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Abstract 23 

 24 

Objective - To investigate behavioural and social characteristics of women who experienced a late 25 

stillbirth compared to women with ongoing live pregnancies at similar gestation. 26 

Design - Case-control study. 27 

Setting – 41 maternity units in the United Kingdom. 28 

Population - Women who had a stillbirth ≥28 weeks’ gestation (n=287) and women with an ongoing 29 

pregnancy at the time of interview (n=714). 30 

Methods - Data were collected using an interviewer-administered questionnaire which included 31 

questions regarding women’s behaviours (e.g. alcohol intake and household smoke exposure) and 32 

social characteristics (e.g. ethnicity, employment, housing). Stress was measured by the 10-item 33 

Perceived Stress Scale. 34 

Main outcome measure – Late stillbirth. 35 

Results - Multivariable analysis adjusting for co-existing social and behavioural factors showed women 36 

living in the most deprived quintile had increased risk of stillbirth compared to the least deprived 37 

quintile (adjusted Odds Ratio (aOR) 3.16; 95% CI 1.47, 6.77). There was an increased risk of late 38 

stillbirth associated with unemployment (aOR 2.32; 95% CI 1.00, 5.38) and women who declined to 39 

answer the question about domestic abuse (aOR 4.12; 2.49, 6.81). A greater number of antenatal visits 40 

than recommended was associated with a reduction in stillbirth (aOR 0.26; 0.16, 0.42). 41 

Conclusions - This study demonstrates associations between late stillbirth and socio-economic 42 

deprivation, perceived stress, domestic abuse highlighting the need for strategies to prevent stillbirth 43 

to extend beyond maternity care. Enhanced antenatal care may be able to mitigate some of the 44 

increased risk of stillbirth. 45 
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Introduction 57 

There are estimated to be 52,000 stillbirths a year in high-income countries (HICs),1 and although these 58 

represent a fraction of the global burden, there are disparities both between and within HICs, with 59 

the stillbirth rate varying from 1.3 per 1,000 births after 28 weeks’ gestation in Iceland to 8.8 per 1,000  60 

births in Ukraine in 2015.1 The UK ranked 24th out of the 49 HICs with a stillbirth rate of 2.9 per 1,000 61 

births after 28 weeks’ gestation in 2015, with an annual rate of reduction of 1.4% between 2000-62 

2015.1 In response to this, the UK government aims to reduce stillbirth rates by 50% by 2025; this has 63 

resulted in a series of initiatives to reduce stillbirth by improving maternity care.2  64 

Studies from a variety of HICs have demonstrated that women of low socioeconomic status have an 65 

increased risk of stillbirth, with rates in the UK 1.9 times higher for those living in the most deprived 66 

areas compared to the least deprived areas in 2016.3 The reasons for this are incompletely 67 

understood, as studies are not always able to adjust for potential confounding factors which are also 68 

associated with low socioeconomic status such as cigarette smoking, educational status, ethnicity, 69 

migrant status, housing and social stress. The association between low socio-economic status and 70 

stillbirth suggests that in addition to improvements in maternity care, both preconception and 71 

antenatal interventions that address social factors may be required to reduce the stillbirth rate in HICs.  72 

The Lancet Stillbirth Series in 2011 called for all HICs to achieve a stillbirth rate (≥28 weeks’ gestation) 73 

of 5 per 1,000 or less, to reduce inequalities in stillbirth rate and to eliminate preventable stillbirths.4 74 

While the UK has successfully achieved the first objective, data from large observational studies and 75 

perinatal surveillance mechanisms indicate that variation and the higher stillbirth rate in women of 76 

low socioeconomic status persists.5 The reasons for this need to be explored to develop intervention 77 

strategies which may reduce inequity in stillbirth rate for women of low socio-economic status. The 78 

Midlands and North of England Stillbirth Study (MiNESS) was conducted in a geographical region that 79 

includes a significant proportion of economically deprived areas as measured by rates of 80 
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unemployment and child poverty.6 The MiNESS aimed to identify modifiable causes of stillbirth; here 81 

we report analysis of social and economic factors and their association with late stillbirth. 82 

Methods 83 

MiNESS was a case-control study conducted in 41 secondary and tertiary UK maternity units between 84 

1st April 2014 and 31st March 2016. Requisite ethical and research approvals were obtained (Ref 85 

13/NW/0874) and the study was registered on www.clinicaltrials.gov (NCT02025530). MiNESS was 86 

conducted to address research questions prioritised by patients, the public and professionals. The 87 

study design and patient-facing study materials were reviewed and developed following consultation 88 

with the patient-public involvement group at the Maternal and Fetal Health Research Centre, 89 

University of Manchester. A core outcome set was not used in this research. 90 

The study was conducted in accordance with the published protocol and the study methodology and 91 

findings have been described in detail previously.6 7 Briefly, cases were included if the stillbirth 92 

occurred at or after 28 weeks’ gestation and the fetus did not have a congenital anomaly.8 Controls 93 

were women with an ongoing pregnancy prospectively recruited.  To ensure controls were at a similar 94 

gestation to cases, the gestation at interview was frequency matched to the expected distribution of 95 

stillbirths based on distribution of cases in the preceding four years in that unit. Potential controls 96 

were randomly selected from the booking lists and the gestation for interview calculated from their 97 

expected date of delivery. Women with multiple pregnancies, maternal age less than 16 years and an 98 

inability to give consent were excluded from the study.6 99 

Data were collected by an interviewer-administered questionnaire which included self-reported 100 

information on housing and employment status, cigarette smoking and use of alcohol or street drugs, 101 

exposure to domestic abuse and amount of physical exercise. Perceived stress was assessed using the 102 

Perceived Stress Scale, a ten-item questionnaire which has been validated in pregnancy; values were 103 

in the upper quartile were reported as high.9-11 Adequacy of antenatal care was assessed with regard 104 

to whether the number of antenatal visits recommended for the stage of pregnancy (at the time that 105 
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the interview was conducted) was in accordance with national guidance;12 13 for example a low-risk 106 

mother should have 5 antenatal visits by 28 weeks’ gestation and 10 antenatal visits by 40 weeks’ 107 

gestation.13 When there were fewer attendances than recommended this was deemed “inadequate”, 108 

when exactly the recommended number of contacts were achieved this was “adequate” and if there 109 

were more clinic attendances than recommended this was “adequate plus”.  110 

Respondents were asked questions about domestic abuse by the research midwife when they were 111 

on their own, if participants disclosed current domestic abuse local safeguarding policies were 112 

followed including referral to external agencies e.g. social services, police. Participants were recorded 113 

being exposed to domestic abuse if she answered yes to any of the questions asking whether she had 114 

been hurt or frightened by someone close to them, whether she had been controlled or criticized, or 115 

had been made to engage in sexual activity without consent. 116 

For the main analysis the level of socio-economic deprivation was determined by the Index of Multiple 117 

