stillbirth, using the IPD meta-analysis data. 

Part B: Women’s views of late pregnancy sleep and stillbirth 

The third paper, Survey of maternal sleep practices in late pregnancy in a multi-ethnic sample in South 

Auckland, New Zealand (published in BMC Pregnancy and Childbirth in 2017), is a web-based survey 

of women in late pregnancy, in a multi-ethnic, socioeconomically disadvantaged region with the highest 
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rate of stillbirth in New Zealand. The participants were asked about their going-to-sleep position and 

sleep knowledge, and views about changing going-to-sleep position. 

The fourth paper, Stillbirth research: Recruitment barriers and participant feedback (published in Women 

and Birth in 2019), uses qualitative data and a postal survey derived from the MCSS to assess factors 

influencing the recruitment of pregnant and bereaved women in a New Zealand-wide multicentre case-

control stillbirth study and gain insight into how women felt about their participation. 

The fifth paper, Late stillbirth post-mortem examination in New Zealand: maternal decision-making 

(published in the Australian and New Zealand Journal of Obstetrics and Gynaecology in 2018) also uses 

the MCSS data to identify factors influencing maternal decision-making about post-mortem examination 

after late stillbirth. Although post-mortem examination is the gold standard investigation following a 

stillbirth, little is known about what may influence parents’ decisions to accept or decline a post-mortem 

examination in New Zealand. 

These papers are followed (chapter 10) by an overall discussion of the context of this research, an 

examination of the strengths and weaknesses of the studies, and implications for practice and future 
research. 
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Chapter 2: Overview of stillbirth 

2.1. Definition of stillbirth 

Stillbirth, or fetal death, is defined as a baby born with no signs of life after a given gestation. This 

gestation varies by country from ≥12 to ≥28 weeks’ gestation (Table 2).  

Fetal death data collection  Country 

≥28 weeks or 1000gms 

Afghanistan, Algeria, Angola, Argentina, Bulgaria, DR Congo, 
Lebanon, Lesotho, Malawi, Maldives, Nigeria, Russian 
Federation, Romania, Senegal, Serbia, Uganda, United 
Republic of Tanzania, Zambia, Zimbabwe 

≥28 weeks or 500gms Armenia, Azerbaijan, Brazil,  

≥28 weeks 

Bahrain, Bangladesh, Bolivia, Bosnia and Herzegovina, 
Botswana, Burundi, Chile, Columbia, Cuba, Dominican 
Republic, Egypt, El Salvador, Guinea, Guinea-Bissau, Guyana, 
Honduras, Jamaica, Jordan, Kuwait, Kyrgyzstan, Madagascar, 
Malaysia, Mauritius, Montenegro, Morocco, Mozambique, 
Namibia, Panama, Republic of Korea, Seychelles, Swaziland, 
Tajikistan, Thailand, The former Yugoslav Republic of 
Macedonia, Thailand, Trinidad and Tobago, Turkey 

≥26 weeks or 1000gms South Africa 

≥180 days Italy, Spain 

≥24 weeks or 500gms Greece, United Kingdom  

≥24 weeks Brunei Darussalam, Ghana, Singapore, Hong Kong 

≥22 weeks or 500gms 

Austria, Albania, Belgium (Brussels, Flanders, Wallonia), 
Belgium, Croatia, Cypress, Czech Republic, Denmark, Estonia, 
Fiji, Finland, France, Hungary, Iceland, Ireland, Israel, Japan, 
Latvia, Lithuania, Luxembourg, Malta, Mongolia, Nepal, 
Netherlands, Norway, Poland, Portugal, Romania, Slovakia, 
Slovenia, Sweden, Switzerland 

≥22 weeks Bahamas, Costa Rica, Cote d'Ivoire, Georgia, Republic of 
Moldova, Rwanda, Suriname, Viet Nam 

≥500 g Austria, Belarus, Kazakhstan, Oman, Yemen 

≥21 weeks Mexico, Germany 

≥20 weeks China, Guatemala, Iran, Sri Lanka, Uruguay 

≥20 weeks or 400gms Australia, Canada, New Zealand, 25 states in USA 

≥20 weeks or 350gms 12 states in USA 

≥12 weeks Norway 

Undefined gestation and/or birth 
weight 

Saudi Arabia, Tunisia, Turkmenistan, United Arab Emirates, 
Venezuela 

 

Table 2: Fetal death data collection by earliest gestation and/or lowest birthweight, and country 

Sources: Blencowe et al. (2016); Joseph et al. (2017); Norris, Manktelow, Smith, and Draper (2017); 
Smith et al. (2018) 
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Stillbirth is one of the 16 key indicators monitored for the ’Every Women Every Child Global Strategy’ 

(Every Woman Every Child, 2015), with the goal of ending preventable deaths and ensuring health and 

wellbeing for every woman and child in the global community. One of the major challenges to preventing 

stillbirth is the lack of information about why stillbirths happen, beginning with the lack of an internationally 

recognised definition of stillbirth (Reinebrant et al., 2017). 

For international comparisons, the World Health Organisation (WHO) has defined stillbirth as ‘a baby 

born with no signs of life, weighing more than 1000gm or at more than 28 completed weeks of gestation’ 

(WHO, 2018). This definition, also known as late stillbirth, arose from the International Classification of 

Diseases, ICD-10 (WHO, 2018), recommended by WHO as a uniform approach to the classification of 
diseases, which makes it comparable across settings. The ICD-10 has defined late fetal death, as a fetal 

death with a birthweight ≥1000gm, or if birthweight is not available, a gestation ≥28 weeks, or crown-

heel length ≥35 cm. For early fetal death, the values are 500 g, or 22 weeks, or 25 cm. Some countries 

have further extended the definition of stillbirth and fetal death data collection to earlier gestations and 

lower fetal weights. 

In 2017, it was reported (Blencowe et al., 2016) that there was poor compliance in international reporting 

of stillbirth using the WHO definition. There was also inconsistency in the definition of stillbirth, and legally 

mandated registration of stillbirths and weighing of stillborn babies, within and between countries, and 

specifically HICs. It is estimated that 40% of stillbirth data is based on estimates of fetal death outside 

the WHO definition (Blencowe et al., 2016). Most HICs define stillbirth as a fetal death occurring at ≥20–
24 weeks’ gestation, while most low- and middle-income countries define stillbirth as fetal death at ≥28 

weeks’ gestation (Reinebrant et al., 2017). The clinical estimate of gestational age and birthweight are 

not considered equivalent predictors of maturity, due to the greater prevalence of fetal growth restriction 

in stillborn babies (Blencowe et al., 2016). 

These marked discrepancies in the definition of stillbirth led to a recommendation to develop a global 

definition of stillbirth to enable quality improvement and benchmarking analysis (Lawn et al., 2016). The 

goal was to reach agreement on a definition using a single parameter, a specific gestational age at birth, 

as this was considered more practicable than obtaining a birthweight for stillborn babies, and a better 

predictor of viability. The WHO responded, in the most current revision of International Classification of 

Diseases, ICD-11, by removing birthweight from the definition of stillbirth, and reporting that ‘an 
antepartum fetal death (stillbirth) refers to a fetus that has suffered an intrauterine death after the 24th 

week of gestation and before the onset of labour.’ 

In New Zealand, the PMMRC definition of stillbirth is ‘the birth of a fetus showing no signs of life at 20 
weeks gestation or beyond (≥20 weeks) or weighing at least 400g if gestation is unknown’ (PMMRC, 

2018). To facilitate international comparison, the WHO definition of stillbirth of ≥1000g or ≥28 weeks if 

birthweight is unknown (WHO, 2018) is also reported in the PMMRC data. 
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2.2. Prevalence of stillbirth 

The stillbirth rate is an important gauge of the quality and availability of maternity care in a country (de 

Bernis et al., 2016; Frøen et al., 2016). The rate provides a marker to measure the effect of initiatives in 

maternity care and to monitor progress towards reducing preventable stillbirth. At the same time, 

obtaining a global estimate is currently challenging due to variations in definition, data collection, and 
reporting of stillbirth.  

The most recent 2015 estimate of the global stillbirth rate ≥28 weeks’ gestation is 18.4/1000 births. This 
translates into around 2.6 million babies stillborn each year, or >7000 stillbirths throughout the world 

every day (Lawn et al., 2016; Blencowe et al., 2016). While the majority of stillbirths (estimated at 98%) 

are from low and middle-income countries, 75% occur in South Asia and Sub-Saharan Africa, and many 

in rural locations, reflecting the paucity of adequate maternity care in these regions. Significant disparities 

are reported within and between countries, with the highest rates in rural areas (around 60%) and in 

regions of conflict and crisis (Lawn et al., 2016) (Figure 2). 

Figure 2: Variation between countries in stillbirth rates in 2015 showing the ten countries with 
the highest rates, and those with the largest numbers 

Reproduced from Blencowe et al. (2016). Copyright © 2016 Elsevier. Open Access article distributed 

under the terms of CC BY-NC-ND. Published by Elsevier Ltd. 

Stillbirth also remains a major public health issue in HICs (Flenady et al., 2016). While the rate in HICs 

(3.5/1000 births, range 1.3 to 8.8/1000) is considerably lower than low- and middle-income countries, 

the range demonstrates that there is potential for further reduction in stillbirth rates. Furthermore, in HICs, 

the stillbirth rate is almost twice that of the neonatal mortality rate (Flenady et al., 2016), and while the 
neonatal mortality in most HICs has continued to reduce, the stillbirth rate has not (Flenady et al., 2016).  

In New Zealand, stillbirth ≥28 weeks’ gestation results in the loss of around 150 babies every year and 

these rates are double those of the best performing HICs (Flenady et al., 2016). However, following the 
development of the PMMRC in 2007 (PMMRC, 2007) to review and report on perinatal deaths, New 

Zealand has become one of the global leaders in quantifying (Joseph et al., 2017) perinatal mortality. 
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The PMMRC also explores contributory factors and potentially avoidable perinatal deaths (PMMRC, 

2019a) as a strategy to reduce mortality by identifying women at increased risk of perinatal loss.  

Stillbirth rate and stillbirth risk differ by gestation. The stillbirth rate at a given gestation is calculated by 

dividing the number of stillbirths by the total number of births at the same gestation. The stillbirth risk at 

a given gestation is calculated by dividing the number of stillbirths as a proportion of the total number of 

ongoing pregnancies at the same gestation (Yudkin, Wood, & Redman, 1987; Smith, 2001). This means 

the rate of preterm stillbirth is higher compared with term, but the risk of stillbirth increases with 

gestational age. 

2.3. Risk factors for stillbirth 

Globally, the major risk factors associated with late stillbirth include maternal lifestyle and nutrition (e.g. 
obesity, hypertension, diabetes), infection (e.g. syphilis, malaria, HIV), extremes of maternal age, and 

childbirth complications (e.g. obstructed labour, fetal growth restriction, fetal abnormalities, post-term 

pregnancies) (Lawn et al., 2016). The burden of these risk factors varies between countries (Table 3), 

with stillbirth from infection and intrapartum complications more commonly reported in low- and middle-

income country settings. 

Table 3: Most important potentially modifiable risk factors and attributable risk for stillbirth ≥22 
weeks’ gestation across selected high-income countries 

Reprinted from Flenady et al. (2011a). Copyright (2011), with permission from Elsevier. 

There is a range of established major risk factors for stillbirth ≥22 weeks’ gestation in HICs. A 2011 
systematic review and meta-analysis of 96 population-based studies (Flenady et al., 2011a), including 

cohort and case-control studies published between 1998 and 2009, and excluding those which did not 

control for confounding factors, identified the most significant and potentially modifiable risk factors. 
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These were maternal overweight and obesity (body-mass index >25 kg/m²), primiparity, advanced 

maternal age (>35 years), maternal smoking during pregnancy, and maternal medical and pregnancy 

related conditions (pre-existing diabetes, hypertension, abruption, and SGA (small for gestational age) 

infants <10th birthweight centile) (Table 3). Other important maternal demographic and pregnancy 

factors identified by Flenady et al. (2011a), were lack of pregnancy care, pregnancy via assisted 

reproductive technology, prior stillbirth, maternal drug use, low level of education, socioeconomic 

disadvantage, and pregnancy ≥42 weeks’ gestation.  

2.3.1. Potentially modifiable maternal risk factors 

2.3.1.1. Body mass index (BMI kg/m2)  

Obesity has a major global role in increasing morbidity and mortality (WHO, 2000). Obesity is also 

independently associated with an increased risk of stillbirth in meta-analyses undertaken over the past 

decade (Flenady et al., 2011a; Chu et al., 2007; Aune, Saugstad, Henriksen, & Tonstad, 2014; Stubert, 
Reister, Hartmann, & Janni, 2018). While the pathophysiological mechanisms between obesity and 

stillbirth remain unclear, they are likely to be multifactorial. The inflammatory state of obesity, with 

placental, metabolic, and hormonal dysfunction are hypothesised to be important factors in the 

relationship with stillbirth (Harrison et al., 2018).  

Pre-pregnancy BMI is a proxy for maternal preconception nutritional state. Pre-pregnancy maternal 

overweight and obesity (BMI >25-30 kg/m² and BMI >30 kg/m2 respectively) were the most common 

potentially modifiable risk factors for stillbirth in HICs (Flenady et al., 2011a). This was reported in seven 

studies that assessed overweight and obesity (Sebire, Jolly, Harris, Regan, & Robinson, 2001; 

Cnattingius & Lambe, 2002; Cedergren, 2004; Getahun, Ananth, & Kinzler, 2007; Salihu et al., 2007; 

Smith et al., 2007; Khashan & Kenny, 2009). The reported prevalence of maternal overweight and 
obesity ranged from 28% to 58%, with population attributable risks for stillbirth of 8 to18%.  

Meta-analyses (Chu et al., 2007; Stubert et al., 2018) and individual recent studies from HICs (McCowan 

et al., 2017; Bodnar et al., 2015; Carmichael et al., 2015) have demonstrated a dose-dependent 
association between increasing BMI and stillbirth risk. Furthermore, obesity is associated with an 

increase in diabetes (type 2 diabetes and gestational diabetes) and hypertension (Fretts, 2005; 

Goldenberg, Kirby, & Culhane, 2004) in pregnant women, both of which are associated with an increased 

risk of stillbirth. The combination of obesity and diabetes has been reported to be stronger than the 

expected individual effects of each condition (Browne, Park, Goetzinger, Caughey, & Yao, 2019). 

However, stillbirth risk is also significantly elevated in women with obesity who do not have diabetes or 

hypertension. 

In addition, in a large Swedish study, maternal weight gain between first and second pregnancies has 

also been reported to increase the risk of stillbirth in the second pregnancy (Villamor & Cnattingius, 

2006). The risk was linearly related to the amount of weight change, and independent of pre-pregnancy 
BMI. A USA study (Whiteman et al., 2011) has demonstrated a similar increased in risk of stillbirth 

associated with an increase in pre-pregnancy BMI between two successive pregnancies, with women of 

normal BMI who became obese, having the highest risk of stillbirth. However, low maternal BMI less 
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than 25 kg/m² has not been shown to be associated with risk of stillbirth (Getahun et al., 2007; Smith et 

al., 2007).  

New Zealand research has also reported a significant and dose dependent increase in the risk of late 

stillbirth for women who are overweight and obese. This has been demonstrated in two case-control 

studies (McCowan et al., 2017; Stacey et al., 2011c), and in annually reported national perinatal mortality 

data (PMMRC, 2018), in which a BMI above normal range at pregnancy booking is an independent risk 

factor for stillbirth in New Zealand. The population attributable risk for high BMI and late stillbirth were 

calculated by McCowan et al. (2017), this was 20.4% for women with obesity at pregnancy booking (BMI 

measured before 20 weeks of gestation in 91% of women), and 8.4% for women who were overweight. 

Despite the consistent association between maternal obesity, interpregnancy weight gain, and stillbirth, 

most studies on nutritional and life-style interventions to manage BMI before and during pregnancy have 

not shown significant maternal or fetal advantages (Stubert et al., 2018). This may be due to challenges 
in defining appropriate parameters for diet and exercise for pregnant women, and the acceptability and 

timing of the interventions. Therefore, identification of effective interventions to support an optimum 

pregnancy-related weight range, is becoming a universal challenge in HICs. Since 2015, the New 

Zealand Ministry of Health has reported maternal BMI as a Maternity Clinical Indicator. The aim is to 

support maternity services to optimise healthy weight gain during pregnancy and plan appropriate care 

for pregnant women with obesity. 

2.3.1.2. Medical conditions  

Pre-existing diabetes and hypertension are increasingly common pre-pregnancy conditions that also 

have modifiable components. Diabetes is increasing in parallel with obesity in HICs (Flenady et al., 

2011a). Therefore, although Flenady et al. (2011a) reported the population attributable risk of pre-
existing diabetes to stillbirths was relatively low at 3 to 5%, but this contribution will further increase. 

Flenady et al. (2011a) performed a meta-analysis of five studies (Flenady, 2008; Canterino, Ananth, 

Smulian, Harrigan, & Vintzileos, 2004; Allen, Joseph, Murphy, Magee, & Ohlsson, 2004; Ananth, Savitz, 

& Bowes Jr, 1995; Zetterström, Lindeberg, Haglund, & Hanson, 2008), demonstrating that pre-existing 

diabetes was associated with around a 3-fold increase in odds of stillbirth. The association with stillbirth 

was not seen for women with gestational diabetes (Peticca, Keely, Walker, Yang, & Bottomley, 2009; 

Xiong, Saunders, Wang, & Demianczuk, 2001).  

Pre-existing hypertension is also more common amongst women with obesity (Hutcheon, Lisonkova, & 

Joseph, 2011). Pre-existing hypertension was associated with a 2.6-fold increase in odds of stillbirth 

(Flenady et al., 2011a), with a population attributable risk of around 7 to 14% in a meta-analysis of five 
studies from HICs (Flenady, 2008; Allen et al., 2004; Ananth et al., 1995; Zetterström et al., 2008; Frøen, 

Gardosi, Thurmann, Francis, & Stray‐Pedersen, 2004). A 30% increase in the odds of stillbirth due to 

gestational hypertension in HICs was also reported (Flenady et al., 2011a). 

It may be possible to modify the associated stillbirth risks of pre-existing diabetes and hypertension if all 

women with these conditions were aware of the implications of pregnancy and how they may reduce the 

risk to their baby. It has been reported (Smith & Fretts, 2007) that with high quality preconceptual care, 
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and close monitoring and management, the risk of perinatal death in women with pre-existing diabetes 

and hypertension, is similar to that of the general pregnant population. Furthermore, interventions to 

support clinicians to optimise identification and management may help to reduce fetal risk. 

2.3.1.3. Smoking during pregnancy 

Tobacco smoking in pregnancy is one of the most consistent and modifiable risk factors for adverse fetal 

outcomes. These adverse outcomes include impaired fetal growth, preterm birth, asphyxia and stillbirth 

(Fretts, 2005; Lawn et al., 2011; Bjørnholt, Leite, Albieri, Kjaer, & Jensen, 2016; US Department of Health 

and Human Services, 2014; Robertson, Turner, & Kumar, 2019). Maternal self-report of smoking in early 

pregnancy was associated with a 36% increase in the odds of stillbirth in a 2011 meta-analysis (Flenady 
et al., 2011a) of four studies from HICs (Flenady, 2008; Goy, Dodds, Rosenberg, & King, 2008; Ahlenius 

& Thomassen, 1999; Salihu et al., 2008a). Smith et al. (2007) reported an even stronger association 

between smoking and stillbirth in HICs, reporting a 1.7- to 3-fold increase in odds of stillbirth associated 

with maternal smoking. 

A more recent meta-analysis (Marufu, Ahankari, Coleman, & Lewis, 2015) included 25 studies from 

developing and developed countries, showing a 46% increased risk of stillbirth associated with tobacco 

smoking. A dose-dependent response relationship was identified in three of the included studies 

(Wisborg, Kesmodel, Henriksen, Olsen, & Secher, 2001; Satcher, Thompson, & Koplan, 2002; Kleinman, 

Pierre Jr, Madans, Land, & Schramm, 1988). Women who ceased smoking in the first four months of 

pregnancy had a similar risk to non-smokers (Bjørnholt et al., 2016; Wisborg et al., 2001; Räisänen et 
al., 2014; Baba, Wikström, Stephansson, & Cnattingius, 2013; McCowan et al., 2009; Butler, Goldstein, 

& Ross, 1972; Raymond, Cnattingius, & Kiely, 1994). Although, one Canadian case-control study (Dodds 

et al., 2006) reported that stillbirth risk for women who quit smoking by 16 weeks’ gestation was similar 

(at over 2-fold increase in risk) to women who did not quit smoking, compared to non-smokers. This led 

Dodds et al. (2006) to suggest that the first-trimester may be a vulnerable period for risks associated 

with smoking, and that smoking cessation prior to pregnancy was important for fetal wellbeing. The risk 

of stillbirth for women who smoke has also been reported to be greater for women of advanced maternal 

age (Salihu et al., 2004). 

A New Zealand study reported a 30% increased risk of stillbirth for women who smoked throughout 

pregnancy (McCowan, George-Haddad, Stacey, & Thompson, 2007). New Zealand perinatal mortality 
data (PMMRC, 2018) also consistently demonstrates that New Zealand women who experienced 

stillbirth were more likely to report that they continue to smoke throughout pregnancy. Furthermore, there 

are disparities in the rates of smoking among pregnant women in New Zealand. A study (Andrews et al., 

2014) of 81,821 pregnant women who registered with a midwife Lead Maternity Carer in New Zealand, 

between 2008 and 2010, reported that women of Māori ethnicity had the highest rates of smoking 

(42.9%) at registration, followed by Pacific women (15%), New Zealand European (13.4%), and women 

of Asian ethnicity (1%). This was consistent for both antenatal and postnatal smoking.  

Rates of smoking during pregnancy in HICs have decreased to between 10% and19% (Flenady et al., 

2011a). However, women living in socioeconomic disadvantage remain more likely to smoke, compared 

to more advantaged women with a higher level of education (Ebert & Fahy, 2007). A narrative review of 
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indigenous women living in socioeconomically disadvantaged circumstances in the HICs (United States, 

Canada, Australia, and New Zealand), reported that indigenous women have a high prevalence of 

smoking (Gould, Patten, Glover, Kira, & Jayasinghe, 2017). Tobacco smoking was considered the most 

significant reversible risk factor for the health of indigenous pregnant women and their babies in these 

HICs.  

The pathophysiological mechanisms linking smoking and stillbirth are likely multifactorial. It has been 

reported that nicotine may narrow placental blood vessels (Morrow, Ritchie, & Bull, 1988; Lambers & 

Clark, 1996), and when combined with a reduction in fetal prostacyclin formation (Ylikorkala, Viinikka, & 

Lehtovirta, 1985), this may increase vascular resistance and reduce maternal-fetal blood flow (Bruner & 
Forouzan, 1991; Holloway et al., 2013). Fetal oxygenation may also be negatively affected through the 

formation of carboxyhaemoglobin from carbon monoxide in cigarette smoke (Salihu, Aliyu, & Kirby, 2005; 

Rogers, 2009). In turn, this may increase placental pathology and fetal growth restriction (Aliyu, Salihu, 

Wilson, Alio, & Kirby, 2008; Li, Lodge, Flatley, & Kumar, 2019) and lead to stillbirth through placental 

abruption, impaired fetal growth, extreme preterm birth, and fetal asphyxia (Cnattingius & Lambe, 2002; 

Aliyu et al., 2008). 

Smoking cessation programmes in New Zealand are a national health priority (PMMRC, 2018). 

Furthermore, it is recognised (PMMRC, 2018) that culturally appropriate support services for women to 

become smokefree prior to and during pregnancy should be part of routine antenatal care. International 

research demonstrates that financial incentives are the most effective strategy (Cahill, Hartmann‐Boyce, 

& Perera, 2015; Tappin et al., 2015). In New Zealand it has also been demonstrated that financial 

incentives supports usual care to increase smoking cessation among pregnant Māori women (Glover, 

Kira, Walker, & Bauld, 2015). An incentives-based smokefree programme, established in 2013, is 
reporting successful outcomes in one New Zealand health region (Counties Manukau Health, 2019) with 

a multi-ethnic, predominantly socioeconomically disadvantaged population, and a high perinatal mortality 

rate. 

2.3.1.4. Recreational drug use 

Recreational drug use is associated with an approximate 2-fold increased risk of stillbirth (Flenady et al., 

2011a), with a population attributable risk of 2.1%. However, recreational drug use is underreported in 

the pregnant population (Garg et al., 2016; Koren, Chan, Klein, & Karaskov, 2002), so the stillbirth risk 

may be even higher for women who use recreational drugs. Brandt, Leifheit, Finnegan, and Fischer 

(2014) reported that illicit drug use among pregnant women ranges from 0.9% in the United Kingdom 

(Goel, Beasley, Rajkumar, & Banerjee, 2011), to 5.9% in the United States (Substance Abuse and Mental 

Health Services Administration, 2014), and up to 8% in Australia (O'Donnell et al., 2009). 

However, both self-reported and objective measurement of maternal marijuana and other illicit drug use 

during pregnancy have been associated with a similar increased risk of stillbirth (Varner et al., 2014). 
Moreover, confounding factors associated with recreational drug use, such as maternal cigarette 

smoking, polysubstance use, socioeconomic disadvantage, and psychiatric comorbidities, add additional 

challenges to ascertainment and identification of the magnitude of risk (Varner et al., 2014; Forray, 2016). 
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A 2005 study (Kennare, Heard, & Chan, 2005) found that amongst South Australian women who were 

drug users (707 of 89,080 women), the most commonly reported drugs were marijuana (38.9%), 

methadone (29.9%), amphetamines (14.6%) and heroin (12.5%). Polysubstance use was reported by 

18.8% of the women who reported recreational drug use. The study also found that recreational drug 

use was associated with increased risks for antepartum haemorrhage and poor perinatal outcomes 

including preterm birth, SGA babies, congenital abnormalities, and a 2-fold increase in odds of stillbirth. 

A New Zealand case-control study (Stacey et al., 2011c) also reported that recreational drug use was 
associated with around a 2-fold increase in late stillbirth. The most commonly used recreational drug 

reported during pregnancy in New Zealand was marijuana, most often in combination with cigarette 

smoking. 

Certainly, marijuana is reported to be the most common recreational drug used by both the non-pregnant 

and pregnant population in an epidemiological overview of marijuana use during pregnancy (El Marroun 

et al., 2018). This is despite research and clinical evidence on the adverse effects on fetal wellbeing 

(Gunn et al., 2016). Furthermore, marijuana use is reported to be increasing among pregnant women 

(Bayrampour, Zahradnik, Lisonkova, & Janssen, 2019). This increased use is reportedly related to self-

medication for pregnancy-related nausea (Dickson et al., 2018) and lack of maternal awareness of risks 

associated with use during pregnancy (Bayrampour et al., 2019). 

2.3.1.5. Advanced maternal age (>35 years) 

Maternal age over 35 years, considered as advanced maternal age, is another common potentially 
modifiable risk factor for stillbirth (Flenady et al., 2011a). In the past, stillbirth in women of advanced 

maternal age was often related to congenital fetal anomalies. However, advances in and access to 

antenatal diagnostic screening and termination of pregnancy has supported a reduction in the rate of 

stillbirth from congenital abnormalities in many HICs (Smith & Fretts, 2007). Therefore, the increased 

stillbirth rate in women of advanced maternal age in HICs today, is more likely to be of non-anomalous 

babies, and of twins or higher order multiples (Smith & Fretts, 2007) related to assisted reproduction, 

with a trend towards increased odds of unexplained stillbirth with advancing maternal age in a meta-

analysis (Flenady et al., 2011a) of two studies (Flenady, 2008; Frøen et al., 2004). 

In addition, the increasing trend for childbearing at an advanced maternal age is reported to be related 

to women postponing pregnancy by choice or through subfertility (Lean, Derricott, Jones, & Heazell, 

2017; Huang, Sauve, Birkett, Fergusson, & van Walraven, 2008). These factors may be combined for 
women in HICs who choose to add to their families at an advanced age (Lean et al., 2017; Huang et al., 

2008), with the trend supported by continued developments in assisted reproduction. 

In a meta-analysis (Flenady et al., 2011a) of six studies from HICs, including New Zealand (Flenady, 
2008; Goy et al., 2008; Alexander, Wingate, Salihu, & Kirby, 2005; Astolfi, De Pasquale, & Zonta, 2005; 

Cnattingius, Haglund, & Kramer, 1998; Craig, Mantell, Ekeroma, Stewart, & Mitchell, 2004a), advanced 

maternal age was associated with an increase in the odds of stillbirth of 65%. In addition, stillbirth risk 

was reported to increase with increasing age, with women older than 40 years at greater risk in individual 

studies (Smith et al., 2007; Canterino et al., 2004; Salihu, Wilson, Alio, & Kirby, 2008b; Jolly, Sebire, 

Harris, Robinson, & Regan, 2000; O'Leary, Bower, Knuiman, & Stanley, 2007; Jacobsson, Ladfors, & 
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Milsom, 2004; Wie et al., 2019; Kenny et al., 2013; Waldenström, Cnattingius, Norman, & Schytt, 2015) 

and systematic reviews (Lean et al., 2017; Huang et al., 2008). 

It has also been reported that while advanced maternal age is an independent risk factor for stillbirth in 

Swedish nulliparous women, the risk was reported to be greatly reduced for parous, compared to 

nulliparous women (Waldenström et al., 2015). The risk of stillbirth has also been demonstrated to 

increase after maternal age of 30 years (Salihu et al., 2008b). In addition, the likelihood of medical 

conditions of diabetes and hypertension increase in women with advancing age (Jolly et al., 2000; Collier 

et al., 2017; Laine et al., 2018). It has been suggested (Walker & Thornton, 2019) that to reduce the risk 

of stillbirth for pregnant women over 40 years of age, consideration should be given to prescribing low 
dose aspirin if women report an additional risk factor for pre-eclampsia, serial ultrasound scanning to 

monitor fetal growth, and planned induction of labour from 39 weeks’ gestation. 

The relationship between maternal age and stillbirth risk has been reported to be a J shaped curve 
(PMMRC, 2018; Andersen, Wohlfahrt, Christens, Olsen, & Melbye, 2000). However, there was no 

association between young maternal age, defined as <20 years, and stillbirth in a meta-analysis of six 

studies (Smith et al., 2007; Canterino et al., 2004; Cnattingius et al., 1998; Craig et al., 2004a; O'Leary 

et al., 2007). Although, an increase in odds of stillbirth in very young US women, 10 to 14 years of age, 

compared to women of 15 to 19 years and 20 to 24 years of age, has been reported (Salihu et al., 2006; 

Wilson, Alio, Kirby, & Salihu, 2008). New Zealand perinatal mortality data (PMMRC, 2017) has reported 

that young maternal age <20 years, and advanced maternal age ≥40 years, was associated with 
increased odds of stillbirth.  

2.3.1.6. Parity 

Primiparity is associated with around 15% of stillbirths in HICs (Flenady et al., 2016). A meta-analysis of 
three studies (Flenady, 2008; Cnattingius et al., 1998; Guendelman, Chavez, & Christianson, 1994) by 

Flenady et al. (2016) demonstrated that primiparity was associated with a 42% increase in the odds of 

stillbirth, with a population attributable risk of around 15%.  

The increasing trend for delayed childbearing in HICs has also resulted in a corresponding increase in 

primiparous women with advanced maternal age over 35 years. The risk associated with advanced 

maternal age in primiparous women has been demonstrated to exceed that of younger primiparous 

women in a meta-analysis (Flenady et al., 2011a) of four studies from HICs (Smith et al., 2007; 

Stephansson, Dickman, Johansson, & Cnattingius, 2001; Delbaere et al., 2007; Astolfi & Zonta, 2002).  

Australian researchers (Bai, Wong, Bauman, & Mohsin, 2002) reported an increased risk of adverse 

outcomes for both nulliparous and grandmultiparous women who had singleton births in Australia, 

compared to women with parity of one to three. The effect of parity on pregnancy outcome was J shaped. 

Similarly, New Zealand perinatal mortality data (PMMRC, 2017) demonstrates that women in their first 

pregnancy have higher stillbirth rates compared to women in their second pregnancy, and that women 
in their fourth or subsequent pregnancies have higher rates of stillbirth compared to women in their 

second pregnancy.  
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Grand-multiparous women, of parity ≥4, have also been reported to have an increased risk of stillbirth 

(Stacey et al., 2011c; Bai et al., 2002; Aliyu et al., 2005). Grand-multiparity is associated with advanced 

maternal age, socioeconomic disadvantage, lack of access and barriers to health care, obesity, maternal 

medical conditions, and other adverse lifestyle factors (Waldenström et al., 2015; Bai et al., 2002; 

Akwuruoha et al., 2011; Eugene & Abedinego, 2017). A short interval between repeated pregnancies 

may also increase the potential for maternal nutrient depletion. This short inter-pregnancy interval has 

been hypothesised to result in ‘maternal depletion syndrome’ that may contribute to adverse pregnancy 
outcomes (Hobcraft, McDonald, & Rutstein, 1983) in vulnerable populations. 

Parity is associated with birth weight, with birth weight generally increasing with parity, especially 
between babies from first and second births (Hinkle et al., 2014). Prefumo, Ganapathy, Thilaganathan, 

and Sebire (2006) have suggested that the first pregnancy may prepare the maternal uterus for 

subsequent pregnancies, enabling improved endovascular trophoblast invasion, with a greater 

proportion of non-muscular tissue in the uterine spiral arteries (Khong, Adema, & Erwich, 2003) leading 

to decreased vascular resistance and increased uteroplacental arterial blood flow. This hypothesis is 

supported by uterine artery Doppler studies, demonstrating reduced resistance indices and reduced 

notches in parous compared to nulliparous women (Prefumo et al., 2004). This could contribute to the 

lower risk of stillbirth that occurs in women with parity one to three. However, it is suggested that vascular 
changes and uteroplacental under-perfusion in older pregnant women, may also contribute to the 

increased risk of stillbirth by maternal age in grand-multiparous women (Waldenström et al., 2015).   

2.3.1.7. Socioeconomic status 

Socioeconomic deprivation has been associated with adverse pregnancy outcomes, including stillbirth, 

for decades (Baird & Wyper, 1941; Blumenshine, Egerter, Barclay, Cubbin, & Braveman, 2010). 

Inequalities in health outcomes have been a key priority in international initiatives (Every Woman Every 

Child, 2015), yet persist as an important stillbirth risk factor (Best et al., 2019; Luque-Fernandez et al., 

2019; Aabakke, Mortensen, & Krebs, 2019; Jones, 2019). Health‐risk behavioural factors, such as 

smoking, low levels of physical activity, and low quality diet, in addition to other complex social factors, 

including poor health literacy and barriers in access to care, are possible pathways through which 

measures of low socioeconomic status influence the association with adverse health outcomes and 

mortality (Rayment‐Jones, Harris, Harden, Khan, & Sandall, 2019). 

A realist synthesis exploring how pregnant women with social risk factors experience maternity care in 

the United Kingdom (Rayment‐Jones et al., 2019), found that some women who had social care 

involvement during pregnancy, viewed their experience as that of scrutiny rather than support, therefore 

influencing how they engaged with maternity care. It has been suggested that interventions to address 

the modifiable risk factor of socioeconomic disadvantage should be considered as important in improving 

stillbirth rates as improvements in the quality of maternity care (PMMRC, 2018; Best et al., 2019; 

Aabakke et al., 2019; Mozooni, Preen, & Pennell, 2018). 

In New Zealand, socioeconomic deprivation is associated with inequities in perinatal mortality rates 

(PMMRC, 2018).Multivariable analysis of deaths from 2008 to 2015 demonstrated that maternal 

deprivation decile was an independent predictor of stillbirth. Furthermore, stillbirth risk was 68% higher 
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for women living in the most socioeconomically disadvantaged decile locations in New Zealand between 

1980 and 1999, compared to the most advantaged women (Craig, Stewart, & Mitchell, 2004b), after 

adjustment for maternal age. More recent New Zealand studies were able to adjust for a greater range 

of major stillbirth risk factors, including BMI (McCowan et al., 2017; Stacey et al., 2011c). Following 

adjustment, the effect of maternal deprivation decile was no longer significant. 

There are a range of measures for socioeconomic status, including marital status and education level. 

Marital status 

Marital status has been used as a proxy for socioeconomic status and an indicator of social support 

networks. However, as the proportion of childbearing women who are legally married is decreasing in 

many HICs, it has been suggested (Young & Declercq, 2010) that the marital status of pregnant women 

should be categorised into three groups: married, unmarried with partner or cohabiting, and unmarried 

without partner or single, with these categories showing an increasing gradient of risk. A 2006 Canadian 
Birth-Census Cohort study of 130,931 singleton births, reported that cohabiting and legally married 

women experienced similar birth outcomes, but most outcomes for single women were substantially 

worse (Shapiro et al., 2018). Following adjustment for maternal age and education, single women in the 

Canadian study were found to have an almost 2-fold increased risk of stillbirth, compared to women who 

were married. 

Education 

Formal education attainment is an important and easy to measure social determinant of health (Baker, 

Leon, Smith Greenaway, Collins, & Movit, 2011). Furthermore, the education level of pregnant women 

may also be a more stable and reliable measure of socioeconomic status than household income. This 

is because income can be influenced by the number of dependents and the proportion of income 

available, and may fluctuate between and during pregnancies (Salmond, Crampton, King, & Waldegrave, 

2006).  

Maternal education level has been inversely associated with stillbirth in studies from many countries 

(Luque-Fernandez et al., 2019; Aabakke et al., 2019; Frøen et al., 2001; Olsen & Madsen, 1999; Luo, 

Wilkins, & Kramer, 2006; Rom et al., 2012; Little & Weinberg, 1993; Petridou, Kotsifakis, Revinthi, 
Polychronopoulou, & Trichopoulos, 1996; Cammu, Martens, Van Maele, & Amy, 2010; Devlieger, 

Martens, & Bekaert, 2005; Auger, Delézire, Harper, & Platt, 2012; Zeitlin et al., 2016), with women who 

received lower levels of education at increased risk of stillbirth. Indeed, one study that analysed the 

independent effect of socioeconomic factors of parents on perinatal and infant mortality in Belgium 

(Devlieger et al., 2005), reported that maternal education level was the only significant and independent 

socioeconomic determinant of stillbirth.  

However, the association between maternal education level and the risk of stillbirth is inconsistent 

between studies, possibly related to the range of definitions of educational attainment. Using data from 

the national birth registries of singleton third trimester births, Rom et al. (2012) reported that while there 

were persisting educational inequities in late stillbirth rates in Denmark, Finland, Norway, and Sweden, 
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between 1981 to 2000, the inequities altered over time. The direction of change also differed between 

the countries, with economic recession suggested (Rom et al., 2012) as the possible reason for the 

increasing educational gradients in stillbirth. In Canada, Goy et al. (2008) reported no association 

between maternal education and stillbirth in a small case-control study, possibly due to the small number 

of women with a low level of education. However ,a more recent large Canadian study (Auger et al., 

2012) using individual-level data of 2,143,134 live-born and 8946 stillborn singleton babies from 1981 

through 2006 in Quebec, reported that the stillbirth rates were greater for women with fewer years of 
education, at all gestational intervals. 

2.3.2. Non-modifiable maternal risk factors 

2.3.2.1. Ethnicity 

Ethnic disparities in pregnancy outcomes are commonly observed in HICs (Flenady et al., 2016). An 

increased rate of stillbirth for women of ethnic minorities, compared to white women is a consistent finding 
in HICs. This disparity is also reported for women of ethnic minorities in HICs where free maternity care 

is provided for all pregnant women (Smith & Fretts, 2007). This is demonstrated by stillbirth rates that 

are two to three times higher for women of South Asian and African origin compared to white women, in 

Europe and Australia (Khalil, Rezende, Akolekar, Syngelaki, & Nicolaides, 2013; Ravelli et al., 2011; 

Drysdale, Ranasinha, Kendall, Knight, & Wallace, 2012). Non-Hispanic black women also experience 

higher rates of stillbirth in the United States, compared to non-Hispanic white women (Goldenberg et al., 

2004; MacDorman & Gregory, 2015; Nabukera et al., 2009; Willinger, Ko, & Reddy, 2009). 

2.3.2.2. Migrants 

Women from some low and middle income countries, particularly humanitarian migrants into HICs, are 

among the women who are most likely to experience stillbirth (Mozooni et al., 2018; Gibson‐Helm et al., 

2015). However, following adjustment for major stillbirth risk factors, such as age, parity, socioeconomic 

status, and BMI, being a migrant is often not an independent risk factor (Mozooni et al., 2018). This 

suggests that the reasons for the increase in stillbirth risk for migrant women are complex. This may 
include ethnic differences in gestation at birth and impaired fetal growth (Davies-Tuck, Davey, & Wallace, 

2017). Migrant women from low and middle income countries may also experience challenges in 

accessing and engaging in maternity care, as well as socioeconomic disadvantage (PMMRC, 2018; 

Yelland et al., 2019). 

National New Zealand data also demonstrate ethnic disparities in the rates of stillbirth (PMMRC, 2018), 

with Pacific and Indian women having increased risk compared to New Zealand women of other 

ethnicities. This disparity has been reported in the PMMRC data since data collection commenced 

(PMMRC, 2007) and in previous New Zealand studies. Craig et al. (2004a) reported a disparity in the 

odds of late stillbirth between Pacific women compared to European women between 1980 and 2001, 

following adjustment for maternal age and social deprivation. McCowan et al. (2007) reported that Indian 
and Pacific women were significantly more likely to experience a stillbirth compared to European women, 

after adjustment for smoking, parity, age, and marital status. 
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 More recent New Zealand studies have similarly reported an increase in the odds of late stillbirth, 

excluding stillbirth from fetal anomalies, for Pacific women (McCowan et al., 2017; Stacey et al., 2011c) 

and women of Māori and ‘Other’ ethnicity (McCowan et al., 2017) compared to European women. 

However, these differences were no longer seen in these individual studies following adjustment for a 

range of other important stillbirth risk factors, including maternal age, parity, smoking, marital status, 

recreational drug use, social deprivation, and BMI measured at pregnancy booking.  

Future programs to reduce disparities in adverse health outcomes between pregnant women of different 

ethnicities will require further research to increase understanding of the contributing factors (Lorch & 

Enlow, 2015). 

2.3.3. Baby risk factors 

2.3.3.1. Fetal movement 

Maternal perception of decreased fetal movement can be associated with fetal compromise, including 

placental insufficiency, fetal growth restriction, fetal infection, women‐maternal haemorrhage and 

umbilical cord abnormalities (Frøen et al., 2008; Heazell & Frøen, 2008; Warrander et al., 2012). 

Furthermore, decreased fetal movement often precedes a diagnosis of stillbirth (Frøen, 2004; Efkarpidis, 

Alexopoulos, Kean, Liu, & Fay, 2004). Therefore, maternal monitoring of fetal movements may support 

prevention of stillbirth (Flenady et al., 2019).  

Encouraging pregnant women to present to maternity services in a timely manner if they perceive 

decreased fetal movements, was associated with reduced stillbirth in Norway (Saastad et al., 2010). 

Maternal awareness of fetal movements, combined with prompt assessment of fetal wellbeing in women 
reporting decreased fetal movements, was identified by the 2011 Lancet Stillbirth Series (Flenady et al., 

2011b) as a stillbirth research priority. However, a recent United Kingdom study, the awareness of fetal 

movements and care package to reduce fetal mortality (AFFIRM) trial (Norman et al., 2018), reported 

that encouraging women in the third trimester to present to hospital immediately if they were concerned 

about decreased fetal movement, led to increased induction of labour, caesarean section, and neonatal 

unit admission, with no significant reduction in stillbirth rates. The findings from the AFFIRM trial indicate 

that the continued research on the best approach towards screening and management of women who 

report concerns about reduced fetal movements is required. Findings from the Swedish ‘Mindfetal’ 
(Rådestad et al., 2016) and Australian ‘My Baby's Movements’ trials are expected in 2020 and will 

provide further insight. 

Meanwhile, due to the association between reduced fetal movements and adverse perinatal health 

outcomes, maternal concern about reduced fetal movements should continue to receive prompt attention 

from maternity providers (Daly et al., 2018). 

2.3.3.2. Baby birth weight centiles 

Fetal growth is a marker of the wellbeing of the fetus and the function of the placenta. Internationally a 

range of standards are used to classify size at birth (Gardosi, Chang, Kalyan, Sahota, & Symonds, 1992; 

McCowan, Stewart, Francis, & Gardosi, 2004; Villar et al., 2014; WHO Multicentre Growth Reference 
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Study Group, 2006). Impaired fetal growth, which is generally assessed by the proxy of SGA less than 

the 10th birthweight centile, is associated with perinatal mortality and morbidity (Cnattingius et al., 1998; 

Gardosi, Figueras, Clausson, & Francis, 2011; Gardosi, Mul, Mongelli, & Fagan, 1998).  

The SGA fetus was demonstrated in a meta-analysis (Flenady et al., 2011a) of three studies from HICs 

(Flenady, 2008; Canterino et al., 2004; Borrell, Cirera, Ricart, Pasarín, & Salvador, 2003), to be 

associated with a 4-fold increase in risk of stillbirth, with a population attributable risk of 23%. More 

recently, Gardosi, Madurasinghe, Williams, Malik, and Francis (2013) in a United Kingdom population 

based study, reported that the SGA fetus is at a 7-fold increased risk of stillbirth. The New Zealand 

Multicentre Stillbirth Study reported that SGA age babies had an approximate 3-fold increase in the rate 
of late stillbirth with a population attributable risk of more than 24% (McCowan et al., 2017).  

Certainly, customised birthweight centiles have been shown to better associate with stillbirth, perinatal 

and neonatal morbidity in multi-ethnic New Zealand studies (Anderson, Sadler, McKinlay, & McCowan, 
2016; McCowan, Harding, & Stewart, 2005), where they are used to classify size at birth. New Zealand 

national data show an approximate threefold increase in perinatal mortality amongst SGA babies with 

the highest risk amongst those with birthweight <5th customised centile (PMMRC, 2018) (Figure 3).  

 

Figure 3: New Zealand perinatal related mortality rates (with 95% Confidence Intervals) by 
customised birthweight centile group among singleton births from 26 weeks' gestation without 
congenital abnormalities 2008-2016 

Reproduced from PMMRC (2018), permission not required for use. 

Increases in the rates of stillbirth have also been reported for babies that are LGA or macrosomic, with 

a birthweight more than the 90th birthweight centile (Zhang, Decker, Platt, & Kramer, 2008; Bukowski et 

al., 2014; Oral et al., 2001). Similar to stillbirths associated with fetal growth restriction and placental 

insufficiency, LGA stillbirths may also be associated with placental insufficiency. Bukowski et al. (2014) 
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reported that for stillbirths with an LGA fetus, the high birth weight to placental weight ratio suggests a 

relative dysfunction of the placenta, so that the larger placental size may still not be adequate for an even 

larger fetus (Burmeister, Zaleski, Cold, & McPherson, 2012).  

Much of the reduction in stillbirth in HICs has been suggested to be related to optimising the management 

and timing of birth of babies that have been identified as growth-restricted during pregnancy (Joseph, 

2007). However, optimal maternal gestational weight gain can modify and reduce the risk of a LGA  baby 

that is associated with excessive gestational weight gain (Goldstein et al., 2017). 

 2.4. Classification of stillbirth 

Stillbirth risk reduction requires capturing of data on factors that contribute to the death. Determining 

stillbirth cause, using a systematic approach, assists in identification of preventable stillbirth and 
improvements in the quality of care. Although many HICs and MICs already collate this data, assigning 

stillbirth causation is hampered by the use of at least 81 different perinatal death classification systems 

across the world (Frøen et al., 2016; Flenady et al., 2017). The number of classification systems is 

considered to be related to the limitations of the WHO recommended international classification of 

diseases (ICD) system (WHO, 2018) and a lack of willingness for international agreement (Flenady et 

al., 2009a). In addition, low-income countries that carry the greatest burden of stillbirth, have the least 

resources and systems to enable the reporting on classification of stillbirth (Reinebrant et al., 2017).  

Despite these challenges, a recent systematic review (Reinebrant et al., 2017), using 85 reports from 50 

countries, pooled results from cross-county data of 489,089 stillbirths, to identify commonly reported 

causes of late stillbirth ≥28 weeks’ gestation, stratified by high, medium and low income countries (Table 
4). The most frequent classifications were ‘unexplained’, ‘all other’, and ‘antepartum haemorrhage.’ 

Stillbirth was more often attributed to ‘infection’ and ‘complications during labour and birth’ in low-income 

countries, while ‘placental complications’ were more often reported by MIC and HICs and perhaps related 

to greater access to stillbirth investigations in these countries.  
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Global categories of 
late stillbirth 

High-income 
countries 

Middle-income 
countries 

Low-income 
countries 

Unexplained 32.1% (0.1%, 93.0%) 43.7% (0.1%, 99.5%) 41.0% (0.1%, 99.9%) 

Other-unspecified 14.0% (9.9%, 18.7%) 18.7% (0.1%, 99.9%) 13.8% (0.1%, 99.9%) 
Antepartum 
haemorrhage 14.4% (1.1%, 37.6%) 9.1% (0.1%, 47.4%) 9.3% (0.1%, 92.1%) 

Infection - - 15.8% (0.1%, 51.9%) 

Placental pathologies 9.3% (0.1%, 66.8%) 13.7% (0.1%, 47.5%) - 

Congenital anomalies 8.4% (2.3%, 17.8%) - - 
Specific fetal-
pregnancy  - 11.0% (0.1%, 57.8%) - 
Hypoxic peripartum 
death - - 11.6% (0.1%, 99.9%) 

All other causes 22.70% 3.80% 8.50% 
 

Table 4: Pooled estimates of the global categories of stillbirth (≥28 weeks’ gestation). Country-
representative reports by income setting (33 reports, 454 533 stillbirths) 

Adapted from Reinebrant et al. (2017), under the terms and conditions provided by John Wiley and 

Sons and Copyright Clearance Center. 

Reinebrant et al. (2017) concluded that effective global stillbirth prevention programs required 
improvement and implementation of the International Classification of Diseases - Perinatal Mortality 

(ICD-PM) (WHO, 2015) as part of the WHO Perinatal Mortality Audit and Review guide (WHO, 2016b). 

The ICD-PM is the first system designed for global classification of perinatal mortality that maps the ICD-

10 (and now the updated ICD-11) (WHO, 2018) to record a clinically defined cause and associated 

condition and timing of death that has relevance to developing country settings. However, ICD-PM has 

not been not well utilised due to the large number of categories that are not relevant to stillbirth, limiting 

ease of use. Furthermore, the ICD-PM uses ICD rules that are based only on perinatal death certificate 

data. This is despite the ICD having common inaccuracies in establishing the cause of deaths, in 
particular stillbirths, with overestimation of unexplained deaths. These inaccuracies are due to the 

requirement for the death certificate to be completed prior to post-mortem investigations, often by 

clinicians with limited knowledge (PSANZ, 2018). 

In New Zealand and Australia, the Perinatal Society of Australia and New Zealand (PSANZ) Perinatal 

Death Classification System (PSANZ-PDC) (Chan, King, Flenady, Haslam, & Tudehope, 2004) is used 

to classify perinatal deaths. The PSANZ-PDC consists of two main sets of conditions (categories) and 

one set of associated conditions (contributory). This system identifies the earliest and most important 

obstetric factor which resulted in the death, apart from the initial category (congenital abnormalities) 

which takes priority. A hierarchical approach between categories was previously used, but this has been 

recently updated to enable consistency with the ICD, so that rules around common scenarios are now 
applied when multiple factors are involved.  
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An illustration of New Zealand late stillbirths classified using PSANZ-PDC is demonstrated below, using 

data from I69 women with singleton late stillbirths recruited to the New Zealand wide Multicentre Stillbirth 

Study, with no known fetal anomaly at recruitment (McCowan et al., 2017) (Table 5).  

Cause of late stillbirths (≥28 weeks’ gestation)  
PSANZ-Perinatal Death Classification 

N=169 
n (%) 

Unexplained 58 (34.3) 

Fetal growth restriction (customised birthweight percentiles) 28 (16.6) 

Specific perinatal condition 25 (14.8) 

Hypoxic peripartum death 14 (8.3) 

Antepartum haemorrhage 13 (7.7) 

Maternal conditions 12 (7.1) 

Hypertension 8 (4.7) 

Perinatal infection 5 (3.0) 

Chromosomal 5 (3.0) 

Spontaneous preterm 1 (0.6) 
 

Table 5: Perinatal Society of Australia and New Zealand Perinatal Death Classification System 
(PSANZ-PDC) of cases in the New Zealand Multicentre Stillbirth Study:  

Adapted from McCowan et al. (2017). Copyright © 2017 PLOS. Open Access article distributed in 

accordance with the Creative Commons Attribution (CC BY) license.  

The PSANZ-PDC (Chan et al., 2004) resulted from an adaptation of the Aberdeen and Whitfield 

classification systems (Whitfield, Smith, Cockburn, & Gibson, 1986; Baird, Walker, & Thomson, 1954). 

PSANZ-PDC has been compared to six contemporary stillbirth classification systems in 2009 (Flenady 

et al., 2009a): Amended Aberdeen (Cole, Hey, & Thomson, 1986), Extended Wigglesworth (Maternal 

Child Health Research Consortium, 2001), PSANZ-PDC (Chan et al., 2004)., ReCoDe (Gardosi, Kady, 

McGeown, Francis, & Tonks, 2005), Tulip (Korteweg et al., 2006), and CODAC (Frøen, Pinar, & Flenady, 

2006). The finding was that CODAC from Norway, ReCoDe from the United Kingdom, and the PSANZ-
PDC, were the three leading performers, in retaining important cause of stillbirth information, ease of 

use, and inter-observer agreement. 

PSANZ is currently recommending continuing with the PSANZ-PDC system for classification of cause of 
perinatal deaths in Australia and New Zealand, at least until the ICD system is considered fit for purpose 

(PSANZ, 2018). However, concurrent application of ICD-PM and the PSANZ system to enable global 

comparisons of cause of death and future use of the ICD-PM was recommended. The PSANZ-PDC 

system has recently improved the classification of placental pathology (PSANZ, 2018), with the aim that 

20% or fewer stillbirths would be classified as ‘unexplained after full investigation.’ This updated definition 

now excludes stillbirths that were associated with placental insufficiency from the group of unexplained 

stillbirths, while under-investigated stillbirths without post-mortem or placental pathology are 
appropriately classified as ‘unexplained’. In New Zealand, the PSANZ-PDC classifications are 

undertaken at a regional level after a local mortality review meeting, followed by national audit.  
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2.5. Unexplained stillbirth  

Unexplained stillbirth, in which no cause of death can be determined, is the most common global 

classification for cause of death (Reinebrant et al., 2017) in all income settings. These unexplained 

deaths account for an estimated 30 to 40% of all stillbirths, including late stillbirths in New Zealand 

(McCowan et al., 2017). The classification of so called unexplained stillbirth contributes substantially to 
perinatal mortality rates, yet lacks information to assist in prevention, and poses a significant challenge 

for improving understanding and reducing perinatal mortality.  

An unexplained stillbirth leaves bereaved parents with no answers and the uncertainty about why their 

baby died may become a lifelong source of distress for families (Frøen et al., 2001). Enduring feelings 

of guilt and shame from not being able to save their baby are reported by many parents (Heazell et al., 

2016). Having no explanation for the death creates additional limitations in contemplating and planning 

subsequent pregnancy care. The dearth of knowledge also increases parental anxiety during future 

pregnancies, and this anxiety may extend into subsequent generations (Wojcieszek et al., 2018).  

A proportion of unexplained stillbirths are unexplored or under-investigated, that is, they have not 

undergone post-mortem, placental pathology, or karyotyping. Reasons for sub-optimal uptake of post-

mortem investigations differ across and between countries, including lack of reporting, limited clinical 

information, and paucity of diagnostic investigations (Flenady et al., 2009a). Post-mortem choice after 
perinatal death in New Zealand is related to maternal ethnicity (PMMRC, 2018), with Māori or Pacific 

ethnic groups more likely to decline. A similar finding (Craig et al., 2004b) has previously been reported 

following late stillbirth in New Zealand from 1980 to 1999. In addition, an association between post-

mortem decline and a high level of social deprivation has been reported (Craig et al., 2004b). 

It is probable that there is a diversity of factors contributing to unexplained stillbirth, and not all are likely 

to be modifiable. Some potentially modifiable risk factors for unexplained stillbirth rely on clinical 

management in a health care setting, such as induction of labour for post-dates pregnancy, and fetal 

surveillance during pregnancy and labour. Other risk factors may be able to be modified by the pregnant 

women themselves, such as smoking cessation. A potentially self-modifiable risk factor that has recently 

been identified is supine going-to-sleep position in the last three months of pregnancy (Stacey et al., 
2011a; Gordon et al., 2015; McCowan et al., 2017; Heazell et al., 2017; Owusu et al., 2013; Lakshmi et 

al., 2017). 

2.6. The triple risk model 

Management of common maternal medical and identified fetal-placental risk factors for late stillbirth is 

best practice in most HICs (Flenady et al., 2016). It is more challenging to identity and manage 

contributory factors, which may or may not be on the causal pathway but may increase stillbirth risk. 

Contributory factors are maternal and fetal vulnerabilities and endogenous stressors.  

Warland and Mitchell (2014) were the first to publish the triple-risk model as a hypothesis for 

understanding the biology of vulnerability of unexplained late stillbirth (Figure 4). The triple-risk concept 
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originated from research investigating sudden infant death syndrome (SIDS). It was proposed (Filiano & 

Kinney, 1994) that SIDS may occur when three groups of factors interrelate ( a vulnerable infant, a critical 

developmental period, and an environmental stressor).  

The hypothesis of the unexplained late stillbirth triple risk model (Warland & Mitchell, 2014) is that there 

may not be a definitive cause of the death. Instead, risk factors may be additive or may interact together, 

so that the stillbirth may be the result of a ‘perfect storm’ created by the powerful concurrence of 

contributory factors. That is, the death may be the culmination of an interplay between maternal risk 

factors (e.g. obesity, advanced age, smoking), fetal-placental vulnerability (e.g. impaired fetal growth, 

placental dysfunction), and a fetal stressor (e.g. maternal sleep-disordered breathing [SDB], supine 
going-to-sleep position).  

 

 

Figure 4: The Triple Risk Model for unexplained late stillbirth. 

Adapted from Warland and Mitchell (2014). Copyright © 2014 Springer Nature. Open Access article 
distributed under the terms of Copyright Clearance Center RightsLink.  

The triple-risk model hypothesis is supported by the awareness that most pregnancies exposed to known 

stillbirth risk factors do not result in the death of the baby. This implies that an unexplained stillbirth may 
occur only if multiple factors intersect at a particularly vulnerable time for an already compromised fetus. 

The model also allows for the possibility that a stillbirth may not have additional contributory factors, but 

rather may be explained by a specific single cause (Warland & Mitchell, 2014). As there is currently no 

useful method to adequately assess an individual woman’s risk of stillbirth, this triple risk model has 

some value in explaining a potential mechanism of the stillbirth. 

Furthermore, it has been noted that a causative pathway for SIDS has yet to be determined (Warland & 

Mitchell, 2014), and it is believed that there may be multiple pathways. However, advising parents to 

simply modify their baby’s sleep position to the back, rather than the side or stomach, resulted in a 

worldwide reduction in SIDS (Mitchell, 2014). This infant ‘back to sleep’ intervention did not require skill, 
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technology, equipment, financial resources, medical assistance, or understanding of SIDS, it only 

needed an informed and willing parent. 

If therefore, a simple intervention carried out by the woman during pregnancy was able to be effected 

with similar ease to the infant ‘back to sleep’ intervention, this may be sufficient to prevent the death of 

a vulnerable fetus, with an ensuing decrease in the rate of stillbirth. There is no need for delay until 

causative pathways for unexplained stillbirth are discovered. According to the triple risk model, a 

successful stillbirth intervention only has to be capable of inhibiting the interaction of one or more 

variables that contribute to the stillbirth, in order to be effective in reducing stillbirth risk.  

2.7. Psychosocial and economic consequences of stillbirth 

Stillbirth is more than a major life‐changing event for the parents. The death of an unborn baby is 

associated with psychosocial and economic costs that extend from the bereaved mother and her stillborn 

child, to her family, the healthcare environment, the wider community, and into the fabric of government 

and society (Heazell et al., 2016) (Figure 5). These costs are considered to outweigh any budgets for 
stillbirth prevention (Heazell et al., 2016; Frøen et al., 2016). Therefore reducing the rate of late stillbirth, 

and the consequential economic savings this would bring, is estimated to offer a triple return on 

investment. 

