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Abstract

Objective: To investigate socioeconomic inequalities in cause-specific stillbirth and neonatal
mortality to identify key areas of focus for future intervention strategies to achieve Government

ambitions to reduce mortality rates.

Design: Retrospective cohort study
Setting: England, Wales, Scotland and the UK Crown Dependencies
Participants: All singleton births between 01/01/2014 and 31/12/2015 at >24 weeks gestation

Main outcome measure: Cause-specific stillbirth or neonatal death (0-27 days after birth) per 10,000

births by deprivation quintile.

Results Data on 5,694 stillbirths (38.1 per 10,000 total births) and 2,368 neonatal deaths (15.9 per
10,000 live births) were obtained from MBRRACE-UK. Women from the most deprived areas were
1.68 (95% CI: 1.56-1.81) times more likely to experience a stillbirth and 1.67 (95% ClI: 1.48-1.87)
times more likely to experience a neonatal death than those from the least deprived areas, equating to
an excess of 690 stillbirths and 231 neonatal deaths per year associated with deprivation. Small for
gestational age (SGA) unexplained antepartum stillbirth was the greatest contributor to excess
stillbirths accounting for 33% of the deprivation gap in stillbirths. Congenital anomalies accounted for
the majority (59%) of the deprivation gap in neonatal deaths, followed by preterm birth not SGA (24-

27 weeks, 27%).

Conclusions: Cause-specific mortality rates at a national level allow identification of key areas of
focus for future intervention strategies to reduce mortality. Despite a reduction in the deprivation gap
for stillbirths and neonatal deaths, public health interventions should primarily focus on

socioeconomic determinants of SGA stillbirth and congenital anomalies.




Introduction

Socioeconomic inequalities in stillbirths and neonatal deaths in the UK remain wide compared to
other high income countries with universal access to healthcare(1-4). Various attempts have been
made by the English Government to reduce the deprivation gap in infant mortality by 2010(5), but
socioeconomic inequalities in infant mortality persisted in England and Wales(6). A renewed effort to
improve outcomes universally have been announced across the UK with aims to halve rates of
stillbirth and neonatal deaths by 2025 in England(7), to reduce stillbirths by 35% and neonatal deaths
by 15% by 2019 in Scotland(8) and for reducing stillbirth in Wales(9). In order to achieve this target
public health interventions aimed at reducing stillbirths and neonatal deaths need to target modifiable
risk factors and one of the potential key areas is excess deaths associated with deprivation. Therefore
it is important to understand which causes of death are the greatest contributors to socioeconomic

inequalities in order to identify potential interventions to reduce the deprivation gap.

Large scale studies have rarely examined inequalities in perinatal mortality by cause of death(10).
One previous study reported that unexplained antepartum stillbirth accounted for 50% of the
deprivation gap in stillbirths in England during 2000-2007(11) and congenital anomalies and
immaturity were shown to account for almost 80% of the deprivation gap in neonatal death during
1997-2007(12). Here we used data on stillbirth and neonatal mortality in England, Wales, Scotland
and the UK Crown Dependencies for babies born between 01/01/2014-31/12/2015 to update the
evidence base and identify the key causes of death that explain socioeconomic inequalities in stillbirth

and neonatal mortality.




Methods

Data about singleton births that resulted in stillbirth (> 24 weeks gestational age) or neonatal death
(death of a live born infant >24 weeks gestation, at 0 -27 days after birth) born between 1% January
2014 to 31% December 2015 to mothers resident in England, Wales, Scotland and the UK Crown
Dependencies were obtained from the Mothers and Babies: Reducing Risk through Audits and
Confidential Enquiries throughout the UK (MBRRACE-UK). Since January 2013, MBRRACE-UK
has been commissioned by the Healthcare Quality Improvement Partnership to undertake the
Maternal, Newborn and Infant Clinical Outcome Review Programme (MNI-CORP). MBRRACE-UK
collects, analyses and reports national UK perinatal surveillance data to stimulate and evaluate
improvements in healthcare for mothers(13). MBRRACE-UK link detailed information on deaths
reported to them by all UK hospitals with individual level information on all births in the UK and
Crown Dependencies to give a single dataset of births for the whole UK and Crown Dependencies.
Stillbirth, neonatal and post neonatal death registrations from statutory sources are used to ensure
complete ascertainment of deaths. Data included gestational age at delivery, birth weight, ethnicity,
infant sex, cause of death and socioeconomic deprivation. Deprivation was measured using the
Children in Low-Income Families Local Measure, an area based measure of the proportion of children
living in families within the UK that are either in receipt of out-of-work benefits or in receipt of tax
credits with a reported income which is less than 60 per cent of national median income. This was
allocated based on the mother’s super output area (data zone for Scotland) of residence(14),
geographical areas with a minimum population of 1000 residents and a mean population of 1500.
Births were ranked by their deprivation score and divided into quintiles with approximately equal
numbers of total births from the least deprived 20% of areas (quintile 1) to the most deprived 20% of