Deprivation (IMD), an area level score derived from the postcode of residence at the time of 118 

completion of the questionnaire. The IMD summarizes seven aspects of deprivation including income, 119 

employment, health, disability, education, crime and living environment; it is a relative measure of 120 

deprivation which allows comparison of one small area compared to another. Quintiles of deprivation 121 

are allocated on all households in the UK. Women allocated to the most deprived quintile were those 122 

living in the 20% most deprived lower super output areas in England. To address whether there was 123 

selection bias, meaning that the control population were not representative of the women attending 124 

the maternity unit, deprivation scores for participants in the control group were compared to area-125 

level socioeconomic deprivation on all births at each included organisation from MBRRACE-UK (the 126 

organisation responsible for UK Perinatal Mortality Surveillance) for 2015. This was done using an 127 

alternative measure of deprivation used by MBRRACE-UK, the Children in Low Income Families Local 128 

Measure (https://www.gov.uk/government/statistics/personal-tax-credits-children-in-low-income-129 

families-local-measure-2016-snapshot-as-at-31-august-2016) calculated by lower layer super output 130 
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area (LSOA), a geographical area covering around 1500 residents and divided into quintiles based on 131 

all births in the UK( In addition, where possible the frequency of other behaviours e.g. cigarette 132 

smoking) was compared to publicly available data for the study region. 133 

Univariable analyses were carried out using logistic regression to estimate the effect of each variable. 134 

A multivariable model was developed for the additional social factors not included in the previously 135 

published multivariable model by including all those significant at the 10% level in univariable analysis 136 

and then reducing the model by removing non-significant variables one at a time (see footnote table 137 

2). The final multivariable model was created by adding the variables identified as remaining 138 

significant in this model, along with antenatal factors previously identified in relation to the risk of 139 

stillbirth in this study (maternal age, ethnicity, parity, education, smoking in pregnancy, marital status, 140 

pre-existing medical conditions, customised birthweight centile, sleep factors on the last night before 141 

stillbirth/interview [going to sleep position, sleep duration, number of times got up to toilet], naps in 142 

the daytime, gestation [at stillbirth/interview in controls) and study centre].8 All analyses were carried 143 

out using the logistic procedure in SAS v9.4 (SAS Institute, Cary, N.C.) with a strata statement for 144 

maternity unit to allow for variation in the number of cases and controls across strata. 145 

Results 146 

Over the recruitment period 3490 women were identified as potentially eligible participants for 147 

MiNESS (660 cases and 2830 controls, Figure 1). 760 women could not be contacted (77 cases (11%), 148 

and 683 controls (24%)) and 1700 women did not consent to participate (287 cases (43%) and 1413 149 

controls (50%)). Six participants were excluded after data collection as five stillbirths had previously 150 

unidentified congenital abnormalities detected on post-mortem and one control participant had a 151 

stillbirth. Thus, there were 296 cases and 734 controls in the study population (response rates 44% 152 

and 26%). Data on postcode to enable calculation of IMD were available on 287 cases and 714 controls 153 

(98.6% and 97.4% of participants included in analysis of the main study respectively). 154 



8 
 

The demographic characteristics of the study population have been presented in detail previously.7 155 

The majority of participants were from white ethnic background (80.4% of cases and 81.0% of 156 

controls), with a smaller proportion of participants from South Asian (13.4% of cases and 13.0% 157 

controls) and Black ethnic groups (4.1% of cases and 4.0% of controls). Participants’ ages were 158 

distributed across women’s reproductive lifespan, with the largest group aged between 30-34 years 159 

in both groups (29.6% cases, 36.6% controls). The median gestation at interview was 36 weeks 3 days 160 

for controls (Interquartile Range (IQR) 32 weeks 6 days to 38 weeks 5 days). In cases, the median 161 

gestation at diagnosis of stillbirth was 37 weeks 4 days (IQR 33 weeks 4 days to 39 weeks 5 days). The 162 

median time between the diagnosis of stillbirth and interview was 25 days (IQR 17-35). The most 163 

frequent factors associated with stillbirth were fetal growth restriction (45.2%), placental insufficiency 164 

(16.4%), placental abruption (6.5%) and acute infection (4.5%).14 165 

Women who participated in the control group of the MiNESS study had slightly higher levels of 166 

socioeconomic deprivation and lower levels of home ownership than reported statistics for regions 167 

involved in the study or information calculated by MBRRACE-UK for participating maternity units but 168 

similar levels of street drug use and reported domestic violence (Table 1). The prevalence of cigarette 169 

smoking was higher than that reported in national statistics. The level of alcohol consumption was 170 

lower than reported in other cohorts (Table 1). 171 

The prevalence of each variable relating to social and economic status and their univariable odds ratios 172 

(OR) associated with stillbirth are presented in Table 2. In the univariable analysis, the following factors 173 

were associated with stillbirth: women in the lowest quintile of IMD score (i.e. the poorest women), 174 

women living in social housing or with “other” housing arrangements (e.g. staying with friends, no 175 

fixed abode), women on maternity leave, who worked without pay or who were unemployed, high 176 

levels of perceived stress, use of street drugs, exposure to domestic abuse or declining to answer the 177 

question, no moderate exercise in pregnancy and first or second-hand exposure to cigarette smoke 178 

during the pregnancy. 179 
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Some exposures, for example use of street drugs, were rare; the agents used were Cannabis (n=11), 180 

Cocaine (n=3), Heroin (n=2), Methadone (n=3), two participants used multiple street drugs. In 181 

univariable analysis use of any street drugs was associated with an increased risk of stillbirth. Exposure 182 

changed through pregnancy, as most women (86.7%) who used street drugs reported cutting down; 183 

five of whom did so following advice from a healthcare professional. Similarly, few women indicated 184 

that they drank alcohol during pregnancy, those who did stated they drank 1 alcoholic drink per 185 

month. In univariable analysis consumption of one alcohol drink per month was not associated with a 186 

statistically significant altered risk of stillbirth, but after adjustment for co-variates, it was associated 187 

with a reduction in stillbirth (adjusted OR (aOR) 0.19, 95% Confidence Interval (CI) 0.05, 0.72). 188 

When multivariable analysis was performed (Table 2) factors independently associated with the risk 189 

of late stillbirth were deprivation, however, there was not a stepwise trend moving from the least 190 

deprived quintile to most deprived; only the most deprived quintile demonstrated a statistically 191 

significant increase (aOR 3.16, 95% CI 1.47, 6.77). Unemployed women had an increased risk 192 

compared to those who were in work (aOR 2.32, 95% CI 1.00, 5.38). Women who had a perceived 193 

stress score >15 (upper quartile of distribution, which indicates a high level of stress) had an increased 194 

risk of compared to women who had a score beneath this threshold (aOR 1.80 95% CI 0.99, 3.25). 195 