 

Figure 5: The direct, indirect, and intangible costs originating with the stillbirth of the baby, 
affecting mother, family, health services, society, and government. 

Reprinted from Heazell et al. (2016). Copyright (2016), with permission from Elsevier 

The stillbirth may affect the ability of those involved to perform activities of daily living, negotiate social 
relationships, and function in the workplace (Ogwulu, Jackson, Heazell, & Roberts, 2015). This has the 

potential for wide-ranging social, emotional, and economic repercussions. Comprehension of the scope 

of these intangible costs of stillbirth is therefore central to fully appreciating the magnitude of the impact 

of stillbirth. 
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Heazell et al. (2016) describe significant health care expenses resulting from stillbirth. These range from 

the immediate and additional costs of health care support required for the bereaved mother at the time 

of the stillbirth, to post-mortem investigations, and associated physical and psychological follow-up and 

any ongoing care that the family may require following the stillbirth. Any subsequent pregnancies, will 

come with expectations of pre-pregnancy investigations and counselling, additional fetal and maternal 

surveillance, and interventions as appropriate to facilitate a successful subsequent live birth.  

Depending on the context and setting of the stillbirth, healthcare staff may be adversely affected and 

require resulting workplace support (Fenwick, Jennings, Downie, Butt, & Okanaga, 2007). In addition, 

maternity services may require evaluation of staff and systems. If areas for improvement are identified, 
there may be a requirement for extra staff education and/or reorganisation of maternity services 

(PMMRC, 2018; Andrews et al., 2019). 

At the difficult time of recovering from a pregnancy and birth, and facing the shock of losing their stillborn 
baby, the family is faced with the cost of a funeral for their baby. This requires parents to use savings, or 

access government or social support, and to organise bereavement and/or other leave from their 

employment and/or social responsibilities (Campbell, Kurinczuk, Heazell, Leal, & Rivero-Arias, 2018). 

Any planned maternity leave has to be renegotiated with the employer, the employee who was covering 

the maternity leave, and with the appropriate government agency. 

Disenfranchised grief is common to parents following a stillbirth (Cacciatore, 2013), and this is because 

stillbirth is a loss that has traditionally lacked societal recognition and support. Mothers who have been 

bereaved by stillbirth are significantly more likely to experience short and long-term psychological 

distress compared to those with a live-born infant. This distress encompasses postnatal depression, 

anxiety, shame, guilt, suicidal thoughts, post-traumatic stress disorder (Burden et al., 2016; Hughes & 
Riches, 2003). Maternal distress may continue, even after a subsequent successful pregnancy (Hughes, 

Turton, & Evans, 1999).  

Partners and other family members are also more likely to experience psychological disorders following 

a stillbirth (Cacciatore, 2013). This can lead to the breakdown of the parents’ relationship (Gold, Sen, & 

Hayward, 2010), and add to the detrimental effect of the stillbirth on the quality of life and health of the 

individual. The wellbeing of present and future siblings of the stillborn baby may be similarly negatively 

affected by the extent and duration of parental and family distress and dysfunction (Cacciatore, 2013). 

There may be psychosocial and economic implications for affected siblings, from the requirement for 

additional social and emotional support, to managing behavioural and educational repercussions 

(Ogwulu et al., 2015). 

Therefore, the loss of a stillborn baby is a direct and indirect psychosocial and economic burden that has 

an impact far beyond the immediate family. It may involve extended family and social networks, work 

colleagues and employers, health care providers and health systems, government and social agencies, 
and public policy (Heazell et al., 2016). The ripple effect from the loss of a baby is captured in the annual 

New Zealand PMMRC report (PMMRC, 2018). This report documents the consumer perspective, 

implications for health care providers and health systems, and provides recommendations for the care 
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of mothers and babies that extend from the individual woman, to maternity providers, district health 

boards, professional bodies, social policy and legislation, through to the government itself. 

The following chapter will provide a review of the literature exploring aspects of maternal sleep during 

late pregnancy as risk factors for late stillbirth. 
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Chapter 3: Literature review of maternal sleep during late 
pregnancy 

3.1. Introduction  

Risk factors for stillbirth have been examined by many studies and reviews (Lawn et al., 2016; Flenady 

et al., 2011a). These risk factors include maternal lifestyle, including maternal body size, smoking, drug 

use, and medical history. Until recently, few studies have explored if there are aspects of maternal sleep 

that may be potential risk factors for stillbirth, despite women spending approximately one third of the 

pregnancy sleeping.  

Some early studies reported data on maternal pregnancy sleep habits (Karacan et al., 1968; Mills & 

Chaffe, 1994; Hertz et al., 1992; Schweiger, 1972). But aside from a 2001 case report on the relationship 

between sleep-disordered breathing and stillbirth (Brain, Thornton, Sarkar, & Johnson, 2001), the 

association between maternal sleep and adverse fetal outcomes was not well known until some years 
later, with publication of the first papers on the fetal effects of pregnancy sleep (Louis, Auckley, Sokol, & 

Mercer, 2010; Sahin et al., 2008; Okun, Roberts, Marsland, & Hall, 2009; Facco, Grobman, Kramer, Ho, 

& Zee, 2010; Qiu, Enquobahrie, Frederick, Abetew, & Williams, 2010). Therefore, a possible link between 

maternal sleep and late stillbirth was not made until the Auckland Stillbirth Study in 2011 (Stacey et al., 

2011a).  

Sleep disturbances are prevalent during pregnancy and it is generally accepted that women experience 

poor sleep across pregnancy, particularly in the third trimester. The most common sleep disturbances 

experienced by pregnant women are reduced quality and duration of sleep, night waking, daytime 

sleepiness, restless legs, and snoring (Pien & Schwab, 2004; Hutchison et al., 2012) (Table 6). These 

disturbances are mostly attributed to physical, physiological, and hormonal changes of pregnancy (Pien 
& Schwab, 2004; Wilson et al., 2011), and are exacerbated as pregnancy progresses. 
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Variable  Response Pre-pregnancy 
n (%) 

Last week 
n (%) 

P-value 

Difficulty falling 
asleep  

Never/rarely/ sometimes  218 (90.1) 180 (74.4) <.0001 

Often/every night  24 (9.9) 62 (25.6)  

Difficulty getting 
back to sleep 

Never/rarely/ sometimes  224 (92.4) 145 (59.7) <.0001 

Often/every night  19 (7.8) 98 (40.2)  
Wake up at night  Yes  66 (27.2) 234 (96.3) <.0001 
Go to toilet at night  Yes  101 (41.9) 232 (95.8) <.0001 
If yes, number of 
times up to toilet  1 82 (86.3) 77 (35.0) <.0001 

2 7 (7.4) 66 (30.0)  
≥3  6 (6.4) 77 (35.1)  

Are you a restless 
sleeper?  No/a little/average  211 (87.2) 105 (43.3) <.0001 

More than average  19 (7.8) 76 (31.4)  
Very restless  12 (5.0) 61 (25.2)  

Changed sleep 
position at night  

No/possibly once or twice/ 
more than twice not lots 196 (80.9) 105 (43.8) <.0001 

Lots 46 (19.0) 135 (56.3)  
Sleep quality self-
rating  Very good  124 (51.2) 17 (7.0) <.0001 

Fairly good  75 (31.0) 52 (21.5)  
Average  33 (13.6) 81 (33.5)  
Fairly bad  10 (4.1) 74 (30.6)  
Very bad  0 18 (7.4)  

How frequently do 
you snore?  No snoring  116 (51.6) 103 (47.7) <.0001 

1-2 nights per week  99 (44.0) 52 (24.1)  
≥3 nights per week  10 (4.4) 61 (28.2)  
Missing  19 28  

1 

Table 6: A New Zealand postal survey of women’s self-reports of third trimester sleep 

Adapted from Hutchison et al. (2012). Copyright © Springer Nature 2012. This article is open access and 

distributed under the terms of the Creative Commons Attribution Non-Commercial Licence 4.0. 

Late pregnancy discomforts, such as urinary frequency, musculoskeletal pain, gastro-oesophageal 

reflux, and fetal movement also disturb and shorten maternal sleep (Pien & Schwab, 2004; Hutchison et 

al., 2012). Smoking, alcohol intake, supine sleep position, obesity, and advanced maternal age, may 

further increase the prevalence of sleep disturbances during pregnancy (Robertson et al., 2019; Okun 

et al., 2009; Kaneita et al., 2005; Cai et al., 2013; Hegewald & Crapo, 2011). 

There are few evidence-based guidelines that report on sleep during pregnancy. Those accessed, 

appear to focus on advice about managing pregnancy-related discomforts to achieve a good night of 

sleep (Howard, Megnin-Viggars, Symington, & Pilling, 2014; The National Sleep Foundation, 2019). This 

advice often includes sleeping in a lateral position supported with pillows between the knees, under the 
pregnant abdomen, and behind the back, to ease musculoskeletal discomfort. Advice for pregnant 



32 

 

consumers on pregnancy websites is similar (BabyCenter, 2019; The Bump, 2019). However, some 

guidelines and websites also recommend a left lateral position to ensure a ‘safe sleep’ during late 

pregnancy. The origin of this safe sleeping advice, where reported, is usually based on extrapolation of 

advice arising from studies that recommend a left lateral tilt to prevent maternal and neonatal 

complications in women undergoing caesarean section (Cluver, Novikova, Hofmeyr, & Hall, 2013) and 

to manage fetal compromise during labour (Simpson & James, 2005; Ayres‐de‐Campos, Spong, 

Chandraharan, & Panel, 2015; Thurlow & Kinsella, 2002). 

3.2. Sleep position  

Accumulating evidence has shown an association between maternal supine going-to-sleep position and 

late stillbirth ≥28 weeks’ gestation. In 2019, there are now seven individual published studies (Stacey et 
al., 2011a; Gordon et al., 2015; McCowan et al., 2017; Heazell et al., 2017; Owusu et al., 2013; Lakshmi 

et al., 2017) from five countries and an international study (O'Brien et al., 2019a), investigating the 

association between maternal going-to-sleep position and late stillbirth. The risk of late stillbirth from 

supine going-to-sleep position in these studies ranged from no significant association, to an adjusted 

odds ratio (OR) of between 2.5 and 8. The studies that used similar methodologies (Stacey et al., 2011a; 

Gordon et al., 2015; McCowan et al., 2017; Heazell et al., 2017) reported similar effect sizes. The 

individual studies investigating the association between maternal going-to-sleep position and late 

stillbirth will be described in order of publication (Table 7). 
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Table 7: Studies reporting on the association between maternal supine going-to-sleep position and late stillbirth 

TASS=The Auckland Stillbirth Study. SSS=Sydney Stillbirth Study. MCSS=New Zealand Multicentre Stillbirth Study. MiNESS=Midlands and North of England 
Stillbirth Study. STARS=Study of Trends and Associated Risks for Stillbirth Study 

 

Study Method Population 
catchment 

Recruitment Data 
collection 

Pregnancy 
status 

Gestation  Participant 
numbers 

Supine going-to-sleep 
position and late stillbirth 

During 
pregnancy 
 

Adjusted odds 
ratio (95% CI) 

Last two 
weeks 
 

Adjusted odds 
ratio (95% CI) 

TASS  
Stacey et al., 
(2011) 

Case-
control 

3 health 
regions              
New Zealand 

July 2006 to 
June 2009 

Interview within 
6 weeks’ after 
stillbirth 

Non-
anomalous 
singleton 

>28 weeks’ 
gestation 

Cases 310 
Controls 155 

- 2.54, 1.04-6.18 

Ghanaian Study 
Owusu et al., 
(2013) 

Cross-
sectional 

1 facility         
Accra, Ghana 

June 1 to July 
31, 2011 

Interview within 
48 hours after 
birth 

All pregnant 
women 

>28 weeks’ 
gestation 

Recently 
delivered 
women 220 

8.0, 1.5-43.2 - 

SSS  
Gordon et al., 
(2015) 

Case-
control 

9 facilities 
Sydney, 
Australia 

January 2006 
to December 
2011 

Interview as 
soon as 
possible after 
stillbirth 

Non-
anomalous 
singleton, non-
indigenous 

>32 weeks’ 
gestation 

Cases 103 
Controls 192 

- 6.26, 1.2-34 

MCSS  
McCowan et al., 
(2017) 

Case-
control 

7 health 
regions             
New Zealand 

February 2012 
to December 
2015 

Interview within 
6 weeks’ after 
stillbirth 

Non-
anomalous 
singleton 

>28 weeks’ 
gestation 

Cases 164 
Controls 39 

- 3.67, 1.74-7.78 

MiNESS  
Heazell et al., 
(2017) 

Case-
control 

41 facilities  
United 
Kingdom 

April 2014 to 
March 2016 

Interview within 
6 weeks’ after 
stillbirth 

Non-
anomalous 
singleton 

>28 weeks’ 
gestation 

Cases 733 
Controls 291 

- 2.31, 1.04-5.11 

Indian study 
Lakshmi et al., 
(2017) 

Case-
control 

1 facility, 
Trivandrum, 
India 

March 2014 to 
September 
2015 

Interview at 
facility after 
birth 

Singleton ≥24 weeks’ 
gestation or 
500 gm 

Cases 100 
Controls 200 

2.27, 1.37-3.76 - 

STARS  
O’Brien et al., 
(2018) 

Case-
control 

International September 
2012 to August 
2014 

Internet survey 
within 30 days 
after stillbirth 

Non-
anomalous 
singleton 

>28 weeks’ 
gestation 

Cases 153 
Controls 480 

- 1.11, 0.70-1.77 
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3.2.1: The Auckland Stillbirth Study (TASS) 

The Auckland Stillbirth Study (Stacey et al., 2011a), was the first study to report an association between 
maternal supine going-to-sleep position and late stillbirth. This case-control study consisted of women 

with singleton pregnancies without congenital abnormality, booked to deliver in the Auckland health 

region, who experienced stillbirth ≥28 weeks (cases) between July 2006 and June 2009. Controls 

(n=310) were women with ongoing pregnancies, randomly selected and gestation-matched within the 

same health region. Cases (n=155) were interviewed within six weeks of when the mother estimated that 

the stillbirth occurred, and control interviews were conducted at the equivalent gestation as that of the 

matched case. The broad aim of the study was to identify potentially modifiable risk factors for late 
stillbirth by exploring a range of maternal lifestyle factors, including aspects of maternal sleep, such as 

going-to-sleep position, sleep duration, snoring, restlessness, sleep quality, and waking to go to the toilet. 

The study determined that women who did not go to sleep on their left side (comprising supine, right 
side, or other position) the night before the stillbirth was thought to have occurred, were twice as likely 

to have a late stillbirth compared with women who reported a left side going-to-sleep position (adjusted 

odds ratio [aOR] 2.03, 95% confidence interval [CI] 1.24-3.29). Supine going-to-sleep position on the last 

night (cases 10%; controls 5%) was associated with the highest rate of late stillbirth (aOR 2.54, 95% CI 

1.04-6.18). These findings were independent of other known maternal variables reported to be 

associated with increased risk of late stillbirth (ethnicity, parity, age, body mass index, smoking, and 

socioeconomic status). The authors concluded that while going-to-sleep position had not been previously 

reported as a potential risk factor for late stillbirth, the findings aligned with existing physiological research 
available at the time, on compression of the inferior vena cava (IVC) by the pregnant uterus when the 

mother was in the supine position in the third trimester (Kerr, 1968; Kerr, Scott, & Samuel, 1964; Milsom 

& Forssman, 1984).  

Stacey et al. (2011a) cautioned that it was unclear whether this association was causal or incidental, and 

concluded that there was a need for further studies to confirm or refute the findings. The BMJ editorial, 

and related correspondence, that accompanied the publication of this study (Chappell & Smith, 2011) 

expressed reservations in regard to recall bias. Stacey et al. (2011a) responded that it seemed unlikely 

that more educated women would have greater knowledge about optimal late pregnancy sleep position 

or that participants could be aware of the study hypotheses being tested, as this was the first published 

report of the association between stillbirth and sleep position and data was collected through structured 
interview (Mitchell et al., 2011).  

The issue of reverse causality (Frøen, Cacciatore J, Fretts, & Flenady, 2011) was also raised, with the 
suggestion that a poorly growing compromised, and therefore smaller and less active fetus may affect 

maternal sleeping position in late pregnancy. This was answered with additional analyses that adjusted 

for an SGA baby <10th customised birthweight centile, pre-existing diabetes, raised polycose >7.7 

mmol/L, and pre-existing medical conditions (Mitchell et al., 2011), The additional analyses were reported 

to demonstrate similar point estimates and level of significance, so that the associations between 

maternal sleep practices and stillbirth did not change. Stacey et al. (2011a) recommended that the 

findings be viewed as hypothesis generating and in need of validation. 
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3.2.2: The Ghanaian Maternal Sleep Study  

In 2013, a second study on maternal sleep practices and adverse pregnancy outcomes was published 
(Owusu et al., 2013). This cross-sectional survey of 220 recently delivered women, ≥28 week’s gestation, 

was undertaken at Korle Bu Teaching Hospital, Accra, Ghana, between June and July 2011. The women 

were interviewed about their perception of sleep quality and practices during pregnancy within 48 hours 

of giving birth.  

Women who reported that their typical sleep position during pregnancy was supine, which included those 

who reported a combination of back and side sleep positions, had higher rates of stillbirth (15.8% vs 

3.0%) compared to women who reported that they went to sleep in the non-supine position (Owusu et 

al., 2013). Supine sleep position during pregnancy was associated with an eight-fold increase in odds of 

stillbirth (OR 8.0, 95% CI 1.5-43.2), in a logistic regression that controlled for the covariates of maternal 

age, gestational age, parity, and the presence of pre-eclampsia. An association between supine sleep 
and low infant birthweight was also reported, and it was suggested that this may mediate the relationship 

between supine sleep and stillbirth (Owusu et al., 2013). 

3.2.3: The Sydney Stillbirth Study (SSS) 

The Sydney Stillbirth Study (Gordon et al., 2015) was also a case-control study that aimed to identify 

potentially modifiable risk factors for late stillbirth. Cases (n=103) were women with singleton, non-
anomalous pregnancies, and stillbirth ≥32 weeks’ gestation, booked into nine tertiary maternity hospitals 

in metropolitan Sydney between January 2006 and December 2011. Controls (n=192) were women with 

on-going pregnancies, matched to the cases by gestation and booking hospital. Median time to interview 

for the cases was 3 days (interquartile range 1-17), and median time to interview for the controls was 13 

days from the date of birth of the matched stillbirth (interquartile range 6-24). 

Gordon et al. (2015) reported that the women who slept in a supine position in the preceding month 

(cases 9.7%, controls 4.1%) were six times more likely to have a late stillbirth (aOR 6.26, 95% CI 1.2-

34.0) compared to women who reported a non-supine sleep position (left side, right side, or other 

position). This analysis was adjusted for maternal age, BMI, parity, employment status, sleep-apnoea 

symptoms, smoking, monitoring for fetal growth restriction, and education level. The population-
attributable risk for reported supine sleep position was 9.88% (95% CI 5.67–14.1%). 

3.2.4: The New Zealand Multicentre Stillbirth Study (MCSS) 

This second and larger New Zealand-wide case-control study of risk factors for late stillbirth was 

published in 2017 (McCowan et al., 2017). The objective of the study was to test the primary hypothesis 

that maternal non-left, in particular supine going-to-sleep position, would be a risk factor for late stillbirth. 

Recruitment occurred between February 2012 and December 2015 across seven health regions in New 
Zealand, which together accounted for two-thirds of New Zealand’s approximately 60,000 births each 

year.  
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The Multicentre Stillbirth Study (McCowan et al., 2017) used methods that were similar to the Auckland 

Stillbirth Study (Stacey et al., 2011a). That is, the cases (n=164) had experienced a singleton stillbirth 

≥28 weeks’ gestation and were interviewed as soon as possible after birth and before six weeks 

postpartum. Controls (n=569) were women with ongoing singleton non-anomalous pregnancies, 

randomly selected from hospital booking lists and matched for the expected distribution of stillbirths by 

region and gestation, ensuring a similar gestation to the cases. 

Following adjustment for common risk factors for late stillbirth: maternal ethnicity, parity, age, BMI, marital 

status, social deprivation, smoking, baby birthweight centile, sleep duration, and frequency of getting up 

to the toilet and daytime naps, McCowan et al. (2017) reported that the maternal supine going-to-sleep 
position on the last night before the mother thought the baby had died (cases 11.6%, controls 3.9%), 

compared to left side, was associated with greater than a 3-fold increased likelihood for late stillbirth 

(aOR 3.67, 95% CI 1.74-7.78). The population attributable risk of supine going-to-sleep position was 

9.4% (McCowan et al., 2017). The authors concluded, that as these findings confirmed those in the 

Auckland Stillbirth Study (Stacey et al., 2011a), the relationship between supine going-to-sleep position 

and late stillbirth may be causal. 

3.2.5: The Midlands and North of England Stillbirth Study (MiNESS) 

Later that same year that MCSS was published (McCowan et al., 2017), a similar case-control study in 

the United Kingdom, the Midlands and North of England Stillbirth Study (Heazell et al., 2017), was also 

published. The aim of this United Kingdom study was to report maternal sleep practices in women who 

experienced a late stillbirth compared with controls with ongoing live pregnancies at a similar gestation. 

Cases (n=291) were women who were booked into one of 41 participating maternity units in the United 

Kingdom and had experienced a singleton non-anomalous late stillbirth ≥28 weeks. Controls (n=733) 
had an ongoing pregnancy and were booked into the same 41 maternity units in the United Kingdom, 

with a similar gestational age distribution to that for late stillbirths in that unit over the preceding four 

years. The cases were interviewed as close to the time of stillbirth as possible and within 1–6 weeks 

after the birth. Recruitment occurred April 2014 to March 2016. 

Heazell et al. (2017) reported that women in the supine going-to-sleep position the night before stillbirth 

(cases 6.5%, controls 3.3%) had a 2.3-fold increased risk of late stillbirth (aOR 2.31, 95% CI 1.04–5.11) 

compared with women who settled to sleep on their left side, after adjustment for the following risk factors 

for late stillbirth: maternal ethnicity, parity, age, BMI, baby birthweight centile, sleep duration, and 

frequency of getting up to the toilet and daytime naps.The population-attributable risk for supine going-

to-sleep position was 3.7% (95% CI 0.5-9.2). The authors were unequivocal in their conclusion, stating 
that these findings confirmed that maternal supine going-to-sleep position is associated with late stillbirth. 

3.2.6: Hospital-based case-control stillbirth study from India 

Also in 2017, a hospital-based case-control stillbirth study from India (Lakshmi et al., 2017) was 

published (Lakshmi et al., 2017). The stated aim was to identify the risk factors for stillbirth among the 

mothers attending Sri Avittom Thirunal Hospital in Trivandrum. The study was conducted from March 

2014 to September 2015. Participant cases (n=100) were bereaved women who had experienced a 
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singleton stillbirth at ≥24 weeks’ gestation or 500 gm if the gestational age was not known (cases), and 

controls (n=200) were women in the next labour room to a stillbirth case, who had a singleton live-birth 

consecutive to the stillbirth case (controls). 

Lakshmi et al. (2017) reported in the published manuscript text that the risk of late stillbirth was four times 

greater in women who did not sleep in the left lateral position during their pregnancy, compared to non-

left, following adjustment for maternal age, income, education, parity, BMI, sleep pattern, vaginal 

bleeding, febrile illness, hypertension and urinary tract infection. However, the published data had an 

error in the result table, so that the data in the result table was inconsistent with the text. Furthermore, 

the sleep position data reported for univariable analysis was limited to ‘non-left lateral’ position compared 
to ‘left lateral’, while the table of multivariable analysis of variables analysed for the risk of stillbirth was 

limited to an unspecified ‘sleep pattern’. After multiple attempts, no contact was able to be made with the 

authors, department principal, or journal editors. Additionally, a January 2019 update to Beall's List of 

Predatory Journals and Publishers (Beall, 2019) stated that the journal (the International Journal of 

Reproduction, Contraception, Obstetrics and Gynecology) that published this paper has been included 

with their list of journals that may be predatory. 

3.2.7: The Study of Trends and Associated Risks for Stillbirth Consortium 
(STARS) 

The Study of Trends and Associated Risks for Stillbirth Consortium (STARS) internet‐based case‐control 

study was published in 2019 (O'Brien et al., 2019a). The aim of the study was to investigate whether 

maternal sleep practices were related to late stillbirth in a large international cohort. This was an 

anonymous online-survey of women who had experienced a stillbirth, using a nested case‐control design 

within an uncontrolled cohort. Cases were bereaved women (n=153) who had a stillbirth ≥28 weeks’ 

gestation within 30 days before completing the survey, matched with women (n=480) with an ongoing 

third‐trimester pregnancy or who had delivered a live baby within 30 days, who acted as controls.  

The primary hypothesis for the nested case‐control arm, was that supine going-to-sleep position and 

long sleep duration would be associated with late stillbirth. O'Brien et al. (2019a) commented that the 

frequency of women reporting supine going-to-sleep position was low (last month, cases n=1, controls 

n=8; last night, cases n = 4, controls n=11) and that this low number precluded full analysis. However, 

no association was found between supine going-to-sleep position, compared to left side, and late 

stillbirth. This analysis incorporated two different time frames: women who reported supine going-to-

sleep position on the last night before stillbirth was thought to have occurred (aOR 1.05, 95% CI 0.32‐

3.5) and in the last month (aOR 0.37, 95% CI 0.04‐3.12). The analysis adjusted for maternal age, 

ethnicity, parity, educational level, smoking, BMI, and country of respondent (United States vs non‐United 

States), sleep awakenings, sleep restlessness, restless leg syndrome, sleep quality, sleep medications, 
wake-up position (plus daytime sleepiness during analysis for last month).  
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3.2.8: Physiology and anatomy of maternal position in late pregnancy 

The association between maternal supine going-to-sleep position and late stillbirth is considered to be 
physiologically and anatomically plausible. The individual epidemiological studies (Stacey et al., 2011a; 

Gordon et al., 2015; McCowan et al., 2017; Heazell et al., 2017; Owusu et al., 2013) align with existing 

research demonstrating compression of the maternal inferior vena cava (IVC) by the pregnant uterus in 

the third trimester (Kerr, 1968; Kerr et al., 1964) when the mother lies in the supine position. Compression 

of the IVC by the pregnant uterus is relieved when the woman moves from the supine to the lateral 

position (Kerr et al., 1964; Hirabayashi, Shimizu, Fukuda, Saitoh, & Igarashi, 1997; Higuchi, Takagi, 

Zhang, Furui, & Ozaki, 2015; Scott & Kerr, 1963). This process has been demonstrated through vena-
caval angiography (Kerr et al., 1964) and magnetic resonance imaging (MRI) (Hirabayashi et al., 1997; 

Higuchi et al., 2015; Kienzl et al., 2014; Humphries, Ali Mirjalili, Tarr, Thompson, & Stone, 2018) (Figure 

6) 

Figure 6: Potential causal pathways linking sleep disturbances during pregnancy with adverse 
pregnancy outcomes. 

Adapted from Humphries et al. (2018), with permission from publisher Taylor & Francis. 

It is only recently, however, that blood flow through the IVC has been measured (Humphries et al., 2018). 

MRI was performed on 12 women in late pregnancy in the supine and left lateral positions. Marked 

differences in maternal arterial and venous blood flow between the supine and left lateral positions were 

demonstrated. An 85% reduction in blood flow through the vena cava at its origin and around 30% 

reduction through the aorta at the level of bifurcation was observed when the pregnant women were in 
the supine position (Humphries et al., 2018). The compression and subsequent obstruction of the IVC 

by the pregnant uterus, resulted in blood flow being diverted into the maternal collateral venous 

circulation, with a compensatory 220% increase in blood flow through the dominant azygos venous 

pathway (Humphries et al., 2018). However, this increase in collateral flow was not sufficient to fully 

offset the obstruction, resulting in an 11-25% decrease in stroke volume (Milsom & Forssman, 1984; 
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Humphries et al., 2018; Rossi et al., 2011) and 9-29% decrease in maternal cardiac output (Milsom & 

Forssman, 1984; Humphries et al., 2018; Rossi et al., 2011).  

The effect of the maternal supine position on the fetus in late pregnancy is still evolving. What is 

suggested, is that when a heavily pregnant woman lies in the supine position, this may reduce arterial 

blood flow to the placental circulation, as the uterine artery branches from the internal iliac artery below 

the level of the aortic bifurcation (Abitbol, 1977). A decrease in uterine artery flow in 14 pregnant women 

after 28 weeks’ gestation in the supine position was measured by Jeffreys, Stepanchak, Lopez, Hardis, 

and Clapp (2006) using Doppler ultrasound. These maternal haemodynamic changes may have the 

effect of reducing placental perfusion (Kauppila, Koskinen, Puolakka, Tuimala, & Kuikka, 1980). Kauppila 
et al. (1980) investigated the effect of supine and left lateral positions on uteroplacental blood flow in 22 

women in late pregnancy using the intravenous 133Xe washout method, reporting that the intervillous 

blood flow was lower in the supine position compared to the left lateral position.  

Fetal oxygenation may therefore become compromised by these haemodynamic changes. Khatib, 

Weiner, Beloosesky, Vitner, and Thaler (2014) demonstrated that the pulsatilty index in the fetal middle 

cerebral artery decreased when the mother modified her position from the left lateral to the supine 

position during late pregnancy. It was suggested that this was due to compression of the IVC and aorta 

by the pregnant uterus, resulting in activation of a protective fetal brain sparing mechanism to ensure 

adequate blood flow towards the fetal brain in situations of hypoxemia or utero-placental insufficiency. 

This decrease in flow was considered to be the result of uterine vasoconstriction in response to a 
reduction in venous return and cardiac output (Jeffreys et al., 2006).  

Reduced fetal oxygen saturation, measured by pulse oximetry, during labour in the maternal supine 

position compared to left and right lateral positions, may also contribute to fetal compromise (Carbonne, 
Benachi, LÉvÈque, Cabrol, & Papiernik, 1996). Potential fetal compromise has been demonstrated by 

increased fetal quiescence reported when the mother is in the supine position during the third trimester 

(Stone et al., 2016). This finding by Stone et al. (2016) demonstrates that the healthy fetus adapts to the 

stressor of 30 minutes of maternal supine position by adopting a lower oxygen consuming state. This 

indicates that a vulnerable fetus with limited reserves, exposed to a prolonged period in the maternal 

supine position, may suffer a hypoxic injury.  

While pregnant women are unlikely to spend long periods in the supine position while awake,  prolonged 

periods in a single position during third trimester sleep have been observed by McIntyre et al. (2016). 

This research of overnight studies was conducted in 30 healthy women between 35 and 38 weeks of 

gestation, who underwent level III respiratory polysomnography with infrared digital video recordings in 
their own homes. The average number of overnight position changes was 8 (range 1-22), and total 

overnight hours in the supine position were 1.6 (range 0–11). It was reported that the women’s chosen 

going-to-sleep positions were maintained for greater than an hour in the majority (70%) of participants, 

and this was the longest period of time measured in any one position before a position change. Two of 

the 30 participants had a supine going-to-sleep position. 
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Other factors may contribute to haemodynamic changes and potential fetal compromise in the maternal 

supine position during late pregnancy. It has been suggested that there may be individual variations in 

the woman’s collateral venous circulation (Humphries et al., 2018). An autonomic response to positional 

change (Chen, Kuo, Yang, Lo, & Tsai, 1999) may also have a role. The duration of supine position 

exposure (Ryo et al., 1996), and the presence of sleep-disordered breathing (Brown, Turner, & Kumar, 

2018; Warland, Dorrian, Morrison, & O’Brien, 2018; Leppänen et al., 2016) may further contribute to this 

process.  

3.3. Sleep duration 

The recommended sleep duration for adults between 18 and 64 years of age is between 7 and 9 hours 

of sleep per night (Hirshkowitz et al., 2015). A systematic review and meta-analysis of prospective 

studies, comprising 16 studies including 1,382,999 non-pregnant male and female participants and 

112,566 deaths, reported those sleeping ≥9 hours per night had a 30% increased risk of death. While 

participants consistently sleeping ≤5 hours per night had a 12% increased risk of death. Analysis of the 

sleep duration and mortality of women in the Nurses’ Health Study (82,969 participants and 5406 deaths 

between 1986 and 2000) confirmed that the mortality risk was lowest among those who reported 6 to 7 
hours of night time sleep, compared to women reporting shorter and longer sleep times. 

However, there is a lack of consensus about what is considered normal sleep duration in healthy 
pregnant women. This uncertainly may be a factor in the lack of clear evidence of a relationship between 

sleep duration, fetal growth and preterm birth (Micheli et al., 2011; Okun, Schetter, & Glynn, 2011; 

Abeysena, Jayawardana, & Seneviratne, 2009; Liu et al., 2019). Adding to this inconsistency, both short 

and long sleep duration are reported to be associated with raised third-trimester blood pressures and 

preeclampsia risk (O'Brien et al., 2012; Williams et al., 2010).  

There is, however, a recognised link between short sleep duration during pregnancy, hyperglycemia and 

increased risk of gestational diabetes (Facco et al., 2010; Qiu et al., 2010; Reutrakul et al., 2017). 

Reutrakul et al. (2017) performed a meta-analysis of eight studies of 17,308 pregnant women, and 

demonstrated that women who had self-reported and/or objectively measured short sleep duration had 

an increased risk of gestational diabetes and hyperglycaemia (<6-7 hours in the aggregate meta-
analysis, OR 1.70, 95% CI: 1.24-2.33, and ≤6.25 hours in the individual participant data meta-analysis 

aOR 2.84. 95% CI 1.25-6.44). 

Late stillbirth and overnight third trimester sleep duration have an inconsistent association in existing 
studies (Stacey et al., 2011a; McCowan et al., 2017; Heazell et al., 2017; Owusu et al., 2013; O'Brien et 

al., 2019a) (Figure 7). Two case-control studies reported an association only with short sleep (McCowan 

et al., 2017; Heazell et al., 2017) on the last night before the mother thought her baby had died. Another 

case-control study reported an association only with long sleep in the last month prior to stillbirth (O'Brien 

et al., 2019a). One case-control study reported an association with both short and long sleep in the last 

month (Stacey et al., 2011a). A cross sectional study (Owusu et al., 2013) did not find any association 

between sleep duration during pregnancy and late stillbirth. 
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Unsafe 
Sleep Duration? 

Optimum  
Sleep Duration? 

Unsafe 
Sleep Duration? 

Short Sleep 
≤5.49 to ≤6 hours 

Average Sleep  
Duration 

>6 hours to 8 hours 

Long Sleep 
>8 to >9 hours 

Adjusted odds ratio (95% CI) Adjusted odds ratio (95% CI) 

Short sleep duration 
 Last Month 

Long sleep duration 
 Last Month 

1.89, 0.98-3.65 
(Stacey et al., 2011a) 

1.71, 0.99-2.95 
(Stacey et al., 2011a) 

 

1.75,1.10‐2.79 
(O'Brien et al., 2019a) 

Short sleep duration 
Last Night 

Long sleep duration 
Last Night 

1.81, 1.14-2.88 
(McCowan et al., 2017) 

 

1.83, 1.24-2.68 
(Heazell et al., 2017) 

No data 

 

Figure 7: Studies reporting on the association between maternal sleep duration and late 
stillbirth 
 

The definition of short sleep duration on the last night and the last month before the mother thought her 

baby had died was similar in the three case-control studies that reported an independent association 
with late stillbirth, ≤5.49 hours (Heazell et al., 2017) and <6 hours (Stacey et al., 2011a; McCowan et al., 

2017). It is possible that in these studies, the stillbirth may have been caused by an acute event, such 

as early labour contractions or an anxiety-provoking pregnancy incident (Beebe & Lee, 2007). The acute 

event may have been the final straw for an acutely compromised fetus (Warland & Mitchell, 2014), and 

may also have disrupted and reduced maternal sleep duration. 

There was a one hour difference in the definition of long overnight sleep duration in the month before 

stillbirth between the two case-control studies that reported an independent association with late stillbirth. 

Long duration was >8 hours in a 2011 study (Stacey et al., 2011a), although this does not align with the 

recommended 7 to 9 hours of sleep per night for the non-pregnant population (Hirshkowitz et al., 2015), 

while a 2019 study defined long sleep duration as >9 hours (O'Brien et al., 2019a). The reason for the 

reported association between long sleep duration and late stillbirth is uncertain, although it is plausible 
that adverse fetal effects from prolonged periods of aortocaval compression (Kerr et al., 1964; Humphries 

et al., 2018) during long sleep duration may be a factor. It is also possible that interaction with a 

confounder (Warland & Mitchell, 2014) associated with long sleep, such as working night shifts (Signal 

et al., 2014), living in rural areas (Xu, Liu, Zhang, Sharma, & Zhao, 2017), not being in paid employment 

(Signal et al., 2014; Xu et al., 2017), or taking sleep medications during the third trimester (Okun, Ebert, 

& Saini, 2015), may lengthen the duration of maternal sleep and contribute to stillbirth.  
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3.4. Sleep quality 

Pregnancy is a time in a woman’s life when most report that their sleep quality is reduced (Sedov, 

Cameron, Madigan, & Tomfohr-Madsen, 2017). However, due to the subjective nature of sleep quality, 

there is limited data about the impact of poor sleep quality on fetal wellbeing. The method of sleep quality 

assessment, and gestation at assessment, may also affect how pregnant women describe their sleep 
quality. 

The Pittsburgh Sleep Quality Index (PSQI) is a commonly used sleep quality assessment tool (Sedov et 
al., 2017). The PQSI evaluates general sleep quality and disturbances over a 1-month period. It is made 

up of 19 items, and seven categories: overall sleep quality, sleep latency, duration of sleep, sleep 

efficiency, sleep disturbance, needing medication to sleep and daytime dysfunction due to sleepiness. 

Scored from 0 to 21, poor sleep quality is defined by a PSQI score of greater than 5. 

A meta-analysis of 24 studies of 11,002 women, reported that nearly half the pregnant women surveyed 

using the PQSI, were scored as having poor sleep quality (Sedov et al., 2017). Poor sleep quality during 

late pregnancy, in a study of 133 American women throughout their pregnancies, has been found to be 

associated with multiparity and African-American ethnicity (Christian, Carroll, Porter, & Hall, 2019). In 

addition, a study of 166 women in early and late pregnancy, reported a link between poor sleep quality 

and preterm birth (Okun et al., 2011), with the odds of preterm birth increasing by 25% for every one-
point increase on the PSQI in early pregnancy.  

Poor sleep quality was also associated with an increased risk of gestational diabetes (Cai et al., 2016), 

in a study involving 688 women of Asian ethnicity at 26 to 28 weeks gestation. An Iranian study (Naghi, 
Keypour, Ahari, Tavalai, & Khak, 2011) of 505 third trimester women, and an American study of 131 

women at 39 weeks gestation (Lee & Gay, 2004), both reported that poor sleep quality was associated 

with caesarean delivery and long labour. Furthermore, poor sleep quality has been associated with 

antenatal depression in a group of 273 Australian women (Skouteris, Germano, Wertheim, Paxton, & 

Milgrom, 2008) in the second half of pregnancy. A similar finding was reported in a study of 189 Australian 

women followed from the first to the third trimester (Mellor, Chua, & Boyce, 2014). 

There have been two studies that have investigated sleep quality and late stillbirth. A 2013 cross-

sectional Ghanaian study (Owusu et al., 2013) examined the relationship between sleep quality and late 

stillbirth in 220 new mothers, and no association was found although the majority of women reported 

poor sleep quality. In 2018, an international internet‐based case‐control study (O'Brien et al., 2019a) 

investigating the relationship between maternal sleep practices and late stillbirth, demonstrated that 

while sleep quality was similar between cases and controls, poor sleep quality increased with gestation. 

It was reported that the odds of good-very good sleep quality were higher in the stillbirth group in the 

month prior to stillbirth (OR1.69, 95%CI 1.04‐2.75), but following adjustment for major stillbirth risk 

factors, this was no longer statistically significant (aOR 1.64, 95%CI 0.98‐2.75). O'Brien et al. (2019a) 

also reported no association between late stillbirth and sleep quality the last night prior to stillbirth. 
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3.5. Daytime naps  

Daytime napping has been associated with mortality in a cohort of 8100 older women (age >69 years) 

(Stone et al., 2009). Those who reported napping daily or sleeping at least 9 hours per 24 hours had 

increased risk of death from all causes except cancer, and this included women with no reported 

comorbidities. This indicates that it may be possible that daily napping may also be suboptimal for women 
in late pregnancy, which is another vulnerable time in a woman’s life, and thus adversely influence fetal 

outcomes. However, the advantages and disadvantages of daytime napping during pregnancy are not 

well understood. 

Daytime napping is reported by women from many countries (Mindell, Cook, & Nikolovski, 2015; Izci-

Balserak, Jackson, Ratcliffe, Pack, & Pien, 2013; Tsai, Kuo, Lee, Lee, & Landis, 2013), and the 

prevalence increases in late pregnancy. Cultural factors are likely to influence daytime napping during 

pregnancy, although there is limited information on this topic. During pregnancy, daytime napping is 

reported to compensate for disrupted and insufficient overnight sleep duration (Mindell et al., 2015; Tsai 

et al., 2013) and brings total sleep obtained over a 24‐hour period closer to the recommended 7 to 9 

hours of sleep per night (Hirshkowitz et al., 2015). This suggests that regular daytime napping could 

have a positive effect on pregnancy outcomes. 

A recent Chinese study (Song et al., 2018), recruiting 10,111 pregnant women, investigated the 

relationship between afternoon napping 5–7 days/week during late pregnancy and low birth weight 

infants. They reported that following adjustment, women who napped 5–7 days/week in the afternoon for 

>1 hour, compared to women who did not nap, were less likely to have a low birth weight baby (aOR0.61, 
95%CI 0.44–0.83), with the threshold at approximately 1.5 hours of afternoon napping. The effect was 

greater for women with a lower educational level, and there was no effect for women who napped ≤1hour. 

The authors reported that afternoon napping is prevalent in the Chinese population and is considered to 

be healthy. In addition, almost all the women in the study were on maternity leave, so generally able to 

take a nap. There was low correlation between afternoon napping and duration of overnight sleep. It was 

put forward (Song et al., 2018) that napping routinely in late pregnancy in a culture where napping is the 

norm, may have health benefits during pregnancy, while in non-napping cultures, regular daytime naps 

may be more likely to be related to sleep disorders or medical conditions. 

Daytime napping during pregnancy has been associated with maternal SDB and abnormal glucose 

metabolism, which are each associated with adverse pregnancy outcomes. A case-control study (Izci-

Balserak et al., 2013) of 104 pregnant American women aimed to examine associations of sleep-
disordered breathing, sleep, and nap duration with 1-hour glucose challenge test levels. After adjusting 

for known risk factors for gestational diabetes, it was reported that sleep-disordered breathing symptoms 

(OR 3.37, 95 % CI 1.44–8.32) and nap duration (OR 1.64, 95 % CI 1.00–2.681.02) were associated with 

hyperglycemia.  

Moreover, a case-control study from New Zealand (Stacey et al., 2011a), reported that regular daytime 

naps compared with not having regular daytime naps, was associated with an increase in the odds of 

late stillbirth in the last month prior to stillbirth (aOR 2.04, 95% CI 1.26 to 3.30). A United Kingdom case-
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control study (Heazell et al., 2017) also reported that a daily nap compared with no naps, was associated 

with a two-fold increase in odds of late stillbirth during the last month (aOR 2.22, 95% CI 1.26–3.94). 

However, two similar case-control studies found no association between daytime naps and late stillbirth 

in the last week (McCowan et al., 2017) and last month (O'Brien et al., 2019a). Furthermore, the studies 

varied in the definition of the greatest frequency of naps, from regular, to ≥5 times last week, and daily 

(Table 8). 

Daytime naps 
Significant association No significant association 

Adjusted odds ratio (95% CI) Adjusted odds ratio (95% CI) 

Regular nap last month Nap ≥5 times last week 

2.04,1.26-3.30  
(Stacey et al., 2011a) 

1.27, 0.70-2.30 
(McCowan et al., 2017) 

Daily nap last month Nap often/almost always last month 

2.22,1.26-3.94 
(Heazell et al., 2017) 

1.40, 0.86‐2.29 
(O'Brien et al., 2019a) 

 

Table 8: Studies reporting on the association between daytime naps and late stillbirth 
 

The physiology behind this association of daily naps and late stillbirth is unknown. It may be that daily 

napping increases the amount of time over a 24 hour period that the pregnant woman is lying down in 

one position, and if the nap is in the supine position, it may increase the exposure of the fetus to the 

adverse effects of maternal aortocaval compression.  

3.6. Sleep restlessness  

A 2019 international case-control study by O'Brien et al. (2019a) was the first to report an association 
between restless sleep in the last month and late stillbirth, with an increase in risk of late stillbirth for 

women who reported not having restless sleep (aOR 1.73, 95% CI 1.03‐2.99). Women were asked to 

respond to a detailed web-based survey. One survey question asked, “Would you describe yourself as 
a restless sleeper (move a lot during the night)?” The responses were: ‘not at all’, ‘a little’, ‘average’, 

‘more than average’, and ‘very restless’. The question on restless sleep was unrelated to the screening 

for restless leg syndrome elsewhere in the survey. Cases were more likely to report non-restless sleep 

than controls (34.0% vs 20.2%), while a similar proportion of cases and controls (40.5% vs 41.9%) 

reported being ‘more than average’ or ‘very restless’. 

It is possible that maternal body movement may mitigate the effects of a hypoxic event on the fetus. 

Changing maternal position to the left lateral is performed routinely by clinicians as active management 

for intrapartum fetal distress (Thurlow & Kinsella, 2002), as this is thought to abate adverse fetal effects 

of aortocaval compression from maternal supine position. Improvement in fetal-placental blood flow 

through maternal body movement may also be a factor in why getting up to use the toilet on the night 
before stillbirth has been associated with a reduction in late stillbirth (Stacey et al., 2011a; McCowan et 

al., 2017; Heazell et al., 2017). 
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3.6. Getting up to the toilet overnight  

The effect of pregnancy on lower urinary tract function is well known by pregnant women. Non-pregnant 

women pass urine approximately four to six times during the day and do not usually need to get up to 

pass urine overnight. Whereas during pregnancy, urinary frequency and nocturia are the earliest and 

most common pregnancy symptoms (Stanton, Kerr‐Wilson, & Harris, 1980). Over 80% of 400 pregnant 

women booked into a Liverpool hospital, experienced increased urinary frequency during pregnancy, 

passing urine at least once overnight by the third trimester (Francis, 1960). A 1973 survey of 873 

pregnant women in Edinburgh (Parboosingh & Doig, 1973), reported that the incidence of passing urine 
at least three times at night was 66% by the third trimester. No difference in incidence of urinary 

frequency and nocturia between primiparous and multiparous pregnant women was reported by Francis 

(1960), while other studies (Stanton et al., 1980; Lin et al., 2014) found higher prevalence rates in 

multiparous pregnant women. 

Frequency has been described as diurnal changes, which may require getting up to the toilet overnight 

from one to up to seven times or more (Stanton et al., 1980). The cause of urinary frequency during 

pregnancy is not related to bladder physiology or capacity, rather the weight of the pregnant uterus, 

exerting pressure directly on the bladder, is the key factor influencing frequency throughout pregnancy 

(Chaliha & Stanton, 2002). Increased frequency is usually progressive through pregnancy. In the third 

trimester, the decent of the fetus can exacerbate existing bladder irritation and so increase frequency 

(Francis, 1960). Increased frequency during pregnancy also results in polyuria and is associated with 
increased oral fluid intake (Francis, 1960), although it is unknown which comes first. 

Parboosingh and Doig (1973) measured mean urine flow and urinary solute excretion in a 24 hour study 

overnight of 100 pregnant and 100 non-pregnant women. Similar to the study by Francis (1960), they 
reported that the average daily excretion, output, and fluid intake are highest in the second trimester and 

lowest in the third (Francis, 1960; Parboosingh & Doig, 1973). The decrease in urinary output in the third 

trimester was reported to be due to the decrease in sodium output. However, an increase in overnight 

sodium excretion was reported to be the main reason for women needing to get up to pass urine 

overnight in the third trimester, and this may be combined with reabsorption of any dependent daytime 

oedema. 

Getting up to use the toilet once or less on the night before late stillbirth has been reported to have an 

independent association with late stillbirth. Two individual case-control studies, one from New Zealand 

and another from the United Kingdom, reported adjusted odds ratios between 1.6 and 2.8: aOR 2.42, 

95% CI 1.46 to 4.00 (Stacey et al., 2011a) and aOR 2.81, 95% CI 1.85-4.26 (Heazell et al., 2017). It has 
been speculated that these findings may support the hypothesis that maternal body movement during 

third trimester sleep may mitigate the effects of a hypoxic event on the fetus, through alleviating 

aortocaval compression from maternal supine position.  

Although, a larger New Zealand case-control study (McCowan et al., 2017), did not find an association 

(aOR 1.55, 95% CI 0.93 to 2.56) between getting up to use the toilet last night and late stillbirth. There 

was also no association reported between women who got up once or less at night during the last month 
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or on the last night prior to stillbirth, compared to women who got up more than once, in an international 

case-control study (O'Brien et al., 2019a). Therefore, the current data on relationship between getting up 

to the toilet and stillbirth risk are inconclusive. 

3.7. Sleep-disordered breathing  

Symptoms of sleep-disordered breathing (SDB) are frequent during pregnancy. SDB ranges from 

abnormal respiratory patterns, such as habitual snoring ≥3 nights per week, to increased upper airway 

resistance and obstructive sleep apnoea (OSA). The principal symptom is habitual snoring, which affects 
up to 35% of women in the third trimester (O'Brien et al., 2012; Bourjeily, Raker, Chalhoub, & Miller, 

2010), and up to 85% of women with pre-eclampsia (Izci-Balserak et al., 2005). OSA is the most severe 

form of SDB, and is characterised by repetitive episodes of partial or complete airway obstruction during 

sleep, resulting in chronic intermittent hypoxia, sleep fragmentation, and a reduction in sleep quality (Izci-

Balserak & Pien, 2010). Objective measures of OSA are estimated to affect between 8% and 26% of 

pregnant women (Facco et al., 2017; Pien et al., 2013).  

There are currently no validated tools for SDB screening during pregnancy, so that habitual snoring and 

a positive Berlin Questionnaire (BQ) (Netzer, Stoohs, Netzer, Clark, & Strohl, 1999) are frequently used 

as proxy indicators. The BQ (Netzer et al., 1999) was developed to identify individuals at risk of OSA in 

non-pregnant primary care populations and has three categories 1) snoring frequency, loudness, and 
witnessed apnoea, 2) daytime sleepiness, and 3) BMI >30 and hypertension, with a positive BQ requiring 

two positive categories. BQ performs poorly as a screening tool for objective SDB measures during 

pregnancy, with a 2018 meta-analysis (Tantrakul et al., 2016) of six studies (n=604 participants) reporting 

poor to fair BQ performance during pregnancy with an overall probability of OSA occurrence of 38% if a 

pregnant woman has a positive BQ. This range may be due to the BQ including risk factors that do not 

apply to pregnant women (male gender, age >50 years) and because weight gain is usual during 

pregnancy. Furthermore, symptoms of SDB progress with gestation, and there are differing opinions 

about the optimal timing of the BQ during pregnancy (Tantrakul et al., 2016). 

SDB is a risk factor for adverse pregnancy outcomes, including gestational hypertension and pre-

eclampsia (O'Brien et al., 2012; Williams et al., 2010; Bin, Cistulli, & Ford, 2016), hyperglycaemia (Facco 
et al., 2010; Qiu et al., 2010; Reutrakul et al., 2011), impaired fetal growth (Micheli et al., 2011; Abeysena 

et al., 2009; Fung et al., 2013; Pamidi et al., 2016; O'Brien et al., 2013; Kneitel, Treadwell, & O’Brien, 

2018), and early-term and/or preterm birth (Micheli et al., 2011; Bin et al., 2016; Li et al., 2017; Kajeepeta 

et al., 2014; Dunietz et al., 2018). SDB in the third trimester is exacerbated by obesity, advanced 

gestation, and the supine sleep position (Ura & Fujimoto, 2018), all of which are themselves individually 

associated with an increased risk of late stillbirth (McCowan et al., 2017).  

Exploration of possible biological pathways (Izci-Balserak & Pien, 2010; Izci-Balserak, 2015) of the 

association of adverse pregnancy outcomes related to SDB suggests that there are multifactorial 

mechanisms, including sympathetic activation, oxidative stress, inflammation, and endothelial 

dysfunction, which contribute to maternal cardiovascular dysfunction, metabolic derangement, placental 

dysfunction, and fetal compromise (Figure 8). Thus, it is plausible that when a mother is in the supine 
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position in late pregnancy and there is reduced maternal-fetal blood flow from aortocaval compression 

(Kerr et al., 1964; Humphries et al., 2018), the addition of partial airway collapse with SDB may 

exacerbate fetal compromise in a vulnerable fetus.  

 

Figure 8: Potential causal pathways linking pregnancy sleep disturbances with adverse 
pregnancy outcomes. 

(HPA: hypothalamic–pituitary–adrenal). Reproduced from Izci-Balserak (2015). Copyright © European 
Respiratory Society 2015. Breathe articles are open access and distributed under the terms of the 
Creative Commons Attribution Non-Commercial Licence 4.0. 
 

Nevertheless, the association between SDB and late stillbirth is inconsistent across studies. A meta-

analysis (Warland et al., 2018), which included the comparison of stillbirth in women with and without 

SDB as an outcome measure, using subjective (self-reported snoring) (Stacey et al., 2011a; Gordon et 
al., 2015) and objective (OSA) (Bin et al., 2016; Louis et al., 2012; Louis, Mogos, Salemi, Redline, & 

Salihu, 2014; Spence et al., 2017) measurements, reported no association between SDB and stillbirth. 

These inconsistencies may be due to differing measurements of these aspects of maternal sleep 

between studies, or because some studies did not adjust for potential confounders (such as maternal 

body mass index [BMI kg/m2] and maternal age). Late stillbirth is also a relatively rare event in HICs, 

ranging from 1.3 to 8.8/1000 births (Flenady et al., 2016), so that individual studies have been 

underpowered to investigate interactions between late stillbirth in women with SDB compared to those 
without. 

3.8. Daytime sleepiness 

Daytime sleepiness using the Epworth Sleepiness Scale) (ESS (Johns, 1991) is commonly used as a 

proxy indicator for SDB during pregnancy. The ESS (Johns, 1991) is a subjective measure of daytime 

sleepiness with eight questions about the likelihood of dozing off in specified situations, ranging from 
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unlikely (in a car stopped for a few minutes in traffic) to highly likely (lying down to rest in the afternoon). 

The ESS is coded as 0=never doze, 1=slight chance, 2=moderate chance, and 3=high chance, with a 

positive ESS screen indicating clinical levels of daytime sleepiness defined as ≥10.  

Excessive daytime sleepiness (ESS ≥10) during pregnancy is common (estimated at 22.3-45.5%) 

(O'Brien et al., 2019a; Bourjeily, Raker, Chalhoub, & Miller, 2013). Symptoms are reported from the first 

trimester, and increase in prevalence through the second and third trimesters (O'Brien et al., 2019a; 

Bourjeily et al., 2013). Severe excessive daytime sleepiness (ESS >16) was associated with gestational 

diabetes in non-snoring pregnant women (aOR, 6.82, 95 % CI 1.19–39.27), although few women (7 of 

939) had an ESS of >16 (Bourjeily et al., 2010) 

A systematic review and meta-analysis of screening questionnaires for OSA during pregnancy (Tantrakul 

et al., 2016), incorporated a meta-analysis of ESS performance from three studies of 420 women 

(Lockhart, Ben Abdallah, Tuuli, & Leighton, 2015; Facco, Ouyang, Zee, & Grobman, 2012; Tantrakul et 
al., 2015). It was reported that the ESS performed inadequately as a screening tool for objective OSA 

measures during pregnancy. This poor performance may be a factor in why daytime sleepiness was not 

found to be associated with late stillbirth risk in the last month in a case-control study from New Zealand 

(Stacey et al., 2011a) and an international study (O'Brien et al., 2019a) and why similar proportions of 

cases and controls reported excessive daytime sleepiness (ESS >16). 

3.9. Summary of literature review on maternal sleep during late 
pregnancy 

This chapter has provided a summary of key aspects of maternal sleep and current knowledge of 

relationship with the risk of stillbirth; the following paragraph provides a summary of these factors. 

Sleep impacts on health and wellbeing. Pregnancy is no exception. However, there is conflicting and 

limited published information on the association between fetal health and maternal sleep (Table 9). This 

chapter has summarised current literature on aspects of maternal sleep during pregnancy, including 

sleep position, sleep duration, and sleep quality, daytime naps, restless sleep, sleep-disordered 

breathing, and daytime sleepiness, as these relate to late stillbirth. These effects are anatomically and 

physiologically plausible. The existing evidence suggests that sleep-related factors are an important area 

for future research that may assist in the reduction of late stillbirth. 
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Maternal sleep 
factor 
 

Time frame Studies reporting on maternal sleep and  
association with late stillbirth  

Increased risk 
 

Adjusted odds ratio 
(95% CI) 

No association 
 

Adjusted odds ratio 
(95% CI) 

Supine going-to-sleep position 

Time frame 

During pregnancy 8.0, 1.5-43.2 
Owusu et al., (2013) 

 
Reported in text only 

Lakshmi et al., (2017) 

- 

Last month  0.37, 0.04‐3.12 
O’Brien et al., (2018) 

Last two weeks 6.26, 1.2-34.0 
Gordon et al., (2015) 

- 

Last week 3.46, 1.49-8.03 
McCowan et al., (2017) 

- 

Last night 3.28, 1.46-7.34 
Stacey et al., (2011) 

 

3.67, 1.74-7.78 
McCowan et al., (2017) 

 

2.31,1.04-5.11 
Heazell et al., (2017) 

1.05, 0.32‐3.5 
O’Brien et al., (2018) 

Short sleep duration overnight 

Time frame 

During pregnancy - Reported in text only 
Owusu et al., (2013) 

Last month 1.89, 0.98-3.65 
Stacey et al., (2011) 

0.37, 0.04‐3.12 
O’Brien et al., (2018) 

Last night 1.81, 1.14-2.88 
McCowan et al., (2017) 

 
1.83, 1.24-2.68 

Heazell et al., (2017) 

1.05, 0.32‐3.50 
O’Brien et al., (2018) 

Long sleep duration overnight 

Time frame 

During pregnancy - Reported in text only 
Owusu et al., (2013) 

Last month 1.71, 0.9-2.95 
Stacey et al., (2011) 

 
1.75,1.10‐2.79 

O’Brien et al., (2018) 

- 

Last night - 0.79, 0.44-1.41 
McCowan et al., (2017) 

 
(8.5-9.49 hrs)  

1.04, 0.52-2.07 
(≥9.5 hrs)  

1.49, 0.72-3.08 
Heazell et al., (2017) 

 
0.75, 0.39‐1.46 

O’Brien et al., (2018) 
Sleep quality overnight 

Good/very good  During pregnancy - Reported in text only 
Owusu et al., (2013) 

Last month - 1.64, 0.98‐2.75 
O’Brien et al., (2018) 
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Last night - 1.40, 0.79‐2.47 
O’Brien et al., (2018) 

Poor/very poor  During pregnancy  Reported in text only 
Owusu et al., (2013) 

Last month - 0.65, 0.40‐1.06 
O’Brien et al., (2018) 

Last night - 0.89, 0.55‐1.43 
O’Brien et al., (2018) 

Daily/regular daytime napping 

Time frame 

Last month 2.04,1.26 to 3.30 
Stacey et al., (2011) 

 

2.22,1.26–3.94 
Heazell et al., (2017) 

1.40, 0.86‐2.29 
O’Brien et al., (2018) 

Last week - 1.27, 0.70-2.30 
McCowan et al., (2017) 

Restless sleep overnight 

None/less than 
average  

Last month 1.73, 1.03‐2.99 
O’Brien et al., (2018) 

- 

Last night - 1.16, 0.66‐2.04 
O’Brien et al., (2018) 

Greater than 
average  

Last month - 0.91, 0.54‐1.53 
O’Brien et al. (2018) 

Last night - 0.66, 0.40‐1.11 
O’Brien et al., (2018) 

Getting up to toilet once or less overnight 

Time frame 

Last month - 1.16, 0.75‐1.79 
O’Brien et al., (2018) 

Last night 2.42,1.46 to 4.00 
Stacey et al., (2011) 

 

2.81,1.85 to 4.26 
Heazell et al., (2017) 

1.55, 0.93-2.56 
McCowan et al., (2017) 

 

1.47, 0.96‐2.27                                                       
O’Brien et al., (2018) 

Snoring overnight 

Time frame 

During pregnancy 
‘Any’ snoring 
 

- 1.12, 0.75-1.67 
Stacey et al., (2011) 

 

(1.2, 0.7-1.9 
Gordon et al., (2015) 

Last month 
Snoring ≥3 nights 
per week 

- 0.95, 0.55‐1.66 
O’Brien et al., (2018) 

Daytime sleepiness 

Time frame 

Last month - 1.00, 0.64‐1.58 
O’Brien et al. (2018) 

 

Reported in text only 
Stacey et al., (2011) 

 

Table 9: Summary of studies reporting on association between maternal sleep and late stillbirth 
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Chapter 4: Literature review of women’s views 

4.1. Women’s views of late pregnancy sleep position and practices 

Several studies have reported the association between going-to-sleep position and late stillbirth (Gordon 

et al., 2015; McCowan et al., 2017; Heazell et al., 2017; Owusu et al., 2013; Lakshmi et al., 2017). A 

public health intervention to provide pregnant women and their healthcare providers with evidence-based 

information on optimal going-to-sleep position in late pregnancy may therefore have the potential to 

reduce stillbirth. However, the level of pregnant women’s knowledge of going-to-sleep position in the 

third trimester of pregnancy is unknown. Furthermore, the views of pregnant women on changing their 
going-to-sleep position, if this was recommended as better for their unborn baby, and women’s ability to 

modify their going-to-sleep position have not been studied in pregnancy. 