areas (quintile 5).

MBRRACE-UK uses the Cause Of Death & Associated Conditions (CODAC) classification system
(15). In the few cases where primary cause of death was not listed or unknown, associated cause of
death was used. Where associated cause of death was reported as a congenital anomaly, this was used

in place of the primary cause of death because congenital anomaly was determined to be the




underlying cause of death(16). We further adapted the CODAC to include small for gestational age
(SGA, based on birth weight below the UK tenth centile for gestational age(17)). Unknown cause of
death in the antepartum period in an SGA baby, was recoded as ‘unexplained antepartum SGA
stillbirth’. Antepartum stillbirth not SGA with unknown or missing cause of death were coded as
unexplained. Cause of stillbirth was therefore categorised as: congenital anomaly, intrapartum SGA,
intrapartum not SGA, cord, fetal, infection, maternal, placenta, other, unexplained antepartum SGA
stillbirth or unexplained. Cause of neonatal death was coded hierarchically as: congenital anomaly,
SGA (subcategorised as 24-27 weeks gestation, 28-31 weeks, 32-36 weeks, >37 weeks), extreme
preterm delivery (subcategorised as 24-27 weeks, 28-31 weeks), cardio-respiratory, neurological,

intrapartum, infection, fetal or other/ unexplained.

Denominator data on singleton births in England, Wales, Scotland and the UK Crown Dependencies

during the time period was obtained from routine sources across the UK(16, 18).

Multiple births were excluded because of the increased risks of stillbirth and neonatal death(19-21)
and differential access to fertility treatment may lead to a higher incidence of multiple births in less
deprived areas. Terminations of pregnancy at any gestation were excluded. Northern Ireland was
excluded because socioeconomic patterning in stillbirth and neonatal mortality is likely to vary
compared to the rest of the UK, because termination of pregnancy is legal only when there is a serious
risk to physical or mental health of the mother(22). Neonatal deaths in babies live born <24 weeks
were excluded as there is variation in whether they are reported as a neonatal death or as an

unreported late fetal loss(23), which could significantly impact on the mortality rates.

Statistical analysis

Stillbirth rates per 10,000 total births and neonatal mortality rates per 10,000 live births were
calculated by deprivation quintile and cause of death. The association between deprivation quintile
and stillbirth or neonatal death was explored using Poisson regression models with stillbirth/ neonatal
death as the outcome and deprivation quintile as a continuous explanatory variable. From these

models, mortality rate ratios (RRs) estimating the risk of stillbirth and neonatal death in the least




compared to the most deprived quintile were estimated, which is a similar approach to the relative
index of inequality(24). Models were refitted adjusted for ethnicity (White, Black, Asian, Mixed,
Other, Unknown (stillbirths n=864, neonatal deaths n=160)) and baby’s sex. All models were fitted to

all-cause mortality and then each specific cause of death.

The mortality rate in the least deprived quintile was multiplied by the total number of births to
estimate the number of stillbirths and neonatal deaths if the rate in the least deprived quintile was
applied across the whole population. The percentage increase between this expected frequency and
the actual number of stillbirths and neonatal death i.e. the excess mortality percentage, was calculated.
The proportion of the deprivation gap explained by each cause of death was also calculated, i.e. the

proportion of the excess deaths in the whole population attributed to each cause.

