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ABSTRACT

Objectives To determine whether snoring, sleep position,
and other sleep practices in pregnant women are
associated with risk of late stillbirth.

Design Prospective population based case-control study.
Setting Auckland, New Zealand

Participants Cases: 155 women with a singleton late
stillbirth (228 weeks’ gestation) without congenital
abnormality born between July 2006 and June 2009 and
booked to deliverin Auckland. Controls: 310 women with
single ongoing pregnancies and gestation matched to
that at which the stillbirth occurred. Multivariable logistic
regression adjusted for known confounding factors.
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).

Results The prevalence of late stillbirth in this study was
3.09/1000 births. No relation was found between snoring
or daytime sleepiness and risk of late stillbirth. However,
women who slept on theirback oron theirright side on the
previous night (before stillbirth or interview) were more
likely to experience a late stillbirth compared with women
who slept on their left side (adjusted odds ratio for back
sleeping 2.54 (95% Cl 1.04 to 6.18), and for right side
sleeping 1.74 (0.98 to 3.01)). The absolute risk of late
stillbirth for women who went to sleep on their left was
1.96/1000 and was 3.93/1000 forwomen who did not go
to sleep on their left. Women who got up to go to the toilet
once or less on the last night were more likely to
experience a late stillbirth compared with women who got
up more frequently (adjusted odds ratio 2.28 (1.40 to
3.71)). Women who regularly slept during the day in the
previous month were also more likely to experience a late
stillbirth than those who did not (2.04 (1.26 to 3.27)).
Conclusions This is the first study to report maternal sleep
related practices as risk factors for stillbirth, and these
findings require urgent confirmation in further studies.

INTRODUCTION

The death of a baby before birth is a tragedy for the
family and wider community. In high income coun-
tries more than one in 200 births result in a

stillbirth."® Stillbirth therefore remains an important
public health issue, with little change in its rate over
the past two decades.”® Many studies have examined
risk factors for stillbirth, but they have often been
population based retrospective studies*® that have
been unable to explore a broad range of potential risk
factors, in particular those relating to maternal lifestyle
and personal habits.

Around a third of a person’s life is spent asleep, but
there has been little research on the potential impact of
sleep practices on the developing fetus. Previous stu-
dies have reported an association between sleep disor-
dered breathing and pregnancy complications such as
pre-eclampsia and preterm birth,” but exploration of a
potential association with stillbirth has been limited to
a single case report.® We and others have described a
dose dependent relation between maternal obesity and
stillbirth risk,”"! but the mechanisms underlying this
association are not understood. Obesity is also asso-
ciated with sleep disordered breathing.'* It is therefore
possible that sleep disordered breathing is one of the
mechanisms underlying the association between obe-
sity and stillbirth risk.

Supine sleeping position is associated with sleep dis-
ordered breathing'® and in late pregnancy has also
been associated with reduced maternal cardiac
output,'* but the impact of position during sleep and
risk of stillbirth is not known. There have been no
reports of other sleep related practices and risk of still-
birth.

The broad aim of the Auckland Stillbirth Study was
to identify potentially modifiable risk factors for late
stillbirth (>28 weeks’ gestation). We explored a range
of factors relating to women’s health and behaviour
during pregnancy, including general health, socioeco-
nomic factors, diet, exercise, and maternal sleep
practices.”” We hypothesised that sleep disordered
breathing and maternal supine sleep position would
be associated with increased risk of late stillbirth. We
also investigated the relation between risk of late still-
birth and other sleep related practices, specifically; reg-
ular daytime sleep, duration of sleep, and getting up
during the night.
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METHODS

Women who gave birth to a stillborn baby at or after 28
completed weeks of gestation in the Auckland region
between July 2006 and June 2009 were invited to par-
ticipate in the study."” Stillbirth was defined as the birth
of a baby that died in utero during the antenatal or
intrapartum periods. Cases were ascertained weekly
from key clinicians in the participating centres (all
maternity units in Auckland region) and from hospital
birth records checked on a regular basis (by TS). A
national system for perinatal data collection started in
New Zealand'® on the same date as recruitment began;
cases were compared with this registry to ensure com-
plete ascertainment.