Although reported exposure to domestic abuse in the preceding year was no longer associated with 196 

stillbirth in the multivariable model (aOR 2.95, 95% 0.87, 10.00), declining to answer the domestic 197 

abuse questions remained statistically significant (aOR 4.12, 95% 2.49, 6.81). Attending antenatal care 198 

more frequently than current UK recommendations was associated with a significant reduction in 199 

stillbirth (aOR 0.26, 95% CI 0.16, 0.42). Assuming a risk of stillbirth for a woman with no risk factors 200 

present of 2.9 per 1,000 births, this increases to 9.2 per 1,000 births for a mother who is in the most 201 

deprived quintile, to 6.8 per 1,000 births in unemployed women and 9.0 per 1,000 births in women 202 

who are subjected to domestic abuse. If all four risk factors are present (deprivation, unemployment, 203 

stress and domestic abuse) the stillbirth risk is 109.2 per 1,000 births. 204 
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There was no statistically significant association in the primary cause of stillbirth between women who 205 

did not report being exposed to domestic abuse, participants who declined to answer the questions 206 

about domestic abuse and those who disclosed domestic abuse (Table 3, p=0.20 (Fisher’s Exact Test); 207 

this could potentially be due to the small numbers of women disclosing domestic abuse. The 17 208 

women who reported domestic abuse had a comparatively high rate of unexplained stillbirth and a 209 

low rate of post-mortem compared to women who did not report domestic abuse (23.5% vs. 60%). 210 

Histopathological examination of the placenta was carried out in all cases of women reporting 211 

domestic abuse. 212 

Discussion 213 

Main findings 214 

A variety of social and behavioural factors are independently associated with the risk of late stillbirth 215 

in the Midlands and North of England. Women who had a stillbirth were more likely to be from the 216 

most deprived quintile of the population, unemployed, report high levels of perceived stress and more 217 

likely to decline to answer questions about domestic abuse. By contrast, women with a live birth had 218 

higher levels of engagement with antenatal care. This study builds on recent work exploring the 219 

relationship between deprivation and stillbirth which found that the disparity between most and least 220 

deprived women is most evident for small for gestational age infants, placental problems and 221 

congenital anomalies.15  222 

Strengths and Limitations 223 

This study included information on many social and behavioural variables, which enabled adjustment 224 

for potential confounding factors. In addition, cases and controls were recruited from the same 225 

maternity units removing a potential effect of the quality of healthcare available to women from 226 

deprived backgrounds. However, some data collected by self-report may be open to error, as 227 

participants may have been unwilling to disclose behaviours which may have been viewed negatively 228 
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e.g. use of street drugs or alcohol, or which might lead to dangerous repercussions (e.g. revealing 229 

domestic abuse). Recall bias may have been an issue for some questions e.g. the timing of exercise, 230 

smoking or drug use or the degree of perceived stress. It is also possible that participants were not 231 

fully representative of the population of women in that maternity unit introducing selection bias. 232 

These issues would be expected to lead to under-reporting of some exposures; however, the reported 233 

frequencies of adverse health behaviours or social circumstances did not appear to be low in the 234 

control group (Table 1) suggesting that selection bias is unlikely to account for the observed 235 

associations. 236 

Interpretation 237 

This study has identified some important relationships between social factors and the risk of late 238 

stillbirth. We identified a relationship between domestic abuse in the preceding year (especially the 239 

reluctance to answer questions) and stillbirth. Although rates of exposure were lower than previously 240 

reported, this may be related to study design (disclosure of domestic abuse is increased by a prior 241 

relationship with the health provider, a perception of sufficient time and belief that the professional 242 

would be able to provide assistance if abuse is disclosed rather than an ‘unsafe’ disclosure leading to 243 

mandatory reporting).16 A large American study which assessed the outcome of pregnancies in which 244 

domestic abuse was coded after delivery reported a similar strength of association with stillbirth to 245 

that in our population (OR 4.12, 95% CI 2.75 to 6.17).17 The present study found the effect of reported 246 

domestic abuse was not statistically significant when confounding factors were considered due to 247 

relationships between domestic abuse, psychological stress and unemployment. Women reporting 248 

domestic abuse had significantly higher levels of stress in the last month than other two groups (71% 249 

vs. declined to answer 18% and No 14%), and unemployment (35% vs declined to answer 12% and No 250 

7%). This is consistent with higher depression scores in women exposed to domestic abuse,18 which 251 

are highly correlated with perceived stress scores (r=0.71-0.75).19 Women who declined to 252 

answer the question about domestic abuse had an increased risk of stillbirth. This might be an 253 
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indication they had a positive history of domestic abuse.20 This observation likely reflects that 254 

participants were told in advance that a safeguarding protocol was instituted when domestic abuse 255 

was declared, but if no response was given, no measures could be instituted so abuse may have gone 256 

undetected by the interview. The Confidential Enquiry into Maternal Deaths from 2011-2013 drew 257 

attention to the relationship between domestic violence and maternal death, with 36 homicides 258 

occurring during pregnancy or within one year of birth, 24% of which occurred in women known to 259 

have been the subject of domestic violence.21 Critically, 76% of these cases had no documented 260 

enquiry about domestic abuse. Our findings suggest that professional enquiry about domestic abuse 261 

and violence is not only essential from a maternal perspective, but might benefit infant outcome, in 262 

order that appropriate measures can be offered, such as tailored information and support, flexible 263 

antenatal care which includes addressing women’s fears about involvement of children’s care.22 264 

Perceived stress in the preceding month, as assessed by a validated scale, was associated with stillbirth 265 

on univariable analysis and of borderline statistical significance in the multivariable model. Wisborg 266 

et al. used the General Health Questionnaire to assess levels of psychological stress and reported a 267 

similar increased risk of stillbirth in individuals with a high level of stress (aOR 1.9; 95% CI 1.1, 3.2).23 268 

This was independent of complications developing in pregnancy and social factors which could lead 269 

to increased stress. The association with stillbirth is also consistent with increased frequency of 270 

adverse pregnancy outcomes including small for gestational age fetuses and preterm births in women 271 

who report high levels of stress.24  272 

The relationship between socio-economic deprivation and stillbirth in the UK was explored in a recent 273 

meta-narrative review, which identified a need to explore the interrelationships between social and 274 

economic factors (e.g. deprivation, smoking, access to care) and to devise interventions which may 275 

mitigate this risk.25 In our study, the association between deprivation and stillbirth was only 276 

statistically significant for women in the most deprived quintile and women who were unemployed or 277 

in unpaid work. The association between deprivation and stillbirths merits exploration to determine 278 

whether this is mediated by other population factors relevant to public health such as air pollution,26 279 
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use of central heating, presence of fungal spores 27or factors impact at the individual level such as 280 

diet.28 Nevertheless, underlying solutions before conception lie appear to lie within public policy, but 281 

health service interventions could also be targeted. Women from deprived backgrounds or who access 282 

domestic abuse may access antenatal care later, 29 perceive a lack of choice regarding their care, report 283 

various types of discrimination and challenges with accessibility, comprehensibility and 284 

trustworthiness of information, all of which effect engagement with care.30 In our study population, 285 

women in the most and least deprived quintiles had the highest proportions of more frequent 286 

antenatal care. For the most deprived women, this may represent attempts by health professionals to 287 

meet these women’s complex health and social care needs.22 Access to accessible, frequent antenatal 288 

care offers an opportunity to mitigate the increased risk of stillbirth.  289 

Although the relationship between stillbirth and the use of street drugs was difficult to assess due to 290 

the small numbers of participants reporting their use in our study, the univariable association between 291 

the use of street drugs and stillbirth was of a similar magnitude to self-reported drug use (aOR 2.54, 292 