Sensitivity analyses

To make a more appropriate comparison of the deprivation gap to that reported in previous studies of
stillbirth (2000-2007) and neonatal death (1997-2007) in England(11, 12), a sensitivity analysis was
performed restricted to births in England only, including neonatal deaths born >22 weeks and using

deciles of socioeconomic deprivation.

Ethical approval

MBRRACE-UK has s251 approval in England and Wales and PAC approval in Scotland to collect
data about stillbirths and neonatal deaths and use denominator data about all births without consent.
For this analysis, conducted as part of the MBRRACE-UK programme, anonymised data were used

and therefore specific research ethics committee approval was not required.




Results

All-cause stillbirth and neonatal death

There were 5,694 stillbirths among 1,492,755 total singleton births, equating to an overall mortality
rate of 38.1 per 10,000 total births (Table 1). Forty-three (0.8%) stillbirths and 16,083 (1.1%) live
births were excluded as there was inadequate information to allocate a deprivation index. The
stillbirth rate increased with increasing deprivation quintile, ranging from 28.9 to 49.0 per 10,000 total
births in the least and most deprived quintiles. This represented an excess mortality in the most
deprived quintile of 20.1 stillbirths per 10,000 total births (Table 2). Women living in the most
deprived quintile were 1.68 times more likely to experience a stillbirth compared to women living in
the least deprived quintile (95% CI: 1.56-1.81; P<0.001), with the risk decreasing but remaining
significant after controlling for ethnicity and infant sex (RR=1.49, 95% CI: 1.38-1.61; P<0.001)
(Table 3). Applying the stillbirth rate corresponding to the least deprived quintile (28.9 per 10,000) to
the total number of births (n=1,476,629) equated to there being 4,271 expected stillbirths. Therefore,
there was a 32% excess mortality percentage when compared to the 5,651 observed stillbirths, an
excess of 1380 cases over the two year period (Table 2). Stillbirths were significantly more common
among women of Asian (RR=1.72, 95% CI: 1.60-1.85), Black (RR=2.18, 95% CI: 1.98-2.40) and
mixed ethnicity (RR=1.15, 95% CI: 1.02-1.29) compared to women of White ethnicity, although after
adjustment for sex and socioeconomic deprivation, the association was only significant for women of
Asian (RR=1.60, 95% CI: 1.49-1.73) and Black ethnicity (RR=1.96, 95% CI: 1.77-2.16). The risk of

stillbirth was not significantly different in females compared to males (RR=0.99, 95% CI: 0.94-1.05).

There were 2,368 neonatal deaths among 1,487,061 live births, equating to an overall mortality of
15.9 per 10,000 live births. There were 23 (1.0%) neonatal deaths and 16,060 (1.1%) live births
excluded due to missing deprivation index (Table 1). Neonatal mortality rates ranged from 12.8 in the
least deprived quintile to 20.7 per 10,000 live births in the most deprived quintile, equating to an
excess mortality of 7.9 per 10,000 live births (Table 2). Similar to stillbirth, women residing in the

most compared to the least deprived quintile were 1.67 times more likely to have a baby experience




neonatal death (95% CI: 1.48-1.87; p<0.001). The risk attenuated slightly after controlling for
ethnicity and infant sex (RR=1.58, 95% ClI: 1.40-1.78; p<0.001). The percentage of all-cause neonatal
death related to deprivation was 24%, which implies 461 more neonatal deaths were observed in the
two year period than there would have been if the least deprived neonatal death rate was applied to all
live births. Neonatal deaths were significantly more common among babies of women of Asian
(RR=1.47, 95% CI: 1.31-1.66) and Black ethnicity (RR=1.49, 95% CI: 1.26-1.77) than women of
White ethnicity, although the effect sizes decreased after controlling for sex and socioeconomic
deprivation (RR=1.37, 95% CI: 1.21-1.55 and RR=1.34, 95% CI: 1.13-1.59, respectively). Neonatal
death was significantly less likely in females compared to males (RR=0.79, 95% ClI: 0.73-0.86;

P<0.001).