An editorial (Chappell & Smith, 2011) following publication of the Auckland Stillbirth Study suggested 
that pregnant women with more education may have greater awareness of optimal sleep position 

knowledge due to increased access and response to information. This implies that less advantaged 

women may be less informed and less compliant with sleep position advice in late pregnancy. There 

may also be cultural differences in pregnancy sleep position advice. There is, however, no information 

on women’s level of knowledge of late pregnancy sleep position from a socioeconomically disadvantaged 

and multicultural community.  

Existing studies from Japan, the United Kingdom, and Australia, have investigated the preferred sleep 

position adopted by pregnant women (Mills & Chaffe, 1994; Warland & Dorrian, 2014; Matsuo, Shimoya, 

Ushioda, & Kimura, 2007; O'Brien & Warland, 2014; Ogita et al., 1990). These studies suggest that 

women in the third trimester spend more time sleeping on their left side than non-pregnant women, and 
that the preference for the left lateral position increases with advancing gestation. The lateral position 

may enhance maternal comfort as sleeping becomes more of a physical challenge. However, the 

reasons that women in the third trimester may prefer to go-to-sleep in the left lateral position are currently 

unknown. 

It is possible that some pregnant women are aware of information about potential consequences of 

aortocaval compression in the supine position in late pregnancy (Milsom & Forssman, 1984; Kinsella, 

Lee, & Spencer, 1990). This may be especially true if this is not the woman’s first pregnancy or she has 

received advice from other women, who had been repositioned during labour from the supine to the left 

lateral position, when there was concern for fetal wellbeing (Simpson & James, 2005; Thurlow & Kinsella, 

2002), during epidural induction (Danilenko-Dixon, Tefft, Cohen, Haydon, & Carpenter, 1996) or 
caesarean section (Cluver et al., 2013).   

There is also little available information on the importance and source of sleep position advice received 

by women in late pregnancy. A United Kingdom study (Gross & Bee, 2004) of 57 nulliparous pregnant 
women explored the responses to advice provided about changing their behaviour during pregnancy. 

From 25 weeks gestation, getting a good night’s sleep was reported by the majority (81%) of women to 
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be more important to them than any other health behaviours, including smoking, alcohol, nutrition, 

weight, anxiety, and exercise. Most of the women cited family and friends as the major source of 

information that shaped these beliefs.  

The value placed by pregnant women on advice from family and friends, aligns with a systematic review 

(Ghiasi, 2019) of 31 studies from 14 countries. The review evaluated pregnant women’s health 

information needs, sources of information, and barriers to accessing health information. It was found that 

pregnant women seek a variety of health information, most often in relation to the wellbeing of their baby 

during pregnancy, nutrition, and the birth process. Health professionals were the most common 

information source, with family and friends and the internet also cited as important. However, discomfort 
in discussing pregnancy issues, difficulties in gaining access to a health professional, and paucity of 

adequate and appropriate information, were reported barriers to receiving health information during 

pregnancy. These barriers resulted in younger women, women from minority ethnic groups, and women 

living with socioeconomic disadvantage, being more likely to receive health information from family and 

friends, rather than from health professionals, written materials, or the internet.  

These studies (Gross & Bee, 2004; Ghiasi, 2019) indicate that any future public health campaign on late 

pregnancy sleep is likely to be of considerable interest to pregnant women. Recommending a lateral 

going-to-sleep position in late pregnancy, also aligns with studies of women’s third trimester sleep 

position preferences (Mills & Chaffe, 1994; Warland & Dorrian, 2014; Matsuo et al., 2007; O'Brien & 

Warland, 2014; Ogita et al., 1990), and may therefore enhance women’s uptake of sleep position 
information. In addition, as health professionals have a key role in providing information to pregnant 

women, a successful public health campaign on late pregnancy sleep would involve education and 

dissemination of information through health professional networks. Furthermore, health professionals 

are likely to appreciate the significance of pregnant women avoiding the supine going-to-sleep position, 

due to the known potential for adverse fetal consequences from the maternal supine position during 

intrapartum care (Cluver et al., 2013; Simpson & James, 2005; Thurlow & Kinsella, 2002; Danilenko-

Dixon et al., 1996). Identification of the importance of family and friends and the internet as popular 

sources of health information, offers opportunities to utilise these sources, and so enhance the 
awareness and uptake of health information by pregnant women (Ghiasi, 2019). 

4.2. Women’s views of participation in stillbirth research during late 
pregnancy and following stillbirth  

Considering the prevalence of stillbirth, the adverse effects on the families, and the costs to the health 

system and society, stillbirth appears to capture relatively limited public and research attention. The 2011 

Lancet Stillbirth Series (Flenady et al., 2011b) called for prioritisation of stillbirth research in HICs to 
address preventable stillbirth. Meanwhile, research and prevention efforts (Horton & Samarasekera, 

2016) are hampered by attitudes to stillbirth that continue to isolate and stigmatise bereaved parents, 

and inhibit open discussion of stillbirth risk factors with pregnant women (Warland, 2013). This is despite 

the impact of stillbirth stigma being increasingly discussed on the global stage (Burden et al., 2016). It 
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appears that recognising that stillbirth stigma exists does not easily translate into active measures to 

explore and facilitate stillbirth research and prevention.  

The success of infant ‘back to sleep’ campaigns in the global reduction in SIDS (Hauck & Tanabe, 2008) 

is acclaimed in many countries. The success was attributed to the general population receiving and 

acting on the public health messages to modify the sleep position of babies in their first year of life. 

Understanding the public views of stillbirth may therefore be of value when planning any evidence-based 

guidelines on interventions towards prevention. An Irish study evaluated the general population's 

awareness of stillbirth through a telephone survey of 999 randomly selected members of the public 

(Nuzum, Meaney, & O'Donoghue, 2018). It was found that over half (56%) those surveyed could not 
identify a risk factor for stillbirth, This highlights the need for increased public knowledge of stillbirth, as 

there are modifiable risk factors present for most stillbirths (Blencowe et al., 2016). This includes a high 

incidence of modifiable risk factors for stillbirth in HICs (Flenady et al., 2016), and identification of 

potentially avoidable stillbirths in New Zealand (PMMRC, 2018). 

Currently, there appears to be little recognition of the importance of the pregnant woman’s role in 

reducing her risks of stillbirth and protecting her unborn baby, yet this is regarded as central to assisting 

in the reduction of stillbirth (Andrews et al., 2019). An intervention study (Warland & Glover, 2015) of 109 

Australian midwives suggested that health care providers feel that there are social and emotional 

inhibitions, or a taboo, around stillbirth. The midwives in this study reported feelings of discomfort and 

anxiety around talking to pregnant women about stillbirth, so that most avoided a direct discussion on 
the topic. This perception, that talking about stillbirth will cause anxiety in pregnant women, has been 

reported in the United Kingdom, Australia, and New Zealand in relation to inviting pregnant women to 

participate in stillbirth research (Stacey et al., 2011a; Gordon et al., 2015; Bond, Raynes-Greenow, & 

Gordon, 2015; Budd, Stacey, Martin, Roberts, & Heazell, 2018). 

Exacerbating the distress of bereaved parents by approaching the mother to participate in stillbirth 

research is another oft cited concern (Stacey et al., 2011a; Gordon et al., 2015; Bond et al., 2015; Budd 

et al., 2018). However, it has been suggested that the concern may be more related to challenges in 

gaining adequate healthcare funding to provide appropriate training and support for health professionals 

who are working with bereaved women (Warland & Glover, 2015; Mills, Ricklesford, Heazell, Cooke, & 

Lavender, 2016), as there is no evidence of increased distress reported by bereaved women. The reality 
is that the majority of bereaved mothers report a positive maternity experience following perinatal loss 

(Mills et al., 2016; Magill, Buchanan, & Davies, 2015). 

The consequence of this taboo or stigma around stillbirth has influenced ethics committees, maternity 
providers, and families into acting as gatekeepers to pregnant and bereaved women participating in 

stillbirth research (Stacey et al., 2011a; Gordon et al., 2015; Burnell & O'Keefe, 2004) in the belief that 

they are protecting the women. However, Green (2012), a psychologist in psychosocial reproductive 

health, describes women’s expectations and the choices they make in maternity care as being influenced 

by the information they receive from the healthcare professionals, from the media, and from family and 

friends. Other key influences are the women’s personal experience and environment, hence these will 

change over time, although the personal values at the core of expectations and the choices women make 
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are less open to change (Green, 2012). It has been acknowledged (Redshaw & Alderdice, 2015) that 

health professionals and researchers, may have assumptions and preconceptions about what women 

want and this may inhibit their ability to provide maternity services and perform research that the women 

themselves would like. 

Green (2012), suggests that the role that women have in maternity care is incongruent, as while maternity 

care exists for women and their babies, women’s voices are largely absent from local and policy level 

systems of maternity practice and research. Yet, women's views of their maternity care and research are 

crucial because they are the basis of women’s decisions and behaviours (Green, 2012), and as such, 

their views will have an impact on outcomes at all levels of maternity practice and research. Therefore, 
healthcare professionals and researchers need to not only understand what women want, but why they 

have made that choice, and the context in which it was made.  

Three case-control stillbirth studies, from New Zealand, Australia, and the United Kingdom have provided 
some insights into women’s views. An Auckland (Stacey et al., 2011a) case-control stillbirth study 

reported briefly on postal survey feedback from 106 of 465 (23%) participants, with positive responses 

from all respondents. A Sydney case-control stillbirth study (Gordon et al., 2015; Bond et al., 2015) of 

295 participants’ also used a postal survey to assess anxiety and acceptability, with most (85% of 100) 

respondents indicating no significant increase in anxiety and high levels of satisfaction with their 

involvement. More recently, a United Kingdom case-control stillbirth study (Budd et al., 2018) with 1024 

participants analysed the views of 12 respondents, 6 women who were stillbirth cases and 6 pregnant 
controls, comprising 3 cases and controls who had participated in the stillbirth study and 3 who had 

declined. Thematic analysis was used to identify the most important factors and influences in determining 

the experiences and views regarding participation (Figure 9). 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 9: Factors that may influence the participation of pregnant and bereaved women in 
stillbirth research 
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Reproduced from Budd et al. (2018). Copyright © Springer Nature 2018. This article is open access 
and distributed under the terms of the Creative Commons Attribution Non-Commercial Licence 4.0. 
 

Feedback themes common to all three case-control studies (Stacey et al., 2011a; Bond et al., 2015; 

Budd et al., 2018) were women’s altruistic motivations to participate and participants’ positivity about 

their involvement. All studies recommended further exploration of the views of stillbirth study participants 

to address barriers to women’s involvement in stillbirth research. However, further evidence-based 

research on factors affecting women’s participation and experience of being involved in stillbirth studies 
is currently not available. Meanwhile, decisions about stillbirth research continue to pay limited heed to 

the voices of the women. 

4.3. Women’s views of late stillbirth post-mortem 

The incidence of stillbirth in HICs has changed little in the past two decades (Flenady et al., 2016). 

Targeting of strategies towards interventions for reducing stillbirth is supported through diagnosis of the 

underlying causes of stillbirth. However, even when using the PSANZ-PDC system for classification of 

stillbirths and neonatal deaths in Australia and New Zealand (PSANZ, 2018), one of the three leading 

performers in retaining important cause of stillbirth information (Flenady et al., 2009a), the most common 
classification for stillbirth is unexplained. A proportion of these unexplained stillbirths are unexplored or 

under-investigated, where post-mortem examination was not offered or was actively declined by parents 

(Heazell et al., 2012). 

Post-mortem examination is the most useful gold standard investigation following stillbirth (Heazell et al., 

2012). This examination is reported to change diagnosis in up to one third of cases, confirm diagnosis 

for around half, and provide additional information in the majority (PMMRC, 2018; Heazell & Fenton, 

2015). Information gained can assist parents to cope with grief, facilitate care in future pregnancies, 

enable international comparisons, and support research (Heazell & Fenton, 2015; Horey, Flenady, 

Conway, McLeod, & Yee Khong, 2012; Meaney, Gallagher, Lutomski, & O'Donoghue, 2015). However, 

an optimum investigation following stillbirth does not always require a post-mortem examination, as a 
karyotype confirming chromosomal abnormality or clinical examination and investigation may sufficiently 

confirm a diagnosis (e.g. feto-maternal haemorrhage) (PMMRC, 2018).  

The New Zealand stillbirth post-mortem examination rate was 45.6% in 2017 (PMMRC, 2018) (Table 

10). Although similar to the United Kingdom and Australia (Norris et al., 2017), the New Zealand rate 

remains below the 75% historically recommended by the Royal College of Pathologists (RCOG and 

Royal College of Pathologists, 1988). In addition, the recommendation of 75% was over two decades 

ago, and the figure may be less today with more reliable antenatal diagnosis of congenital and 

chromosomal abnormalities and access to other modalities of postnatal investigation such as magnetic 

resonance imaging (Ben-Sasi et al., 2013). 

 

 



56 

 

 

Post-mortem investigations Stillbirths Perinatal related 
deaths  

n=287 % n=591 % 

Optimum investigation* 145 50.5 281 47.5 

Post-mortem 131 45.6 220 37.2 

Karyotype 12 4.2 51 8.6 

Clinical examination/investigations confirm diagnosis 10 3.5 23 3.9 

Partial investigations only # 103 35.9 248 42.0 

Placental pathology performed+ 231 80.5 431 72.9 

No investigation ^ 35 12.2 56 9.5 

Unknown 4 1.4 6 1.0 
 

Table 10: Post-mortem investigations after stillbirth ≥20 weeks’ gestation and perinatal related 
deaths in New Zealand in 2017 

Adapted from PMMRC (2018), permission not required for use  
* Optimal investigation is defined as post-mortem or karyotype confirming congenital abnormality or 
clinical examination/investigation confirming diagnosis. Note: more than 1 option can be selected.  
# No post-mortem; investigations may include placental pathology, MRI, ultrasound scan or x-ray. 
+ Includes both placental histology with post-mortem and as part of partial investigation. 
^ No post-mortem, placental pathology, MRI, ultrasound scan or x-ray. 
 

Studies of European and Australian parents, report reasons that parents’ consent to post‐mortem 

examination after stillbirth (Heazell et al., 2012; Horey et al., 2012; Meaney et al., 2015; Rankin, Wright, 

& Lind, 2002; Holste, Pilo, Pettersson, Rådestad, & Papadogiannakis, 2011; Henderson & Redshaw, 

2017; Breeze, Statham, Hackett, Jessop, & Lees, 2012). These encompass wanting to find a cause for 

the baby’s death, to contribute to research so that other parents do not have to go through the same 

experience, to find out if any future pregnancies may have an increased risk of stillbirth, and to help 

provide some emotional closure. 

Traditionally, post-mortem examination has required large incisions to allow access to internal organs. 

Concerns around the further harm that this may cause to a stillborn baby’s body are recurring themes in 

reports of parents’ decision-making about post-mortem examination (Magill et al., 2015; Heazell et al., 

2012; Horey et al., 2012; Meaney et al., 2015; Ben-Sasi et al., 2013; Rankin et al., 2002; Holste et al., 
2011; Henderson & Redshaw, 2017; Breeze et al., 2012; Selket, Glover, & Palmer, 2015). Other 

frequently reported reasons for parents to decline a stillbirth post-mortem examination include healthcare 

staff placing low value on the examination, concern that tissue and organs may be retained, and the 

baby’s body having to travel for the procedure (Heazell et al., 2012; Horey et al., 2012; Meaney et al., 

2015; Rankin et al., 2002; Holste et al., 2011; Henderson & Redshaw, 2017; Breeze et al., 2012). 

However, religious and cultural beliefs are seldom given as barriers to perinatal post-mortem examination 

by European parents (Heazell et al., 2012; Meaney et al., 2015; Holste et al., 2011; Henderson & 

Redshaw, 2017; Breeze et al., 2012), although health professionals have described hesitancy in 
approaching bereaved parents whose religious and cultural beliefs are viewed as discordant with the 

procedure. 
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Bereaved parents in the United Kingdom have reported that the option of post-mortem examination after 

stillbirth should involve appropriately informed and caring health professionals who can provide 

accessible and objective information, that is impartial, yet consistent with the values of the parents 

(Heazell et al., 2012). It was also suggested that parents should be provided with accurate and current 

information on the potential benefits of a post-mortem examination and appropriate description of the 

physical procedure. In New Zealand, the decision to have a post-mortem is the parent’s choice and 

almost all are offered the option (PMMRC, 2017). Furthermore, the responsibility for a post-mortem 
discussion is usually undertaken by the hospital specialist team involved in the woman’s care (PMMRC, 

2008). 

Post-mortem choice after stillbirth in Australia, New Zealand and the United Kingdom, has been 

associated with maternal age, ethnicity, parity, marital status, education, social deprivation, maternity 

provider relationships, antenatal or intrapartum diagnosis, and gestation (Craig et al., 2004b; Heazell et 

al., 2012; Heazell & Fenton, 2015; Henderson & Redshaw, 2017; Ibiebele et al., 2016). Perceived 

barriers to consent for perinatal post-mortem in New Zealand include limited understanding of the 

benefits by families, mixed advice from health professionals, (Magill et al., 2015) and geographical 

distance to perinatal pathology services (PMMRC, 2008). Māori cultural beliefs are also considered a 

barrier, and awareness of Māori cultural preference to decline post-mortem may influence how health 
professionals seek consent from Māori parents and whanāu (Selket et al., 2015).  

Māori and Pacific babies are over-represented in New Zealand late stillbirth numbers (PMMRC, 2018), 
yet they are less likely to have any investigation of their death compared to babies born to mothers of 

other ethnic groupings in New Zealand. However, declining a post-mortem examination may have 

consequences for some bereaved parents. Parents from Europe who participated in studies and reported 

declining a post-mortem examination after stillbirth, were more likely to describe being regretful of their 

choice, than parents who consented (Heazell et al., 2012; Horey et al., 2012; Meaney et al., 2015; Rankin 

et al., 2002; Holste et al., 2011). This regret was related to subsequent reflection on the paucity of 

information about why their baby died and concern about how this may impact on future pregnancies. 

A systematic review of 34 quantitative, qualitative and mixed method studies, of factors affecting uptake 

of post-mortem examination in the maternity and paediatric settings world-wide, concluded that parental 

decision-making about post-mortem examination, is influenced by both parental and health professional 
factors, which are similar across countries (Lewis et al., 2017). The reported barriers were: anticipation 

of post-mortem body incisions, costs and challenges with geographical access, concerns about tissue 

retention, the wish to avoid further harm to the body, inadequate understanding of the potential value 

and knowledge that may be gained, religious and cultural prohibitions, and inadequacy of post-mortem 

understanding by health professionals. Consent facilitators were: parental wish for information from the 

procedure, desire to advance medical knowledge, obtaining reassurance to support coping, trusting that 

the body would be treated respectfully, offer of minimally invasive options, and receiving information from 

an informed and accessible health professional. The rates of perinatal post-mortem investigations are 
routinely reported in New Zealand, although little is known about what may influence parents’ decisions 

to accept or decline a post-mortem after late stillbirth. 
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4.3. Summary of literature review on women’s views 

This chapter has provided a literature review of key aspects of bereaved and pregnant women’s views 

that are related to late pregnancy sleep position and practices, stillbirth research, and post-mortem 

examination after late stillbirth; this section provides a summary of these factors. 

The literature on women’s views in relation to these factors is sparse. This is despite two of the five 

specific priority action points to change the global trend for stillbirths (de Bernis et al., 2016) from the 

2016 Lancet Stillbirth Series recommending the involvement of women, families, and communities in 
stillbirth research and advising that knowledge gaps in stillbirth prevention be addressed. A third priority 

action point recommends the development and implementation of culturally appropriate protocols for 

respectful care after stillbirth, which encompasses post-mortem examination. However, there are few 

studies exploring women’s views on the topic of post-mortem examination, and none in the New Zealand 

context. 
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Body of thesis: Part A 

Risk factors for late stillbirth 

Part A reports on the research findings from two papers derived from an individual participant data 

meta-analysis. 

Chapter 5: An individual participant data meta-analysis of maternal going-to-sleep position, interactions 

with fetal vulnerability, and the risk of late stillbirth (published in EClinicalMedicine by The Lancet in 

2019), is the first individual participant data meta-analysis on maternal going-to-sleep position and late 

stillbirth, assembling all the available world-wide data on the topic. The meta-analysis was conducted as, 

although supine going-to-sleep position is associated with increased risk of late stillbirth (≥28 weeks’) in 

individual studies, it is unknown if the risk differs between going-to-sleep on the right or left side, and if 

some pregnancies are more vulnerable.  

Chapter 6: Associations between symptoms of sleep-disordered breathing and maternal sleep patterns 

with late stillbirth: findings from an individual participant data meta-analysis (published in PLoS ONE in 

2020), investigates the relationship between self-reported symptoms of sleep-disordered breathing and 

maternal sleep patterns (‘any’ snoring, habitual snoring ≥3 nights per week, the Berlin Questionnaire, 

sleep quality, sleep duration, restless sleep, daytime sleepiness, and daytime naps) and late stillbirth, 

using the IPD meta-analysis data. 
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Chapter 5: An individual participant data meta-analysis of 
maternal going-to-sleep position, interactions with fetal 
vulnerability, and the risk of late stillbirth. 
 

The manuscript below was published in EClinicalMedicine by The Lancet on 1st April 2019 and has been 

reproduced with permission. 

Cronin, R. S., Li, M., Thompson, J. M., Gordon, A., Raynes-Greenow, C. H., Heazell, A. E., Stacey, T., 
Culling, V. M., Bowring, V., Anderson, N. H., O’Brien, L. M., Mitchell, E. A., Askie., L. M., & McCowan, L. 

M. (2019). An individual participant data meta-analysis of maternal going-to-sleep position, interactions 

with fetal vulnerability, and the risk of late stillbirth. EClinicalMedicine, 10, 49-57. 

https://doi.org/10.1016/j.eclinm.2019.03.014 

  

https://doi.org/10.1016/j.eclinm.2019.03.014
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5.1. Preamble 

This chapter arose from the hypothesis that maternal supine going-to-sleep position may be a modifiable 

risk factor for late stillbirth. The Auckland Stillbirth Study (Stacey et al., 2011a) was the first to report an 

association between maternal going-to-sleep position and late stillbirth. This study was followed by 

publication of a further four individual studies (Gordon et al., 2015; McCowan et al., 2017; Heazell et al., 
2017; Owusu et al., 2013) from four countries and an international study (O'Brien et al., 2019a), seeking 

to confirm or deny the association between maternal going-to-sleep position and late stillbirth.  

5.2. Manuscript 

Abstract 

Background: Maternal supine going-to-sleep position has been associated with increased risk of late 

stillbirth (>28 weeks’), but it is unknown if the risk differs between right and left side, and if some 

pregnancies are more vulnerable. 

Methods: Systematic searches were undertaken for an individual-level participant data (IPD) meta-

analysis of case-control studies, prospective cohort studies and randomised trials undertaken up until 26 

Jan, 2018, that reported data on maternal going-to-sleep position and stillbirth. Participant inclusion 

criteria included gestation >28 weeks’, non-anomalous, singleton pregnancies. The primary outcome 

was stillbirth. A one-stage approach stratified by study and site was used for the meta-analysis. The 

interaction between supine going-to-sleep position and fetal vulnerability was assessed by bi-variable 
regression. The multivariable model was adjusted for a priori confounders. Registration number: 

PROSPERO, CRD42017047703.  

Findings: Six case-control studies were identified, with data obtained from five (cases, n=851; controls, 

n=2257). No data was provided by a sixth study (cases, n=100; controls, n=200). Supine going-to-sleep 

position was associated with increased odds of late stillbirth (adjusted odds ratio [aOR] 2.63, 95% CI 

1.72–4.04, p<0.0001) compared with left side. Right side had similar odds to left (aOR 1.04, 95% CI 

0.83–1.31, p=0.75). There were no significant interactions between supine going-to-sleep position and 

assessed indicators of fetal vulnerability, including small-for-gestational-age infants (p=0.32), maternal 

obesity (p=0.08), and smoking (p=0.86). The population attributable risk for supine going-to-sleep 

position was 5.8% (3.2–9.2). 

Interpretation: This IPD meta-analysis confirms that supine going-to-sleep position is independently 

associated with late stillbirth. Going-to-sleep on left or right side appears equally safe. No significant 

interactions with our assessed indicators of fetal vulnerability were identified, therefore, supine going-to-
sleep position can be considered a contributing factor for late stillbirth in all pregnancies. This finding 

could reduce late stillbirth by 5.8% if every pregnant woman >28 weeks’ gestation settled to sleep on her 

side.  
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5.2.1. Research in context 

Evidence before this study 
 

The 2011 Auckland Stillbirth Study was the first study to report an association between maternal supine 

going-to-sleep position and late stillbirth (>28 weeks’ gestation). This finding was biologically plausible 

and aligned with existing research on the effects of maternal supine position in the third trimester, 

including vena-caval and aortic compression. This study was considered hypothesis-generating and 

raised questions about the possibility of a chance finding, recall bias, and reverse causation. Further 
studies have subsequently investigated the association between supine going-to-sleep position and late 

stillbirth. However, the association of right side going-to-sleep position with late stillbirth was inconsistent 

across studies, and no individual study was large enough to investigate interactions between maternal 

sleep position and indicators of fetal vulnerability, such as small-for-gestational-age babies, maternal 

obesity, smoking or recreational drug use, pre-existing hypertension or diabetes, fetal movements, and 

term versus preterm gestation. 

 
Added value of this study 
 

We conducted the first individual participant data (IPD) meta-analysis on maternal going-to-sleep position 

and late stillbirth, assembling all the available world-wide data on the topic. Our IPD dataset comprises 

the largest database addressing this question, including data on confounders that have not been 

previously reported. Our study has shown that after adjustment for confounders, maternal supine going-

to-sleep position compared with left side going-to-sleep position, was independently associated with a 

2.6-fold increase in odds of late stillbirth. Right side going-to-sleep position had no increase in odds 
compared to left, therefore women can choose to go-to-sleep on either side. Furthermore, we found no 

significant interaction between the assessed indicators of fetal vulnerability and supine going-to-sleep 

position. We therefore conclude that supine going-to-sleep position is independently associated with late 

stillbirth in the general pregnant population, regardless of body size, baby size, smoking, recreational 

drug use, pre-existing hypertension or diabetes, fetal movements, or term versus preterm gestation. The 

population attributable risk for supine going-to-sleep position in this study was 5.8% (3.2–9.2). 
 
Implications of all the available evidence 
 

This study has important public health implications and could potentially reduce late stillbirth by 

approximately 6% if all women in the third trimester settled to sleep on their side. The message, that it is 

safer for baby if women from 28 weeks of pregnancy settle to sleep on either side is simple, and can be 

implemented by pregnant women. 
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5.2.2. Introduction 

Stillbirth, the loss of a baby during pregnancy, is a tragedy for individual families and a major public 
health problem (Flenady et al., 2016; Heazell et al., 2016). Published studies of late stillbirth (>28 weeks’ 

gestation) risk factors have reported that when the pregnant mother goes-to-sleep in the supine position 

in the third trimester she has a 2.3 to 8.0 fold increase in odds of stillbirth (Stacey et al., 2011a; Gordon 

et al., 2015; McCowan et al., 2017; Heazell et al., 2017; Owusu et al., 2013; O'Brien et al., 2019a). 

Different biological mechanisms have been proposed. The increased odds of stillbirth associated with 

the supine position is considered to be due to haemodynamic changes from inferior vena-caval and aortic 

compression by the pregnant uterus, which reduces maternal-fetal blood flow and has the potential to 
compromise fetal wellbeing (Kerr et al., 1964; Milsom & Forssman, 1984; Humphries et al., 2018; Rossi 

et al., 2011; Abitbol, 1977; Jeffreys et al., 2006; Kauppila et al., 1980; Khatib et al., 2014; Ryo et al., 

1996; Stone et al., 2017). The position in which women first go-to-sleep has the longest duration 

overnight, compared with positions adopted later in the night (McIntyre et al., 2016), and may therefore 

have the greatest impact on the baby. The increased odds associated with the supine position may also 

be related to sleep-disordered breathing (Brown et al., 2018; Warland et al., 2018), which is exacerbated 

in the supine position (Leppänen et al., 2016) and by obesity (Brown et al., 2018), with both factors 

previously being associated with an increased risk of stillbirth (Brown et al., 2018). 

Differences in the rates of late stillbirth between high-income countries (Flenady et al., 2016) ranging 

from 1.3-8.8/1000 births, suggest that further reductions in late stillbirth are possible. However, stillbirth 

can only be reduced through identification and management of modifiable risk factors, with many factors 
unable to be changed during pregnancy. Findings from epidemiological studies and the physiological 

and anatomical evidence (Humphries et al., 2018; Stone et al., 2017) suggest that the association 

between supine going-to-sleep position and late stillbirth is likely to be causal. Therefore, informing 

pregnant women about optimal going-to-sleep position in late pregnancy may be a feasible strategy 

(Cronin et al., 2017a) to reduce stillbirth. However, there is a need to assess the accumulated evidence 

from the existing studies to inform public health interventions. In particular, it is necessary to determine 

if there are specific groups of pregnant women who are more vulnerable when they go-to-sleep supine 
and if the odds of stillbirth differ between right and left side going-to-sleep position. This need is urgent, 

because pregnant women are already modifying their going-to-sleep position based on inconsistent 

advice (Heazell et al., 2017; Cronin et al., 2017a). 

The association between right side going-to-sleep position and late stillbirth has been inconsistent across 

studies. One study (Stacey et al., 2011a) showed increased odds of stillbirth in women who reported 

going-to-sleep on their right side compared to women going-to-sleep on their left, and another (Heazell 

et al., 2017) reported a decreased odds with right side going-to-sleep position. Clarification by analysis 

of individual-level data is required, so that women can be advised whether to go-to-sleep on their left 

side or on either side in the last trimester of pregnancy. In addition, while an aggregate meta-analysis 

(Warland et al., 2018) of six studies (Stacey et al., 2011a; McCowan et al., 2017; Heazell et al., 2017; 
Owusu et al., 2013; Lakshmi et al., 2017; O'Brien et al., 2019a) showed a significantly higher prevalence 

of stillbirth when women went to sleep in a supine position in late pregnancy, this review included studies 

with variable inclusion and exclusion criteria (Owusu et al., 2013; Lakshmi et al., 2017), and did not 
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include unpublished studies (O'Brien et al., 2019a). Furthermore, as late stillbirth is a relatively rare event, 

individual studies are underpowered to investigate interactions between maternal going-to-sleep position 

and pregnancies with indicators of fetal vulnerability. 

The Collaborative Individual Participant Data of Going-to-sleep and Stillbirth (CRIBSS) group was 

established to address the following main questions: 1) are supine and right side maternal going-to-sleep 

positions associated with late stillbirth, and 2) does maternal going-to-sleep position interact with 

indicators of fetal vulnerability (including small-for-gestational-age infants, maternal obesity, smoking, 

recreational drug and alcohol use, pre-existing hypertension or diabetes, and fetal movements), to 

influence the odds of late stillbirth? 

5.2.3. Methods 

Search strategy and selection criteria 

This study followed the published individual participant data (IPD) meta-analysis protocol (Li et al., 2018) 

(Appendix 1). The study was registered with the PROSPERO register of systematic reviews 

(CRD42017047703). The search strategy was developed prior to the systematic bibliographic search. 
We sought to assess the accumulated evidence in the first pooled IPD meta-analysis of randomised 

trials, prospective cohort studies, and case-control studies, to evaluate the relationship between maternal 

going-to-sleep position and late stillbirth, comprising all the available world-wide data on the topic. 

Systematic bibliographic searches of MEDLINE (supplementary appendix A), Embase, LILACS, Web of 

Science, OpenGrey, Google Scholar, and the WHO International Clinical Trials Registry Platform of 

studies up until 26 January, 2018 (with no specified earliest date), using relevant terms (“stillbirth”, “fetal 

death”, “perinatal death” and “sleep”) and synonyms were tested prior to search commencement to check 

the located articles were consistent with the inclusion criteria. Proceedings from International Stillbirth 
Alliance (ISA) conferences, the International Society for the Study and Prevention of Perinatal and Infant 

Death (ISPID) conferences, and published perinatal conference abstracts were searched. Experts in the 

field were asked to identify any other studies. Reference lists of all retrieved articles were hand-searched. 

No language restriction was applied. Eligible participants (stillbirth cases and pregnant controls) were 

extracted from the identified studies that provided maternal going-to-sleep position and late stillbirth data. 

Study eligibility was assessed independently by two reviewers (RC and TS). All potential study 

investigators were contacted to verify eligibility and invited to participate. If there was no response, co-

authors and journal editors were approached. The included studies had a risk of bias assessment using 

the instrument tool “Risk Of Bias In Non-randomized Studies - of Exposures (ROBINS-E)” (Morgan, 

2017). Participant level exclusion criteria (multiple pregnancy, major congenital abnormality, gestation 
<28 weeks’ when going-to-sleep position data during pregnancy was collected, termination of pregnancy 

at >28 weeks’, and receiving a study intervention that may have affected going-to-sleep position) were 

applied during the analysis. A detailed data management plan was agreed by CRIBSS investigators prior 

to the analysis (Li et al., 2018) (Appendix 1) For the primary analysis, the going-to-sleep position utilised 

was the last available going-to-sleep position recorded during pregnancy (within two weeks of when the 

women estimated their baby had died in cases). The position was categorised as left side, right side, 
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variable sides, supine, prone, and propped. Left side was used as the reference group for the analysis. 

Going-to-sleep position was merged to supine versus non-supine groups in the analysis of interaction.  

Outcome measures 

The primary outcome was late stillbirth, using the WHO international comparison definition of stillbirth: 
“a baby born with no signs of life at or after 28 weeks' gestation”(WHO, 2016a). Intrapartum stillbirth is 

included in the analysis with the rationale that supine going-to-sleep position may result in a vulnerable 

baby that is unable to tolerate labour. In addition, it is not always possible to be certain that the death 

occurred intrapartum. As the outcome (late stillbirth) is rare, odds ratio estimates rather than relative risk 

were used. 

Risk of bias 

Two reviewers (RC and AG) independently rated the risk of bias for non-randomised studies using the 

ROBINS-E tool (Morgan, 2017) and this was adjudicated by a third reviewer (ML) when required.  

Data analysis 

A detailed statistical analysis plan for the main questions was published (Li et al., 2018) prior to the 
analysis. Potential confounders were all prespecified (maternal age, earliest pregnancy body mass index 

(BMI kg/m2), ethnicity, parity, education level, marital status, pre-existing hypertension or diabetes, 

smoking, recreational drug use, going-to-sleep position, fetal movements, and infant birthweight by 

customised centiles). A one-stage approach to IPD meta-analysis was used, so that the data from all the 

eligible studies were included in a single model. Logistic regression models were used for the binary 

outcome. A fixed study effect and study site effect were included in the model specification as strata. 

Univariable analysis was performed to evaluate the association between going-to-sleep position and the 

odds of late stillbirth. During data acquisition, one prespecified confounder, alcohol intake during 
pregnancy, was found to be inconsistently collected across the studies and unable to be merged, and 

consequently omitted from the analysis. A multivariable model was developed incorporating prespecified 

confounders available in all the studies.  

Three confounders (going-to-sleep duration, frequency of overnight toilet use, and day-time napping) 

were only available in some of the studies, and were therefore analysed in sensitivity models. A sensitivity 

analysis was also conducted after exclusion of controls who reported their pregnancy going-to-sleep 

position after they had given birth. The interaction between going-to-sleep position and prespecified 

factors indicating a vulnerable pregnancy were assessed in bi-variable regression models. Estimates of 

risk of late stillbirth were reported as odds ratio (OR) with 95% confidence intervals. 

For missing data in each individual study, no imputation was undertaken. The population attributable risk 

(PAR) was calculated using the unadjusted OR for the primary outcome for supine going-to-sleep 

position and for other modifiable risk factors that were significant in multivariable analysis. Statistical 

analyses were performed using SAS, version 9.4 (SAS Institute Inc., Cary NC USA). 



66 

 

Ethics approval was obtained by each individual study. Additional approval for the IPD meta-analysis 

was obtained from the New Zealand Health and Disability Ethics Committee (NTX/06/05/054/AM06). 

5.2.4. Results 

Six eligible case-control studies were identified (Stacey et al., 2011a; Gordon et al., 2015; McCowan et 
al., 2017; Heazell et al., 2017; Lakshmi et al., 2017; O'Brien et al., 2019a) (table 11).  

 

Study 
level 
character
istics 

TASS                     
Stacey et al 
(2011) 

SSS                
Gordon et al 
(2015) 

MCSS               
McCowan et al 
(2017) 

MiNESS              
Heazell et al 
(2017) 

STARS            
O’Brien et al 
(2018) 

Location Auckland,  
New Zealand 

Sydney,  
Australia 

New Zealand-
wide 

United Kingdom International  

Time 
frame 

July 2006 to June 
2009 

January 2006 to 
December 2011 

February 2012 to 
December 2015 

April 2014 to 
March 2016 

September 2012 
to August 2014 

Study 
design 

Prospective 
population-based 
case-control 
study 

Prospective 
population-based 
case-control 
study 

Prospective 
population-based 
case-control 
study 

Prospective 
population-based 
case-control 
study 

Nested case-
control study with 
an uncontrolled 
cohort 

Population Non-anomalous 
singleton 
pregnancy, >28 
weeks’ gestation, 
from three health 
regions in 
Auckland, New 
Zealand 

Non-anomalous 
singleton 
pregnancy, >32 
weeks’ gestation, 
from nine tertiary 
maternity 
facilities in 
metropolitan 
Sydney, Australia 

Non-anomalous 
singleton 
pregnancy, >28 
weeks’ gestation, 
from seven 
health regions 
throughout New 
Zealand 

Non-anomalous 
singleton 
pregnancy, >28 
weeks’ gestation, 
from 41 maternity 
facilities in the 
United Kingdom  

Singleton 
pregnancy, >28 
weeks’ gestation, 
fluent in English, 
from 16 high, 
middle, and low 
income countries 

Main 
outcome 
measure 

Maternal snoring, 
daytime 
sleepiness 
(measured with 
the Epworth 
sleepiness 
scale), and sleep 
position at the 
time of going-to-
sleep and on 
waking (left side, 
right side, back, 
and other) 

To document risk 
factors for late-
pregnancy 
stillbirth with a 
particular focus 
on those risks 
that are 
potentially 
modifiable 

The adjusted 
odds of late 
stillbirth 
associated with 
self-reported 
going-to-sleep 
position, on the 
last night 

Maternal sleep 
practices during 
pregnancy 

To investigate, in 
an international 
cohort, whether 
maternal sleep 
practices are 
related to late 
stillbirth 

Data 
collection 

Interview and 
clinical records 

Interview and 
clinical records 

Interview and 
clinical records 

Interview and 
clinical records 

Online survey 

 

Table 11: Study level characteristics in participating IPD case-control studies 

TASS=The Auckland Stillbirth Study. SSS=Sydney Stillbirth Study. MCSS=New Zealand Multicentre Stillbirth 
Study. MiNESS=Midlands and North of England Stillbirth Study. STARS=Study of Trends and Associated 

Risks for Stillbirth Study. 

Five studies provided individual-level data, the Auckland Stillbirth Study (Stacey et al., 2011a), the 

Sydney Stillbirth Study (Gordon et al., 2015), the New Zealand Multicentre Stillbirth Study (McCowan et 

al., 2017), the Midlands and North of England Stillbirth Study (Heazell et al., 2017), and the International 
Study of Trends and Associated Risks for Stillbirth (STARS) Study (O'Brien et al., 2019a) (table 1). No 

contact was able to be made, despite repeated attempts, with the authors or journal editors of the sixth 
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study (Lakshmi et al., 2017). Eligible participants comprised 851 cases and 2257 controls. The risk of 

bias (ROBINS-E) (Morgan, 2017) tool is summarised (supplementary appendix B). 

There were a number of differences in maternal and pregnancy characteristics, infant size, and going-

to-sleep practices between cases and controls in univariable and multivariable analysis (table 2). The 

proportion of women reporting a supine going-to-sleep position was 67 cases (7.9%) and 73 controls 

(3.2%). In multivariable analysis, compared with left side going-to-sleep position, the last available supine 

going-to-sleep position during pregnancy (aOR [adjusted odds ratio] 2.63, 95% Confidence Interval [CI] 
1.72–4.04, p<0.0001) and being unable to recall going-to-sleep position (2.26, 1.48–3.46, p=0.0002) 

remained significantly associated with the odds of late stillbirth. However, there was no increase 

associated with right side going-to-sleep position (aOR 1.04, 95% CI 0.83–1.31, p=0.75) compared to 

left side.  

Other maternal risk factors significant in multivariable analysis included: parity, with an increased odds 

of stillbirth associated with nulliparity (aOR 1.70, 95% CI 1.38–2.09 p<0.0001), parity 3–4 (1.67, 1.15–

2.4, p=0.001), and parity >5 (2.29, 1.18–4.44, p=0.01) compared to parity of 2; primary-level education 

compared to university (1.39, 1.02–1.88,p=0.04); BMI (1.03, 1.01–1.05,p=0.0004) with a 3% increase in 

odds for every unit increase in BMI; South Asian (1.86, 1.32–2.63, p=0.0004), Pacific (1.88, 1.23–2.88, 

p=0.004), and other (1.74, 1.06–2.86, p=0.03) ethnicities compared to white; and smoking beyond the 
first trimester (1.62, 1.18–2.23, p=0.003).  

Significant risk factors related to the baby were: maternal perception of reduced fetal movements (aOR 
2.49, 95% CI 1.96–3.16, p<0.0001) compared to women who reported no change in movements or were 

unsure; and customised birthweight centile of 10.0–24.9 (1.82, 1.26–2.63, p=0.002), 25.0–49.9 (1.49, 

1.06–2.11, p=0.02), and >90.0th centile (1.57, 1.03–2.38, p=0.03), compared with centile 75.0-89.9. 

Small-for-gestational-age infants <10th customised centile (aOR 5.14, 95% CI 3.61–7.31, p<.0001) had 

the greatest risk (table 12).  
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 TASS                 
Stacey et al., 

(2011) 

SSS                     
Gordon et al., 

(2015) 

MCSS               
McCowan et al., 

(2017) 

MiNESS              
Heazell et al., 

(2017) 

STARS                
O’Brien et al., 

(2018) 
Collaborative Individual Participant Data of 

Going-to-sleep and Stillbirth (CRIBSS) analysis 

Characteristic  Case Control Case Control Case Control Case Control Case Control Case Control Univariable odds 
ratio (95% CI) 

Adjusted odds           
ratio (95% CI) 

 
Total 
participants 

155 (33.8) 304 (66.2) 103 (34.9) 192 (65.1) 163 (22.5) 560 (77.5) 288 (28.2) 733 (71.8) 142 (23.3) 468 (76.7) 851 (27.4) 2257 (72.6) Case n=851   
Control n=2257   

Total 3108 

Case n=826   
Control n=1953   

Total 2779 
Age (years) 

<20 10 (6.5) 24 (7.9) 3 (2.9) 1 (0.5) 9 (5.5) 17 (3.04) 7 (2.4) 15 (2.1) 9 (6.3) 21 (4.5) 38 (4.5) 78 (3.5) 1.50 (0.98–2.28) 1.33 (0.78–2.28) 

20–24 29 (18.7) 44 (14.5) 4 (3.9) 14 (7.3) 23 (14.1) 79 (14.11) 47 (16.3) 81 (11.1) 12 (8.5) 56 (12.0) 115 (13.5) 274 (12.1) 1.33 (1.02–1.73) 1.04 (0.74–1.47) 

25–29 40 (25.8) 75 (24.7) 25 (24.3) 43 (22.4) 40 (24.5) 157 
(28.04) 

82 (28.5) 219 (29.9) 41 (28.9) 137 (29.3) 228 (26.8) 631 (28.0) 1.12 (0.91–1.38) 0.98 (0.76–1.26) 

30–34 44 (28.4) 92 (30.3) 39 (37.9) 66 (34.4) 48 (29.5) 191 (34.1) 85 (29.5) 268 (36.6) 49 (34.5) 177 (37.8) 265 (31.1) 794 (35.2) 1 1 

35–39 29 (18.7) 57 (18.8) 25 (24.3) 51 (26.6) 29 (17.8) 96 (17.14) 51 (17.7) 125 (17.1) 26 (18.3) 67 (14.3) 160 (18.8) 396 (17.6) 1.19 (0.94–1.51) 1.23 (0.93–1.62) 

>40 3 (1.9) 12 (4.0) 7 (6.8) 17 (8.9) 14 (8.6) 20 (3.57) 16 (5.6) 25 (3.4) 5 (3.5) 10 (2.1) 45 (5.3) 84 (3.7) 1.60 (1.08–2.38) 1.47 (0.93–2.31) 

Earliest 
pregnancy BMI 
(kg/m2 ) 

27.5 
(23.2–

33.3) 

25.0 
(22.2– 

30.8) 

23.1 
(21.2–

28.3) 

22.8 
(20.8– 

26) 

26.6 
(23.1–

33.5) 

24.8 
(22.0–

29.6) 

26.1 
(22.5–

30.3) 

24.9 
(22.1–

28.8) 

26.8 
(22.8–

32.5) 

25.2 
(22.5–

31.1) 

26.0 
(22.5–

31.4) 

24.8  
(22.0– 

29.3) 

1.04 (1.03–1.05) 1.03 (1.01–1.05) 

Ethnicity 

White 55 (35.5) 134 (44.1) 57 (55.3) 136 (70.8) 65 (39.9) 260 (46.4) 233 (80.9) 594 (81.0) 112 (78.9) 421 (90.0) 522 (61.3) 1545 (68.5) 1 1 

Black 4 (2.6) 1 (0.3) 1 (1.0) 3 (1.6) 2 (1.3) 3 (0.5) 12 (4.2) 29 (4.0) 3 (2.1) 6 (1.3) 22 (2.6) 42 (1.9) 1.63 (0.94–2.84) 1.77 (0.92–3.42) 

South Asian* 15 (9.7) 27 (8.9) 9 (8.7) 10 (5.2) 17 (10.4) 85 (15.2) 38 (13.2) 94 (12.8) 11 (7.8) 3 (0.6) 90 (10.6) 219 (9.7) 1.40 (1.04–1.88) 1.86 (1.32–2.63) 

South East-East 
Asian 

12 (7.7) 25 (8.2) 15 (14.6) 18 (9.4) 12 (7.4) 64 (11.4) 1 (0.4) 4 (0.6) 0 0 40 (4.7) 111 (4.9) 1.19 (0.8–1.79) 1.50 (0.94–2.39) 

Māori 19 (12.3) 46 (15.1) 1 (1.0) 3 (1.6) 26 (16.0) 58 (10.4) 0 0 0 0 46 (5.4) 107 (4.7) 1.55 (1.04–2.32) 1.10 (0.68–1.78) 

Pacific  48 (31.0) 65 (21.4) 4 (3.9) 4 (2.1) 38 (23.3) 84 (15.0) 0 0 1 (0.7) 1 (0.2) 91 (10.7) 154 (6.8) 2.25 (1.60–3.16) 1.88 (1.23–2.88) 

Others 2 (1.3) 6 (2.0) 16 (15.5) 18 (9.4) 3 (1.8) 6 (1.1) 4 (1.4) 12 (1.6) 15 (10.6) 37 (7.9) 40 (4.7) 79 (3.5) 1.47 (0.97–2.22) 1.74 (1.06–2.86) 

Parity 

Nulliparous 75 (48.4) 138 (45.4) 53 (51.5) 104 (54.2) 77 (47.2) 241 (43.0) 165 (57.3) 296 (40.4) 76 (53.5) 151 (32.3) 446 (52.4) 930 (41.2) 1.77 (1.49–2.11) 1.70 (1.38–2.09) 

Parity 1–2 56 (36.1) 138 (45.4) 35 (34.0) 83 (43.2) 66 (40.5) 283 (50.5) 91 (31.6) 386 (52.7) 44 (31.0) 220 (47.0) 292 (34.3) 1110 (49.2) 1 1 

Parity 3–4 17 (11.0) 26 (8.6) 14 (13.6) 4 (2.1) 14 (8.6) 30 (5.4) 25 (8.7) 45 (6.1) 17 (12.0) 71 (15.2) 87 (10.2) 176 (7.8) 1.99 (1.48–2.67) 1.67 (1.15–2.40) 

Parity ≥5 7 (4.5) 2 (0.7) 1 (1.0) 1 (0.5) 6 (3.7) 6 (1.1) 7 (2.4) 6 (0.8) 5 (3.5) 26 (5.6) 26 (3.1) 41 (1.8) 2.63 (1.57–4.42) 2.29 (1.18–4.44) 
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Education 

Primary 42 (27.1) 68 (22.4) 10 (9.7) 13 (6.8) 49 (30.1) 118 (21.1) 84 (29.2) 137 (18.7) 2 (1.4) 12 (2.6) 187 (22.0) 348 (15.4) 1.88 (1.49–2.38) 1.39 (1.02–1.88) 

Secondary 48 (31.0) 73 (24.0) 24 (23.3) 33 (17.2) 18 (11.0) 63 (11.25) 40 (13.9) 84 (11.5) 31 (21.8) 90 (19.2) 161 (18.9) 343 (15.2) 1.49 (1.18–1.89) 1.22 (0.91–1.64) 

University 40 (25.8) 103 (33.9) 60 (58.3) 143 (74.5) 73 (44.8) 318 (56.8) 85 (29.5) 292 (39.8) 70 (49.3) 213 (45.5) 328 (38.5) 1069 (47.4) 1 1 

Postgraduate 
degree 

0 0 0 0 2 (1.2) 6 (1.07) 37 (12.9) 106 (14.5) 34 (23.9) 128 (27.4) 73 (8.6) 240 (10.6) 1.00 (0.73–1.37) 1.13 (0.78–1.64) 

Non-university 
trade  

25 (16.1) 60 (19.7) 2 (1.9) 1 (0.5) 20 (12.3) 52 (9.29) 41 (14.2) 114 (15.6) 5 (3.5) 22 (4.7) 93 (10.9) 249 (11.0) 1.30 (0.98–1.72) 1.14 (0.81–1.59) 

Marital status 

Single 17 (11.0) 23 (7.6) 8 (7.8) 7 (3.7) 20 (12.3) 29 (5.18) 40 (13.9) 71 (9.7) 7 (4.9) 13 (2.8) 92 (10.8) 143 (6.3) 1.90 (1.43–2.52) 1.29 (0.91–1.84) 

Married-
cohabitating 

138 (89.0) 281 (92.4) 91 (88.4) 183 (95.3) 143 (87.7) 531 (94.8) 248 (86.1) 662 (90.3) 135 (95.1) 455 (97.2) 755 (88.7) 2112 (93.6) 1 1 

Pre-existing hypertension or diabetes 

No 152 (98.1) 300 (98.7) 101 (98.1) 191 (99.5) 158 (96.9) 549 (98.0) 272 (94.4) 728 (99.3) 140 (98.6) 454 (97.0) 823 (96.7) 2222 (98.5) 1 1 

Yes 3 (1.9) 4 (1.3) 2 (1.9) 1 (0.5) 5 (3.1) 11 (1.96) 16 (5.6) 5 (0.7) 2 (1.4) 14 (3) 28 (3.3) 35 (1.6) 2.03 (1.21–3.41) 1.86 (0.97–3.58) 

Maternal smoking 

Smoking (>1st 
trimester) 

34 (21.9) 47 (15.5) 10 (9.7) 18 (9.4) 25 (15.3) 40 (7.1) 67 (23.3) 79 (10.8) 9 (6.3) 21 (4.5) 145 (17.0) 205 (9.1) 2.05 (1.61–2.6) 1.62 (1.18–2.23) 

Non–smoker  121 (78.1) 257 (84.5) 93 (90.3) 174 (90.6) 138 (84.7) 520 (92.9) 221 (76.7) 654 (89.2) 130 (91.6) 437 (93.4) 703 (72.6) 2042 (90.5) 1 1 

Recreational drug use (during pregnancy) 

No 142 (91.6) 292 (96.1) 100 (97.1) 188 (97.9) 160 (98.2) 549 (98.0) 280 (97.2) 727 (99.2) 138 (97.2) 436 (93.7) 820 (96.4) 2192 (97.1) 1 1 

Yes 13 (8.4) 12 (4.0) 3 (2.9) 4 (2.1) 3 (1.8) 11 (2.0) 8 (2.8) 6 (0.8) 2 (1.4) 18 (3.9) 29 (3.4) 51 (2.3) 1.49 (0.93–2.38) 1.15 (0.64–2.06) 

Infant birthweight customised centile 

<10th  56 (36.1) 27 (8.9) 21 (20.4) 15 (7.8) 42 (25.8) 67 (12.0) 118 (41.0) 82 (11.2) 41 (28.9) 21 (4.5) 278 (32.7) 212 (9.4) 5.70 (4.14–7.83) 5.14 (3.61–7.31) 

10–24.9th  21 (13.6) 42 (13.8) 20 (19.4) 29 (15.1) 26 (16.0) 77 (13.8) 43 (14.9) 121 (16.5) 24 (16.9) 25 (5.3) 134 (15.8) 294 (13.0) 1.89 (1.36–2.64) 1.82 (1.26–2.63) 

25–49.9th  31 (20.0) 77 (25.3) 18 (17.5) 49 (25.5) 34 (20.9) 136 (24.3) 55 (19.1) 193 (26.3) 23 (16.2) 58 (12.4) 161 (18.9) 513 (22.7) 1.36 (0.99–1.86) 1.49 (1.06–2.11) 

50–74.9th  20 (12.9) 79 (26.0) 14 (13.6) 60 (31.6) 35 (21.5) 132 (23.6) 43 (14.9) 153 (20.9) 15 (10.6) 58 (12.4) 127 (14.9) 482 (21.4) 1.14 (0.82–1.57) 1.28 (0.9–1.83) 

75–89.9th  13 (8.4) 44 (14.5) 14 (13.6) 21 (10.9) 11 (6.8) 100 (17.9) 18 (6.3) 110 (15.0) 18 (12.7) 41 (8.8) 74 (8.7) 316 (14.0) 1 1 

>90th  14 (9.0) 27 (8.9) 16 (15.5) 18 (9.4) 15 (9.2) 48 (8.6) 10 (3.5) 71 (9.7) 18 (12.7) 26 (5.6) 73 (8.6) 190 (8.4) 1.58 (1.09–2.31) 1.57 (1.03–2.38) 
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Going-to-sleep position (last two weeks) 

Left side 42 (27.1) 129 (42.4) 32 (31.1) 48 (25.0) 78 (47.9) 324 (57.9) 138 (47.9) 383 (52.3) 69 (48.6) 190 (40.6) 359 (42.2) 1074 (47.6) 1 1 

Supine 15 (9.7) 14 (4.6) 10 (9.7) 4 (2.1) 19 (11.7) 20 (3.6) 19 (6.6) 24 (3.3) 4 (2.8) 11 (2.4) 67 (7.9) 73 (3.2) 2.89 (2.01–4.14) 2.63 (1.72–4.04) 

Right side 49 (31.6) 83 (27.3) 14 (13.6) 25 (13.0) 43 (26.4) 186 (33.2) 72 (25.0) 220 (30.0) 43 (30.3) 110 (23.5) 221 (26.0) 624 (27.7) 1.10 (0.90–1.34) 1.04 (0.83–1.31) 

Prone 0 0 0 0 0 0 3 (1.0) 4 (0.6) 0 (0.0) 4 (0.9) 3 (0.4) 8 (0.4) 1.15 (0.30–4.45) 0.63 (0.12–3.25) 

Variable sides 9 (5.8) 23 (7.6) 38 (36.9) 110 (57.3) 14 (8.59) 20 (3.57) 32 (11.1) 76 (10.4) 9 (6.3) 36 (7.7) 102 (12.0) 265 (11.7) 0.92 (0.69–1.23) 0.97 (0.70–1.35) 

Propped up 4 (2.6) 7 (2.3) 0 0 4 (2.45) 9 (1.61) 9 (3.1) 15 (2.1) 3 (2.1) 15 (3.2) 20 (2.4) 46 (2.0) 1.28 (0.74–2.23) 1.30 (0.68–2.49) 

Don't remember 36 (23.2) 48 (15.8) 9 (8.7) 5 (2.6) 5 (3.07) 1 (0.18) 15 (5.2) 11 (1.5) 14 (9.9) 102 (21.8) 79 (9.3) 167 (7.4) 1.40 (1.03–1.91) 2.26 (1.48–3.46) 

Fetal movement frequency (last two weeks) 

Increased 13 (8.4) 85 (28.0) 6 (5.8) 17 (8.9) 21 (12.9) 217 (38.8) 36 (12.5) 254 (34.7) 7 (4.9) 75 (16.0) 83 (9.8) 648 (28.7) 0.33 (0.26–0.43) 0.29 (0.22–0.38) 

Decreased 45 (29.0) 36 (11.8) 9 (8.7) 13 (6.8) 61 (37.4) 82 (14.6) 84 (29.2) 63 (8.6) 66 (46.5) 74 (15.8) 265 (31.1) 268 (11.9) 2.74 (2.22–3.37) 2.49 (1.96–3.16) 

No change or 
unsure 

97 (62.6) 183 (60.2) 88 (85.4) 162 (84.4) 81 (49.7) 261 (46.6) 168 (58.3) 416 (56.8) 63 (44.4) 225 (48.1) 497 (58.4) 1247 (55.3) 1 1 

 

 

 

 

Table 12: Participant level characteristics, late stillbirth risk factors, and going-to-sleep position in last two weeks in participating case-control studies 
and pooled IPD meta-analysis 

Data are number (percentage) or median (IQR). TASS=The Auckland Stillbirth Study. SSS=Sydney Stillbirth Study. MCSS=New Zealand Multicentre Stillbirth Study. 
MiNESS=Midlands and North of England Stillbirth Study. STARS=Study of Trends and Associated Risks for Stillbirth Study. CRIBSS=Collaborative IPD of Sleep and Stillbirth. 
Multivariable models are adjusted for matching terms (gestation at interview in controls and at diagnosis of stillbirth for cases) and study and site, and all the other variables in the 
table. Participants with missing data were excluded from the multivariable model. No imputation for missing data. *South Asian includes India, Pakistan, Sri Lanka, Bangladesh, 
Nepal, Bhutan, the Maldives, and Afghanistan ethnicities 
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We evaluated the interaction between supine going-to-sleep position and pregnancies with prespecified 

indicators of fetal vulnerability to identify the OR for the combined effect of supine going-to-sleep position 

in women with indicators of fetal vulnerability (table 13). The prespecified indicators of fetal vulnerability 

included infants <50th birthweight centile, due to our finding of an increased risk of late stillbirth in this 

group compared to infants >50th birthweight centile. 