95% CI 1.52, 4.26),31 and when measured by umbilical cord drug metabolites (aOR 1.94, 95%CI 1.16, 293 

3.27).32 The majority of women using street drugs in our study reported cutting down the amount of 294 

their use to reduce the exposure for their baby, most frequently aided by advice and input from health 295 

professionals, suggesting that with appropriate antenatal input, exposure to this risk factor could be 296 

minimised. In contrast, the relationship between fetal alcohol exposure and stillbirth is unclear. Our 297 

study found infrequent alcohol exposure (~1 drink per month) was protective for stillbirth which 298 

agrees with other large studies that report no association between stillbirth and alcohol exposure of 299 

≥4 drinks per week (OR 1.28, 95% CI 0.76 to 2.18).33 Importantly, alcohol use in pregnancy is 300 

underreported and disclosure rates alter by the approach taken.34 Focussed studies employing a 301 

conversational approach to screening for alcohol and drug use are advocated to enhance the accuracy 302 

and honesty of reporting to more accurately determine their contribution to late stillbirth. 303 

  304 
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Conclusion 305 

This study demonstrates independent associations between socio-economic deprivation, perceived 306 

stress, domestic abuse and late stillbirth. As many of these risk factors have important effects on 307 

mother’s lifelong health as well as neonatal outcome this deserves input from both public health and 308 

maternity services. Provision of antenatal care could mitigate some of these effects but the optimal 309 

means to deliver antenatal care with appropriate screening for domestic abuse, perceived stress, 310 

alcohol and drug use combined with interventions to address disclosed problems needs to be 311 

determined. Clinicians should be trained to recognise domestic abuse, deprivation, drug and alcohol 312 

misuse and the resulting stress, and should be aware of interventions and management pathways to 313 

reduce these risks for women and their babies. 314 

 315 

Acknowledgements 316 

The authors thank all the participants who participated in interviews in order to help us better 317 

understand stillbirth. The authors would also like to thank the Principal Investigators, Research 318 

Midwives and Nurses at the following institutions for their hard work and dedication to this study: 319 

Airedale NHS Foundation Trust, Birmingham Women’s NHS Trust, Blackpool Teaching Hospitals NHS 320 

Foundation Trust, Bradford Teaching Hospitals NHS Foundation Trust, Buckinghamshire Healthcare 321 

NHS Trust , Burton Hospitals NHS Foundation Trust, Calderdale and Huddersfield NHS Foundation 322 

Trust, Central Manchester Hospitals NHS Foundation Trust, Countess of Chester Hospitals NHS 323 

Foundation Trust, County Durham and Darlington NHS Foundation Trust, East Lancashire Hospitals 324 

NHS Trust, Harrogate and District NHS Foundation Trust, Heart of England NHS Foundation Trust, Hull 325 

& East Yorkshire Hospitals NHS Trust, Lancashire Teaching Hospitals NHS Foundation Trust, Leeds 326 

Teaching Hospitals NHS Trust, Liverpool Women’s NHS Foundation Trust, Mid Cheshire Hospitals NHS 327 

Foundation Trust, Mid-Yorkshire Hospitals NHS Trust, Northern Lincolnshire and Goole NHS 328 

Foundation Trust, Portsmouth Hospitals NHS Trust, Royal Wolverhampton Hospitals NHS Trust, 329 



15 
 

Sandwell and West Birmingham NHS Trust, Sheffield Teaching Hospitals NHS Foundation Trust, 330 

Sherwood Forest Hospitals NHS Foundation Trust, St Helens and Knowsley Teaching Hospitals NHS 331 

Trust, Stockport NHS Foundation Trust, Southport and Ormskirk Hospitals NHS Trust, South 332 

Warwickshire NHS Foundation Trust, The Dudley Group NHS Foundation Trust, United Lincolnshire 333 

Hospitals NHS Trust, University Hospitals of Coventry and Warwickshire NHS Trust, University 334 

Hospitals of North Midlands NHS Trust,  University of Morecambe Bay NHS Foundation Trust, Walsall 335 

Healthcare NHS Trust, Warrington and Halton Hospitals NHS Foundation Trust, Western Sussex 336 

Hospitals NHS Foundation Trust,  Wirral University Teaching Hospitals NHS Foundation Trust, York 337 

Teaching Hospitals NHS Foundation Trust.  338 

The authors would like to acknowledge Dr Bill Martin for his involvement in establishing, setting up 339 

and completing MiNESS. The authors would also like to thank Professor Susan Bewley for her advice 340 

regarding the impact of social and behavioural factors on women and their babies. 341 

 342 

Disclosure of Interests  343 

All authors declare that they have no competing interests. 344 

 345 

Contribution to Authorship 346 

AH, TS, DR, EM & LM contributed to all aspects of the study design and obtained funding. AH had 347 

overall responsibility for the study. JB coordinated the running of the study. ML & JT analysed the data 348 

with input from AH, JB, RC, BB, EM and LM. LS provided data analysis for comparison with the 349 

MBRRACE-UK dataset. All authors were responsible for the drafting of the manuscript. All authors 350 

gave approval for the final version of the manuscript. 351 

 352 

Details of Ethical Approval 353 

This study was reviewed by NRES Committee North West - Greater Manchester Central Reference 354 

(13/NW/0874) on 24th January 2014.  355 



16 
 

Data Sharing Statement 356 

No additional data from the MiNESS study are available from a repository. Anonymised data is 357 

available on request to the corresponding author. 358 

 359 

Funding 360 

The Midland and North of England Stillbirth Study was funded by grant GN2156 from Action Medical 361 

Research, Cure Kids and Sands. AH receives salary support from Tommy’s. EM and JT were supported 362 

by Cure Kids. 363 

 364 

  365 



17 
 

References 366 

1. Flenady V, Wojcieszek AM, Middleton P, Ellwood D, Erwich JJ, Coory M, et al. Stillbirths: recall to 367 

action in high-income countries. Lancet 2016;387(10019):691-702. doi: 10.1016/S0140-368 

6736(15)01020-X [published Online First: 2016/01/23] 369 

2. O'Connor D. Saving Babies’ Lives - A care bundle for reducing stillbirth. Leeds: NHS England, 2016. 370 

3. Draper ES, Gallimore ID, Kurinczuk JJ, Smith PW, Boby T, Smith LK, et al. MBRRACE-UK Perinatal 371 

Mortality Surveillance Report, UK Perinatal Deaths for Births from January to December 2016 372 

Leicester:: The Infant Mortality and Morbidity Studies, Department of Health Sciences, 373 