Cause-specific stillbirth and neonatal death

With the exception of cord causes, infection and intrapartum SGA, stillbirths attributed to all other
causes of death were significantly associated with deprivation, with relative risks for the most
compared to the least deprived quintiles ranging from 2.82 for maternal disorders to 1.53 for
intrapartum not SGA (Table 3). For the commonest “cause” of stillbirth, unexplained antepartum
SGA stillbirth (27%), women were at almost double the risk of stillbirth if they resided in the least
compared to the most deprived quintile (RR=1.95, 95% CI: 1.69-2.25; P<0.001). The risks of women
experiencing stillbirth caused by placental problems (16% of stillbirths) or congenital anomalies (8%
of stillbirths), were 2.17 (95% CI: 1.80-2.63; P<0.001) and 1.66 (1.28-2.14; P<0.001) times greater in
the most compared to the least deprived quintiles, respectively. Unexplained antepartum SGA
stillbirth accounted for 33% of the deprivation gap in stillbirths, followed by placental problems
(25%), and congenital anomalies (6.8%). The cause of death was unexplained in 27% of stillbirths
and in these cases there was a significant association with quintile of deprivation (RR=1.29, 95% CI:

1.12-1.49; P<0.001) that accounted for 14% of the stillbirth deprivation gap.

The commonest cause of neonatal death was congenital anomalies (33%) and preterm delivery at 24-

27 weeks (not SGA), 20%) (Table 1). Socioeconomic deprivation was significantly associated with




neonatal death in babies born with a congenital anomaly (RR=2.45, 95% CI: 2.00-3.02, P<0.001),
preterm at 24-27 weeks (not SGA) (RR=1.94, 95% CI: 1.50-2.51; P<0.001), and SGA at term
(RR=2.03, 95% CI: 1.17-3.52; P=0.01) (Table 3). There was no significant association between
socioeconomic deprivation and neonatal death for any other cause of death. Congenital anomalies
accounted for the majority of the deprivation gap for neonatal deaths (59%), followed by babies born

at 24-27 weeks gestational age that were not SGA (27%).

Sensitivity analysis

Using deciles of socioeconomic deprivation and including neonatal deaths born >22 weeks in
England, the RR for neonatal in the most compared to the least deprived had a greater effect size
(RR=1.79, 95% CI: 150-2.14, P<0.001). For stillbirths born in England the effect size was slightly

smaller (RR=1.59, 95% CI: 1.41-1.80, P<0.001).




Discussion

This study provides updated estimates of the deprivation gap in stillbirths and neonatal deaths in
England, Wales, Scotland and the UK Crown Dependencies. Women living in the most deprived areas
were 68% and 67% more likely to have a stillbirth or have a baby who died in the neonatal period
compared to those living in the least deprived areas of the UK. This equated to an excess of 690
stillbirths and 231 neonatal deaths per year (24% and 20% of deaths, respectively). Unexplained
antepartum SGA stillbirth and placental problems were the greatest contributors to the stillbirth
deprivation gap. Congenital anomalies and extremely preterm birth (24-27 weeks gestational age) not

associated with SGA accounted for the greatest proportions of the deprivation gap in neonatal deaths.

The stillbirth rates were lower than those reported between 2000-2007 in England (38.1 versus 45.6
per 10,000 total births) and the neonatal death rates were lower than those reported between 1997-
2007 in England (15.9 versus 28.9 per 10,000 live births)(11, 12); this shows rates have decreased
over time, as has been reported in Europe between 2004-2010(25). However, some of this reduction is
due to the exclusion of deaths <24 weeks gestation compared to the previous study. Compared to the
previous English studies, we found the deprivation gap to have decreased for stillbirths (RR=2.1 vs
1.68) and neonatal deaths (RR=2.35 vs 1.67). Although causes of death were coded using slightly
different systems, we also found lower effect sizes among unexplained antepartum SGA stillbirth
(RR=1.95 vs 2.5) and among neonatal deaths caused by congenital anomalies (RR=2.45 vs 2.85)(11,
12). However, we excluded deaths <24 weeks gestation and the impact of deprivation at extremely
early gestations has been shown to be high(12). Sensitivity analyses using deciles of deprivation and
including neonatal deaths born at 22 and 23 weeks in England, showed our effect sizes would still
have remained lower than the previous studies (RR=1.59 and RR=1.79 for stillbirth and neonatal
death, respectively). This suggests that the deprivation gap in stillbirths and neonatal deaths has

decreased in Great Britain.