Prespecified indicators of fetal 
vulnerability  

Supine Non–supine Bi-variable 
regression 

  Univariable odds ratio 
(95% CI) 

Univariable odds ratio 
(95% CI) 

P for interaction 

Small-for-gestational-age infant (<10th infant birthweight customised centile) 
Yes 15.66 (6.96–35.25) 3.98 (3.17–4.99) 0.32 
No   2.45 (1.6–3.75) 1 

Infant birthweight customised centile 
<50th centile 4.85 (3.12–7.53) 1.97 (1.64–2.38) 0.34 

>50th centile 3.62 (1.87–7.01) 1 

Earliest pregnancy BMI (kg/m2 ) 
BMI <25.0 3.69 (2.26–6.01) 1 0.30 

BMI 25–29.9 4.96 (2.33–10.57) 1.4 (1.13–1.74) 

BMI 30–34.9 3.61 (1.40–9.27) 1.71 (1.3–2.24) 
BMI >35.0 2.99 (1.09–8.21) 2.2 (1.66–2.91) 
Obesity  
Obese 3.52 (2.34–5.3) 1.69 (1.38–2.07) 0.08 

Non–obese 2.90 (1.45–5.8) 1 

Recreational drug use (during pregnancy) 
Yes – 1.40 (0.83–2.37) 0.97 

No  2.92 (2.05–4.15) 1 
Smoking 
Smoking (beyond first trimester) 6.32 (2.31–17.32) 1.99 (1.54–2.58) 0.86 

Non-smoking  2.88 (1.98–4.2) 1 

Pre-existing hypertension or diabetes  
Yes 3.12 (0.19–51.78) 2.23 (1.28–3.88) 0.62 

No 2.90 (2.04–4.12) 1 

Fetal movement frequency (last two weeks) 
Increased  2.49 (1.03–6.00) 1 0.40 

Decreased  16.94 (7.60–37.76) 8.50 (6.19–11.67) 

Same/unsure  10.50 (6.19–17.81) 2.91 (2.19–3.85) 
Term (>37 weeks’) versus preterm (<37 weeks’) infant 

Term 2.79 (1.72–4.53) 1 0.88 
 

Preterm 2.78 (1.69–4.57) 0.95 (0.79–1.13) 
 

Table 13: Analysis for interaction between supine going-to-sleep position and prespecified 
indicators of fetal vulnerability 
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 None of the assessed indicators of fetal vulnerability significantly modified the overall effect between the 

risk of the combination of supine going-to-sleep position and indicators of fetal vulnerability. The p value 

for interactions, assessed using bi-variable regression, were small-for-gestational-age infant (p=0.32), 

infant <50th birthweight customised centile (p=0.34), earliest pregnancy BMI (p=0.30), maternal obesity 

(p=0.08), recreational drug use (p=0.97), smoking beyond the first trimester (p=0.86), pre-existing 

hypertension or diabetes (p=0.62), reduced fetal movements (p=0.40), and term (>37 weeks’) versus 

preterm gestation (p=0.88). The PAR for supine going-to-sleep position was 5.8% (3.2–9.2) (table 14). 

 

Variables Prevalence of the 
exposure in 

controls 

Relative risk 
unadjusted 

Population 
attributable risk 

<10th birthweight customised 
percentile 

9.4% 5.7 30.6% (22.8–39.1) 

Decreased fetal movements (last 
two weeks) 

11.9% 2.7 17.1% (12.6–22.0) 

Obesity (BMI >30 kg/m2) 22.2% 1.62 12.1% (7.2–17.4) 

Smoking                                 
(beyond first trimester) 

9.1% 2.1 8.7% (5.2–12.7) 

Overweight                                      
(BMI 25–29.9 kg/m2) 

25.4% 1.4 8.2% (2.5–14.2) 

Supine going-to-sleep position 
(last two weeks) 

3.2% 2.9 5.8% (3.2–9.2) 
 

Table 14: Population attributable risk of modifiable risk factors for late stillbirth in pooled IPD 
population 
 

Our prespecified sensitivity analyses (supplementary appendix C) were conducted to include variables 
that were only available in some studies: sleep duration, frequency of overnight toilet use, and day-time 

napping. Short sleep duration (<6 hours), not getting up to the toilet overnight, and daily napping during 

the last two weeks, were associated with late stillbirth. Sensitivity analyses were also conducted without 

controls who reported their pregnancy going-to-sleep position after they had given birth (supplementary 

appendix C). The relationship between supine going-to-sleep position and other risk factors associated 

with late stillbirth in these models remained similar to those reported in the main model.  

5.2.5. Discussion 

Our individual participant-level data meta-analysis confirms that maternal supine going-to-sleep position 

during the last two weeks of pregnancy is independently associated with late stillbirth. Importantly, we 

observed no difference in odds of late stillbirth between women who reported they went to sleep on their 

left or right side. Women who were unable to recall their going-to-sleep position also had increased odds 

of late stillbirth, although this is likely to reflect a combination of going-to-sleep positions and other 

factors. These associations between going-to-sleep position and late stillbirth were independent of 
maternal age, ethnicity, parity, education level, marital status, BMI, pre-existing hypertension or diabetes, 

smoking, recreational drug use, perception of fetal movements, customised birthweight centiles (small-

for-gestational-age infants), and gestation. 
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 The effect of ethnicity in the adjusted model requires further research to understand why some ethnic 

groups appear to have an increased risk of late stillbirth or whether these effects reflect residual 

confounding. Pathways may be related to less favourable pre-pregnancy social and environmental 

factors and differential access to optimal maternity care (Puthussery, 2016). However, these factors were 

not measured in the individual studies. 

Our findings regarding going-to-sleep position are biologically plausible, as maternal supine position in 

late pregnancy is associated with compression of the inferior vena cava (Milsom & Forssman, 1984; 

Rossi et al., 2011) and aorta (Milsom & Forssman, 1984; Humphries et al., 2018), with reported 85% 

reduction in blood flow through the vena cava at its origin and around 30% reduction through the aorta 
at the level of bifurcation. This compression diverts blood into the collateral venous circulation (Kerr et 

al., 1964; Humphries et al., 2018), with a reported compensatory 220% increase in flow through the 

dominant azygos venous pathway (Humphries et al., 2018). However, this increase in collateral flow 

does not fully offset the compression, resulting in an 11-25% decrease in stroke volume (Milsom & 

Forssman, 1984; Humphries et al., 2018; Rossi et al., 2011) and 9-29% decrease in cardiac output 

(Milsom & Forssman, 1984; Humphries et al., 2018; Rossi et al., 2011). In turn, this may reduce uterine 

(Jeffreys et al., 2006) and placental perfusion (Abitbol, 1977; Kauppila et al., 1980) and decrease fetal 

oxygenation (Khatib et al., 2014), demonstrated by increased fetal quiescence in the maternal supine 
position (Stone et al., 2017). Individual variations in the woman’s collateral venous circulation (Humphries 

et al., 2018), autonomic response to positional change (Chen et al., 1999), the duration of supine position 

exposure (Ryo et al., 1996), and the presence of sleep-disordered breathing (Brown et al., 2018; Warland 

et al., 2018; Leppänen et al., 2016) may contribute to this process.  

The triple risk model for unexplained late stillbirth (Warland & Mitchell, 2014) hypothesises that stillbirth 

may result from an inter-relationship of three groups of factors: a vulnerable baby (e.g. small-for-

gestational-age), an adverse maternal factor (e.g. obesity) and an additional stressor (e.g. reduced 

uterine blood flow associated with supine going-to-sleep position). Although, we found no statistically 

significant interactions between these factors and supine going-to-sleep position, our bi-variable 

regression models found the effect of vulnerable pregnancies and supine position was independent and 
additive, and this is important information for practicing clinicians. For example, in our interaction analysis 

(table 3), we found the combined effect of supine going-to-sleep position with a small-for-gestational-age 

baby resulted in significantly increased odds of late stillbirth (aOR 15.66, 95% CI 6.96–35.25) compared 

to supine position with an appropriately grown or large baby (2.45, 1.6–3.75), and non-supine position 

with a small-for-gestational-age baby (3.98, 3.17–4.99).  

Other maternal sleep practices associated with late stillbirth during the last two weeks in the sensitivity 

analysis were short sleep duration (<6 hours), not getting up to the toilet overnight, and daily napping 

(supplementary appendix C), which are consistent with findings from the individual studies (Stacey et al., 

2011a; McCowan et al., 2017; Heazell et al., 2017). Short sleep duration in pregnancy has been 

associated with an increased risk of preterm labour (Micheli et al., 2011), depression (Chang, Pien, 
Duntley, & Macones, 2010), gestational hypertension (Williams et al., 2010), hyperglycaemia, and 

gestational diabetes (Reutrakul et al., 2017). This may be a result of increased systemic inflammatory 

responses, oxidative stress, and sympathetic activity, which could contribute to placental dysfunction 
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and metabolic derangements (Reutrakul et al., 2017; Chang et al., 2010). Similarly, daytime napping 

during pregnancy has been associated with nocturnal sleep-disordered breathing and abnormal glucose 

metabolism (Reutrakul et al., 2017). A possible explanation for the increased risk associated with not 

getting up to the toilet overnight is that prolonged periods of undisturbed sleep, with unrelieved inferior 

vena cava compression, may result in reduced uterine (Jeffreys et al., 2006) and placental perfusion 

(Abitbol, 1977; Kauppila et al., 1980), and decreased oxygenation (Khatib et al., 2014), from which the 

fetus is unable to recover. 

There are limitations to our study. First, the time lapse between interview and stillbirth may have 

influenced the accuracy of recall by cases, however, this would not be systematically biased towards the 
exposure of supine going-to-sleep position (Mackenzie & Lippman, 1989; Drews, Kraus, & Greenland, 

1990). Secondly, there were no randomised trials or eligible prospective cohort studies identified for this 

IPD, and a Ghanaian cross-sectional study (Owusu et al., 2013) that reported an association between 

supine sleep and late stillbirth was ineligible due to the study design. Therefore, the exposure data and 

data about a number of prespecified confounders were collected retrospectively in the included case-

control studies and subject to potential recall bias. Thirdly, the small differences between each individual 

study design limited our ability to control for all a priori confounders, emphasising the importance of 

prospective planning for future IPDs whenever possible. Fourthly, although we had no language 
restriction, and the participating studies included women of many ethnicities, only one participating study 

included women from low and middle-income countries (O'Brien et al., 2019a). 

This is the largest dataset assembled on maternal going-to-sleep position and late stillbirth, comprising 

to our knowledge all the available data world-wide on the topic. A strength of our IPD meta-analysis is 

that combining the data has increased the sample size and statistical power. Furthermore, all data 

underwent additional data cleaning by the CRIBSS data centre (Li et al., 2018), resulting in a reduced 

number of eligible participants compared to the individual studies (Stacey et al., 2011a; Gordon et al., 

2015; McCowan et al., 2017; Heazell et al., 2017; O'Brien et al., 2019a). Sensitivity analysis was 

conducted to compare odds estimates where an important confounder was not available in all studies. 

A further strength is that some factors not previously reported in the individual studies were made 
available and were included in the IPD meta-analysis e.g. recreational drug use, pre-existing 

hypertension or diabetes, and maternal perception of fetal movement. 

This IPD meta-analysis comprises the best available data for making policy decisions on maternal going-

to-sleep position in order to reduce the risk of late stillbirth. Our findings have major implications for 

clinical practice and policy development. It may now be timely to advise women that going-to-sleep on 

the side in the third trimester is associated with an approximate halving of the odds of late stillbirth 

compared to going-to-sleep on the back. Swapping from the supine to the side-lying going-to-sleep 

position in late pregnancy is a simple intervention that women report can be self-managed by women 

with minimal difficulty in the home (Heazell et al., 2017; Cronin et al., 2017a), requires no technology or 

equipment (Cronin et al., 2017a), is not known to cause harm, is applicable to all pregnant women, and 
most importantly could reduce late stillbirth. 
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We conclude that supine going-to-sleep position is a risk factor for late stillbirth, with a 2.6-fold increase 

in odds, independent of other common stillbirth risk factors. Going-to-sleep on the left or right side 

appears equally safe, therefore women in the third trimester can choose to settle to sleep on either side. 

Furthermore, as we did not identify significant interactions with our indicators of fetal vulnerability, supine 

going-to-sleep position can be considered a contributing factor for late stillbirth in all third trimester 

pregnancies. This study has important public health implications and could potentially reduce late 

stillbirth by approximately 6% if all women >28 weeks’ gestation settled to sleep on their side. The 
message, that it is safer for baby to settle to sleep lying on your side (either left or right side) from 28 

weeks of pregnancy, is simple and can be implemented by pregnant women.  
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5.2.6. Supplementary appendix 

• Supplementary appendix A. MEDLINE search strategy. 

• Supplementary appendix B. Results of risk of bias assessment. 

• Supplementary appendix C. Prespecified sensitivity analyses  

Supplementary appendix A. MEDLINE search strategy 

Systematic searches were undertaken for an individual-level participant data meta-analysis of case-

control studies, prospective cohort studies and randomised trials undertaken up until 26 Jan, 2018, with 

no specified earliest date, that reported data on maternal going-to-sleep position and stillbirth using 
relevant terms (“stillbirth”, “fetal death”, “perinatal death” and “sleep”) and synonyms were tested prior to 

search commencement to check the located articles were consistent with the inclusion criteria. No 

language restriction was applied. 

Database: Ovid MEDLINE(R) to 26 Jan, 2018 

1. Stillbirth/ 
2. (stillbirth* or still-birth* or stillborn* or still-born*).ti,ab,kf. 

3. Fetal Death/ 

4. ((fetal or foetal or fetus or foetus) adj death*).ti,ab,kf. 

5. ((fetal or foetal or fetus or foetus) adj3 (loss or losses)).ti,ab,kf. 

6. Perinatal Death/ 

7. ((perinatal or peri-natal) adj death*).ti,ab,kf. 
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8. ((prenatal or pre-natal or intrauterine or intra-uterine or antepartum or ante-partum or antenatal 

or ante-natal) adj death*).ti,ab,kf. 

9. or/1-8 

10. Sleep/ 

11. ((sleep or sleeping) adj (position* or practice* or posture*)).ti,ab,kf. 

12. maternal sleep*.ti,ab,kf. 

13. or/10-12 
14. 9 and 13 

 

Supplementary appendix B. Results of risk of bias assessment 

 
Summary of assessment of individual studies using Risk of Bias In Non-randomised Studies of 
Exposure Tool (Robins-E Tool) 
The response options for an overall risk of bias judgement are: (1) Low risk of bias (the study is 
comparable to a well-performed randomized trial); (2) Moderate risk of bias (the study provides sound 
evidence for a non-randomized study but cannot be considered comparable to a well-performed 
randomized trial); (3) Serious risk of bias (the study has some important problems); (4) Critical risk of 
bias (the study is too problematic to provide any useful evidence and should not be included in any 
synthesis); and (5) No information on which to base a judgement about risk of bias.  

 

 

 

  

Study Bias due 
to 
confoun
ding 

Bias in 
selection 
of 
participa
nts into 
the 
study 

Bias in 
classific
ation of 
exposur
e 

Bias due 
to 
deviation 
from 
intended 
interventi
on 

Bias 
due to 
missing 
data 

Bias in 
measure
ment of 
outcomes 

Bias in 
selection 
of the 
reported 
result 

Overall 
 

TASS 
Stacey et al., 
(2011) 

2 2 2 N/A 1 1 1 2 

SSS 
Gordon et al., 
(2015) 

2 2 2 N/A 1 1 1 2 

MCSS 
McCowan et 
al., (2017) 

2 2 2 N/A 1 1 1 2 

MiNESS 
Heazell et al., 
(2017) 

2 2 2 N/A 1 1 1 2 

STARS 
O’Brien et al., 
(2018)                           

3 3 2 N/A 3 3 3 3 
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Supplementary appendix C. Prespecified sensitivity analyses  

 

 Studies with sleep 
duration and frequency 
of overnight toilet use 

Studies with sleep 
duration, frequency of 
overnight toilet use, and 
daytime nap 

Studies excluding 
controls who reported 
their pregnancy going-
to-sleep after they had 
given birth 

 Adjusted odds ratio 
(95% CI) 

Adjusted odds ratio 
(95% CI) 

Adjusted odds ratio 
(95% CI) 

 Case n=722                  
Control n=1745 

Case n=567                        
Control n=1147 

Case n=826               
Control n=1702 

Age (years) 
<20 0.95 (0.53–1.69) 1.02 (0.51–2.06) 1.30 (0.74–2.30) 
20–24 1.05 (0.73–1.51) 0.99 (0.65–1.51) 1.06 (0.74–1.53) 
25–29 0.94 (0.72–1.24) 0.92 (0.67–1.26) 1.01 (0.78–1.32) 
30–34 1 1 1 
35–39 1.36 (1.00–1.85) 1.46 (1.03–2.07) 1.28 (0.95–1.72) 
>40 1.69 (1.01–2.81) 2.18 (1.25–3.8) 1.67 (1.03–2.71) 
Earliest pregnancy 
BMI 

1.03 (1.01–1.05) 1.03 (1.01–1.05) 1.03 (1.01–1.05) 

Ethnicity 
White 1 1 1 
Black 1.65 (0.83–3.3) 1.53 (0.71–3.27) 1.74 (0.88–3.35) 
South Asian* 1.72 (1.19–2.5) 1.75 (1.15–2.68) 2.13 (1.48–3.08) 
South East/East Asian 1.04 (0.59–1.85) 0.99 (0.46–2.12) 2.01 (1.21–3.35) 
Māori 1.11 (0.67–1.84) 1.85 (0.97–3.54) 1.29 (0.77–2.14) 
Pacific 1.97 (1.25–3.09) 2.21 (1.18–4.16) 2.09 (1.32–3.28) 
Others 1.53 (0.81–2.89) 1.71 (0.87–3.35) 1.84 (1.06–3.20) 
Parity 
Nulliparous 1.82 (1.45–2.28) 1.84 (1.42–2.38) 1.73 (1.39–2.16) 
Parity1–2 1 1 1 
Parity 3–4 1.39 (0.94–2.07) 1.43 (0.91–2.25) 1.72 (1.16–2.55) 
Parity >5 2.07 (1.03–4.14) 1.74 (0.81–3.74) 2.31 (1.13–4.72) 
Education 
Primary 1.32 (0.96–1.84) 1.33 (0.92–1.93) 1.43 (1.04–1.96) 
Secondary 1.10 (0.79–1.52) 1.04 (0.71–1.53) 1.16 (0.85–1.58) 
University 1 1 1 
Post–graduate degree 1.06 (0.72–1.58) 1.06 (0.71–1.58) 1.17 (0.79–1.73) 
Non-university trade  1.03 (0.73–1.47) 1.13 (0.75–1.72) 1.15 (0.81–1.63) 
Marital status  
Single 1.33 (0.92–1.94) 1.37 (0.89–2.09) 1.42 (0.98–2.06) 
Married/cohabitating 1 1 1 
Pre-existing hypertension or diabetes 
No 1 1 1 
Yes 1.79 (0.91–3.54) 1.83 (0.86–3.93) 3.26 (1.56–6.78) 
Smoking  
Smoking (beyond first 
trimester) 

1.66 (1.18–2.35) 1.84 (1.22–2.77) 1.70 (1.21–2.37) 

Non–smoking  1 1 1 
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Recreational drug use (during pregnancy) 
No 1 1 1 
Yes 1.10 (0.58–2.07) 0.72 (0.31–1.68) 1.04 (0.56–1.93) 
Infant birthweight customised centile 
<10th 5.04 (3.45–7.37) 5.12 (3.30–7.93) 5.30 (3.65–7.70) 
10–24.9th 1.72 (1.15–2.57) 1.81 (1.14–2.87) 1.80 (1.22–2.65) 
25–49.9th 1.55 (1.07–2.26) 1.65 (1.07–2.55) 1.51 (1.05–2.17) 
50–74.9th 1.29 (0.87–1.9) 1.60 (1.02–2.49) 1.33 (0.92–1.93) 
75–89.9th 1 1 1 
>90th 1.31 (0.83–2.07) 1.32 (0.77–2.27) 1.58 (1.02–2.47) 
Going-to-sleep position (last two weeks) 
Left side 1 1 1 
Supine 2.73 (1.73–4.31) 3.12 (1.82–5.34) 2.61 (1.66–4.11) 
Right side 1.06 (0.83–1.35) 0.90 (0.68–1.18) 1.06 (0.84–1.35) 
Prone  0.94 (0.18–4.99) 0.88 (0.17–4.58) 0.98 (0.68–1.39) 
Variable sides 1.34 (0.89–2.02) 1.33 (0.85–2.10) 1.35 (0.24–7.70) 
Propped up 1.26 (0.65–2.45) 1.15 (0.54–2.44) 1.27 (0.65–2.50) 
Don't remember 3.11 (1.94–4.98) 4.45 (1.92–10.33) 2.63 (1.63–4.24) 
Fetal movement frequency (last two weeks) 
Increased 0.29 (0.21–0.39) 0.29 (0.21–0.41) 0.30 (0.22–0.40) 
Decreased 2.62 (2.04–3.38) 2.82 (2.11–3.77) 2.85 (2.20–3.70) 
No change/unsure 1 1 1 
Sleep duration 
<6 hours 1.52 (1.20–1.92) 1.44 (1.10–1.87) - 
6–9 hours 1 1 - 
>9 hours 1.34 (0.91–1.98) 1.32 (0.82–2.12) - 
Frequency of overnight toilet use 
0 1.89 (1.44–2.46) 1.97 (1.46–2.65) - 
>1 1 1 - 
Daytime nap 
Never - 1.13 (0.79–1.62) - 
Occasionally - 1.02 (0.74–1.4) - 
Often - 1 - 
Everyday - 1.72 (1.19–2.49) - 

 
Sensitivity analyses, including late stillbirth risk factors, going-to-sleep position in last two 
weeks, and additional sleep factors in pooled IPD meta-analysis 
Data are number (percentage) or median (IQR). Multivariable models are adjusted for matching terms 
(gestation at interview in controls and at diagnosis of stillbirth for cases) and study and site, and all the 
other variables in the table. Participants with missing data were excluded from the multivariable model. 
No imputation for missing data. *South Asian includes India, Pakistan, Sri Lanka, Bangladesh, Nepal, 
Bhutan, the Maldives, and Afghanistan ethnicities. 
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Chapter 6: Associations between symptoms of sleep-
disordered breathing and maternal sleep patterns with late 
stillbirth: findings from an individual participant data meta-
analysis. 
 

The manuscript below was published in PLoS ONE on March 26 2020 and has been reproduced with 

permission. 

Cronin, R. S., Wilson, J., Gordon, A., Li, M., Culling, V., Raynes-Greenow, C. H., Heazell, A. E., Stacey, 

T., Askie, L. M., Mitchell, E. A., Thompson, J. M., McCowan, L. M., & O’Brien, L. M. (2020). Associations 

between symptoms of sleep-disordered breathing and maternal sleep patterns with late stillbirth: 

Findings from an individual participant data meta-analysis. PLoS ONE, 15(3), e0230861. 

https://doi.org/10.1371/journal.pone.0230861 
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6.1. Preamble 

This chapter has built on the finding of the previous chapter, that supine going-to-sleep position was 

associated with late stillbirth. It has been hypothesised that the presence of sleep-disordered breathing 

(SDB) (Brown et al., 2018; Warland et al., 2018; Leppänen et al., 2016) may contribute to this association. 

This is because the most common symptom of SDB is snoring, and snoring is associated with adverse 

pregnancy outcomes and exacerbated by pregnancy and the supine sleep. 

6.2. Manuscript 

Abstract 

Background: Sleep-disordered breathing affects up to one third of women during late pregnancy and is 

associated with adverse pregnancy outcomes, including hypertension, diabetes, impaired fetal growth, 

and preterm birth. However, it is unclear if SDB is associated with late stillbirth (≥28 weeks’ gestation). 

The aim of this study was to investigate the relationship between self-reported symptoms of SDB and 
late stillbirth. 

Methods: Data were obtained from five case-control studies (cases 851, controls 2257) from New 

Zealand (2 studies), Australia, the United Kingdom, and an international study. This was a secondary 

analysis of an individual participant data meta-analysis that investigated maternal going-to-sleep position 

and late stillbirth, with a one-stage approach stratified by study and site. Inclusion criteria: singleton, non-

anomalous pregnancy, ≥28 weeks’ gestation. Sleep data (‘any’ snoring, habitual snoring ≥3 nights per 

week, the Berlin Questionnaire [BQ], sleep quality, sleep duration, restless sleep, daytime sleepiness, 

and daytime naps) were collected by self-report for the month before stillbirth. Multivariable analysis 

adjusted for known major risk factors for stillbirth, including maternal age, body mass index (BMI kg/m2), 

ethnicity, parity, education, marital status, pre-existing hypertension and diabetes, smoking, recreational 
drug use, baby birthweight centile, fetal movement, supine going-to-sleep position, getting up to use the 

toilet, measures of SDB and maternal sleep patterns significant in univariable analysis (habitual snoring, 

the BQ, sleep duration, restless sleep, and daytime naps). Registration number: PROSPERO, 

CRD42017047703.  

Results: In the last month, a positive BQ (adjusted odds ratio [aOR] 1.44, 95% confidence interval [CI] 

1.02–2.04), sleep duration >9 hours (aOR 1.82, 95% CI 1.14–2.90), daily daytime naps (aOR 1.52, 95% 

CI 1.02–2.28) and restless sleep greater than average (aOR 0.62, 95% CI 0.44–0.88) were 

independently related to the odds of late stillbirth. ‘Any’ snoring, habitual snoring, sleep quality, daytime 

sleepiness, and a positive BQ excluding the BMI criterion, were not associated.  

Conclusion: A positive BQ, long sleep duration >9 hours, and daily daytime naps last month were 

associated with increased odds of late stillbirth, while sleep that is more restless than average was 

associated with reduced odds. Pregnant women may be reassured that the commonly reported restless 

sleep of late pregnancy may be physiological and associated with a reduced risk of late stillbirth. 
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6.2.1. Background 

The loss of a baby from stillbirth has detrimental consequences for the family and the community (Heazell 

et al., 2016). The causes of many stillbirths are unexplained (Flenady et al., 2016; Reinebrant et al., 

2017). Sleep-disordered breathing (SDB), ranging from snoring to obstructive sleep apnoea (OSA), is 

common during pregnancy. The cardinal symptom, habitual snoring ≥3 nights per week, affects up to 

35% of women in the third trimester (O'Brien et al., 2012; Bourjeily et al., 2010), and up to 85% of women 
with pre-eclampsia (Izci-Balserak et al., 2005), while objective measures of OSA are estimated to affect 

between 8% and 26% of pregnant women (Facco et al., 2017; Pien et al., 2013). SDB is a risk factor for 

adverse pregnancy outcomes, including gestational hypertension and pre-eclampsia (O'Brien et al., 

2012; Williams et al., 2010; Bin et al., 2016), hyperglycaemia (Facco et al., 2010; Qiu et al., 2010; 

Reutrakul et al., 2011), impaired fetal growth (Micheli et al., 2011; Abeysena et al., 2009; Fung et al., 

2013; Pamidi et al., 2016; O'Brien et al., 2013; Kneitel et al., 2018), and early-term and/or preterm birth 

(Micheli et al., 2011; Bin et al., 2016; Li et al., 2017; Kajeepeta et al., 2014; Dunietz et al., 2018). SDB is 
exacerbated by obesity, advanced gestation, and the supine sleep position (Ura & Fujimoto, 2018), all 

of which are themselves associated with an increased risk of late stillbirth (Cronin et al., 2019a). 

Therefore, pregnant women with SDB may have an increased risk of late stillbirth (≥28 weeks’ gestation) 

and this risk may be magnified if women settle to sleep supine, however the data is lacking. 

Importantly, the association between SDB and maternal sleep patterns (sleep quality, sleep duration, 

restless sleep, daytime sleepiness, and daytime naps) with late stillbirth is inconsistent across studies. 

A meta-analysis (Warland et al., 2018), which included the comparison of stillbirth in women with and 

without SDB as an outcome measure, using subjective (self-reported snoring) (Stacey et al., 2011a; 

Gordon et al., 2015) and objective (OSA) (Bin et al., 2016; Louis et al., 2012; Louis et al., 2014) 

measurements, reported no association between SDB and stillbirth. The relationship between sleep 

duration and late stillbirth was reported in several case-control (Stacey et al., 2011a; McCowan et al., 
2017; Heazell et al., 2017; O'Brien et al., 2019a) and cross sectional studies (Owusu et al., 2013), 

however, the results are not consistent in identifying an association. Subjective sleep quality was also 

not associated with stillbirth in a cross-sectional (Owusu et al., 2013) and case-control (O'Brien et al., 

2019a) study. Other case-control studies (Stacey et al., 2011a; Heazell et al., 2017) reported that daily 

naps, compared to no naps, were independently associated with late stillbirth. These inconsistencies 

may be due to differing measurements of these aspects of maternal sleep between studies, or because 

some studies did not adjust for potential confounders (such as maternal body mass index [BMI kg/m2] 
and maternal age). Furthermore, as late stillbirth is a relatively rare event, ranging from 1.3 to 8.8/1000 

births in high-income countries (Flenady et al., 2016), individual studies have been underpowered to 

investigate interactions between supine going-to-sleep position and late stillbirth in women with SDB 

compared to those without. 

The triple risk model (Warland & Mitchell, 2014) suggests that late stillbirth may be the culmination of an 

interplay between stressors (e.g. SDB, supine going-to-sleep position), maternal risk factors (e.g. 

obesity, age), and fetal-placental vulnerability (e.g. impaired fetal growth, placental dysfunction). 

Exploration of possible biological pathways (Izci-Balserak & Pien, 2010) of the association of adverse 



 

82 

 

pregnancy outcomes related to SDB suggests that there are multifactorial mechanisms, including 

sympathetic activation, oxidative stress, inflammation, and endothelial dysfunction, which contribute to 

maternal cardiovascular dysfunction, metabolic derangement, placental dysfunction, and fetal 
compromise. Thus, it is plausible that when a mother is in the supine position in late pregnancy and there 

is reduced maternal-fetal blood flow from aortocaval compression (Kerr et al., 1964; Humphries et al., 

2018), the addition of partial airway collapse with SDB may exacerbate fetal compromise in a vulnerable 

fetus.  

Since SDB and maternal sleep patterns are potentially modifiable during pregnancy (such as lateral 

position for supine-dependent snoring, continuous positive airway pressure for OSA, and frequency of 

daytime naps), it is possible that screening and management of these aspects of maternal sleep during 

pregnancy may support reduction in the rate of late stillbirth. However, there is a need to assess the 

current evidence from individual studies that have collected data on maternal sleep and stillbirth to 

determine if they are associated with late stillbirth.  

We established the Collaborative Individual Participant Data (IPD) Meta-analysis of Sleep and Stillbirth 

(CRIBSS) group to address if maternal going-to-sleep position was associated with late stillbirth. This 

included pre-specified secondary questions on symptoms of SDB and maternal sleep patterns (Li et al., 
2018), including 1) is SDB associated with late stillbirth, and 2) is supine going-to-sleep position 

associated with greater risk of late stillbirth in women with SDB compared to those without? 

6.2.2. Methods  

The study population comprised cases with late stillbirth and controls with ongoing pregnancies from the 

CRIBSS data. This IPD meta-analysis was registered with the PROSPERO register of systematic 
reviews (CRD42017047703) and followed the IPD meta-analysis protocol (Li et al., 2018) (Appendix 1), 

search strategy (Cronin et al., 2019a), risk of bias for non-randomised studies (ROBINS-E) tool (Morgan, 

2017), and published results (Cronin et al., 2019a). Systematic searches of case-control studies, 

prospective cohort studies and randomised trials undertaken up until 26 Jan, 2018, that reported data 

on maternal going-to-sleep position and stillbirth, were repeated on 14 August, 2019, and no further 

studies were identified. Five international case-control studies (Stacey et al., 2011a; Gordon et al., 2015; 

McCowan et al., 2017; Heazell et al., 2017; O'Brien et al., 2019a) that collected maternal going-to-sleep 

position and late stillbirth data were included in this pooled IPD meta-analysis.  

Participant level inclusion criteria were singleton, non-anomalous pregnancy, ≥28 weeks’ gestation. 

Exclusion criteria were multiple pregnancy, major congenital abnormality, gestation <28 weeks’ when 
pregnancy sleep data was collected, termination of pregnancy at ≥28 weeks’, and receiving an 

intervention that may have affected going-to-sleep position. Maternal sleep data were collected by face-

to-face interview (Stacey et al., 2011a; Gordon et al., 2015; McCowan et al., 2017; Heazell et al., 2017) 

or online survey (O'Brien et al., 2019a) within six weeks after stillbirth in cases or at a matched gestation 

in controls.  



 

83 

 

Late stillbirth, using the international definition of stillbirth (WHO, 2006), “a baby born with no signs of life 

at or after 28 weeks' gestation,” was the primary outcome. The analysis included intrapartum stillbirth, 

with the rationale that the exact time of the stillbirth may be uncertain and that SDB may result in a 
vulnerable baby that is unable to tolerate labour.  

Data analysis 

This was a prespecified secondary analysis of an IPD meta-analysis that investigated maternal going-

to-sleep position and late stillbirth, with a one-stage approach stratified by study and site. A detailed 

statistical analysis plan, prior to the analysis, has been published.25 Prespecified potential covariates 
were: maternal age, earliest pregnancy BMI, ethnicity, parity, education level, marital status, pre-existing 

hypertension or diabetes, smoking, recreational drug use, supine going-to-sleep position, fetal 

movements, infant birthweight by customised centiles, and measures of SDB and sleep patterns (‘any’ 

snoring, habitual snoring, the Berlin Questionnaire [BQ], Epworth Sleepiness Scale [ESS], sleep quality, 

sleep restlessness, and sleep duration). Frequency of getting up to use the toilet and daytime naps were 

also included as these are previously reported (Stacey et al., 2011a; McCowan et al., 2017; Heazell et 

al., 2017; O'Brien et al., 2019a) independent risk factors for late stillbirth. Where data exists for multiple 

time frames, only data for the month prior to the stillbirth were used in the analysis. In cases where the 
last month data were not available, data collected for the ‘last week’(McCowan et al., 2017) were used. 

There are currently no validated tools for SDB screening during pregnancy, therefore we investigated 
habitual snoring, a positive BQ (Netzer et al., 1999), and daytime sleepiness using the ESS (Johns, 

1991) as proxy indicators. The BQ (Netzer et al., 1999) was developed to identify individuals at risk of 

OSA in non-pregnant primary care populations and has three categories 1) snoring frequency, loudness, 

and witnessed apnoea, 2) daytime sleepiness, and 3) BMI >30 and hypertension, with a positive BQ 

requiring two positive categories. The ESS (Johns, 1991) is a subjective measure of daytime sleepiness 

with eight questions about the likelihood of dozing off in specified situations, ranging from unlikely (in a 

car stopped for a few minutes in traffic) to highly likely (lying down to rest in the afternoon). The ESS is 

coded as 0=never doze, 1=slight chance, 2=moderate chance, and 3=high chance, with a positive ESS 
screen indicating clinical levels of daytime sleepiness defined as ≥10. 

Data on the usual duration of overnight sleep were also collected. The reference for sleep duration was 
defined as 6 to 9 hours, with duration categorised as <6, 6–9, or >9 hours. Restless sleep and sleep 

quality were each single questions, with ‘average’ restlessness and ‘average’ sleep quality as the 

reference group.  

A one-stage approach to meta-analysis was used, so that the data from the participating eligible studies 

(Table 1) were included in a single model. Logistic regression models were used for the binary outcome. 

A fixed study effect and study site effect were included in the model specification as strata. Univariable 

analysis was performed to evaluate the association between the measures of SDB and maternal sleep 

patterns and the odds of late stillbirth. A multivariable model was developed incorporating prespecified 

covariates (Li et al., 2018) available in all the studies (appendix A) and measures of SDB and maternal 

sleep patterns that were significant in univariable analysis (Table 15). Some covariates (habitual snoring, 
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the BQ, sleep quality, restless sleep, daytime naps, daytime sleepiness using the ESS, and getting up 

to use the toilet) were not available in all participating studies. 

Study level 
characteristics 

The Auckland 
Stillbirth Study  
Stacey et al., 
(2011) 

Sydney Stillbirth 
Study                
Gordon et al., 
(2015) 

New Zealand 
Multicentre 
Stillbirth Study  
McCowan et al., 
 (2017) 

Midlands and 
North of England 
Stillbirth Study 
Heazell et al., 
(2017) 

Study of Trends 
and Associated 
Risks for 
Stillbirth Study                   
O’Brien et al., 
(2018) 

Location Auckland, New 
Zealand 

Sydney, 
Australia 

New Zealand United Kingdom International  

Years of 
recruitment 

July 2006 to 
June 2009 

January 2006 to 
December 2011 

February 2012 to 
December 2015 

April 2014 to 
March 2016 

September 2012 
to August 2014 

Study design Prospective 
population-
based case-
control 

Prospective 
population-
based case-
control  

Prospective 
population-
based case-
control  

Prospective 
population-
based case-
control  

Nested case-
control with 
uncontrolled 
cohort 

Population Non-anomalous 
singleton 
pregnancy, >28 
weeks’ 
gestation, from 
three health 
regions in 
Auckland, New 
Zealand 

Non-anomalous 
singleton 
pregnancy, >32 
weeks’ 
gestation, from 
nine tertiary 
maternity 
facilities in 
metropolitan 
Sydney, 
Australia 

Non-anomolous 
singleton 
pregnancy, >28 
weeks’ 
gestation, from 
seven health 
regions 
throughout New 
Zealand 

Non-anomalous 
singleton 
pregnancy, >28 
weeks’ 
gestation, from 
41 maternity 
facilities in the 
United Kingdom  

Singleton 
pregnancy, >28 
weeks’ 
gestation, fluent 
in English, from 
16 high, middle, 
and low income 
countries 

Stated main 
outcome 
measure 

Maternal 
snoring, daytime 
sleepiness, and 
sleep position at 
the time of 
going-to-sleep 
and on waking 
(left side, right 
side, back, and 
other) 

Risk factors for 
late-pregnancy 
stillbirth with a 
particular focus 
on those risks 
that are 
potentially 
modifiable 

The adjusted 
odds of late 
stillbirth 
associated with 
self-reported 
going-to-sleep 
position, on the 
last night 

Maternal sleep 
practices 
pregnancy 

To investigate, in 
an international 
cohort, whether 
maternal sleep 
practices are 
related to late 
stillbirth 

Measured 
sleep-related 
factors  

Sleep position 
(going-to-sleep, 
waking) 
Snoring 
presence  
Sleep duration 
Sleep quality 
Sleep 
restlessness 
Getting up to 
toilet  
Daytime naps 
Epworth 
Sleepiness 
Scale 
Sleep apnoea 
- 
Night waking 
- 
- 
- 
- 
- 
- 
- 

Sleep position  
 
 
Snoring 
presence 
Sleep duration 
Sleep quality 
Sleep 
restlessness 
Getting up to 
toilet  
Daytime naps 
Epworth 
Sleepiness 
Scale  
Berlin 
Questionnaire 
- 
- 
- 
- 
- 
- 
- 
- 

Sleep position 
(going-to-sleep, 
waking) 
Snoring 
presence 
Sleep duration 
Sleep quality 
Sleep 
restlessness 
Getting up to 
toilet  
Daytime naps 
Epworth 
Sleepiness 
Scale  
Berlin 
Questionnaire 
Night waking 
Restless legs 
Sleep latency 
Position change 
Insomnia 
Bed size / side 
Pillow placement 
Sleep partners 

Sleep position 
(going-to-sleep, 
waking) 
Snoring 
presence 
Sleep duration 
Sleep quality 
Sleep 
restlessness 
Getting up to 
toilet  
Daytime naps 
Epworth 
Sleepiness 
Scale  
Berlin 
Questionnaire 
- 
Restless legs 
Sleep latency 
Position change 
Insomnia 
Bed size / side 
Pillow placement 
Sleep partners 

Sleep position 
(going-to-sleep, 
waking) 
Snoring 
presence 
Sleep duration 
Sleep quality 
Sleep 
restlessness 
Getting up to 
toilet  
Daytime naps 
Epworth 
Sleepiness 
Scale  
Berlin 
Questionnaire 
Night waking 
Restless legs 
Sleep latency 
Position change 
Insomnia 
Bed size / side 
Pillow placement 
Sleep partners 
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- 
- 
 
- 

- 
- 
 
- 

Sleep advice 
- 
 
Chronotype 

Sleep advice 
Sleep 
medication  
- 

- 
Sleep 
medication  
- 

Time frames 
of measured 
sleep factors 

Pre-pregnancy 
During 
pregnancy 
Last month 
- 
- 
Last night 

Pre-pregnancy 
During 
pregnancy 
Last month 
Last two weeks 
- 
- 

- 
During 
pregnancy 
- 
Last week 
- 
Last night 

Pre-pregnancy 
During 
pregnancy 
Last 4 weeks 
- 
Last week 
Last night 

Pre-pregnancy 
During 
pregnancy 
Last 4 weeks 
- 
Last week 
Last night 

Data 
collection 

Interview and 
clinical records 

Interview and 
clinical records 

Interview and 
clinical records 

Interview and 
clinical records 

Online survey 
 

Table 15: Study level characteristics and measured sleep-related factors in participating studies 
 

The interaction between supine going-to-sleep position and common measures of SDB (habitual snoring 

and the BQ) and sleep duration were assessed in bi-variable regression models. Significant interactions 

were then added to the multivariable model as described above. Estimates of the risk of late stillbirth 
were reported as odds ratio (OR) with 95% confidence intervals (95% CI). For missing data in each 

individual study, imputation was not undertaken. Statistical analyses were performed using SAS, version 

9.4 (SAS Institute Inc., Cary NC USA). 

Each individual study obtained ethical approval (Stacey et al., 2011a; Gordon et al., 2015; McCowan et 

al., 2017; Heazell et al., 2017; O'Brien et al., 2019a). Approval for the IPD meta-analysis was obtained 

from the New Zealand Health and Disability Ethics Committee (NTX/06/05/054/AM06). 

6.2.3. Results 

Participants comprised 851 late stillbirth cases and 2257 controls with ongoing pregnancies from five 
eligible case-control studies (Figure 10): the Auckland Stillbirth Study (Stacey et al., 2011a), the New 

Zealand Multicentre Stillbirth Study (McCowan et al., 2017), the Sydney Stillbirth Study (Gordon et al., 

2015), the United Kingdom Midlands and North of England Stillbirth Study (Heazell et al., 2017), and the 

International Study of Trends and Associated Risks for Stillbirth Study (O'Brien et al., 2019a) (Figure 11), 

comprising women of many ethnicities (Cronin et al., 2019a).  
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Figure 10: PRISMA Study Population Flow Chart  
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Figure 11: Chart of available data from contributing studies 

 

Differences in maternal and pregnancy characteristics, infant size, and going-to-sleep position between 

cases and controls have been previously reported (Cronin et al., 2019a). ‘Any’ snoring (cases n=473, 

56.0%; controls, n=1182, 54.1%), sleep quality (fairly bad to very bad, cases n=248, 33.5%; controls, 
n=703, 35.3%), daytime sleepiness (positive ESS score ≥10, cases n=128, 17.5%; controls n=312, 

15.8%), and frequency of getting up to use the toilet (≥1 per night, cases n=667, 90.0%; controls, n=1820, 

91.5%) last month were not associated with late stillbirth in the univariable analysis (Table 16).
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TASS               

Stacey et al 
(2011) 

SSS                   
Gordon et al 

(2015) 

MCSS           
McCowan et al 

(2017) 

MiNESS            
Heazell et al 

(2017) 

STARS            
O’Brien et al 

(2018) 
Collaborative Individual Participant Data of  

Going-to-sleep and Stillbirth (CRIBSS) analysis 

Characteristic  Case Control Case Control Case Control Case Control Case Control Case Control 
Univariable    
odds ratio       
(95% CI) 

Adjusted          
odds ratio        
(95% CI) 

Total 
participants 

155 (33.8) 304 (66.2) 103 (34.9) 192 (65.1) 163 (22.5) 560 (77.5) 288 (28.2) 733 (71.8) 142 (23.3) 468 (76.7) 851 (27.4) 2257 (72.6)   

Going-to-sleep position (last two weeks) 

Non-supine 104 (87.4) 242 (94.5) 84 (89.4) 183 (97.9) 139 (88.0) 539 (96.4) 254 (93.0) 698 (96.7) 124 (96.9) 355 (97.0) 705 (91.3) 2017 (96.5) 1 1 

Supine 15 (12.6) 14 (4.5) 10 (10.6) 4 (2.1) 19 (12.0) 20 (3.6) 19 (7.0) 24 (3.3) 4 (3.1) 11 (3.0) 67 (8.7) 73 (3.5) 2.85 (2.01-4.05) 3.06 (1.77-5.28) 

Snoring ‘any’ (during pregnancy)  

No 86 (55.5) 175 (57.6) 49 (47.6) 93 (48.4) 59 (36.2) 255 (45.5) 118 (41.0) 300 (41.2) 59 (43.7) 179 (44.8) 371 (44.0) 1002 (45.9) 1 - 

Yes 69 (44.5) 129 (42.4) 54 (52.4)  99 (51.6) 104 (63.8) 305 (54.5) 170 (59.0) 428 (58.8) 76 (56.3) 221 (55.2) 473 (56.0) 1182 (54.1) 1.11 (0.95-1.31) - 

Habitual snoring >3 nights/week (last month) 

No - - - - 129 (79.1) 494 (88.2) 192 (74.7) 544 (81.1) 95 (76.6) 286 (76.5) 416 (76.5) 1324 (82.5) 1 1 

Yes - - - - 34 (20.9) 66 (11.8) 65 (25.3) 127 (18.9) 29 (23.4) 88 (23.5) 128 (23.5) 281 (17.5) 1.40 (1.10-1.78) 1.04 (0.74–1.47) 

Berlin Questionnaire  

Negative screen - - - - 106 (65.0) 463 (82.7) 195 (67.7) 534 (72.9) 110 (80.9) 331 (81.7) 411 (70.0) 1328 (78.2) 1 1 

Positive screen - - - - 57 (35.0) 97 (17.3) 93 (32.3) 199 (27.2) 26 (19.1) 74 (18.3) 176 (30.0) 370 (21.8) 1.52 (1.22-1.89) 1.44 (1.02–2.04) 

Restless sleep (last month) 

Less than 
average 

- - - - 73 (44.8) 276 (49.3) 109 (37.8) 214 (29.3) 47 (34.6) 95 (24.2) 229 (39.0) 585 (34.7) 1.00 (0.77-1.28) 
 
1.08 (0.78–1.50) 

Average - - - - 41 (25.1) 127 (22.7) 61 (21.2)  110 (15.0) 31 (22.8) 101 (25.7) 133 (22.7) 338 (20.1) 1 1 

Greater than 
average 

- - - - 49 (30.1) 157 (28.0) 118 (41.0) 407 (55.7) 58 (42.6) 197 (54.1) 225 (38.3) 761 (45.2) 0.75 (0.59-0.97) 0.62 (0.44–0.88) 

Sleep duration overnight (last month) 

<6 hours 30 (19.4) 45 (14.8) - - 27 (16.5) 79 (14.1) 78 (27.1) 212 (29.1) 7 (5.1) 46 (11.4) 142 (19.1) 382 (19.1) 1.06 (0.85-1.33) 0.77 (0.55–1.07) 

6-9 hours 104 (67.1) 233 (76.6) - - 123 (75.5) 452 (80.7) 179 (62.1) 477 (65.5) 116 (85.3) 321 (79.9) 522 (70.4) 1483 (74.4) 1 1 

>9 hours 21 (13.5) 26 (8.6) - - 13 (8.0) 29 (5.2) 31 (10.8) 39 (5.4) 13 (9.6) 35 (8.7) 78 (10.5) 129 (6.5) 1.67 (1.23-2.26) 1.82 (1.14–2.90) 
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Daytime naps (last month)  

Never - - - - 33 (26.4) 109 (28.0) 56 (44.8) 157 (40.4) 36 (28.8) 123 (31.6) 125 (21.3) 389 (23.1) 1 1 

Occasionally  - - - - 63 (32.1) 248 (36.1) 96 (49.0) 333 (48.4) 37 (18.9) 107 (15.6) 196 (33.4) 688 (40.8) 0.90 (0.69-1.17) 0.92 (0.66–1.30) 

Often - - - - 28 (22.1) 133 (33.8) 66 (52.0) 149 (37.8) 33 (26.0) 112 (28.4) 127 (21.6) 394 (23.4) 1.03 (0.77-1.38) 0.91 (0.62–1.33) 

Everyday - - - - 39 (28.1) 70 (32.4) 70 (50.4) 93 (43.1) 30 (21.6) 53 (24.5) 139 (23.7) 216 (12.8) 2.06 (1.52-2.78) 1.52 (1.02–2.28) 

Daytime sleepiness screen (Epworth Sleepiness Scale) (last month) 

Negative  
<10 

136 (87.7) 270 (88.8) - - 129 (79.0) 479 (85.5) 244 (85.3) 612 (84.0) 96 (74.4) 302 (79.0) 604 (82.5) 1660 (84.2) 1 - 

Positive  
≥10-15 

16 (10.3) 29 (9.5) - - 25 (15.4) 68 (12.2) 33 (11.5) 93 (12.7) 24 (18.6) 61 (16.0) 98 (13.4) 251 (12.7) 1.09 (0.84-1.41) - 

Positive 
>15 

3 (1.9) 5 (1.6)   9 (5.6) 13 (2.3) 9 (3.2) 24 (3.3) 9 (7.0) 19 (5.0) 30 (4.1) 61 (3.1) 1.41 (0.89- 2.23) - 

Sleep quality (last month) 

Very good 20 (12.9) 32 (10.5) - - 25 (15.3) 92 (16.4) 33 (11.5) 49 (6.7) 9 (6.7) 18 (4.5) 87 (11.7) 191 (9.6) 1.26 (0.94-1.67) - 

Good to average 79 (51.0) 170 (55.9) - - 98 (60.1) 362 (64.6) 146 (50.7) 377 (51.5) 83 (61.5) 190 (47.9) 406 (54.8) 1099 (55.1) 1 - 

Fairly bad 42 (27.1) 79 (26.0) - - 27 (16.6) 80 (14.3) 82 (28.5) 220 (30.1) 33 (24.4) 159 (40.1) 184 (24.8) 538 (27.0) 0.93 (0.75-1.14) - 

Very bad 14 (9.0) 23 (7.6) - - 13 (8.0) 26 (4.7) 27 (9.4) 86 (11.8) 10 (7.4) 30 (7.6) 64 (8.7) 165 (8.3) 1.03 (0.75-1.42) - 

Frequency of getting up to use the toilet overnight (last month)  

<1 19 (12.3) 36 (11.8) - - 12 (3.4) 39 (7.0) 38 (13.2) 78 (10.6) 5 (3.7) 16 (4.1) 74 (10.0)  169 (8.5) 1.07 (0.80-1.45)  - 

>1 136 (87.7) 268 (88.2) - - 151 (92.6) 521 (93.0) 250 (86.8) 655 (89.4) 130 (96.3) 376 (95.9) 667 (90.0) 1820 (91.5) 1 - 
 

 

 

Table 16: Subjective indicators of sleep-disordered breathing and sleep patterns in participating case-control studies and IPD meta-analysis 

Data are number (percentage) or median (IQR). TASS=The Auckland Stillbirth Study. SSS=Sydney Stillbirth Study. MCSS=New Zealand Multicentre Stillbirth Study. 
MiNESS=Midlands and North of England Stillbirth Study. STARS=Study of Trends and Associated Risks for Stillbirth Study. Participants with missing data were excluded from 
the multivariable models. No imputation for missing data. Multivariable models are adjusted for matching terms (gestation at interview or survey in controls, and diagnosis of 
stillbirth for cases), study and site, age, BMI, ethnicity, parity, education, marital status, pre-existing hypertension or diabetes, smoking, drug use, baby birthweight centile, fetal 
movement, supine going-to-sleep position, habitual snoring, the Berlin Questionnaire, restless sleep, sleep duration, and daytime naps. 
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Long sleep duration >9 hours last month (cases n=78, 10.5%; controls, n=129, 6.5%) was independently 

associated with late stillbirth compared to sleep duration of 6 to 9 hours (adjusted odds ratio [aOR] 1.82, 

95% CI 1.14-2.90). Reporting a daily daytime nap last month (cases n=139, 23.7%; controls, n= 216, 

12.8%) compared to never reporting a daytime nap was associated with an increase in the odds of late 

stillbirth (aOR 1.52, 95% CI 1.02-2.28). In addition, a positive BQ (cases n=176, 30.0%; controls, n= 370, 
21.8%) was associated with late stillbirth (aOR 1.44, 95% CI 1.02-2.04), however, when BMI >30 was 

removed from the BQ score, a positive BQ showed no significant association with stillbirth (aOR 0.81, 

95% CI 0.54-1.21). Restless sleep greater than average last month (cases n=225, 38.3%; controls, n= 

761, 45.2%) was associated with a reduction in the odds of late stillbirth (aOR 0.62, 95% CI 0.44-0.88). 

Women who had a stillbirth, 689 cases from four participating studies (Gordon et al., 2015; McCowan et 

al., 2017; Heazell et al., 2017; O'Brien et al., 2019a), were asked what time of day they thought their 

baby had died: 34.8% (n=240, or 52.3% of 459 cases who could recall a time of day) reported that they 

thought their baby had died overnight, 19.4% (n=134) reported afternoon-evening, 11.8% (n=81) 

morning, 0.6% (n=4) during a daytime nap, and 33.4% (n=230) were unsure (Figure 12). 

 

 

Figure 12: Women who had a stillbirth and their perception of timing of the death. 

Data are n=689.  

 

Interactions were assessed between supine going-to-sleep position and habitual snoring, a positive BQ 

including BMI, and sleep duration >9 hours last month (Table 3). Interactions for a positive BQ (p=0.56) 

and sleep duration >9 hours (p=0.99) were not statistically significant. There was a significant interaction 

between habitual snoring and supine going-to-sleep position (multivariable interaction p value = 0.001). 

The combined effect of supine going-to-sleep position and habitual snoring resulted in a reduced odds 

of late stillbirth in the multivariable model more than would be expected (Table 17). 
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 Sleep 
factor 

Supine 
position 

n % Univariable               
odds ratio                
(95% CI) 

Univariable 
interaction                  

p value 

Multivariable 
odds ratio         
(95% CI) 

Multivariable 
interaction                   

p value 
Habitual 
snoring  

Yes Yes 17 0.8 1.44 (0.50-4.18) 0.04 1.03 (0.29-3.64) 0.001 
Yes No 382 18.4 1.49 (1.16-1.92) 1.17 (0.82-1.66) 
No Yes 75 3.6 3.37 (2.08-5.45) 3.75 (2.02-6.95) 
No No 1606 77.2 1 1 

Positive 
Berlin 
Questionnaire  

Yes Yes 22 1.0 3.44 (1.45- 8.12) 0.56 - - 
Yes No 510 23.1 1.56 (1.24-1.95) - 
No Yes 75 3.4 2.96 (1.83-4.80) - 
No No 1599 72.5 1 - 

Sleep 
duration 
>9hrs  

Yes Yes 12 0.5 4.10 (1.28-13.13) 0.99 - - 
Yes No 178 6.9 1.55 (1.11-2.15) - 
No Yes 114 4.4 2.63 (1.78-3.88) - 
No No 2271 88.2 1 - 

 

Table 17: Analysis for interaction between supine going-to-sleep position, and habitual snoring, 
the Berlin Questionnaire, and sleep duration >9 hours (last month) 

Participants with missing data were excluded from the analysis. No imputation for missing data. 

6.2.4. Discussion 

Our study has demonstrated that a positive BQ, long sleep duration >9 hours, and a daily daytime nap 
in the last month, were each associated with increased odds of late stillbirth. In contrast, restless sleep 

greater than average in the last month was protective for late stillbirth. The associations between these 

aspects of maternal sleep and late stillbirth were adjusted for prespecified covariates (Li et al., 2018) 

available in all the studies (S 1), and measures of SDB and maternal sleep patterns significant in 

univariable analysis (Table 1).  

The ~50% prevalence of ‘any’ snoring and habitual snoring ≥3 nights per week between 17- 24% was 

within the range reported in the pregnancy literature (Hutchison et al., 2012; O'Brien et al., 2012; Franklin 

et al., 2000; Ursavas, Karadag, Nalcı, Ercan, & Gozu, 2007; Louis et al., 2018). ‘Any’ snoring, habitual 

snoring, sleep quality, and daytime sleepiness using the ESS, was not associated with late stillbirth 

(Table 2). This is consistent with previous studies: snoring (Stacey et al., 2011a; Gordon et al., 2015; 

Owusu et al., 2013), sleep quality (Owusu et al., 2013), and daytime sleepiness (Tantrakul et al., 2016). 

A positive BQ was independently associated with late stillbirth (Table 2), although this association was 

no longer significant when BMI >30 was excluded from the BQ (Model 2). This aligns with the suggestion 
(Antony et al., 2014; O'Brien et al., 2019b) that the BQ used in pregnant women is a proxy for BMI during 

late pregnancy, due to BMI being a component of the BQ. Indeed, the BQ performs poorly as a screening 

tool for objective SDB measures during pregnancy, with a 2018 meta-analysis (Tantrakul et al., 2016) of 

six studies (n=604 participants) reporting poor to fair BQ performance during pregnancy with an overall 

probability of OSA occurrence of 38% if a pregnant woman has a positive BQ. This range may be due 

to the BQ including risk factors that do not apply to pregnant women (male gender, age >50 years) and 
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because weight gain is relevant for all pregnancies. Furthermore, symptoms of SDB progress with 

gestation, and there are differing opinions about the optimal timing of the BQ during pregnancy (Tantrakul 

et al., 2016). 

Long sleep duration >9 hours was also associated with late stillbirth (Table 2), and this association has 

previously been reported in two case-control studies (Stacey et al., 2011a; O'Brien et al., 2019a). While 

the reason is uncertain, it is plausible that prolonged periods of aortocaval compression (Kerr et al., 1964; 

Humphries et al., 2018) during maternal sleep may be a factor. It is also possible that an unmeasured 
confounder associated with long third trimester sleep (e.g. working night shifts or no paid employment) 

(Signal et al., 2014) may lengthen the duration of maternal sleep over the last month and contribute to 

stillbirth. The definition of long duration in the individual case-control studies is also inconsistent, ranging 

from >8 hours (Stacey et al., 2011a) to >9 hours (O'Brien et al., 2019a). This range may be due to lack 

of consensus about what is considered normal sleep duration in healthy pregnancy (Ladyman & Signal, 

2018), although self-reported time to sleep in the third trimester is similar to objectively measured sleep 

duration (Ladyman & Signal, 2018) and maternal estimates of sleep duration increases in accuracy with 

increasing duration of sleep (McIntyre et al., 2016). There was no association between short sleep 
duration during last month and late stillbirth, despite an independent association with short sleep on the 

night before stillbirth in three case-control studies (Stacey et al., 2011a; McCowan et al., 2017; Heazell 

et al., 2017). This discrepancy may be due to a potentially fatal fetal event (e.g. pre-labour contractions 

for an acutely compromised fetus) that may shorten sleep on the night before stillbirth (Beebe & Lee, 

2007). 

Daily daytime naps were also associated with a 1.5-fold increase in the odds of late stillbirth compared 

with no daytime naps (Table 2), and this finding is consistent with individual studies (Stacey et al., 2011a; 

McCowan et al., 2017; Heazell et al., 2017). The physiology behind this is unknown and cannot be 

explained by overnight sleep duration or daytime sleepiness, as daily naps remained significant when 

we controlled for these factors. However, we speculate that daily naps in late pregnancy may increase 
the duration of maternal inactivity, potentially increasing the amount of time that the women spend in the 

supine position and therefore the duration of aortocaval compression, which when combined with the 

blood pressure dips that occur during third trimester sleep (Taylor, Gamble, McCowan, & North, 2001), 

may further compromise a vulnerable fetus (Warland & Mitchell, 2014). 

Our finding of a 38% reduction in the odds of late stillbirth for women who reported restless sleep more 

than average during the last month is novel (Table 2). We speculate that this may be due to maternal 

body movement facilitating maternal-fetal blood flow, potentially abating adverse fetal effects of 

aortocaval compression (Humphries et al., 2018; Jeffreys et al., 2006). Furthermore, while maternal 

hypotension is known to have adverse fetal consequences, such as lower birth weight and stillbirth 

(Steer, Little, Kold-Jensen, Chapple, & Elliott, 2004; Ng & Walters, 1992; Friedman & Neff, 1978; 
Warland, McCutcheon, & Baghurst, 2008), increased third trimester arousals related to snoring (Wilson 

et al., 2011) may assuage prolonged periods of relative hypotension, as deep sleep is commensurate 

with the lowest overnight blood pressure and arousal with increased blood pressure (Javaheri & Redline, 

2012). Our finding of a protective association between restless sleep more than average and late stillbirth 
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aligns with an international case-control study (O'Brien et al., 2019a) that reported non-restless sleep in 

the last month was associated with a 1.7-fold increase in odds of late stillbirth. Similarly, getting up to 

use the toilet on the night before stillbirth is associated with a 2-fold reduction in late stillbirth (Stacey et 

al., 2011a; McCowan et al., 2017; Heazell et al., 2017), suggesting that maternal body movement on the 

night before stillbirth may mitigate the effects of a hypoxic event on the fetus (Thurlow & Kinsella, 2002). 