University of Leicester., 2018. 374 

4. Flenady V, Middleton P, Smith GC, Duke W, Erwich JJ, Khong TY, et al. Stillbirths: the way forward 375 

in high-income countries. Lancet 2011;377(9778):1703-17. 376 

5. Manktelow BM, Smith LK, Seaton SE, Hyman-Taylor P, Kurinczuk JJ, Field DJ, et al. Perinatal Mortality 377 

Surveillance Report - UK Perinatal Deaths for births from January to December 2014. 378 

Leicester:: The Infant Mortality and Morbidity Group, Department of Health Sciences, 379 

University of Leicester., 2016. 380 

6. Platts J, Mitchell EA, Stacey T, Martin BL, Roberts D, McCowan L, et al. The Midland and North of 381 

England Stillbirth Study (MiNESS). BMC pregnancy and childbirth 2014;14:171. doi: 382 

10.1186/1471-2393-14-171 [published Online First: 2014/06/03] 383 

7. Heazell A, Li M, Budd J, Thompson J, Stacey T, Cronin RS, et al. Association between maternal sleep 384 

practices and late stillbirth - findings from a stillbirth case-control study. BJOG 385 

2018;125(2):254-62. doi: 10.1111/1471-0528.14967 [published Online First: 2017/11/21] 386 

8. Heazell AEP, Budd J, Li M, Cronin R, Bradford B, McCowan LME, et al. Alterations in maternally 387 

perceived fetal movement and their association with late stillbirth: findings from the Midland 388 

and North of England stillbirth case-control study. BMJ open 2018;8(7):e020031. doi: 389 

10.1136/bmjopen-2017-020031 [published Online First: 2018/07/10] 390 



18 
 

9. Bann CM, Parker CB, Grobman WA, Willinger M, Simhan HN, Wing DA, et al. Psychometric 391 

properties of stress and anxiety measures among nulliparous women. J Psychosom Obstet 392 

Gynaecol 2017;38(1):53-62. doi: 10.1080/0167482X.2016.1252910 [published Online First: 393 

2016/11/11] 394 

10. Solivan AE, Xiong X, Harville EW, Buekens P. Measurement of Perceived Stress Among Pregnant 395 

Women: A Comparison of Two Different Instruments. Maternal and child health journal 396 

2015;19(9):1910-5. doi: 10.1007/s10995-015-1710-5 [published Online First: 2015/02/06] 397 

11. Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. J Health Soc Behav 398 

1983;24(4):385-96. [published Online First: 1983/12/01] 399 

12. Kotelchuck M. An evaluation of the Kessner Adequacy of Prenatal Care Index and a proposed 400 

Adequacy of Prenatal Care Utilization Index. Am J Public Health 1994;84(9):1414-20. doi: 401 

10.2105/ajph.84.9.1414 [published Online First: 1994/09/01] 402 

13. National Institute for Health and Care Excellence. Clinical Guideline 62 - Antenatal care: routine 403 

care for the health pregnant woman. London: National Institute for Health and Care 404 

Excellence, 2017. 405 

14. Gardosi J, Kady SM, McGeown P, Francis A, Tonks A. Classification of stillbirth by relevant condition 406 

at death (ReCoDe): population based cohort study. BMJ (Clinical research ed 407 

2005;331(7525):1113-7. 408 

15. Best KE, Seaton SE, Draper ES, Field DJ, Kurinczuk JJ, Manktelow BN, et al. Assessing the deprivation 409 

gap in stillbirths and neonatal deaths by cause of death: a national population-based study. 410 

Arch Dis Child Fetal Neonatal Ed 2019 doi: 10.1136/archdischild-2018-316124 [published 411 

Online First: 2019/03/08] 412 

16. Mezey G, Bacchus L, Haworth A, Bewley S. Midwives' perceptions and experiences of routine 413 

enquiry for domestic violence. BJOG 2003;110(8):744-52. [published Online First: 2003/08/02] 414 

17. Mogos MF, Araya WN, Masho SW, Salemi JL, Shieh C, Salihu HM. The Feto-Maternal Health Cost 415 

of Intimate Partner Violence Among Delivery-Related Discharges in the United States, 2002-416 



19 
 

2009. J Interpers Violence 2016;31(3):444-64. doi: 10.1177/0886260514555869 [published 417 

Online First: 2014/11/14] 418 

18. Bacchus L, Mezey G, Bewley S. Domestic violence: prevalence in pregnant women and associations 419 

with physical and psychological health. Eur J Obstet Gynecol Reprod Biol 2004;113(1):6-11. 420 

doi: 10.1016/S0301-2115(03)00326-9 [published Online First: 2004/03/24] 421 

19. Liou SR, Wang P, Cheng CY. Longitudinal study of perinatal maternal stress, depressive symptoms 422 

and anxiety. Midwifery 2014;30(6):795-801. doi: 10.1016/j.midw.2013.11.007 [published 423 

Online First: 2013/12/18] 424 

20. Kelly P, Thompson JMD, Koh J, Ameratunga S, Jelleyman T, Percival TM, et al. Perinatal Risk and 425 

Protective Factors for Pediatric Abusive Head Trauma: A Multicenter Case-Control Study. The 426 

Journal of pediatrics 2017;187:240-46 e4. doi: 10.1016/j.jpeds.2017.04.058 [published Online 427 

First: 2017/05/30] 428 

21. Knight M, Kenyon S, Brocklehurst P, Neilson J, Shakespeare J, Kurinczuk JJE, et al. Saving Lives, 429 

Improving Mothers’ Care - Lessons learned to inform future maternity care from the UK and 430 

Ireland Confidential Enquiries into Maternal Deaths and Morbidity 2011–13. . Oxford: 431 

National Perinatal Epidemiology Unit, University of Oxford, 2015. 432 

22. National Institute for Health and Care Excellence. Pregnancy and complex social factors: a model 433 

for service provision for pregnant women with complex social factors: Clinical guideline 434 

[CG110]. London: National Institute for Health and Care Excellence, 2010. 435 

23. Wisborg K, Barklin A, Hedegaard M, Henriksen TB. Psychological stress during pregnancy and 436 

stillbirth: prospective study. BJOG 2008;115(7):882-5. doi: 10.1111/j.1471-0528.2008.01734.x 437 

[published Online First: 2008/05/20] 438 

24. Szegda K, Bertone-Johnson ER, Pekow P, Powers S, Markenson G, Dole N, et al. Prenatal Perceived 439 

Stress and Adverse Birth Outcomes Among Puerto Rican Women. J Womens Health (Larchmt) 440 

2018;27(5):699-708. doi: 10.1089/jwh.2016.6118 [published Online First: 2017/12/08] 441 



20 
 

25. Kingdon C, Roberts D, Turner MA, Storey C, Crossland N, Finlayson KW, et al. Inequalities and 442 

stillbirth in the UK: a meta-narrative review. BMJ open 2019;9(9):e029672. doi: 443 