Women were excluded if their baby had died from a
congenital abnormality or was from a multiple preg-
nancy, or if they had not been booked to deliver their
baby within the Auckland region (which consists of
three district health boards). Two controls were ran-
domly selected from the pregnancy registration list of
the district health board in which the stillbirth
occurred, with the same exclusion criteria as the
cases. Controls were matched to cases by gestation,
thus ensuring that the controls were representative of
the antenatal population at the same gestation at which
the stillbirth occurred.

Data were obtained through interviewer adminis-
tered questionnaires in the first few weeks after still-
birth. For the controls, interviews occurred at the
equivalent gestation of pregnancy as that of the
matched case. Participants were not aware of any of
the specific research questions related to risk factors
for stillbirth. As there are no validated tools for screen-
ing for sleep disordered breathing in pregnancy, we
used snoring and daytime sleepiness as proxy indica-
tors for sleep disordered breathing.'” Participants were
asked whether they regularly snored before their preg-
nancy or during pregnancy. The Epworth sleepiness
scale was used to determine the general level of day-
time sleepiness.'®

Specific questions were asked about maternal sleep
position both at the time of going to sleep and on wak-
ing. Sleep position was classified as left side, right side,
back, and other (“other” included front, sitting up, both
sides, and unsure or don’t remember). The time peri-
ods for which data were collected were before the preg-
nancy and in the last month, week, and night of the
pregnancy. The last night was the night before when
the woman thought that her baby had died or, for the
controls, the night before the interview.

Participants were also asked whether they regularly
slept during the daytime in the last month. Further
questions were asked about the usual duration of
sleep at night during the last month and frequency of
getting up to the toilet. The reference duration of sleep
was defined as 6-8 hours at night,'"** and sleep dura-
tion was therefore categorised as <6, 6-8, or >8 hours.
Data were collected on frequency of waking in the
night and of getting up to go to the toilet at night. A
strong correlation was seen between these two

variables, and therefore only getting up to the toilet at
night is presented here.

Demographic data and information on other poten-
tial confounding factors were collected during the
interview, specifically maternal age, ethnicity, parity,
smoking status, body mass index at booking (first
antenatal visit), and social deprivation level. Ethnicity
was self assigned, and a single ethnicity was applied
based on a system of prioritisation as described by
the New Zealand Ministry of Health.? Smoking status
was defined as having smoked at any time during the
pregnancy. Maternal body mass index was calculated
from the earliest known weight taken in pregnancy and
from maternal height measured at interview. Social
deprivation level was derived from the address at
which the participant lived, based on the 2006 New
Zealand census data, with category 1 being the least
deprived and category 5 the most deprived.? Detailed
information about methodology has been reported
previously."”

Analysis

All statistical analyses were performed with SAS version
9.1 We used standard conditional regressions for
matched case-control studies using the “proc logistic”
procedure with the “strata” statement to control for
matching. We compared continuous variables with Stu-
dent’s ¢ test and used the Pearson correlation coefficient
to assess the correlation between variables. There were

Table 1|Characteristics of 155 women who experienced a
late stillbirth between July 2006 and June 2009 and of the
310 controls. Values are numbers (percentages) of women
unless stated otherwise

Cases Controls P value of
Characteristic (n=155) (n=310) difference
Age (years): - -
0 1000 24®) =g,
20-34 o 113 (73) o 216 (70) P=0.75
235 - 32(21) - 70 (23) -
Ethnicity:
Maori 19 (12) 46 (15)
7 7 2
Pacific 48G1) 6722 X667
P=0.08
European 55 (35) 139 (45)
Other 33(21) 58 (19)
Parity: - -
0 _77(50)  144(46)  y2oqq g
1-3 62 (40) 156 (51) P=0.003
>4 16 (10) 10 (3)
Social deprivation level:
X°=6.25
1-4 91 (59) 218 (70) ’
— — P=0.01
5 (most deprived) 64 (41) 92 (30)
Body mass index at booking:
5 5505 156(50)  y2=g 7o)
25-29.9 3925 6722 P=0.008
230 - 61 (39) - 87 (28) -
Smoked in pregnancy:
T T 2
Yes 4630 661 X398
— — P=0.05
No o 109 (70) o 244 (79) o
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no missing data for the variables included in this paper.
A multivariable regression model was developed to
include maternal variables reported to be associated
with increased risk of stillbirth, based on previous litera-
ture (age, body mass index, ethnicity, parity, smoking,
and socioeconomic status). The study was powered to