Certainly, pregnant women are susceptible to the development of sleep disturbances, commonly 

reduced quality and duration of sleep, night waking, daytime sleepiness, and snoring (Pien & Schwab, 
2004; Hutchison et al., 2012). Causes are most likely to be hormonal and physiological changes of 

pregnancy, including increased oxygen consumption and metabolic rate, lower overall oxygen reserve, 

nasopharyngeal oedema, vasomotor rhinitis, and weight gain, which contribute to narrowing of upper 

airway, reduced functional residual capacity due to diaphragmatic pressure by the growing fetus, and 

increased arousals during sleep (Pien & Schwab, 2004; Wilson et al., 2011). These physiological 

changes are exacerbated as pregnancy progresses and when combined with obesity, advanced 

maternal age, and supine sleep position (Robertson et al., 2019; Okun et al., 2009; Hegewald & Crapo, 

2011). 

Conversely, late pregnancy may provide some protection from SDB, with increased respiratory drive 

(Brownell, West, & Kryger, 1986), alteration in the cyclical sleep pattern with decreased rapid eye 
movement (REM) sleep (Pien & Schwab, 2004; Wilson et al., 2011; Driver & Shapiro, 1992), and 

preference for a lateral sleep position (Stacey et al., 2011a; Heazell et al., 2017; Mills & Chaffe, 1994; 

Hutchison et al., 2012). These may be factors contributing to our finding of a significant interaction 

between habitual snoring during the last month and supine going-to-sleep position, with a lower odds of 

late stillbirth than expected in women who reported both during the last month. While this may be a 

chance finding due to low prevalence, with 17 (12 controls and 5 cases) of 92 women reporting habitual 

snoring and a supine going-to-sleep position, this could also be explained by the women being woken 

by a sleep companion or experiencing a self-arousal due to snoring, and moving from the supine to a 
lateral position, which is known to reduce third trimester snoring in obese women (Ura & Fujimoto, 2018) 

and late stillbirth risk (Cronin et al., 2019a). 

A limitation of the IPD meta-analysis is that not all participating studies had data for all sleep measures. 

Minor differences in the design of the individual studies also limited the inclusion of some covariates. 

Furthermore, although our search had no language restriction, no eligible randomised trials, prospective 

cohort studies or studies from low-income countries were identified, thus participating studies were all 

case-control studies from high-income countries. A limitation of case-control studies include the 

retrospective data collection which is subject to potential recall bias, although as the relationship between 

adverse pregnancy outcomes and maternal sleep is not universally well known by pregnant women, 

systematic bias is unlikely. The longer length of time before interview for cases may have influenced 
their recall compared to controls, however, case recall is unlikely to be biased towards an association 

with SDB, with self-reports from a single night of sleep having similar bias and calibration as ‘usual’ sleep 

(Lauderdale, Knutson, Yan, Liu, & Rathouz, 2008). Use of self-reported symptoms of SDB, rather than 

objective measures using overnight polysomnography, may also be considered a limitation. However, 
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self-report of snoring is strongly and reliably associated with the severity of OSA obtained from 

polysomnography in non-pregnant (Bliwise, Nekich, & Dement, 1991) and pregnant women (Louis et al., 

2018), therefore self-report is useful for large scale studies where routine access to polysomnography in 

late pregnancy is costly and impractical. 

Conclusion 

This IPD meta-analysis adds to the evidence on maternal sleep and late stillbirth, using the best available 

data on the association of SDB and maternal sleep patterns with the risk of late stillbirth. These findings 

demonstrate that self-reported maternal snoring, a positive BQ screen excluding BMI, daytime 

sleepiness, sleep quality, and getting up to use the toilet, are not independently associated with late 

stillbirth last month. Long sleep duration >9 hours and daily daytime naps are independent risk factors, 
while sleep more restless than average may reduce the odds of late stillbirth. There is an urgent need to 

better understand factors associated with long sleep duration and daily daytime naps before 

recommendations can be made to pregnant women. Meanwhile, pregnant women may be reassured 

that the commonly reported increased restlessness of sleep during late pregnancy may be physiological 

and is associated with a reduced risk of late stillbirth. 

Acknowledgments 

We would like to thank the women who participated in the individual studies and the research midwives 

who conducted the interviews. 

Funding 

Funding was provided by: The Health Research Council of New Zealand (ref: 12/372, 
http://www.hrc.govt.nz/); Cure Kids (Grant number: 5357, http://curekids.org.nz/); Mercia Barnes Trust 

(https://www.ranzcog.edu.au/about/regional/nz/Mercia-Barnes-Trust); the Nurture Foundation 

(http://www.nurture.org.nz/); University of Auckland, Faculty Research Development Fund (Grant 

3700696). Funding sources had no role in study design, data collection, analysis, interpretation, writing 

the report, or decision to submit the paper for publication. 

  

https://www.ranzcog.edu.au/about/regional/nz/Mercia-Barnes-Trust


 

95 

 

Body of thesis: Part B 

Women’s views of late pregnancy sleep and stillbirth 

Part B reports on the research findings of three papers, one paper from a web-based survey, and two 
papers that used data derived from a New Zealand-wide multicentre case-control study (the MCSS). 

Chapter 7: Survey of maternal sleep practices in late pregnancy in a multi-ethnic sample in South 

Auckland, New Zealand (published in BMC Pregnancy and Childbirth in 2017), is a web-based survey 

of women in late pregnancy, in a multi-ethnic, socioeconomically disadvantaged region with the highest 

rate of stillbirth in New Zealand. The participants were asked about their going-to-sleep position and 

sleep knowledge, and views about changing going-to-sleep position. 

Chapter 8: Stillbirth research: Recruitment barriers and participant feedback (published in Women and 

Birth in 2019), uses qualitative data and a postal survey derived from the MCSS to assess factors 
influencing the recruitment of pregnant and bereaved women in a New Zealand-wide multicentre case-

control stillbirth study and gain insight into how women felt about their participation. 

Chapter 9: Late stillbirth post-mortem examination in New Zealand: maternal decision-making 

(published in the Australian and New Zealand Journal of Obstetrics and Gynaecology in 2018) also uses 

the MCSS data from interviews and clinical records to identify factors influencing maternal decision-

making about post-mortem examination after late stillbirth. Although post-mortem examination is the gold 

standard investigation following a stillbirth, little is known about what may influence parents’ decisions to 

accept or decline a post-mortem examination in the New Zealand context.  
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Chapter 7: Survey of maternal sleep practices in late 
pregnancy in a multi-ethnic sample in South Auckland, New 
Zealand. 
 

The manuscript below was published in BMC Pregnancy and Childbirth on 17th June 2017 and has been 

reproduced with permission. 

Cronin, R. S., Chelimo, C., Mitchell, E. A., Okesene-Gafa, K., Thompson, J. M., Taylor, R. S., Hutchison, 

B. L., & McCowan, L. M. (2017). Survey of maternal sleep practices in late pregnancy in a multi-ethnic 

sample in South Auckland, New Zealand. BMC Pregnancy and Childbirth, 17(1), 190. 

https://doi.org/10.1186/s12884-017-1378-5 
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7.1. Preamble 

This paper was undertaken to fill the gap in data on whether pregnant women from minority ethnic groups 

that have a higher risk of stillbirth, could modify their going-to-sleep position in the third trimester if this 
was identified as being better for their baby.  

7.2. Manuscript 

Abstract 

Background: The Auckland Stillbirth study demonstrated a two-fold increased risk of late stillbirth for 

women who did not go to sleep on their left side. Two further studies have confirmed an increased risk 

of late stillbirth with supine sleep position. As sleep position is modifiable, we surveyed self-reported late 

pregnancy sleep position, knowledge about sleep position, and views about changing going-to-sleep 

position. 

Methods: Participants in this 2014 survey were pregnant women (n=377) in their third trimester from 

South Auckland, New Zealand. An ethnically-representative sample was obtained using random 

sampling. Multivariable logistic regression was performed to identify factors independently associated 

with non-left sided going-to-sleep position in late pregnancy. 

Results: Respondents were 28 to 42 weeks’ gestation. Reported going-to-sleep position in the last week 

was left side (30%), right side (22%), supine (3%), either side (39%) and other (6%). Two thirds (68%) 

reported they had received advice about sleep position. Non-left sleepers were asked if they would be 

able to change to their left side if it was better for their baby; 87% reported they would have little or no 
difficulty changing. Women who reported a non-left going-to-sleep position were more likely to be of 

Māori (aOR 2.64 95% CI 1.23-5.66) or Pacific (aOR 2.91 95% CI 1.46-5.78) ethnicity; had a lower BMI 

(aOR 0.93 95% CI 0.89-0.96); and were less likely to sleep on the left-hand side of the bed (aOR 3.29 

95% CI 2.03-5.32). 

Conclusions: Maternal going-to-sleep position in the last week was side-lying in 91% of participants. The 

majority had received advice to sleep on their side or avoid supine sleep position. Sleeping on the left-

hand side of the bed was associated with going-to-sleep on the left side. Most non-left sleepers reported 

their sleeping position could be modified to the left side suggesting a public health intervention about 

sleep position is likely to be feasible in a multi-ethnic New Zealand community. 

7.2.1. Background 

Maternal sleep position in late pregnancy may be a modifiable risk factor for late stillbirth (≥28 weeks) 

(Stacey et al., 2011a). In the Auckland Stillbirth Study, a matched case control study, women who did 

not go to sleep on their left side the night before the stillbirth was thought to have occurred, were twice 

as likely to have a late stillbirth compared with those who went to sleep on their left (adjusted odds ratio 

(aOR) 2.03 95% confidence interval (CI) 1.24-3.29) (Stacey et al., 2011a). Supine going-to-sleep position 
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was associated with the highest rate of late stillbirth (aOR 2.54 95% CI 1.04-6.18).These findings were 

independent of other known stillbirth risk factors such as obesity, smoking, and advanced maternal age.  

The importance of maternal sleep position and risk of late stillbirth has been reported in two subsequent 

studies (Gordon et al., 2015; Owusu et al., 2013). The Sydney Stillbirth Study (Gordon et al., 2015), a 

matched case control study, found that women who slept on their backs in the preceding month were six 

times more likely to have a late stillbirth (aOR 6.26 95% CI 1.2-34).  Similarly, a cross-sectional survey 

of maternal sleep practices and adverse pregnancy outcomes, undertaken in 220 recently delivered 
women in Ghana (Owusu et al., 2013), reported that supine sleep position during pregnancy was 

associated with an eight-fold increased odds of stillbirth (OR 8.0 95% CI 1.5-43.2).  

These findings are biologically plausible as supine maternal position in late pregnancy has been 
associated with decreased maternal cardiac output (Milsom & Forssman, 1984) and uterine perfusion 

(Jeffreys et al., 2006; Kinsella et al., 1990), compared with left sided maternal position. In addition sleep 

disturbed breathing is in general more severe in the supine position (Bobrowski, 2010) and in those with 

obesity (Louis et al., 2010), which is also an independent risk factor for late stillbirth (Flenady et al., 

2011b). Maternal supine position has also been associated with lower fetal oxygen saturation (Carbonne 

et al., 1996) and changes in fetal cerebral blood flow suggestive of hypoxia (Khatib et al., 2014). It has 

therefore been hypothesised that maternal supine sleep position in late pregnancy may be the final 
stressor leading to stillbirth in vulnerable fetuses with other risk factors (Warland & Mitchell, 2014).  

In the Auckland Stillbirth Study, 31% of women in the control group with ongoing pregnancies reported 

left sided going-to-sleep position on the previous night (Stacey et al., 2011a). More recently, an ongoing 
New Zealand wide case control study of risk factors for late stillbirth has reported that left sided sleep 

position has almost doubled in the last three years to 58% (McCowan et al., 2017). This suggests that 

pregnant women are receiving information about optimum sleep position in pregnancy and making 

changes.  

Rates of stillbirth in New Zealand are highest in regions with high deprivation (PMMRC, 2015); however, 

there are no data about maternal knowledge regarding sleep position in these communities. Acquisition 

of such data will provide important information to assist in developing public health interventions aimed 

at optimising going-to-sleep position in late pregnancy. Therefore, we undertook a survey of sleep 

practices and knowledge in a representative multi-ethnic sample of pregnant women residing in the 

socioeconomically disadvantaged Counties Manukau Health District in South Auckland, New Zealand 
(PMMRC, 2015). The aims were to investigate: 1) self-reported maternal sleep position in late pregnancy; 

2) knowledge about optimal sleep position; 3) sleep practices; and 4) whether pregnant women believed 

their going-to-sleep position could be changed to the left side if this was identified as being best for the 

baby’s health. We also assessed factors related to non-left going-to-sleep position in late pregnancy. We 

hypothesised that women who slept on the left-hand side of the bed or had received information about 

sleep position would be more likely to report a left side going-to-sleep position. 
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7.2.2. Methods  

Recruitment and data collection 

Participants were pregnant women with a singleton pregnancy at ≥28 weeks’ gestation attending 

community-based antenatal clinics in South Auckland. Eligible women were recruited by research 

assistants who obtained verbal consent. The self-administered, 30 question survey was undertaken 

using an online survey software tool, SurveyMonkey® on an electronic tablet and took 10-15 minutes to 

complete (supplementary appendix: survey questionnnaire). Ethical approval was provided by the 

University of Auckland Human Participants Ethics Committee (reference number 011116). 

Measures 

Maternal demographic data collected included: maternal age, self-identified prioritised ethnicity, country 

of birth, height and weight, parity, cohabitation with a partner, and the number of people residing in the 

home. Gestational age on the day of the survey was calculated from the woman’s due date recorded in 

her maternity record. Prioritised ethnicity was reported according to Ministry of Health Protocols (Ministry 

of Health, 2004).   

Weight and height were measured by a research assistant or midwife at the time of interview (87.5%, 

n=330) and if this information was not available self-reported weight and height were used (12.5%, n=47). 

Maternal body mass index (BMI) was calculated (weight (kg)/height (m)2) and classified according to 

conventional World Health Organisation (WHO) (WHO, 2000) criteria. Only two women were classified 
as underweight with BMI <18.5kg/m2. 

Participants were asked what position they usually went to sleep in (over the last week), the reason for 
their choice of going-to-sleep position, and whether they had received any advice or information about 

sleep position in late pregnancy. Further questions enquired about the sleep environment: bed size, 

whether others shared the bed, which side of the bed women usually went to sleep on and why. Women 

were also asked, “If it was shown that going-to-sleep on your left side in late pregnancy is better for the 

health of your baby would it be possible for you to change?” 

Power calculation and statistical analysis  

In order to recruit a representative sample of women in late pregnancy from the Counties Manukau region 

with at least 50 women from each main ethnic group (Samoan, Tongan, Māori, Asian, New Zealand 

European, and Other Ethnicity), a sample size of at least 300 was estimated to be required.  Descriptive 

statistics were used to summarise data such as, demographic characteristics, and sleep position and 

sleep knowledge in late pregnancy. Multivariate logistic regression was performed to identify factors 

independently associated with non-left sided going-to-sleep position in late pregnancy. Statistical 

significance was defined at the 5% level. Analysis was carried out using SAS version 9.3 (SAS Institute 
Inc., Cary, NC, USA). 
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7.2.3. Results 

In total, 398 women participated in the study. Of these, 21 women were excluded from the analysis; 18 

respondents were less than 28 weeks of gestation and a further three women did not complete most of 

the survey. Of the 377 completed surveys, height was not recorded for two women, leaving 375 surveys 

available for multivariable analysis.  

Participants had a median age of 27 (SD=5.5) years and median gestation of 35.7 (SD=3.5) weeks.  The 

main ethnic groups were Māori, 23.1% (n=87); New Zealand European, 19.6% (n=74); Samoan, 18.3% 

(n=69); Tongan, 14.1% (n=53); Asian, 14.1% (n=53); Other Ethnicity 10.9% (n=41). Most were born in 

New Zealand (71.1%, n=268) and lived with a partner (81.4%, n=307). Approximately one quarter 

(n=100) had no previous children, while 29.4% (n=111) had seven or more people residing in the home. 
Two-thirds (n=249) of women had a BMI > to 30 at recruitment.  

Many participants (61.3%) slept in a queen-size bed and 88.1% reported that they had shared the bed 

with another person in the last week (Table 18). Similar proportions of women slept on the left-hand 
(42.4%) and right-hand side of the bed (38.5%). This choice of side of bed was primarily to facilitate 

getting in and out of bed (39.0%), comfort (35.5%), and habit (32.9%). Almost all (98.1%) women used 

one or more pillows under their head. The majority (60.5%) reported additional pillows to support their 

body: 31.6% under their abdomen, 29.2% behind their back, and 25.5% placed a pillow between their 

knees.  

 Response n=377 (%) 

Size of bed  

Queen 231 (61.3) 

King 70 (18.6) 

Double 63 (16.7) 

Single  12 (3.2) 

Floor 1 (0.3) 

Shared bed with others 
Yes  332 (88.1) 

No 45 (11.9) 

Side of bed slept on 

Left 160 (42.4) 

Right 145 (38.5) 

Middle 36 (9.5) 

Unsure 36 (9.5) 

Reason for side of bed 
slept on* 

Easier in or out of bed 147 (39.0) 

More comfortable 134 (35.5) 

Habit 124 (32.9) 

Close to door 54 (14.3) 

Close to bathroom 40 (10.6) 

Children in bed 24 (6.4) 

Partner choice 19 (5.0) 
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Close to phone  20 (5.3) 

Other 17 (4.5) 

Pillows for sleep* 

Under head 370 (98.1) 

Supporting abdomen 119 (31.6) 

Behind back 110 (29.2) 

Between knees 96 (25.5) 

Body pillow 6 (1.7) 

Usual going-to-sleep position 

Either side 146 (38.7) 

Right side 82 (21.8) 

Left side  114 (30.2) 

Sitting/propped 22 (5.8) 

Supine 12 (3.2) 

Prone 1 (0.3) 

Reason for usual 
going-to-sleep position* 

More comfortable 259 (68.7) 

Easier to get to sleep 120 (31.8) 

Easier to get in or out of bed 89 (23.6) 

Habit 55 (14.6) 

Relieves hip/back pain 29 (7.7) 

Relieves heartburn 24 (6.4) 

Children in bed 20 (5.3) 

Partner choice 14 (3.7) 

Recommended position 15 (4.0) 
 

Table 18: Self-reported maternal sleep in last week 

*Percentages add up to more than 100% as some selected more than one reason 

The majority (90.7%) reported that they usually went to sleep on their side (left, right or either side) in 

the last week. The going-to-sleep position was chosen predominantly for comfort (68.7%). Bed sharing 

with a partner or children was found to have little (3.7% and 5.3% respectively) influence on the reason 
for sleep position. 

Advice from a doctor or midwife about sleep position in late pregnancy was reported by 64.5%. Over half 
(53.8%) of the 377 women had been advised to sleep on their side or to avoid sleeping supine.  Only 50 

(13.3%) women recalled being specifically told to sleep on their left side.   

Other sources of pregnancy sleep position advice were reported by half the women (50.1%) and this 
advice was similar to that given by a doctor or midwife. Family and friends were the major source (27.3%), 

followed by the internet (12.5%), books and pamphlets (8.0%), and childbirth educators (5.8%). Advice 

accessed from mobile phone applications, radio, TV and newspapers was uncommon (2.4%).   
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Of the 258 women who had received advice, 12.7% (n=48) changed their going-to-sleep position based 

on this, including ten women who were supine sleepers. Thirty five of the 48 women (72.9%) reported 

they changed to their left side; 54.3% changing from their right side to their left. Five women moved to a 

propped position and eight to their right side. Most (91.6%) of the 48 women who modified their going-

to-sleep position based on advice, reported little or no difficulty making this change. 

We asked the 263 non-left side sleepers if it would be possible to modify their going-to-sleep position to 

their left side if this was of benefit to the baby; most (86%) responded that they could change with minimal 
difficulty (Table 19).  

Variable Response n (%) 

Possibility of changing to left 
side going-to-sleep position 

 n=377 (%) 

Currently sleep on left side  114 (30.2) 

Yes possible 227 (60.2) 

No not possible 36 (9.5) 

Current going-to-sleep position 
if change not possible 

 n=36 (%) 

Right side 20 (55.5) 

Either side 11 (30.5) 

Supine 2 (5.6) 

Sitting or propped 2 (5.6) 

Prone 1 (2.8) 

 n=227 (%) 

Minimal difficulty 213 (93.8) 

Quite/very difficult 14 (6.2) 

 n=227 (%) 

Pillow or cushion behind back 133 (35.3) 

No assistance anticipated 81 (21.5) 

Pillow between knees 67 (17.8) 

Pillow under abdomen 45 (11.9) 

Reminded by partner 43 (11.4) 

Change side of bed 33 (8.8) 

Change position of bed  23 (6.1) 

Change position of partner 14 (3.7) 

Children sleeping elsewhere 7 (1.9) 

Unsure due to hip pain 2 (0.5) 

 n=377 (%) 

Currently sleep on left-hand side of bed 160 (42.4) 

Yes possible 182 (48.3) 

No not possible 35 (9.3) 
 

Table 19: Possibility of left side going-to-sleep position if better for baby 

*Percentages add up to more than 100% as some selected more than one reason 
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Only 5.3% reported that the change would be quite or very difficult. Pillows behind the back (35.3%), 

between the knees (17.8%), and under the abdomen (11.9%) were considered as potentially helpful aids 

for over half (59.4%) of the 227 women who reported that change was possible. However, 36 women 

(13.7% of the non-left side sleepers) reported it would not be possible for them to go to sleep on their 

left side, even if this was better for the baby; the majority (55.5%) of these women were sleeping on their 
right side and two (5.6%) reported a supine position. We also asked about the possibility of changing the 

side of the bed that women slept on if it would help them change to a left side going-to-sleep position. Of 

the 217 women who did not usually sleep on the left-hand side of the bed, 83.9% reported that changing 

to the left-hand side of the bed would be possible.  

In the multivariable analysis, four factors were significantly associated with reporting a non-left side 

going-to-sleep position in late pregnancy (Table 20). These were: Māori (aOR 2.64 95% CI 1.23-5.66) 

and Pacific (aOR 2.91 95% CI 1.46-5.78) ethnicity compared to Asian and predominantly New Zealand 

European women; lower BMI (aOR 0.93 95% CI 0.89-0.96); and not sleeping on the left-hand side of the 

bed (aOR 3.29 95% CI 2.03-5.32). Maternal age, gestational age, living with a partner, and receiving 

advice on pregnancy sleep position from any source were unrelated to non-left side going-to-sleep 
position.  

Variable Left side sleep Non-left sleep Univariable OR Adjusted OR 
 (n=114) 

n (row %) 
(n=261) 

n (row %) 
(95% CI) (95% CI) 

Maternal age (years) 
[mean (SD)] 

28.6 (5.7) 27.0 (5.4) 0.95 (0.91-0.99)* 0.97 (0.92-1.01) 

Ethnicity (prioritised) 
Māori 23 (26.4) 64 (73.6) 2.12 (1.11-4.05)* 2.64 (1.23-5.66)* 

Pacific 43 (27.9) 111 (72.1) 1.96 (1.12-3.45)* 2.91 (1.46-5.78)* 

Asian 13 (24.5) 40 (75.5) 2.34 (1.09-5.03)* 1.79 (0.79-4.05) 

European & Other 35 (43.2) 46 (56.8) 1 1 

Live with partner 
No 19 (27.1) 51 (72.9) 1 1 

Yes 95 (31.2) 210 (68.9) 0.82 (0.46-1.47) 1.36 (0.70-2.65) 

Gestational age (weeks) 
[mean (SD)] 

35.3 (3.6) 35.3 (3.4) 1.01 (0.94-1.07) 1.03 (0.96-1.10) 

BMI [mean (SD)] 
 

34.9 (7.6) 32.5 (7.1) 0.96 (0.93-0.99)* 0.93 (0.89-0.96)* 

Sleeping on left side of bed 
No 43 (20.0) 172 (80.0) 3.19 (2.02-5.04)* 3.29 (2.03-5.32)* 

Yes 71 (44.4) 89 (55.6) 1 1 

Received any advice on sleep position 
No 36 (30.3) 83 (69.8) 1.01 (0.63-1.62) 0.99 (0.59-1.66) 

Yes 78 (30.5) 178 (69.5) 1 1 
 

Table 20: Factors associated with non-left side sleep position (n=375) 

OR=odds ratio; CI=confidence interval; BMI=body mass index. *Statistically significant (p≤0.05). 
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7.2.4. Discussion 

Our survey conducted in a multi-ethnic sample of women in late pregnancy from South Auckland, New 

Zealand, provides new information about maternal self-reported sleep position, knowledge about optimal 

sleep position, and whether women could change to a left side going-to-sleep position if there were 

health benefits for the baby. The large majority (91%) reported that their usual going-to-sleep position in 

the last week was side-lying. Despite no formal public health education on sleep position in pregnancy, 

the majority (62%) of participants had received some advice to sleep on their side and to avoid a supine 
position.  

Previous smaller studies (Mills & Chaffe, 1994; Warland & Dorrian, 2014) have reported that women 

spend more time sleeping on their left side in late pregnancy than non-pregnant women and that left 
sided sleeping increases as the pregnancy progresses (Warland & Dorrian, 2014; O'Brien & Warland, 

2014). It was suggested that this may be to aid comfort as the abdomen enlarges and sleeping becomes 

more of a physical challenge (Warland & Dorrian, 2014) and indeed our study confirmed that the prime 

influence on women’s going-to-sleep position in the third trimester is comfort (69%).  

In our survey, women reported receiving advice from a doctor or midwife (65%) or media sources (50%) 

about avoiding supine sleep position or to sleep on their side. This indicates there is a considerable level 

of awareness of the importance of sleep position in late pregnancy. The awareness may be a result of 

media reports regarding the association of stillbirth and supine sleep following publication of the Auckland 

Stillbirth Study (Stacey et al., 2011a) in conjunction with decades of information about potential 

consequences of aortocaval compression in the supine position in late pregnancy (Milsom & Forssman, 
1984; Kinsella et al., 1990); especially where there is concern for fetal wellbeing (Simpson & James, 

2005; Thurlow & Kinsella, 2002), during epidural induction (Danilenko-Dixon et al., 1996), and caesarean 

section (Cluver et al., 2013). Furthermore, despite the reported informality and inconsistency of sleep 

position advice in late pregnancy, ten participants had changed from the supine going-to-sleep position 

to a non-supine position based on advice; the majority moving to left side sleeping with relative ease. 

Although the absolute risk of stillbirths with supine sleep position is relatively low (Stacey et al., 2011a), 

it is possible that a decrease in supine sleep and increase in left sided sleep position in late pregnancy 

may be a contributing factor to the significant reduction in unexplained stillbirth at term recently reported 
in New Zealand (PMMRC, 2015). 

We asked women if they could change their going-to-sleep position to their left side if there were health 
benefits for the baby. Of the 70% who did not currently settle to sleep on their left side, 86% said they 

could change to left. The large majority (94%) of these women reported that changing would not be 

difficult for them.  

Consistent with findings from another study (Warland & Dorrian, 2014), over half (60%) of participants in 

our survey reported that they used pillows to support their back, knees and abdomen in their usual going-

to-sleep position. Pillows were also the favoured (60%) response when women were asked what might 

assist those who usually went to sleep in the non-left position to change to their left side, if that was 

recommended.   
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Women were asked to identify what side of the bed they usually went to sleep on in the last week.  The 

left-hand side and right-hand side were similar (42% and 39% respectively), followed by middle (10%) 

and unsure (10%). These figures differed somewhat from an Australian study (Warland & Dorrian, 2014) 

of 30 women where a greater (57%) proportion reported sleeping on the right-hand side of the bed, less 

(37%) on the left-hand side, and 7% slept in a single bed. 

We undertook multivariable analysis to identify risk factors associated with non-left sided going-to-sleep 

position. The non-modifiable risk factor of ethnicity was identified, which may enable targeting of a future 
public health intervention on sleep position. BMI was also identified as a risk factor, with heavier women 

being more likely to sleep on the left side, a finding we are not currently able to explain. A novel and 

modifiable factor that could become incorporated into a late pregnancy sleep routine, was that sleeping 

on the left-hand side of bed is associated with a left side going-to-sleep position.  Encouragingly the large 

majority of participants (84%) who did not currently sleep on the left-hand side of the bed reported that 

they could change the side of bed they slept on, to help to modify their usual going-to-sleep position from 

non-left to left, if this was better for the baby. 

Maternal age has been previously reported to affect sleep patterns in late pregnancy (Warland & Dorrian, 

2014), although in this study, it was not significantly related to choice of left or non-left side going-to-

sleep position in the last week. There was also no association between receiving advice on pregnancy 
sleep position from any source and sleep position, possibly due to inconsistency of the advice received. 

Furthermore, lack of association with gestation may have been because women in our study were in the 

third trimester with a median gestation of 35.7 weeks. 

Strengths and Limitations  

This is the first survey in the New Zealand to investigate maternal sleep knowledge, sleep position and 
influencing factors in late pregnancy. Responses were obtained from a representative sample (PMMRC, 

2015) of the pregnant population in a socioeconomically disadvantaged community. Although maternal 

sleep position was not able to be validated, participants were provided with a diagram of a bed to aid 

recall of their sleep position. A moderate correlation between women’s recalled sleep time in the left side 

position and video evidence has recently been reported (Warland & Dorrian, 2014). Information bias was 

reduced by participants and research assistants being unaware of the study objectives. In addition, there 

has been no formal public health recommendation on late pregnancy maternal sleep position in New 

Zealand. 

Conclusions  

Non-left, and in particular supine, sleep position in late pregnancy may be associated with an increased 

risk of stillbirth (Stacey et al., 2011a; Gordon et al., 2015; Owusu et al., 2013). Promoting optimal going-

to-sleep position in late pregnancy may therefore have the potential to reduce the incidence of late 

stillbirth. It was encouraging that most participants reported that their going-to-sleep position in the last 
week was side-lying. It was also positive that a large majority of women who usually went to sleep in a 
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non-left position in late pregnancy reported that they would be able to change to a left side going-to-

sleep position if that was recommended. 

The finding that sleeping on the left-hand side of the bed is significantly associated with a left side going-

to-sleep position may assist women to more easily modify their sleep position Furthermore, most women 

reported that they could change the side of the bed they slept on to achieve this. Our findings have the 

potential to assist with the development of a public health intervention on how to achieve optimal third 

trimester going-to-sleep position that can be applied in a multicultural setting. 
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7.2.5. Supplementary appendix  

South Auckland Maternal Sleep Survey 

SECTION A: General questions about you and your pregnancy.  
 
1. Today’s date: ______/______/_________(day/ month/ year)  

 
2. Weight: ____________ kg    Measured by Interviewer or midwife   Estimated my weight  
 
3. Height: ____________ cm   Measured by Interviewer or midwife   Estimated my height 
 
4. How many babies have you given birth to before this pregnancy? (Parity): ________ 
 
5. What is your due date? (EDD): ______/______/________ (day/ month/ year) 

 
6. How old are you? ___________ (years) 
 
7. Where do you currently live? 

 Mangere                      
 Manurewa               
 Manukau     
 Otahuhu                     
 Otara                       
 Papatoetoe  
 Takanini                       
 Howick                    
 Botany 
 Papakura                     
 Franklin                   
 Weymouth 
 Other, please specify___________ 

 
8. Where were you born?  

 New Zealand    
 Samoa       
 Tonga   
 Cook Islands    
 Niue 
 India 
 China 
 Australia   
 Other, specify:  _________________ 

 
9. If you were not born in New Zealand, how long have you lived in New Zealand? ______ (years) 
 
10. What ethnic group or groups do you belong to? (Please tick all options that apply to you) 

 New Zealand European 
 Māori  
 Samoan 
 Cook Island Māori 
 Tongan  
 Niuean 
 Chinese 
 Indian 
 Other (such as Dutch, Japanese, Tokelauan) (specify) _______________________ 
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11. How many people usually live in your home (including yourself)?   ____________ (people) 
 
 Please write the number of adults and children who usually live in your home (including yourself). 
 Adults (18 years or older)  ________        Children (less than 18 years)   ________ 
 
12. Do you live with a partner?        Yes   No                   
 
 
SECTION B: Bed  
 
13. What size bed did you sleep in last night?   (Tick one answer only)  

 King 
 Queen  
 Double 
 King single  
 Standard single 
 Other-didn’t sleep in bed (specify) ___________________________________________ 

 
14. What size bed did you sleep in last week?   (Tick one answer only) 

 King 
 Queen  
 Double 
 King single  
 Standard single 
 Other-didn’t sleep in bed (specify) ____________________________________________ 

 
15. Did anyone else sleep in the same bed as you last night? (Tick all answers that apply) 

 Yes, partner                     
 Yes, child (how many?) __________  
 Yes, other, specify who _____________  
 Yes, pet                    
 No-one   

 
16. Did anyone else sleep in the same bed as you in the last week? (Tick all answers that apply)  

 Yes, partner                     
 Yes, child (how many?) __________  
 Yes, other, specify who _____________ 
 Yes, pet                    
 No-one  

 
17. Which side of the bed did you go to sleep on last night?  (Tick one answer only) 
Looking at the diagram, were you on the: 

 Left side of the bed 
 Middle of the bed 
 Right side of the bed 
 Unsure 

 
18. (A) Which side of the bed did you usually go to sleep on last week?                      
Looking at the diagram, were you on the: 
(Tick one answer only)  

 Left side of the bed 
 Middle of the bed 
 Right side of the bed 
 Unsure 

 
18. (B) Why did you choose to sleep on this side of the bed last week?  
(Tick any answers that apply to you) 

 Easier to get into or out of bed 
 Closer to bathroom 
 Facing partner 
 Facing away from partner  
 My partner’s preference  L 

R 
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 More comfortable  
 Habit, always gone to sleep this way 
 Close to phone 
 Close to door 
 Close to window 
 Child or children in bed 
 Other, specify 

 
19. How many pillows did you use?   

Pillow placement 
Number of pillows 
Last night Last week 

Under your head   
Supporting your tummy   
Behind your back   
Between your knees   
Other, specify__________________   

 
 
SECTION C: Sleep position 
 
20. What position did you usually fall asleep in?   
(Please circle one answer per line) 

 Left 
side Back Right 

side Tummy Position 
varies 

Siting or 
Propped 
Up  

 

Last week 1 2 3 4 5 6  

Last night 1 2 3 4 5 6  
 
 
21. Why did you choose this position to go to sleep in? (Tick any answers that apply to you) 

 Easier to get into or out of bed  
 Like to face towards my partner 
 Like to face away from my partner 
 My partner’s preference 
 More comfortable 
 Habit, always gone to sleep this way 
 Like to face towards or away from door  
 Like to face towards or away from the window  
 Relieves reflux /heartburn 
 Child or children in bed 
 Easier to get to sleep 
 Relieves hip or back discomfort  
 Recommended sleep position 
 Other, specify ______________________________________________________________ 

  
 
22. If you lay down on your back in the last two weeks have you felt faint or dizzy? 
                           Yes                          No                           N/A (Have not lain on back)   
 
 
23. If you stood up quickly from sitting or lying down in the last two weeks have you felt faint or dizzy? 
                           Yes                          No                           
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24.  What position did you usually wake up in to start the day?   
 (Please circle one answer per line) 

 Left side Back Right 
side Tummy Position 

varies 

Sitting 
or 
Propped 
up 

 

Last week 1 2 3 4 5 6  

This morning 1 2 3 4 5 6  
 
 
25. (A) What position is the most comfortable for you to go to sleep in? 

  Left side 
  Back 
  Right side 
  Front 
  Propped up 
  No particular position 

 
24. (B) What, if any, advice have you been given by your midwife or doctor about the position you 
should go to sleep in during late pregnancy (after 28 weeks)?     
(Tick one answer only)  

 No information about sleep position 
 Not to be concerned about my sleep position 
 Not to sleep on my back 
 To sleep on either side 
 To sleep on my left side 
 To sleep on my right side 
 Other (specify) _________________________________________________________ 

 
 
26. (A) Other than information from your midwife or doctor, have you read or heard anything about the 
best position to go to sleep in during late pregnancy (after 28 weeks)?   
(Tick one answer only) 

 No information about sleep position    
 Not to be concerned about my sleep position  
Not to sleep on my back 
 To sleep on either side 
 To sleep on my left side 
 To sleep on my right side 
 Other (specify) _________________________________________________________ 

 
26. (B) Where did you get this information? (Tick any answers that apply to you) 

 Radio/TV 
 Newspaper 
 Internet 
 Family and friends 
 Childbirth educator 
 Book or pamphlet 
 Phone app 
 Other (specify) ___________________________________________ 

 
27. (A) Have you changed the position you go to sleep in in late pregnancy (after 28 weeks) because 
of the advice or information you have received? 

  Yes     No    Have not received advice or information 
 
If yes, what did you change? 
27. (B) Previously went to sleep on:   

  Left side       Back       Right side       Front       Propped up      No particular position 
 
 



 

111 

 

27. (C) Changed to: 
  Left side       Back       Right side       Front       Propped up      No particular position 

 
28.  If you changed sleep position, how hard was it to change?    
(Tick one answer only)  

  Not difficult 
  A little difficult 
  Quite difficult 
  Very difficult 

 
29. (A) If it is shown that going to sleep on your left side in late pregnancy (after 28 weeks) is better for 
the health of your baby would it be possible for you to change? 

  Yes                                   No                                 N/A, already sleep on left side 
 
29. (B) If yes, which of the following do you think might help you to go to sleep on your left side? (Tick 
any answers that apply to you) 

 Pillow or cushion tucked behind your back to keep you on your left side 
 Pillow between your knees 
 Pillow under your tummy 
 Change side of bed slept on 
 Ask partner to remind you 
 Ask partner to change their sleep position 
 Change position of bed in the room  
 Have child or children sleep in another bed 
 No assistance would be required 
 Other, specify___________________________________________ 

 
29. (C) If yes, how hard do you think it would be to change?    
(Tick one answer only)  

  Not difficult 
  A little difficult 
  Quite difficult 
  Very difficult 

 
30. Do you think it would be possible to change the side of the bed you sleep on, if this would help you 
sleep on your left side?  

  Yes                No (If no, why?) ______________________________ 
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8.1. Preamble 

This paper responds to concerns that involving bereaved and pregnant women in stillbirth research may 

have a negative impact on the women. Our motivation for this paper was to research factors that 
influence women’s participation in stillbirth research and how women feel about their participation. This 

may support progress towards stillbirth prevention. 

8.2. Manuscript 

Abstract 

Background: Prioritisation of stillbirth research in high-income countries is required to address 

preventable stillbirth. However, concern is raised by ethics committees, maternity providers and families, 

when pregnant and bereaved women are approached to participate. Our aim was to 1) assess factors 

influencing recruitment in a multicentre case-control stillbirth study and 2) gain insight into how women 

felt about their participation. 

Methods: Eligible women were contacted through maternity providers from seven New Zealand health 

regions in 2011-2015. Cases had a recent singleton non-anomalous late stillbirth (≥28 weeks’ gestation). 

Controls were randomly selected and matched for region and gestation. Participants were interviewed 

by a research midwife and given a feedback form asking their views about participation. Feedback was 
evaluated using thematic analysis. 

Results: 169 (66.5%) of 254 eligible cases and 569 (62.2%) of 915 eligible controls were recruited. Non-

participants consisted of 263 (22.5% of eligible) women who declined, 108 (9.2% of eligible) 
uncontactable women, and 60 (5.1% of eligible) women declined by the maternity provider, with no 

significant differences between the proportion of non-participating cases and controls in each of these 

three categories. The majority (63.2%) of women did not provide a specific reason for non-participation. 

Written feedback was provided by 111 participants (cases 15.3%, controls 14.9%) and all described their 

involvement positively. Feedback themes identified were ‘motivation to participate,’ ‘ease of 

participation,’ and ‘post-participation positivity.’ 

Conclusions: Identification of recruitment barriers and our reassuring participant feedback may assist 

women’s participation in future research and support progress towards stillbirth prevention. 
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8.2.1. Statement of Significance 

 

8.2.2. Introduction  

Stillbirth has been described as a global epidemic (Horton & Samarasekera, 2016) with an estimated 2.6 

million babies stillborn worldwide each year (Lawn et al., 2016). High-income countries contribute to this 

loss, with an average late (>28 weeks’) stillbirth rate of 3.5 per 1000 births (Blencowe et al., 2016). The 

2011 Lancet Stillbirth Series (Flenady et al., 2011b) called for prioritisation of stillbirth research in high-

income countries to address preventable stillbirth. However, attitudes to stillbirth continue to isolate and 

stigmatise bereaved parents and hamper prevention efforts (Horton & Samarasekera, 2016). A 

perception that talking about stillbirth will exacerbate the distress of bereaved parents and cause anxiety 
in pregnant women (Gordon et al., 2015; Stacey et al., 2011b; Bond et al., 2015; Budd et al., 2018) has 

resulted in ethics committees, maternity providers, and families acting as gatekeepers (Gordon et al., 

2015; Stacey et al., 2011b; Burnell & O'Keefe, 2004) in the belief that they are protecting women.  

Research on factors affecting pregnant and bereaved women’s participation in stillbirth studies is limited. 

There is also limited information on women’s experience of their involvement in stillbirth research. An 

Auckland (Stacey et al., 2011b) case-control stillbirth study reported on postal survey feedback from 106 

of 465 (23%) participants, with positive responses from all respondents. A Sydney case-control stillbirth 

study (Gordon et al., 2015; Bond et al., 2015) of 295 participants also used a postal survey to assess 

anxiety and acceptability, with most (85% of 100) respondents indicating no significant increase in 

anxiety and high levels of satisfaction with their involvement. More recently, a United Kingdom case-
control stillbirth study (Budd et al., 2018) with 1024 participants analysed the views of 12 respondents. 

Feedback themes common to these three studies (Stacey et al., 2011b; Bond et al., 2015; Budd et al., 

2018) were women’s altruistic motivations to participate and participants’ positivity about their 

involvement (supplementary appendix A). The studies recommended further exploration of the views of 

stillbirth study participants to address barriers to women’s involvement in stillbirth research.  

The primary aim of this study was to explore factors influencing recruitment to the New Zealand (NZ) 

Multicentre Case-Control Stillbirth Study (McCowan et al., 2017) (MCSS) that investigated maternal 

Problem 
Concern is raised by ethics committees, maternity providers and families, when pregnant and 

bereaved women are approached to participate in stillbirth research. 

What is already known 
There is limited available knowledge of factors affecting pregnant and bereaved women’s 

recruitment in stillbirth research and women’s experience of participation. 

What this paper adds 
Our identification of recruitment barriers (non-specific, anxiety, being ‘too busy, or missing-cancelling 

the research midwife’s visit) and our reassuring participant feedback (altruistic motivation, ease of 

participation, and post-participation positivity) may assist women’s participation in future research 
and support progress towards stillbirth prevention.  
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sleep practices and late-stillbirth. If participation was declined, we explored the reasons for non-

participation. We also asked the bereaved (cases) and pregnant (control) participants for feedback about 

their experience of involvement in the research.  

8.2.3. Methods  

MCSS (McCowan et al., 2017) was conducted in 7 of 20 NZ health regions between February 2012 and 

December 2015, comprising two-thirds of NZ births. Ethical approval was received from the Northern “X” 

Regional Ethics Committee: NTX/06/05/054. Eligible cases were women with a singleton pregnancy and 

late stillbirth (≥28 weeks’ gestation) without known congenital abnormality at recruitment. Controls were 

women with ongoing pregnancies, randomly selected and frequency matched by health region and 

gestation to a projected distribution of stillbirths using 2007 to 2009 New Zealand stillbirth data (PMMRC, 
2011) This ensured that controls would be at a similar gestation to cases in each participating health 

region. We planned to select two controls for each estimated eligible case in each health region. Methods 

have been published (McCowan et al., 2017) and a detailed study protocol is accessible on figshare doi: 

10.17608/k6.auckland.3483134.v1 (McCowan et al., 2016) (Appendix 2) 

Procedures and variables 

Eligible women were identified from hospital booking data. A trained research midwife contacted the 

woman’s maternity provider and asked the provider to give the woman a brief description of the study. If 

the maternity provider agreed and obtained the woman’s approval, a research midwife contacted the 

woman and provided more detail about the study. If the woman or maternity provider declined consent, 

or were unable to be contacted, basic demographic information was recorded. Interpreters were 

organised as required. With the woman’s agreement, an interview (usually in the woman’s home) was 

arranged and written consent obtained. The interview (approximately one hour duration) occurred as 

soon as possible after the stillbirth for cases. The eligibility period for cases was between 0-42 days after 
stillbirth, as this time interval is considered appropriate for bereaved women’s accurate recall of their 

pregnancy experience (Stacey et al., 2011a; Stacey et al., 2011b). Controls were interviewed between 

0-14 days of the allocated gestation at which the stillbirth occurred. Collected data included demographic, 

obstetric, and lifestyle and the survey is available (McCowan et al., 2017). 

Participants were invited at the completion of the face to face interviews to participate further in a written 

survey. They were provided with a feedback form (supplementary appendix B) in an addressed freepost 

envelope by the research midwife to be returned at their convenience. The form had two questions and 

space for free-text responses. The first question was, “How did you feel about being involved in this 

study?” The second question was, “Is there anything else that you would like to add?)” In order for the 

feedback to remain anonymous, demographic information was not requested.  

Statistical Analysis  

Descriptive statistics were used to summarise demographic characteristics. All demographic variables 

were treated as categorical. Differences between categorical variables were tested by chi-square tests. 
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Statistical significance was defined at the 5% level. Analysis was performed using SAS version 9.6 (SAS 

Institute Inc., Cary NC USA). The women’s qualitative feedback was evaluated using a thematic analysis 

(Morse & Field, 1995) approach. The analysis was performed by two members of the team (RC and BB) 

and a consensus of themes was agreed. The process included: transcribing participants’ written 

responses into an excel document, familiarisation with common concepts through repeated reading of 
the written responses, grouping the data using the study objectives, identifying emergent themes, and 

distilling into the key themes that captured the meaning of the responses and made sense of the scope 

and content of the data. Quotations directly related to the key themes were selected for presentation. 

8.2.4. Results 

The ratio of cases to controls was 1:3.5 and recruitment occurred contemporaneously (figure 13). Fewer 
cases were recruited than had been projected from 2007-2009 stillbirth data (PMMRC, 2011), 169 vs 

291, due to a 40% national reduction in late stillbirths, although controls were similar to that projected, 

569 vs 582. Five cases diagnosed with a chromosomal abnormality were recruited, as this was not known 

at the time of interview. Median (interquartile range, IQR) time to interview after birth for the cases was 

22 (14-30) days. 

 

Figure 13: Flowchart of study population 
 

Demographic characteristics were compared between participants (n=738) and non-participants (n=431) 

(table 21). Maternal age did not differ, however, women of parity ≥4 were under-represented as cases 

and controls. Participating controls were less likely to participate if they were at term (>40 weeks' 

gestation), and women of Indian ethnicity were more likely to participate. Participating cases were more 

likely to have a general practitioner (GP) or private obstetrician as a maternity provider. Five cases 
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reported no engagement with a maternity provider until diagnosis of stillbirth and three of the five 

consented to participate. 

Characteristic Cases Controls 

 

Participants 
(n=169) 

Non-
participants 

(n=85) 

P value Participants 
(n=569) 

Non-
participants 

(n=346) 

P value 

Age (years) 

<20 9 (5.3) 3 (3.5) 0.63 17 (3.0) 18 (5.2) 0.15 

20–39 146 (86.4) 77 (90.6)  532 (93.5) 313 (90.5)  

 ≥40  14 (8.3) 5 (5.9)  20 (3.5) 15 (4.3)  

Parity 

0 77 (45.6) 31 (36.5) 0.02 245 (43.1) 141 (40.7) 0.05 

1–3 84 (49.7) 42 (49.4)  308 (54.1) 184 (53.2)  

 ≥4 8 (4.7) 12 (14.1)  16 (2.8) 21 (6.1)  

Ethnicity 

Māori 27 (16.0) 22 (25.9) 0.41 58 (10.2) 51 (14.7) 0.01 

Pacific 40 (23.7) 20 (23.5)  86 (15.1) 50 (14.5)  

Indian 17 (10.1) 10 (11.8)  77 (13.5) 23 (6.7)  

Other Asian 13 (7.7) 6 (7.1)  72 (12.7) 46 (13.3)  

European 67 (39.6) 26 (30.6)  263 (46.2) 162 (46.8)  

Other  5 (3.0) 1 (1.2)  13 (2.3) 14 (4.0)  

Gestation 

<36 weeks 57 (33.7) 35 (41.2) 0.20 197 (34.6) 121 (35.0) <0.001 

36-39 weeks 68 (40.2) 36 (42.4)  340 (59.8) 171 (49.4)  

>40 weeks 44 (26.0) 14 (16.5)  32 (5.6) 54 (15.6)  

Maternity provider 

GP/ Private 
Obstetrician 

19 (11.4) 1 (1.2) 0.05 42 (7.4) 14 (4.0) 0.10 

Hospital care 25 (15.1) 15 (18.1)  76 (13.4) 54 (15.6)  

Midwife self-
employed 

122 (73.5) 67 (80.7)  451 (79.3) 278 (80.3)  

aPresentation at 
diagnosis 

3 (1.8) 2 (2.4)  0 0  

 

Table 21: Demographic characteristics of participants and non-participants in the New Zealand 
Multicentre Stillbirth Study 

Data are number (column percentage). aWomen who presented unbooked at diagnosis of stillbirth. 
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Participation barriers 

We explored the participation barriers (table 22). There were three categories identified, the largest was 

‘direct decline,’ which comprised women (n=252) and partners (n=11) who directly declined to participate. 

The second category was ‘implied decline’ by women who were unable to be contacted and did not 

respond despite research midwives phoning, texting, and visiting (n=108). The third category was 

‘maternity provider decline,’ where the maternity provider declined on the woman’s behalf (n=60), 

reporting that they did not wish to inform her about the study. There were no significant differences 
between the proportion of cases and controls, and type of maternity provider, in each of the three 

categories. 

Categories of  
non-participation 

Direct decline 
(by woman or 

partner) 
(n=263) 

Implied decline 
uncontactable 

(n=108) 

Maternity 
provider 
decline 
(n=60) 

Total 
(n=433) 

P value 

Case or control 

Case 56 (65.9) 16 (18.8) 13 (15.3) 85 (100.0) 0.33 

Control 207 (59.8) 92 (26.6) 47 (13.6) 346 (100.0)  

Maternity provider 

GP/Private                                
Obstetrician 

13 (86.7) 1 (6.7) 1 (6.7) 15 (100.0) 0.14 

Hospital care 42 (60.9) 21 (30.4) 6 (8.7) 69 (100.0)  

Midwife                        
(self-employed) 

207 (60.0) 85 (24.6) 53 (15.4) 345 (100.0)  

aPresentation at 
diagnosis 

1 (50.0) 1 (50.0) 0 2 (100.0)  

 

Table 22: Categories of non-participation in the New Zealand Multicentre Stillbirth Study: 
comparison by case-control status and maternity provider 

Data are number (row percentage). aWomen who presented unbooked at diagnosis of stillbirth were 
excluded from maternity provider comparison analysis due to low numbers 
 

We investigated the reasons for decline by category, as recorded by the research midwives (table 23). 

This was further categorised into non-specific, anxiety, missed-cancelled interview, and ‘too busy.’ Non-

specific reasons for decline were provided by 63.2% (204 of 323) of non-participants. Concern that 

participation may cause or exacerbate maternal anxiety (15.8%, 51 of 323) was reported by 48.3% (29 

of 60) of maternity providers, compared to 8.4% (22 of 263) of women and partners. Agreeing to 

participate, but cancelling or missing the interview (15.9%, 42 of 263) by being absent when the research 
midwife arrived at the home, occurred in similar proportions of cases (14.3%) and controls (16.4%). 

Being ‘too busy’ to participate occurred only in controls (29, 8.0%).  
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 Direct decline (woman/partner) 
(n=263) 

Maternity provider decline 
(n=60) 

Total 
(n=323) 

Reasons 
for decline  

Cases (n=56) Controls (n=207) Cases (n=13) Controls (n=47)  

Non-
specific 
reason  

38 (67.9) 135 (65.2) 6 (46.2) 25 (53.2) 204 (63.2) 

Illustrative 
comments 

“Even though I 
was so nice on 
the phone, she 
was real short 
with me (and 
declined).” 
 
“The parents 
emphatically 
declined a 
stillbirth 
interview, stated 
they wanted to 
move on with 
their lives.” 
 
“I asked if I could 
give her more 
information about 
the study and 
she said ‘no 
thank you’.” 

“The woman said 
she did not want 
to be part of a 
study.” 
 
“The woman was 
not happy to be 
contacted - 
thought it was an 
invasion of her 
privacy.” 
 
“Said she did not 
want to be 
involved.” 

“The maternity 
provider said the 
woman wasn’t 
appropriate for a 
study.” 
 
“The maternity 
provider said 
woman not 
interested in 
stillbirth 
research.” 
 
“The maternity 
provider 
declined, said 
client doesn't 
want to talk to a 
research 
midwife.” 

“The maternity 
provider said she 
doesn’t think it’s 
a good time to 
contact the 
woman.” 
 
“The maternity 
provider said she 
didn't believe in 
asking pregnant 
women to 
partake in 
research.” 
 
“The maternity 
provider felt the 
woman had too 
many other 
social issues.” 

 

Anxiety  10 (17.8) 12 (5.8) 7 (53.8) 22 (46.8) 51 (15.8) 

Illustrative 
comments 

“Husband said 
his wife is ‘too 
upset to talk to 
anyone’. I tried 
phoning again 
later and he said 
his wife was still 
too upset.” 
 
“The woman said 
she was too 
upset to be 
interviewed.” 
 
“I tried hard to 
interview this 
lady, Dad said 
‘yes’, and Mum 
said ‘no’, as she 
was too upset to 
talk about it.” 

“The woman felt 
discussing and 
participating in a 
stillbirth study 
was ‘too scary’.” 
 
“Her partner says 
unhappy 
thoughts around 
pregnancy will 
make baby 
unhappy.” 
 
“She said she 
was unsure of 
process and felt 
nervous.” 

“The maternity 
provider declined 
to advise the 
woman about the 
study as felt it 
would upset her. 
Forbid me to 
contact her 
directly.” 
 
“The maternity 
provider said the 
woman is very 
fragile and 
blaming herself 
for the stillbirth.” 
 
“The maternity 
provider said the 
woman is too 
distressed.”  

“The maternity 
provider is very 
concerned that 
this baby is 
small. Thinks this 
study will add to 
the stress of the 
situation.” 
 
“The maternity 
provider said 
woman was very 
anxious and had 
two friends with 
stillbirths.” 
 
“The maternity 
provider said the 
woman had a 
history of 
depression.” 

 

Missed-
cancelled 
interview 

8 (14.3) 34 (16.4) 0 0 42 (13.0) 

Illustrative 
comments 

“The woman 
declined but then 
changed her 
mind and wanted 
to be 
interviewed, but 
this was at 7 

“Appointment 
arranged, but the 
woman was not 
at home. Repeat 
appointment 
arranged with 
her and I phoned 

0 0  
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weeks after 
stillbirth, so she 
was no longer 
eligible.” 
 
“Initially 
consented to 
interview and 
appointment 
made, then 
woman declined 
to participate 
once I arrived at 
the house.” 
 
“The husband 
arrived home just 
as interview was 
underway, he 
was really not 
happy, so I left.” 

prior, but she 
was not at home 
again.” 
 
“The woman 
verbally agreed - 
changed the 
appointment 
twice, then was 
not available 
after that.” 
 
“Agreed, then 
cancelled. Said it 
was too close to 
delivery date.” 

Too busy 0  26 (12.6) 0 0 26 (8.0) 

Illustrative 
comments 

0 “The woman had 
a think about it, 
then decided to 
decline as she 
was ‘too busy’.” 
 
“The woman said 
she was ‘too 
busy and too 
tired’.” 
 
“She said she 
was too busy 
and has a busy 
toddler.” 

0 0  

 

Table 23: Reasons for declining participation in the New Zealand Multicentre Stillbirth Study: 
illustrative quotes recorded by research midwives 

Data are number (column percentage). Maternity provider and women’s names have been replaced by 
‘the maternity provider’ and ‘the woman.’ 
 

Women’s Feedback 

Postal feedback was received from 15.0% (n=111) of 738 participants, with similar percentages from 

cases (15.4%, n=26) and controls (14.9%, n=85) (table 24). In response to being asked, “How did you 

feel about being involved in this study?” three themes were identified: 1) ‘motivation to participate,’ with 

subthemes of ‘helping others by finding answers’, and ‘personal meaning’ 2) ‘ease of participation,’ and 

3) ‘post-participation positivity” (table 24). 
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Cases 
(n=26 of 169) 

Controls 
(n=85 of 569) 

Feedback theme 1: Motivation to participate 

Subtheme: Helping others by finding answers 

“Mixed feelings- anger that I’m in this situation to 
enable my involvement, but hope that by 
participating I may have helped in the reduction of 
stillbirth incidences in the long term.” (Case 2) 
  
“If this study can help people avoid going through 
what we have experienced, then it will be very 
worthwhile, even if it is just one couple. The more 
research and information they (the medical 
professionals) can gain to help pregnant couples 
gain a successful outcome the better. While I 
would have preferred not to be a position to be 
part of their study, all we can do is hope it finds 
some answers.” (Case 11) 
 
“It took time for me to be in a position, to be able 
to consider being involved. I understand the time 
frame you have to work within, from a memory 
point of view, yet for some, more space would be 
good before being involved with the study. My 
focus and reason for being involved is, solely to 
save babies lives. I hope my answers will help for 
the greater good and spare the pain on some 
women and families.” (Case 16) 
 
“We feel good about being part of this study 
because even through stillbirth unjustice (sic) 
happened to us, we don’t want this happening to 
others. We would like you guys to educate people 
like us about your research to avoid stillbirth, so 
that people become aware about how stillbirth 
occurs and how to reduce it.” (Case 21) 

“I can imagine that this would be one of the most 
difficult things to go through (stillbirth) however I 
am glad to be able to possibly contribute to 
outcomes that may provide more insight into why 
this occurs and hopefully help mothers to 
decrease risk of this occurring, it is a very 
important study.” (Control 8) 
 
“It was challenging because of the subject matter 
so close to birth – a feeling of not wanting to jinx 
anything. But it is important research, hence my 
participation.” (Control 13) 
 
“Very happy to be part of this study and hopefully 
help future Mum’s in their pregnancies. Thank 
you for making a difference for New Zealand’s 
diverse group of mothers.” (Control 45) 
 
“Only too happy to be part of this. Anything to 
contribute to the ‘greater good’.” (Control 65) 

Subtheme: Personal meaning  

“If what I did throughout pregnancy can help 
others then I was happy to discuss it with the 
midwife who came to see me.” (Case 3) 
 
“I felt good being able to put my experience and 
the death of my daughter to some use.” (Case 7) 
 
“Like my daughter’s little life had a bit more of a 
sense of purpose and that she may be able to 
contribute to this not happening to another mother 
and baby.” (Case 15) 
 
“If our baby’s loss can help others, then it will be 
good.” (Case 26) 

“My involvement in the study was a contribution 
worth making. Having had some complications 
during my pregnancy I understand how useful 
research can be to figure out what is happening 
and to hopefully make more informed decisions 
about things.” (Control 3) 
 
“Have benefited from research in fertility (we got 
pregnant through IVF) so believe it is important to 
participate (in research) where possible.” (Control 
16) 
 
“I was slightly reluctant at first due to my history 
of miscarriages + my sister stillbirth. But then I 
realised my participation may help support 
women in the future who have or will go through 
this.” (Control 74) 
 
“I’m very lucky that my pregnancy has been very 
normal and straight-forward, but I have had a lot 
of friends who have had very sad pregnancies’ 
with a lot of problems, so if anything I do or know 
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that helps prevent problems the better.” (Control 
83) 

Feedback theme 2: Ease of participation 

“The two midwives who interviewed me were 
professional and kind. I was glad to have them in 
my home and grateful for their sensitivity and 
support.” (Case 9) 
  
“It was hard talking about my baby loss, but I 
didn’t mind as the interviewer was great.” (Case 
13) 
 
“The research midwife was very open and 
approachable and it has helped me to revisit and 
talk about our situation, the questions were easy 
to answer and structured in a non-judgemental 
way. Thanks for having me be part of it.” (Case 
22) 
 
“I didn’t mind being involved, there was no 
pressure and the questions were not particularly 
invasive. The lady conducting the interview made 
the experience relaxed and I felt did a really good 
job. The candle (in memory of baby) was also a 
very nice gesture. Also the option of being 
informed about the results made me feel inclusive 
of the process rather than a ‘subject’.” (Case 24) 

“Appreciated the fact that the midwives came to 
my house and I didn’t have to venture into town 
so close to the (due) date. Was made easy for 
me to understand and was made clear that I 
didn’t need to answer any questions I was 
uncomfortable with.” (Control 2) 
 
“I felt good and comfortable with talking to the 
research midwife. She was really nice and 
wonderful. She was appropriate and gave me a 
clear understanding of what I needed to know 
about this study and also with questions I had 
asked her. Questions asked were easy; I didn’t 
have to hesitate on answering any of them. And I 
enjoyed the overall study.” (Control 42) 
 
“The research midwife was lovely and made me 
feel completely at ease, and I learned some 
interesting things too.” (Control 57) 
 
“It was a very pleasant experience. All questions 
were very clear and easy to understand. I didn’t 
feel any pressure. The midwife was professional 
but also very friendly. It made me feel good about 
being part of the study.” (Control 77) 

Feedback theme 3: Post-participation positivity 

“I felt important and acknowledged. I am so 
grateful people are researching this to try their 
best to understand and see what they can do to 
prevent it (stillbirth).” (Case 1) 
 
“I felt good - I found it helpful to do something 
useful at a time when I felt so helpless.” (Case 8) 
 
“It help (sic) me a lot talking to someone who 
understands. I am so grateful. Thank you so 
much. God bless you all.” (Case 14) 
 
“It is good to be involved if able to help out a 
mother/parent in the future. In my experience this 
study should be encouraged to all mothers in this 
difficult situation, as talking about our experience 
has been helpful to me and is healthy through the 
days/weeks ahead.” (Case 19) 

“Good, I loved being offered to potentially help 
with the study of stillbirth.” (Control 9) 
 
“I felt it was important research & therefore felt 
privileged to be involved. I am also looking 
forward to seeing the results of the study.” 
(Control 24) 
 
“I was nervous at first due to the nature of the 
study (stillbirth) and only being a week away from 
my due date, but I was made to feel at ease 
during the interview and still felt like a happy 
healthy Mum to be once it had finished!” (Control 
58) 
 
“Privileged. I was more than happy to participate.” 
(Control 64) 

 

Table 24: Written feedback themes and illustrative quotes from the New Zealand Multicentre 
Stillbirth Study participants: responses to “How did you feel about being involved with this 
study?" 
 