A recent study reported an increased risk of neonatal mortality (defined as mortality between 2-27
days) in England versus Sweden (2003-2012), with a very similar effect size to that attributed to

socioeconomic deprivation in our study (HR=1.66 versus RR=1.67)(26). This study attributed 77% of
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the excess risk of neonatal mortality in England versus Sweden to differences in birthweight,
gestational age, sex and congenital anomalies(26) which may be associated with increased

socioeconomic inequalities in the UK.

We have shown that congenital anomalies were the biggest contributor to the deprivation gap in
neonatal deaths, likely due to an increased birth prevalence of congenital anomalies in the babies of
women living in more deprived areas(27, 28). This suggests that to reduce the deprivation gap in
neonatal death, public health interventions would need to reduce the prevalence of congenital
anomalies perhaps by targeting: smoking, unplanned pregnancy, maternal disorders (e.g. diabetes and
hypertension) and maternal obesity, which are potential risk factors for congenital anomalies(29-32),
patterned according to socioeconomic status(33-36) and are known to increase the risk of stillbirth
and/ or neonatal death(31, 37-39). Public health measures may therefore include smoking cessation
services, improving peri-conceptional folic acid intake, folic acid food fortification and interventions
to reduce obesity in women of childbearing age. Some of the socioeconomic inequalities in congenital
anomaly prevalence may also relate to differences in the decision to terminate a pregnancy following
prenatal diagnosis(40). While the choice to continue a pregnancy following a diagnosis of congenital
anomaly should not be considered as a flawed decision, it is important to ensure all women have equal

access to timely prenatal diagnosis, provision of information and counselling on risk.

Unexplained antepartum SGA stillbirth was the greatest contributor to the stillbirth deprivation gap.
The mechanisms for the association between socioeconomic deprivation and unexplained antepartum
stillbirth explained are complex but may be explained in part by placental dysfunction or smoking in
pregnancy(41, 42). It is also possible that despite universal free maternity care in the UK, there may
be differential access to scanning for monitoring growth in pregnancy. Public health interventions that
target socioeconomic inequalities in stillbirth may include increased monitoring of SGA pregnancies

to prevent SGA stillbirths via induced early delivery or caesarean section(43).

This study has several main strengths. Firstly, we used national high-quality population-based data

with complete ascertainment of stillbirths and neonatal deaths. We examined the deprivation gap by
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multiple causes of death, which will better inform the development of cause-specific interventions. A
further strength is that we were also able to adjust for ethnicity as a confounding factor, although this
generally showed a small reduction in the effect sizes. Socioeconomic status is a complex concept
which encompasses many different dimensions. We were only able to use an area based measure of
deprivation based on income as we did not have access to individual level socioeconomic information.
However, much of the effect of socioeconomic deprivation on stillbirths and neonatal death is likely
to act via disparities in maternal smoking rates, obesity and comorbidities such as hypertension or pre-
gestational diabetes, which are all associated with stillbirth(37) and neonatal death(31, 38, 39, 44),
and are patterned according to socioeconomic deprivation(31, 45-47). An additional limitation of this
study is that 26.9% of the stillbirths had unexplained cause. However, compared to a previous study
of socioeconomic inequalities in stillbirth (2000-2007)(11), we had a lower proportion of unexplained
stillbirth (27% vs 38% previously), indicating improved cause of death coding. In our study
unexplained stillbirth accounted for 14% of the deprivation gap, which may be a result of lower post-

mortem uptake in deprived areas, although this requires further research.

The findings from this study can be used to identify key areas of focus for future intervention
strategies to achieve the UK Government target to halve mortality rates by 2025. We have found that
congenital anomalies and extreme preterm birth continue to be the most common causes of death
contributing to the deprivation gap in stillbirth and neonatal death. A continued focus on these major

causes is required to achieve the reduction in mortality aspired to by 2025.
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What is already known on this topic

Despite national attempts to reduce inequalities in mortality, a decade ago women living in the most
deprived quintile of England were at two-fold increased risk of stillbirth and over twice as likely to

experience a neonatal death.