Table 2|Relation between sleeping position and risk of late stillbirth among 155 women who
experienced a late stillbirth and 310 controls. Values are numbers (percentages) of women
unless stated otherwise

Cases Controls Univariable odds ratio P value of
Sleeping position (n=155) (n=310) (95% CI) difference
Position on going to sleep
Before pregnancy:
Left side 28018 50016 1.00
Right side 24 (15) 45 (15) 0.97 (0.49 t0 1.91) X°=0.45, P=0.93
Back 16 (10) 35 (1) 0.82 (0.38 t0 1.75)
Other  87(56)  180(58)  0.88(0.53t01.46)
Last month of N N N N
pregnancy:
Left side 49 (32) 109 (35) 1.00
Right side 4932 72(23)  1.51(0.92102.47) X’=7.70,P=0.05
Back 12(8) 13 (4) 2.01 (0.87 to 4.65)
Other 45 (29) 116 (37) 0.88 (0.55 t0 1.42)
Last week of N N N N
pregnancy:
Left side 49 (32) 111 (36) 1.00
Right side 5163 7324 156(0.95t02.55) X’=7.19, P=0.07
Back 10 (6) 12 (4) 1.83 (0.76 to 4.45)
Other 45 (29) 114 37) 0.93 (0.57 to 1.50)
Last night of
pregnancy:
Left side 4227) 132 43) 1.00
Right side 49 (32) 84 (27) 1.88 (1.14 to 3.10) X*=12.52, P=0.006
Back 15 (10) 15 (5) 3.28 (1.46 t0 7.34)
Other 4932 7925  2.00(1.20t03.33)
Position on waking u; B B N
Before pregnancy:
Left side  an  sas 1.00
Right side 24 (15) 42 (14) 0.92 (0.47 to 1.84) X°=1.86, P=0.60
Back 214 38(12)  0.92(0.45t01.88)
Other  83(54)  186(60)  0.73(0.42t01.25)
Last month of N N N N
pregnancy:
Left side 4100 86028 1.00
Right side 4329 65(1)  1.40(0.82102.40) X'=4.78,P=0.19
Back 214 33(A11) 1.36(0.70t02.67)
Other 50 (32) 126 (41) 0.84 (0.51 t0 1.37)
Last week of N N N N
pregnancy:
Left side 3905  88(28) 1.00
Right side 448 64(0)  1.56(0.90t02.69) X'=4.77,P=0.19
Back 204 3712 136(0.70t0 2.64)
Other  508) 0 12139 0.95(0.57t01.58)
Last night of
pregnancy:
Left side 3100 10634 1.00
Right side 4509 7203 226(1.28103.97) X’=10.08,P=0.018
Back 35 3712 232(1.18t04.56)
Other ~ 56B6) 9561  211(1.24103.57)
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detect an odds ratio of 2 with 80% power and signifi-
cance level of 5%, with a prevalence of the risk factor
0f >20% in the control population. Statistical significance
in multivariable analysis was defined at the 5% level.
Global y? statistics were used to assess the significance
of variables in the models, and individual level odds
ratios were estimated for each category in comparison
to areference category, defined as the category hypothe-
sised to have the lowest risk.

RESULTS

During the study period 215 eligible women experi-
enced a late stillbirth, giving a prevalence of late still-
birth of 3.09/1000 births. Of these 215 women, 155
(72%) consented to participate, as did 72% (310/429)
of the eligible controls, and there were no significant
differences in ethnicity, age, or parity between those
who consented and those who declined.”” The overall
autopsy rate for the stillborn babies was 47% (73/155).
The most common classification for late stillbirth
(based on the Perinatal Society of Australia and New
Zealand Perinatal Death Classification System?) was
“unexplained antepartum death.”’” Women with late
stillbirth were more likely to be obese, socioeconomi-
cally deprived, to smoke, and be of high parity com-
pared with controls (table 1). Detailed analysis of these
factors has been published previously. !