In response to the question, “Is there anything else that you would like to add (anything that you feel was 
significant, but was not discussed?),” 70 (63.1%) respondents reported “No,” while others suggested 

topics including: exercise (n=18), diet (n=14), pregnancy care (n=11), stress (n=6), and family history 

(n=5). A control wrote, “I expected there to be more emphasis on diet and lifestyle. There’s so many do’s 
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and don’ts in pregnancy but maybe they aren’t as significant as we are led to believe or more so just in 

early pregnancy. I was expecting to be more scrutinised!” 

8.2.5. Discussion 

We have presented new information around factors affecting women’s recruitment in stillbirth research. 

This includes reasons why participation was declined in a NZ multi-ethnic study population. We also 

report new insights into the experiences of pregnant and recently bereaved women after participating in 

stillbirth research.  

The recruitment rate for MCSS (McCowan et al., 2017) was comparable to an Auckland case-control 

stillbirth study (Stacey et al., 2011a) and higher than similar case-control studies in Sydney (Gordon et 

al., 2015) and the United Kingdom (Heazell et al., 2017). This implies that there may be fewer barriers 

to recruitment for maternity research in NZ, possibly related to the NZ model of continuity of maternity 

care, as clinician support is known to reduce gatekeeping in health research (Patterson, Mairs, & 

Borschmann, 2011; Mohanna & Tuna, 1999; Frew et al., 2014). Yet, 60 eligible women were not offered 
the opportunity to participate by their maternity providers. This suggests that explaining stillbirth research 

to women may have been challenging for some maternity providers. Over half (31 of 60) of the providers 

cited non-specific reasons for their decline, possibly related to reservations about benefits of research 

participation, lack of available time, or assumptions about the woman’s ability to participate (Patterson 

et al., 2011; Frew et al., 2014; Tooher, Middleton, & Crowther, 2008).  

Participation was less likely for women of parity ≥4, and this was also reported in the Auckland study 

(Stacey et al., 2011b), possibly due to competing demands on the women’s time. Gestation influenced 

participation for controls, with consent less likely beyond 40 weeks of gestation, due to women giving 

birth prior to participation.  

It has been suggested that non-European women may have additional sensitivities in relation to stillbirth 

(Gordon et al., 2015) and communication challenges (Tooher et al., 2008). We found no significant ethnic 

differences in participation in our study, apart from over-representation of Indian controls. This finding 
was consistent with a systematic review (Wendler et al., 2005) reporting that minority ethnic groups, 

when invited, are as agreeable to participation in research as other ethnic groups.  

The largest category (65.4%) of non-participation in our study was women who directly declined, 
reporting a non-specific reason. This is consistent with United Kingdom research (Van Delft, Schwertner-

Tiepelmann, Thakar, & Sultan, 2013) that looked at factors influencing recruitment for a pregnancy 

pelvic-floor study. This implies that non-specific decline may reflect a general discomfort and lack of 

understanding of research, rather than specific stillbirth stigma suggested by a United Kingdom study 

(Budd et al., 2018). Furthermore, the implication that pregnant women may feel uncomfortable with 

research is consistent with a systematic review (Frew et al., 2014) of factors that mediate pregnant 

women’s willingness to participate in research, including uncertainty about what participation may require 
or reveal, and perceived personal irrelevance.  
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Time-pressure is another reported barrier to maternity research recruitment (Budd et al., 2018; Mohanna 

& Tuna, 1999; Tooher et al., 2008). A number of our declining cases subsequently requested to be 

interviewed after the 6-week eligibility period, indicating that some bereaved women may require more 

time to consider their involvement. However, even within a 6-week time frame, concern has been 

expressed about recall bias and systematic differences in the accuracy of maternal self-report between 
cases and controls in stillbirth research (Sedgwick, 2012), although there is limited evidence in regard to 

the optimal time frame for bereaved women’s recall of their pregnancy and events around their baby’s 

death. The 6-week time frame arose from the Auckland (Stacey et al., 2011b) case-control stillbirth study, 

which in turn based this on sudden infant death syndrome (SIDS) studies (Drews et al., 1990; Gibbons, 

Ponsonby, & Dwyer, 1993), as there are no studies able to be located that have examined accuracy of 

maternal recall after stillbirth. An American SIDS study (Drews et al., 1990) examined case-control 

differences in the accuracy of maternal recall, comparing data obtained from maternal interview within 
5-weeks of infant loss with maternal-infant health records, reporting that although there were insignificant 

case-control differences in the accuracy of maternal recall, maternal self-report was similar to data 

recorded in the health records. A Tasmanian SIDS study (Gibbons et al., 1993) also compared case-

control responses to an identical set of questions at two time intervals, around 4-days post-birth and 

again around 5 to 11-weeks after death of cases or post-birth in controls (extending to beyond 24-weeks), 

reporting similar agreement levels in obstetric details, smoking, and infant feeding history for cases and 

controls. Therefore, future case-control stillbirth studies could consider extending the recruitment period 

following stillbirth beyond 6-weeks, which may increase participant numbers without compromising the 
accuracy of maternal recall. 

A negative opinion of a pregnant woman’s partner is also considered influential in research non-
participation (Frew et al., 2014; Van Delft et al., 2013), and a partner’s wish to protect the bereaved 

woman was a common theme in a review of stillbirth care (Ellis et al., 2016). The partner’s influence was 

seen in our study, with 11 partners cited as a reason for women’s non-participation. However, decline 

due to concern about causing or exacerbating maternal anxiety was reported by a greater proportion of 

maternity providers (48.3%) than by women and partners (8.7%). Maternity staff concern with 

approaching women to participate in stillbirth research was also reported in a Sydney study (Bond et al., 

2015). This suggests that anxiety from research participation may be over-estimated by maternity 

providers, possibly related to clinician anxiety (Burnell & O'Keefe, 2004). 

Being ‘too busy,’ reported by 12.6% of our non-participating controls, was also related to decline in United 

Kingdom (Van Delft et al., 2013) and Irish (Infanti et al., 2014) maternity studies. Researcher flexibility 

was recommended as a solution (Van Delft et al., 2013; Infanti et al., 2014) and our research midwives 
offered to perform the interview at a mutually agreed time in a place of the women’s choosing. This 

suggests that being ‘too busy’ for our controls may have been a surrogate for other participation barriers. 

All participants who provided postal feedback reported a positive experience, which is in common with 

high levels of satisfaction reported by participants in previous case-control stillbirth studies (Stacey et al., 

2011b; Bond et al., 2015). Furthermore, a subgroup of 83.3% (615 of 738) of our participants was asked, 

“Are you happy to be contacted by a researcher about future studies related to stillbirth?” Only 18.4% 
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(91 controls and 22 cases) declined future contact, indicating that the large majority of women felt their 

involvement was an experience worth repeating. However, the 15% of women who responded with postal 

feedback following participation in our study was lower than the 23-34% who provided feedback following 

previous stillbirth studies (Stacey et al., 2011b; Bond et al., 2015). Our participants’ reasons for not 

mailing feedback was unlikely to be concern from participation, as the rate of feedback was comparable 
between cases and controls and concern would be expected to be greater for cases. We speculate that 

our lower feedback rate was because postal surveys have become less popular in recent years, 

especially for women of childbearing age (Loban, Mandefield, Hind, & Bradburn, 2017; Bray, Noble, 

Robinson, Molloy, & Tilling, 2017). 

The first theme from our participants’ feedback was ‘motivation to participate,’ with a subtheme of ‘helping 

others by finding answers.’ Altruism is a driver to participation common to case-control stillbirth studies 

(Stacey et al., 2011b; Bond et al., 2015; Budd et al., 2018), research during pregnancy (Frew et al., 2014; 

Tooher et al., 2008; Van Delft et al., 2013; Baker, Lavender, & Tincello, 2005), parental bereavement 

studies (Dyregrov, 2004; Scott, Valery, Boyle, & Bain, 2002), and research in general (Patterson et al., 

2011; Williams, Entwistle, Haddow, & Wells, 2008). The women’s comments also suggest that women 
weigh-up risks and benefits before consenting, yet may have some apprehension until they have 

participated. Apprehension in the time between researchers approach and women’s participation was 

also mentioned in a United Kingdom stillbirth study (Budd et al., 2018). This may explain why one quarter 

of eligible women agreed to participate in our study, but subsequently cancelled-missed the interview. 

Finding ‘personal meaning’ is another recognised (Bond et al., 2015; Tooher et al., 2008) motivational 

theme in women’s health research engagement, with studies (Stacey et al., 2011b; Bond et al., 2015; 

Budd et al., 2018; Dyregrov, 2004; Scott et al., 2002) suggesting that participation is a positive 
experience. Our cases reported that their involvement imbued some purpose to their loss, while controls 

reported finding personal meaning in fertility challenges.  

The second main theme, ‘ease of participation,’ aligns with studies reporting practical barriers to women’s 
participation in research (Bond et al., 2015; Frew et al., 2014; Infanti et al., 2014; Baker et al., 2005), 

including transport and childcare. Our researchers’ flexibility appeared to minimise these barriers, as 

they were not reported in the women’s feedback. Instead women, especially our cases, emphasised the 

empathy of the research midwives, thus affirming that the researchers’ approach (Stacey et al., 2011b; 

Bond et al., 2015; Budd et al., 2018; Van Delft et al., 2013; Baker et al., 2005; Scott et al., 2002) is a key 

component for successful recruitment. 

We considered our third theme of ‘post-participation positivity’ to be notable. Respondents’ positive 

feedback following participation was consistent with maternity research (Budd et al., 2018; Van Delft et 

al., 2013; Baker et al., 2005; Dyregrov, 2004) suggesting that women wish for an individualised approach, 

acknowledgement that their contribution is valued, and that the research is important. We recommend 
these strategies to support women’s participation in maternity research (table 25). 
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Recommendations Rationale 

Preparation 
Provide ethics committees and maternity providers 
with information on the positive feedback reported 
by pregnant and bereaved women following 
involvement in stillbirth research. 

High levels of satisfaction have been reported 
by participants in case-control stillbirth studies 
from New Zealand (Stacey et al., 2011b), 
Australia (Bond et al., 2015), and the United 
Kingdom (Budd et al., 2018). 

Engage maternity provider representatives in 
research planning and recruitment. 

Maternity provider support reduces gatekeeping 
and improves access to women for health 
research (Patterson et al., 2011). 

Reassure maternity providers that pregnant and 
bereaved women report psychological benefits from 
involvement in stillbirth research. 

Women’s anxiety from research participation 
may be over-estimated by maternity providers 
(Gordon et al., 2015). 

Employ empathetic and respectful researchers for 
recruitment, who have knowledge of the maternity 
system and are available for flexible hours during 
recruitment to meet participant needs. 

The researchers’ approach (Stacey et al., 
2011b; Bond et al., 2015; Budd et al., 2018; 
Baker et al., 2005; Scott et al., 2002) is a key 
component of successful recruitment. 

Train researchers in recruitment techniques, 
including how to communicate the value of altruism 
and positive feedback from previous research 
participants, answer any questions, and optimise 
participants’ experience before, during, and on 
completion of participation, including offering a copy 
of the research findings. 

Women’s motivation to participate may be 
enhanced by researchers who are able to 
communicate: 
- the value of altruism (Stacey et al., 2011b; 
Bond et al., 2015; Budd et al., 2018; Patterson 
et al., 2011; Frew et al., 2014; Tooher et al., 
2008; Van Delft et al., 2013; Baker et al., 2005; 
Dyregrov, 2004; Scott et al., 2002; Williams et 
al., 2008)  
- women’s positivity about participation in 
previous stillbirth research (Stacey et al., 
2011b; Bond et al., 2015; Budd et al., 2018; 
Dyregrov, 2004; Scott et al., 2002) 
- answer any questions accurately (Van Delft et 
al., 2013) 
- leave potential and consenting participants’ 
feeling valued (Budd et al., 2018; Baker et al., 
2005; Dyregrov, 2004). 

Consider providing additional resources to support 
the participation of women with parity ≥4. 

Women of parity ≥4 are less likely to participate 
(McCowan et al., 2017; Stacey et al., 2011b), 
possibly due to competing demands on their 
time. 

Facilitation 
Offer the opportunity to participate in stillbirth 
research to all bereaved women, including women 
who did not engage with maternity providers until 
diagnosis of stillbirth. 

Bereaved women have comparable research 
participation rates to women with on-going 
pregnancies (Stacey et al., 2011a; McCowan et 
al., 2017). Women who did not engage with 
maternity providers until diagnosis of stillbirth 
may agree to participation. 

Provide bereaved women with additional time and 
opportunity to reconsider research participation if 
they decline consent.  

Some bereaved women may require additional 
time to consider participation. Extending the 
recruitment period beyond 6-weeks after 
stillbirth may also increase participant numbers 
without compromising the accuracy of maternal 
recall (Gibbons et al., 1993). 

Invite women of all ethnicities, including ethnic 
minorities, to participate and offer interpretation 
services. 

Minority ethnic groups as agreeable to 
participation in research as other ethnic groups 
when invited (Wendler et al., 2005). 

Minimise time between the researchers’ approach 
and women’s participation in research. 

Women’s apprehension in the time between 
researchers’ approach and women’s 
participation (Budd et al., 2018) may result in 
missed or cancelled participation.  
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Minimise practical barriers to participation by 
enabling researchers to visit women at home (or in 
a place of their choosing) at a time and day that 
suits the women. 

Practical barriers to women’s research 
participation, such as transport and childcare 
(Bond et al., 2015; Frew et al., 2014; Infanti et 
al., 2014; Baker et al., 2005), can be minimised 
with researcher flexibility. 

Provide additional information if women decline 
reporting non-specific reasons or being ‘too busy,’ 
including what participation will involve, how 
confidentiality will be protected, and the importance 
and relevance of the research to women. 

Non-specific reasons for decline and being ‘too 
busy’ may be a surrogate for other participation 
barriers, including uncertainty about what 
participation may require or reveal, and 
perceived personal irrelevance of the research 
(Burnell & O'Keefe, 2004; Frew et al., 2014; 
Infanti et al., 2014). 

Provide women’s partners and families with 
information on women’s positive feedback following 
involvement in stillbirth research. 

Partners’ can be influential in women’s 
participation in research (Van Delft et al., 2013; 
Ellis et al., 2016) and may decline on women’s 
behalf due to concerns about possible harm 
from participation. 

Feedback 
Offer a combination of feedback survey options 
(online and postal). 

Postal surveys have become less popular in 
recent years, especially for women of 
childbearing age (Loban et al., 2017; Bray et 
al., 2017). 

 

Table 25: Summary of recommendations to support stillbirth study participation 
 

Strengths and limitations  

The strength of this study is that it adds depth to the limited available knowledge of factors affecting 

women’s recruitment in stillbirth research and women’s experience of participation. We acknowledge 

that our findings may not be transferable, although the similarity of women’s reports from our research, 

and previous case-control stillbirth research from NZ, Australia, and the United Kingdom, between 2006 

and 2015, suggests that these factors appear stable over time and populations. A limitation is that only 

15.0% of eligible participants provided feedback following participation, although there were similar 

proportions of cases and controls. Postal feedback may not have been the best method of obtaining 
feedback for our study and a combination of options (online and postal) is recommended for similar future 

studies. We were unable to explore reasons for non-participation in more depth, due to ethical 

requirements restricting non-participant data collection to basic demographics. However, we have 

obtained a broad overview of reasons for non-participation. 

Conclusion 

Ethics committees, maternity providers, and families require reassurance about possible harms of 

recruiting bereaved and pregnant women into research about stillbirth. We hope that by sharing our 

positive participant feedback reporting the altruistic motivation to participate, ease of involvement in 

stillbirth research, and positivity following the experience, despite some pre-participation apprehension, 

those concerns will be alleviated. Our identification of the reasons why women and maternity providers 

decline participation may also assist researchers in supporting women’s recruitment into future research. 
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8.2.6. Supplementary appendix 

Supplementary appendix A: Summary of participant feedback themes from stillbirth case-
control studies in high-income countries. 
 
Study level 
characteristics 

Auckland Stillbirth Study 
(TASS) participants who 
responded with written 
feedback. 

Sydney Stillbirth Study 
(SSS) participants who 
responded with written 
feedback.  
 

Nested qualitative 
study8 participants 
approached to 
participate in the 
Midlands and North of 
England Stillbirth Study 
(MiNESS) 

Authors Stacey et al. (2011) Bond et al. (2015) Budd et al. (2018) 
Study 
methodology  

Case-control study with a 
feedback questionnaire 
handed to all TASS 
participants following 
interview. 

Case-control study with a 
feedback questionnaire 
mailed to all SSS 
participants following 
completion of recruitment. 

Nested qualitative study, 
using purposive sampling 
and a semi-structured 
telephone interview, 
within the MiNESS case-
control study. 

Location Auckland, New Zealand Sydney, Australia Manchester, United 
Kingdom 

Recruitment  Feedback forms with return 
addressed envelopes were 
handed to all TASS 
participants following 
interviews conducted July 
2006 to June 2009. 

Feedback forms with 
return addressed 
envelopes were mailed to 
all SSS participants in 
February 2012, following 
interviews conducted 
January 2006 to 
December 2011. 

Semi-structured 
telephone interviews were 
conducted with a 
subgroup of six MiNESS 
participants and six 
consenting non-
participants from a 
Manchester maternity 
facility in June to July 
2015. 

Population Non-anomalous singleton 
pregnancies, >28 weeks’ 
gestation, from three health 
regions in Auckland, New 
Zealand.  

Non-anomalous singleton 
pregnancies, >32 weeks’ 
gestation, from nine 
tertiary maternity facilities 
in metropolitan Sydney.  

Non-anomalous singleton 
pregnancies, >28 weeks’ 
gestation, from one 
tertiary maternity facility in 
Manchester. 

Feedback 
responses 

106 of 465 (22.8%) TASS 
participants (33 cases, 73 
controls). 

100 of 295 (33.9%) SSS 
participants (35 cases, 65 
controls). 
 

12 of 66 (18.2%) women 
approached to participate 
in MiNESS (6 cases, 6 
controls) at one maternity 
facility.  

Feedback 
analysis 

Inductive Thematic Thematic 

Feedback 
themes 

Helping others Altruism Wanting to help 
Finding answers Finding answers Understanding of 

research 
Talking and sharing Ease of participation Approach by researcher 
 Attributing meaning Stillbirth taboo 
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Supplementary appendix B: Feedback Form  
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Chapter 9: Late stillbirth post-mortem examination in New 
Zealand: maternal decision-making 
 

The manuscript below was published in the Australian and New Zealand Journal of Obstetrics and 

Gynaecology on 5th March 2018 and has been reproduced with permission. 

Cronin, R. S., Li, M., Wise, M., Bradford, B. F., Culling, V. M., Zuccollo, J., Thompson, J. M., Mitchell, 

E. A., & McCowan, L. M. (2018). Late stillbirth post mortem examination in New Zealand: maternal 

decision-making. Australian and New Zealand Journal of Obstetrics and Gynaecology, 58(6), 667-673. 

https://doi.org/10.1111/ajo.12790 
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9.1. Preamble 

This final paper of the thesis was to explore factors influencing maternal decision-making about post-

mortem examination after late stillbirth in New Zealand. Our motivation for this paper was that 
understanding why stillbirths occur is an important factor in stillbirth risk reduction, and although post-

mortem examination is considered the optimal investigation of late stillbirth, it is accepted by only around 

half of parents of stillborn babies in New Zealand. There is little known about what may influence parents’ 

decision to accept or decline post-mortem examination after late stillbirth in the New Zealand context. 

9.2. Manuscript 

Abstract 

Background: For parents who experience stillbirth, knowing the cause of their baby’s death is important. 

A post-mortem examination is the gold standard investigation, but little is known about what may 

influence parents’ decision to accept or decline. 

Aim: We aimed to identify factors influencing maternal decision-making about post-mortem examination 

after late stillbirth. 

Methods: In the New Zealand Multicentre Stillbirth Study, 169 women with singleton pregnancy, no 

known abnormality at recruitment, and late stillbirth (≥28 weeks’ gestation), from seven health regions 

were interviewed within six weeks of birth. The purpose of this paper was to explore factors related to 

post-mortem examination decision-making and the reason for declining. We asked women if they would 

make the same decision again.  

Results: Maternal decision to decline a post-mortem (70 of 169, 41.4%) was more common amongst 

women of Māori (adjusted odds ratio (aOR) 4.99 95% confidence interval (CI) 1.70-14.64) and Pacific 
(aOR 3.94 95% CI 1.47-10.54) ethnicity compared to European, and parity two or more (aOR 2.95 95% 

CI 1.14-7.62) compared to primiparous. The main reason for declining was that women “did not want 

baby to be cut.” Ten percent (7 of 70) who declined said they would not make this decision again. No 

woman who consented regretted her decision. 

Conclusions: Ethnic differences observed in women’s post-mortem decision-making should be further 

explored in future studies. Providing information of the effect of post-mortem on the baby’s body and 

the possible emotional benefits of a post-mortem may assist women faced with this decision in the 

future. 

9.2.1. Introduction  

Late stillbirth over 28 weeks’ gestation is a tragedy (Flenady et al., 2016; Heazell et al., 2016; PMMRC, 

2017; Daly, Horey, Middleton, Boyle, & Flenady, 2017). In New Zealand the rate of late stillbirth is 

currently 2.6/1000 live births (PMMRC, 2017). Women of Pacific and Indian ethnicities, lower socio-
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economic groups, and at extremes of maternal age and parity, are over-represented in New Zealand 

reports of late stillbirth rates (PMMRC, 2017; Stacey et al., 2011c). Post-mortem examination is the gold 

standard investigation, reported to change diagnosis in up to one third of stillbirth cases, confirm 

diagnosis for around half, and provide additional information in the majority (PMMRC, 2017; Heazell & 

Fenton, 2015). Information gained can assist parents to cope with grief, facilitate care in future 
pregnancies, enable international comparisons, and support research (PMMRC, 2017; Heazell & Fenton, 

2015; Horey et al., 2012; Meaney et al., 2015). 

The New Zealand stillbirth post-mortem examination rate was 51% in 2015 (PMMRC, 2017). Although 

similar to the United Kingdom and Australia (Norris et al., 2017), the New Zealand rate remains below 

the 75% recommended by the Royal College of Pathologists (RCOG and Royal College of Pathologists, 

1988). In New Zealand, the decision to have a post-mortem is the parent’s choice and almost all are 

offered the option (PMMRC, 2017).The responsibility for a post-mortem discussion is usually undertaken 

by the hospital specialist team involved in the woman’s care (PMMRC, 2008). 

Post-mortem choice after stillbirth has been associated with maternal age (Henderson & Redshaw, 2017; 

Ibiebele et al., 2016), ethnicity (PMMRC, 2017; Craig et al., 2004b; Henderson & Redshaw, 2017; 

Ibiebele et al., 2016), parity (PMMRC, 2017; Craig et al., 2004b; Henderson & Redshaw, 2017; Ibiebele 

et al., 2016; Genest & Singer, 1992), marital status (Henderson & Redshaw, 2017), education 
(Henderson & Redshaw, 2017), social deprivation (Craig et al., 2004b; Heazell & Fenton, 2015; 

Henderson & Redshaw, 2017; Ibiebele et al., 2016), maternity provider relationships (Heazell et al., 

2012), antenatal or intrapartum diagnosis (Ibiebele et al., 2016), and gestation (Ibiebele et al., 2016).  

Perceived barriers to consent for perinatal post-mortem (from 20 weeks’ of pregnancy to 28 days after 

birth) in New Zealand, reported in a 2013 survey of 114 bereaved women (Magill et al., 2015), included 

limited understanding of the benefits by families and mixed advice from health professionals. 

Geographical distance to perinatal pathology services (PMMRC, 2008) may be a contributing factor. 

Māori cultural beliefs are also considered a barrier (Selket et al., 2015) and awareness of Māori cultural 

preference to decline post-mortem may influence how health professionals seek consent from Māori 

parents (PMMRC, 2016). 

Bereaved New Zealand women who declined a post-mortem for their babies’ cited (Magill et al., 2015) 

that they already knew the cause of death, had concerns about the effect of the procedure on the body, 

lacked trust in the results, were reluctant to be separated from the baby, and had opposing beliefs. These 
women were not asked to reflect on their decision to decline; however, regret about declining a post-

mortem after stillbirth has been expressed by parents in Australia (Horey et al., 2012), Ireland (Meaney 

et al., 2015), and the United Kingdom (Heazell et al., 2012). 

The primary aim of this retrospective cohort study was to explore factors influencing maternal decision-

making about post-mortem examination after late stillbirth in New Zealand. If the mother declined a post-

mortem, we asked her the main reason for declining. We also asked if the women would make the same 

decision about post-mortem now (at the time of interview). 
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Study design and population 

The New Zealand Multicentre Stillbirth Study (MCSS) (McCowan et al., 2017) was conducted in seven 

of 20 New Zealand District Health Boards (DHBs) that had two-thirds of New Zealand births and the 

largest numbers of late stillbirths between 2007 and 2010. Recruitment occurred between February 2012 

and December 2015. Eligible cases were women with a singleton pregnancy and late stillbirth (≥28 

weeks’ gestation) without known congenital abnormality at recruitment. Ethical approval was received 

from the Northern “X” Regional Ethics Committee: NTX/06/05/054 in July 2011. 

9.2.2. Methods  

Eligible women were given a brief description of the study by their maternity provider, 74% of whom were 

self-employed midwives. If the maternity provider gave approval, a trained research midwife contacted 

the woman and provided more detail. With the woman’s agreement, an interview (usually in the woman’s 

home) was arranged and written consent obtained. Interpreters were organised when required. 

Data were obtained by structured face-to-face interview and from maternity and post-mortem records. 

The interview occurred as soon after the stillbirth as possible. Collected data included: demographic, 

obstetric, medical and lifestyle (McCowan et al., 2017). Generated data were mainly nominal answers to 
closed forced-choice questions. Free text comments were requested if the response differed from the 

options provided and at the completion of the interview. Methods have been published (McCowan et al., 

2017) and a detailed study protocol is accessible on figshare doi: 10.17608/k6.auckland.3483134.v1 

(McCowan et al., 2016) (Appendix 2) 

Ministry of Health protocols were used to determine prioritised maternal ethnicity (Ministry of Health, 

2004). Social deprivation was derived from the address where the participant lived during pregnancy; 

quintile one was least deprived and quintile five was most deprived (Salmond & Crampton, 2012). Parity 

was calculated prior to the birth of the stillborn baby. The number of antenatal visits attended was 

collected as a measure of the strength and duration of the relationship with the maternity care provider. 

We asked women to recall when they thought the baby had died so we could compare these estimates 
with the timeframe estimated at post-mortem examination, determined by the degree of skin maceration 

and separation of dura from skull (approximately five days after death) (Genest & Singer, 1992).  

Stillbirth classification 

The Perinatal Society of Australia and New Zealand (PSANZ) Perinatal Death Classification (PDC) 

system was used to classify the stillbirths (Chan et al., 2004). This system is used to identify the earliest 
and most important factor which resulted in the death and is applied in a hierarchical manner in relation 

to its major categories. The classifications were undertaken at a regional level in each participating DHB 

after a mortality review meeting, followed by national audit (PMMRC, 2017). The national classification 

was used in this paper. 
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Statistical Analysis  

Descriptive statistics were used to summarise demographic characteristics, stillbirth investigations, and 

PSANZ PDC. All demographic variables were treated as categorical, based on generalised additive 

models previously reported (McCowan et al., 2017). Differences between categorical variables were 

tested by chi-square tests. Statistical significance was defined at the 5% level. OR (odds ratio) and 

adjusted OR (aOR) with 95% confidence intervals (CI) were used to estimate risk. Analysis was 

performed using SAS version 9.6 (SAS Institute Inc., Cary NC USA). 

Multivariable logistic regression was performed incorporating factors that showed a relationship with late 

stillbirth post-mortem choice at p<0.10 in univariable analysis, stratified for DHB of usual maternal 

residence during pregnancy. Ethnicity was related to several variables, including social deprivation, so 
bivariable models were assessed to clarify relationships. 

9.2.3. Results 

Demographic characteristics were compared between participants in the New Zealand MCSS and 

eligible women who did not participate, and the groups were comparable (Table 26). Five cases 

diagnosed with a chromosomal abnormality after birth were included, as this was not known at the time 
of interview. The median (interquartile range, IQR) time to interview after birth was 22 (14-30) days.  
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Characteristic Participating cases Non-participating cases p-value 

 n=169 (%) n=85 (%)  

Maternal age (years) 

<20 9 (5.3) 3 (3.5) 0.69 

20–39 147 (87.0) 77 (90.6)  

≥40 13 (7.7) 5 (5.9)  

Ethnicity (prioritised) 

Māori 27 (16.0) 22 (25.9) 0.26 

Pacific 40 (23.7) 20 (23.5)  

Indian 17 (10.1) 10 (11.8)  

Other Asian 13 (7.7) 6 (7.1)  

European 67 (39.6) 26 (30.6)  

Other 5 (3.0) 1 (1.2)  

Parity 

 0 77 (45.6) 31 (36.5) 0.05 

 1–3 84 (49.7) 42 (49.4)  

 ≥4 8 (4.7) 12 (14.1)  

Maternity provider 

Midwife self-employed 122 (72.2) 67 (78.8) 0.03 

Midwife DHB-employed 26 (15.4) 17 (20.0)  

Doctor  19 (11.2) 1 (1.2)  

Unbooked (placed 
under DHB care) 

2 (1.2) 0  

Gestation at stillbirth 

37 weeks or more 71 (42.0) 45 (52.9) 0.10 

28-36 weeks 98 (58.0) 40 (47.1)  
 

Table 26: Characteristics of participants and eligible non-participants 
 

All 169 participants recalled being asked about a post-mortem examination for their baby. Ninety-nine 

women (58.6%) had a post-mortem (Table 27). The most common reason for declining was that women 

“did not want baby to be cut” and this was reported by women of all ethnicities (Māori, 50.0%; Pacific, 

76.0%; Indian, 100%; Asian, 100%; European and Other, 57.9%). The second most common reason 

was women reporting that they “already knew why baby had died.” Two women who chose a post-

mortem reported being unsure about their decision because the cause of stillbirth was diagnosed through 

maternal investigations, although confirmed by post-mortem examination. However, no women in our 
study who chose a post-mortem said that they regretted this decision, compared to 7 of 70 (10%) of 

women who declined a post-mortem who reported that they would not make the same decision again. 
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Post-mortem 

Consent 
Post-mortem 

Decline                      

 n=99 (%) n=70 (%) 

Stillbirth investigations chosen by woman 

Full post-mortem and placental examination  99 (100.0) - 

External and placental examination, babygram or MRI - 7 (10.0) 

Placental examination only - 47 (67.1) 

No investigations - 16 (22.9) 

Main reason for not choosing a post-mortem 

Did not want baby to be cut - 47 (67.1) 

Already knew why baby had died - 12 (17.1) 

Would not bring baby back - 4 (5.7) 

Did not want baby taken away - 4 (5.7) 

Other reason e.g. against cultural or religious beliefs - 3 (4.3) 

Would you make the same decision about post-mortem examination now? 

Yes 97 (98.0) 63 (90.0) 

No 0 7 (10.0) 

Unsure 2 (2.0) 0 

Classification of cause of stillbirths 

Unexplained 31 (31.3) 27 (38.6) 

Fetal growth restriction† 20 (20.2) 8 (11.4) 

Specific perinatal condition 18 (18.2) 7 (10.0) 

Hypoxic peripartum death 8 (8.1) 6 (8.6) 

Antepartum haemorrhage 7 (7.1) 6 (8.6) 

Maternal conditions 6 (6.1) 6 (8.6) 

Hypertension 3 (3.0) 5 (7.1) 

Perinatal infection 2 (2.0) 3 (4.3) 

Chromosomal  3 (3.0) 2 (2.9) 

Spontaneous preterm 1 (1.0) 0  
 

Table 27: Stillbirth investigations in participating cases 
 

Univariable analysis found that Māori, Pacific and multiparous subgroups of women were less likely to 

consent to a post-mortem examination and there was a difference in consent between deprivation 
categories (Table 28). Most (68.8%, 11 of 16) women who declined all investigations were in the most 

deprived quintile. We found no difference in post-mortem rates associated with maternal age, marital 

status, education levels, number of antenatal visits, type of maternity provider, timing of stillbirth 

diagnosis, and baby gestation and sex. 
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 Post-mortem 
consent 

Post-mortem 
decline 

Univariable OR† 
for decline  

Adjusted OR†               
for decline 

 n=99 (%) n=70 (%) (95% CI) (95% CI) 

Maternal age (years)    p=0.60  

<20-24 years 17 (17.1) 17 (24.3) 1.38 (0.54-3.53)  - 

25-29 years 22 (22.2) 18 (25.7) Ref  - 

30-34 years 34 (34.3) 18 (25.7) 0.75 (0.31-1.79)  - 

35-40+years 26 (26.3) 17 (24.3) 0.85 (0.33-3.53)  - 

Ethnicity (prioritised)   p=0.00 p=0.01 

Māori 9 (9.1) 18 (25.7) 5.28 (1.92-14.53) 4.99 (1.70-14.64) 

Pacific 15 (15.2) 25 (35.7) 3.74 (1.47-9.54) 3.94 (1.47-10.54) 

Indian 12 (12.1) 5 (7.1) 1.22 (0.36-4.17) 1.90 (0.50-7.22) 

Asian 10 (10.1) 3 (4.3) 0.79 (0.19-3.45) 0.99 (0.23-4.30) 

European and other 53 (53.5) 19 (27.1) Ref Ref 

Parity   p=0.01 p=0.08 

Para 0 52 (52.5) 25 (35.7) Ref Ref 

Para 1 35 (35.4) 20 (28.6) 1.13 (0.54-2.35) 1.53 (0.66-3.52) 

Para 2+ 12 (7.1) 25 (35.7) 3.40 (1.45-7.96) 2.95 (1.14-7.62) 

Marital status   p=0.12  

Married 62 (62.6) 32 (45.7) Ref - 

Co-habitation/defacto 25 (25.3) 29 (41.4) 2.07 (1.03-4.14) - 

Single 12 (12.1) 9 (12.9) 1.21 (0.45-3.23) - 

Highest education    p=0.49  

Primary to Year 10 6 (6.1) 4 (5.7) 1.11 (0.28-4.52) - 

Year 11-13 32 (32.3) 31 (44.3) 1.68 (0.81-4.50) - 

Trade Certificate 9 (9.1) 9 (12.9) 1.84 (0.61-5.52) - 

Tertiary 52 (52.5) 26 (37.1) Ref - 

Social deprivation    p=0.02  

1 (least deprived) 7 (7.1) 11 (15.7) Ref  

2 19 (19.2) 4 (5.7) 0.10 (0.02-0.46) - 

3 25 (25.3) 10 (14.3) 0.21 (0.06-1.81) - 

4 25 (25.3) 16 (22.9) 0.31 (0.09-1.09) - 

5 (most deprived) 23 (23.2) 29 (41.4) 1.46 (0.15-1.84) - 

Antenatal visits   p=0.25  

0-3 visits 5 (5.1) 9 (12.9) 1.92 (0.55-6.73) - 

4-6 visits 18 (18.2) 15 (21.4) 1.24 (0.52-2.91) - 

7-9 visits 33 (33.3) 16 (22.9) 0.60 (0.28-1.31) -- 

> 10 visits 43 (43.4) 30 (42.9) Ref  
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Maternity provider   p=0.73  

Self-employed midwife 71 (71.7) 53 (75.7) Ref - 

Hospital employed 
midwife 

15 (16.5) 15 (21.4) 0.94 (0.38-2.31) - 

Doctor  11 (11.1) 2 (2.9) 0.38 (0.07-2.02) - 

Unbooked 2 (2.0) 0 - - 

Days diagnosis to 
birth  

  p=0.88  

0-1 day 55 (55.6) 41 (58.6) 1.10 (0.35-3.42) - 

2-3 days  35 (35.4) 23 (32.9) 0.93 (0.28-3.04) - 

>4 days 9 (9.1) 6 (8.6) Ref - 

Gestation at stillbirth    p=0.41  

Pre-term (28-36 
weeks) 

45 (45.5) 26 (37.1) 0.76 (0.40-1.46) - 

Term (37 weeks or 
more) 

54 (54.5) 44 (62.9) Ref - 

Sex of baby   p=0.53  

Male 44 (44.4) 28 (40.0) 0.81 (0.43-1.54) - 

Female 55 (55.6) 42 (60.0) Ref  - 
 

Table 28: Factors associated with maternal post-mortem decision-making in participating cases 

Bi-variable analysis revealed a strong relationship between ethnicity and deprivation. In the development 

of the final multivariable model a decision was made to retain ethnicity but not deprivation in the model, 

as ethnicity is non-modifiable, while deprivation quintiles are based on a street address with a mobile 

population (Salmond & Crampton, 2012). With other demographic variables showing no significant 

relationship with post-mortem decision, this resulted in only ethnicity and parity being retained in the 

multivariable model (Table 3). Following multivariable analysis, women of Māori (aOR 4.99 95% CI 1.70-
14.64) or Pasifika (aOR 3.94 95% CI 1.47-10.54) ethnicity were more likely to decline post-mortem 

examination compared to European or Other ethnic groups, as were women of parity two or more (aOR 

2.95 95% CI 1.14-7.62) compared to primiparous women.  

Women were asked to estimate when they thought their baby had died. Most (84.8%) who chose a post-

mortem examination accurately estimated the day of death, as reported at post-mortem.  

9.2.4. Discussion 

This study presents the first New Zealand data on factors associated with women’s decision-making 
about post-mortem examination for late stillbirth in the last two decades and the first to explore the 

reasons for women to decline a post-mortem after late stillbirth. We found women of Māori and Pacific 

ethnicity were more likely to decline. This finding is similar to that of Craig et al. (2004b), who reported 

that after adjusting for maternal age, ethnicity and deprivation index, the odds ratio for not undergoing 

post-mortem after late stillbirth in New Zealand between 1989 and 1999 was highest for Māori and 

Pasifika women.  
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The most common reason for post-mortem decline, “did not want baby to be cut,” was reported by 

participants of all ethnicities in our study and does not appear to be culturally specific. This finding of 

parental concern about causing further harm to the baby’s body from post-mortem incisions was 

consistent with reports from Australia (Horey et al., 2012), Ireland (Meaney et al., 2015), the United 

Kingdom (Heazell et al., 2012; Lewis et al., 2017), and Sweden (Holste et al., 2011). Parental aversion 
to the invasiveness of post-mortem was also a major theme (Rankin et al., 2002) in a systematic review 

of factors affecting the uptake of post-mortem by bereaved parents. This indicates a protective parenting 

instinct that transcends death, ethnicity, and culture. 

For Māori, the ethnic significance in post-mortem choice may be related to the post-mortem examination 

being perceived as a procedure that may disrupt Māori tikanga and cultural protocols (Selket et al., 2015; 

Clarke & McCreanor, 2006). It has been suggested that post-mortem decision-making after a sudden 

unexplained death of a Māori baby may be shaped more by concerns about how the process may intrude 

on the grief of whānau and family, rather than the knowledge that may be gained (Clarke & McCreanor, 

2006). Despite these concerns, there is no wholesale rejection of post-mortem by Māori, with 33% of 

Māori women consenting to a late stillbirth post-mortem in our study. 

There is also no specific opposition to post-mortem by Pacific peoples (Bacal & Jansen, 2010), with 38% 

consenting in our study. Nevertheless, observing the cultural rituals of death are important for Pacific 
peoples (Bacal & Jansen, 2010), including involving the extended family, the preference to keep the 

deceased body intact, and dressing the body (Bacal & Jansen, 2010). Challenges in achieving 

consensus for post-mortem procedures from traditionally large Pacific families has also been reported in 

relation to deceased organ donation by intensive care clinicians. However, due to a traditional Pacific 

belief in a link between illness and moral or social wrongdoing, a Western medical diagnosis which is not 

linked to transgression may offer relief (Bacal & Jansen, 2010). Therefore, identifying a cause of stillbirth 

through post-mortem may lessen stigma and guilt for bereaved Pacific families. 

The close relationship between ethnicity and deprivation in our study means that it is difficult to unravel 

the relationship between these variables. We found women in both the most and least deprived quintiles 

had lower post-mortem rates. This may be for different reasons, as of the 16 women who declined all 
investigations (post-mortem and partial investigations, including external examination of the body, 

placental examination, babygram, and magnetic resonance imaging), 11 were from the most deprived 

quintile, indicating that compared to the least deprived women, the most deprived women may have less 

confidence in the value of stillbirth investigations. This is similar to the finding of Craig et al. (2004b) who 

reported women in the most deprived quintiles were more likely to decline late stillbirth post-mortem; 

although it differs from a Queensland study (Ibiebele et al., 2016) that found no relationship between 

deprivation and stillbirth post-mortem choice.  

Women with two or more children were more likely to decline a post-mortem compared to primiparous 

women in our study. Similar parity effects have been reported in Australia (Ibiebele et al., 2016). It has 

been suggested that this may be due to primiparous women hoping for answers from a post-mortem to 

guide future pregnancies (PMMRC, 2016; Ibiebele et al., 2016). The higher rate of decline by multiparous 
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women may also be attributable to reassurance from previous successful pregnancies, resulting in a 

reduced need for knowledge from a post-mortem, which in turn is reported to reduce the likelihood of 

consent (Breeze et al., 2012). 

The reported association between the maternity provider relationship and perinatal post-mortem 

decision-making (Heazell et al., 2012; Lewis et al., 2017) was not found in our study. This may be related 

to the post-mortem discussion usually undertaken by a hospital specialist team rather than the woman’s 

own maternity provider. It is known that a clear explanation from a knowledgeable professional about 
post-mortem examination may help parents faced with post-mortem decision-making (Heazell et al., 

2012; Horey et al., 2012; Meaney et al., 2015; Rankin et al., 2002; Holste et al., 2011; Lewis et al., 2017). 

In New Zealand a national perinatal post-mortem information pamphlet (PMMRC, 2016) is also available 

to facilitate provision of consistent information.  

Parents should be advised that partial investigations as an alternative to a post-mortem examination may 

reduce the information that can be obtained about the cause of death, A participant who had chosen an 
external examination only reported, “We wished we’d had a full post-mortem; we were told the placenta 

was twisted and our baby would not have survived – now we’re not sure.” Indeed, the option of partial 

investigations may be beneficial when a post-mortem is declined, as this less invasive option may be 

more acceptable for parents (Ben-Sasi et al., 2013). Having post-mortem alternatives has reduced the 
proportion of Māori women in New Zealand who had no investigations for their babies’ (PMMRC, 2016). 

The number of days between diagnosis of stillbirth and birth was also unrelated to post-mortem consent 

in our study, suggesting that unlike other studies (Horey et al., 2012; Ibiebele et al., 2016) the length of 

time available for our participants’ to consider post-mortem was less important than other factors.  

The emotional benefits of a post-mortem examination after late stillbirth may be important for parents 

(Heazell et al., 2012; Rankin et al., 2002; Holste et al., 2011; Lewis et al., 2017). Even when the cause 

of a stillbirth is unexplained following post-mortem, the consolation of having explored and excluded 

known causes can alleviate self-blame and contribute to making sense of their baby’s death (PMMRC, 

2017; Heazell et al., 2012; Horey et al., 2012; Meaney et al., 2015; Rankin et al., 2002). One participant 
said, “The post-mortem was inconclusive - no cause found - and I felt better because it was nothing I'd 

done." Emotional value may also be construed in our finding of reduced maternal regret as a result of 

choosing a post-mortem and this is consistent with European (Heazell et al., 2012; Rankin et al., 2002; 

Holste et al., 2011) and Australian research (Horey et al., 2012) reporting that parents who did not have 

a post-mortem after stillbirth were considerably more likely to regret their decision compared to those 
who did. This is illustrated by a participant who had declined all investigations at birth, later saying, “I 

was told there was only a 50% chance of information from a post-mortem – but now I have no answers.”  

The main strength of this study is that this is the largest investigation of bereaved women with a specific 

focus on late stillbirth post-mortem examination decision-making carried out within a New Zealand 

context to date. A novel finding was that the main reason for our participants of all ethnicities to decline 

a post-mortem was that they “did not want baby to be cut.” A main limitation is that only 66.5% of eligible 

women participated in our survey, although the demographics between consenting and non-consenting 
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women were comparable. Another limitation is that we did not perform a more in depth exploration of 

why Māori and Pacific women are less likely to consent to a late stillbirth post-mortem examination, such 

as asking about their confidence in the post-mortem process, how the process may affect their grieving, 

and if social stigma contributed to their decision-making. 

In conclusion, acknowledgement that it is a normal parenting instinct to protect a stillborn baby may 

assist parents with the dichotomy of consenting to a post-mortem to find answers, yet wanting to avoid 

further harm to the baby’s body. Provision of clear information about the physical effect of a late stillbirth 
post-mortem examination on the baby’s body and how Māori and Pacific beliefs may be incorporated 

into the procedure may also support parental decision-making. In addition, given that mothers who did 

consent to a late stillbirth post-mortem in this study reported less regret than those who did not consent, 

maternity providers could advise parents of the possible emotional benefits of choosing a post-mortem 

examination.  
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Chapter 10: Discussion and conclusions 

10.1. Overview 

This chapter will recap the key findings of the publications in the previous chapters, with a critique of the 

studies and discussion of the implications of the research findings and future research directions. It will 

then conclude with an overall summary of the thesis. 

New Zealand has a system of national perinatal mortality data collection (PMMRC, 2019a) that quantifies 

and explores perinatal deaths. This valuable resource is enhanced and complemented by high-quality 

quantitative research studies that investigate modifiable aspects of maternal lifestyle and pregnancy-

related symptoms associated with stillbirth, such as Stacey et al. (2011a); McCowan et al. (2017). These 
individual studies have provided opportunities for international collaboration and meta-analyses 

(Chapters 5 and 6). Maternal surveys (Chapter 7) and qualitative research that seeks the views of 

pregnant and bereaved women (Chapters 8 and 9) adds a further dimension to stillbirth research by 

suggesting possible relationships and dynamic processes to support the interpretation and translation of 

research into practice. Together, these approaches may reduce the incidence of stillbirth for women in 

late pregnancy. 

10.2. An individual participant data meta-analysis of maternal going-
to-sleep position, interactions with fetal vulnerability, and the risk of 
late stillbirth.  

10.2.1. Summary of key findings 

The body position of women during late pregnancy is important. Yet, despite pregnant women spending 

around one third of their pregnancies asleep, it was not until 2011 that the Auckland Stillbirth Study 

(Stacey et al., 2011a) investigated and reported an association between women’s going-to-sleep position 

and late stillbirth. Publication of the Auckland study was followed by a further five studies (Gordon et al., 

2015; McCowan et al., 2017; Heazell et al., 2017; Owusu et al., 2013; O'Brien et al., 2019a) seeking to 
confirm or deny the association between maternal going-to-sleep position and late stillbirth. The risk of 

late stillbirth associated with supine going-to-sleep position in these subsequent studies ranged an 

adjusted odds ratios of between 2.5 and 8, and one study reported no significant relationship (O'Brien et 

al., 2019a). However, questions remained, specifically, whether women in late pregnancy should be 

advised to go-to-sleep on their left side or on either side, if women with vulnerable pregnancies had a 

greater risk if they went to sleep in the supine position, and how other stillbirth risk factors interact with 

supine going-to-sleep position.  

In our individual participant data meta-analysis (Cronin et al., 2019a), we confirmed that maternal supine 

going-to-sleep position is independently associated with late stillbirth and that going-to-sleep on the left 

or right side appears equally safe. No significant interactions with assessed indicators of fetal 
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vulnerability were identified but individual stillbirth risk factors were additive. Therefore, we concluded 

that maternal supine going-to-sleep position should be considered a risk factor for late stillbirth regardless 

of a woman’s individual risk profile.  

10.2.2. Strengths and weaknesses 

A major strength of our study was the expertise of our international research group, CRIBSS 

(Collaborative Individual Participant Data [IPD] Meta-analysis of Sleep and Stillbirth), that was 

established in response to the evidence gap (Li et al., 2018) (Appendix 1). The collaboration consisted 

of a multidisciplinary group of expert researchers, clinicians, and consumers based in New Zealand, 

Australia, the United Kingdom, and the United States of America, with the University of Auckland as the 

coordination centre. We used an IPD meta-analysis approach, as this is considered the gold standard 
approach to evidence synthesis, with the potential to improve the accuracy and reliability of the results 

obtained from the individual studies (Stewart et al., 2015). The IPD meta-analysis enabled us to 

investigate a large number of late stillbirth cases within a relatively short time frame, model complex 

relationships, and provided a large sample size to explore interactions and undertake prespecified 

subgroup analyses.  

The publication of the Auckland Stillbirth Study in 2011 generated debate about the possibility of recall 

bias (Chappell & Smith, 2011; Sedgwick, 2012). These same factors were considered to be a limitation 

of the eligible studies (Stacey et al., 2011a; Gordon et al., 2015; McCowan et al., 2017; Heazell et al., 

2017; O'Brien et al., 2019a) in our IPD meta-analysis (Cronin et al., 2019a), as reported by reviewers of 

our paper, and in a commentary by Silver (2019). This was due to all the eligible studies identified being 
case-control studies (Cronin et al., 2019a). Women who were cases with late stillbirth, were interviewed 

or surveyed up to six weeks following stillbirth, and asked to recall their going-to-sleep position in the two 

weeks prior to stillbirth. In contrast, the controls were interviewed or surveyed at a similar gestation to 

the cases, and asked to recall their going-to-sleep position in the previous two weeks.  

The CRIBSS research group response to the reviewers of our paper was that whilst the time lapse 

between interview and stillbirth could influence the accuracy of the recalled information in cases, 

compared to pregnant controls, any inaccuracy could be in either direction. The longer time lapse in 

cases would be unlikely to make these women recall supine position more or less than other going-to-

sleep positions. The delay may have increased the margin of error, but it is unlikely to have resulted in 

systematic bias towards the exposure. This is particularly true in the first study (Stacey et al., 2011a), as 
there was no information about the association between going-to-sleep position and late stillbirth at that 

time. 

In addition, the potential for recall bias was similar across four of the five included individual studies 
(Stacey et al., 2011a; Gordon et al., 2015; McCowan et al., 2017; Heazell et al., 2017) as they used 

similar interview questions. Furthermore, we performed a sensitivity analysis excluding the only study 

that used an online survey (O'Brien et al., 2019a), and also had the highest number of participants with 

missing sleep position data. The adjusted odds ratio (aOR) for supine going-to-sleep position was very 
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similar when excluding (aOR 2.94, 95% % Confidence Interval 1.87–4.60), and including the online 

survey study (aOR 2.63, 95% % Confidence Interval 1.72–4.04).  

The chance of the individual studies all reporting results with similar odds ratios is also unlikely. The 

potential for recall bias has been previously examined in case-control studies about risk factors for 

sudden infant death syndrome (Drews et al., 1990), and for adverse pregnancy outcomes (Mackenzie & 

Lippman, 1989) comprising stillbirth, neonatal death, and babies with serious health problems. Both 

these studies reported similar inconsistencies in recall between women who were the cases and controls, 
despite the opportunity for mothers’ who were the cases to seek information that may have biased them 

towards exposure. Thus, although a link between recall bias and parental guilt has been suggested in 

relation to maternal recall of late pregnancy going-to-sleep position (Silver et al., 2019), there is no 

evidence to suggest that guilt following late stillbirth would lead bereaved women to inaccurately report 

their going-to-sleep position. Moreover, in our IPD meta-analysis, there was no clear evidence of recall 

bias and no other plausible reason has been suggested for the results. 

Reviewers of our paper (Cronin et al., 2019a) also raised the potential for interviewers in the individual 

participating studies to distort answers. The CRIBSS research group response was that four of the five 

individual studies (Stacey et al., 2011a; Gordon et al., 2015; McCowan et al., 2017; Heazell et al., 2017) 

included in the IPD meta-analysis had trained their researchers in interview techniques to increase 
reliability of data collection. The researchers were instructed to ask participants the interview questions 

exactly as they were written in the structured questionnaire. After publication of the first study about late 

pregnancy going-to-sleep position, the Auckland Stillbirth Study (Stacey et al., 2011a), the training also 

included education that the evidence on going-to-sleep position was preliminary and inconclusive. If 

participants asked specific questions about late pregnancy sleep position, the researchers’ were 

instructed to respond that the evidence was inconclusive and that was the reason for the research. 

Therefore, we believe it is unlikely that interviewers could have distorted responses. Furthermore, while 

the first study was published in June 2011 (Stacey et al., 2011a), the next published case-control study 
(Gordon et al., 2015) was in 2015, when the three largest individual studies in our IPD (McCowan et al., 

2017; Heazell et al., 2017; O'Brien et al., 2019a) were near completion of recruitment. 

A further comment by reviewers was that some of the potential confounders were assessed by maternal 

self-report. However, we had accurate data from antenatal and hospital records on confounders such as 

maternal age, parity, estimated date of delivery, date of diagnosis of stillbirth, baby date of birth, baby 

birthweight, baby sex, and laboratory results for four of the five individual studies (Stacey et al., 2011a; 

Gordon et al., 2015; McCowan et al., 2017; Heazell et al., 2017). Trained researchers also measured 

maternal height and weight at interview for calculation of BMI, rather than relying on maternal recall. 

The generalisability of the population attributable risk associated with supine-going-to-sleep position was 

also raised by reviewers. The CRIBSS research group had documented as a limitation, that although we 

had no language restriction and the participating studies included women of many ethnicities and socio-

economic backgrounds, only one participating study (O'Brien et al., 2019a) included women from low 

and middle-income countries. Caution is therefore necessary regarding the generalisability of our 
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findings to low and middle-income countries. However, the underlying pathophysiological mechanisms 

should be equally applicable to all women.  

In addition, in a case-control study there is always a chance that control participants are not entirely 

representative of the population. To improve generalisability to the general pregnant population and to 

minimize selection bias, controls were randomly selected from the birthing population for four of the five 

individual studies (Stacey et al., 2011a; Gordon et al., 2015; McCowan et al., 2017; Heazell et al., 2017). 

Although there was the possibility of differences between participants compared to non-participants in 
the demographics, the individual study publications reported that the populations were broadly 

representative of the birthing populations in the study regions. 

10.2.3. Implications for practice 

10.2.3.1: New Zealand ‘Sleep on Side when Baby’s Inside’ public awareness campaign 

In view of the consistent evidence from five case-control studies (Stacey et al., 2011a; Gordon et al., 

2015; McCowan et al., 2017; Heazell et al., 2017; O'Brien et al., 2019a), the early findings from the 
CRIBSS IPD meta-analysis (Cronin et al., 2019a), the biological plausibility, and the survey that reported 

that women in late pregnancy could modify their going-to-sleep position (Cronin et al., 2017a), a public 

awareness campaign on late pregnancy sleep position was considered feasible in New Zealand. Plans 

for a campaign began in the Department of Obstetrics and Gynaecology at the University of Auckland in 

late 2017, with the support of stillbirth researchers from the United Kingdom and Australia, and Sands 

New Zealand (a consumer pregnancy loss organisation). The aim was to inform pregnant women and 

the health professionals providing maternity care in New Zealand, about optimal late pregnancy going-
to-sleep position and the rationale behind this advice. 

We formed a ‘Maternal Sleep Position Awareness Campaign’ project team. The project team was 

successful in obtaining funding from the child health research charity, Cure Kids. This enabled a large 
multidisciplinary group to come together and work collaboratively to develop appropriate messaging and 

educational resources for pregnant women and health professionals providing maternity care for 

pregnant women (Cure Kids, 2018). The multidisciplinary group included representatives from the New 

Zealand Ministry of Health (the public service department responsible for healthcare in New Zealand), 

the New Zealand College of Midwives (the professional midwifery organisation), Nga Maia (the Māori 

midwives professional organisation), Pasifika Midwives Aotearoa (the Pacific Midwives professional 

organisation), the New Zealand College of General Practitioners (the General Practitioners’ professional 
organisation), New Zealand College of Obstetricians and Gynaecologists (the obstetricians’ professional 

organisation), Public Health physicians, Nurse Practitioners New Zealand (the nurse practitioners’ 

professional body), Parents Centre New Zealand (a childbirth education, parent education and support 

organisation), Women's Health Action (a national women’s health consumer organisation), Sands New 

Zealand, and Māori health consumers. All representatives strongly endorsed the importance of 

disseminating the message about avoiding the supine going-to-sleep position in late pregnancy based 

on the results from our IPD meta-analysis. 
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Campaign messages and resources were developed by the team, including a brochure with text and 

pictures for pregnant women, information for healthcare professionals, and a social media video, 

https://www.sleeponside.org.nz/ (Cure Kids, 2018). The public awareness campaign was launched in 

2018. The key message of ‘Sleep on side when baby’s inside’ in the last three months of pregnancy, 

recommended that women settle to sleep on their side from 28 weeks of pregnancy for every sleep 
(daytime naps and overnight sleep) as this was best for baby. The messages included the prevalence of 

late stillbirth and the association with back sleeping. If women woke up on their back or got up in the 

night, the advice was resettle on their side. 

The media campaign was launched at the Perinatal and Maternal Mortality Review Committee meeting 

in Wellington in June 2018 (PMMRC, 2018; Cure Kids, 2018). Media coverage was extensive including: 

TV (TV1, TV2, TV3, Prime, Māori Television), radio (Radio New Zealand, Pacific Radio News), print 

newspapers (the New Zealand Herald, Christchurch Press, Dominion Post, Waikato Times), online news 

(Stuff.co.nz, Pacific Breakfast Show), Facebook (Facebook posts and advertising campaign), and 

coverage by professional organisations (New Zealand College of Midwives, 2018; The Royal Australian 

and New Zealand College of Obstetricians and Gynaecologists, 2018). The social media video continues 
to be freely accessible on the Cure Kids website, https://www.sleeponside.org.nz/  (Cure Kids, 2018), 

while the information for healthcare professionals and the brochure for pregnant women is freely 

available on the New Zealand Ministry of Health website (HealthEd, 2018). The brochure has since been 

translated into the languages of the main groups of birthing women in New Zealand who have high rates 

of perinatal loss (Hindi, Samoan, Tongan, and Te Reo Māori).  