Unexplained antepartum stillbirth, congenital anomalies and extreme prematurity accounted for most

of the deprivation gap in stillbirths and neonatal deaths.

What this study adds

Inequalities in stillbirth and neonatal mortality persist with women living in the most deprived areas

were 68% and 67% more likely to experience a stillbirth or neonatal death

Public health and social policies aimed at addressing the deprivation gap are at least as important in
improving stillbirth and neonatal mortality rates as a narrow medical focus on the quality of

intrapartum care.
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Table 1 Frequency of stillbirths and neonatal deaths by deprivation quintile and cause of death 2014-2015

Deprivation quintile (1=least deprived, 5=most deprived)

Cause of death 1 2 3 4 5 Total %
Live births 291,960 296,039 292,857 294,527 295,595 1,470,978
Total births 292,807 297,027 293,961 295,783 297,051 1,476,629
Stillbirth (all-cause) 847 988 1104 1256 1456 5,651 100
Congenital anomaly 81 81 73 119 123 477 8.5
Cord 40 58 39 43 59 239 4.2
Fetal 30 35 38 50 47 200 3.5
Infection 25 37 42 35 35 174 3.1
Intrapartum SGA 10 21 6 15 20 72 1.3
Intrapartum not SGA 46 34 46 50 64 240 4.3
Maternal 20 33 47 64 62 226 4.0
Placenta 119 142 179 195 267 902 16
Other 8 11 13 14 22 68 1.2
Unexplained
antepartum SGA 218 242 300 358 417 1,535 27
Unexplained 250 294 321 313 340 1,518 27
Neonatal deaths (all-cause) 374 394 445 519 613 2345 100
Congenital anomaly 97 112 152 177 236 774 33
24-27 weeks SGA 13 13 7 11 19 63 2.7
28-31 weeks SGA 9 6 8 9 9 41 1.8
32-36 weeks SGA 7 4 5 9 7 32 1.4
37+ weeks SGA 14 17 21 24 29 105 4.5
24-27 weeks not SGA 71 77 87 104 136 475 20
28-31 weeks not SGA 36 34 33 48 34 185 7.9
Cardio-respiratory 11 13 18 18 15 75 3.2
Neurological 44 39 46 35 39 203 8.7
Intrapartum 6 9 5 12 6 38 1.6
Infection 14 17 10 14 18 73 3.1
Fetal 8 7 10 10 10 45 1.9
Other/ Unknown 44 46 43 48 55 236 10

SGA= Small for gestation age, classed as below the tenth centile. Stillbirths, neonatal deaths and live

births had missing child poverty index and were excluded.
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Table 2 Stillbirth and neonatal mortality rate by cause of death and deprivation quintile, excess mortality associated
with deprivation (per 10,000 births*).

Mortality rate per 10,000 births*

% of
Least Most deprivation
deprived deprived Excess Excess gap attributed
Cause of death quintile quintile mortality rate  mortality % to cause
Stillbirth (all-causes) 28.9 49.0 20.1 32 100
Congenital anomaly 2.8 4.1 14 17 6.8
Cord 1.4 2.0 0.6 18 3.1
Fetal 1.0 1.6 0.6 32 2.8
Infection 0.9 1.2 0.3 38 1.6
Intrapartum SGA 0.3 0.7 0.3 43 1.7
Intrapartum not SGA 1.6 2.2 0.6 3.5 2.9
Maternal 0.7 2.1 1.4 124 7.0
Placenta 4.1 9.0 4.9 50 25
Other 0.3 0.7 0.5 69 2.3
Unexplained
antepartum SGA 7.4 14.0 6.6 40 33
Unexplained 8.5 114 2.9 20 14
Neonatal deaths (all-causes) 12.8 20.7 7.9 24 100
Congenital anomaly 3.3 8.0 4.7 58 59
24-27 weeks SGA 0.4 0.6 0.2 -3.8 2.5
28-31 weeks SGA 0.3 0.3 0.0 -9.6 0.0
32-36 weeks SGA 0.2 0.2 0.0 -9.3 0.0
37+ weeks SGA 0.5 1.0 0.5 49 6.3
24-27 weeks not SGA 2.4 4.6 2.2 33 27
28-31 weeks not SGA 1.2 1.2 -0.1 2.0 -1.0
Cardio-respiratory 0.4 0.5 0.1 35 1.6
Neurological 1.5 13 -0.2 -8.4 -2.4
Intrapartum 0.2 0.2 0.0 26 0.0
Infection 0.5 0.6 0.1 35 1.6
Fetal 0.3 0.3 0.1 12 0.8
Other/ Unknown 1.5 1.9 0.4 6.5 4.5