No association was seen between risk of late stillbirth
and self reported snoring, either before or during preg-
nancy: 69/155 (45%) of women who experienced still-
birth and 130/310 (42%) of controls reported snoring
during pregnancy (adjusted odds ratio 1.12 (95% con-
fidence interval 0.75 to 1.67)).There was also no differ-
ence between levels of daytime sleepiness, with amean
(SD) Epworth sleepiness score of 5.9 (4.1) for cases and
5.6 (3.8) for controls (P=0.51).

In univariable analysis, a significant association was
found between risk of late stillbirth and maternal sleep
position (both on going to sleep and waking up) on the
last night of pregnancy (table 2). Maternal position on
going to sleep in the last month was also associated with
late stillbirth risk (P=0.05), although none of the indi-
vidual odds ratios reached statistical significance in
comparison with the reference category. No relation
was seen between maternal sleep position before preg-
nancy and late stillbirth risk.

The study was not able to ascertain changes in sleep
position during the night, so two data points were col-
lected, position on going to sleep and position on waking
up. These two positions were found to be highly corre-
lated (Pearson correlation coefficient =0.72 P<0.001).
The association between risk of late stillbirth and non-
left sleeping position was only evident in those who
neither went to sleep on the left nor woke on the left
(table 3). As maternal position on going to sleep is
more modifiable than position on waking, we used the
position on going to sleep in our multivariable analysis.

In univariable analysis, a significant relation was seen
between sleeping regularly in the daytime and late still-
birth risk (table 4), as was longer than average night time
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Table 3|Changes in sleeping position on the last night of pregnancy and risk of late stillbirth
among 155 women who experienced a late stillbirth and 310 controls. Values are numbers
(percentages) of women unless stated otherwise

Maternal position

On going to sleep On waking up
Left Left

Left 7Other

Other 7Left

Other 7Other

Cases Controls Univariable odds ratio

(n=155) (n=310) (95% CI)

29 (19) 95 (31) 1.00
 13® 3712 1.15(0.54t0 2.45)
2@ 11®  0.60(0.13t02.84)
1112 16764 2.28(1.35t03.52)

sleeping duration. Getting up to the toilet infrequently
(once or less) during the night was also significantly asso-
ciated with late stillbirth risk in the last month, week, and
night of pregnancy; there was no association between
frequency of getting up to the toilet during the night
before pregnancy and late stillbirth risk.

After adjustment was made for a range of potential
confounders, not going to sleep on the left side on the
last night of pregnancy remained independently asso-
ciated with risk of late stillbirth (table 5), with sleeping
on the back having the greatest risk. Compared with
women who went to sleep on the left side, women who
went to sleep in any other position had a doubled risk
of late stillbirth (adjusted odds ratio 2.03 (95% confi-
dence interval 1.24 to 3.29)). The absolute risk of late
stillbirth in the population we studied was 3.09/1000
(95% confidence interval 2.70 to 3.53/1000); extra-
polating our results to this population would give a
risk of late stillbirth for women who went to sleep on
the left of 1.96/1000 (1.50 to 2.51/1000) and a risk of

Table 4|Sleep related practices and risk of late stillbirth among 155 women who
experienced a late stillbirth and 310 controls. Values are numbers (percentages) of women

unless stated otherwise

Cases Controls Univariable odds P value of
Practice (n=155) (n=310) ratio (95% Cl) difference
Regular sleep in daytime
(last month of pregnancy): B B B \2=7.08,
No ~77(50)  194(63) 1.00 P=0.006
Yes 78 (50) 116 (37) 1.78 (1.18 t0 2.68)
Hours of night time sleep
(last month of pregnancy):
3 30(19) 46(15)  1.72(0.98103.01) X’=7.79,
P=0.02
6-8 82 (53) 205 (66) 1.00
»8 o 43 (28) o 59 (19) - 1.83 (1.14 t0 2.94) o
No of times getting up to toilet during night:
Before pregnancy:
>1 6 (4) 12 (4) 1.00 X?=0, P=1.00
<1 149 (96) 298 (96) 1.00 (0.37 t0 2.74)
Last month of pregnancy:
- o - ’=3.37
1 89(57) 205 (66) 1.00 XP_0~07’
<1 66 (43)  105(34)  1.44(0.97t0 2.14) '
Last week of pregnancy:
© 90(s8)  215(69) 1.00 X°=5.84
>1 90 . Do
— — — P=0.02
<1 65 (42) 95 (31) 1.62 (1.09 to 2.41)
Last night of pregnancy:
T 7 T 2
»1 86(55) 207 (67) 1.00 X=4.80,
— — — P=0.03
<1 69 (45) - 103 (33) o 1.55 (1.04 to 2.30) o
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3.93/1000 (3.35 to 4.59/1000) for women who did not
go to sleep on their left.