10.1136/bmjopen-2019-029672 [published Online First: 2019/09/14] 444 

26. Yang S, Tan Y, Mei H, Wang F, Li N, Zhao J, et al. Ambient air pollution the risk of stillbirth: A 445 

prospective birth cohort study in Wuhan, China. Int J Hyg Environ Health 2018;221(3):502-09. 446 

doi: 10.1016/j.ijheh.2018.01.014 [published Online First: 2018/02/10] 447 

27. Sharpe R, Thornton CR, Osborne NJ. Modifiable factors governing indoor fungal diversity and risk 448 

of asthma. Clin Exp Allergy 2014;44(5):631-41. doi: 10.1111/cea.12281 [published Online First: 449 

2014/01/30] 450 

28. Gaskins AJ, Rich-Edwards JW, Hauser R, Williams PL, Gillman MW, Ginsburg ES, et al. Maternal 451 

prepregnancy folate intake and risk of spontaneous abortion and stillbirth. Obstet Gynecol 452 

2014;124(1):23-31. doi: 10.1097/AOG.0000000000000343 [published Online First: 453 

2014/06/06] 454 

29. Kapaya H, Mercer E, Boffey F, Jones G, Mitchell C, Anumba D. Deprivation and poor psychosocial 455 

support are key determinants of late antenatal presentation and poor fetal outcomes--a 456 

combined retrospective and prospective study. BMC pregnancy and childbirth 2015;15:309. 457 

doi: 10.1186/s12884-015-0753-3 [published Online First: 2015/11/27] 458 

30. Origlia P, Jevitt C, Sayn-Wittgenstein FZ, Cignacco E. Experiences of Antenatal Care Among Women 459 

Who Are Socioeconomically Deprived in High-Income Industrialized Countries: An Integrative 460 

Review. Journal of midwifery & women's health 2017;62(5):589-98. doi: 10.1111/jmwh.12627 461 

[published Online First: 2017/08/02] 462 

31. Kennare R, Heard A, Chan A. Substance use during pregnancy: risk factors and obstetric and 463 

perinatal outcomes in South Australia. The Australian & New Zealand journal of obstetrics & 464 

gynaecology 2005;45(3):220-5. doi: 10.1111/j.1479-828X.2005.00379.x [published Online 465 

First: 2005/05/21] 466 



21 
 

32. Varner MW, Silver RM, Rowland Hogue CJ, Willinger M, Parker CB, Thorsten VR, et al. Association 467 

between stillbirth and illicit drug use and smoking during pregnancy. Obstet Gynecol 468 

2014;123(1):113-25. doi: 10.1097/AOG.0000000000000052 [published Online First: 469 

2014/01/28] 470 

33. Andersen AM, Andersen PK, Olsen J, Gronbaek M, Strandberg-Larsen K. Moderate alcohol intake 471 

during pregnancy and risk of fetal death. International journal of epidemiology 472 

2012;41(2):405-13. doi: 10.1093/ije/dyr189 [published Online First: 2012/01/19] 473 

34. Scholin L, Fitzgerald N. The conversation matters: a qualitative study exploring the implementation 474 

of alcohol screening and brief interventions in antenatal care in Scotland. BMC pregnancy and 475 

childbirth 2019;19(1):316. doi: 10.1186/s12884-019-2431-3 [published Online First: 476 

2019/09/05] 477 

 478 

  479 



22 
 

Figure Legends 480 

Figure 1 - Flow diagram reporting the numbers of women eligible for the study, women who did not 481 

participate and those included in the final analysis of social and demographic characteristics.  482 

  483 
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Table 1 – Frequency of social and behavioural characteristics of participants in the control group of MiNESS and nationally reported statistics. 

Characteristic 

(n available data in MiNESS) 

MiNESS control 

(n, (%)) 

Reported data 

(%) 

Source 

Socio-economic Deprivation (Quintile) (n=712)    

1 (Most Deprived) 165 (23.2) 18.3* 

Calculation from statistics of maternity units involved in MiNESS 

based on lower super area output codes by MBRRACE-UK 

2 129 (18.1) 16.8* 

3 115 (16.2) 15.9* 

4 124 (17.4) 20.8* 

5 (Least Deprived) 179 (25.1) 28.1* 

Home Ownership (n=726)   2011 Census Data, Office of National Statistics accessed at  

http://www.nomisweb.co.uk/query/construct/components/ 
stdListComponent.asp?menuopt=12&subcomp=100 
 

 413 (56.9) 64.0%† 

Cigarette Smoking (n=733)   Adult smoking habits in England, 2015-2016, Office of National 

Statistics, UK; SPiRE study, UK  127 (17.3) 10.6 – 13.5 

Alcohol Consumption (n=724)   
O’Keeffe et al. BMJ Open 2015;5:e006323 

 44 (6.1) 14.0-32.0% 

Use of Street Drugs (n=733)   
Kennare et al. ANZJOG 2005; 45: 220–225 

 6 (0.8) 0.8 

Disclosed Physical or Emotional Abuse (n=732)   Bacchus et al. BJOG 2004;111:441-445, Onifade et al. JOG 

2010;30:550-552, Wokoma et al. BJOG 2014;121:627–633.  14 (1.9) 2.5 -3.6 

*Weighted mean average of unit statistics based upon number of participants in MiNESS.  

†Weighted mean average based upon home ownership in healthcare regions participating in MiNESS 

http://www.nomisweb.co.uk/query/construct/components/%20stdListComponent.asp?menuopt=12&subcomp=100
http://www.nomisweb.co.uk/query/construct/components/%20stdListComponent.asp?menuopt=12&subcomp=100


24 
 

Table 2 – Social and behavioural factors which were independently associated with stillbirth following multivariable analysis. Please see Supplementary table 

1 for all variables assessed. †Adjusted odds ratios (aORs) derived from multivariable analysis. Statistically significant aORs shown in BOLD. 

 Case Controls OR Stratified for hospital* Adjusted OR† 

     

Multiple Deprivation quintile (missing=23)   P=0.01 P=0.004 

1 – most deprived 110 (38.3) 213 (29.8) 1.89 (1.15, 3.13) 3.16 (1.47, 6.77) 

2 45 (15.7) 143 (20.0) 0.99 (0.57, 1.72) 1.10 (0.48, 2.51) 

3 52 (18.1) 133 (18.6) 1.28 (0.75, 2.18) 1.82 (0.82, 4.04) 

4 44 (15.3) 123 (17.2) 1.02 (0.59, 1.77) 1.43 (0.63, 3.26) 

5 – least deprived 36 (12.5) 102 (14.3) Reference Reference 

     

Work (missing=0)   P<0.0001 P=0.03 

Working 98 (33.7) 389 (53.1) Reference Reference 

Maternity leave 88 (30.2) 161 (22.0) 2.02 (1.42, 2.88) 1.62 (0.90, 2.93) 

No paid work 63 (21.7) 126 (17.2) 1.95 (1.32, 2.90) 1.74 (0.88,3.42) 

Unemployed 42 (14.4) 57 (7.8) 3.46 (2.14, 5.60) 2.32 (1.00, 5.38) 

     

Perceived Stress in last month (missing=30)   P<0.0001 P=0.01 

Low 205 (73.5) 616 (86.2) Reference Reference 

High 74 (26.5) 99 (13.8) 2.27 (1.59, 3.25) 1.80 (0.99, 3.25) 