10.2.3.2: Evaluation of the New Zealand public awareness ‘Sleep on Side when Baby’s Inside’ 
campaign  

Our IPD meta-analysis paper, confirming that maternal supine going-to-sleep position is independently 

associated with late stillbirth, stated “swapping from the supine to the side-lying going-to-sleep position 

in late pregnancy is a simple intervention that can be self-managed by women with little difficulty in the 
home, and requires no technology or equipment.” How realistic this statement has been, will be evaluated 

in a follow-up survey of our New Zealand public awareness campaign on maternal late pregnancy sleep 

position.  

The survey will be web-based and undertaken in a cohort of 600 or more pregnant women in New 

Zealand in late 2019. The aim is to establish women’s knowledge about optimal going-to-sleep position, 

the source of any information, and if the information affected women’s level of anxiety about their 

pregnancy. We will also ask women to report their going-to-sleep position in late pregnancy and whether 

this has changed as a result of the campaign. 

We will simultaneously conduct a web-based survey in a cohort of approximately 500 New Zealand 

health professionals who care for women during pregnancy. The aim is to establish the health 

professionals’ awareness about late pregnancy going-to-sleep position and stillbirth risk, and their 

knowledge of and use of the campaign’s resources in their maternity practice. 

https://www.sleeponside.org.nz/
https://www.sleeponside.org.nz/
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10.2.3.3: Australian ‘Safer Baby Bundle’ of care for maternity services 

This Australian ‘Safer Baby Bundle’ campaign (Stillbirth Centre of Reseach Excellence, 2019), led by the 
Stillbirth Centre of Research Excellence, in Queensland Australia, has been adapted from the ‘Saving 

Babies Lives’ bundle in the United Kingdom (NHS England, 2016), which is designed to support maternity 

health professionals to take action to reduce stillbirths. The aim is to address the priority evidence 
practice gaps in stillbirth prevention for implementation across maternity services in Australian hospitals 

(Stillbirth Centre of Reseach Excellence, 2019). The campaign has been developed in partnership with 

health departments of New South Wales, Victoria, and Queensland, and key Australian stillbirth 

advocacy organisations.  

The Australian bundle of care comprises five care elements: improving detection and management of 

fetal growth restriction, improving awareness and management of decreased fetal movements, reducing 

smoking in pregnancy, improving decision-making around timing of birth for women at risk of stillbirth, 

and improving awareness of maternal safe sleeping position. Each element of the bundle includes 

resources for pregnant women and their care providers to promote best practice care including 

educational packages, audit tools, written materials, and a mobile phone app. The Bundle will be 
implemented and evaluated across maternity services in Australia from October 2019, and 

supplemented by a public awareness program. I have contributed advice and expertise to the bundle on 

maternal safe sleeping position based on my experience with the New Zealand public awareness 

campaign and knowledge gained from my research. I have also had a leadership role in the PSANZ and 

Stillbirth Centre of Research Excellence position statement on ‘Mothers’ going-to-sleep position in late 

pregnancy’ (PSANZ, personal communication, Aug 28, 2019). The guideline is in the process of being 

endorsed by relevant professional bodies in Australia and New Zealand.  

10.2.3.4: Ongoing physiological studies 
As a consequence of the findings from our epidemiological research on maternal late pregnancy sleep 

position (Stacey et al., 2011a; McCowan et al., 2017; Cronin et al., 2019a), a multidisciplinary team at 
the University of Auckland is investigating the physiological effects of maternal body position on the 

mother and fetus in late pregnancy. Much like the messages around sudden infant death syndrome that 

have been refined over the years (Mitchell, Cowan, & Tipene‐Leach, 2016), these ongoing physiological 

studies on maternal position may enable refinement of advice on safe sleep position for pregnant women, 

so that all women can receive optimal advice to further support reduction in the risk of late stillbirth. 

 

These ongoing physiological studies include: 

• Uteroplacental-fetal Doppler investigation of the effect of maternal position in late pregnancy. 

• Maternal sleep physiology in healthy late pregnancy and the effect of position on inspiratory air flow.  

• Cardiovascular autonomic responses and effects of maternal late pregnancy position changes for 

women with and without symptoms of supine hypotension. 

• Magnetic resonance assessment of the effect of maternal late pregnancy position on fetal-placental 

blood flow and oxygenation. 

• Effects of maternal late pregnancy sleep position and sleep state on the fetal heart. 
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10.2.4. Future research directions  

Future research that incorporates how findings can be translated into practice for the benefit of 

pregnant women is a priority.  

10.2.4.1. Sleep in pregnancy randomised controlled pilot trial (SliPP Trial) 

To inform future advice on late pregnancy going-to-sleep position, our New Zealand maternal sleep 

research group has formed a collaboration with a Sydney research team, to conduct a Trans-Tasman 

pilot randomised controlled trial to determine the most effective way to promote non-supine sleep in late 

pregnancy. I have co-designed the study, and am the New Zealand lead investigator. This trial will 

ascertain if duration of supine night sleeping time in women in the third trimester of pregnancy is 

influenced by provision of a pillow device in addition to maternity provider advice, versus maternity 
provider advice alone. Funding has been provided by Cure Kids and Red Nose, Australia, and will be 

initiated in early 2020. 

Eligible participants will be women with a singleton pregnancy ≥28 weeks’ gestation, with no known major 

congenital abnormality of the fetus, who do not have a condition that inhibits lateral sleep position, and 

who are cared for in a major maternity centre in Sydney, Australia, and in Auckland, New Zealand. 

• Advice arm: Women will receive written information about optimum going-to-sleep position in the 

form of the brochure developed by our project team for the New Zealand public awareness 

campaign. This written information will be reinforced face-to-face by the maternity provider. 

• Device arm: Women in the pillow device arm will receive identical advice as the advice arm, plus be 

asked to use a pillow device (a custom designed pillowslip filled with four standard pillows) to assist 

them to sleep on their side comfortably. The pillow device, ‘USleep Pregnancy Pillow’, was designed 

and patented by one of our collaborative team to support pregnant women to sleep more comfortably 
on their side (Pulford, 2018) (https://www.birthresources.org/shop-usleep-pregnancy-pillow). The 

‘USleep Pregnancy Pillow’ has been used in New Zealand and overseas (Sweden, the United 

Kingdom, and Australia) by pregnant women from a range of ethnic groups and varying body size, 

with positive feedback.  

All women will have objective measurement of sleep position, quality, and duration using the non-

invasive nightshift positional therapy monitor. The nightshift positional therapy monitor is a vibro-tactile 

neck-worn monitor, which is a clinically proven treatment for adults with positional obstructive sleep 

apnoea and snoring. The monitor contains hardware and software to detect when the user is sleeping in 

a supine position, and vibrates with increasing intensity to encourage repositioning to a lateral sleep 

position. The vibro-tactile function will be turned off for our trial. The monitor will collect objective data on 
dates and times of maternal use, maternal sleep position and duration, sleep and wake movement and 

intensity of movement, and snoring frequency and volume. This will enable us to compare duration of 

supine sleep, sleep quality, and snoring, between the two study arms (advice versus advice plus pillow 

device). We will also assess the acceptability and feasibility of the advice and device trial arms and 

maternal adherence to both interventions.  

https://www.birthresources.org/shop-usleep-pregnancy-pillow
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Following randomisation, all participating women will be given a nightshift positional therapy monitor and 

asked to wear it on seven consecutive nights at two time points (28-30 weeks’ gestation and 36-38 

weeks’ gestation) in their pregnancy. This will allow us to objectively track sleep position as pregnancy 

progresses and to assess whether adherence to advice or the pillow changes with time.  

• Primary outcomes: The proportion of the night spent in the supine position measured objectively 

using the non-invasive nightshift positional therapy monitor.   

• Secondary outcomes:  
1) Sleep data: Total sleep duration, sleep quality, and snoring, via the nightshift monitoring report 

2) Acceptability: Study specific questionnaires on acceptability, comfort, partner acceptability 
3) Feasibility: Recruitment rates, loss to follow up, non-adherence 

4) Anxiety: Validated scales of depression, anxiety and social support (DASS-21) 

5) Clinical outcomes: routinely collected perinatal outcome data including birthweight, gestation, and 

mode of delivery will be collected for all participants.  

10.2.4.2. Influences on maternal late pregnancy going-to-sleep position 

A question that has been raised during presentations of our research (Cronin et al., 2018a, 2018b), is 

why some women prefer a supine going-to-sleep position in the third trimester, while most women do 

not. Research to investigate what influences maternal decision-making about going-to-sleep position in 

late pregnancy, may assist with further tailored safe sleeping advice and interventions. The survey I 

have designed to assess the impact of the New Zealand public awareness ‘Sleep on Side when Baby’s 
Inside’ campaign has incorporated questions on maternal decision-making that will provide some 

answers to this question. 

10.2.4.3. Systematic review and traditional aggregate data meta-analysis of maternal sleep 
position and late stillbirth 

Our CRIBSS research group decided that an IPD meta-analysis approach was the preferred approach 

for our main CRIBSS paper (Cronin et al., 2019a), as unlike a traditional aggregate data meta-analysis, 

an IPD meta-analysis  can model complex relationships which traditional meta-analyses are not able to 

do (Riley, Lambert, & Abo-Zaid, 2010). However, our group also intends to perform a systematic review 

and traditional aggregate data meta-analysis of maternal going-to-sleep position and the risk of late 

stillbirth. This is because a systematic review (drawing on the literature review of maternal late pregnancy 

sleep position in this thesis) and traditional aggregate data meta-analysis (reported to have similar odds 
ratios to our IPD meta-analysis in a 2018 conference presentation [Heazell et al., 2018]), may increase 

understanding and promote the translation of the ‘sleep-on-side’ message into practice. Clinician and 

public understanding may be further enhanced if the aggregate data meta-analysis was a Cochrane 

Review (Chandler, Cumpston, Li, Page, & Welch, 2019), as this is a trusted process designed to answer 

questions that are relevant to practical decision-making. 
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10.3. Associations between symptoms of sleep-disordered 
breathing and maternal sleep patterns with late stillbirth: findings 
from an individual participant data meta-analysis.  

10.3.1. Summary of key findings 

Chapter 6 describes how we sought to explore if the increased risk of late stillbirth associated with the 

supine position was related to maternal self-report of sleep-disordered breathing, and other aspects of 

maternal sleep. We also investigated if the stillbirth risk was magnified if women with symptoms of SDB 

settled to sleep supine.  

In this pre-specified secondary analysis, interactions for a positive Berlin Questionnaire (used to identify 

individuals at risk of severe SDB) and sleep duration >9 hours were not statistically significant  (Cronin 

et al., 2020). However, the combined effect of supine going-to-sleep position and habitual snoring 

surprisingly resulted in a reduced odds of late stillbirth in the multivariable interaction model. We also 
found a positive Berlin Questionnaire, sleep duration >9 hours, and daily daytime naps in the last month, 

were each independently associated with increased risk of late stillbirth. Sleep that was more restless 

than average in the last month was associated with reduced risk. 

10.3.2. Strengths and weaknesses 

This study (Cronin et al., 2020) is a secondary analysis of the IPD meta-analysis that investigated 
maternal going-to-sleep position and late stillbirth (Li et al., 2018; Cronin et al., 2019a). The strengths 

and weaknesses are thus similar to those described in relationship to Chapter 5. In addition, a limitation 

of this study on symptoms of sleep-disordered breathing and maternal sleep patterns, was that not all 

participating studies had data for all sleep measures. Furthermore, use of self-reported symptoms of 

SDB, rather than objective measures such as overnight polysomnography, is a limitation. However, self-

report is useful for large scale studies where routine access to trained sleep technologists, equipment 

(electrocardiogram, electroencephalogram, blood pressure monitoring, respiratory assessment, oxygen 

levels etc.), and specialist interpretation necessary for overnight polysomnography in late pregnancy, is 
costly and impractical. 

10.3.3. Implications for practice 

These are new observations and there is an urgent need to better understand factors associated with 

long sleep duration and daily daytime naps before recommendations can be made to pregnant women. 

Meanwhile, the recommendation from our New Zealand public awareness campaign, that women settle 
to sleep on their side from 28 weeks of pregnancy for every sleep (daytime naps, going-to-sleep at night, 

and settling back to sleep if women wake up overnight), is important. However, the commonly reported 

increased restlessness of sleep during late pregnancy may be physiological and is associated with a 

reduced risk of late stillbirth (Cronin et al., 2020). This knowledge may provide some reassurance to 

pregnant women that the commonly experienced restlessness of late pregnancy is not harmful.  
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10.3.4. Future research directions  

The hypothesis that pregnant women with SDB may have an increased risk of late stillbirth (≥28 weeks’ 

gestation) and that this risk may be magnified if women settle to sleep in the supine position is not 

confirmed by our study results  (Cronin et al., 2020). To provide a definitive answer, large prospective 

studies of pregnant women in late pregnancy with objective measures of SDB using polysomnography 

are required. In addition, due to the low prevalence of late stillbirth in HICs, most studies are not powered 

to determine statistically significant differences adjusting for potential confounders (such as maternal 
body mass index [BMI kg/m2] and age), even if they were to include objective measures of SDB.  

However, it may be that while habitual snoring is associated with adverse pregnancy outcomes, snoring 

may also be an ‘alarm’ that triggers women in late pregnancy to modify their body position, or snoring 
may moderate overnight blood pressure dips during sleep (Taylor et al., 2001), and potentially improve 

blood flow to the baby. Further research into the mechanism of how long sleep duration, daily daytime 

naps, and restless sleep are associated with late stillbirth is also required. Physiological studies may be 

able to answer this question in the future. 

10.4. Survey of maternal sleep practices in late pregnancy in a multi-
ethnic sample in South Auckland, New Zealand. 

10.4.1. Summary of key findings 

The findings from our IPD meta-analysis and the accruing physiological evidence suggest that the 

association between maternal supine going-to-sleep position and late stillbirth may be causal. Hence, 
we believed that providing pregnant women and their healthcare providers with evidence-based 

information on optimal going-to-sleep position in late pregnancy was a feasible strategy with potential to 

reduce stillbirth. However, there were no data on pregnant women’s knowledge regarding sleep position 

and sleep practices to inform any future public health intervention. In particular, it was unknown if 

pregnant women in a socioeconomically disadvantaged, multi-ethnic community identified as having a 

greater risk of stillbirth, believed that their going-to-sleep position could be modified if this was identified 

as being best for the baby’s health.  

Therefore, as reported in Chapter 7, we conducted a survey of maternal sleep practices and knowledge 

in a predominantly socioeconomically disadvantaged, multi-ethnic sample of women in the third trimester 

of pregnancy in a region with a high stillbirth rate (Cronin et al., 2017a). Most women (87%) reported that 
they could modify their going-to-sleep position with relative ease, if this was recommended as better for 

their baby.  

10.4.2. Strengths and weaknesses 

This survey was novel, in that it was the first survey globally, to investigate maternal sleep knowledge 

and sleep position in late pregnancy. The survey was undertaken prior to any public health 

recommendation on late pregnancy maternal sleep position in any country, therefore reducing the risk 
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of information bias by researchers or participants. Conducting the survey in a representative sample of 

the pregnant population in a community identified as socioeconomically disadvantaged with minority 

ethnic groups, and the highest perinatal mortality in New Zealand was also a strength, as the views of 

these women are important to consider in planning a public awareness campaign on late pregnancy 

sleep position. 

It has recently been suggested (Silver et al., 2019) that advising women to avoid the supine going-to-

sleep position in late pregnancy has the potential to increase anxiety in women who wake up lying on 
their back, potentially leading to additional costs in antenatal testing and interventions. While there is no 

evidence to support this assertion, a limitation of this survey was that we did not ask the women about 

their levels of anxiety in relation to receiving information on optimal late pregnancy going-to-sleep 

position. 

10.4.3. Implications for practice 

The knowledge from this study, that women reported that they could change their going-to-sleep position 
if it was better for baby, was a key component to embarking on our public awareness campaign on late 

pregnancy going-to-sleep position. Furthermore, women in the third trimester of pregnancy from the 

same socioeconomically disadvantaged, multi-ethnic community, with an increased risk of perinatal 

mortality, will be invited to participate in our planned follow-up survey to evaluate the success of our 

public awareness campaign.  

10.4.4. Future research directions  

The survey I have designed to evaluate the success of our public awareness campaign on late pregnancy 

sleep position may provide helpful data to inform future research directions. This could include further 

studies on the best method(s) of providing information to pregnant women in New Zealand, and to 

particular groups of women such as those from ethnic minorities and those living in socioeconomically 

disadvantaged settings. 

10.5. Stillbirth research: Recruitment barriers and participant 
feedback.  

10.5.1. Summary of key findings 

Chapter 8 reports on a paper that was designed in response to concerns that talking about stillbirth 

prevention may exacerbate the distress of bereaved mothers and cause anxiety in pregnant women 

(Cronin et al., 2019b). We considered these concerns were important to investigate in light of the 

possibility of a future public awareness campaign on optimal late pregnancy going-to-sleep position. Our 

study identified new information around factors affecting women’s recruitment to the New Zealand 

Multicentre Stillbirth Study (McCowan et al., 2017) and reasons for non-participation. All women were 

positive about their experience of participation.  
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10.5.2. Strengths and weaknesses 

We were unable to explore reasons for non-participation in more depth, due to ethical requirements 

restricting non-participant data collection to basic demographics. We also acknowledge that our findings 

may not be transferable beyond New Zealand. Another limitation was the low proportion of participants 

who responded with postal feedback on their experience of participation, although the proportions of 

cases and controls were similar. This suggests that expecting women to travel to a post-box to mail 

feedback during late pregnancy, or soon after losing their baby to stillbirth, may not have been the best 
method of obtaining feedback in an era of reducing use of postal services. We would recommend 

researchers who plan to seek feedback from pregnant and bereaved study participants in the future, 

offer a combination of feedback options, including online feedback.  

However, the feedback from women who responded following participation in the study was all positive. 

This post-participation positivity supported similar reports from women involved in stillbirth research in 

other HICs. Therefore, the publication of findings from this study may endorse pregnant and bereaved 

women’s participation in future stillbirth research, thereby bolstering progress towards stillbirth 

prevention in HICs. 

10.5.3. Implications for practice 

These findings may be useful for researchers seeking to reassure ethics committees, maternity 

providers, and families about the lack of harm and the potential benefits of recruiting bereaved and 

pregnant women into research about stillbirth. Our summary of recommendations to support women’s 

participation in stillbirth studies may also be a helpful guide for researchers who are planning how to 

facilitate and optimise recruitment. 

10.5.4. Future research directions  

We would recommend more in-depth exploration of the reasons for women’s non-participation in stillbirth 

research. In particular, to investigate the reasons behind the majority of women providing a non-specific 

reason for decline. In addition, exploration of factors that influence the concerns of ethics committees, 

maternity providers, and families, about the impact of stillbirth research on women who are potential 

study participants would add to the stillbirth literature. 

10.6. Late stillbirth post-mortem examination in New Zealand: 
maternal decision-making 

10.6.1. Summary of key findings 

Chapter 9 is a paper that describes how we used data collected for the New Zealand Multicentre Stillbirth 

Study (McCowan et al., 2017) to identify factors influencing maternal decision-making about post-mortem 

examination after late stillbirth (Cronin et al., 2018c). This is an important issue, as knowledge gained 

from post-mortem examination may contribute to strategies towards stillbirth prevention, which is the 

overarching theme of this thesis. However, there was a paucity of information about what may influence 
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parents’ decision to accept or decline post-mortem examination after late stillbirth in the New Zealand 

context, with no New Zealand research on this topic since 2000.  

We also asked women how they felt subsequently about their decision to accept or decline post-mortem 

examination. We found ethnic differences in women’s post-mortem decision-making, with Māori and 

Pacific women less likely to consent to a late stillbirth post-mortem examination, and possible emotional 

benefits for women from the decision for a full post-mortem examination for their stillborn baby. 

Post-mortem examination is considered the gold standard investigation after stillbirth (PMMRC, 2018). 

Information gained from post-mortem examination enables international comparisons and provides data 

that supports stillbirth research and prevention efforts (PMMRC, 2018). Post-mortem information may 

also assist parents to cope with grief and facilitates their care in any future pregnancies (Heazell & 
Fenton, 2015; Horey et al., 2012; Meaney et al., 2015).  

In New Zealand, the decision to have a post-mortem examination after a stillbirth is the parent’s choice 
and almost all are offered this option, which incurs no cost to the parents (PMMRC, 2018). However, 

less than half the New Zealand parents of stillborn babies consent to a post-mortem examination 

(PMMRC, 2018), and we wanted to explore the reasons why. We found only one study that had explored 

factors influencing maternal decision-making about post-mortem examination after late stillbirth in New 

Zealand (Craig et al., 2004b). As this research was carried out prior to 2000, and did not explore the 

reasons for women to decline a post-mortem after late stillbirth, further information in a contemporary 

New Zealand population was required. 

10.6.2. Strengths and weaknesses 

That this study was the largest investigation of the views of bereaved women with a specific focus on 

late stillbirth post-mortem examination decision-making carried out within a New Zealand context to date, 

was a major strength. Furthermore, while only two thirds of eligible women participated in our survey, 

the demographic characteristics between consenting and non-consenting women were similar. At the 

same time, only 169 women with late stillbirth participated, limiting the ability to transfer the findings 
beyond the population of women bereaved by late stillbirth in New Zealand. 

10.6.3. Implications for practice 

The emotional benefits of late stillbirth post-mortem examination that we reported, were highlighted in 

the 2018 and 2019 annual report of national PMMRC data (PMMRC, 2019a, 2018). The findings were 

also incorporated into the 2019 redesign of the national perinatal mortality pānui (publication) for 

bereaved parents, ‘Pānui for Post-Mortem Examination’ (PMMRC, 2019b). This pamphlet provides 
information to support bereaved parents, whānau and families, in their decision-making about whether 

or not to consent to a post-mortem examination for their baby who has died during the perinatal period.  

The original ‘Pānui for Post-Mortem Examination’ pamphlet was first published by the PMMRC in 2012. 

The pamphlet is freely available to health professionals who provide care for bereaved parents. However, 

due to paucity of research on the views of women bereaved by perinatal loss in New Zealand, the 
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maternal perspectives on perinatal post-mortem examination was not incorporated into the original 

pamphlet. 

Data collected from bereaved mothers, who were cases in the New Zealand-wide Multicentre Stillbirth 

Study (McCowan et al., 2017), suggested that the original pamphlet did not meet their needs in regard 

to their decision-making on post-mortem for their babies. Subsequent inquiry with local PMMRC 

coordinators in major New Zealand health regions, found that in response to the women’s needs, some 

regions had developed their own local version of the original pamphlet (D.Davies, personal 
communication, Aug 24, 2017). Better quality of parental information was also a consistent theme raised 

by health professionals and bereaved parents following presentations (Cronin et al., 2016a; Cronin et 

al., 2016b; Cronin et al., 2017b, 2017c, 2018d) arising from our research on factors influencing maternal 

decision-making about post-mortem examination after late stillbirth in New Zealand (Cronin et al., 2018c). 

Therefore, it was put forward and agreed by the PMMRC committee that an updated version of the ‘Pānui 

for Post-Mortem Examination’ pamphlet, incorporating the views of bereaved women, may be timely.  

In my role as a member of the PMMRC (PMMRC, 2019a), and using this research knowledge, I drafted 

an updated version of the pamphlet in consultation with the PMMRC’s Māori consumer representative in 

2017. Following extensive feedback and revision over 18 months, a revised draft was sent to the mortality 

review committees’ Māori Caucus (Ngā pou Arawhenua) (PMMRC, 2019a) and the National Perinatal 
Pathology Service (Ministry of Health, 2019), and underwent a health literacy review (Ministry of Health, 

2015). The final approved updated ‘Pānui for Post-Mortem Examination’ pamphlet was published in 

October 2019 (PMMRC, 2019b) (Appendix 4).   

In conjunction with the redesign of the ‘Pānui for Post-Mortem Examination’ pamphlet, I used the 

knowledge gained from this research paper to provide comprehensive feedback to the National Perinatal 

Pathology Service on behalf of the PMMRC, on a proposed national ‘Consent for Perinatal and Paediatric 

Post-Mortem’ form. The concept of a national consent form for perinatal and paediatric post-mortem is 

new to New Zealand, as previously the consent process was individual to each health region. It is 

intended that bereaved parents will first receive and discuss the ‘Pānui for Post-Mortem Examination’ 

pamphlet, prior to the new national consent form being offered.  

10.6.4. Future research directions  

A more in-depth exploration of why Māori and Pacific women are less likely to consent to a late stillbirth 

post-mortem examination are topics recommended for future research. We suggest that any future 

research questions include seeking the views of bereaved Māori and Pacific women about 1) their 

knowledge and sources of information about post-mortem examination for their baby, 2) their level of 

confidence in the post-mortem examination process, and 3) if a post-mortem examination is chosen, how 
the women feel the process of post-mortem examination may affect their grieving for their baby. 
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10.7. Conclusion 

The research carried out in this thesis has enhanced our understanding maternal sleep factors as 

potentially modifiable risk factors for late stillbirth. The association between maternal third trimester 
going-to-sleep position and late stillbirth has been confirmed. Meanwhile, the research on women’s views 

of late pregnancy sleep practices, participation in stillbirth research, and late stillbirth post-mortem 

examination, have given us greater insight into the New Zealand context. The findings illustrate the value 

of research in supporting the reduction in the loss of babies’ lives from stillbirth. 
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Appendix 

Appendix 1. Protocol for the Collaborative IPD of Sleep and Stillbirth 
(CRIBSS) 

The manuscript below was published in the BMJ Open and has been reproduced with permission. 

Li, M., Thompson, J. M., Cronin, R. S., Gordon, A., Raynes-Greenow, C., Heazell, A. E., Stacey, T., 

Culling, V., Bowring, V., Mitchell, E. A., McCowan L.M., Askie, L.M. (2018). The Collaborative IPD of 

Sleep and Stillbirth (CRIBSS): is maternal going-to-sleep position a risk factor for late stillbirth and does 
maternal sleep position interact with fetal vulnerability? An individual participant data meta-analysis 

study protocol. BMJ Open, 8, e020323. http://dx.doi.org/10.1136/bmjopen-2017-020323 

Abstract 

Introduction: Accumulating evidence has shown an association between maternal supine going-to-sleep 

position and stillbirth in late pregnancy. Advising women not to go to sleep on their back can potentially 
reduce late stillbirth rate by 9%. However, the association between maternal right-sided going-to-sleep 

position and stillbirth is inconsistent across studies. Furthermore, individual studies are underpowered to 

investigate interactions between maternal going-to-sleep position and fetal vulnerability, which is 

potentially important for producing clear and tailored public health messages on safe going-to-sleep 

position. We will use individual participant data (IPD) from existing studies to assess whether right side 

and supine going-to-sleep positions are independent risk factors for late stillbirth and test the interaction 

between going-to-sleep position and fetal vulnerability.  

Methods and Analysis: An IPD meta-analysis approach will be utilised using the Cochrane Collaboration-

endorsed methodology. We will identify case-control and prospective cohort studies and randomised 

trials which collected maternal going-to-sleep position data and pregnancy outcome data that included 
stillbirth. The primary outcome is stillbirth. A one-stage procedure meta-analysis, stratified by study with 

adjustment of a priori confounders will be carried out. 

Ethics and dissemination: The IPD meta-analysis has obtained central ethics approval from the New 
Zealand Health and Disability Ethics Committee, ref: NTX/06/05/054/AM06. Individual studies should 

also have ethical approval from relevant local ethics committees. Interpretation of the results will be 

discussed with consumer representatives. Results of the study will be published in peer-reviewed 

journals and presented at international conferences. 

Systematic review registration: PROSPERO registration number: CRD42017047703 

  

http://dx.doi.org/10.1136/bmjopen-2017-020323
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Strengths and Limitations of this Study 

Late stillbirth is a rare event in high-income countries, and individual participant data meta-analysis of 

several studies can yield a sufficiently large sample size for exploring interactions and subgroup analysis 

that are difficult to undertake within a single study. 

There is no restriction on language or countries where the study was conducted, therefore the results 

from this study are likely to be generalisable.  

Service users will oversee the conduct of the study. Their involvement will help to design appropriate 
research questions and will help the implementation and translation of the research outcomes.  

One limitation of the study is that the maternal going-to-sleep positions are likely to be self-reported.  

Introduction  

Stillbirth, the death of a baby before birth, is a major global burden affecting more than 2.6 million families 

per year (Lawn et al., 2016). In high-income countries, the rate of late stillbirth (28 weeks or greater) 

varies widely from 1.3 to 8.8 per 1,000 births (Flenady et al., 2016) and is approximately twice as common 

as neonatal death (Manktelow et al.). Importantly, the annual rate of reduction for neonatal death is twice 

that of stillbirth (Flenady et al., 2016). The variations between countries suggest it is possible to further 

reduce late stillbirth. Importantly, maternal characteristics present in early pregnancy only explain a small 
amount of the risk for late stillbirth (Stillbirth Collaborative Research Network Writing Group, 2011). 

Therefore, significant reductions in late stillbirth require identification of additional maternal risk factors 

amenable to modification during pregnancy (Smith, 2017).  

Accumulating evidence suggests that supine going-to-sleep position may be a modifiable risk factor for 
stillbirth in late pregnancy. Stacey et al. first reported an association between going-to-sleep position and 

late stillbirth, with women who did not go-to-sleep on their left side, the night before the baby was 

suspected to have died, having an increased odds of stillbirth (Stacey et al., 2011a). Among non-left 

sided sleepers, the odds were greater in women who went to sleep supine; and there was also a 

borderline increase in odds in women who went to sleep on their right side (Stacey et al., 2011a). Similar 

associations between supine going-to-sleep position and late stillbirth have since been reported by 
several studies (Gordon et al., 2015; McCowan et al., 2017; Owusu et al., 2013). In addition to the 

epidemiologic evidence, a number of physiological studies have suggested that the relationship between 

supine going-to-sleep position and late stillbirth is biologically plausible. Significant hemodynamic 

changes in maternal and fetal circulation have been observed in relation to maternal position in late 

pregnancy, with decreased maternal cardiac output and uterine blood flow (Jeffreys et al., 2006), and 

pulsatility index in the fetal middle cerebral artery (a surrogate for fetal hypoxia) (Khatib et al., 2014) seen 
in maternal supine position when compared to left position. A recent study by Stone et al. has shown 

that when the mother is in the supine position, the fetus spends more time in behavioural state 1 (fetal 
quiescence) and less time in active fetal behavioural state 4, compared to when the mother is on her left 

side, indicating supine position may be a mild hypoxic stressor (Stone et al., 2017). It was hypothesised 
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that these physiological changes associated with supine position are related to the direct compression 

of the inferior vena cava by the gravid uterus (Milsom & Forssman, 1984). Furthermore, supine sleep 

position is also associated with sleep disturbed breathing and obstructive sleep apnoea (Leppänen et 

al., 2016), which have also been associated with pregnancy complications such as pre-eclampsia, fetal 

growth restriction (Fung et al., 2013), and gestational diabetes (Fung et al., 2013; Franklin et al., 2000). 
These pregnancy complications are known risk factors for stillbirth (Flenady et al., 2011a), and might 

represent another mechanism that contributes to the association between supine going-to-sleep position 

and late stillbirth. 

The findings from the epidemiological studies combined with the supportive physiological evidence 

suggest that the association between supine sleep position and late stillbirth is likely to be causal. 

Informing pregnant women and their healthcare providers about optimal going-to-sleep position in late 

pregnancy is a strategy that may reduce stillbirth and is potentially harmless. Therefore, there is an 

urgent need to assess the accumulated evidence to develop a public health campaign. However, there 

are some unanswered questions that are critical for developing clear public health messages. Firstly, it 

is unclear whether right sided going-to-sleep position is a risk factor for late stillbirth. A borderline 
increase in risk was reported with right side compared to left side going-to-sleep position in the Stacey 
et al. study. However, this association was not found in other studies (Gordon et al., 2015; McCowan et 

al., 2017). The inconsistent finding of right side going-to-sleep position warrants further clarification so 

that clear advice about whether women should be advised to go-to-sleep on either side or only on their 

left side can be developed. Secondly, there is no evidence whether there are groups of women who are 

at elevated risk when they go-to-sleep in a suboptimal position (such as those who smoke, are 

overweight or have small babies etc.) and how other stillbirth risk factors interact with sleep position. 
Stillbirth is the end point of diverse pathological processes. Multiple risk factors and pathological events 

can contribute at different time points and cumulatively lead to the final event. Our research group has 

hypothesised a triple-risk framework for late stillbirth that cannot be explained by one risk factor or 

condition alone (Warland & Mitchell, 2014). We speculate that three groups of factors namely maternal 

factors (e.g., obesity, smoking), fetal and placental factors (e.g., a small for gestational age (SGA) fetus 

) and an additional stressor(s) (e.g., reduced uterine blood flow associated with supine position) in 

themselves may be insufficient to cause the death, but their combination may have a lethal effect 

(Warland & Mitchell, 2014). Individual stillbirth case-control studies published to date have insufficient 
power to explore fully the interactions between supine going-to-sleep position, markers of fetal 

vulnerability and adverse maternal factors. Furthermore, it is important to explore other factors that may 

also be associated with supine sleep position such as SGA, reduced fetal movements and sleep 

disturbed breathing, as this may provide insights into the potential mechanism of risk associated with the 

supine position.  

The Collaborative IPD Sleep and Stillbirth (CRIBSS) group was established in December 2016. We aim 

to synthesise the current evidence about going-to-sleep position and stillbirth risk. Additionally we will 

address the above unanswered questions by combining and analysing the individual participant data 

from all available studies in an individual participant data (IPD) meta-analysis. IPD meta-analysis is 

considered the gold standard approach to evidence synthesis as it has the potential to improve the 
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precision and reliability of the results obtained from individual studies (Stewart et al., 2015). In contrast 

to the traditional approach of meta-analysis, which extracts summary (aggregate) data from study 

publications, an IPD meta-analysis uses line-by-line original data sourced directly from the researchers 

responsible for the relevant studies. An IPD meta-analysis involves the central collection, checking, 

harmonisation and re-analysis of the original data of all eligible participants from each of the available 
studies. With proper quality assessment and standardisation processes, an IPD meta-analysis can model 

complex relationships, which traditional meta-analyses are not able to do (Riley et al., 2010). It is 

particularly useful in evaluating multi-factorial frameworks by evaluating critical outcome determinants 

and their interactions.  

Objectives  

The main questions to be addressed by the CRIBSS IPD meta-analysis are: 

1. Is maternal going-to-sleep position associated with late stillbirth? 
2. Are indicators of fetal vulnerability, including: maternal obesity, SGA, maternal smoking, maternal 

second-hand tobacco exposure, substance use, alcohol consumption, maternal medical conditions 

(including pre-existing hypertension and diabetes), and maternal perception of fetal movements 

associated with late stillbirth, and does maternal going-to-sleep position interact with indicators of 

fetal vulnerability to influence the risk of late stillbirth? Does birthweight centile interact with maternal 

going-to-sleep position to influence the risk of late stillbirth? 

Secondary questions to be addressed by the first cycle of CRIBSS IPD meta-analysis are: 

1. Is sleep disturbed breathing associated with late stillbirth? Is (are) going-to-sleep position(s) 

associated with greater risk of late stillbirth in women with sleep disturbed breathing? Is sleep 

disturbed breathing a moderator for the sleep position in relation to late stillbirth? 

2. Are factors that may influence vena caval compression (e.g., long sleep duration, sleeping during 

the day, restless legs) associated with risk of late stillbirth? Do these factors interact with going-to-

sleep position? 
3. Do women who report they received advice about sleep position have lower risk of late stillbirth 

compared with women who did not receive such advice? 

4. Do women who report they received advice about awareness of fetal movements have a lower risk 

of late stillbirth than women who did not receive such advice? 

Methods and Analysis  

This study will apply an IPD meta-analysis approach, and will follow the methodology endorsed by the 

Cochrane Collaboration where applicable (Debray, Riley, Rovers, Reitsma, & Moons, 2015; Ahmed, 

Debray, Moons, & Riley, 2014). We will adhere to the Preferred Reporting Items for Systematic Reviews 

and Meta-analysis (PRISMA) IPD statement for reporting findings. The study will be conducted by the 

Collaborative IPD Sleep and Stillbirth (CRIBSS) group which comprises the participating study 

investigators, an IPD expert, and consumer representatives. The coordination centre is located in the 
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department of Obstetrics and Gynaecology at the University of Auckland, Auckland, New Zealand. We 

have registered the IPD Study with the PROSPERO international prospective register of systematic 

reviews (CRD42017047703). 

Eligibility criteria 

Study inclusion criteria (regardless of whether the study is published or unpublished):  

• Case-control and prospective cohort studies which collected: 

- Maternal going-to-sleep position during pregnancy and  

- Pregnancy outcome that included stillbirth and  

- Aimed to recruit controls with an on-going pregnancy at similar gestation to the cases 

• Randomised controlled trials which collected: 
- Maternal going-to-sleep position during pregnancy and  

- Pregnancy outcome data that included stillbirth 

Participant level exclusion criteria: 

• Multiple pregnancy in the third trimester  

• Major congenital abnormality at study entry or major congenital abnormality as a cause of death 

found post study entry or post-randomisation in randomised controlled trials 

• Gestation less than 28 weeks when last sleep position data during pregnancy was collected 

• Termination of pregnancy at greater than or equal to 28 weeks 

• Received study intervention that might have an impact on going-to-sleep position. 

Information sources and search strategy 

We will develop the search strategy according to the Cochrane Collaboration guidelines prior to the initial 

literature search. A search of the databases: MEDLINE, EMBASE, LILACS, Web of Science, OpenGrey, 

and Google Scholar will be conducted for the purpose of locating published research about an 

association between maternal sleep position and late pregnancy stillbirth. We will also access the WHO 

International Clinical Trials Registry Platform to identify any ongoing and registered trials. Proceedings 

from International Stillbirth Alliance (ISA) annual conferences and The International Society for the Study 

and Prevention of Perinatal and Infant Death (ISPID) international conferences will be manually 
searched. Published perinatal conference abstracts will also be identified through the above database 

searches. Experts in the field and the collaborative group will be asked about their knowledge of any 

unpublished studies. To increase the likelihood of identifying all relevant studies the reference lists of all 

retrieved articles will be hand searched. No language restriction will be applied.  

Four search terms will be used to search the databases with the article title, abstracts and body all 

searched. The search terms are: ‘stillbirth’, ‘fetal death’, ‘perinatal death’ and ‘sleep’ and synonyms. The 

search terms will be tested to check that they effectively located the types of articles that are consistent 
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with the inclusion criteria prior to conducting the search in all engines. An example of a detailed MEDLINE 

search strategy is presented in supplementary appendix 1.  

Selection process 

Two members of the CRIBSS group will assess study eligibility independently; a third member will 

adjudicate any disagreements. Eligibility assessment will be based on published protocols, method 

sections from publications, and unpublished protocols and, or study information requested from potential 

eligible study investigators. All potential eligible study investigators will be contacted to verify eligibility. 

Participant level exclusion criteria will be applied during the analysis. The main investigator and/or the 

corresponding author from any eligible study will be approached via email to participate in the CRIBSS 

IPD meta-analysis study. If there is no reply, other co-authors of the published manuscript will be 
subsequently approached. 

Data acquisition and data management  

The data centre is located in the Department of Obstetrics and Gynaecology at the University of 

Auckland, New Zealand, who will manage transferring and sharing of data. A detailed data management 

plan has been reviewed and agreed by all CRIBSS members.  

Each eligible study lead investigator will be asked to provide de-identified individual level participant data 

for each participant enrolled in their study. Some indirect potential identifiers (e.g., age, ethnicity) are 
essential demographic characteristics, and will be required. A study ID for each participant will be 

retained, as this is essential for data integrity checking and data cleaning. Each study investigator will 

also be asked to provide metadata (such as questionnaires, data collection forms, data dictionaries) and 

study-level data to explain the variables, and data on the study representativeness (Table 1). 

The anonymised data in a common format (e.g., cvs, xls. or other formats that can be converted by the 

CRIBSS data centre) will be requested for transfer via the University of Auckland institutional Seafile file 

synchronisation and share platform or equivalent secure means. The Seafile platform has built-in file 

encryption. Files are encrypted before syncing to the server. User authentication is needed to access 

the files (Tuder Smith et al., 2015) . 

The anonymised dataset from each participating study will be checked for data integrity. This will include: 

1) checking data range and outliers, 2) clarifying missing data, 3) identifying invalid values, 4) detecting 

duplicates, and 5) verifying internal consistency where appropriate. Reports of discrepancies will be 

generated and sent to each participating study investigator for further verification or correction where 
necessary. 

After appropriate data cleaning, the individual participating study investigators will confirm and sign-off 

on their own dataset before it is merged into the IPD database. New variables will be generated following 
a set of consistent harmonisation rules that will be decided by the CRIBSS group. An IPD data dictionary 
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will be created to document the details of variables (including variable names, type, explanation, and 

validation rules) to help other users to understand the dataset.  

Data items 

We aim to collect the following data items from each participating study (Table 1). 

Study level information  

1. Study inclusion and exclusion criteria 

2. Matching method of cases and controls  

3. Time period of recruitment  

4. Number of cases and controls 

5. Informed consent procedure 

6. Study participant representativeness (e.g., minimal demographic data comparison between 

participant and eligible non-participant, or between participants and a relevant comparison of a 
maternity care population)  

Participant level information 

A. Maternal characteristics  

1. Unique study ID 

2. Maternal demographic details including: age, ethnicity 

3. Past obstetric history  
4. Maternal height 

5. Earliest available maternal weight in the study pregnancy  

6. Gestation at earliest available weight 

7. Last available maternal weight in current pregnancy 

8. Gestation at last available weight 

9. Study centre (if the study was conducted in more than one centre) 

10. Highest completed education level at the time of recruitment 

11. Marital status at the time of recruitment 
12. Pre-existing medical conditions and medical conditions during the study pregnancy 

13. Smoking status before and during the study pregnancy 

14. Exposure to second-hand smoke before and during the study pregnancy 

15. Alcohol consumption before and during the study pregnancy 

16. 17. Recreational drug usage before and during the study pregnancy 

B. Maternal sleep practices and fetal movement data in every available time frame 

1. Going-to-sleep position  

2. Sleep duration  

3. Number of times getting up during the night (e.g., to go to the toilet) 

4. Frequency of daytime napping 

5. Bed size  

6. Number of people shared bed with 
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7. Self-reported details of snoring behaviour 

8. Insomnia 

9. Sleep quality as measured by validated questionnaire 

10. Maternal perception of fetal movement 

11. Advice received on fetal movement  
12. Advice received on sleep position 

C. Antenatal care and pregnancy outcomes 

1. Gestation (gestation at enrolment for controls, and gestation at diagnosis of stillbirth for cases) 

2. Baby sex 

3. Baby birthweight 

4. Gestation for calculating birthweight centile  

5. Birthweight centile per original study standards 
6. Type of facility of baby’s birth  

7. Gestation at earliest ultrasound 

8. Blood pressure and gestation at measurement 

9. Type of maternity provider  

10. Number of antenatal visits in each trimester 

11. Ultrasound scans (first trimester scan, anatomy scan and third trimester growth scan(s)) 

12. Antenatal vaginal bleeding  
13. Hospital admission(s)  

14. Use of antibiotics  

15. Nutritional supplements  

16. Clinical suspicion of fetal growth restriction (FGR) /SGA 

17. Management of clinically suspected FGR/SGA  

18. Laboratory tests for glucose metabolism (including polycose glucose challenge test, haemoglobin 

A1c and oral glucose tolerance test), hepatitis B status and blood group and the gestation that the 

tests were conducted. 

D. Stillbirth cases specific data 

1. Time of day mother thought the baby died  

2. The reason that the mother thought something was wrong with the pregnancy 

3. The reason that the mother saw a health practitioner at the diagnosis of stillbirth 

4. Maternal decision on post-mortem  

5. Placental pathology results 
6. The Perinatal Society of Australia and New Zealand (PSANZ) coding for classification of cause of 

stillbirth 
 

 

Table 1 Data items will be requested from participating studies 
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Outcome measures 

The primary outcome is late stillbirth, using the WHO recommended definition for stillbirth for international 

comparison: “a baby born with no signs of life at or after 28 weeks' gestation” (WHO, 2016a). Intrapartum 

stillbirth will be included in the analysis with the rationale that supine going-to-sleep position may result 

in a vulnerable baby that is unable to tolerate labour. 

Risk of bias assessment 

Risk of bias for non-randomised studies will be assessed in duplicate and independently by two 

investigators from the CRIBSS group, using Risk of Bias In Non-randomized Studies – of Exposure 

(ROBINS-E) assessment tool (Morgan, 2017). The assessment results will be compared. Any 

disagreement will be resolved by discussion or by a third reviewer.  

Statistical analysis plan 

A detailed statistical analysis plan for the main questions has been prepared by the CRIBSS data centre 

group and reviewed, and agreed upon by the CRIBSS group prior to the analysis (appendix 2). All going-

to-sleep positions will be compared to left sided going-to-sleep position as the reference group. The last 

available going-to-sleep position during pregnancy (within two weeks before stillbirth in cases) will be 

harmonised and used for the primary objectives.  

An individual participant data (IPD) analysis will be performed. A one-stage approach to analysis will be 

taken so that the individual participant data from all eligible studies are included in a single model. Logistic 

regression models will be used for the binary outcome (late stillbirth). A fixed study effect and a study 

site effect will be included in the model specification as strata. Univariable analysis will be performed to 
evaluate the association between sleep position and late stillbirth risk. The interaction between sleep 

position and factors indicating a vulnerable pregnancy will be assessed in bi-variable models. A 

multivariable model will be developed incorporating previously reported confounders and any significant 

interaction terms, once it has been established what cofounders can be controlled for consistently across 

studies. Estimate of risk will be reported as odds ratio and 95% confidence intervals. We will also explore 

if sleep apnoea a moderator for sleep position in relation to late stillbirth using moderator analyses.   

If an important confounder is not available for one or more studies, sensitivity analysis will be conducted, 

with and without these studies, to compare risk estimates. If there are any controls who reported their 

pregnancy going-to-sleep position after they have given birth, sensitivity analysis will be conducted 

without these controls. Where sufficient data exist, all analysis will be also conducted in term and preterm 
subgroups. For missing data in each individual study, no imputation will be carried out. Statistical 

analyses will be performed using SAS (SAS Institute Inc., Cary NC USA). 
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Ethics and Dissemination  

The IPD meta-analysis has obtained central ethics approval from the New Zealand Health and Disability 

Ethics Committee, ref: NTX/06/05/054/AM06. The participating studies retain the right to withdraw their 

data from the analysis at any time.  

Final IPD results will be presented to the nominated representative from each participating study prior to 

publication and public dissemination. Interpretation of the results will be discussed with the CRIBSS 

consumer representatives. Results of the study will be published in peer-reviewed journals and 

presented at national and international conferences. For the publications from the main questions, every 

CRIBSS member will participate in the manuscript preparation and editing. Authorship will be guided by 

the recommendations of the International Committee of Medical Journal Editors.  

Conclusion 

CRIBSS is the first IPD meta-analysis to evaluate the current evidence of the relationship between 

maternal going-to-sleep position and late stillbirth. The study will allow assessment of important 

interactions that cannot be tested in standard, aggregate data meta-analysis. The overall goal of CRIBSS 

is to reduce late stillbirth by developing high quality data based evidence- to inform public health 
messages about optimal late pregnancy sleep practices. This IPD meta-analysis may identify sub-groups 

of women at greater risk (such as those with known SGA fetuses, who continue to smoke during 

pregnancy or are overweight) and thus develop evidence that can be used to tailor public health 

messages.  
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Appendix 2. The Multicentre Stillbirth Case-Control Study (MCSS) 
Protocol 

The manuscript below was published in Figshare by the University of Auckland and has been reproduced 

with permission. 

McCowan, L. M., Stacey, T., Li, M., Cronin, R. S., Thompson, J. M., & Mitchell, E. A. (2016). The New 

Zealand multi-centre stillbirth case-control study protocol (Linked to manuscript 'Going to sleep in the 

supine position is a modifiable risk factor for late pregnancy stillbirth; findings from the New Zealand 

multi-centre stillbirth case-control study'). Figshare https://doi.org/10.17608/k6.auckland.3483134.v1 

Abstract 

Background: The death of an unborn child is a devastating event which currently affects approximately 

500 New Zealand families annually; a rate of 8 per 1000 births. Our recently completed Auckland stillbirth 

study (TASS), which aimed to identify modifiable risk factors for late stillbirth (at or beyond 28 weeks’ 

gestation), found that women who did not go to sleep on their left side on the night before the baby was 

thought to have died had a two-fold increase in risk of late stillbirth compared with those who went to 

sleep on their left. The greatest risk occurred in women who went to sleep supine [Adjusted odds ratio 

(OR) 2.54 (1.04 to 6.18)] and was independent of known confounders. These findings are consistent 
with physiological studies which have demonstrated reduced maternal cardiac output and reduced fetal 

oxygenation in late pregnancy in the supine compared to left lateral position. The editorial accompanying 

our publication in the BMJ, stressed that our findings were hypothesis generating and highlighted the 

urgent need for confirmation before public health initiatives were undertaken to modify maternal going-

to-sleep position.  

Aims: To determine whether: 1) maternal left sided going-to-sleep position is associated with reduced 

risk of late stillbirth; 2) supine going-to-sleep position is associated with increased risk of late stillbirth; 3) 

maternal sleep duration and sleeping during the day are associated with increased risk of late stillbirth; 

4) non-left, in particular supine, going-to-sleep position, in conjunction with a vulnerable baby (small for 

gestational age, smoke exposed or with an obese mother) is associated with further increase in risk of 
late stillbirth and 5) maternal ethnicity is an independent risk factor for late stillbirth in New Zealand. 

Design and Methods: A multi-centre case–control study will be carried out in seven District Health Boards 

(DHBs) across New Zealand over 3 years. A structured interview will be conducted by a trained research 
midwife using a research questionnaire modified from that used in TASS. Cases are women with 

singleton pregnancies and late stillbirth not due to congenital abnormality. Controls are women with 

singleton ongoing pregnancies, recruited to match the expected gestation and DHB of the stillbirths. 

There will be 2 controls per case. Based on 72% recruitment in TASS we anticipate we will recruit 

approximately 290 women with late stillbirth and 580 controls. Assuming prevalence of a risk factor in 

the controls is between 30% and 60% (prevalence of non-left sleep position in TASS controls was 57%), 

https://doi.org/10.17608/k6.auckland.3483134.v1
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we can detect an OR of 1.5 at a significance level of 0.05 with a power of 80%. With a 5% prevalence of 

a risk factor (supine sleep position in TASS controls) we can detect an OR of 2.2. 

Significance: If the protective effect of left sided sleep position and the increased risk associated with 

supine sleep position on late stillbirth are confirmed in this multi-centre study, we have the potential to 

prevent a proportion of late stillbirths in New Zealand through a public health intervention aimed at 

modifying maternal going-to-sleep position in late pregnancy.  

Keywords: Stillbirth, Perinatal mortality, Perinatal death, Risk factors, Pregnancy sleep position, 

Reduced fetal movements, Small for gestational age, Case–control studies, Classification 

Background 

Significance of stillbirth 

The death of an unborn child is a prevalent and tragic public health problem which currently affects 

millions of families worldwide each year. Late stillbirth is one of the few potentially avoidable maternal 

and child health problems where the rate of decline in high income countries has slowed in recent 

decades (Cousens et al., 2011). There remains an ongoing variation in late stillbirth rates between high 

income countries (Flenady et al., 2011b). A disparity in rates of late stillbirth also exists between different 

ethnicities within several high income countries (Craig et al., 2004a; Willinger et al., 2009; Balchin, 

Whittaker, Patel, Lamont, & Steer, 2007). These variations suggest that it should be possible to make 
further reductions in current late stillbirth rates. The estimated annual reduction in rates of late stillbirth 

over recent decades is about 1.1% (Cousens et al., 2011) compared to 2.1% for neonatal death rates 

(Rajaratnam et al., 2010), with a resultant increase in the proportion of perinatal deaths (stillbirths plus 

neonatal deaths) attributable to stillbirth (Johns, 1991; PMMRC, 2011; Centre for Maternal and Child 

Enquiries, 2011). As a consequence, in most high income countries, stillbirth now accounts for over 60% 

of all perinatal mortality (Smith & Fretts, 2007). The 2011 Lancet Stillbirth Series (Flenady et al., 2011a; 

Frøen et al., 2011; Cousens et al., 2011) highlighted the silent but prevalent public health problem of 

stillbirth and has called for research to address these unacceptably high rates.  

Stillbirth in New Zealand 

Every year in New Zealand approximately 500 families experience a stillbirth (defined as the death of a 

baby in utero at or after 20 weeks of gestation)  (PMMRC, 2011), consequently one in every 125 pregnant 

women reaching 20 weeks’ gestation will not take a living baby home after birth. Perhaps even more 

devastating, approximately one in 300 mothers, (that is over 230 women each year) have a stillborn baby 
after 28 weeks of pregnancy (late stillbirth), a gestation at which there is a high chance of intact survival 

amongst live born infants. Although the late stillbirth rate in New Zealand in 2011 (3.5/1000) is 

comparable to that in the UK (3.5/1000) and the Netherlands (3.3/1000), it remains higher than the rate 

in several other high income countries such as Italy (2.7/1000), Norway (2.2/1000) and Singapore 

(2.0/1000) (Cousens et al., 2011), which suggests that there is potential to further reduce late stillbirths 

in New Zealand.  



 

170 

 

Epidemiology of late stillbirth 

Current established risk factors for late stillbirth in high income countries include: advanced maternal age 

(>35 years) (Rasmussen et al., 2003), high body mass index (Stephansson et al., 2001), smoking 

(Wisborg et al., 2001), reduced antenatal care attendance (Huang et al., 2000), low socio-economic 

status (Stephansson et al., 2001) and SGA (Cnattingius et al., 1998). A meta-analysis of population 

based studies addressing risk factors for stillbirth found that the three most important modifiable risk 

factors were overweight and obesity (population attributable risk 8-18%), advanced maternal age 
(population attributable risk 6-8%), and smoking (population attributable risk 4-7%) (Flenady et al., 

2011a; PMMRC, 2011). Fetal under-nutrition as defined by birthweight less that the 10th centile is also 

commonly associated with stillbirth.  

New Zealand research (Craig et al., 2004b) and national reports (PMMRC, 2011) have indicated that 

there is considerable ethnic disparity in stillbirth rates, with Pacific women experiencing the greatest 

disparity in late stillbirth (Craig et al., 2004a). These publications have provided some data on risk factors 

for late stillbirth in New Zealand, but are limited by lack of denominator data and because these 

retrospective studies could only investigate a few risk factors (McCowan et al., 2007; Craig et al., 2004b). 

The annual reports of the New Zealand Perinatal and Maternal Mortality Review Committee (PMMRC) 

highlight that the predominant classification for late stillbirth in New Zealand (using Perinatal Society of 

Australia and New Zealand (PSANZ) criteria (Flenady et al., 2009b) is ‘unexplained’ or without obvious 

obstetric antecedent (PMMRC, 2011) This further emphasises the importance of identifying novel 

modifiable risk factors which may reduce the proportion of these so-called ‘unexplained’ stillbirths. 
Furthermore there has been limited research investigating the role of novel, modifiable factors, which 

have potential to advance knowledge and address important gaps in stillbirth research. 

The Auckland Stillbirth Study 

Our recently completed stillbirth study (TASS), a 3-year case-control study undertaken in the Auckland 

Region, was the first New Zealand study to explore a wide range of risk factors for late stillbirth (Stacey 
et al., 2011b). Late stillbirth was selected as the primary outcome, as babies at or beyond 28 weeks’ 

gestation have a high chance of intact survival if live-born. Accordingly the main aim of this study was to 

identify modifiable risk factors for late stillbirth. Specifically, we hypothesised that maternal sleep position 

and sleep disordered breathing would be associated with risk of late stillbirth. We also hypothesised that 

the ethnic disparity in rates of late stillbirth could be attributable to potentially modifiable risk factors. Each 

case was matched with two randomly selected controls with an ongoing pregnancy at the same gestation 

as that at which the stillbirth occurred. The recruitment rate for this study was 72% for both cases (n=155) 

and controls (n=310).  

Sleep factors and late stillbirth 

Adult humans spend about a third of their lives asleep and yet prior to TASS there were no studies that 

had examined a potential relationship between maternal sleep practices and risk of late stillbirth. In 
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TASS, we found that women who did not go to sleep on their left side on the (presumed) night before 

late stillbirth, had a two-fold increase in risk compared with those who slept on their left (Stacey et al., 
2011a). This effect persisted after adjustment for known confounders (Table 1). Amongst non-left 

sleepers, those who went to sleep supine had the highest risk. We also found that women who got up to 

the toilet once or less on the presumed last night (before stillbirth), compared to those who got up more 
often, were at higher risk of late stillbirth, as were those who regularly slept in the day, compared to those 

who did not. 

Sleep Practice Adjusted* 
OR (95% CI) 

Maternal sleep position - last night 
Left side 1.00 
Right side 1.74 (0.98 to 3.01) 
Back 2.54 (1.04 to 6.18) 
Other 2.32 (1.28 to 4.19) 
Regular sleep in the daytime - last month 
No 1.00 
Yes  2.04 (1.26 to 3.30) 
Hours of night-time sleep - last month  
<6 hours 1.89 (0.98 to 3.65) 
6-8 hours 1.00 
> 8 hours 1.71 (0.99 to 2.95) 
Getting up to toilet - last night  
More than once 1.00 
Once or less  2.42 (1.46 to 4.00) 

Table 1 Maternal sleep practices and late stillbirth risk: multivariable analysis                                                    
*adjusted for maternal age, BMI, ethnicity, parity, smoking, social deprivation 

This is the first time that an association between maternal sleep practices and risk of late stillbirth has 

been reported. Although maternal body position has not previously been explored in relation to perinatal 

outcomes, there is evidence that it has an impact on maternal and fetal physiological parameters (Milsom 

& Forssman, 1984; Jeffreys et al., 2006; Carbonne et al., 1996; Khatib et al., 2011; Ryo, Unno, 

Nagasaka, & Taketani, 2004). Specifically it has been shown that maternal cardiac output in late 

pregnancy is greatest in the left lateral position, intermediate in the right lateral position and lowest when 

the mother is supine. Similar effects have been found between fetal oxygenation in labour and maternal 

position with optimum oxygen levels recorded with the mother on her left side (Carbonne et al., 1996). 
An increased number of fetal heart rate accelerations and increased short term variation in fetal heart 

rate (both surrogate measures of fetal health) have also been reported in the maternal left lateral 

compared to the supine position (Tamás et al., 2007). A reduced pulsatility index in the fetal middle 

cerebral artery (a surrogate for brain sparing and fetal hypoxia) has also been reported in late pregnancy 

in the supine compared to the left lateral position (Khatib et al., 2011). 
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We speculate that the reductions in maternal cardiac output, fetal oxygenation and measures of fetal 

wellbeing may be mediated by the anatomical position of the enlarged, late pregnancy uterus in relation 

to the inferior vena cava and the aorta. Accordingly a greater pressure can be exerted on these vessels 

when the mother lies in the supine or right lateral, compared with the left lateral position, potentially 

compromising venous return via the vena cava and reducing cardiac output and uterine blood flow. 

Ethnic disparity in rates of late stillbirth 

New Zealand national reports (PMMRC, 2011) have shown an increased risk of overall stillbirth for Māori 

and Pacific women. Studies that have explored late stillbirth risk in New Zealand have found that Pacific 

women were specifically at increased risk, whereas Māori women did not have elevated risk compared 

to European (Craig et al., 2004a). Data from Auckland DHB (Auckland District Health Board, 2010) has 
confirmed that Māori women have an increased risk of early (20-27 weeks’ gestation) but not late 

stillbirth, hence explaining the increased overall risk of stillbirth in Māori reported by the PMMRC 

(PMMRC, 2011). 

TASS also reported on univariable analysis, that Pacific women had an 80% increased risk of late 

stillbirth compared to European women, whereas there was no difference in risk of late stillbirth for Māori 

(Stacey et al., 2011c). Once adjustment was made for known confounding factors, maternal obesity, 

parity, marital status and socioeconomic deprivation, this association was no longer evident, indicating 

that Pacific ethnicity was not an independent risk factor for late stillbirth. The disparity in late stillbirth risk 

experienced by Pacific women was thus attributable to other factors, particularly obesity (over 63% of 

Pacific adults are obese) (Gerritsen, Stefanogiannis, & Galloway, 2008) and high parity, which is more 
common in Pacific women (Stacey et al., 2011c). If the TASS findings are confirmed in the current study, 

preventative strategies may be devised aimed at reducing late stillbirths in the subgroups of Pacific 

women who are at greater risk.  