The relation between regular daytime sleeping and
getting up to the toilet infrequently during the last night
and risk of late stillbirth persisted in the multivariable
analysis (table 5). After adjustment for potential con-
founders, the length of night time sleep was also signif-
icantly associated with risk of late stillbirth (P=0.05).

DISCUSSION

In this case-control study we did not find an association
between snoring or daytime sleepiness and late still-
birth risk. However we report a novel association
between late stillbirth risk and non-left sided maternal
sleep position and with other sleep related practices.

There is no validated questionnaire for sleep disor-
dered breathing in pregnancy. Indeed, the Berlin ques-
tionnaire, which is one of the best validated
questionnaires for obstructive sleep apnoea, has been
shown to perform poorly in pregnancy.”” We therefore
used self reported snoring and daytime sleepiness as
markers for sleep disordered breathing.'”** However,
snoring is common in pregnancy and is mostly not
associated with sleep apnoea.”” Tiredness and reduced
daytime functioning are frequently experienced by
pregnant women, not just among those with sleep dis-
ordered breathing, and this may make it harder to
assess the true prevalence of sleep disordered breath-
ing within the population.”**” Further studies are war-
ranted to more clearly distinguish between common
symptoms of pregnancy and true sleep disordered
breathing.

We report that women who slept on their left side on
the last night of pregnancy had a reduced risk of late
stillbirth compared with women who slept in any other
position. The risk associated with non-left sided sleep
position was independent of other known risk factors
for late stillbirth, such as obesity. The association
between maternal sleep position and late stillbirth
risk was strongest on the last night, but a trend towards
significance was also seen in the earlier time periods in
pregnancy.

As the absolute risk of late stillbirth for an individual
pregnant woman in a high income country islow (3.09/
1000 in our study population), for women who did not
sleep on the left side the increased risk would still be
small in absolute terms (about 3.93/100), although this
finding could be important at a population level if con-
firmed in other studies.

As far as we are aware, no other studies have
described such an association. However, some studies
have explored the impact of maternal position in late
pregnancy on cardiac output and fetal oxygen
saturation.”®®' Because of the anatomical position of
the inferior vena cava and the aorta, the enlarged
uterus can exert greater pressure on these vessels
when the mother lies in a supine or right lateral posi-
tion compared with the left lateral position, thus inhi-
biting venous return and decreasing uterine blood
flow.*! Milsom and Forssman found that there was a
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Table 5|Multivariable analysis of relation between maternal
sleeping practices and risk of late stillbirth among 155
women who experienced a late stillbirth and 310 controls

Adjusted odds ratio P value of
Practice (95% CI)* difference
Maternal sleeping position
in last night of pregnancy:
Left side 1.00
Right side  174(0.98103.01) 22777
Back 2.54 (1.04 10 6.18) P=0.005
Other 2.32(1.28 t0 4.19)
Regular sleep in daytime
in last month of pregnancy:
No B 1.00 \2=9.23,
Yes 2.04 (1.26 t0 3.30) P=0.002
Hours of night time sleep
in last month of pregnancy:
<6 1.89 (0.98 to 3.65)
2
6-8 1.00 X'=6.13,
— P=0.05
8 1.71 (0.99 to 2.95)
No of times getting up to toilet
during last night of pregnancy:
N 1.00 12=9.99,
<1 2.42 (1.46 to 4.00) P=0.002

*Adjusted for age, ethnicity, overweight or obesity, parity, social
deprivation level, smoking, and the other variables in the table.

gradient of effect of maternal body position on cardiac
output, with the greatest reduction in cardiac output in
the supine position followed by the right lateral posi-
tion when compared with the left lateral position.’
Another study investigated the effect of supine and
right and left lateral maternal positions in labour and
found a similar gradient of effect between these posi-
tions and fetal oxygen saturation.”” Further studies
have compared maternal and physiological para-
meters in supine and left sided positions and have
also shown adverse effects in the supine position com-
pared with the left-sided position, such as decreased
uterine blood flow* and reduced pulsatility index in
the fetal middle cerebral artery (a surrogate for fetal
hypoxia).*?