     

Domestic abuse in last year (missing=1)   P<0.0001 p<0.0001 

No 129 (44.3) 532 (72.7) Reference Reference 

Declined to answer 145 (49.8) 186 (25.4) 4.03 (2.91, 5.57) 4.12 (2.49, 6.81) 
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Yes 17 (5.8) 14 (1.9) 5.49 (2.52, 11.93) 2.95 (0.87, 10.00) 

     

Alcohol in the last month (missing=27)   P=0.05 P=0.01 

Less than one 266 (97.8) 681 (93.9) Reference Reference 

1 or more  6 (2.2) 44 (6.1) 0.42 (0.17, 1.01) 0.18 (0.05, 0.69) 

     

Antenatal care (missing=1)  P<0.0001 P<0.0001 P<0.0001 

Inadequate 49 (16.9) 51 (7.9) 1.83 (1.13, 2.97) 1.42 (0.67, 3.04) 

Adequate 110 (37.9) 194 (26.5) Reference Reference 

Adequate plus 131 (45.2) 488 (66.6) 0.47 (0.34, 0.65) 0.26 (0.16, 0.42) 

     

*Odds Ratios were estimated in a univariable model with the addition of a strata statement as described in the methods 

†Adjusted odds ratios derived from multivariable analysis adjusting for the following covariates: maternal: age, ethnicity, parity, education, smoking in 

pregnancy, marital status, customised birthweight centile, sleep factors on the last night before stillbirth/interview (position went to sleep in, sleep duration, 

number of times got up to toilet), naps in the daytime, gestation (at stillbirth/interview in controls) and study centre. The model also controls for antibiotic 

use in pregnancy, caffeine intake in pregnancy, pre-existing medical conditions, maternal age, parity, maternal BMI and birthweight percentile. 
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Table 3 – Primary cause of stillbirth grouped by the reported presence of domestic abuse. 

Primary Cause of Death No domestic abuse  

(n(%)) 

Declined to answer 

questions on domestic 

abuse (n(%)) 

Domestic violence 

disclosed 

(n(%)) 

Total 

(n(%)) 

 

A2.2 Acute infection 5 (3.9) 6 (4.2) 2 (11.8) 13 (4.5) 

A5 Fetal Maternal Haemorrhage 2 (1.6) 4 (2.8) 0 (0) 6 (2.1) 

A7 Fetal Growth Restriction 57 (44.2) 68 (47.2) 6 (35.3) 131 (45.2) 

B1 Umbilical cord prolapse 0 (0) 1 (0.3) 0 (0) 1 (0.3) 

B2 Constricting cord loop or knot 5 (3.9) 5 (3.5) 0 (0) 10 (3.5) 

B4 Other umbilical cord 0 (0) 1 (0.7) 1 (5.9) 2 (0.7) 

C1 Placental Abruption 8 (6.2) 9 (6.3) 2 (11.8) 19 (6.6) 

C4 Placental Insufficiency 26 (20.2) 22 (15.3) 0 (0) 48 (16.6) 

D1 Chorioamnionitis 5 (3.9) 1 (0.7) 0 (0) 6 (2.1) 

E1 Uterine rupture 0 (0) 0 (0) 1 (5.9) 1 (0.3) 

F1 Maternal diabetes 6 (4.7) 2 (1.4) 1 (5.9) 9 (3.1) 

F6 Obstetric Cholestasis 0 (0) 1 (0.7) 0 (0) 1 (0.3) 

G1 Intrapartum  0 (0) 1 (0.7) 0 (0) 1 (0.3) 

I1 No cause identified 15 (11.6) 23 (16.0) 4 (23.5) 41 (14.1) 

Total 129 (44.5) 144 (49.7) 17 (5.9) 290 (100) 
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Supplementary Table 1 – Social and behavioural factors and their relationship to stillbirth. *Adjusted odds ratios (aORs) derived from multivariable analysis. 

Statistically significant aORs shown in BOLD. 

 Case 

N=291 

Controls 

N=733 

OR Stratified for hospital* Adjusted OR† 

N=885 

     

Multiple Deprivation quintile 

(missing=23) 

  P=0.01 P=0.006 

1 – most deprived 110 (38.3) 213 (29.8) 1.89 (1.15, 3.13) 3.16 (1.47, 6.77) 

2 45 (15.7) 143 (20.0) 0.99 (0.57, 1.72) 1.10 (0.48, 2.51) 

3 52 (18.1) 133 (18.6) 1.28 (0.75, 2.18) 1.82 (0.82, 4.04) 

4 44 (15.3) 123 (17.2) 1.02 (0.59, 1.77) 1.43 (0.63, 3.26) 

5 – least deprived 36 (12.5) 102 (14.3) Reference Reference 

     

Feel house is large enough (missing=0)   P=0.13  

Yes 257 (88.3) 618 (84.3) Reference  

No 34 (11.7) 115 (15.7) 0.72 (0.47, 1.10)  

     

Dwelling (missing=1)   P=0.02  

Own house 135 (46.7) 413 (56.9) Reference  

Private rental 85 (29.4) 190 (26.2) 1.38 (0.98, 1.93)  

Council rental 41 (14.2) 74 (10.2) 1.68 (1.07, 2.62)  

Other 28 (9.7) 49 (6.8) 1.89 (1.13, 3.14)  

     

Work (missing=0)   P<0.0001 P=0.14 
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Working 98 (33.7) 389 (53.1) Reference Reference 

Maternity leave 88 (30.2) 161 (22.0) 2.02 (1.42, 2.88) 1.62 (0.90, 2.93) 

No paid work 63 (21.7) 126 (17.2) 1.95 (1.32, 2.90) 1.74 (0.88,3.42) 

Unemployed 42 (14.4) 57 (7.8) 3.46 (2.14, 5.60) 2.32 (1.00, 5.38) 

     

Perceived Stress in last month 

(missing=30) 

  P<0.0001 P=0.05 

Low 205 (73.5) 616 (86.2) Reference Reference 

High 74 (26.5) 99 (13.8) 2.27 (1.59, 3.25) 1.80 (0.99, 3.25) 

     

Street drugs during pregnancy 

(missing=0) 

  P=0.01  

No 282 (96.9) 727 (99.2) Reference  

Yes 9 (3.1) 6 (0.8) 3.92 (1.36, 11.29)  

     

Domestic abuse in last year (missing=1)   P<0.0001 p<0.0001 

No 129 (44.3) 532 (72.7) Reference Reference 

Declined to answer 145 (49.8) 186 (25.4) 4.03 (2.91, 5.57) 4.12 (2.49, 6.81) 

Yes 17 (5.8) 14 (1.9) 5.49 (2.52, 11.93) 2.95 (0.87, 10.00) 

     

Alcohol in the last month (missing=27)   P=0.05 P=0.01 

Less than one 266 (97.8) 681 (93.9) Reference Reference 

1 or more  6 (2.2) 44 (6.1) 0.42 (0.17, 1.01) 0.15 (0.03, 0.65) 

     