*Stillbirth rate is per 10,000 total births, neonatal mortality rate is per 10,000 live births. SGA= Small

for gestation age, classed as below the tenth centile.
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Table 3 Mortality rate ratios in the most compared to least deprived quintile of deprivation for stillbirth and neonatal death, by cause of

death

Unadjusted Adjusted*
Mortality RR Mortality RR

Cause of death (95% CI) P-value (95% CI) P-value

Stillbirth (all cause) 1.68 (1.56-1.81) <0.001 1.49 (1.38-1.61) <0.001
Congenital anomaly 1.66 (1.28-2.14) <0.001 1.29 (0.98-1.69) 0.07
Cord 1.20 (0.84-1.72) 0.32 1.20 (0.83-1.74) 0.33
Fetal 1.62 (1.09-2.41) 0.02 1.38 (0.91-2.08) 0.13
Infection 1.22 (0.80-1.86) 0.36 1.07 (0.69-1.66) 0.77
Intrapartum SGA 1.46 (0.76-2.82) 0.26 1.15 (0.58-2.28) 0.69
Intrapartum not SGA 1.53 (1.07-2.20) 0.02 1.40 (0.96-2.04) 0.08
Maternal 2.82 (1.92-4.15) <0.001 2.33 (1.56-3.48) <0.001
Placenta 2.17 (1.80-2.63) <0.001 2.15 (1.77-2.62) <0.001
Other 2.52 (1.26-5.05) 0.01 2.41 (1.15-5.06) 0.02
Unexplained
antepartum SGA 1.95 (1.69-2.25) <0.001 1.64 (1.41-1.90) <0.001
Unexplained 1.29 (1.12-1.49) <0.001 1.16 (1.00-1.34) 0.06

Neonatal death (all cause 1.67 (1.48-1.87) <0.001 1.58 (1.4-1.78) <0.001
24-27 weeks SGA 1.36 (0.68-2.75) 0.39 1.20 (0.58-2.48) 0.62
24-27 weeks not SGA 1.94 (1.5-2.51) <0.001 1.96 (1.51-2.56) <0.001
28-31 weeks SGA 1.15 (0.48-2.73) 0.75 0.96 (0.39-2.35) 0.92
28-31 weeks not SGA 1.11 (0.74-1.66) 0.63 1.01 (0.66-1.54) 0.96
32-36 weeks SGA 1.36 (0.51-3.63) 0.54 1.22 (0.44-3.35) 0.70
37+ weeks SGA 2.03 (1.17-3.52) 0.01 1.76 (1-3.12) 0.05
Cardio-respiratory 1.41 (0.74-2.67) 0.30 1.49 (0.77-2.86) 0.23
Congenital anomaly 2.45 (2.00-3.02) <0.001 2.14 (1.73-2.64) <0.001
Fetal 1.36 (0.59-3.11) 0.47 1.26 (0.54-2.95) 0.59
Infection 1.14 (0.59-2.18) 0.70 1.3 (0.67-2.5) 0.44
Intrapartum 1.16 (0.47-2.86) 0.74 1.35 (0.52-3.48) 0.54
Neurological 0.86 (0.59-1.28) 0.46 0.92 (0.61-1.37) 0.67
Other/ Unknown 1.22 (0.85-1.75) 0.29 1.2 (0.83-1.75) 0.33

*Adjusted for ethnicity and infant sex SGA= Small for gestation age, classed as below the tenth centile. There were 87

less cases in the adjusted stillbirth analysis and 28 less cases in the adjusted neonatal death analysis due to missing sex

data
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