In summary there is an urgent need in New Zealand to reduce the overall rate of late stillbirth and in 

particular to reduce the ethnic disparity for Pacific peoples. These goals may be achieved by identification 

of novel and modifiable risk factors in this multi-centre case-control stillbirth study (MCSS).  

Conceptual framework for the mechanism of late stillbirth 

In order to conceptualise the potential role of maternal sleep factors and risk of late stillbirth, we have 

developed a hypothetical framework which highlights the current knowledge regarding the multi-factorial 
nature of late stillbirth risk (Figure 1).  



 

173 

 

Figure 1: Hypothetical framework for the mechanism of late stillbirth. 

This is similar to the triple hypothesis for the mechanism of sudden infant death syndrome, as similar 

principles may be applicable to stillbirth (Filiano & Kinney, 1994). 

Study objectives  

Primary hypotheses: 

1. Maternal left sided going-to-sleep position halves the risk of late stillbirth. 

2. Maternal supine going-to-sleep position is associated with an increased risk of late stillbirth. 

3. Increased maternal sleep duration and sleeping during the day will increase the risk of late stillbirth. 

4. Non-left, in particular supine, going-to-sleep position, in conjunction with a vulnerable baby (SGA, 

smoke exposed or with an obese mother) will be associated with a further increase in risk of late 
stillbirth. 

5. Ethnic disparity in rates of late stillbirth will be explained by modifiable risk factors. 

Secondary hypotheses:  

1. Qualitative aspects of fetal movements perceived by pregnant women, such as increased fetal 

activity in the evening or on sitting, are positively associated with normal pregnancy outcome. 

2. Reduced frequency of perceived fetal movements in the third trimester is associated with adverse 

perinatal outcomes including late stillbirth, neonatal unit admission and SGA infants.  

3. Accuracy in perception of fetal movements does not differ between obese and normal weight women 

in late pregnancy. 

4. Other maternal sleep practices (including restless legs, snoring, bed sharing, use of pillows, side of 

bed slept on, and bed size) will influence going-to-sleep position. 
5. Maternal decision to decline a post-mortem following late stillbirth is primarily influenced by concern 

about the effect of the post-mortem on the baby’s body. 
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6. Factors associated with pregnancy wellbeing (including diet, nutritional supplements, general 

practitioner visits, febrile illness, antibiotic use, smoking, alcohol and substance use) will be 

associated with risk of late stillbirth, independent of socioeconomic status. 

Study sites and design 

A case-control study is the most appropriate and only feasible design to investigate these hypotheses. 

This prospective multi-centre case–control study will be conducted in seven main District Health Boards 

(DHBs) in New Zealand. They are Auckland, Waitemata, Counties Manukau, Canterbury, Waikato, 
Capital & Coast and MidCentral DHBs, comprising approximately two thirds of all New Zealand births. 

Participants 

Cases: The eligible cases are women with a singleton pregnancy who experience a late stillbirth (≥ 28 

weeks’ gestation) not due to congenital abnormality. Assuming a recruitment rate of 70%, there will be 

291 cases recruited based on the frequency of late stillbirths in 2007-2009 in the participating DHBs 
(Table 2).  

Planned recruiting 
centres 

Late stillbirth* 
2007-9 

Recruitment 
at 70% 

Counties Manukau DHB 120 84 

Waitemata DHB 76 53 

Canterbury DHB 61 43 

Auckland DHB 54 38 

Waikato DHB 44 31 

Capital & Coast DHB 36 25 

MidCentral DHB 24 17 

Total 415 291 

Table 2: Late stillbirth numbers, 2007-9 (PMMRC, 2011) 

*excluding congenital abnormalities and multiple pregnancies. 

Controls: Using the observed data from the PMMRC (2007-9) (PMMRC, 2011), we obtained the 

distribution of stillbirths by DHB and gestation at delivery. We will randomly sample the controls from the 

DHB booking lists every two months, so that the distribution of cases and controls will be similar (over 

DHB and gestation). The advantage of a frequency matched study is that there is no loss of efficiency 
because of failure to find an exact match (Stürmer & Brenner, 2001). Two controls will be selected for 

the estimated number of cases in each DHB. 

Exclusion criteria  

• Multiple pregnancy 

• Major congenital abnormality 
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• Less than 28 weeks’ gestation 

• Not booked at the DHB for birth 

• Controls who have already given birth 

If a control is found not to be eligible due to exclusion criteria, the study coordinator will provide another 

randomly selected potential control from the DHB booking list. 

Recruitment 

Dedicated part-time research midwives will be employed in each DHB and trained to recruit for this study. 

Eligible subjects will be given a brief description of the study by their midwife or doctor and asked whether 
the researcher can contact them to discuss the study. If they agree, the researcher will talk to the woman, 

explain the study and answer any questions. If the woman agrees to participate, a time and place for the 

interview (usually the woman’s home) will be arranged as soon as it suits the participant and written 

consent obtained. The research midwives will confirm whether an interpreter is required and organise 

this prior to interview, if necessary. The recruitment system has been well established through the TASS 

study. If the woman or her midwife or doctor does not consent or the woman is unable to be contacted, 

her age, ethnicity and parity will be recorded from the hospital booking lists without identifiable 
information. 

Data collection and variables 

Participants will be interviewed face to face by a research midwife. For cases, the interview will occur as 

close to the time of stillbirth as possible, usually within 1-3 weeks. For controls, the interview will occur 

within two weeks of the projected equivalent gestation. Data will be collected by structured interview and 

extracted from clinical records.  

Data collected in the structured interview will include: demographic and socio-economic variables; 

general health; vaginal bleeding; smoking and recreational drug intake; diet; pregnancy weight gain; 
detailed information about fetal movements; sleep disordered breathing, sleep positions and other sleep 

practices; women’s perception of factors related to stillbirth (in cases). Information about sleep practices 

will be collected for the last week and the last night. The last night will be defined as the night prior to 

when the woman thinks that her baby has died, or for controls, the night prior to the interview.  Data 

collected from clinical records will include: current pregnancy information from the antenatal record; 

ultrasound and laboratory results; and birth outcomes.  

Body mass index will be calculated using the earliest weight recorded in pregnancy and height measured 

by the research midwife at interview. Single maternal ethnicity will be determined using the prioritised 

system recommended by the New Zealand Ministry of Health (Ministry of Health, 2004). Social 

deprivation will be derived from the address where the participant lives during pregnancy, with category 
one least deprived and category five most deprived (Salmond & Crampton, 2012). Customised 

birthweight centiles will be calculated for all infants (Craig et al., 2004b). The gestation used to calculate 

the customised centile, will be the gestation when the mother thought the baby died for cases and the 
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gestation at birth for controls. Small for gestational age (SGA) will be defined as a birthweight <10th 

customised centile adjusted for maternal height, early pregnancy weight, parity, ethnicity, gestation at 

birth and sex of the infant (Craig et al., 2004b). All stillbirths will be classified using the PSANZ 

classification system (Flenady et al., 2009a; Chan et al., 2004). 

Sample size  

Based on PMMRC data from 2007-9, we estimate that over the recruitment period there will be 415 

eligible cases, 291 of whom are likely to participate [based on a 70% recruitment rate; TASS recruitment 
was 72%, (Table 2)]. There will be 830 eligible controls (estimated 582 participants). Given this sample 

size, a significance level of 0.05, power of 0.8 and prevalence of a risk factor in the controls of between 

30% and 60% (prevalence of non-left sleep position in TASS was 57%) we will be able to detect an OR 
of approximately 1.5. With a 5% prevalence of a risk factor (supine sleep position in TASS controls) we 

will be able to detect an OR of 2.2.  

Statistical analysis  

Differences between categorical variables will be tested by chi-square tests. Continuous variables will 

be compared using t-tests or Wilcoxon Rank Sum tests as appropriate, based on the normality of the 
distribution of the variable. Univariable analysis will be performed to evaluate the association between 

sleep practices and late stillbirth risk. A multivariable model will be developed incorporating maternal 

variables associated with increased risk of stillbirth, based on previous literature, other sleep variables 

significant in univariable analysis and variables used to select cases and controls (gestation and DHB). 

Unconditional logistic regression will be used to adjust for potential confounders. 

Statistical significance will be defined at the 5% level. Univariable ORs and adjusted ORs with 95% 

confidence intervals will be used to estimate risk. Population attributable risks will be calculated using 

unadjusted ORs for the primary outcome, supine sleep position, and other potentially modifiable risk 

factors that are significant in multivariable analysis. 

Ethical approval 

Ethical Approval has been obtained from the Northern “X” Regional Ethics Committee (NTX /06/05/054). 

Discussion 

TASS identified novel modifiable risk factors relating to maternal sleep practices that, if confirmed in the 

proposed study (MCSS), have the potential to reduce the incidence of late stillbirth in New Zealand and 

elsewhere (Stacey et al., 2011b). There has been considerable international interest in the findings from 

TASS and a recommendation was made for further research to be conducted as soon as possible to 

further advance knowledge and establish the validity of our novel findings relating to maternal sleep 

factors and risk of late stillbirth (Chappell & Smith, 2011). 

Competing interests 



 

177 

 

None of the authors have any financial or non-financial competing interests to disclose. 

Acknowledgements 

The study is funded by the Health Research Council of New Zealand, Cure Kids, Mercia Barnes Trust, 

Nurture Foundation, and University of Auckland Faculty Research Development Fund.   

  



 

178 

 

Appendix 3.  Multicentre Stillbirth Study Questionnaire 

The questionnaire below was published in Figshare by the University of Auckland and has been 

reproduced with permission. 

McCowan, L. M., Stacey, T., Li, M., Cronin, R. S., Thompson, J. M., & Mitchell, E. A. (2016). The New 

Zealand multi-centre stillbirth case-control study protocol (Linked to manuscript 'Going to sleep in the 
supine position is a modifiable risk factor for late pregnancy stillbirth; findings from the New Zealand 

multi-centre stillbirth case-control study'). Figshare 10.17608/k6.auckland.3483134.v1 

 

Study Number Multicentre Stillbirth Study Date 
__ __ __ __ __ __ Maternal Interview ___      _/____/____ 

 

Case           Control                               
          
 
(To be recorded at interview) Height in cms: _________   Weight in kgs: ________ 
 
 
DHB: ______________________ Midwife Interviewer: ______________________________ 
 
 
Who else is present at interview? ____________________________________________________ 
 
 
Cases: Gestation greater than or equal to 28 weeks at time of stillbirth? (Not at time of birth) 

                                                               Yes        No         
        
            Stillbirth occurred around 1 to 5 weeks before interview?    

(Not eligible if more than 6 weeks previously) 

                                                                Yes        No (Reason) ____________________ 
 

 
Controls: Gestation within 2 weeks of the gestation specified at time of interview? 

    (Not eligible if given birth)                                                     

                                                               Yes        No  
 

 
A. Inclusion criteria 

 
Please Complete to Section B.3 for All Consented and Declined Cases and Controls 

 
 
A.1: Gestation? _______/_______ (weeks/days) 
        (At date of interview/decline for controls and at date of birth for cases)     
      
      NB: Please ensure this gestation agrees with Question 1.3, “Best Agreed EDD” 
 

A.2: Singleton pregnancy?     Yes               No  



 

179 

 

A.3: Major fetal abnormality? Yes               No  

A.4: Consent signed?             Yes              No*    * If Not consented please specify reason: 

Unable to contact?              

LMC declined?                    

Woman declined?               

Woman missed interview?  

Other                                    
 
*If NO consent obtained please complete basic clinical data (all questions to/including B.3 over page) 
and record the woman’s EDD, Gravida/Parity and Initial LMC Type (as per Q 1.8, p.29) below: 
 
 EDD________________   G______   P_______   Initial LMC Type _______________________ 
 
 

A.5: Fluent in English?         Yes        No  
 

A.5.1: If not fluent in English, was an interpreter used?       Yes      No              NA  
           
  

B. Maternal demographics 
 
 
B.1: What is your date of birth?  ______/______/_______ (DD/MM/YYYY)    Age _________ (years)  
 
 
B.2: Which country were you born in? _______________________________________________ 
 
 
B.2.1: If not New Zealand: how many years have you lived in New Zealand? _________ (years) 
 
 
B.3: How do you describe your ethnicity? (Please choose up to 3) 

Māori New Zealand European  

Chinese  Cook Islander  

Fijian  Indian  

Niuean  Samoan  

Tongan  Other Asian ___________________ 

Other European __________________ Other Pacific Island _____________ 

Other  ___________________________ 
 

 
Interview form now completed for those declined or unable to be contacted 
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B.4: Usual residential address at time of interview (for cases) or birth (for controls)?  
       (This data is to enable decile coding only and will not be used to identify the woman) 
 
Address 1: _________   (house number) 
Address 2: ________________________________________________________ (street) 
Address 3: ________________________________________________________ (suburb) 
Address 4: ________________________________________________________ (town/city)   
Postcode:  ____________ 
 
 
B.5: What best describes the place that you* live in?  (*lived in most of the time you were pregnant) 
01. Own house  
02. Private rental  
03. Government or state house or council rental 
04. Stay with family or friends    
99.  Other ____________________________________________________________________ 

 
 
B.6: How many people usually* live in your house? (*lived in your house while you were pregnant  
1. Children under 10 year’s _______ (number of children) 
2. Couples (including you)   _______ (number of couples) 
3. Other adults and children over 10 year’s _______ (number of other adults and children) 
 
B.7: How many bedrooms* does your house have?  _______ (number of bedrooms) 
 (*did the house have that you lived in while you were pregnant have)?  
      
B.8: Do* you feel your house is large enough for your family’s needs?  
 (*Did you feel the house you lived in while you were pregnant was large enough for your family’s 
needs?)       

                                                Yes       No  
 
B.9: What is your highest educational level?    
       (Please circle one answer only) 
01. Completed primary school 
02. Completed years 8 – 10 or Form 2 – 4  
03. Completed year 11 or Form 5 (NCEA 1/School Certificate) 
04. Completed year 12 or Form 6 (NCEA 2/University Entrance) 
05. Completed year 13 or Form 7 (NCEA 3/School Bursary) 
06. Trade certificate or similar 
07. University or Tertiary institute or Polytechnic degree  

  99. Other (please specify) ________________________________________________________ 
 
B.10: What was your work situation prior to this pregnancy?  (Please circle one answer only) 
01. Full time work  (over 20 hours per week) 
02. Part time work  (includes casual work) 
03. Student 
04. Home maker      
05. Unemployed    
06. Sickness beneficiary  
99. Other (please specify) _________________________________________________________ 

 
B.11: What was your work situation in the last month*?  (Please circle one answer only)  
 (*the last month before your baby died) 
01. Full time work  (over 20 hours per week) 
02. Part time work  (includes casual work) 
03. Student 
04. Home maker      
05. Unemployed    
06. Sickness beneficiary  
07. Maternity leave 

  99.  Other (please specify) ______________________________________________________ 
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B.12: What was your partner's (not necessarily father of the baby) work situation in the last month*?                                                                                                  
(*the last month before your baby died)                                                                
01. Full time work (over 20 hours per week) 
02. Part time work  (includes casual work) 
03. Student 
04. Home maker      
05. Unemployed    
06. Sickness beneficiary  
99. other/unknown/no partner (please specify) _________________________________________ 

 
 

 
C. Relationships 

 
C.1: What is your marital status? (Please circle one answer only) 
01. Single (does not live with a partner but may live with family/friends) 
02. Married 
03. Defacto 

C.2: How old is the father of this baby? ________ (years)             Don't know    
  
C.3: How would he describe his ethnicity? (Please choose up to 3 answers)  
 

 Unknown 

 Māori  

 New Zealand European  

 Chinese  

 Cook Islander  

 Fijian  

 Indian  

 Niuean  

 Samoan  

 Tongan  

 Other Asian (please specify) _____________________________________________________ 

 Other European (please specify) _________________________________________________ 

 Other Pacific Island (please specify) _______________________________________________ 

 Other (please specify) __________________________________________________________ 
 

C.4: Is this your first pregnancy with the father of this baby?  Yes         No  
 
C.5: How long had you had a relationship with the father of this baby when you conceived? 
 (Please circle one answer only) 
01. Conceived on first episode of intercourse 
02. Less than 6 months  
03. 6-12 months  
04. More than 1 year   
05. Declined to answer  
99. Other (specify) _______________________________________________________________ 
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D. General Health and Past History 
 
D.1: Do you have any medical conditions? (Please tick all relevant answers) 

None 

Anaemia (prior/booking Hb <100g/L) Systemic lupus erythematosus 

Asthma     Thalassaemia  

Cervical surgery    Thrombophilia  

Depression                 UTI recurrent  

Diabetes NIDDM                Uterine abnormality 

Diabetes IDDM                                               Uterine surgery 

Epilepsy                                                     Venous thromboembolism 

Heart condition congenital                              Other medical condition (specify) ___________ 

Heart condition rheumatic                                                                     

Hypertension (Essential or Chronic)         

Hyperthyroid   

Hypothyroid 

Inflammatory bowel disease (Crohn’s disease or ulcerative colitis) 

Polycystic ovarian syndrome 

Psychiatric disorder (other than depression) 

Renal disease 
 

D.2: Did you have fertility treatment to become pregnant with this baby?  Yes     No  
 
D.2.1: If Yes, what was the treatment? (Please circle one answer only) 
01. Artificial insemination  
02. Ovulation induction    
03. IVF    
04. GIFT    
05. ICSI  intracytoplasmic sperm injection 
06. Other (specify) _____________________________________________________________ 
 
 
Gravida* ______   Para* ______ (*Prior to stillbirth) 
 

D.3 Have you ever been pregnant before?     Yes               No  (Please go directly to Q D.4) 
 
If Yes:    
 
D.3.1 How many were miscarriages or ectopic pregnancies in the first 12 weeks of pregnancy?   

         Nil                    _________ (number) 
 
 
D.3.2 How many were miscarriages or ectopic pregnancies between 13 and 20 weeks of pregnancy?  

         Nil                    _________ (number)                
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D.3.3 Have you had any terminations of pregnancy under 20 weeks?           

         Nil                    _________ (number) 
  

D.3.4  Have you had any other pregnancies: Yes         No  (If No, go directly to Q D.4) 
 
If Yes, can you tell me about your other pregnancies and births*?  

(*Do not include current pregnancy/stillbirth) 

Year of birth Gestation Birth weight 
(in gms) Outcome 

   LB/SB/NND 
   LB/SB/NND 
   LB/SB/NND 
    LB/SB/NND 
    LB/SB/NND 
    LB/SB/NND 
    LB/SB/NND 
    LB/SB/NND 
   LB/SB/NND 

 
List other births: __________________________________________________________________ 
 

D.3.4.1 Did you have a caesarean section for any of these births?   Yes        No  
 

 
Antenatal Care 

 
D.4: How many weeks pregnant were you when you first saw a health professional about this 
pregnancy?                                            _________ (weeks) 
 
D.5: Who did you first see?   (Please circle one answer only) 
01. GP 
02. Midwife 
03. Infertility specialist 
04. Private obstetrician 
05. Hospital obstetrician 
06. Family planning clinic 
07. Pharmacist 
08. Nurse 
99. Other: _____________________________________________________________________ 
 
D.6: How many weeks pregnant were you when you first saw your Lead Maternity Carer (the person 
who is responsible for your maternity care)?   NB: This answer should match Page 28: Q 1.7                 
  _________ (weeks) 
                                           
                                                                           
D.7: If your GP is not your Lead Maternity Carer did you also see a GP (including at an emergency 
after hours centre) during your pregnancy?   (Exclude pregnancy visits to GP prior to obtaining LMC 
unless this was a formal “Shared Care” arrangement)                                     

                                                                                         Yes               No  (If No, go to Q D.8)      
 
D.7.1 If Yes, how many times did you see a GP?    _________ (number of GP visits)         
                    
                                                                                                           
 D.7.2 Were any of these GP visits for routine antenatal care?  (Exclude pregnancy visits to GP prior 
to obtaining LMC unless this was a formal “Shared Care” arrangement).     
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_________ (number of GP visits)                            
 

D.8: Did you have a flu vaccination in pregnancy?  Yes                No  
 
 
D.9: Did you have any of these common illnesses/problems during your pregnancy*?  

 Anytime during your 
pregnancy 

Last two weeks of your 
pregnancy* 
(*before your baby died) 

High fever  Yes       No  Yes       No  

If Yes, was the high fever confirmed to 
be higher than 38c by thermometer  Ys                    No  Yes       No  

Runny nose/sore throat/swollen glands Yes       No  Yes       No  

Cough with phlegm Yes       No  Yes       No  

Diarrhoea and/or vomiting Yes       No  Yes       No  

Frequent urge to urinate and/or pain on 
urinating (UTI symptoms) Yes       No  Yes       No  

 
 
 
D.10: *Have you been unwell in any other way in the last two weeks?  
(*Were you unwell in any other way in the last two weeks of your pregnancy before your baby died?) 

Yes          No  
              
D.10.1: If yes, please describe:  
__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________ 
 
 
D.11: Did you have any vaginal bleeding in your pregnancy?   
          (Please circle one answer only) 
01. No bleeding  
02. Single episode < 20 weeks  
03. Recurrent bleeds < 20 weeks   
04. Single >20 weeks  
05. Recurrent bleeds >20 weeks  
06. Recurrent bleeds throughout  
99.  Unsure 
 
D.12: During your pregnancy, did you take any antibiotic? (Please refer to Appendix VII: Antibiotics 
Commonly Prescribed in NZ General Practice if woman is unsure)  

Yes          No   
 
D.12.1: If Yes, what antibiotic and what did you have it for?  
__________________________________________________________________________________

__________________________________________________________________________________
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__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________ 
 
 
D.12.2: How many weeks pregnant were you when you took the antibiotic? ________ (weeks) 
If more than one course of antibiotics in pregnancy, record gestation at the time of the most recent      
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E. Diet  
 
E.1: In the first three months of pregnancy how often did you eat a serving of the following foods?  
(Please circle one answer for each food)  
 

Not at all 
Less than 

once a 
week 

Once a 
week 

A few 
times a 
week 

Once a 
day 

A few 
times a 

day 
Apples/pears 1 2 3 4 5 6 
Kiwifruit 1 2 3 4 5 6 
Citrus fruit 1 2 3 4 5 6 
Bananas 1 2 3 4 5 6 
Dried fruit 1 2 3 4 5 6 
Green vegetables 1 2 3 4 5 6 
Root vegetables 1 2 3 4 5 6 
Peas/maize/lentils 1 2 3 4 5 6 
Fried rice/noodles 1 2 3 4 5 6 
Boiled rice/pasta 1 2 3 4 5 6 
Fish/shellfish 1 2 3 4 5 6 
Soup with meat 1 2 3 4 5 6 
Jelly 1 2 3 4 5 6 
Ice cream 1 2 3 4 5 6 
Sweet biscuits 1 2 3 4 5 6 
Cakes 1 2 3 4 5 6 
Crisps 1 2 3 4 5 6 
Pies 1 2 3 4 5 6 
Chocolate bars 1 2 3 4 5 6 
Lollies 1 2 3 4 5 6 
Ice blocks 1 2 3 4 5 6 
Milk 1 2 3 4 5 6 

 
 
E.2: During the last four weeks (of pregnancy)* how often did you eat a serving of the following foods? 
(*before your baby died)  (Please circle one answer for each food)   
 

Not at all 
Less than 

once a 
week 

Once a 
week 

A few 
times a 
week 

Once a 
day 

A few 
times a 

day 
Apples/pears 1 2 3 4 5 6 
Kiwifruit 1 2 3 4 5 6 
Citrus fruit 1 2 3 4 5 6 
Bananas 1 2 3 4 5 6 
Dried fruit 1 2 3 4 5 6 
Green vegetables 1 2 3 4 5 6 
Root vegetables 1 2 3 4 5 6 
Peas/maize/lentils 1 2 3 4 5 6 
Fried rice/noodles 1 2 3 4 5 6 
Boiled rice/pasta 1 2 3 4 5 6 
Fish/shellfish 1 2 3 4 5 6 
Soup with meat 1 2 3 4 5 6 
Jelly 1 2 3 4 5 6 
Ice cream 1 2 3 4 5 6 
Sweet biscuits 1 2 3 4 5 6 
Cakes 1 2 3 4 5 6 
Crisps 1 2 3 4 5 6 
Pies 1 2 3 4 5 6 
Chocolate bars 1 2 3 4 5 6 
Lollies 1 2 3 4 5 6 
Ice blocks 1 2 3 4 5 6 
Milk 1 2 3 4 5 6 
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E.3: Did you have “morning sickness” this pregnancy?                      Yes      No  

E.3.1: If Yes, were you admitted to hospital due to your vomiting?    Yes             No  
 
E.4: Did you take supplements this pregnancy?  
NB: Elevit is a multivitamin which also contains folic acid and iodine, so meets requirements for 
multivitamins, folic acid, and iodine) 
 

Months prior to pregnancy First 3 months of 
pregnancy 

In the last month of 
pregnancy* 
(*before your baby died) 

Multivitamins 
(contain multiple 
vitamins and 
dietary minerals) 
 
NB: Stand-alone 
iron supplements 
are not 
multivitamins 

Yes   No  
 
If Yes, name/amount daily: 

Yes   No  
 
If Yes, name/amount daily: 

Yes   No  
 
If Yes, name/amount daily: 

Folic Acid*  

Yes   No  
 
If Yes, name/amount daily: 
 
 
 
 
Total: 

Yes   No  
 
If Yes, name/amount daily: 
 
 
 
 
Total: 

Yes   No  
 
If Yes, name/amount daily: 
 
 
 
 
Total: 

Iodine 

Yes   No  
 
If Yes, name/amount daily: 

Yes   No  
 
If Yes, name/amount daily: 

Yes   No  
 
If Yes, name/amount daily: 

*Please see Appendix VIII: Folic Acid Content of Commonly Used Vitamin/Mineral Preparations to work 
out total folic acid intake which may be from a combination of multivitamins/iron-folic acid medications 
 

 
F. Personal habits 

 
F.1: Do you currently smoke cigarettes?  (Please circle one answer only) 
01. Yes  
02. No, stopped in this pregnancy 
03. No, stopped prior to this pregnancy   (If No, please go directly to Q F.5) 
04. No, never smoked (If No, please go directly to Q F.5) 
 
F.1.2: If you smoked at any time in this pregnancy, how many cigarettes a day on average did you 
smoke?        ________ (cigarettes)            
 
F.2: If you stopped smoking in this pregnancy: how many weeks pregnant were you when you 
stopped?       ________ (weeks)   
 

F.3: Were you referred to Smokechange (or equivalent)             Yes          No  
 (Tick ‘yes’ if referred - even if did not take part) 
 

F.4: Did you use nicotine patches, gum or lozenges in pregnancy?   Yes           No  
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F.5: Does your partner smoke?                           No partner       Yes           No  
 

F.6: Does anyone else who lives in your house smoke?                     Yes           No  
 
 
F.7: On average, how many standard alcoholic drinks (if any) do* you have each week? 
       (*did you have each week before your baby died)   
 First 3 months of pregnancy In the last month of pregnancy 
Nil drinks    
< 1 std drink wk   
1-2 std drinks wk   
3-4 std drinks wk   
≥5 std drinks wk   

Please see Appendix IX to work out standard drinks per week 
 
F.8: What were the most standard alcoholic drinks that you had on any one occasion during your 
pregnancy*? (*before your baby died)  (Please circle one answer only) 
01. None 
02. 1 to 2 
03. 3 to 4 
04. 5 to 10 
05. Greater than 10 

 
F.8.1:  How many weeks pregnant were you when you had the most drinks? ________ (weeks) 
 
F.9: At any stage in your pregnancy did you use any of the following drugs*? (*before your baby died) 

        No  (If No, please go directly to Sleep Practices over page) 

      Yes       
      
  If Yes, please indicate the type of drug used and when it was used 
 First 3 months of 

pregnancy 
In the last month of 
pregnancy 

In the last week of 
pregnancy 

Herbal highs     
Cannabis    
Amphetamine/P    
Ecstasy     
Cocaine    
Heroin    
Methadone    
Other drugs    

 
F.9.1:  If Yes, how often did you use these drugs? (Please circle one answer only) 
01. Daily use 
02. Weekly use 
03. Occasional use 
04. Once only 
99. Other (specify) ________________________________________________________________ 
 

G. Sleep Practices 
 
Sleep duration and latency  
 
G.1: On average how long do you think it usually took you to fall asleep each night in the last week*?      
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        (*the last week before your baby died)                                        
                                                                                  _______ (minutes)   Single number only 
 
G.1.1: Last night*, how long do you think it took you to fall asleep?  
 (*the last night before your baby died)                                    
                                                                                    _______ (minutes)    Single number only 
 
G.2: On average how many hours of actual sleep did you get at night in the last week*?   
         (*the last week before your baby died)          
                                                      _______ (hours)    _______ (minutes)  
 
G.2.1: Last night*, how many hours of actual sleep did you get 
 (*the last night before your baby died)           
                                                      _______ (hours)    _______ (minutes) 
 
 
Insomnia  
 
G.3:  Did you have difficulty getting to sleep in the last week*?  
(*the last week before your baby died)    
(Please circle one answer only) 
01. Never 
02. Rarely  
03. Sometimes 
04. Often 
05. Every night 

 
 
G.3.1: Last night* did you have difficulty getting to sleep?  
 (*the last night before your baby died)   

                 Yes                 No  
 
G.4:  Did you regularly wake up during the night or early morning in the last week*    
(*the last week before your baby died)                 

                 Yes          No  
 
G.4.1:  If Yes, how many times?  ________ (times)   (One number only – not a range) 
 
 
G.5: Last night* did you wake during the night or early morning? 
 (*the last night before your baby died)      

                Yes            No                         
 
G.5.1: If Yes, on average how many times?  ________ (times)   (One number only – not a range) 
 
 
G.6:  If you woke up in the night did you get up go to the toilet or for any other reason in the last 
week*?  (*the last week before your baby died)   

               Yes          No                                
 
G.6.1:  If Yes, on average how many times? _______ (times)   (One number only – not a range) 
 
  
 
 
G.7: If you woke up in the night did you get up go to the toilet or for any other reason last night*?   
   (*the last night before your baby died)                           

              Yes            No                                   
 
G.7.1:  If Yes, how many times?                 _______ (times)    (One number only – not a range) 
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G.8:  In the last week* did you have difficulty getting back to sleep if you woke in the night 
  (*the last week before your baby died)     (Please circle one answer only) 
01. Never 
02. Rarely  
03. Sometimes 
04. Often 
05. Every night 
 
 
G.8.1: Last night*, if you woke did you have difficulty getting back to sleep?  
(*the last night before your baby died)         

            Yes               No                Didn’t wake                              
 
Bed  
 
G.9: What size bed did you sleep in last night*?  
  (*the last night before your baby died?) 
(Please circle one answer only)  
01. King 
02. Queen  
03. Double 
04. King single  
05. Standard single 
99. Other-didn’t sleep in bed (specify) _________________________________________________ 
 
 
G.10:  Did anyone else sleep in the same bed as you last night*?  
   (*the last night before your baby died) 

  Yes partner           No               Yes other ________________         
 
 
G.11: Which side of the bed did you sleep on last night*? (*the last night before your baby died) 
Side of bed determined by woman when she is lying on her back in bed Circle one answer only)  
01. Left  
02. Middle  
03. Right 
99. Unsure 
 
 
G.12: How many pillows did you usually use at night in the last week*?                                                                          
   (*the last week before your baby died)            
                            _________ (number of pillows)   (One number only – not a range) 
           
    
G.13: Did you sleep propped up in the last week*?  
          (*the last week before your baby died)      

              Yes               No                          Unsure   
 
 
G.13.1:  Did you sleep propped up last night?   
               (*the last night before your baby died)                  

           Yes                         No                      
Sleep position 
  
G.14: What position did you usually fall asleep in?   
(Please circle one answer per line) 
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 Left 
side Back Right 

side Tummy Variable Propped 
up 

Don’t 
remember 

Last week* 1 2 3 4 5 6 99 

Last night* 1 2 3 4 5 6 99 

(*the last week before your baby died or *the last night before your baby died)   
 
 
G.15: What position did you usually wake up in?   
 (Please circle one answer per line) 
  

Left side 
 
Back 

 
Right 
side 

 
Tummy 

 
Variable 

Propped 
up 

Don’t 
remember 

Last week* 1 2 3 4 5 6 99 

Last night* 1 2 3 4 5 6 99 

(*the last week before your baby died or *the last night before your baby died)   
 
 
G.16: Did you change sleep position during the night?  
(Please circle one answer per line) 
  

Not at all 
 
Possibly once 

 
Possibly twice 

More than 
twice but not 
lots 

 
Lots of times 

Last week* 1 2 3 4 5 

Last night* 1 2 3 4 5 
(*the last week before your baby died or *the last night before your baby died)   
  
 
G.17: Would you describe yourself as a restless sleeper (i.e. move a lot during the night)?  
 (Please circle one answer per line) 

  
Not at all 

 
A little 

 
Average 

More than 
average 

 
Very restless 

Last week* 1 2 3 4 5 

Last night* 1 2 3 4 5 
(*the last week before your baby died or *the last night before your baby died)   
 
 
G.17.1   What sleep position did you usually find the most comfortable? 
  

Left side 
 
Back 

 
Right 
side 

 
Tummy 

 
Variable 

 
Propped 
up 

 
Don’t 
remember 

Last week* 1 2 3 4 5 6 99 

Last night* 1 2 3 4 5 6 99 
(*the last week before your baby died or *the last night before your baby died)   
 
G.17. 2   What, if any, advice have you been given by your doctor or midwife about what position you 
should sleep in during the last three months of pregnancy? (Please circle one answer only) 
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01. No information about sleep position 
02. Not to be concerned about my sleep position 
03. Not to sleep on my back 
04. To sleep on either side 
05. To sleep on my left side 
06. To sleep on my right side 
99.   Other (specify) ______________________________________________________________ 
 
 
G. 17.3   Other than information from your doctor or midwife, what have you read or heard about the 
best position to sleep in during late pregnancy? (Please circle one answer only) 
01. No information about sleep position    
02. Not to be concerned about my sleep position 
03. Not to sleep on my back 
04. To sleep on either side 
05. To sleep on my left side 
06. To sleep on my right side 
99.   Other (specify) _______________________________________________________________ 
 
 
G. 17.3.1. Where did you read or hear this information? (Please select all answers that apply) 
01. Radio/TV 
02. Newspaper 
03. Internet 
04. Family and friends 
05. Childbirth educator 
06. Book or pamphlet 
99.   Other (specify) _______________________________________________________________ 
 
 
Snoring 
 
G.18: Have you EVER been told that you snore, or have woken yourself up snoring?  

               Yes       No  (If No, please go directly to G.24. Restless Leg Syndrome) 
 
If Yes… 
G.19: If you have been told you snore, or you have woken yourself up snoring, how often did this occur 
in the last week*? (*the last week before your baby died)   (Please circle one answer only)  
01. Never 
02. Rarely  
03. Sometimes 
04. Often 
05. Every night 
 
G.19.1: Did you snore last night?  
(*the last night before your baby died)          

           Yes                     No                     Don’t know                        
 
G.20: Did your snoring ever bother other people in the last week? 
 (*the last week before your baby died)   

            Yes                     No                     Don’t know           
              
G.20.1: Did your snoring bother anyone last night? 
 (*the last night before your baby died)                  

           Yes                     No                     Don’t know                        
 
G.21: How loud on average is your snoring reported to be?  (Please circle one answer per line) 
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Slightly louder 
than breathing 

 
As loud as 
talking 

 
Louder than 
talking 

Very loud, can 
be heard in 
adjacent rooms 

 
 
Don’t know 

Last week* 2 3 4 5 99 

Last night* 2 3 4 5 99 

(*the last week before your baby died or *the last night before your baby died)    
 
 
G.22: Have you been told you briefly stop breathing when you are asleep in the last week*? 
 (*the last week before your baby died)   (Please circle one answer only) 
01. Never 
02. Rarely  
03. Sometimes 
04. Often 
05. Every night 
 
G.22.1: Were you told you briefly stopped breathing when asleep last night*? 
 (*the last night before baby died)      

             Yes        No                      
 
G. 23:  Have you been told you cough or choke during sleep in the last week*?  
(*the last week of pregnancy before your baby died)    (Please circle one answer only) 
01. Never 
02. Rarely  
03. Sometimes 
04. Often 
05. Every night 
 
  G.23.1: Were you told you coughed or choked during sleep last night*?   
(*the last night before your baby died)    

           Yes                 No           
           
 
Restless leg syndrome 
 
In the last week*   (*the last week before your baby died) 
 
 
 G.24: Did you have unpleasant sensations (such as creepy, crawly or tingly feelings) in your legs 
combined with an urge or need to move your legs?  
                                                 

         Yes             No  (If No, please go directly to G.25 Sleepiness) 
 
G.24.1:  If Yes, did these feelings occur mainly or only at rest and do they improve with movement?    

          Yes             No                             
 
G.24.2: Were these feelings (unpleasant sensation and need to move) worse in the evening or night 
than in the morning?   

          Yes             No           
                               
 
G.24.3: How often did these feelings (unpleasant sensation and need to move) occur in the last 
week*?  (*the last week before your baby died)  (Please circle one answer only) 
01. Never 
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02. Occasionally 
03. 1-2 times a week 
04. 3-4 times a week 
05. 5-6 times a week 
06. Every night 
 
 
Sleepiness 
 
 
G.25: How would you rate your sleep quality overall?  
(Please circle one answer per line) 

  
Very good 

 
Fairly good 

 
Average 

 
Fairly bad 

 
Very bad 

Last week* 1 2 3 4 5 

Last night* 1 2 3 4 5 

(*the last week before your baby died or *the last night before your baby died)   
 
 
G.26: How often do you feel tired or fatigued in the morning after your night’s sleep?  
(Please circle one answer per line) 

 

 
 
Never 

 
 
Occasionally 

 
1-2 times 
per week 

 
3-4 times 
per week 

 
5-6 times 
per week 

 
Every 
day 

 
Don’t 
know 

Last week* 1 2 3 4 5 6 99 

(*the last week before your baby died)   
 
 
 
G.26.1: Did you feel tired or fatigued after your sleep last night*?  (*the last night before your baby 
died)   

            Yes                 No                                           
   
G.27: During your wake time in the day did you feel tired, fatigued or not up to par?  
(Please circle one answer per line) 

 
 
 
Never 

 
 
Occasionally 

 
1-2 times 
per week 

 
3-4 times  
per week 

 
5-6 times 
per week 

 
Every 
day 

 
Don’t 
know 

Last week * 1 2 3 4 5 6 99 

(*the last week before your baby died)   
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G28:  During the last week* how likely were you to doze off or fall asleep in the following situations in 
contrast to just feeling tired? (*the last week before your baby died)   
 
Even if you have not done some of these things recently try and work out how they may have affected 
you.  (Please circle one answer per line) 

During last week Would 
never doze 

Slight chance 
of dozing 

Moderate 
chance of dozing 

High chance 
of dozing 

 
Sitting and reading 1 2 3 4 

 
Watching TV 1 2 3 4 

Sitting inactive in a public place 
(e.g. cinema, meeting, church) 1 2 3 4 

As a passenger in a car for an 
hour without a break 1 2 3 4 

Lying or sitting down to rest in the 
afternoon 1 2 3 4 

Sitting and talking to someone 1 2 3 4 

Sitting quietly after lunch without 
alcohol 1 2 3 4 

In a car, while stopped for a few 
minutes in the traffic 1 2 3 4 

 
 
G.29: On average how many times would you take a nap during the day?  
(Please circle one answer per line) 

 Never Occasionally 
1-2 times 
per week 

3-4 times 
per week 

5-6 times 
per week Every day 

Don’t 
know 

Last 
week* 1 2 3 4 5 6 99 

(*the last week before your baby died)   
 
 
G.29.1: On average, how long would you nap for in the last week*? 
 (*the last week before your baby died)                              
                                                                       ________ (hours)    ________ (minutes)       
                                                    
G.29.2: Did you take a nap during the day yesterday? (Controls)  
             (Did you take a nap during the day before you thought your baby died?) (Cases) 

             Yes    No                                         
 
G.30.2.1:  If Yes, how long did you nap for?  _________ (hours)    ________ (minutes)       
 
 
G.30:  One hears about “morning” and “evening” types of people. Which one of these types do you      
consider yourself to be? (Please circle one answer only) 
01. Definitely a morning type 
02. More a morning than an evening type 
03. Neither more an evening than a morning type  
04. Definitely an evening type 
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H. Fetal movements 
 
H.1:  Was there any time from 26 weeks of pregnancy that your baby’s movements were less than 
usual?                                                           

         Yes                  No  If No, please go directly to Question H.2 
 
 
H.1.1: If Yes, did you seek health professional advice for this?      

            Yes                No  
 
 
H.1.2: For both ‘Yes’ and ‘No’ answers, did you receive advice from any other source?                           
(Please circle all that apply) 
01. Radio/TV 
02. Newspaper 
03. Internet chat forum or blog 
04. Pregnancy or parenting website 
05. Phone app 
06. Family and friends 
07. Childbirth educator 
08. Book or pamphlet 
99.   Other (Please specify) ________________________________________________________ 
 
 
H.2: In the last two weeks* did the strength of your baby’s movements  
(* before your baby died)     
01. 01 Increase 
02. 02 Decrease 
03. 03 Stay the same 
99. Unsure 
 
H.3:  During the last two weeks* did the frequency of your baby’s movements  
(* before your baby died)   
01. 01 Increase 
02. 02 Decrease 
03. 03 Stay the same 
99. Unsure 
 
 
H.4: During the last two weeks* did you notice any time that your baby was more vigorous than usual?  
(*before your baby died)  

            Yes               No          
            

H.4.1: If Yes:             Once          More than once          Unsure        
  
 
H.5:  During the last two weeks*, did you feel your baby having hiccups? 
 (*before your baby died)  
(If unsure describe as regular jerking movements happening at 1-2 second intervals over a period of 1-
5 minutes)  

         Yes                 No                       Unsure   
 

H.5.1: If Yes              Once               Occasionally              Daily                  Unsure  
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H.6:  During the last two weeks, did you feel uterine contractions (tightenings/pre-labour contractions/ 
Braxton Hicks contractions/ false labour) for longer than an hour?     

          Yes                No                       Unsure   
 
 
Please advise women who are cases that these next few fetal movement questions may be 
difficult for them.  Reassure them that there are no right or wrong answers to any of the 
questions.   
 
 
H.7 During the last two weeks* did you ever feel concerned about baby’s movements? 
 (*before your baby died) 

        Yes                    No Please go directly over page to Question H.8 
 
H.7.1: If Yes, what were your MAIN concerns about your baby’s movements?                                                                                                  
(Please select all answers that apply)                                 
01. Baby moved less often 
02. Baby didn’t move at their usual active time 
03. Baby was quiet (inactive) for longer than usual 
04. Baby’s movements were not as hard 
05. Baby didn’t move when you pushed or prodded your belly 
06. Baby didn’t move when you had a drink (water or other liquid) 
99.  Other (Please specify) _________________________________________________________ 
 
 
H.7.2: At the time how would you rate your concern?  
01. Slightly concerned 
02. Moderately concerned 
03. Very concerned 
 
 
H.7.3: Did you have a check-up with a midwife or doctor that included CTG monitoring or scan for this 
concern? 

       Yes  If Yes, please go directly over page to Question H.8 

        No  If No, please continue…. 
 
 
H.7.3.1 Cases Only: If Yes, was baby’s death diagnosed at this time? 

        Yes                 No  
 
 
Both Cases AND Controls     
 
 
H.7.3.2: If you did NOT have a check-up (with a midwife or doctor that included CTG monitoring or 
scan) for your concern, what was the MAIN reason why?   (Please circle one answer only) 
01. Baby’s movements returned to normal 
02. Friend or family member said this was normal 
03. Phoned health professional (e.g. hospital or midwife/doctor) who said this was normal 
04. Previous advice from health professional who said this was normal 
05. Other source said this was normal (Specify) _________________________________________ 
06. You thought baby was sleeping 
07. You didn’t want to bother anyone 
08. You decided to wait until the next scheduled appointment 
99.  Other (Please specify) __________________________________________________________ 
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H.8: In the last two weeks* on average how many ‘busy times’ did your baby have in a day?  
(*before your baby died) 
(Describe ‘busy times’ as a period where there is a group of movements, rather than single isolated 
movements. For some women these might be short 15-45 seconds, for others these might be 
prolonged and involve many movements for up to 20 minutes) 
01. 0 
02. 1-3  
03. 3-5  
04. 5-7  
05. 7-10  
06. 10-20  
07. 20-30  
08. 30+     

  
 
H.8.1:  In the last two weeks* on average how long did these ‘busy times’ last? 
 (*before your baby died) 
01. Longer than before 
02. About as long as before 
03. Shorter than before 
 
 
H.9: During the last two weeks* did you do moderate exercise at any time (*before your baby died)  

           Yes                No Please go directly to Question H.10 
 
If Yes, please comment on your baby’s movements                      

 Notably 
quiet 

Subtle or 
light 
movement 

Moderate 
movement 

Strong 
movement 

Jumps or 
startles 

Unsure/ 
don’t notice 

During moderate 
exercise e.g. brisk 
walking, swimming, 
cycling 

1 2 3 4 5 6 

Within 15 minutes of 
moderate exercise  1 2 3 4 5 6 

An hour after 
moderate exercise 1 2 3 4 5 6 
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H.10:  During the last two weeks* please comment on your baby’s movements  
*Before your baby died 

 Notably 
quiet 

Subtle or 
light 
movement 

Moderate 
movement 

Strong 
movement 

Jumps or 
startles 

Unsure/ 
don’t notice 

When you first wake 
(before rising out of 
bed) 

1 2 3 4 5 6 

When you have a 
shower or bath 1 2 3 4 5 6 

During the morning 1 2 3 4 5 6 

During the afternoon 1 2 3 4 5 6 

During the evening 1 2 3 4 5 6 

Night time, including 
bedtime 1 2 3 4 5 6 

If you change position 
in bed 1 2 3 4 5 6 

Before a usual 
mealtime 1 2 3 4 5 6 

When you feel hungry 1 2 3 4 5 6 

While you are eating 1 2 3 4 5 6 

Within 15 minutes after 
eating 1 2 3 4 5 6 

An hour after eating 1 2 3 4 5 6 

When you are walking 
around at home or 
work 

1 2 3 4 5 6 

When you are standing 
in one spot e.g. 
washing up, cooking, 
talking 

1 2 3 4 5 6 

When you are sitting 
quietly 1 2 3 4 5 6 

When you lie on your 
side 1 2 3 4 5 6 

When you lie on your 
back 1 2 3 4 5 6 

When you have a cold 
drink (water, juice, fizzy 
drink or other cold 
liquid) 

1 2 3 4 5 6 

When you have a hot 
drink (tea, coffee, hot 
water or other hot 
liquid) 

1 2 3 4 5 6 

When you sit in a 
cramped position, e.g. 1 2 3 4 5 6 
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in car, sitting with 
knees pulled up 

When you rub or prod 
parts of baby 1 2 3 4 5 6 

When there is a voice 
different to yours e.g. 
man’s, young child’s. 

1 2 3 4 5 6 

When there is 
unexpected loud noise 
e.g. dogs, shouting, 
music, banging 

1 2 3 4 5 6 

 
 

 
J. Injury 

 
J.1: Did you experience any physical injury at any time during your pregnancy (Please tick all the 
relevant answers)  

No injury   (If no injury, please go directly to next page - Family violence) 

Slips and falls 

MVA 

Blow to abdomen 

Self-harm  

Other non-accidental 

Other accidental 
 
 
J.1.1: If yes, did you see a health professional about this?     

        Yes                No                                                             
  
 
J.1.2 If yes, was this in the last two weeks of your pregnancy? 

         Yes              No                                                             
                                    
 
 
J.1.2.1:  If Yes, please describe the physical injury____________________________________ 
                   
______________________________________________________________________________ 
                      
______________________________________________________________________________ 
                        
______________________________________________________________________________ 
                       
______________________________________________________________________________ 
 
______________________________________________________________________________ 
                       
______________________________________________________________________________ 
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K. Family violence 
 

These questions must be asked only if the woman is on her own 
 

Woman not on her own?    
(If not on her own, go directly over page for Cases or directly to Clinical Data Collection for Controls)                                                                
                                                                                                                                     

Woman on her own but declined to answer?      
(If declined, go directly over page for Cases or directly to Clinical Data Collection for Controls)   
                                                               
 
Family violence questions not asked for other reason (please specify) 

__________________________________________________________________________________
__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________ 

                  
If the woman is on her own and did not decline to answer the family violence questions: 
 
In the past year… 
  
K.1: Have you been hurt or frightened by someone close to you?             

         Yes           No                                                                             
 
  
K.2: Have you felt controlled or always criticized in your relationship?       

         Yes           No                                                                            
 
 
K.3: Have you been made to do anything sexual that you did not want to do?    

         Yes           No                                                                        
 
  
Please refer to your local DHB protocol if there is a positive family violence screen 
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L. Other: Cases Only 
 

Controls go directly to Clinical Data Collection  
 
L.1:  I would finally like to ask you, what was the first reason that you thought something was wrong 
with your pregnancy or that your baby was dying/had died?  (Please circle one answer only)   
01. I felt a reduction of kicks/movements 
02. I felt kicks/movements stop 
03. I felt abdominal pain 
04. I had vaginal bleeding/haemorrhage 
05. I had discharge of amniotic fluid/the membranes ruptured 
06. I had a "feeling that something was wrong", but cannot specify 
07. I had a trauma (involved in a physical accident) 
08. I had other symptoms (specify below if possible) 
09. I was told at an appointment for prenatal care 
10. I was told when I was admitted for labour 
11. I was told during labour  
12. It was not discovered before the baby was born  
99    I do not remember/know 
Comments: ______________________________________________________________________ 
 
 
L.2:  When do you think that your baby died? _____/______/______ (DD/MM/YYYY) 
 
 
L.3: What time of day do you think that your baby died? (Please circle one answer only)   
01. During the night 
02. During a daytime nap 
03. In the morning 
04. In the afternoon 
05. In the evening 
99.  Not sure 
 
 
L.4: What was the reason you saw a health practitioner at the time that baby was found to have died? 
(Please circle one answer only)   
01. Routine scheduled pregnancy visit  
02. Routine scan 
03. Decreased baby movements  
04. In labour 
05. In hospital 
06. Vaginal bleeding 
07. Rupture of membranes 
08. Unwell 
99.  Other (specify) __________________________________________________________ 
00. Not recorded/unknown  
 
 
L.5: Were you asked if you would like a post-mortem for your baby?  

        Yes              No                                                             
 
 
L.5.1: If yes, did you choose to have a post mortem?              

       Yes              No                                                             
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L.5.1.1: If no, what was the main reason you decided against a post-mortem? (Please circle one 
answer only)   
01. We already knew why baby had died 
02. It would not bring baby back 
03. Did not want baby to be taken away 
04. Did not want baby to be cut 
05. Wanted to bury baby as quickly as possible 
99. Other (specify) _______________________________________________ 
 
 
L.6: Would you make the same decision about the post-mortem now? 

       Yes              No                                                             
 
 
Is there anything else that you think might be important? 
 
__________________________________________________________________________________
__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________ 

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________
__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________ 

 
 
Have you been told anything about why your baby may have died?      

      Yes                No                                                             
 
If Yes, what were you told?  
__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________
__________________________________________________________________________________ 

__________________________________________________________________________________ 
 
 “Thank you for answering these questions, your answers are very important in 
helping us understand more about stillbirth.” 
 
“The final part of this interview is the clinical data collection from your antenatal record 
if you have it available.” 
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Study Number Multicentre Stillbirth Study Date 
__ __ __ __ __ __ Maternal Interview ___      _/____/____ 

 
 
Cases and Controls 
 
This data is to be collected from the antenatal record at time of interview if possible 
 
Reminder to record the woman’s height and weight today (on page 1) 
 
If the woman does not have her antenatal record available please obtain this clinical data from her 
LMC or hospital records. 
 
 
1. Current pregnancy (Cases and Controls) 
 
 

1.1: EDD by LMP            _____/_____/_____ (DD/MM/YYYY)   EDD not known  
   
 

1.2: EDD by USS            _____/_____/_____ (DD/MM/YYYY)      USS not done         
 
               
     Gestation at first USS                    ______ (weeks)          
 
  
1.3: Best agreed EDD (See protocol)   _____/_____/_____ (DD/MM/YYYY) 
 
 

1.4: Height recorded in notes              ____________ (cms)          Not recorded  
 
 

1.5: First weight in pregnancy              __________ (kgs)              Not recorded   
 

1.5.1: Gestation at first weight             __________ (weeks)                          NA  
 

1.5.2: Last weight (prior to interview)   __________ (kgs)              Not recorded  
   

1.5.2.1: Gestation at last weight:           __________ (weeks)                        NA  
 
 
 
 Antenatal care 
 
 
1.6: Date of first visit with lead maternity carer (LMC)? _____/_____/_____ (DD/MM/YYYY)  
 
 
1.7: Estimated gestational age at first visit with LMC?   ______/_______ (weeks/days) 
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1.8: Initial LMC type?  (Who provided antenatal care) (Please circle one answer only)   
01. Hospital team midwife (continuity of care)   
02. Self-employed midwife  
03. Hospital DHB midwife (core midwives in DHB clinics and hospital) 
04. Private obstetrician  
05. GP (only if GP provides both antenatal and birth care - otherwise record as 06 “Shared care”) 
06. Shared care (please specify both parties) ___________________________________________ 
07. Other (please specify) __________________________________________________________ 
 
1.9: Referral to obstetric/medical specialist?      

       Yes              No                                                             
 
1.9.1:  If Yes, why?  (Please circle one answer only)   
01. Pre-existing condition   
02. Complication of pregnancy   
03. Maternal request 
99.   Other (please specify) ________________________________________________________ 
 
1.9.2:  Transfer of care?                              

      Yes              No                                                             
 
1.10:  Booked place of birth?  (Please circle one answer only)   
01. Tertiary hospital (Auckland City, Middlemore, Waikato, Wellington Women’s, Christchurch 

Women’s) 
02. Secondary hospital 
03. Primary birthing unit 
04. Home 
99.   Other (please specify) _________________________________________________________ 
  
  
1.11:  Number of antenatal visits in 1st trimester? _________  
(From antenatal records\ provided by woman or LMC) 
 
 
1.12:  Number of antenatal visits in 2nd trimester? ________   
(From antenatal records\ provided by woman or LMC) 
 
1.13:  Number of antenatal visits in 3rd trimester? _________  
(From antenatal records\ provided by woman or LMC) 
 

No antenatal record available?    
(Please specify reason)  
__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________
__________________________________________________________________________________ 
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2. Screening and management this pregnancy  
(Cases and Controls) 
 
2.1: Ultrasound this pregnancy? (Please tick all the relevant answers) 

First trimester scan  

Scan at ≤ 20/40 

Doppler studies 

Growth scan 

None         
 
 
2.2: Medical conditions this pregnancy? (Please tick all the relevant answers)      

 No medical conditions in pregnancy 

Anaemia                        Other autoimmune    

Asthma                        Renal disease    

Cervix surgery                               Rheumatic heart  

Depression                        Major psychiatric disorder (other than depression) 

Epilepsy                        Systemic lupus erythematosus 

Heart condition - congenital           Thalassaemia trait       

Heart condition – rheumatic          Thrombophilia 

Hyperthyroid            Urinary tract infection   

Hypothyroid                         Uterine abnormality 

Inflammatory bowel            Venous thromboembolism 

Laparotomy         

Other (specify): ______________________________________ 
 
 
2.3:  Blood pressure at booking?  Systolic ________   Diastolic ________ 
 
 
2.4:  Last blood pressure: prior to interview (controls) or when baby last known to be alive (cases)? 
 
       Systolic _______   Diastolic ________ 
 
 
2.4.1: Gestation at last blood pressure?   _______ (weeks) 
 
 
2.5:  Was a customized growth chart used this pregnancy?    

         Yes                  No              Don’t know  
 
 
2.5.1:   If Yes, gestation first used?           _________ (weeks) 
 
 
 
 



 

207 

 

2.6:  Was fetal growth restriction clinically suspected this pregnancy?        

          Yes                  No  (If No, please go directly to Q 2.7 preterm labour) 
 
If Yes, fetal growth restriction was clinically suspected, what gestation was this first suspected?   
  

_________ (weeks) 
 
 
2.6.2:  Was a growth scan done?    

  Yes                        No  (If No, please go to Q 2.7 preterm labour) 
 
 
2.6.3: Was there evidence on the growth scan of fetal growth restriction this pregnancy?  

 Yes ac <10%              

 Yes EFW <10%                        

 No (If No, please go directly to Q 2.7 preterm labour) 
 
 
2.6.4: If Yes, what was management? (Please tick all the relevant answers) 

No change 

Increased antenatal visits 

Serial CTG’s     

Ultrasound scan  

Doppler 

Admitted 

Delivered 

Other (specify): ________________________________________________________ 
 
 
2.7:  Admitted with threatened preterm labour this pregnancy? 

       Yes                     No                 Don’t know  
 
 
 
3. Laboratory Results (Cases and Controls) 
 
 
3.1: Blood group?    
01. A Pos 
02. B Pos 
03. AB Pos 
04. Pos 
05. A Neg 
06. B Neg 
07. AB Neg 
08. Neg 
99.  Not known 
 

3.2: Hep B status?                 Pos                   Neg            Not tested  
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3.3: Polycose performed?      

       Yes                    No       (Please fill in results and gestation) 
 
       
 If Yes, please fill in results and gestation in weeks at time of test 
 
Result _________          Gestation_________ (wks) 
 
 
Result _________          Gestation_________ (wks) 
 
 
3.4: HbA1c performed?         

      Yes       No   
 
  
3.4.1:  If Yes:   
 
Result _________          Gestation _________ (wks) 
 
 
3.5: GTT performed?            

Yes        No  
 
  
3.5.1:  If Yes:  
 
Fasting_______       1 hour_______           2 hour_______            Gestation_______ (wks) 
 
  
   
Fasting_______        1 hour_______          2 hour_______             Gestation_______ (wks) 
 
  

 
“Thank you very much. Your interview is now complete.” 

 
 
 
Checklist: 
 

 Last question on consent form is completed (re contact about future studies related to stillbirth)                

 Height and weight measured and recorded on front page                                         

 Feedback form/stamped addressed envelope provided   

 Koha given      

 NHI recorded and attached to interview form  
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4. Baby (Cases and Controls) 
 
 
This data is to be collected from the hospital records or LMC. 
 
 
4.1: Baby date of birth?  _____/_____/_____ (DD/MM/YYYY) 
 
 
4.2:  Place of birth?            
01. Tertiary/Secondary hospital 
02. Primary birthing unit 
03. Home  
99. Other (please specify) ________________________________________________ 
 
 
4.3: Birth weight in grams? ____________ (gms) 
 
 
4.4: Best estimate of gestation at birth (for controls) or at diagnosis of stillbirth (for cases): 
               ______/_______ (weeks/days) 
 
 
4.5: Sex of baby? 
01. Male 
02. Female  
03.  
 
 
Control Baby Data 
 
Unless the birth is imminent, please don’t wait for this baby data before sending the 
interview form to the Study Coordinator.  The baby data can be emailed to the Study 
Coordinator after the birth. 
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5.  Details of Stillbirth (Cases Only) 
 
 
5.1: Date of diagnosis of fetal death?  
 
_____/_____/_____ (DD/MM/YYYY) 
 
 
5.2: Date of last consult prior to death where fetus confirmed alive? 
 
 _____/_____/_____ (DD/MM/YYYY) 
 
 
5.3: New findings at last consult prior to diagnosis of fetal death?  (Please tick all the relevant answers) 
 

No new findings      

SGA        

LGA        

Hypertension      

Oligohydramnios    

Polyhydramnios      

APH        

Diabetes       

Decreased fetal movements    

Urinary tract infection     

Other (specify): ______________________        
 
 
5.4: When did fetal death occur?   
01. Antepartum    
02. Intrapartum   
99. Unknown whether antepartum/intrapartum  
 
 
5.5: Post-mortem?                       

      Yes               No  
 
5.5.1 If Yes, where was it done? __________________________________________________ 
(Attach copy of results if available) 
 
 
 
5.6: Placental pathology?          

 Yes               No  
  
5.6.1: If Yes, where was it done? __________________________________________________ 
 (Attach copy of results if available) 
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Appendix 4.  PMMRC ‘Pānui for Post-Mortem Examination’ pamphlet 

             Permission: The pamphlet (PMMRC, 2019b) below was published by the PMMRC on 26th October 2018 and has been reproduced with permission.  
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