Maternal Smoking (missing=0)   P<0.0001 p=0.36 
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No 171 (58.8) 509 (69.4) Reference Reference 

Yes 36 (12.4) 97 (13.2) 2.10 (1.51, 2.93) 0.74 (0.38, 1.42) 

     

Other household smoker (missing=0)   P<0.0001 p=0.60 

No 20 (6.9) 52 (7.1) Reference Reference 

Yes 64 (22.0) 75 (10.2) 1.85 (1.36, 2.51) 1.16 (0.67, 2.00) 

     

Exercise in pregnancy (missing=52)   P<0.0001  

Stayed the same 155 (56.4) 274 (38.8) Reference  

Became less 96 (34.9) 391 (55.4) 0.44 (0.32, 0.59)  

Became more 24 (8.7) 41 (5.8) 1.06 (0.60, 1.86)  

     

Moderate exercise in pregnancy 

(missing=43) 

  P=0.02 P=0.17 

Never 116 (42.2) 231 (33.1) 1.47 (1.02, 2.11) 1.41 (0.82, 2.46) 

1-3 times per week 78 (28.4) 231 (33.1) Reference Reference 

4 or more times per week 81 (29.4) 235 (33.8) 0.90 (0.62, 1.31) 0.85 (0.48, 1.50) 

     

Caffeine Intake (missing=2)   P=0.006 P=0.43 

High 37 (12.7) 50 (6.8) 2.10 (1.28, 3.42) 1.60 (0.71, 3.58) 

Moderate  86 (29.6) 190 (26.0) 1.36 (0.98, 1.87) 1.25 (0.76, 2.06) 

Low 168 (57.7) 491 (67.2) Reference Reference 

     

Antenatal care (missing=1)  P<0.0001 P<0.0001 P<0.0001 

Inadequate 49 (16.9) 51 (7.9) 1.83 (1.13, 2.97) 1.42 (0.67, 3.04) 
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Adequate 110 (37.9) 194 (26.5) Reference Reference 

Adequate plus 131 (45.2) 488 (66.6) 0.47 (0.34, 0.65) 0.26 (0.16, 0.42) 

     

Antibiotic use (missing=0)   P=0.01 P=0.21 

Yes 94 (32.3) 181 (24.7) 1.58 (1.15, 2.15) 1.36 (0.85, 2.20) 

No 197 (67.7) 552 (75.3) Reference Reference 

     

Pre existing conditions (missing=0)     

Yes 18 (6.2) 6 (0.8) 7.99 (3.14,20.33) 28.13 (6.22, 127.17) 

No 273 (93.8) 727 (99.2) Reference Reference 

     

Maternal Age (missing=0)   P=0.06 P=0.20 

<20 7 (2.4) 15 (2.1) 1.33 (0.51, 3.48) 0.46 (0.11, 1.98) 

20-24 48 (16.5) 81 (11.1) 1.79 (1.13, 2.83) 1.39 (0.65, 2.96) 

25-29 82 (28.2) 219 (29.9) Reference Reference 

30-34 86 (29.5) 268 (36.6) 0.79 (0.54, 1.13) 1.20 (0.67, 2.13) 

35-39 52 (17.9) 125 (17.1) 1.14 (0.74, 1.75) 1.87 (0.96, 3.62) 

40+ 16 (5.5) 25 (3.4) 1.72 (0.85, 3.46) 2.69 (0.83, 8.67) 

     

Ethnicity (missing=0)   p=0.93 P=0.80 

White 234 (80.4) 594 (81.0) Reference Reference 

Black 12 (4.1) 29 (4.0) 1.14 (0.54, 2.38) 0.62(0.19, 2.01) 

South Asian 39 (13.4) 95 (12.9) 1.13 (0.72, 1.79) 0.77 (0.34, 1.75) 
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Others 6 (2.1) 15 (2.1) 0.89 (0.31, 2.50) 0.75 (0.14, 3.92) 

     

Parity (missing=0)   P<0.0001 P=0.11 

0 167 (57.4) 296 (40.4) 2.28 (1.68, 3.10) 1.68 (1.03, 2.73) 

1-2 92 (31.6) 386 (52.7) Reference Reference 

3+ 32 (11.0) 51 (6.9) 2.76 (1.65, 4.63) 1.35 (0.54, 3.40) 

     

Education (missing=1)   p<0.001 P=0.68 

Graduate Education 99 (34.1) 326 (44.5) Reference Reference 

Further Education 112 (38.6) 278 (37.9) 1.44 (1.03, 1.99) 0.94 (0.55, 1.61) 

Secondary education to 16 years 56 (19.3) 100 (13.6) 2.16 (1.42, 3.28) 1.36 (0.65, 2.83) 

No formal educational qualification 23 (7.9) 29 (4.0) 2.90 (1.55, 5.40) 0.77 (0.25, 2.40) 

     

Maternal BMI (missing=6)   P=0.01 P=0.11 

<25 120 (41.5) 370 (50.8) Reference Reference 

25-29.99 91 (31.5) 216 (29.6) 1.34 (0.96, 1.87) 1.60 (0.97, 2.62) 

30+ 78 (27.0) 143 (19.6) 1.79 (1.25, 2.56) 1.62 (0.92, 2.87) 

     

Marital Status (missing=0)   p=0.01 P=0.47 

Married 149 (51.2) 440 (60.0) Reference Reference 

Cohabiting 102 (35.1) 222 (30.3) 1.31 (0.96, 1.78) 0.73 (0.42, 1.27) 

Single 40 (13.7) 71 (9.7) 1.87 (1.20, 2.93) 1.02 (0.45, 2.34) 
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Birthweight centile (missing=4)   P<0.0001 P<0.0001 

<10 134 (46.2) 101 (13.8) 6.80 (4.45, 10.41) 7.99 (4.24, 15.05) 

10-49 100 (34.5) 335 (45.9) 1.60 (1.07, 2.38) 1.44 (0.84, 2.48) 

50-89 46 (15.9) 243 (33.3) Reference Reference 

90+ 10 (3.4) 51 (7.0) 0.95 (0.44, 2.07) 0.42 (0.12, 1.41) 

*Odds Ratios were estimated in a univariable model with the addition of a strata statement as described in the methods 

†Adjusted odds ratios derived from multivariable analysis adjusting for the following covariates: maternal: age, ethnicity, parity, education, smoking in 

pregnancy, marital status, customised birthweight centile, sleep factors on the last night before stillbirth/interview (position went to sleep in, sleep duration, 

number of times got up to toilet), naps in the daytime, gestation (at stillbirth/interview in controls) and study centre. The model also controls for antibiotic 

use in pregnancy, caffeine intake in pregnancy, pre-existing medical conditions, maternal age, parity, maternal BMI and birthweight percentile. 

ǂVariables shown in univariable analyses but not the multivariable model were not included either as they did not reach statistical significance at the 

univariable model (house large enough), had low prevalence making the multivariable model unstable (street drugs), measured the same variables (change 

in exercise) or in the social factors multivariable model (dwelling type) prior to adding to the final multivariable model.  

 

 

 