Although daytime sleepiness was not found to be asso-
ciated with late stillbirth risk, sleeping regularly in the
daytime was associated with increased risk. This may
seem contradictory, but there is not a direct correlation
between the two variables. Women who are able to go to
sleep in the day may feel less sleepy overall. These find-
ings may also reflect what happens during daytime
sleep; for example, women who sleep during the day
may spend additional time in a non-optimal position.
Data were not collected on daytime sleep position, and
so this speculation could not be tested.

An association between length of sleep and risk of
late stillbirth has not previously been described. How-
ever, quantity of sleep, both too little*® and too much,"
is associated with poor health outcomes unrelated to
pregnancy.

Getting up to the toilet frequently at night was also
found to be associated with an independent reduction

inrisk of late stillbirth. Again, no previous studies have
explored this association.

Strengths and limitations of study

This is the first case-control study of risk factors for still-
birth that selected controls from the pregnant population
matched by gestation. This method of control selection
allowed for a comparison of maternal lifestyle practices
between cases and controls at a similar gestation in preg-
nancy. This is also the first study that has explored the
potential relation between a range of maternal sleep
habits in pregnancy and risk of late stillbirth.

We were not able to validate maternal sleep position
in the current study, but participants often had refer-
ence points to remember their sleep position, such as,
“Talways faced away from the door,” “I slept facing my
husband,” and similar comments. Case-control studies
are potentially subject to differential misclassification
or recall bias. Misclassification reduces the ability to
detect a difference between the cases and controls.
Recall bias was reduced as far as possible in this study
by using a structured interview and by ensuring that
participants were not aware of the study hypotheses
being tested. Sleep position and getting up in the
night have not previously been related to stillbirth, so
it is unlikely that recall bias had a significant impact on
our findings. There is also the possibility of bias due to
the length of time between stillbirth and interview,
which was 25 days on average, compared with con-
trols, who were asked about sleep practices on the pre-
vious night. However, findings from studies about risk
factors for sudden infant death syndrome have shown
that women could remember in great detail the events
leading up to and around the time of their baby’s
death.?*%°

It was not always possible to be certain as to the exact
timing of fetal death, and therefore there is potential
that in some cases the “last night” was not the final
night before fetal death or during which the baby
died. However, we also saw a relation between position
on going to sleep in the last month and late stillbirth
risk that is consistent with the association seen on the
last night.

The recruitment rate for this study was 72% for both
cases and controls. Although this is a reasonable rate of
recruitment for such a study®® and there were no sig-
nificant differences in age, parity, or ethnicity between
those who did and those who did not consent, '’ there is
still a possibility of selection bias in the current study
population. It is also possible that there is some other,
as yet unidentified, confounding factor(s) that is asso-
ciated with both the position that women choose to
sleep in at night and late stillbirth risk.

This is the first time that an association has been
described between maternal sleep practices and late
stillbirth risk, and the findings need to be treated with
caution. Further studies, ideally with prospectively col-
lected sleep data, are urgently needed to confirm or
refute our findings.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Maternal body position in pregnancy has been shown to influence maternal cardiac output
and fetal oxygen saturation

No published studies have investigated maternal sleep position and other sleep related
factors and the risk of late stillbirth

WHAT THIS PAPER ADDS

Women who did not go to sleep on their left side on the last night before fetal death had a
doubled risk of late stillbirth compared with women who went to sleep on their left side

The absolute risk of late stillbirth for women who went to sleep on their left side was
1.96/1000 and was 3.93/1000 for women who did not go to sleep on their left

Women who got up to the toilet once or less on the last night and those who regularly slept
during the day in the last month were also at higher risk of late stillbirth

Conclusions

Our study has identified a potentially modifiable risk fac-
tor for late stillbirth; women who did not sleep on their
left side on the last night had a doubled risk of late still-
birth compared with those who slept on their left side.
This is a new observation, and confirmatory studies are
needed before public health recommendations can be
made. However, if our findings are confirmed, promot-
ing optimal sleep position in late pregnancy may have the
potential to reduce the incidence of late stillbirth.
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